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PRETFACE TO VOL. IL

Tue aim which the Authors have set before themselves in
treating of the Metals and their Compounds is the same as
that which they proposed in the discussion of the Non-Metallic
Elements. Owing, however, to the large number of the Metals
and their Salts, the description of these latter conld not, within
practicable limits, be made so complete as is possible in the
casc of the Non-Metallic Compounds. Hence the Authors, whilst
giving the characteristic properties of each metal, have been
obliged to restrict their motice to those compounds which
possess the yreatest interest either of a theoretical or practical
kind.

Due attention has been paid to the more important technical
processes connected with Metallurgy, and no pains have been
spared to assist the description of such processes by Drawings of
the most modern forms of apparatus and plant.

As an illustration of this the Authors would refer to the
Chapter on the Soda and Glass Manufactures in Part 1, and
to the Metallurgy of Iron in Part I



vi PREFACE TO VOL. IL

At the end of the volume will be found short Chajpters on
the Clagsification of the Elements; on Spectrum Analysis, so
far us the detection of terrestrial matter is concerned ; and
on the Condensation of the so-called Jermanent Gases, &

result which has been achieved since the publication of the
Finst Volume.

Maxcnesren, Seplomber 1879,
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CHEMISTRY.

VOLUME II. — PART 1II.

METALS OF THE IRON GROUP.

Manganese. Cobalt.
Iron. Nickel.

312 THE monoxides of these metals are basic oxides, whose
sulphates form double salts with the sulphates of the alkali
metals, and thess are isomorphous with the double sulphates of
the magnesium group. The metals of this group are also con-
nected with those of the foregoing group, inasmuch as manga-
nese and iron form sesquioxides, which act as feebly basic oxides,
whilst their sulphates form alums with the sulphates of the
alkali metals. The sesquioxides of nickel and cobalt, on the
other hand, act &8 peroxides. In addition to these, certain acid-
forming oxides, or their corresponding acids, are also formed by
the metals of this group.

MANGANESE, Mn. = 548.

313 Black oxide of manganese, manganese dioxide, or pyro-
lusite, was known in early times, but for a Jong period this
compound was confounded with magnetic iron ore, and this
fact explains the statement of Pliny that loadstone was em-
ployed in the manufacture of glass forthe purpose of removing
or attracting the irapurities or colouring matters out of the
glass. He distinguished moreover several kinds of magnes;
one of these, which is of the feminine gender, does not attract
iron: " magnes qui niger est et feminei sexns, ideogne sine

VOL. 1L 1*

LY



2 METALS OF THE IRON GROUP.

viribus” This probably was manganese dioxide. The derivation
of the word magunet appears to be doubtful. In the middle
ages loadstone was distinguished as magnes, or magnesius lapis.
Pyrolusite howevér was termed magnesiz probably because
Pliny had already pointed out the existence of two species
of loedstone. Basil Valentine, too, as well as many later
chemists, believed it to be an ore of iron. They likewise
mention its use in glass-making, and in the Latin manuseripts
of the sixteenth century it is designated by the term [lapis
manganensis, or similar names,

In 1740 Pott, in lis treatise entitled ** Eramen chymicum
magnesia. vitrariorum, Germanis Braunstein,” proved thut the
black oxide of manganese does not contain iron, and that from
it a definite series of salts can be obtained. He did nof, however,
suggest that it contained a new metal. Scheele’s celebrated
investigations on manganese were published in the year 1774,
In these he showed that the inineral manganese possesses a
strong attraction for phlogiston, and that it takes this substance
up, uniting with acids to form colourless salts ; this being ex-
plained, according to our present views, by the fact that it gives
off oxygen. On the other hand, the solutions of manganese
which do not contain phlogiston were shown to be coloured.
Scheele believed that the earth contaived in this mineral
resembled lime; but in'$he above-mentioned year Bergman,
founding his deductions upon Scheele’s experiments, came to the
conclusion that tnanganese is probably the calx of & new metal,
inasmuch as it colours glass, and its solutions are precipitated
by prussiate of potash, these being reactions common to the
metallic calces. Gahn was however the first to isolate the new
metal. In Germany this was called Braunstein-konig or
Braunstein-metal. In otherlanguages, in which braunstein was
termed magnesia niger, in order to distinguish it from magnesia
alba, the metal was called manganese or manganesium.

.Manganess chiefly occurs in nature as the dioxide or pyrolu-
site, MnO,. It is also found in the following minerals : braunite,
Mn,0,; hausmannite, Mn,O,; psilomelane, (MnBa)O + MnO, ;
manganite, Mn,0,(0OH), ; thodocrozite or manganese. spar, MnCO,,
which also occurs frequently as au isomorphous constituent in
ferrous carbonate and other similar minerals. Mangenese also
occurs as alabanite or sulphide of menganese, MnS ; and hauerite,
or manganese disulphide, MnS,. Manganese likewise forms an
essential constituent of meny other minemls, although only



METALLIC MANGANESE. B

occurring in them in small quantity. Thus, for instance, most
silicates contain manganese, which frequently imparts to them
their pecnliar colour. By means of these minerals the metal
manganese passes into the soil, whence it is absorbed in small
quantities into the bodies of plants and animals.

314 Preparation of Metallic Manyanese. The higher oxides of
manganese are reduced to manganese monoxide when they are
heated to vedness, the metal not being formed either when the
oxide is heated alone or mixed with charcoal in & current of hydro.
gen, until the temperature rises to & white-heat. The original
method of preparing the metal, proposed by John,! depends npon
this fact. Finely-divided oxide of manganess, obtained by the
calcination of the carbonate in & covered crucible, is well mixed
with carbon, and the mixture formed into a paste with oil ; the
peste is then introdnced into a ercible lined with charcoal, and
the npper portion completely filled with powdeved charcoal. The
erucible is first heated to redness for half-an. hour to solidify the
mass, after which the cover is carefully luted down, and the whole
exposed in a wind furnace for an hour.and-a-half to the highest
temperature which the crucible can support without fusing. The
regulus thns prepared contains both carbon and silicon derived
from the ashes of the wood charcoal, By igniting the metal a
second time in & charcoal crucible with some borax it was ob-
tained by John in & niore fusible and brilliant state, and so free
from carbon that it left no black residue when treated with an acid.

Deville's* method consists in mixing red manganese oxide,
Mn,O,, prepaved by heating the artificial dioxide, with sugar char-
coal insufficientin quantity for complete reduction. The mixture
is placed in a doubly-lined crucible and heated to whiteness.
The regulus obtained i3 coated with a violet crystalline mass
which appears to be calcinm-wanganese spinelle, CaO,MnO,,

Hugo Temm?® who has made a number of experiments on the
preparation of the metal on the large scale, suggests the follow-
ing as the best method of preparation. A flux is prepared of
twenty parts of powdered soda-lime glass and seven parts of
fluor-spar; six parts of this mixture are then added to one part
of lampblack and eleven parts of powdered black oxide of
manganese. The mass is heated in a plmnbago crucible which
has been lined with a mixture of three parts of graphite and
one part of fire-clay, aud this is then intensely ignited ina wind,

v Gehlon's Jowrn, Chem, Phye. i 5%

¥ Ann. Chim, Phys, [3], xlvi. 182 ¥ Chem. News, 1879, 111,
‘3



4 MEFALS OF THE IRON GROLP,

furnace. A green slag termed * green flux” is obtained in this
operation, together with metallic manganese, and this flux sérves
for & fresh operation. Seven parts of this flux are mixed with
ten parts of the best manganese dioxide, one part of lampblack,
and some oil. The mass is brought into a similar crucible,
epvered with  thick piece of wood, and the cover Juted down,
& small opening being left for the escape of the gases which are
evolved, It is first heated gently and then ignited at & white-
heat for several hours. In this way four parts of impure manga-
nese metal are obtained, which is found to be covered with a
grey slag which may be employed for further melting operations,
especially if some of the first flux be added.

This impure manganese, termed cast~-manganese, coutains
variety of impurities, A specimen of pyrolusite containing
505 per cent. of manganese, and 35 per cent. of iron gave a
regulus bhaving the following composition ;:—

Manganese . . . ., . . 9690
Ion , . ... ... 105
Aluminium. . . . . . 010
Caletam . . . . . . . 005
Phosphorus, . . . . . 005
Selphur . . . . . . . 003
Siieon . . . ... . 08
Carbor . . . ., . . . 095

100-00

After fusion with half its weight of manganese carbonate the
above regulus yielded a product possessing the following com-
position :—

Manganese . ., . . . . 99910
Ion . .. ... .. 0050
Siicon . . . ., . . . 0015
Qarbon . . , . . . . 0025

100000

Jordan describes a method of preparing metallic manganese
on & large scale by treating manganese ores in a blast furnace,
The metal obtained is cast-manganese, containing eighty-five per
cent. of manganese, six per cent. of carbon, eight per cent. of iron,
and taces of silicon, sulphur, and phosphorus.

v Comples Rendus. 1xxxvi, 1374
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Another process of preparing the metal, proposed by Brunner,'
consists in igniting & mixture of fluor-spar and chloride of man-
ganese with metallic sodium. The metal may also be obtained
by the electrolysis of a concentrated solution of the chlotide
according to the process described by Bunsen.*

Properties. Pura manganese, obtained by the reduction process,
is & grey or reddish-white metal, having the colour and appear-
ance of cast-iron. It is very hard and brittle, has a specific
gravity of about 80, and oxidises so essily in the air that it
must be kept nnder rock-oil or in well.sealed vessels. Cast-
manganese containing iron is however uualterable in the air.
Manganese is extremely solnble in all dilute acids, and de-
composes in warm water with evolution of hydrogen. It melts

at & white heat.

ALLOYS OF MANGANESE.

The alloys of menganese and copper closely resemble those of
tin and copper® Those which contain from five to eight per
cent. of manganese are malleable, but those in which a higher
percentage of manganese is present become grey and brittle.
Alloys of manganese, copper, and zinc closely resemble German
silver, and may serve as a substitute for this substance.t They
are obtained by melting niixtures of the oxides with carbon.

MANGANESE AND OXYGEN.

315 Mangsnese forms & series of oxides, of which the
following are the best defined:—

Manganese monoxide, MnO.

Red manganese oxide, MnO,.
Manganese sesquioxide, Mn,O,.
Manganese dioxide or peroside, MnO,.
Manganese heptoxide, Mn,0,.

The first of these is a powerful basic oxide; the Iast is an
acid-forming oxide, yielding permaunganic acid, HMnO,, when
brought into contact with water. The three intermediate oxides
are feebly basic, and amongst these the peroxide also acts as a
weak acid. In addition to these, we are acquainted with the
salts of manganic acid, H;MnO,, but the acid itself, as well as
the oxide corresponding to it, has not been isolated.

Y Pogg. Ann. el 264, S Zhid, xci. 819,
3 Valenciennes, Compt. Rend. 1xx. 607, 4 Allen, Chem. News, xxii, 194,
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MANGANQUS COMPOUNDS.

316 Manganous Oxide, or Manganese Monoride, MO, is best
prepared by fusing together & mixture of equal parts of
anhydrous manganese chloride and sodinm carbonate, to which
some sal-ammoniac has been added, and lixiviating the fused
mass with water? It is also obtained when a higher oxide or
the carbonate is ignited in a current of hydrogen. Manganous
oxide i8 & greyish-green powder, which fuses at a white-heat
without loss of oxygen. I{ has a specific gravity of 509.
Wheu the powdered oxide is heated in an atmosphere of
hydrogen containing a very small quantity of hydrochloric acid,
it is obtained crystallised in transparent regular octohedrons of
an emerald-green colour and an adamantine lustre?

Mangarous Hydrate, Mn(OH),, is obtained as a white pre-
cipitate when caustic alkali is added to the solution of a
mangenese salt.  As it oxidises yapidly in the air, assuniing a
brown colonr, it mmst be precipitated in an atmosphere free
from oxygen, and dried at u niodevate heat in & current of
hydrogen gas. The powder thus obtained is frequently pyro-
phoric, and when touched with a piece of red-hot charcoal it
begins to glow at the poirt of contact, the oxidation proceeding
rapidly throughout the mass,

Munganous Chloride, MnCl, is formed when the metal is
burnt in chlorine gas, or when hydrochloric acid is passed over
heated mangauous curbonate. Prepared in this way manganese
chloride is a pale rose-voloured mass, having a lamino-crystalline
structnre. When heated to redness it fuses to an oily liquid,
and decomposes in moist air with formation of hydrochloric
acid and the oxides of manganese. Manganese chloride is
obtained in solution by dissolving the carbonate or any of the
oxides in hydrechloric acid. For this purpose the residues
from the preparation of chlorine by means of pyrolasite
and hydrochloric acid may be utilised.  These are always
coloured yellow, from the presence of ferric chloride, and
contain an excess of acid. They must be evaporated to drive
off the acid, then diluted with water, and a quarter of the
solution “precipitated with sodium carbonate. The precipitate,

' Liebig and Wohler, Pogg, Ann. xxi, 534,
2 Deville, Compt. Rend. Wii. 199,
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which vonsists of manganese carbonate and ferric hydrale, is
then well washed with hot water and boiled with the remainder
of the liquid. By this meaus the whole of the iron is pre-
cipitated as femic oxide, and in order to ascertain that the
precipitation of the iron is complete, & small portion of the
lignid is filtered off and & drop or two of ferrecyanide of
potassium added; if free from iron only a white precipitate will
be formed ; if, however, the precipitate lias a bluish colour, ivon
is still contained in solution, and the liquid requires to be boiled
for o longer time with manganese carbunate. The filtrate may
contain copper, barinm, and calcium. The first of these metals
is removed by passing & cwrrent of sulphmietted hydrogen
through the liquid If the latter two metals are present the
manganese is best precipitated by sulphide of ammonium, the
precipitate well washed with hot water, and then dissolved in
hydrochloric acid. On evaporation, the concentrated solution
deposits between 15° and 20° light pink-coloured monoclinie
crystals of the hydrated chloride MnCl, + 4H,0. According to
Marignae?! crystals are sometimes obtained of the same composi-
tion at a lower temperature ; these also belongto the monoclinic
system but are of & different form, being isomorphous with those
of hydrated ferrous chloride, FeCl, + 4H,0. The crystals lose
two molecnles of water when placed over sulphuric acid
(Graham), and when heatad they fuse at 87°5 to & clear liquid.
One hundred parts of water dissolves according to Brandes:

At 1 s 655
MnCl, +4H,0 150 250 625 parts,

The solnbility does not increase above 62°5, the econcentrated
pink solution is syrupy, and the solution boils at 106°. This
salt is also soluble in alcohol with & green colour, and the
aluoholic solution burns on ignition with a red flame. Manganese
chloride forms double salts with the chlorides of the alkali
metals, X

Manganous Bromide, MoBr,, is obtained by heating the
powdered metal in bromine vapour, and when the compound is
fised it is obtaived as a pale-red mass. \When the carbonate is
dissolved in hydrobromic acid the hydrated bromide, MnBr, +
4H,0, is obtained, and this has been found by Marignac to be
isomorphons with the ordinary form of the chloride,

Manganous Iodide, Mnly+4HO, is obtained crystallised

v Comples Rendus, xlv. 650,
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in colourless deliquescent needles, which become coloured
brown on exposure to air. By careful drying the componnd
may be obtained in the anhydrous state as & white crystalline
mass which can be fused in absence of air and oxidises on
exposure to the atmosphere with evolution of iodine vapours.

Manganous Fluoride, MnF,, is obtained by dissolving the
carbonate in hydrofluoric acid, the compound being deposited
on evaporation iu distinct amethyst-coloured crystals, which are
insoluble in pure water, but dissolve in water containing free
hydrofluoric acid.

337 Manganous Sulphate, MnSO,, is best prepared by mixing
commercial black oxide of mangeanese to a paste with sulphnric
acid and heating the mixture in & crucible to strong redness
when the greater part of the iron sulphate is destroyed. The
filtrate obtained after lixiviating the residue is then heated with
a small quantity of manganous carbonate in order to precipitate
the last traces of iron. If the concentrated solution of the salt
be allowed to evaporate at & temperature below 6° thombic
crystals, having the comyposition MnSO + 7H;0, are deposited,
and these are isomorphous with ferrous sulphate.  Between
7° and 20°, crystals are deposited having the composition
MnSO, + §H,0, and these are isomorphous with copper sulphate
(Mitscherlich, Regnault). At a temperature of from 20° to 30°
transparent rose-coloured quadratic crystals or large colourless
prisms, having the composition MnSO, +4H,0, are deposited,
which possess a specific gravity of 2092 (Kopp); at the same
time a crystalline crust of & salt having the composition
MnSO, +3H,0 is formed. When these hydrates are heated
to 200°, or when a concentrated aqueous solution is boiled, the
anhydrous salt, MuSO,, is deposited as & reddish-yellow powder
(Graham), which becomes colourless at a higher temperature. It
possesses a specific gravity of 3-1, and is decomposed at & bright
red-heat, leaving a residue of red oxide of mangemese. A
solution saturated at 6° contains 36 per cent. of the anhydrous
salt, and boils at 102°. The salt containing four molecules of
water is more soluble in cold then in boiling water, and when its
concentrated solution is heated, a crystalline crust separates out,
and this on cooling again dissolves. This peculiarity depends
upon the formation of the different hydrated salts. According
to Brandes 100 parts of water dissolve:

At & 10° 75 01 .
MnS0, +4H,0 113 1265 145 92'7 parts.
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Manganons sulphate is insoluble in absolute alcohol, this
lignid removing a portion of the water from the hydrates.
Finely crystalline double sulphates are formed when manganous
sulphate and the sulphates of the alkali-mefals are crystallised
together, and these are isomorphous with the corresponding salts
forined by magnesimn and by copper.

Manganous Abunvinium Sulphate, MnSO,+ Al(SO,), + 24H,0.
This substance occurs as the mineral apjohnite found in Algoa
Bay in Sonth Africal

Manganous Dithionate, MnS;0,+ 3H;0. This salt is of interest
inasmuch as it is employed for the preparation of dithionic acid
(Vol. I. page 350). 1Tt is obtained by passing snlphnr dioxide
through water in which finely-divided manganese dioxide is
suspended. The solution always contains a small gqnantity of
manganese sulphate, and for this reason baryta water is added
as long as o precipitate is formed. Manganese dithionate is
deposited in easily soluble rhombohedral erystals.

MManganous Nitrate, Mn(NOg),+ 6H,0, crystallises with diffi-
culty in white delignescent needles which readily dissolve in
vlcohol. The salt melts on heating, and the lignid boils at
129>5, at which temperature s black deposit of manganese
oxide is fornied.

318 Manganous Phosphates. These salts have been investi-,
gated by Heintz? Debray? Bodecker® and Erlenmeyer® The
normal mangenous orthophosphate, MngPO,), + TH,0, is a white
imperfectly crystalline precipitate. The monohydrogen salt,
HMnPO,+3H,0, forms small prismatic rose.coloured rhombic
crystals slightly soluble in water,and the dihydrogen phosphate,
H,Mn(PO,), + 2H,0, crystallises in red fonr-sided prisms which
deliquesce on exposure to the air, decomposing into free phos-
phoric acid and the preceding salt.

Manganous Arsenate. When arsenic acid is saturated with
manganese carbonate, & difficultly soluble salt having the com-
position HMnAs0, is formed. This dissolves readily in arsenic
acid with formation of the salt H,Mn(AsO,), which latter
crystallises in rectangnlar plates.

Manganous Silicates frequently occur as isomorphous con-
stituents of many minerals. Some naturally occurring man-
ganesesilicates are known. Thus, for instance, rhodonite, MnSiO,,

1 Pt Mag. xii. 103. ® Pogg. Ann. Ixxiv. 450.

3 Anu. Chew, Pharm, Ixix, 208, 4 gnn, Chim. Phys. (3}, Ixi, 433,
8 Liebig's Ann, exe. 191.
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occurs in light brownishi-red transparent friclinic crystals, and
tephroite, Mn_8i0,, crystallises in the quadratic system in rose-
red, brown, or grey masses, and usually occurs together with
rhodonite,

Manganous Carbonate, MaCO,, forms an isomorphous con-
stituent of chalybite and dolomite, and also occurs in the pure
state in the rose-red crystals of manganese spar or rhodachro-
zite. All these minerals crystallise, Jike cale spar, in rhom-
bohedrons, but manganocaleite, (MuCaMg)CO,, is isomorphous
with arragonite.

The hydrated manganese carbonate is obtained as & white
precipitate by mixing @ solution of the chloride or sulphate of
manganese with carbonate of soda. In the mwoist state it soon
becomes brown coloured on exposure to the air; it dissolves in
8,000 parts of pure water, and readily in water containing
carbonic acid.

319 Manganese and Cyanogen. When a concentrated solution
of acetate of manganese is warmed with solid potassinm cyanide,
a green precipitate is thrown down of KCN,Mn(CN),; this
gradually disappears, and in its place dark blue crystals of
potassimn mangano.cyanide, K ,Mu(CN), + 3H,0, are formed.!
The mangano-cyanide is also obtained when manganous car-
Jionate is heated to a temperaturs of from 40°to 50° with a solu-
tion of cyanide of potassium? The salt crystallises in deep
violet-blue quadratic efflorescent tables, Its solution oxidises
on exposure to air with formation of potassium manyani.cyanide,
K Mn(CN,),, which crystallises in dark-red prisms. This
latter salt when brought into contact with potassium amalgam
in aqueous solution is again transformed into mangano-cyanide.
The constitution of these compounds, which are net double
salts, will be referred to under the corresponding iron compounds.

MANGANIC COMPOUNDS.

320 Mungano-Manganic Oxide or Red Oxide of Manganese,
Muy0,, occurs with other manganese ores, and also by itself as
the mineral hausmannite. This mineral crystallises in acute
quadratic pyrawmids, and one of its best localities is Ilmenau in
Thuringia. Its specific gravity is 485. If manganese monoxide

1 Eaton and Fittig, Ann. Chem. Pharm, exlv. 157,
$ Decamps, Bull. Sov. Uhiwm. [2), ix. 448,
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be heated in contact with air, or if the ligher oxides be hentei
either in contact or out of contact with air, this same compound
is obtained in the form of -a brownish-ted powder, which then
has & specific gravity of 472, and is converted into crystals of
hausmannite by gently heating it in a slow current of hydro-
chloric acid! It is also obtained in the crystalline form by
heating & mixture of sulphate of manganese and potassium
snlphate to bright redness,? or by treating a mixture of mangu-
nons oxide and caleium chloride in the same way? This oxide
dissolves in cold concentrated sulphuric acid, giving rise to &
red solution containing & mixture of manganous and manganic
snlphates. Hence the red oxide is considered to be a compound
of MnO +Mn,0;. In other respects, however, it behaves in a
similar way to thie red oxide of lead. Thns on heating with
dilute sulphuric acid manganous sulphate and manganese dioxide
are formed, and boiling nitric acid decomposes it in & mauner
similar to that in which it acts on red lead :

Mu,0,+ 4HNO, = 2Mn(NO,),+ MnO,+2H,0.

Chlorine gas is given off when this oxide is heated with
bydrochlovic acid and manganons chloride is formed :

Mn,0, + 8HCl=3MuCl, + 48,0+ Cl,,

Mangantc Oxide or Mangancse Sesquiovide, Mn,O5. This oxide
occurs as the mineral hraunite crystallised in obtuse quadratic
pyramids. Itpossesses a sub-metallic lustre, has & dark brownish-
black colour, and a specific gravity of 4'75. It may be obtained
artificially by igniting any of the oxides of manganese in oxygen,
or in a mixture of this gas and nitrogen, which does not contain
more than twenty-six per cent. of oxygent It then forms a
black powder, having & specific gravity of 4:32.

Mangaric Hydroxide, Mn,0,(0OH), ocenrs in natire as manga-
nite in steel.grey or arsenic-black crystals, belonging to the qua-
dratic system, and having & specific gravity of 43. 1t is usually
accompanied by other manganese ores, together with calcspar and
heavy-spar. Tn general appeavance it closely resembles pyroln-
site (manganese dioxide), but it may be distinguished from this
compound by its giving a brown instead of & black streak when
rubbed on an unglazed porcelain plate. Manganic hydroxide is
formed when manganous hydroxide is allowed to oxidise in

! Deville, Compt. Rend. lili. 199.  * Debray, ibid. lii. 985,
$ Kuhlmann, ibad. 14, 1283, ¢ Dittmar, Chem, Soc. Journ. xvil. 204
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moist air. It forms & dark-brown powder capable of soiling
very strongly, and gives off its water at & femperature above
100°. It dissolves in hot nitric acid with formation of manganous
vitrate and manganese dioxide

Mn,0,(0H), + 2HNO, = Mn(NO,), + MnO, + 2H,0.

From this reaction it would appear that in constitution this body
resembles lead dioxide and analogous compounds, but in other
reactions it acts as & feebly basie oxide, whose salts, with & few
exceptions, are very unstable.

331 Mangande Chloride, Mn,Cly, is mot known in the solid
state ; it can, however, be obtained in solution as & brown liquid
by carefully adding the oxide or hydroxide in small quantity
to cold hydrochloric acid. On heating the solution chlorine is
evolved and the mangenic chloride decomposed :

Mn,Cl, = 2MnCl, + Cl,

Manganic Sulphate, Mn(SO,);. Manganic oxide and hydroxide
dissolve with diffienlly in sulphuric acid. The red oxide,
Mn,0,, on the other hand, dissolves readily, yielding a purple-
red-coloured solution. If the finely-divided precipitated dioxide
be treated with sulphuric acid, oxygen is evolved, and at a
temperature of 138° a green liquid is obtained from which the
sulphate is precipitated s & non-crystalline powder. In order
to purify this salt it is brought on to a porous porcelain plate,
when the greater part of the sulphuric acid is absorbed; the

- vesidue is then washed with pnre nitric acid and the salt allowed
to dry in absence of air on another porous plate, and then is
lieated to 150°! but not beyond this point, as it decomposes at
160° with evolution of oxygen. It deliquesces on exposnrs to air,
forming & violet solution, from which, especially when in contact
with water, manganic hydroxide separates.

Manganic Potassium Sulphate, or Manganese Alum, K, S0, +
Mn,(80,), + 24H,0. This is obtained when potassium sulphate
is added to a solution of the foregoing salt containing an excess
of sulphnric acid. On evaporation to a syrupy consistency the
above salt crystallises ont in violet-colonred regular octohe-
drons; it is decomposed in contact with water with separation
of manganic hydroxide.

Manganesc Ammonium Abum,(NH,),S0, +Mn.,(SO s+ 24H,0.

v Carius, A, Chem, Pharm, xerili. 53.
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This salt corresponds closely to the above-mentioned potassium
compound, and is obtained in a similar way.

Manganic Phosphates. Both manganic oxide and the dioxide
dissolve in a concentrated solution of phosphoric acid, in the
latter case with evolution of oxygen, with formation of a deep
violet liquid, from which a violet-coloured crystalline mass
separates out: (Gmelin). This decomposes in contact with water,
and manganic hydroxide is precipitated from the solution by the
alkalis. On evaporating the red solution a peach-blossomn
coloured powder separates, consisting of manganic metaphos-
phate, Mn,(POy)g + 2H,0.!

MANGANESE DIOXIDE AND THE MANGANITES,

322 Manganese Diowide, Manganese Peroxide, ov Black Oxide of
Manganese, MnO,, is the most important ore of manganese, It
occurs in rhombic crystals and in crystalline and amorphous
masges, being known. to the mineralogist as pyrolusite. It pos.
sesses a metallic lustre, an iron-black or dark steel-grey colour,
and a black streak. It is opaque and rather brittle, and has &
specific gravity of 482. The most celebrated localities for this
mineral are Ilmenau in Thuringia, near Platten in Bohemis, near
Miihrisch-Traban in Moravia, on the Lahn, and in France, Spain,
and North America. It ocenrs in the United States, abundantly
at Vermont in Massachusetts, and in Red Island Bay &t San
Francisco ; and also in New Brunswick, Nova Scotia. It is like-
wise found in Devonshire. Pyrolusite seldom occurs in the pure
state, being generally mixed with other manganese ores such as
psilomelane, (MnBa)O + 2MnO,, and mangenite. It also always
contains ferric oxide, silica, and traces of the oxides of cobalt
and nickel
- Pure manganese dioxide is obtained artificially by a moderats
ignition of the nitrate. The residue is then boiled out with
nitric acid, washed well, and moderately heated (Berthier). If
manganous carbonate be heated to 260° in presence of air,and
then the residue treated with very dilute cold hydrochloric
acid, pure manganese dioxide remains behind (Forchhammer).

It is obtained in the hydrated state by precipitating a manga-
nese solution with an alkaline solution of an hypochlorite, or
by treating menganic hydroxide with hot nitric acid? The

3 Hermann, Pogg. Aun, Ixxiv, 308,
% Gorgen, Aun, Chim, Phys. [8], Ixvi. 155,
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hydroxide thus obtained, when perfectly freed from nitric acid by
washing with water, is soluble in water, yielding & brown solution
to which the name of manganous acid has been given. This
solution turns blue litinus paper red, and does not undergo
alteration on standing for many weeks, but small gnantities of
acid or alkali produce an instent precipitation. Manganese
dioxide, like lead dioxide, possesses at the same time feebly basic
and feebly acid properties.

Mangancse Tetrachloride, MnCl,, is not known in the pure
state, 68 it is extremely unstable. It is prepared by passing
lhydrochloric acid gas into a well-conled mixture of manganese
dioxide and ether. The green solution thus obtained possesses
powerful oxidising properties.

Hydrobromic and hydriodic acids act in a similar way.
(Nicklis.)

Manganess Tetrafluoride, MuF,, is obtained as a brown liguid
when the dioxide is carefnlly added to concentrated hydrofiuoric
acid. The brown solution possesses strong oxidising properties.
Alkalis, as well as an excess of water, precipitate the dioxide.
and when potassinm finoride is added & rose-red precipitate of
the compound Muk, + 2KF falls down.

323 The Manganites. Manganese dioxide combines with
several basic oxides to form compounds which may be considered
as salts of manganous acid. Potassium Munganite, K,Mn;Q,, is
obtained as a yellow precipitate when carbon dioxide is passed
into a solution of potassium manganate, K,MnO, Culeium
Manganite, CaMny0,,, is a blackish-brown precipitate formed
when a solntion of manganous nitrate is poured into an excess
of bleaching-powder solution.

Manganese dioxide bas long been used for the preparation
of colonrless glass, and hence pyrolusite has been koown as
savon des verriers. Its mineralogical name, indeed, bas refer-
ence to this employment of the mineral (from =fp, fire,
and Aw to wash). It also serves for the preparation of
the manganese compounds and of oxygen, but by far the
largest gnantity of the mineral is employed for making chlo-
rine, used in the manufacture of bleaching.powder. As this
mineral never occurs in the pwe state in commerce, & rapid
and accurate method of determining the value of manganese
ores is of great valne to the manufacturer; these methods
will be described under the detection and estimation of
manganese.
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324 Regeneration of Mangancse Dioxide jrom the Chiorine
Residues. Before the year 1856, the whole .of the manganese
chloride obtained in the manufacture of chlorine from manganese
dioxide and hydrochloric acid was allowed to run to waste. In
1821, Forchhammer! observed that when nanganous carbonate
is heated to 260° in an open vessel it is converted into dioxide,
Charles Dunlop® applied this reaction to the regeneration of
manganese dioxide from the chlorine still-liquors. The free
acids which these liquors contsin are first nentralised with
carbonate of lime, the ferric chloride being st the same time
decomposed ; the clear liquor is drawn off from the deposited
ferric hydrate, and again treated with carbonate of lime in
closed boilers nnder & pressure of several atmospheres. Under
these circumstances the whole of the mangauous chloride is
converted into the carbonate :

MnCl, + CaCO, = MuCO, + CaCl,

The precipitated carbonate is then separated by subsidence, well
washed, and brought on to trays on wheels, which are placed in
an oven so that the manganous carbonate is exposed to the
action of & current of hot air for forty-eight hours, At the end
of this time the carbonate is converted into a black powder
which contains about 72 per cent. of MnO,. In 1857 tlns pro-
cesswas adopted by Messrs. Charles Tenmant & Co,, at St. Rollox,
and applied to the regeneration of the whole of their manganese,
amounting to abont 10,000 tons per annum. The process is,
however, somewhat ¢ostly, and has not been adopted generally
by manufacturers of bleaching powder.

A much more perfect and less troublesome process was in-
vented by Mr. Walter Weldon, in 1867, and first practically
carried out at Messrs. Gamble's works at St. Helen's, in 1868.
This process, which is now universally adopted both by British
and Continental manufacturers, depends upon the fact that
manganous hydvoxide is completely transfoimed ito dioxide
by air heated to 55° when an excess of linme is present. The
solution of munganese chloride freed from iron and excess of
acid by means of carbonate of lime is mixed with milk of lime
in 1'6 times the quantity needed for the exact precipitation
of the hydroxide. The resulting mixture, consisting of manga-
nous hydroxide, carbonate of lime,and calcimn cliloride, is heated
by a current of steam to 53°, and a rapid current of air is blown

V Ann. Thil. xxii. 50. 2 Report of Patewt Inventions, March, 1856, p. 236.
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through the liquor. As scon as about three-quarters of the
manganous oxide has been trausformed into dioxide the liquor
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fs allowed to settle, and the clear solution of caleium chloride
drawn off from the deposit of black dioxide combined with Jime
technically. termed ¢ manganese-mnd.”
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Fig. 130 exhibits an elevation of the most improved form of
Weldon plant ; Fig 131 shows the same in plan; K is the well
in which the liquor which ruus from the chlorine stills 1, 1, 1, and
7,3, is neutralised with lime-stone. This liquor is then pumped
up by means of the pump L iuto the still-liqnor settlers a, 4, a,

1H
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- in which the oxide of iron is deposited. From the settlers the

nentral chloride of manganese solution is run by means of iron

pipes into the large oxidiser B; here it is mixed with milk

of lime contained in the vessel F, having previously been
YOL. 1L od
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prepared in the vessel E, and being pumped up iuto the oxidiser
by the pump ». Steam is then passed into the oxidiser
tilled with the liquor until the right temperature has been
attained, and then a blast of air is blewn in by means of the
blowing-engines throngh the air-pipe ¢, After the operatiou is
complete the oxidised lignor is allowed to deposit the nud in
the mud-settlers G, ¢, G, and from these the clear solution of
calcium chlovide is mun off by the pipes n, the manganese-mud
puseing through the iron pipes X into the chlorvine stills, 1,1,1.
D is & small laboratory in which the necessary tests are made,
aud J,J, are two small stills used for the evolution of chlorine
from native manganese in order to supply the small but inevit-
ablé loss which takes place.

Tusteald of washing the precipitated manganese-mud in order
to free it from caleium chloride, the mud is now first allowed to
settle, the clear liquor run off, and the remaining precipitate
pressed under hydraulic presses to a solid cake, which is then
removed by wooden spades.

MANGANIC AciD, PERMANGANIC ACID, AND THRIR SALTS,

325 In his work entitled The Prosperity of Germany,! pub-
lished in 1656, Glauber mentions that when waunganese is fused
with fixed saltpetre (caustic potash) a mass is produced from
which he obtained “a most dainty purple fiery liquor,” this
afterwards turning blue, red, aud green. In 1705 an anonymous
treatise appeaved, entitled, Key to the Secret Cobinet of Nature's
Treasury ; in this it is stated that the product obtained by fusing
saltpetre and manganese yields a solution of which the colour
alters, first being grass-greeu, then sky-blue, violet-coloured, and
lastly rose-red. The changes of colour which are here given are
exactly the opposite of these which Glauber noticed. Pott in
1740 described these changes, believing that they had not been
previously noticed, and Scheele, who endeavoured to explain these
phenomens, gave to the colouring material the name of mineral
chameleon, & term which had previously been applied to other
mineral colouring matters capable of undergoing changes of
tint. The properties of this mineral chameleon were afterwards
investigated by mémy chemists, but it was not until the year
1817, when Chevillot and Edwards? investizated the subject, that
u rational view of its conposition was arrived at. They showed

¥ Mucke’s translation, 1689, p. 353, 3 Adun. Chem. Phys. [2], iv. 287,



MANGANIC ACTD. 19

that when much alkali is employed & green compound is formed ;
that when, on the other hand, an excess of mangenese is fused
with potash a red body is produced, and they succecded in prepar-
ing the substance obtained by the latter reaction inthe crystalline
form. They also showed that an absorption of oxygen takes
place, and consequently they assumed that the potash-salt forns
with manganese & manganate, and that the green salt contains
more base than the red. Forchhammer ! investigated the subjoct
in 1820, and ascribed the difference in colour to the existence of
two distinct acids. It is, however, to Mitscherlich 2 that we
owe & knowledge of the exact composition of these two acids,

Manganic Avid, HMnO, This acid is contained in the green
golution, but it is not known in the free state, inasmuch as
it ut once decomposes into permanganic acid, HMnO, and
manganese dioxide :

SH,AMNO0, = 2HMuO,+ MuO,+ 2H.0.

The Manganales have & green colour, and their solntions are
only stable when they contain large qnantities of free alkali. If
carbon dioxide be passed through'them, or if they be diluted
with mnch water, the liquid passes from a green to & blne and
violet colour, the permanganate being formed, and the dioxide
deposited ; vice versd, the permanganates are converted into man-
genates with evolution of oxygen, when their golution in con-
centrated caustic potash is boiled :

2KOH + 2K MnO, = 2K,Mn0, + O + TL,0.

The same change occurs when redncing agents such as aleohol
and sodium thiosulphate are added to the alkaline solution,only
so much of conrse being added as suffices for the reduction of
the permanganate to manganate. The red alkaline solution
turns blue and afterwards green on exposure to air, this being
cansed by the reducing action of the organic matter contained in
the atmosphere. This reaction explains the changes of colour
in the mineral chameleon. .

Potassium Manganate, K,MnO0,, is formed when manyanese
dioxide is fused together with caustic potash. If the fusion
takes place in the absence of air, the following reaction occurs:

8MnO, + 2KOH = K,MnO, + M»,0,+ H,0.

Chevillot and Edwards found, indeed, that when the fusion

v Ann, Phil. xvi. 130, xvii. 159, 2 Pogg Ann. xxv. 287,
2*—2
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takes place in an atmosphere of nitrogen no manganats is
formed. According to Elliot aud Storer! this depends upon the
fuct that the manganate is decomposed in 8 current of nitrogen
below a red-heat, whereas at a lower temperature, as at 180° the
manganate vemaing undecomposed, In the jresence of air, or
on the addition of nitve or chlorate of potash, a large quantity of
the product is obtained. Tlie deep-green coloured mass dissolves
in a snall quantity of water, forming a dark-green solution, from
which, on evaporation in a vacunm, the salt separates ont in
small crystals isomorphous with those of potassinm snlphate.
If a concentrated solution of potassium permanganate be boiled
with concentrated potash solution as long as oxygen is evolved
a crystalline powder of manganate separates out on cooling,
and if this be dissolved in dilute caustic potash and allowed
to evaporate ynder the receiver of an air-pump, well-formed
crystals of manganate ave obtained. These are almost black,
aud possess a methllic lustre, but become green on exposure to
the air?

Sodivm Manganate, Na,MnO,, is formed when a mixture of
equal parts of manganese dioxide and soda-saltpetre is heated
for sixteen hours; the mass is then lixiviated with a small
quantity of water and the solution cooled down, when the
salt geparates out in small crystals issmorphous with: Glauber-
salt, and having the composition Na,MnO, 4+ 10H,0. These
dissolve in water with partial decomposition, yielding a green
golution,

" Burinm  Manganate, BaMnO,, is formed when mangwncse
dioxide is heated with baryta or barium ecarbonate or nitrate, or
when barium permanganate is heated with baryta water. It is
an emerald-green powder, consisting of microscopic four-sided
prismns or six-sided plates. It has a specific gravity of 485, and
is insoluble in water, but readily decomposed by acids. The
employment of this salt in place of the poisonous Scheele’s green
has been suggested,?® and it has been employed ina few instances,
though not so generally as might be wished.

326 Manganese Heptovide, Mn0,, and Permanganic ded,
HMuO, The first of these compounds, also termed perman-
ganic auhydride, was noticed by Chevillot, and more vecently
investigated by Thenard! Aschoff’ and Terreil® In order to

v Proc. Am. Acad. Art. Set. v. 192, 2 Agchofl, Poyg. Ann, exi, 217,
3 Jchad, Dentsch Industriezeil, 1865, 118 ; Rosentichl, Dingl, Polyt. Jowrn,
clxxvii, 409, $ Compt, Rend. xlii. 380.

5 Poyg. Ann. exi. 217, S Bull. Soe. Chim, 1862, 40.
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prepare this conpound, pure potassium permanganate free from
chlorine is gradually added to well-cooled highly concentrated
sulphuric acid. The salt dissolves with an olive-green colour,
and at the same time oily drops separate, which gradnally sink,
fonning a dark reddish-brown liquid which does not solidify at
—20° This liquid is extremely unstable, constantly evolving
bubbles of oxygen on exposure to the air. These carry with them
a small guantity of the heptoxide, and thus violet fumes are
emitted. It rapidly absorbs moisture, and dissolves in water, yield-
ing a deep violet-coloured solntion, so much heat being thereby
evolved that the liquid undergoes partial decomposition. It dis-
solves inconcentrated sulphuric acid with an olive.green colonr.
On leating, it decomposes with evolution of light and heat, and
with violent explosion. The same thing fakes place when the
heptoxide is bronght into contact with any organic body, such
a8 paper, or when a drop is allowed to fall into & vessel contain-
ing the vapour of alcohol, or into ether, or sulphuretted hydrogen.

327 Permangenic Aeid, HMnO,. is obtained in aqiteons solu-
tion by adding the requisite quantity of dilnte snlphuric acid to
the barium salt. A deep red liquid is thus obtained, which ex-
Liibits a blue colour by reflected light, and possesses a bitter
metullic taste. It decomposes on exposure to light, or when
heated gently, and still more rapidly when boiled, with evolution
of oxygen and separation of the hydrated dioxide. It acts as
a most powerful oxidising agent, and decomposes ammonia:

6 HMnO, + 8 NH, =3 Mn,0,(OH), + 4 N, + 12 H,0.

Permanganic acid also ocenrs when manganese uitrate or any
manganous salt, with the exception of the haloid compounds,
is warmed with nitric acid and lead dioxide.

Potassium Permanganate, KNmQ,, is prepared on the large
scale by a process which will be described further on. For
Inboratory purposes it is best obtained according to the process
given by Gregory. This consists in dissolving ten parts of
caustic potash in the smallest quantity of water, then adding to
this a wixture of seven parts of potassium chlorate and eight
parts of manganese dioxide, evaporating the whole to dryness,
and heating the residue until the potassium chlorate is completely
decomposed. The dark-green mass is then lixiviated with boiling
water, the solution allowed to deposit, and the liquid filtered
through asbestos or gun-cotton. The clear solution deposits
the crystals on standing,
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Potassium permanganate is isomorphous with potassium per-
chlorate, with which it crystallises in all proportions. The
crystals are almost black, and when freshly prepared possess &
green metallic lustre, vhich however on exposure to the air
becomes of & steel-Llue tint without any further alteration in the
salt taking place. The crystals have a specific gravity of 27, and
yield a red powder. They dissolve in fifteen to sixteen parts of
cold water (Mitscherlich), forming a deep purple-coloured solu-
tion, When concentrated sulphuric acid is poured on to these
crystals they decompose with evolution of light and heat evolv-
ing ozone and giving rise to violet-coloured vapours (Wshler).
On heating to 240° they decompose as follows:

2 KMnQ, = K,MnO, + MuO, + O,

Jongs! has showu that hydrogen, phosphine, and other
reducing agents decownpose potassium permanganate, and that
oxygen gas is evolved together with carbon dioxide when sul-
phuric acid acts on the permauganate in presence of oxalic acid.

Mixed with sulphur or phosphorus, a material is obtained
which takes fire or explodes violently on percussion, and a
mixture of the salt with charcoal burns like tinder,

Sodium. Permanganate, NaMnOy, is obtained in a similar way
to the potassium salt, and is distinguished from it by being
deliquescent, and, therefore, crystallising with difficulty.

Ammonium Permangenate, NHMnO, is obtained by the
decomposition of the potassivin salt with anmnonium sulphate,
It is isomorphous with potassium permanganate, and decomposes
readily on heating,

Barium Permanganalte, Ba(MnO,),, forms hard, almost black
prisms, solable in water. It is obtained by passing & current of
carbon diexide throngh water containing barium manganate in
suspension, or by the action of bavium chloride on silver
perwanganate,

Stlver Permanganate, AgMnO,, separates out in large regular
crystals when warm solutions of nitrate of silverand potassium
pertnanyanate are mixed, It dissolves in 190 parts of water at
15°, and is much more soluble in warm water, The solution
decomposes on boiling.

Permanganic Ozychloride, MOl This chloride of perman-
ganic acid was first prepared by Dumas : 2 he did not however
analyse the compound, but from its mode of decomposition con-

' Chem, Soc, Jowrn, 1878, 95, 2 Aun, Chim. Phys. [2}, xxxvi, 81,
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exposed to thre-atrBinits a purple-red vapour, which possesses the
peculiar smell of the oxides of chlorine, and like them acts most
viclently upon the mucous nembranes, so that the smallest
quantity of the chloride contained in the commercial perman-
ganate can thus be readily detected! When heated it explodes
violently, and water decomposes it with formation of perman-
gonic acid and hydrochloric acid. These substances however
ntually decompose with formation of free chlorine and
manganese dioxide.

328 Condy's Disinfecting Liguid. Potassium permianganate has
been employed for a long time in the laboratory asa powerful oxi-
dising agent and is largely used in volumetric analysis. Hofinann
was the first, in the year 18739, to show that this salt together with
the other manganates and permenganates act as valuable disinfect-
ing agents, and its application for this purpose has become now so
general that these compounds, which a few years ago were only
fonnd in the laboratory, are now manufactured by the ton. The
eredit of this general application is mainly dne to Mr. H. B,
Condy, of London. For disinfecting purposes it is not necessary
to employ the pure, well-crystallised salt, whiclt is nsed in the
lnboratory, but s commercial article consisting of & mixture, more
or less pure, of manganate and permanganate of sodinm is nsed.
This snbstance is obtained by mixing the canstic soda obtained
from 1,500 kilos of soda-ash with 350 kilos of finely-divided
manganese dioxide in a flat vessel, and hieating this mixture for
forty-eight hours to dull redness. The product is then lixiviated
with water, and the solation either boiled down to the requisite
degree of strenyth or e aporated to dryness. 1f the manganate
is to be completely converted into permanganate it is neutralised
with snlphuric acid, the solution concentrated until Glanber-salt
separates out, and these crystals are then removed and the liquid
further evaporated.

v Aschofl, Porg, Axn. exi. 17,
¢ Hofmann's Report Exlhib, 1862, p. 109,
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MANGANESE AND SULPHUR,

329 Manganese Monosulphide, MnS, occurs as the mineral
manganese-blende, or alabandite. forming a steel-grey crystalline
mass, and sometimes observed in cubes and octohedrons. It has
a specific gravity of 404, and ocenrs in veins in the coal-mines
in Transylvania, and in Freiberg and Mexico. 1t may be
obtained artificially in the form of a dark-grey powder, which
melts at a high temperatnre forming a steel-grey crystalline mass,
by heating the monoxide, the carbonate, or the sulphate in a
current of hydrogen snulphide (Arfvedson). Ammonium sulphide
and the other monosulphides of the alkali-metals precipitate
hydrated manganese snlphide from a solution of a manganous
salt in the form of a light flesh-colonred precipitate, which
dissolves readily in dilute acids and oxidises on exposure to the
air, assuming & brown tint. When left in contact or heated
with an excess of ammoninm sulphide it is transforimed into o
grey powder;} having the composition 3MnS + H,0.

Manganese sulphide combines with the snlphides of the
alkali metals to form salts.? The potassinm salt, K,S + 3MuS,
is formed when theanliydrous snlphate of manganese is gradnally
heated to redness, with three parts of potassinm carbonate and
0-2 parts of lamp-black and excess of sulphur. The fnsed mass
is treated with cold water freed from air, when n dark-red
crystalline mass remains behind, which appears to be in micaceons
transparent scales. Tn the dry state this componnd is stable,
but in the moist state it readily undergoes oxidation, becoming
black and opacue, and when heated with nitre & violent explosion
ocenrs.,

Manganese Disulphide, MnS,. This substance is found as the
mineral hauerite in crystals belonging to the regular system.
They possess a metallic adamantine Instre, and a reddish-brown
colonr, and occur at Kalinks in Hungary in clay together with
sulphur and gypsum.

DETECTION AND ESTIMATION OF MAXGANESE.

330 Manganese is distingnished by forming a flesh-colonred
sulphide readily soluble in dilute acids. Iu the course of analy-
sis manganese is thrown down with the sulphides of the metals

Y Muek. Zettsch Anal. Chem. v. 580, vi, 6.
2 Volker, Anu, Chewm. Pharm, lix. 85.
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of the present group and with others which are precipitated by
sulphide of ammoniwm. If the precipitate be treated with very
dilute cold nitric acid, the sulphides of cobalt mnd nickel, if pre-
sent, remain undissolved. The solntion is heated with potassinm
chlorate in order to remove the sulphnretted hydiogen, and an
excess of caustic soda is added, Iron, manganese, and nrmnimn
ave thus thrown down as hydroxides. The washed precipitate is
then dissolved in hydrochloric acid, and the liquid neutralised
with ammonia, and sal-ammoniac added, when the whole of the
metals, with the exception of manganese, are thrown down and
the filtrate is then evaporated to dryness, and the residue
heated to get rid of annnoniacal salts. The mass which remains,
can be treated in various ways for the deteclion of man-
ganese. The simplest plan is to fuse & small quantity of the
residue with caustic soda and saltpetre, when the dark-green
potassimn manganate is formed, and this colour becomes deep
blue on cooling. It dissolves in water with a green colour, which
on addition of a little nitric acid turns red. Other character-
istic reactions for the manganese salts are the following.
Potash and soda precipitate the white hydroxide, which soon
becomes brown on exposure to air. Anmmonia in the presence
of sal-ammoniac produces no precipitate. The solntion rapidly
absorbs oxygen from the air, brown manganic hydroxide being
deposited. When a manganese componnd is fused in a borax
bead an amethyst-coloured bead is obtained in the onter flame,
and this in the inner flame becomnes colourless, The noun-
luminons gas-flame is coloured green by manganese chloride,
and this exhibits & spectrum in which the metal-lines in the
green and yellow are the following 3!

a=5387 [B=5392  ¢=5193.
The spark-spectrum of manganese contains 2 large number of

bright lines, of which the following are the most important
(Lecoy de Boisbaudran):

60207 47647 .
Orange J 60156 Green § 48228 pye J 47615 Tndigo] 42308
60125 (47826 11534 42347

The absorption-spectriin of permanganic acid and its potassiuin
salt exhibits in very dilute solntion five distinct bands ; a more
concentrated solution gives continuons absorption in the yellow

1 Hoppe-Seyler, Journ. Pr. Chem cx. 303,
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and green; and this is slso observed in certain solutions of
manganic salts, The latter, however, do not give the bands on
dilution.

33X In order to determine manganese quentitatively it is
usually precipitated as the caibonate. Frequently, however, it is
thrown down as the hydroxide or peroaide. These arve then con-
verted by iguition into the red oxide, Mny0,, in which condition
the manganese is weighed, The sulphide on heating in the air
is also converted into the same oxide.

Manganese always occurs in nature
together with iron. In order to deter-
mine this quantitatively, the solution is
heated with sal-ammoninc, neutralised
with the requisite quantity of ammonia,
and the iron precipitated with succinate
of ammonia. The manganese can then
be determined in the filtrate in the above
way.

Bvaluation of Manganese Ores. The
most accurate and conveuient methods
for the assay of manganese ores are those
of Bunsen,! and of Fresenius and Will 2
By the former method the quantity of
chlorine which is evolved on treatment
with hydrochloric acid is directly deter-
mtined :

Mn0, + 4HCl=MnCl +Cl, + 2H.0.

The free chlorine is collected in a solution
of potassinin iodide, and the liberated
iodine estimated with a dilute solution
of sulphurous acid,

Fie. 132, Fresenius and WilPs gravimetlic me-

thod depends upon the fact that when

mangauese dioxide and oxalic acid are brought together in
presence of sulphurie acid, the following decomposition occurs:

MO, + C,0(0H), + H,SO, = MnSO0, 4 2CO, + 2H,0.

Or 8778 parts of carbon dioxide correspend to 8672 parts of
manganese diovide. From two to four graing of the finely-

v Chem, Soc Jowrn. vhi, 219, ? Liebig's Ann, slviv 87,
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powdered ore ave brought into the vessel (), Fig. 132, and from
five to six grains of neutral oxalate of potash, together with
some water, added. B and ¢ are filled with concentrated
snlphuric acid, and after the whole apparatus has been weighed,
the acid is allowed to run from B into 4, the operation beiny
conducted as described under carbonic acid in Vol. L p. 63Y.
According to the experiments of Jones, oxygen is evolved in
the above reaction together with carbon dioxide, in quantities,
however, insufficient to interfere with the accuracy of the
method.

The atomic weight of manganess has been determined by &
variety of chemists. Berzelins' found that 4:20775 parts of
manganous chloride yielded 9575 parts of silver chloride, whence
the atomic weight 54'86 is caleulated. Five similar determina-
tions by Dumas? pave the number 54:83; and V. Hmter? by
reducing imanganous sulphate to sulphide in a ewrrent of
hydrogen sulphide, obtained the number 54-98,

IRON (FERRUM). Fe =3559.

332 Iron is the most important of all the metals. It seldom
occurs in the metallic state in nature ; the ores of iron are, how-
ever, found widely distributed, and usually in o state of purity;
and the reduction of metallic iron may well be considered as one
of the simplest of metallurgical operations, requiring far less
knowledge and skill than is needed for the preparation of
bronze. In spite of these facts it is usnally snpposed that
the iron age followed that of brounze, althongh in many cases
the art of working in iron became known at & very early period.
It is however to be remembered that netallic iron is rapidiy
destroyed by rusting, at any rate in damp situations, and this
may to some extent account for the comparatively rare ocenr-
rence of very early iron implements.

It appears probable that iron was first obtained from its ores
in India, and it is certain that both the Assyrians and the
Egyptians employed iron implements many centuries before our
era. In the Pentateach the metal iron is mentioned, as well
as the furuaces in which it was prepared; the Hebrew name for

v Pogg. Ann. xiv, 211 ¢ Aan, Chem, Pharm. exiil,
2 fien. Aead, Ber, xxv. 124,
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iron, Barzél, is derived from the Toot Bazal, which signifies to be
hard, whilst the derivation of the Greek word oiSyyos which
occurs in Homer is unknown. The Greeks obteined their iron
from the Chalybes, a nation dwelling on the south coast of the
Black Ses, from whom the Asiatic nations alse obtained iron.
The Romans on the other hand not only procured their iron
from this district, but also from Spain, Elba, and Novicum, The
Elban iron mines, which are to this day renowned for their fine
specular iron, were worked by the Etruscans, and the method
which was employed by them for the extraction of the iron is
identical in principle with that still in vogue in the Pyrenees.

The word iron, which is identical with the Scandinavian ¢ iarn”
(instead of “isarn”), and with the German “ Eisen” (adjective,
“eisern *), appears to be connected with the Sanscrit “ ayas”
(Latin“ ges ™), and this, according to Grimm, is an indication that
bronze was in use among the Germans at a much eatlier date
than iron. The alchemists connected iron with the god of war
Mars, and gave to it the sign 4.

333 Native iron ocenrs, according to Andrews,! in small spicule
distributed throughout the basalt of the Giant’s Causeway, as
well as in the old lavas of the Auvergne. The occurrence of
terrestrial iron in large lumps has also not unfrequently been
observed : thesc masses have however been formed in the firing
of coal-pits when the burning mass has come in contact with
ores of iron, and the product of the action
is termed natural steel.

The native metal occurs more frequently
in the form of mefeoric éron. The meteor-
ites falling in larger orsmaller masses from
extra terrestrial sources may be divided
into two groups, " Earthy meteorites,” which
chiefly consist of silicates, and '‘ Meteoric
irons,” which consist of meteoric iron together with & larger
or smaller quantity of nickel, the presence of this latter metal
being characteristic of meteoric masses. Meteoric iron likewise
usually contains small quantities of cobalt and other metals,
as well as graphite, ferrous sulphide and schrejbersite, Ni,Fe P,
this last compound being one which does mot exist in any
terrestrial mineral. When the swface of a meteoric iron is
planed and polished, and then treated with dilute nitric acid,
peculise configurations make their appearance which were first

v Andrews, Brél, dssoc. Reports, 1352,

Fic. 138,
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noticed by Widmanstiitten in the year 1808, These consist of
rhombic folia or crystalline markings (shown in Fig. 133) which
have a metallic lustre ; the spaces enclosed by these markings
are somewhat rsised, so that a smface of meteoric iron thus
treated may be used as & plate from which an engraving can
be obtained. Some mieteoric irons do not exhibit these figures,
parallel strice ynaking their appearance when the metal is snb-
jected to a similar treatment. Meteoric iron frequently oceurs in
considerable masses; thus, for instance, that which was discovered
by Pallas in Siberia originally weighed 800 kilos [Analysis («)],
whilst that found in Bahia weighed nearly 7,000 kilos; a still
larger mass occenrs at Chaco-Gualamba in Peru, which is said
to weigh 16,000 kilos, and similar large masses have been found
in other localities both in North and Senth America, as well as
in Africa. The largest known masses are those found at Ovifak
on the islend of Disko, off Greenland, where fificen blocks of
meteoric iron oceur, the weight of the two largest being, accord-
ing to Nordenskjold ! 21,000 and 8,000 kilos [see Analysis (3)].
The following table gives the composition of seversl meteoric
irons :—
: ) @ ®) %) @)
Locality . . . Siberia Orifak, Brazil.  Teunessec,
Amlyst . . . Berzelins. Nordenskjsld, Damover. J. I Smith.

Trom. . . 8804 8449 6369 9115

Nickel . . 1073 248 3397 801
Cobalt . . 046 007 1-48 072
Copper . . 007 027 005 006
Manganese 0113 — — —
Catbon . . 00& 1062 002 -—
Sulphur .  troce 1-32 002 —_
Phosphorus  — 020 005 -
Chlovine . — 072 — —
Silicate. . 033 0-09 — —

10000 10046 9928 U994

Finely divided meteoric ivon is constantly falling from extra-
terrestrial space on to the earth : the occurrence of this meteoric
dust has been observed in Sweden and in the snow-fields of
Northern Siberia, the snow enclosing black magnetic particles
which contain cobalt as well as iron. DNore recently similar
particles of meteoric dnst, consisting of metallic iron, have been

' Poyg, 4, 151, 154,
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found by Mr, Mwrray, of the Challenger expedition, at great
depths in mid-ocean. It i3 only under conditions such as
the above that it is possible to detect this fine meteoric dust in
consequence of the enormous accumulation elsewhere of terres-
trial dust.

334 Irou is usually found in combination either with oxygen
or sulphur, Of the large number of winerals which contain iron
only those will now be mentioned which occur most commonly
and in largest quantity; the ores will be specially described
Liereafter. The 1nost important oxygen compounds of iron
are red hmnutite, or specular iron, Fe,0y; brown hematite,
Ye,04(0H),; magnetic iron, Fe,0, ; spathose iron, ¥eCOj, which
latter also coutains other isomorphons carbonates. Again,
iron pyrites, FeS, occurs largely, whilst magnetic pyrites,
¥e,S,, is less common;; ferrous sulphide also forms an important
constituent of copper pyrites, CuFeS, arsenical pyrites,
Fe(AsS),, and other minerals. Silicates of fron are found in
most geological formations, and from these iron oxide finds
its way into the soil, in which it is usuatly present in con.
siderable quantity, imparting to it a veddish or brown colour.
This fact was known to Pliny, who mentions that the presence
of iron may be recognised by the colonr of the soil. Iron com-~
pounds are contained in solution in spring- and river-waters, as
well as in the water of the ocean, and it is from one or other of
these sources that plants obtain the iron which forms a necessary
constituent of their chlovophyll.

In 1702 N. Lemery proved that the ashes of plants contain
iron: this observation was confirmed by the experiments of
Geoffroy in 1703, who, however, assumed that the iron is not
orfginally contained in plauts, but that it is produced when
they are burned. Other celebrated chemists, such as Becher,
held the view that the iron which makes its appearance when
certain substances are subjected to chemical treatment is not
contained in themm but is indepeudently produced. This
erroneous opinion was first disproved by Lemery.

Iron likewise forms a necessary constituent of the animal
body ; thus for instance, hemoglobin, the ved colouring-matter
of the blood, contains 0-24 per cent. of iron. Iron preparations
have also long been employed as a medicine, especially in
chlorosis, general debility, and loss of bleod ; and it has now
been ascertained that after the use of iron the number of red
corpuscles is inereased, and the amount of hemoglobin which
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they contain becomes larger. At the same tiwe the nulbritive
processes of the body are accelerated, as evidenced by 4 rise in
temperature, and an increase in the quantity of urea secreted.
The presence of iron in the blood wes first shown by Menghini
of Bologua in 1747.

The existence of iren in large quantities in meteoric masses
indicates a wide cosinical distribution of this element, and this
conclusion has been confirmed by Spectrum Analysis, which
indicates to us the presence of iron in the sun and wmany fixed
stars.

335 Preparation of pure fron—~Iron is usually prodnced from
its oxides by means of charcoal, and is thus obtained on thelarge
scale ; thus prepared, however, ivon is uot puve, but contains
wore or less carbon. The purest commercial form of iren is
wronght-iron, especially the fiuest kinds of harpsichord wire:
this contains about 03 per cent. of foreign impurities chiefly con-
sisting of carbon. In order to obtain chemically pure irou the
oxide, or oxalate, may be heated in a current of hydrogen at the
lowest possible temperature ; the metal is obtained by this pro-
cess a8 o black powder, which oxidises and hecomes incandescent
in the air, but if the reduction be carried on at a higher tem-
perature the powdered iron is not pyrophoric,

Pure iron may be obtained by the reduction of ferrous chloride,
FeCl,, in hydrogen when the metal is deposited in microscopic
quadratic octohedrons, or cubes (I’eligot).! It may also be pre-
pared by electrolyis. For this purposea solution of ferrous sulphate
is prepared and then mixed with sal-ammoniac and magnesinm
sulphate; on electrolysis the iron is deposited in bright grey plates.
Electrolytic iron has the power of occluding certain gases,
especially hydrogen; on heating the metal in a vacuum these
gases are given off, and the metal which remains has a white
colour resembling platinumn. In order to obtain pure iron as &
colerent metallic mass a mixture of equal parts of pure
Glauber salt and iron sulphate is ignited in a platinum crucible
until no further evolution of snlphur dioxide oceurs ; on wash-
ing the mass with water a crystalline precipitate of ferric oxide
remains behind : this is next placed in a platinum crucible and
reduced in hydrogen. The porous wass of rednced iron is then
pressed into & lime crucible and melted by menns of the osy-
hydrogen blowpipe?

1 Compt, Rend. 19, 670.
2 Matthiessen and S. P. Szczepanowski, Chem, News, xx, 101,
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Good wrought-ivon when inelted in this way also yields
& vegulus of pure metal, especially if towards the end of
the operation the current of oxygen be increased, when the
impurities are oxidised and absorbed by the porous mass of
the crucible.!

336 Properties. Pure iron has a specific gravity of 7'84; it
possesses an almost silver-white lustre, and tukes a high polish ;
it is the most tenacious of all the ductile metals except cobalt
and nickel ; it becomes soft at a red-heat, whilst at a white-heat
it can be readily welded, but if heated above the welding-point it
is brittle under the hammer. Pure iron is move difficaltly fusible
than wrought-iron, but it ean be volatilised when heated in &
vacuum by means of a powerful electric discharge, and if air
be then admitted the vapourised iron burns with a bright flash.
Even when iron is burned in oxygen a small quantity of the
metal is vapourised and is seen to burn. Irou is attracted by
the magnet and may also be yendered magnetic, but it loses
this latter property after a short time, whilst carbonised iron or
steel retains this polar condition at the ordinary temperature,
losing it however at a red-heat. Iron does not undergo any
alteration in dry oxygen or in pure air at the ordinary tempera-
ture, nor does it decompose water free from air even when
warmed, In moist air, on the other hand, it becomes coated with
ferric hydroxide, or ivon vust, this oxidation being greatly assisted
by the presence of carbon dioxide or small quantities of acid va-
pows. In contact with air and water, and with certain acids
and salts, especially ammoniacal salts, this oxidation or rusting
is promoted, whilst the Liability to rust is diminished in the
presence of alkalis, The formation of rust takes place to begin
with but slowly, but if a very thin superficial coating of oxide
has been formed the process goes on quickly. In order to
diminish the lability to rust, iron articles are painted with
varnishes, or oil-colours, or the surfaces are covered with oil,
fat, or graphite, A coating of black magnetic oxide of iron,
FesO‘, serves, hiowever, as the best protection agmnst the rusting
of iron. For the purpose of coating objects of iron with this
oxide, Becquerel places the iron as the positive electrode in &
solution of sulphate of iron and sal-ammoniac, whilst the pro-
cess recently patented by Barff consists in exposing the iron to
the action of superheated steam at & temperature of about 650°,
when a film of hard magnetic oxide is formed on the surface,

1 Troost, Bull. Soc, Chem. [2], 9, 250.
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and this does not undergoe any further change, and is said effec-
tually to protect the metal.

In contact with metallic zinc iron becomes electro-negative,
and is thus to & certain extent protccted from rusting. Iron
dissolves in most dilute acids with evolution of hydrogen.
Dilute nitric acid dissolves it in the cold without the evolution
of any yas and with the formation of ferrous nitrate, Fe(NO,),,
and ammonium nitrate; when heated, or when & stronger acid
is employed, oxides of nitrogen are evolved and ferric mitrate,
Fe(NO,),, is formed.

Passive ITron. Under certain circumstances iron is not acted
upon at all by nitric acid, nor does it, when in this condition,
precipitate copper when brought into solutions of this metal.
Iron in this state is termed passive, and this condition is brought
about by dipping the metal into concentrated nitric acid and then
washing it (Keir)? Other substances, such as chloric, bromie,
iodic, and chromic acids, and even hydrogen dioxide, act upon
iron in & similar way. According to Faraday and Beetz this
passive condition of iron depends upon the formation of a very
thin film of oxide, and this conclusion is confirmed by the fact
that iron wire may also be made passive by & moderate ignition.

Iron combines readily with the elements of the chlorine
gronp, and at & red-heat it burns in oxygen and the vapour of
gulphur; it also combines with carbon when brought in contact
with it at & high temperature, and for this reason all the iron
obtained on the large scale contains carbon in combination; and
the larger the quantity of this element it takes up the more
readily fusible is the iron. Cast-iron contains the largest
quontity, and wrought-iron the smallest quantity, of carbon,
whilst steel contains an amount intermediate between thesetwo.

337 fronamalgam does not form readily, but on acting with a
one per cent. sodinum amalgam upon a solution of ferrous sul-
phate, a semi-solid mass is obtained which, when in small
globules, is attracted by the magnet. On distilling this amal-
gem, metallic iron remains in & fine state of division (Bottger).
The same amalgam can be formed by rubbing powdered iron
with mercuric chloride and water. If an iron wire be attached
to the copper-pole of a Daniell's element, the wire dipped into
a solution of ferrous sulphate, whilst another iron wire from
the zinc-pole touch a drop of mercury lying in the solution,
amalgams of varying composition are obtained according to the

' Pl Trans. 1790, 379,
VOL. 1. H
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intensity of the current. Those containing only small quantities
of iron are liquid; those in which more iron is present are
gsoft and crystalline. One containing 1032 of iron to 100 of
.mercury forms a bard black mass obtained by pressing the
liquid amalgam under & pressure of 50 tons on the square inch.2

METALLURGY OF IRON.

338 Several mythical stories point to the fact that in very
early times meteoric iron, which falling from the heavens was
considered as & gift of the gods to man, was employed in the
manufacture of iron weapons. This indeed appears to be a
practice still employed by certain uncultured tribes; the
Esquimaux, as we hear from Ross, employ meteoric iron for the
manufacture of their implements, and Kumbary 2 relates that
the chiefs in the Wadai country, in Central Africa, possess
many weapons which have been worked up from meteoric
messes. But meteoric iron cccurs so sparingly upon the earth’s
surface, and is in fact so unsuited to the manufacture of tough
forgings, that at a comparatively early period in the history of
civilisation men set about the smelting of iron from its ores

The enormous deposits of ancient slag and furnace-cinder
which are found spread over large areas in various districts
of India point to the fact that the iron industry existed in that
country at very early times, and even fo the present day the
manufacture of iron is carried on in India in the most primitive
manner. It i8 also clear that the ancient Egyptians were well
acquainted with the uses of iron, and the remains of their iron-
works have recently been found near Sinai. But, independently
of these sources, & knowledge of the methods of working iron
ores also appears to have been gained by the tribes living in
the North of Ilurope whilst the inhabitants of the Western
Hemisphere were not acqneinted with these processes. Little
is known rvespecting the method employed by the ancients
in the manufacture of iron; the slight information which we
possess has been collected together by Agricola in his work,
* De Veteribus et Novis Metallis.” The apparatus employed was
evidently of a primitive kind, and consisted of a small hearth
or furnace to which was attached a bellows or blowing arrange-
ment driven by band, similar indeed to that which is now in

1 Joule, Journ. Chent. Soc. [2]. i. 878. 3 Compt. Rend. 1xx. 649.
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use among the hill.tribes in India and in Central Africa.
Malleable iron and steel were both produced by igniting the
iron ore with charcoal, the metal being obtained in the form of
& porous lump or “bloom,” which was pressed or hammered
into a coherent metallic mass._

The deaterity exhibited by the Hindoos in the manufnc
ture of wronght-iron may be estimated from the fact of the
existence in the Mosque of the Kutub near Delhi of &
wronght-iron piller no less that 60 feet in length! This pillar
stands about 30 feet out of the ground, and has an ornamental
cap bearing an inscription in Sanskrit helonging to the fourth
century. It is not an easy operation at the present day to forge
such a mass with our largest rolls and steam-hammers; how
thig conld be effected by the rude hand-labour of the Hindoos
wo are at & loss to understand.

ORES OF IRON.

339 Before deseribing the several methods for preparing iron
the various ores which serve for this preparation must be men-
tioned. The term iron-ore includes all those minerals which
contain iron not only in = sufficient quantity, but also ia a con.
dition which enables them to be employed for the economic
production of metal. Thns, for example, iron pyrites, FeS,
although it occurs in very large quantities and contains a high
percentage of iron, cannot properly be described as an iron.ore,
inasmuch as it is difficult to completely remove the sulphur, 2
small proportion of which renders the metal unfit for use. In
like manner arsenical pyrites, although it also contains a large
quantity of iron, is unfit for the production of the metal ; and
the same may be said of many other minerals which contain
large quantities of iron.

The varions ores of iron are composed of, or contain, the
oxides of iron in more or less pure condition, and the value of
an iron ore depends rather npon the nature of the impurities
wbich it contains than upen its pereentage of iron.

The ores of iron occur almost in every geological formation;
thus magnetic iron ove is fonnd in the older rocks, as in the
Laurentian beds of North Awmerica, and the old slates and gneisses
of Bweden, whilst red heematite ocenrs in beds or pockets in

' A cast of this pillar is to be seen in the Architectursl Conrt of the South

Kensington Musenm, and a drawiug of the same is found in St. John Day’s
Prehistoric Use of Iron and Steel, p. 144, g%__2
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the carboniferous limestone of Cumberland and North Janca-
shire, and spathose or clay iron-stone in the coal measures,
Again, the oolitic vocks furnish large deposits of brown hema.
tite, and the Elba ore is probably a tertiary deposit, Still more
recent formations of ivon ore are seen in the Bog ore of Germany
and the North of Ireland, whilst “lake ores ” are being formed
in Scandinavia at the present day,

340 Magnetic Tron Ore, Magnetile, Loadstone, Fe 0, This ore,
in the pure state, constitutes the richest and most valuable ore of
iron, It oceursin the crystalline and massive state as well as
in the form of sand, and is found in large deposits, especially in
volcanic rocks, as well as in granite, gneiss, and mica-schist. This
ore of iron is difficultly reducible, but it yields excellent iron and
steel, The most important localities of magnetite are Arendal,
Dannemora, and other places in Norway, Sweden, and Lap-
land ; the island of Elba ; the Ural Mountains; and in 8everal
localities in the United States. In England magnetic oxide of
iron oceurs in Rosedale in Yorkshire, at Dartmoor, at Brent in
South Devon, and at Treskerby in Cornwall ; but it cannot be
said to be an important Euglish ore. In Germany it is found in
large quantities at Schiniedeberg, in Silesia, and & few other
localities,

The composition of some important Magnetites is given on
37

These analyses show that the relation between the amount of
the two oxides varies considerably according as the monoxide
has been more or less oxidised to the sesqui-oxide, The pure
crystallised mineral occurring at Berggieshiibel, in Saxony, con-
“tains, according to Karsten, Fe,0, 6924, FeO 3049 per cent., and
this proportion agrees approxirately with the formula Fe 0,

Franklinite, (FeMn),04(FeZn)0, occurs in New Jersey, and is
first worked for zine, the residue being used gs an iron ore,

34x Red Hematite, ov Specular Irow Ore, Fe, O, This sub-
stance occurs crystalline as specular iron ore, and also in a
massive state having a columnar, granular, or botryoidal form
a8 well as in the earthy cendition. This ore, being free from im-
purities, yields & cast-iron which is especially well adapted for
the manufacture of malleable iton and steel, Heematite occurs
in veins as well as in beds and pockets, One of its mest remark-
able localities is the island of Elba, where it occurs finely
crystallised between talcous schist and crystalline limestone,
The Elban mines were worked by the Ftruscans and are still



Analyses of Magnetic Iron Ores,
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Protoxide of manganess . . . - 0180 — traces 010 { 0-23
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Lime . . . . . . . —_ - — 1-070 0°52 | 854
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Sulphur . . . . ., — — — 0002 010 —
Sulphurie acid . . . . . — —_— — 0-008 — —
Phosphoricacid. . . ., | o -~ — 0057 0-10 —
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productive. - A fine hematite occurs in the Huronian rocks on
the southern shore of Lake Superior, whilst at Iron Mountain,
near St. Louis, Missouri, enormous masses of this ore of iron
are found. On the continent of Europe hematite occurs in
Belgium, end on the Lahn in ‘Westphalia deposits of this ore
ave found in the Devonian formation. The chief deposits of
hzmatite in England are those near Ulverston in Lancashire,
and on the coast of Cumberland near Whitchaven; the ore
bere occurs in beds or pockets in the carboniferous limestoue,
sometimes existing as hard botryeidal masses exhibiting erystal-
line structure, and sometimes ina soft or compact amorphous
condition.

The specular iron from Elba occurring in large crystals con-
sists, according to Rammelsberg, of iron peroxide together with
0-3 per cent. of titanimin dioxide, sometimes as much as 08 of
iron monoxide and 04 per cent, of magnesia. American lizema-
tites are alse frequently extremely pure; thus Jordan found an
ore from Michigan coutained the following impurities : 009 lime,
0-11 magnesia, 028 insoluble residue. The ore as employed for
the production of iron is always more or less mixed with
“ gangue,” as is shown from the Analyses on p. 39,

342 Brown Hematite, or Limonite, Fe,OptFe(OH)=2Fe,0, +
3H,0. This substance occurs crystallised in rhombic prisms, bub
is more frequently found either in a fibrous foliated and scaly
condition, or as a dark brown reniform mass and commonly
known as Brown and Yellow Hematite. In the massive state
this ore occurs in large quantity and, as it can be readily
waorked, it has been long employed as & source of iron (for
analyses see table on p. 40). It is found in the carboniferous
limestone as well as in the older rocks, in the Forest of Dean,
and at Llantrissant in Glamorganshire in the lower coal-
measure sandstones. At Bilbos in Spain it occurs largely in
carboniferous limestone, whilst the newer and earthy brown
hematite is found in the oolite and green-sand in Northamp-
tonshire and Lincolushire, It is likewise largely worked in
Germany and Frauce, being the ore from which the greater
part of the iron made in these countries is derived. The bog-
ores which are worked in the plain of North Germany and
Canada and in other places, as well as the peculiar iron ore of
the North of Ireland and the Swedish lake-ore, belong to this
cluss, and are of the most recent geological formation,

343 Spathose Iron Ore, or Siderite. Spathose iron ore consists



Analyses of Red Hematite Ores.

Cleator Moor, Ulrerston . Jackson Ming, | Negunnee Fossiliferons
Seurce . . Cumberland. (Unctaous) | Willmansdorf.{ Wetzlar, Lake Mavganiferous {from Tennessee
Cuberland. . Superier.  |Solt Hamatite. (Gsh-ogg are).
Aualyst Dk o Dick, Ziureck. sreng. | Chgilierond) Chendlerand |- G W
Ferric oxide . 9516 86-50 9268 4358 6375 65-40 7696
Manganous oxide 024 021 — trace trace 671 066
Alumina —_ —_ 2:80 142 073 1-46 760
Lime 007 277 —_— —_ 061 045 062
Magnesia . . . . . —_ 1-46 — — 023 066 48
Sulphur . . . . . —_ —_ —_ — 003 0-04 012
Sulphur triexide trace 011 — 020 — — —
Carbon dioxide . . trace 296 — — — — —
Phosphorus pentoxide. trace trace e trace 032 0-16 0385
Water and organic matter —_ - — —_— 109 246 314
| Siliea . . . . . . — —_ — —_ 327 2267 938
i Silica and insoluble
residue . . . . , 568 655 452 5522 — — —_
| 10115 100-56 160:00 16042 10003 10001 99-81
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Analyses of Brown Hamaftites.

S

. . 1Quliterocks | i onite, Ore, | Luke
Sowrce .. . Ot | g, | Hewm. | Spain | Northamp) IR0 | QBT | Ore
{ 1
Analyst A. Dick. | E. Riley. | Sonabel, | A. Baker. | Spilter 5{;&;’[& Karsten. | Svanberg. '
i Ferric oxide . . 90-05 5905 7570 78-86 52-86 8369 4960 6558
. Manganous oxide. 0-08 0-09 — 065 051 — 110 387
| Aluming. . trace | trace — 350 739 | trace — 509
; Lime . 006 025 — trace 746 -— 140 082
i Magnesia 020 028 — {roce 068 — —_ 013
| Carbon dioxide . . . — — — — 492 — — —
! Phosphorus pentoxide . 009 014 267 007 126 038 560 113
; Sulphur trioxide . . trace — — — e — trace
. Sulphuric acid —_ — — —_ — ! 034 — —
Siliea . . . . . —_— — —_ —_ 1316 | 260 — —_
Ferrous sulphide . — 0-09 —_ —_— 003 — —_ —
. Water . . . . 9-22 6:38 1332 1165 11-37 12-80 2310 1621
- Organic matter . — — — — — 019 — —
¢ Insoluble residne . 107 | 3440 761 555 — ‘ — 1920 715
10077 {10068 9930 {10022 89-54 ! 10000 | 100-00 [ 100-00
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of ferrous carbonate, FeCOy, invariably wixed with the isomorph-
ous cathonates of manganese, magnesiuin and caleium. It pos-
sesses & yellowish-trown colour, and occurs often in globular

or botyroidal forms having a silky fibrous structure.

It is

usually found in Devonian rocks, occurring in England at Bren-
don Hill in Somerset, at Exmoor and at Weardale in Yorkshire.
"['he most celebrated European locality is the Erzberg in Styris,
where not less than 110,000 tons of ore are annually raised and
nsed for the manufacture of the celebrated Styrian steel
Spathose iron ore also occurs in large quantity in Carinthia, at
Stablbery near Miisen, and at Siegen in Prussia.

Analyscs of Spathose Fron Ore.

| .
s i | Stahlberg,
Seurce— . Weanlule, Erzberg, | Miisen.
| Analyst— Toukey. Karste. | Schaabel.
’ Ferrous oxide 4957 3564 4716
+ Ferrie oxide . 081 —_ —_
| Manganous oxide . 193 280 10-61
! Lime . 396 092 050
. Magnesia . . . 283 177 3-23
i Carbon dioxide . . 3720 38:35 3850
PhosEhorus pentow]o trace — —
: Solphur . . 004 — —
: Water . . . . 030 — —
(I Tnsoluble residue 312 — —
‘i — | e S SO
‘ Total 9996 9948 { 100°00

344 Clay Iron-slone or A lelaccous Iron Ore is a spathose
iron containing clay or sand, and is chiefly found in nodules or
bauds interspersed throughout the clays and shales of the coal-
measures, This ore is the most important Fuglish ore of iron,
as fully one-half of the iron made in this country is reduced
from clay iron-stone. The chief workable beds of Brifish cluy
iron.stone occur in Yorkshire, Derbyskire, Staffordshire, War-

wickshire, Sonth Wales and Scotland.

The *black band ” iron.stone is an important variety of this

|
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ore. It contains from 20 to 25 per cent. of coal, and is found in
Tanarkshire, North Staffordshire, and South Waules. The Scotch
beds were discovered by Mushet in 1800, but they were not
worked until the year 1830. In 1855 the same ore was dis-
" covered in Westphalia, and it is also worked in Lower Silesia.
The coal-measures of the Gard and of the Aveyron in France,
and those in Pennsylvaunia and Maryland and other States,
also coutain large quantities of clay iron-stone. The same ore
is foond in strata in the Lias and also in the Oolitic and
Tertiary rocks, the Cleveland iron ore belonging to this latter
class. Analyses of several clay iron-stones are given on p. 43,

IRON SMELTING.

345 Caleination of the Ore—Before treatment in the furnace
many iron ores, especially the clay iron-stones and the brown
hamatites, are subjected to & process of calcination or roasting.
The object of this is to expel water and carbonic acid, and also
to oxidise the ore ag well as to render it move porous, and thus
to facilitate the subsequent reduction of the metal. At the same
time any sulphides which the ore may contain are oxidised
and the sulphur expelled. The ordinary clay iron-stone is
usually roasted in lurge open heaps, the ore being.mixed with
a sufficient quantity of coal to keep up a slow combustion. A
preferable method is to celcine the ore in kilng or roasters, as in
these the consumption of fuel is less and the product more
uniform than in the ruder process of roasting in heaps.

(1) Tae Direcr ReputtioN oF MALLEABLE IRON FROM THE
Ores,

346 ITron Furnaces.—The simplest form of the iron furnace is
that used at the present day on the west coast of India, as well
as in the Deccan and Camnatic, and amongst the hill tribes.
The low-caste Hindoos who work io iron, wander from place to
place and build up their simple apparatus where they find fael
and ore ; this latter consisting generally of inagnetic oxide or
brown hematite. The furnaces are built on the grouud and
constructed in the form of a round shaft or chimuey, from
2 to 4 feet in height, having a diameter at the bottom of from
10 to 15 inches, and at the top of from 6 to 12 inches, At the
lower part there are two openings one of whith serves for the



Analyses of Clay Iron-stone,

Source

Lowmaor,

Butterley,

Pin's Ore.

Pontypgol,

Seotland.

*ANOIS NOUI AVID

Yorkshire. | Derbyshire. D?&‘:&g’gﬁ;‘d' \%‘:-1:& %‘u“:& ) (%1:;?13?2'

Anulyst Spiller. Spiller. Dick. Riley. Colyuhoun. A. Dick

Ferric oxide . 1:45 1:49 054 059 272 360
Ferrous oxide . 36-14 37499 4535 4450 4077 39°42
Manganous oxide 1-38 1-51 056 073 —_— 0-95
Alomina . . 674 587 570 595 —_ 7-86
Lime 270 459 260 2405 090 744
Magnesia 317 337 1-26 326 072 3-82
Silica . . 17:37 10404 1063 10-61 10410 712
Carbon dioxide 2637 29-92 3021 30:32 2641 22-85
Phosphoras peitoxide 034 0-80 0-46 023 - 1:86
Iron disulphide . 010 0-06 0-20 011 — 011
Alkalis . ’ . 065 0-55 0-36 013 — 027
‘Water . . . 177 321 164 076 1-00 2:97
Organic matter . .. 240 142 159 021 17-38 1-64
9978 100-52 101-10 100-23 100-00 100:41
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blast and the other for the exit of tbe slag “Inch is formed by
the silicates contained in the ore, as well as for the extraction of
the bloom of iron. The bellows are usually mede from a goat’s-
gkin or & buffélo hide, furnished with bamboo tubes, As soon
as the furnave is warmed with charcoal, layers of the broken
ore and charcoal are built in the shaft, and after from 4 to 6
hours a porous bloom of iron is obteined, varying in weight
from 5 to 301bs, and this is then worked under the hammer.
Throughout Centre! India and in the north-east provinces the
manufacture of iron is somewhat futther advanced, the furnaces
being larger and of a similar character to those which have
been or are still in use in various parts of the world, as in
Africa, Borneo, and certain parts of Europe. Even to the present
day the direct reduction of malleable iron from the ores is carried
on in some European localities, especially in the Pyrenees and
in certain districts of Spain where a peculiar forge, termed the
Catalan forge, is employed. The hearth of this furnace is about
3 feet long, 2 feet wide, and about 3 feet deep; at one side is an
opening through which a fuyére is placed, The blast is supplied
by the air carried down by & jet of falling water in a blowing
machine termed a trompe. According to the size of the hearth
the quantity of ore employed varies from 3 to 10 cwt. and this
requires about its own weight, or rather more, of charcoal, and
yields about 33 per cent. of iron. The ores employed are partly
hematite and partly brown iron ore or spathose iron ; the latter
ores are previously roasted in order to expel water or carbon
dioxide. At the beginning of the operation a weak blast is
employed in order that the metal may be reduced by the car-
bon monoxide. The temperature is afterwards incressed and
blooms of metallic iron are obtained, which need only to be
brought under the hammer to yield marketable bar iron. Bya
similer process the Elba specular iron has been worked up to
within recent times in Corsica. In the United States, especially
in district§ where charcoal is plentlful similar bloomery forges
are still worked with a hot blast of air. Some of these forges
are capable of turning out & bloom of 300 pounds weight every
three hours. The high bloomery furnace or “ Stiickofen” of
the Germans is a blast furnace formerly in use in Carniols, and
elsewhere, for the direct production of iron from the ore by reduc-
tion with charcoal. The process is, however, an expensive one
owing to the large quantity of charcoal needed, aud it has been
recently superseded by other and cheaper methods.
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(Il.) Tue Maxuracrore of CAST-INON.

347 The indirect process for obtaining malleable iron may be
divided into two stages, viz, first, the production of cast-iron ;
second, the subsequent manufaeture of malleable or wrought
iron.

The Blast Furnace.—The application of the blast furnace to
the manufacture of iron marks ap era in the history of the
iron industry, inasmuch as it was by its use that a con-
tinuous process of iron msnufacture became possible. The
discovery of & process by which fusible cost-iron can be pre-
pared, appears to have been made, probably accidentally, in
Germany, about the end of the fifteenth century, where the
Stiickofen had long been in use for manufacturing blooms,
No description of the process is, however, to be fouud in the
older writers upon metallurgy, Thus Agricols, writing in 1556,
only mentions the older methods of iron making, although he
appears to have been acquainted with cast-iron ; at any rate the
new method must have been at work in this country in 1543,
for we find that in that year English cest-iron cannons were
used. The great demand for cast-iron, which was of course all
made with charcoal, soon leading to a destruction of our forests,
it became necessary, in the first year of the reign of Elizabeth,
to endeavour to replace charcoal by some other fuel. This
was accomplished by the employment of coke instead of
charcoal, & practice carried out in England as eamily as the first
half of the seventeenth century. The problem of smelting iron
with pit coal was first successfully solved by Abraham Darby
at Colebrookdale, about the year 1735}

The blast furnace consists of a shaft varying in height from 50
to 90 feet, and the largest diameter from 14 to 17 feet. The essen-
tial parts of the furnace are: frst, the hearth, or circular chamber,
built of stone and lined with firebrick, and, in the second place,
a shaft or chimney formed of two truncated cones joined at their
bages, the upper being termed the " body,” and the lower one
the "boshes.” Fig. 134 shows the construction of such an ordi-
nary furnace. The shaft (A B ¢ b) is 50 feet high, the throat (a) is
10 feet in diameter, and the shaft widens to the point (8), termed
the belly, where it is 16 feet in diameter, diminishing again to

' For further Interesting information on this subject the reader s referred to
Percy’s admirable ** Sketeh of the History of From,” Jrow and Steel, p. 813.
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4 feet in the hearth (cp). The outer portion of the stack (@) is
built of strong masonry ; inside this is a lining of fire-brick (&),

.« X G2

Fo 1384

and between these is a cavity filled with tap-cinder or refractory
sand ; the object of this cavity is to allow the moisture to
escape from the brickwork. To keep the whole well dry, the
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foundatious are traversed by arched gallories. The hearth is
composed of slabs of refractory saudstone cemented with fire-
clay, and the bottom of each is usually made of large fire-bricks
supported on masonry. Only three sides of the hearth are built
to the botiow ; one ending within @ short distance of the base,
and being supported by a strong beaver of cast-iron, on which a
block of vefractory brick () rests; this is termed the tymp. A
short distance beneath the tymp, and a little in front of it, is the
damstone (g), fixed in position by a strong plate of iron, placed
on its outer side, and termed the damplate (¥). Over this dam-
stone the slag flows on to the damplate in & continuous stream.
The throat of the stack is generally surmounted by & chimney
(), below which the iron cylinder (0) is hung. The object of
this eylinder is to collect the unburned combustible gases
escaping from the throat, and to enable them to pass through
the tubes (P P) for use in other parts of the works.

Fig. 135 shows the con-
struction of the furnace by
horizontal section at c.

The construction of the
modern Dblast furnaces is
much less massive than that
of the older ones, such as
that which has just been de-
scribed. They are termed Flo. 135,
cupola furnaces, and are en-
tirely built of fire-bricks, either closely bound with hoops, or
more frequently completely cased in boiler plate. Fig. 136 shows
such & furnace lately erected at Dutton Brook, near Warrington.
This is closed atthe top with & contrivance called the " cup and
cone ” arrangement, first introduced by Mr. Parry at Ebbw Vale
Works. It consists of an inverted cast-iroh cup or fannel (z)
fixed on the top of the throat of the furnace, and (8) a cast-iron
cone suspended by a chain mnning over & wheel, and having &
counterpoise at the other end. \When the cone is raised against
the cup the threat of the furnace is closed, and the escape of
gases into the air prevented ; these then pass ont of the furnace
by side openings, and are conveyed by pipes to any point where
the heat caused by their combustion can be made available.

The blast is mtroduced at the bottom of the furnace through
tnyére holes perforating the walls of the hearth. The tuyéres
are made of cast or wrought iron, and have a double casing,
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through which water circulates to heep them cool ; they vary

£16. 136,

in nmmber from two to twelve according to the size of the
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furbace. The amangement of the tuybre pipes, and the cun-,
struction of the bagse of the furnace are shown in Fig. 137.

¥ig. 138 represents the elevation and section of & blast-furnace
which has recently been erected by the Barrow Hwmmatite
Steel Company. The shaft is 64 feet in height, and is coated
with boiler-plate. The cone (3) and the cup () arrangement at
the throat enables the charge to be introduced without the escape
of the gases. These latter pass through an opening in the side

Fie 137,

of the furnace as shown by the arrows, the gases being drawn
upwards at (H), where the dust collects, and then passing into
the gas-flue (k). Fig 139 shows the construction of the furnace
inthe line (c D); and Fig. 140 that in the line (o ). The former
exhibits the five tuytres (¢) and the main (ar) through which the
blast is carried.

348 Hot and Cold Blast. Up to the year 1828 air was blown
into the furnace at the ordinary atmospheric temperature, but in
that year J. B. Neilson! patented a process for heating the air
before it passed into the forge or furnace, and this process,
inasmuch as it saved from 15 to 45 per cent. of the fuel, and
was also accompanied by an increased productive power of the
furnace, was soon generally adopted. For the purpose of heat:
ing the air, the waste gases from the furnace are burned in o

! Pateut No. 5701, March 3rd, 1828,
vou. 11, 4*
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Cowper’s or Whitwell's stove, which acts on the principle of
Siemens’ regenerator, and the temperature of the blast raised to
& temperature of from 350° to 700°.

The size and shape of blast furnaces have been and continune
to be very different. When charceal is employed, as was for-
merly universally the case, and is still so in countries where
wood is plentiful, the furnace is usually only fron1 20 to 30 feet
in height. The charcoal iron which is thus mannfactured in
Sweden, Russia, and America is especially valuable for the pre-
paration of fine iron wire, and of the best kinds of stecl. Blast
furpaces in, which the fuel used is either coke, anthracite, or
ordinary coal, are, on the other hand, of much larger dimensions,
the exact height and capacity of the furnace being regulated by
the nature and amount of jron which has to be produced, as well
as (it may be added) by the ideas of the ironmaster.

In the year 1750 each English blast-furnace produced about
300 tons of pig-iron per amnum, whepeas a lange-size modern
farnace yields about 24,000 tons in the same period. In the
Cleveland district, where the blast-furnaces are unusually large,
the average capacity of those built up to the year 1854 was
about 7,000 cubic feet, whilst those built during the years 1870
and 1871 have an average capacity close upon 30,000 cubic feet,
the largest one being that built by Mr. Cochrane, having a height
of 92 feet, and 2 capacity of 42,500 cubic feet. The production
of a blast-furnace increases, of course, with its size, but not in
a direct ratio; thus Mr. Lowthian Bell has shown that an old
furnace of 1853, having & capacity of 6,000 cubic feet, yields
one tont of iron per twenty-four hours for every 190 cubic feet
of space, whilst in the high furnace built in 1870, 380 cubic
feet of space are required to produce one ton of iron in the
same time: hence the maximum limit of economic action may
be passed by imcreased size. At the present day somewbat
smaller furnaces are agein being built.

349 Blowing-in the Furnace. For the puipose of starting the
newly-built blast-furnace it is necessary that the whole should
be gently heated by means of & small fire, nsusally made by
piling a quantity of rough dry timber in the hearth, on to the
top of which chaxrges of coke are placed. As soon as the shaft
has become warm, regular charges of calcined iron-stone, lime-
stone, and coke are added, until the furnace is filled. The blast
is then turned on to about one-fifth of the quantity usually em-
ployed, the size of the tuyéres being so gradually increased that
4%.2
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it is not until the furnace has been in blow for from four to five
weelks that the full-sized pipes are used. The proportion of the
materials employed, viz, iron-ore, limestone, and fuel, termed
the charge or burden, varies considerably according to the nature
of the ore. If it be siliceous or clayey, the proportion of lime
added must be increased ; whilst if the ore contain lime instead
of silica, the addition of slhcatw may be requisite. The object
of these additions is to form fusible slags, which surround
the finely-divided and spongy metal formed during the first
stages of the operation, and thus preserve it from oxidation, at
the same time preventing the formation of ferruginous slags
and o consequent loss of mefal. If more difficultly redncible
ores are employed, a less fusible slag i3 nseded. When the
furnace is in vegular blast, & constant stream of slag passes out
from the slag-hole, the iron collecting in the lower part of the
hearth, and being from time to time removed by piercing a plug
ofsand and clay by which the tap-hole hasbeen closed. As soon
as the proper proportions between the fuel, ore, and limestone has
been ascerteined, it is of the greatest importance that these pro-
portions should be strictly adhered to, and for this purpose the
charges are regularly weighed, and supplied in alternate layers at
the top of the furnace.

‘Whilst the workman fermed the « filler” is oceupied in bring-
ing the requisite materials into the furnace, the " stove-man ” is
employed at the bottom of the furnace; his business is to see
that the slag runs regularly over the damstone, and to tap the
molten iron at given intervals. Before tapping, the stove-man
prepares moulds for holding the metal; these are formed in
the sand &s & serics of parallel trenches, which are placed in
communication with the tap-hole. The blast of air is then
shut off, and the tap-hole opened by piercing the plug with a
long bar of iron. The melted iron flows into the channels
communicating with the moulds and assumes the form of semi-
cylindrical bars or pigs united to one another by one of larger
dimensions termed the sow.

If, owing to some accident to the machinery, a blast-furnace
is obliged to stand when hot, the operations may be sus-
pended for several days if the throat and tuydre-holes be closed
up with sand or clay. Should, however, serious damage have
oceurred, the furnace must be *blown out” This is accom-
plished by reducing the burden, and thus increasing the tem-
perature for a time so as to remove any aggregations of solid
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niatters which are fusible only at a high temperature. The
contents of the furnace are then allowed to burn out, and the
last tapping is made at a point as low down in the hearth as
possible. The life of a blast-furnace varies considerably, lasting
from two to twenty years or even for a longer time, according
to circumstances,

350 Chemvical Changes in the Furnace. A large number of in-
vestigations have been made on the subject of the chemical
changes which occur in the blast-furnace, but in spite of thess
our knowledge of this subject is still far from complete. The
fuel uniting with the oxygen of the blast burns with forma-
tion, in the first place, of carbon dioxide, and this is reduced
to carbon monoxide by contact with glowing carbon. This latter
gas coming into contact with the constantly descending charges
of ore, reduces the ferric oxide to spongy metal, and this soon
becomes coated with a fusible slag of silicate of lime. The
zone in which this rednction oecursis situated at a higher or
a Jower part of the furnace according fo the natnre of the ore,
and its temperature varies from 600° to 900°. When the ores
are porons, they are more easily permeated by the carbon mon-
oxide present, and the reduction takes place more quickly than
when denser ores are employed. As the spongy iron descends,
it arrives at the hotter parts of the furnace, the temperatnre of
which reaches to 1000° in the belly or widest part of the
furnace. At this point the finely-divided spongy iron begins
to take up carbon, and it may, therefore, be termed * the zone of
carburisation.” The iron does not, however, become saturated
with carbon nutil a lower point has been reached, at which the
tewperature rises to abont 1400°. In this zone, which is the
lhottest part of the furnace, the materials, which were formerly
in & pasty state, melt completely, running down into the hearth,
where the lighter slag floats on the surface of the heavier iron,
and thus protects it from the oxidising action of the blast.
Other important changes in the composition of the iron occur
as the metal passes down the furnace. In the first place, the
spongy iron, in passing through the zene of reduction, takes up
sulphur from the ores; and, secondly, when the temperature
reaches & higher point in the zone of carburisation, the phos-
phates contained in the ove are reduced, and the phosphorus is
taken up by the iron. At a still higher temperature the fused
iron reduces silicon from the silicates, and this, together with
manganese, alumininm, and other metals, remains as impurity
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in the cast-iron. These varions zones of the blast-furnace are
not well defined, but pass gradnally from one to the other.

351 Gases of the Blast-Furnace, The composition of the blast-
farnace gases naturally varics in the different zones and under
different conditions of burden. The interaction of the carbon
dioxide and carbon monoxide present in the blast-furnace gases
is of iuterest. The monoxide is reconverted during the reaction
into the dioxide, and this either renmains unaltered or is recon-
verted into the monoxide according to the temperature which
prevails in the upper part of the furnace. The researches of
Lowthian Bell and von Tunner have sliown that the relation
between the volumes of the escaping carbon dioxide and carbon
raonoxide represents, under otherwise similar conditions, the
economical working of the blast-furnace, and the limit of eco-
nomical working is reached when from 40 to 60 volumes of
carbon dioxide ave present for 100 volumes of carbon monoxide.
The furnace gases contain, in addition, nitrogen of the air, hy-
drogen derived from the reduction of aqueous vapour, as well as
hydrocarbons, and frequently small traces of cyanogen.

It has been stated, although there is considerable doubt on the
question, that the carburisation of the iron is brought about lesy
by the action of these carbonaceous gases than by the vapours
of the cyanides of the alkali-metals, the formation of which can
be readily understood when we remember that the ores and lime-
stone always contain alkalis. The finely-divided solid carbon
also appears to play an important part in the reduction of the
metal, and, according to the experiments of Cailletet,! it appears
that even at the hottest part of the furnace, and at the point at
which the combustion is most perfect, carbon exists in the
solid state from the dissociation of carbon monoxide into carbon
dioxide and carbon brought about at very high temperatures.

Many analyses of the blast-furnace gases, collected at various
heights above the tuyéres and under varying circumstances, have
been made by several chemists. The following analyses give
an idea of the varying nature of the composition of these gases:

' Coniples Rend, xii. 801.
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Wood-Charcoal Firnace at Veckerhagen, near Cassel, Height

597 m. (Bunsen).

Depth in meters below the mouth—0°86 2°59 439
Nitrogen . . . 6234 6389 6458
Carbon dioxide . . 877 360 597
Carbon monoxide . . 24-20 2927 2651
Mashgas . . . 336 107 188
Hydrogen . . . 133 217 106

10000 10000 10000
Hot-blast Coke-furnace al Seraing in Belgtum. Height 1443 m.
(Ebehnen).

Depih in moters below the month—0°30 305 1371
Nitrogen . .. 5706 6167 5463
Carbon dioxide . . 11.39 108
Carbon monoxide . . 2861 3520 4505
Marsh gas . .. 020 033 007
Hydrogen . . . 274 172 025

16000 10000 10000
Cold-blast Coal furnace at Alfreton. Height 11 m. (Bunsen
and Playfair).

Depth in meters below month—1°52 518 10-36.
Nitrogen . . . 5535 5549 5805
Carbon dioxide . . 7T 1243
Carbon monoxide . 2597 1877 3743
Marshges . . . 375 431
Hydrogen . . . 673 7-62 318
Olefiant gas. . . 043 138
Cyanogen . . . — — - 134

100:00 10000 10000

Amongst the products of the blast-furnace a variety of snb-
stances occur which choke or block up portions of the furnace.
Thus in smelting zinciferous iron.ores & compact incrustation of
furnace-calamine, consisting chiefly of oxide of zine, is found
round the throat of the furnace, and no less than 100 tons of
this compound, termed " gichtschwamm,” are anoually obtained
from iron furnaces near Aix-Ja-Chapelle.
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Aninteresting substance sometimes found in the blest-furnace
is & cyano-nitride of titanium ; and, in additiou to this,  kish,”
or graphite, as well as silicates, sulphides, and the oxides of
other metals, occur as solid deposits in the furnace.

352 Varieties of Pig- or Cast-Iron. TPig-iron may be divided
into two chief classes, while casi-iron and grey cast-tron, and
botween these we have several intermediate conditions classed
together as moltled cast-irons.

White cast-iron contains the whole of its carbon in the com.
bined state, and when the iron is dissolved in hydrochloric or
sulphuric acid various hydrocarbons are formed, and these im-
part a peculiar and disagreeable odour to the hydrogen which
is evolved. Grey cast-iron, on the other hand, in addition to
¢hemically-combined carbon, contains graphite, and this separates
out as black scales when the iron is treated with an acid. This
fact was known to Bergman, whilst Guyton de Morveau proved
that east-iron is formed when wrought-iron is ignited with dja-
mond powder ; and Karsten showed that cast-iron contains carbon
hoth in the combined state and free in the form of graphite,
this latter remaining behind when the iron is dissolved in an
acid. The graphite can also be mechanically separated from
the iron by sieving (Snelns).

White cast-iron, of which Spiegeleisen is a variety, can
generally be produced more cheaply than grey, and is formed
when the burden of the furnece is heavy and the temperature
comparatively low. It melts at a lower temperature than grey-
iron; it is less liquid, and on cooling passes through an inter-
mediate or pasty state, contracting considerably on solidification.
Grey cast-iron, on the other hand, is formed at a high tempera-
ture and expands on solidification, and is for this reason best
adapted for foundry purposes.

Spiegel or specular pig-iron is o white-ivon containing the
laxgest proportion of carbon, varying from 3'5 to 6 per cent. It
i8 extremely hard and highly crystalline,and contains manganese
as an essential congtituent. The specific gravity of spiegel is
from 7-G to 7-7, and it is largely used in the mannfacture of steel.
When spiegel contains 25 per cent. and upwards of manganese, the
mass attains a granular structure, and is termed ferro-manganese.
It is largely employed in the manufacture of steel by the
Bessemer process.

The following analyses give the composition of -spiegel and
ferro-menganese :
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SreonL o PeRno- MANGANESE,
Locality, Danuemors, ' Siegen, Dulsburg. | New Jersey, 3 Peleger. Seraing.
fron . .| 92906| 8836 | 76030 81'863} 1014 | 51-98
Manganese.| 1987 575 | 18700} 11500} 7275 | 4045
Carbon . . 0809 504 47701 6900} T15 544
Silicon . .| 0-176| 041 0:090; 0100} 0387 1-86
Sulphur .| trace 008 0012, 0137, 002 021
Phosphoms| 0122 — 0280 — 007 | 010
Coppar . .| — 016 0 118i
100000'1000'0 1000001100 000 ‘ 10000 HO():Q_(_)__ ,‘

The slags of spiegel are rich in manganese and calcium.

353 White-Iron. This contains less carbon than spisgel, and is
formed when the temperature of the furnace is not high enough
for complete carburisation. It melts at a higher temperature than
spiegel, and when heated if remains for some time in a pasty con-
dition before fusing completely. White-iron is very hard and
brittle, it possesses o laminar structure, and is sometimes vesi-
cular or honey-combed from theevelation of gas given off as the
metal cools. It is especially used for the preparation of wrought-
ivon. Its compogition is seen from the following analyses:

Anal yscs of White-Iron.

Locality., | Durbam. Gart. - s"““‘ ]Emneu. Neuberg. l;,::é“ ;&hwcrhm!

shierrie. \t.ales

Tron . .| 93183 { 89°41 | 9440 | 96180 94206| 0487 83 I
Manganese { 2376 { 271 G20 04581 18200 022 2°670
[Carbon. .| 4100} 333 |- 940 | 3009 3123} 210 | 2830
Silicon . .1 0-230 112 (0] 0265 { 06l6] 091 0 520
Sulphar .| 0030 2:52 970 0011 0:045{ 008 0085
Phosphorus| 0°073 091 150 0073 0036| 182 0°184
Copper . .{ 0-014 — -1 — 0155 .

100000 "16000 |100°00 : 100060 100-000 10000 | 100000

The slags of white-iron contain less calcium than those of
spiegel.

Grey-Iron.  'When the temperature of the furnace is high the
iron contained in the furnace above the zone of fusion becomes
saturated with carbon and grey-iren is formed, from which a
parb of the carbon separates oub on coohng in the form of cry-
stalline scales of gmphxte. Grey-iron is a mixture of white
iron with a crystalline iron free from carbon. It possesses
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a lighter or & darker colour according to the quantity of gra-
phite which separates out, and several intermediate qualities
of motled cast4rons exist between white- and grey-iron, these
being produced when the temperature does not greatly exceed
that necessary for carburisation. If molten grey pig-iron be
quickly cooled by rumning into water or into & cold metal mould
chilled white iron is produced. This possesses & scaly crystal-
line structure and & white colour, and contains very finely-
divided graphite in addition to combined carbon. On the other
hand, if white iron be slowly cooled from the fused state it is
converted into grey-iron.

354 Mottled-Iron. This variety of cast-iron stands in aninter-

mediate position between white- and grey-iron. It is obtained
from pure but difficultly reducible ores worked at & tempera-
tare so high that a homogencous product is formed which does
not contain an excess of either graphite or silicon. Such iron
has a light grey granular stracture, and can be used both for the

foundry and for the production of wronght-iron, as well as for
the production of Besseiner steel.

Analyses of Mottled-Tron.

@ { ® W | @ ©f 0 @]
Iron . . . .] 93601 — 9445 | 93301 | 0274 | 0456 | 8889
Graphite . . .| 3788 186 228 2:630 440 310 259
Combined Carbon| 0532 035 072 0618 trace 004 0°79
Silicon. , . .{ 0432, 263 135 2720 2-68 216 513
Sulplar . . .} o151{ ©10 0°03 0062 008 on 017
Phosphorus . trace 003 117 0'039 0°10 063 112
Manganese . 1426 ] 007 - 0105 —_ 0°50 077
100000, 10000 {10600 100:00 101°'10
Copper . , . 0010 Colelam 022
Nickel and Cobalt! 0049 Maguesiam 006
Argenic . . . 0075 Titaniam . 026
Caleinm . 0087
100-00
99996
(2) Charconl iton from Ylsenburg, {¢) Hot blast from Scotland.
(b) Coke. Hot blast from Whitehaven. (f) Coke. Cold blast from Dowlais.

() »”

Clevelawl.

() Bessemer plg, from Crown point, Lake Champlain.

() Silvery iron, Clarence.

If pure ores and pure fuels are smelted with cold-blast and
snitable burden, & light grey iron is obtained containing little
silicon, and valuable for the manufacture of the best wronght-
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iron for the production of fine wire; whereas when the tempera-
ture of the blast is high, and when common ores containing
sulphur are employed, a granular iron suitable for foundry pur-
poses is obtained. If the ore be rich in clay and silicates, o
light finely-granular iron known as sifeery-iron is produced under
the latter conditions as yegards temperature,

(IIL) Probucrioy of WroUcHT-IRON FroM Casr-IRox.

355 Wrought-iron contains less than 0-3 per cent. of carbon,
and its malleability increases as the quantity of carbon diminishes,
whilst its point of fusion rises. Wronght-iren is malleable, and
at g strong red-heat becomes plastic so as to be capable of being
welded, and this the more readily the lower its percentage of
carbon. Malleable iron containing only small guantities of
carbon, vetains its hardness under all circuinstances, whereas
a product containing more carbon, to which the name of steel is
given, can be hardened or tempered. No sharp distinction can,
however, be drawn between wronght-irvon and steel, the one
gradnally passing into the other according to the amount of
carbon which the metal contains.

It has already been stated that before the introduction of the
blast-furnace malleable iron was obtained on a small seale
by direct reduction from the ore. But gradual improvements
in the ivon-manunfacture have led to the discovery of a method
by whick wrouglit-iron ean be obtained in quantities larger than
is possible by the old bloomery processes. This consists in the
conversion of cast-iron into wrought-iven.

The first step in this conversion is termed refining. It consists
in the fusion of the pig in an oxidising atmosphere in a refining
furnace heated by a blast, the object of the operation being to
oxidise the carbon and silicon contained in the cast-iron. The
processes adopted for this purpose vary considerably according
to the composition of the iron. Figs. 141 and 142 show the
elevation and plan of asix-tnyéred refinery. When the oxida-
tion has proceeded far enough to reduce the percentage of silicon
and carbon to the vequisite point, the tap-hole is opened and the
iron allowed to run into moulds, and the cast-iron cooled by
water. The refined iron is highly crystalline, white, and brittle,
the carbon being contained in the combined state. The follow-
ing analyses by Abel of pig-iron, before and after refining, from
Kinigshtitte in Silesia, give the different pereentages of silicon,
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phosphorus, and sulphur, and show that in this process ihe
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gilicon is climinated, whilst phosphorus and sulplnr are less
affected :
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lig-iron. Refined.iron.

Silicon. . . . . . . 4466 0-62
Phosphorus . . . . . 056 052
Salphur . . . . . . 004 003

The slag obtained in this process, known as refinery-slag,
forms, when cold, a dark crystalline wass, with an almost me-
tallic lustre. It consists chiefly of Fe,SiO, in which, however,
a part of the iron may be replaced by manganese, calcium,
magnesium, &e. Not unfrequently distinet crystals of olivine,
(MgFe),Si0,, have been found.

The vefined irou is now ready for its conversion into wrought-
iron. Thisis effected either in au open hearth by a blast of air, a
process termed fining (the * frisehen” of the Germans), or, more
commonly, in a reverberatory furnace, when the process is termed
puddling,

Various metliods of fimiug are in use. Amongst the most
important are the German or Wallon, and the Lancashire and
South Wales processes. Iu all of these the pig- or refined-iron
is first gradually oxidised, and then worked into a bloom, when
the iron is said to “come to mature,” and this is afterwards
" ghingled” or hammered under a " til-hammer ” into a square
block, which can be cut up and rolled into bar.

356 The Puddling Process. In England at present the prelimi-
nary process of vefiniug has generally been superseded by what is
termed " pig-boiling ;” that is, the pig-iron is at once submitted
to the operation of pnddling without previous refining. The
chemical reactions which take place in both of these methods
are identical, They consist, in the first place, of the conversion
of the graphitic into combined carbon, and the consequent
change from grey- to white.iron, and afterwards of an almost
complete oxidation of the carbon and silicon, whilst in the
puddling process the snlphur and phosphorus also are almost
entirely got rid of,

The puddling process invented by Henry Cort in the year
1784 is now universally employed wherever fuel is plentiful, as
by its means much larger blooms can be worked than is possible
in the refinery. An ordinary puddling furnace is shown in
elevation, section, and plan in Figs. 143, 144, and 145. The
hed or hearth, of the furnace (%) is supported by a cast-iron plate;
at each end of the hearth, which is nsually 6 feet long, is a wall
built of firebrick, one end being called the five-bridge (b), and the
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other the flue-bridge (d). The bottom and side plates of the
hearth are lined with a coating of tap-cinder, which is heated
until it becomes soft, and is then spread evenly over the floor of
the hearth. Above this is placed a coating or " fettling” of
ferric oxide of abont 14 inches in thickness, and this is renewed
from time to time as it wears away. Neither of these coatings
is shown in the figures. The fire-bars, which are sometimes
placed in & slanting position, are seen at (¥), and the area of the
grate should be from one-half to one-third of that of the bed.
A powerful draught is obtained by means of a brick chimney, the
top of which is furnished with a damper, which can be opened
and shut at will by the workman by means of a handle, and
thus the passage of air through the furnace regulated. In some
furnaces gas is employed with a Siemens’ regenerator, and in
Ammerica, petroleum, or even the gas from the petroleum springs,
has been used as & source of heat.

The puddling process may be divided into four stages:

1. The fusion or melting down of the charge.

2. The working-up or incorporation of the fused mass with
the oxidising fluxes formed by the-union of the iron oxide of the
fettling with the silicon, &c., of the cast-iron,

3. The separation of carbon, silicon, pliospliorus, and sulphur,
and other impurities by exposure to heated air.

4. The mechanical squeezing and hammering of the bloom to
get rid of the fusible slug, and to weld the porous iron together
to & firm homogeneous mass,

In the puddling, as well as in the refining process, the silicon
is first burnt out, and then the carbon gradually disappeers.
Almost the whole of the phosphorus contained in the pig is
found in the ¢ap-cinder as phosphide and phosphate. A part of
the sulphur probably passes away as sulphur dioxide, but some
is left in the cinder as iron sulphide. The tap-cinder is rich in
iron, and is difficultly reducible; but it is nevertheless employed
for the manufacture of a common kind of iron. The following
analysis of tap-cinders give an idea of the composition of this
material :

Analyses of Teap-Cinder.

810,  Woh, MnO, Fe0; ALO, CaO. Mg, P05 S, Amlyst.
771 6632 1290 8497 161 $91 034 8§07 178 Riley.
11:78 58:67 0537 17°00 284 288 029 497 3841 »

29°60 4843 113 1711 1°28 047 035 1°34 161 Perey.
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357 The following analyses made by J. G. Snelus? givean idea
of the consecutive chemical changes which take place in the pas-
sage from cast- to wrought-iron: () is the mottled Cleveland
iron which was puddled ; (b) & portion taken out when melted ;
the composition ten minutes later is shown by (¢); after a lapse
of twenty minutes by analysis () ; the composition of the bloomn
is shown in (¢); and-the puddled bar in (f): a O stands for
combined carbon, and B8 C for graphite :

Pe. oC. RC. 8i. P. 8. Mn.

e . 9319 145 138 124 149 011 063
b . 95063 283 — 082 091 009 —
c . 9646 280 — 020 058 — —
d . 9809 117 — 005 0562 — —
e . 9840 015 — 009 0456 — —

J . 9713 015 — 014 047 004 014

Another grey Staffordshire iron () (Coneygreen) gave the fol-
lowing results: (b) is the composition after fusion ; five minutes
later (¢} ; and the composition of the bloom (d) :

Fe. aC. 8C. Si. P. 8. Mn.
a 9329 126 129 225 063 013 091
b 9568 256 — 092 036 011 043
¢ . 9655 250 — 027 029 007 018
d 957 — — 038 025 005 016

This iron wes puddled in Danks' revolving furnace, and in
consequence of the reduction of iron from the slag, the yield of
wroughtsiron was from 10 to 12 per cent. in excess of the weight
of the pig-ivon used, wheress in the ordinary puddling furnace a
loss of ivon of the above amouunt is usually met with.

358 Mechawical Puddling Process. In orderto avoid the heavy
mechanical labour necessary in the ordinary puddling processes,
revolving puddling furnaces have been invented by Dauks,
Crampton and others. The construction of these furnaces is
somewhat similar to that of the revolving black-ash furnace.
The oxidation is entively effected by the oxide of iron of the
* fettling,” the carbon and silicon being thus bumt ous, and the
phosphorus and sulphur removed in the cinder or slag formed.
It wonld seem that the amouut of sulphur and phosphorus

v Report Fron and Steel Institule, 1872, 246,
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contained in mechanically puddled iron is less than that present
in ordinary puddled bar.

359 Properties of Wrought Iron. Good hammered and rolled
bar-iron, when it contains from 0-15 to 03 per cent. of carbon
possesses & fibrous texture, but when the amount rises to 0'5 or
above it possesses 2 granular or crystalline structure. Fibrous
iron is soft and possesses & grey colour ; granular iron is harder
and has s dead silvery lustre. The hardness of iron increases
with the amount of carbon, until when 06 per cent. is reached,
the metal becomes steel. Iron melts at from 1,900°to 2,100°,
according to the amount of carbon which it contains, The phy-
sical properties of commercial iron vary widely, being largely
influenced by the nature and amount of the impurities which
the iron contains. Thus, for instance, sulphur imparts to iron
the property of becoming brittle whilst hot, or, as it is technically
termed “red-short,” whilst phosphorus renders iron wesk at the
ordinary femperature, when the iron is said to be “cold-short.”
Cold-short iron exhibits a peculiar fracture, and the property of
cold-shortness appears to depend upon & peculiar crystalline
condition of the iron, so that it appears probable that the method
of manufacture as well as the percentage of phosphorus has an
influencein producing the condition of the iron. The lower the
temperature at which the puddling takes place the more easily
is the phosphorus got rid of For at & high temperature the
iron takes up phosphorus from the phosphates contained in the
siliceous slags. This fact hos lately been made wuse of by Mr.
Lowthian Bell in a proposal to extract the phosphorus in the
process of Bessemer-steel making,

Silicon exerts an influence similar to that of carbon, making
the iron harder and more easily fusible. Manganese prevents
this action, and, in the puddling process, assists the removal of
sulphur and silicon. Copper in a larger proportion than 05 per
cent. produces red-shortness, and arsenic increases the brittle-
ness and reduces the welding power, as well as the tenacity of
the iron,

(LV.) StEEL.

360 Doth in its chemical composition and in its properties steel
holds an intermediate position between cast- and wrought-iron.
Like the latter, steel was obtained in early times directly fromn
the ore.

YOL. I, 5*
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Homer sings—
%hnd ;:u wl.;%u gzdmoxl\rers temrn;: wg fortl,ml'
e koon pole-axe, or the shining swe
The red-hot metal hisses in the lake; ¢
Thus iu his eycballs hissed tho plunging stake,”
Pore’s Udyssey, Luok ix,

These vemarks evidently apply to steel, as wrought-iron cannot
be thus tempered. The Chalybes on the coast of the Black
Sea were renowned for their ability in working the iron oresinto
steel, and the Greek name for steel, xaAvy, appears to have been
derived from the name of this tribe, .

The older chemists looked upon steel as & peenliarly pure
form of iron, and Basil Valentine, in his Last Testament, terms
it the *“hardest, purest, most malleable iron.” Lemery held
peculiar views tespecting steel. In his Cours de Chymie, pub-
lished in 1675, he says: " Le fer est un métal fort poreux, com-
posé de sel vitriolique, de soulfre et de terre mal 1ié et digéré
ensemble. On le réduit en acier par le moyen des cornes ou des
ongles d’animaux, avec lesquelles on le stratifie et ensuite on le
calcine; ces matidres contenant beaucoup de sel volatile qui est
alcali, tuent les acides de fer qui tenoient ses pores ouverts, et
Ies rendent plus compacte.” : '

Stahl considered iron to be an impure metal containing earthy
materials, whilst steel was the pure metal saturated with phlo-
giston. Similar views were held by the later chemists, Berg-
man was the flist to distinguish chemically between wrought-
.iron, steel, and cast-iron. He found that the first when dissolved
in acids yielded the largest quantity of inflammable air, steel
somewhat less, whilst cast-iron gave the smallest quantity ;
hence he concluded that steel contained less phlogiston than
wrought-iron. He also showed that cast-iron contains move
graphite than steel, and this more than wrought-iron, and hence
he concluded that cast-iron is converted into steel by loss of
graphite and by absorption of phlogiston, whilst he supposed
that when steel is produced from wrought-iron the opposite re-
actions occur. Rinnman in 1782 developed similar views, and
he especially insisted that malleable ivon is a perfect metal, and
is converted into steel by absorption of phlogiston, but that this
phlogiston is mnot the substance usually thus designated, but
plumbago. In 1786 Monge, Vandermonde and Berthollet pub-
lished a research proving that the difference between the various
kinds of iron is mainly determined by the variation in the
amount of carbon which they contain, but the many doubtful
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points which remained were only cleared up by the comprehen-
give researches of Karsten and Sefstromn.!

361 Twenty-five years ago the only method by which steel
could be made was the decarbwisation of the cast-iron in the
puddling furnace, and the subsequent re-carburisation of the
puddled bar by the cementation process. The product.wes then
either fused in a crucible yielding cast-steel, or drawn out under
the hammer, whereby tilt-steel or shear-steel was obtained.
We are now acquainted with several methods by whicl steel
can be made directly from cast-iron.

The cementation method of preparing cast-steel is mentioned
by Agricola in his de re Metallice, whilst that of hammered or
tilt-steel was first described by Réaumur in 1722,

In the manufacture of steel by the cementation process, car-
bon is added, probably through the medium of carbon monoxide,
to the otherwise pure wrought.iron. This is catried on in the fur-
nace shown in Figs. 146 and 147. Into the furnace are built two

e, 146 Fie. 1417,

square boxes, or* converting pots,” ¢ ¢, }ig. 147, of infusible fire-
brick ; and into these are placed the bars of iron which are to be
converted into steel. The flames from a fire placed in the hearth
(9) play vound these boxes. The iron which has to be converted
into steel is usnally in the form of straight bars about 3 inches
(75 mm,) broad, and 075 inch (18 mm.) thick, and are somewhat
shorter than the converting pot into which they are placed. The

' Percy, Fron and Slecl, p. 116,
B, S
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interatices between the bars when piled in the pot are filled up
with powdered charcoal or soot, technically termed " cementing
powder,” & thick layer of the charcoal being placed on the top of
the bars, and the whole mass plastered over with grinders’ waste.
The total weight of iron contained in each box is from five to
six tous, The fire is gradually raised to & full red-heat, or to
about the malting point of copper, and it is maintained at this
point for about from seven to ten days, according to the quality
of steal which is needed. Spring-steel requires seven days,
shear-steel eight days, and steel for welding from nine to ten
days. During the operation trial bars are removed by the
openings (¢} from the ends of the chests, and when it has been
found that the bar-iren is completely converted into steel the
furnace is allowed to cool, and after several days the charge is
removed. The steel bars thus obtained retain the form of the
original iron, but in physical properties they differ considerably
from the original. Thus the coloured surface of the fractured
bar of steel has no longer the bluish tint of malleable iron, but
has acquired & reddish fint, not very different from that of
bismuth, and the texture has become distinctly orystalline.
Steel is also much more fusible than iron, and about 1'5 per
cent. of carbon has been taken np. '

The following is an analysis by David Forbes of cementa-
tion-steel made at Sheffield from Swedish iron:

c&m@ %‘a"&}zﬁ" Silicon.  Bulphur. Phosphorus, Manganese,
0627 0102 0030 0005 0-000 0120

An English cement-steel was found by Berthier to contain
1'87 per cent. of total carbon, and 0'10 per cent, of silicon, the
remainder being iron.

A remarkable alteration of the surface is likewise noticed in
the passage of wrought~-iron into steel, it being covered with
blisters or blebs, and hence it is termed bltster.steel. The forma-
tion of these blisters is undoubtedly due to the production of gas
within the bar, but what the nature of this gas is is somewhat
doubtful. Probably it arises from the combination of a part of
the carbon with oxygen derived from particles of oxide of iron
contained in the interior of the bar

362 Various hypotheses have been proposed to account for
the phenomena observed in the cementation process. According
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to one view, the carbon is absorbed from the exterior and passes
to the interior of the bar partly from the solid fuel, partly from
the carbon monoxide formed by its partial combustion, and
partly from the hydrocarbons derived from the hydrogen con-
tained in the charcoal. The probability of the view that the
carbon monoxide is the active agent is strengthened by the
fact observed by Graham, that ved-hot ivon has the power of
absorbing from eight to ten times its volume of this gas. Others
have assumed that the carburisation is brought about rather by
the hydrocarbons than earbon monoxide, and that it is especially
effected by the vapours of the potassium cyanide, formed by
the action of potassinm carbonate and carbon, upon the nitrogen
countained in the airstill left in the boxes, and in support of this
hypothesis it is stated that the cement powder loses its power
after it has been used for some time and has lost its alkalis.
It is also a well-known fact that the cyanides of the alkali
metals have the power of giving up carbon to cast-iron.

Cast-steel is obtained by melting blister-steel in plumbago
crucibles. This is used for the manufacture of the best kind of
cutlery. The coinmoner variety of cast-steel is now obtained
on a very large scale by other processes.

One of these, suggested by Karsten, but first carried ont on
the large scale by Krupp of ‘Essen, consists in fusing pure
wrought-iron with the requisite quantity of spiegel. The pro-
gress which has been made in the manufactare of cast-steel by
this process is illustrated by the fact that one of Krupp’s cast-
steel six-pounder gnus, exhibited in 1851, was considered a
marvel, whilst in 1873 the same firm exhibited in Vienna, a
cast-steel block weighing 52,500 kilograms, for the purpose of
casting which 1,800 melting-pots, each holding tlirty kilos of
steel, were employed,

363 Bessemer Steel Process. Since the year 1856 & complete re-
volution has taken place in the 1on indnstry, and this hes mainly
been emsed by the discovery of & method for manufacturing cast-
steel from cast-iron. This discovery was made by Mr. Bessetner,!
and first communicated in & paper read before the Mechanical
Section of the British Association, at its Cheltenham meeting, in
1856, and entitled " The manufacture of malleable iron and steel
without fuel.” The principle npon which this process depends, is,
that the heab evolved by the oxidation of the silicon, earbon, and
manganese, contained in the molten pig-iron by a current of air

' Paten!:, Dec, 7, 1855. No. 2,768.
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blown through the molten metal is sufficient to keep the whole
in a liquid state until the cast-iron is converted into steel, this
being effected without the intermediate Inborions and costly
processes of puddling and cementation. The first experiments
which were made were unsuccessful, for althongh by this
process the carbon and silicon can be removed, the phosphorus
and sulphur which sre contsined in the pig remain in the
finished steel, and for this reason the ordinary impure English
cast-iron yielded unsatisfactory results. The case, however, was
otherwise when the pure Swedish charcoal-pig was used ; indeed
the first real success in working the process was achieved with.
this iron at the Hdgbo Ironworks, at Sanviken, and this was
followed by the successful use of grey-iron made from the
Ulverston hmematite, and now techically known as Bessemer-
pig. Other difficulties then arose such as the too complete oxida-
tion, when the whole of the carbon is burnt out, & mass of pasty
wrought-iron being produced instead of liquid steel. This was
overcome by the important suggestion made by Mushet,! of the
addition of spiegel at the end of the operation in such quantity
as is necessary for the conversion of the whole of the wrought-
iron into steel.

The oxidation is carried on in an egg-shaped vessel, termed
the converter (Figs. 148, 149), made of wrought-iron plates bolted
firmly together and lined with an infusible siliceous rock termed
gannister which is ground, moistened with water and applied in
the form of & pasteto the interior. The lower portion is an
interchangeable bottom, consisting of & shallow lower section of
the vessel with tuyére-box or wind-box and tuyéres, together
with the necessary arrangements for fixing these in their places.
This bottom is attached to the vessel in such & manner that the
narrow space between it and the vessel lining may be rammed
with plastic gannister by men working outside of the vessel, and
this joint can be easily made at once upon pulling away the old
hottom. This arrangement is of great advantage, inasmuch as
by its use the nmmber of blows per diem can be considerably
increased. The pig-iron, which must be free from phosphorus
and snlphur, is first melted in & cupola, and from five to twelve
tons of this run into the converter, either directly from the
cupola. or from an intermediate ladle, the mouth of the converter
being lowered to the proper angle to receive the molten metal.
The converter is then gradually raized to the vertical position ; at
' Patent, Sept. 22, 1856,
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aMeter
p—— 1

Fle. 148.

the same time & moderate blast of air is thrown through the tnyéres
by means of the pipes L.x and b, and the pressnve of the blast is

et DA Peter

Fia. 149,
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then raised to from eighteen to twenty pounds per square
inch.

The combustion of the silicon, manganese, and carbon, as also
of a portion of the iron then begins, and the temperature rises to
& point sufficiently high to kesp the metal liquid. In the first
part of the blow the graphite is converted into combined carbon
and a highly siliceous slag is formed, a portion of the silica being
derived from the lining. When the first period is complete an
orange-yellow flame edged with blue appears at the mouth of
the converter, and the second period termed the “ boil " then
begins, In this, the slag containing oxide of iron oxidises the
carbon, with formation of carbon monoxide which escapes through-
out the mass giving to it the appearance of a boiling liquid.
During this period particles of the slag and molten iren are
thrown out from the mouth of the converter, and a very brightly
luminous flickering flame makes its appearance, accompanied by
& rapid stream of sparks due to the combustion of the perticles
of iron, After the lapse of froth six to eight minutes the intensity
of the action diwinishes, the shower of sparks ceases, and suddenly
the flame disappears or is said to drop. The whole of the carbon
hasnow been oxidised, and if the blast be left on the combustion
is continued at the expense of a portion of the iron. Hence,
the force of the blast is now lessened, the converter inclined,
then the blast stopped, and the requisite amount of fluid
spiegel introduced. The blast is then turned on again for a
few seconds and the whole mass poured out into the ladle.
After standing for a few minutes in the ladle the fluid stedl is
cash into ingot moulds, and the cast.steel worked up under
the hammer and in the rolling mill, The whole process
lasts from twenty to thirty minutes, and in this time from
five to twelve tons of cast-iron are converted into nearly the
same weight of cast-steel,

Figs. 150 and 151 show the newest English form of arrangement
for carrying on the Bessemer process. The two converters (A4),
ave charged with molten pig from the cupola furnaces (88B), the
molten spiegel needed at the end of the operation being obtained
from the smaller furnaces (cc). The fluid steel is poured from
the converter into the ladle () which can be elevated and carried
round the semi-cireular pit by means of the hydraulic crane (D).
The steel flows from an opening in the bottom of the ladle into
the ingot moulds (tz). In order to preveut the formation of
bubbles which oceur when the steel is run directly into these
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moulds, an ai'rangement (shown at ¥), is employed by which the
liquid metal is allowed to rn in at the bottom of the mould,

:
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The steel-ingots after cooling are removed by means of the long-
aimed hydraulic cranes (£), and the whole of the movements of
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the converter, ladle and cranes are controlled by the foreman by
working the wheels (¥),

The arrangement of Bessemer plant, especmlly that designed
by Mr. Holley, has reached its perfection in the United States,
where the output from one converter greatly exceeds that found
practicable elsewhere! In Sweden, fixed converters with tuytres
at the side are employed ; the iron which is used is a pure
magnetic charcoal iron, and the decarburisation is carvied on in

Fe. 151

the converter to the exact point needed to produce steel, this
point being determined by an examination of the flume.

364 The chemical changes which the cast-iron undergoes in
the various stages of the Bessemer process, as well ns the com-
position of the slags obtained, are exhibited in the following table:

(«) Composition of the pig-iron used (3,617 kilos). (3) After
the first period of twenty-eight minutes blow. (¢) After the
second period of seven minutes blow.” (d) After the tlird period

¥ For complets description, see Engineering, March 9 aud 16, 1867

etras:
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of three minntes blow: - (¢) Finished steel (3,058 kilos) after
the addition of 168 kilos of spiegel.

Composttion of Dessemer-metal. No 1.

a. b. ¢ d. e

Graphite . . . . 3180 — — - -
Chem. comb.carbou 0730 2465 0909 0087 0234
-Silicon . . . . 1960 0443 0112 0028 0033
Phosphorns . . . 0040 0040 0045 0045 0044

- Sulpbur . . . . 0018 Spur Spar Spur Spur
Manganese .. 3460 1645 0429 0113 0139
Copper . . . . 008 0091 00% 0120 0105
Tron ", . . . . 90507 95316 98370 99607 99445

Composition of Bessemer-slag.

a. b, ¢ d. e
Silica . . . . . 4095 4678 35175 4675 4725
Aluminia . . . . 8% 465 298 280 345
Ferrous oxide . . 060 678 &50 1686 1543
Manganous oxide . 218 3700 3790 3223 31489
Lime . . . . . 303% 298 176 119 123
Magnesia . . . . 1632 153 045 052 061
Potash . . . . 018 trace trace ftrace  trace
Soda . . . . . 014 trace trace trace trace
Sulphur . . . . 034 004 trace trace trace
Phosphorus . . . 001 003 002 001 001

The following tables contain analyses of two other series of
samples of Bessemer-metal, taken at the end of each period of
the process. As in the first Table, (@) vepresents the pig, and
(¢) the finished steel.

Composition of Bessemer-metal. No. 2.
a b, e d e

Graphite . . . . 2319 — — — —_—
Chem. comb.carbon 1000 3040 1640 0190 0370
Silicom . . . . 29260 0955 0470 trace frace
Phosphorus . . . 0073 0070 0070 0070 0590
Sulphur . . . . 0107 009f 0098 6098 0090

Manganese . . . 0410 — — — 0649
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Composition of Bessemer-metal. No. 3.

(A b e d. e
"Graphite . ., .- . 2070 — — — -
Chem. comb. carbon 1200 2170 1550 0097 0566
Slicon , . . . 1952 0759 0635 020 0030
Phospliorus . . . 0048 0051 0064 . 0067 0055
Sulpbur . . . . 0014 Spur — —_ —
Manganese . . . 0086 — — — —_—
Copper . . . . —_ —_ — — 0039

Analyses No. 2 are made by Baker, at the Atlas Works,
Sheffield. Analyses No. 3, by Spelns, at Dowlais.

Converter Gases. Snelus has investigated the composition of
the gases issuing from the converter. When the charge lasted
eighteen minutes he found the following results on analysis of
the gases drawn out at the times after the commencement of
the blow given in minutes in the first horizontal column:

2 4 6 10 12 14

Co, . . . . 107 85 830 358 230 13
o .0 — — — = =
CoO. . ... — 305 452 1969 290 3111
H . . o . locer§ 088 200 200 216 200
N .. .. 4 8837{86'58 8598 7483 662L 6555

- Elimination of Phosphorus. It has hitherto been supposed
that the non-elimination of phosphorus in the Bessemer-process
is due to high temperature and that if the process eould be con-
ducted at a lower temperature, as in puddling, all the phosphorus
would be found in the slag. Messrs. Thomas and Gilchrist?
have, however, lately proved that it is pessible completely to
eliminate phosphorus in the Bessemer-process by using & lining
of lime for the converter instead of the usual siliceous one.
They liave moreover shown that lime simply added to the con-
tents of the converter also causes the elimination of phosphorus.
These observations if confirmed on the large scale, are of the
highest possible technical importance.

Application of the Spectroscope to the Examination of the
Bessemer Flame. It hos alveady been stated that the point at
which the flame drops is that at which it is found by practice
to be necessary to stop the blast. but it is not always easy to

Vv Proceedings of the Iron and Steel Institute, 1878,
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hit this point with accuracy ; and if the blow be stopped a few
seconds too soom, or carvied on for & few seconds too long &
time, the quality of the resulting steel suffers. The application
of the spectroscope to the determination of this point was made
by Roscoe in 1863, and has since been investigated by Watts,
Lielegg, Snelus, and others. It appears from these experiments
that the point of complete decarburisation can be most exactly
and easily determined by the sudden disappearance of certain
absorption-bands observed in the spectrum of the flame. These
bands, however, are not due in themselves to carbon, but to the
presence of the oxides of manganese (Watts), the disappearance
of this metal from the molten steel being simultaneous with
that of the carbon. .

365 Other Methods of Stecl-Making. Of thess that known as
the Siemens-Martin process is one of the most important. The
steel is produced in & reverberatory furnace by dissolving malle-
able scrap-ivon in molten pig-ivon,

Figs. 162,153, and 154 represent the newest form of a Siemens’
12-ton regencrative steel-melting furnace for producing cast-steel
according to the Siemens-Martin process, Fig. 152 gives the
vertical section, Fig. 153 the side elevation, and Fig. 1564 & trans-
verse section through the line AB Fig. 152. 'The gases from the
producer (see Fig. 123) pass along the iron dewncast wronght~iron
tube, ¢ and &, Fig. 153, to the valve v, which can be directed by
means of the handles 4, so as to pass either into the chamber ¢ or
the chamber ¢, Fig. 152, where it takes up the heat previcusly
imparted to the bricks by the waste gases. Having thus been
heated it passes into the furnace by the flues, meeting with the
requisite quantity of air, which has previously been similarly
heated by passing through similar chambers, D or 1Y, and which
enters by the upright flnes ¥, The gas and air thus leaving the
flues mingle and burn and the flame passes over the hearth of the
furnace (%), made of infusible sand ¢ontained in an iron casing.
Supposing that the gas and air are passing through the chambers
¢and D, the flame plays over the hearth and the heated waste
gases find their way through the flues ¥’ into the chambers
¢ and D), where they heat up the bricks to full whiteness.
As soon es this is accomplished, the temperature of ¢ and p
being proportionately lowered, the gas valve v, Fig. 153, and the
air valve v’, Fig, 154, are reversed, and the currents of gas and
air are_thus turned into the freshily heated chambers ¢’ aml 1,

v Phil. ag. v. 818.
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whilst the cooled chambers ¢ and p are in their turn heated
by the waste gases from the furnace. As tlie temperature of
this furnace is extremely high the sides and top of the furnace
and the flues exposed to the action of the strongly-heated gases
require to be made of the most infusible materials; for this
purpose silica bricks are used,

The proportion of cast-iron and wrought-iron scrap employed
for the furnace-charge varies according to the kind of steel

Firo, 154,

required. This, after being well melted, is run out by means of
the spout into the ladle into which the necessary quantity of
ferro-manganese or spiegel has been placed. The steel is then
ready for casting.

The ordinary Bessemer ingots are frequently found to be
honeycombed and unsound from the presence of air bubbles,
and the same thing is noticed in all large steel castings. In
order to obtain perfectly homogeneous steel Sir Joseph Whit-
wworth exposes the molten steel during its solidification to
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enormous pressure by means of hydraulic machinery. By this
means the retal gains in tensile strength aud elasticity as
well as in homogeneity. ‘

Pernol’s Revolving Hearth.—As the pnddlmg of iron is greatl y
facilitated by mechanical egitation, an arrangement for effecting
a similar agitation in the bath of an open-hearth steel-furnace
bas been suggested and carried out by Pernot. The general
arrangement of the furnace is shown in Fig. 155. It differs
from the Siemens-Martin in having & circular hearth snpported

Fle, 153,

oh & trolley, by means of.which the bottom may be drawn ont
for re-lining or for other purposes. The hearth revolves on an
axis, inclined about 6° to the vertical, thus effecting an intimate
mixture of the molten metal, and well exposing it to the action
of the flame. The speed of rotation is three revolutions per
minute, A hearth for a 10-ton charge is lined up to 8% feet in
diameter, and is 21 inches deep, the arrangement of the re-
generators being the same es in the ordinary Siemens. This
furnace is largely used in France, and it is claimed that time is
voi. 1L fa*
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gaved and that the steel is more uniform than that made by the
ordinary plan, 'When the process is complete the molten metal
is allowed to run into the ladle from which it is passed iuto the
ingot moulds.

Lastly wootz or Indian steel must be mentioned. This is
a product prepared-by healing malleable iron in small clay
crueibles, in which small pieces of the wood of cassia auriculala
are also placed, until the external portions begin to fuse. The
product is then bhamumered frequently and the steel thus con-
sists of & wixture of two irons, one being rich and the other
poor in carbon.

Indian wootz is extremely hard and elastic, and was highly
prized by the ancients. A specimen of wootz was sent from
Bombay to the President of the Royal Society, and the first
description of the substance was given by Dr. Pearson in 1795,
and the steel was afterwards analysed by Faraday and Henry.
It was at one time believed that wootz owed its special valuable
properties to the presence of a amall quantity of aluminium,
but this has not been confirmed by subssquent analysis,

The following analyses serve to show the composition of steel
of various kinds. Analyses of Bessemer steel have already
been given.

Analyses of Sted,

eC.  B8C 8i. . S. Ma. (u. Co& Ni.
No. 1. 1129 trace — trace - trace —
et N,
» 2.0627 015 0030 — 0003 €120 — —

A .
. 3. 180 0330 0020 — tmce 300 0120
. 4 0501 0106 0096 0002 0144 —  —
, 5.1336 0312 0048 — — — — @ —
No. 1. Styrian refinery steel. Ko. 4. Eunglish puddled steel.

No. 2. English cast-steel, from blister-steel. No. b. Indian wootz.
No. 3. Krupp's caunon steel.

366 Properties of Steel.—The most characteristic property of
steel is its power of assuming an almost adamantine bardness
when quickly cooled, as when plunged into water. After this
treatment it is extremely brittle, almost perfectly elastic, and so
hard that it cannot be attacked by a file. This harduess and
brittleness may be partially removed by & process of tempering
which consists m heating the steel moderately and then allowing

v Phil. Trans. 1995, part it, 32,
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it to cool. The temper of steel depends upon the heat to which
the steel is raised, and the workman judges as to the temperature
by observing the various colours which the surface of the metal
assimes during the progress of the operation. The tints thus
observed are the colours of thin plates caused by the different
thicknesses of the oxide formed on the surface. When the re-
quisite tint is reached the object is quickly cooled. The hardest
temper, such as is vequired for steel for surgical instruments,
lancets, and razors, is that obtained at the lowest temperature;
the tint employed for this purpose ig that first reached, and is of
& light straw-colour, the temperature being about 230° Steel
tempered ab 243° possesses a full yellow colour, is tongher than
the former, and is the tint to which penknives are usually
tempered. At 255° & brownish-yellow tint is attained, and steel
thus tempered is best fitted for cold chisels and shears for
cutting metals. At 265° the first shade of purple shows itself.
and this is the temper employed for pocket.-knives, axes, and
plane-irons. A temperature of 277° gives a purple which is
the tint for table-knives and cloth-shears, and for swords and
watch.springs, the metal is cooled when it has a bright blue
colonr, corresponding to a temperature of 288°. At higher tem-
peratures, from 290° fo 316°, steel assumes & dark blue colour,
and is used for shears, chisels, and especially for large saws.

The different degrees of heat may be attained by dipping the
several articles into a bath of fusible metal or oil provided
with & thermometer and heated up to the requisite temperature,
although in ordinary cases this method is not carried out.

" Damastening is produced by repeatedly welding, drawing out,
and doubling np a bar composed of a mixture of steel and iven,
the surface of which is afterwards treated with an acid. The
surface of the iron vetains its metallic lustre under the action
of the acid, whilst that of the steel is left with a black firmly
attached coating of carbon.

Case-hardening is effected by converting the surface of soft
iron into steel. Objects of soft iron are heated, together with
powdered cast-iron turnings or powdered charcoal, and thus a
superficial coating of steel iz given to tliem.

Finely Divided or Reduced Iron (ferrnm redactum) has
long been used in medicine. Spongy i7on is mow prepared on
the large scale by the reduction of burnt pyrites or blue-billy
and other ores of iron, and much used as an excellent means of
filtering and purifying water for domestic nse (Bischof).

6*—2
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IRON AND HYDROGEN.

367 By acting upon anhydrous ferrous isdide with zinc.ethyl
(CyH,)pZn, in presence of ether, Carius and Wanklyn obtained,
together with ginc iodide, & mixture of gases consisting of ethene,
C,H,; ethane, C;H,; butane, CH,,; and hydrogen. The residue
after washing with ether yields a metallic powder resembling
iron which does not undergo any alteration in dry air, but evolves
hydrogen on heating, and is decomposed by water with evolution
of hydrogen, & residue remaining of metallic iron and ferrons
oxide, Hence it would appear that & compound of iron end
hydrogen exists which probably hes the composition FeH,.
Hydrogen is occlnded by electrolytic iron which absorbs thirteen
times its volume of this gas (W. Chandler Roberts).

IRON AND OXYGEN.

368 Iron forms two basic oxides,
Tron monoxide, or ferrous oxide, FeO,
Tron sesquioxide, or ferric oxide, Fe,0,,
and theae two unite to form
Magnetie oxide of iron, or ferroso-ferric oxide, Fe,0,.

The two latter oxides occur in nature as minerals, and are not
only used as ores of iron but are also employed in medicine,
Indeed rust of iron (ferric hydroxide) is said to have been used
as & medicine by Esculapins, and Dioscorides also mentions
arwpla aiSipov, probably denoting by that iron-scales, as being
a substance similar to rust but possessing less active medicinal
properties. Red heematite was termed blood-stone, and the
same author states thut this may be obfained artificially by
igniting loadstone. Pliny terms iron-rust or scale squama ferrs.
red-iron ore hamatites, and loadstone magnes, and describes the
action of the latter upon iren. The reddish-yellow and red
oxide of iron is called crocus martis by Geber. The later
chemists describe various methods for its preparation, and in
1738 the artificially prepared black-oxide wns termed wlheops
martis. For a long time these compounds were only distinguished
by their different medicinal action. The snpporters of the
phlogistic theory considered them to be compounds of iron calx
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with varions proportions of phlogiston. Thus, for instance,
Scheele in 1777 states that the precipitate which an alkali pro-
duces in & solution of green vitriol when exposed to the air
gives rise to crocus martis and that fire-air or oxygen disappears.
Hence he concludes that the precipitated calx gives up phlo-
giston in its conversion into crocus.

Lavoisier distinguished two oxides, thiops and crocus. Other
chemists, like Berthollet, believed thet a large number of these
oxides exist, and so lately as 18{1 the views of cheniists on this
subject were much divided. Gay-Lussac was the first to point
out that in addition to the lower and higher oxide an inter-
mediate compound exists, and this conclusion was confirmed by
the investigations of Berzelius.

369 Tron Monoxide, or Ferrous Ozide, FeO, is obtaiued as a black
powder when hydregen is passed over the sesquioxide heated to
300°. The product oxidises with incandescencs on exposure,
but loses this property after it is allowed to vemain for twelve
hours in an atmosphere of hydrogen (Siewert). \When ferrous
oxalate, FeC,0,, is heated from 150° to 160° in absence of air, &
mixture of mouoxide and metallic iron is forned, and this is
shown by the fact tbat the gas evolved consists, as Liebig has
shown, of fifty-six parts of carbon monmoxide and sixty-eight
paits of carbon dioside. If ferrous oxalate js added to boiling
canstic potesh the monoxide is obtained as a black velvety
powder, which when washed with water in the air takes up
oxygen (DBottger).

Ferrous Hydroxide, Fe(OR),, is formed when pure ferrous salt
is treated with caustic potash or soda in absence of air. Itisa
white powder which when freed from eair and washed with hot
water and ether may be preserved in an atmosphere of hydrogen.
As, however, it is difficult to obtain perfect absemes of air, the
ferrous hydroxide is usually obtained a3 a greem pulverulent
mass!

Ferrous hydioxide becomes heated on exposure to air, the
mass sometimes becoming incandescent with formation of sesqui-
oxide. It also rapidly absorbs carbon dioxide, and dissolves in
acids with evolution of heat. The moist hydroxide also absorhs
atmospheric oxygen, changing colonr first to a dirty green and
afterwards to & brown.

Ferrous hydroxide is formed by the action of pure water, con-
taining air in solution, on iron, It dissolves in about 150,000

¥ G, Schimidt, Ann, Chem. Pha-v, xxxvi, 101
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parts of water forning an alkaline liquid which possesses the
peculiar taste of the ferrous salt,

370 Magnetic Oxide of Iron, or Ferroso-Ferrie Owmide, Fey0,,
occurs in large masses as the mineral magnetite. It crystallises
in octohedrons, dodecahedrons, and other combinations of the
regular system. It has an iron-black colour, and & more or less
strong metallic lustre. It frequently occurs in granuler or
amorphous masses, and is also found in marshes as an earthy
mass known as ochreous iron ore (or in German eisenmulm).
The pure crystellissd mineral has a specific gravity of 518,
whilst that of the granular and earthy material varies consider-
ably, inasmuch as it contains magnesia, lime, titanic oxide, and
often contains the iron in & more highly oxidised condition.

The interesting observation that this ore has the power of
attracting iron, and that by contact with it iron atains the
same polar magnetic properties, was early made. According to
gome the name is derived from & certain Magnes who was the
first to observe this property, whilst according to others the
pame is derived from Magnesia, & town in Lydia also called
Heraclea, where the mineral was first fouud. The latter ex-
planation would seem to be the more probable, inesmuch as
Plato and Theophrastus term maguetite the Heraclean stone.
Ferroso-ferric oxide does not always possess the magnetic pro-
perties exhibited by loadstone, although attracted by the magnet.

When iron is heated to redness in the air it becomes
coated with an wron scale. This is a mixture or & compound
of the monoxide and sesquioxide in varying proportious.
The inner layer which is blackish-grey, porous, brittle, and
attracted by the magnet, has the composition 6FeO + Fe,0,,
and is not magnetic. The outer layer contains a larger quantity
of ferric oxide, is of & reddish colour, and is more strongly
attracted by the magnet than the inner portion. When iron is
quickly burnt in oxygen or in the oxy-hydrogen blow-pipe, the
magnetic oxide is formed, and the occurrence of this oxide has
also been vbserved in smelting operations.

Magnetic oxide isalso obtained when steam or carbon dioxide is
passed over red-hot iron, but, on the other hand, when the oxides of
iron are heated in a current of hydrogen or of earbon monoxide,
they are reduced to metal. When the black oxide is dissolved in
hydrochloric acic, or when o mixture in the right proportions of
a ferrous and ferric salt is dissolved, and caustic alkali added to
the solntion, a black precipitate is obtained which dries to a
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brownish-black brittle mass giving a dark-brown powder. This
hydroxide contains about 7 per cent. of water, and corresponds
to the formula Fe(OH),Fe,0;. It is attracted by the magnet
and may in this way be separated from any sesquioxide which
may be mixed with it.

37t Jron Sesquioxide, ov Ferric Ouids, Fe,Oy, i3 one of the
most important ores of iron, occurring as red hematite, and as
specular iron crystallizing in rhombohedrons and scalenohedrons,
possessing a steel-grey colour. It also occurs under the naine
of micaceous iron in thin red translucent scales. This mineral
is found in large quantity and in splendid erystals in the Island
of Elba, of which Virgilt says: " Insula inexhanstis chalybdum
generosa metallis.” The erystals have & specific gravity of 519
to 5:24.

The mineral martite is also a pure ferric oxide which crystal-
lizes in the smme form as maguetic oxide, and is probably a
pseudomorph of this mineral. Other more or less pure forms of
ferric oxide are red- and yellow-ochre and bole,

Ferric oxide can be prepared artificially in various ways. It
is formeed by igniting the hydroxide or any ferric salt containing
a volatile acid, as & steel-grey crystalline powder, which like all
other kinds of sesquioxide of iron, gives & brownish-red powder
when finely triturated, and has & specific gravity of 5-17. [t may
be obtained in small crystals by the action of the vapour of ferric
cliloride on heated lime (Daubrée), or by fusing terric oxide and
borax together and treating the fused solid mass with hot dilute
hydrochloric acid; also by passing a slow steady stream of
hydrochloric acid over the strongly ignited oxide (Deville).
Artificial micaceons iron is prepared by heating a solution of
ferrous sulphate and copper sulphate together for ten hours at
& temperature of 210° (Wibel) Ferric oxide has also been
observed in the crystalline state as a prodiet in smelting opera-
tions, whilst crystals having the form of specular iron, have been
found in iren-rust from a building some 700 to 800 years old.
The ignited as well as the natuval ferric oxide dissolves only
slowly in acids, the best solvent being a boiling mixture of eight
parts of snlphuric acid and three parts of water. In addition
to its use as an irou ove, ferric oxide is of service in a variety of
other ways, Thus, the residue left in the process of distilling
fuming snlphnric acid from green vitriol (Vol. L. p. 343), termed
colcothar or caput mortwum vitriolZ, is used lmgely as an oil-

' . x, 1734,
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paint and also as& pohshmg, powder; the least calcined portlons,
which are of & searlet colour, are u:wd a8 jewellers’ rouge, whilst
the more calcined portions which have & bluish tint are termed
crocus, and are employed for polishing brass or steel.

372 Ferric Hydrovide, ¥e,(OH), is prepared by precipitating
& moderately dilute solution of ferric chloride with an excess of
ammoniz in the cold, when a voluminous brown precipitate of the
bydroxide is thrown down. The composition of this substance
does not nndergo change on washing, or on sliglitly heating, when
it forms a dry amorphous granular powder. If the water contain-
ing the precipitate be allowed to freeze, a microscopic crystalline
powder is formed, and this substance corresponds in composition
to the minerals brown-hematite and limonite, viz, FeyO; +
Fez(OH),, 'This hydroxide also exists in nature as ochre, like-
wise as the deposit of chalybeate waters, the colouring matter
of yellow sandstone, &c. Trou-rust has the saine composition, as
well as the precipitate which is obtained when a ferric salt is
precipitated hot, and the precipifate dried over snlphuric acid.

When allowed to remsin for a long time in contact with
water the hydroxide becomes crystalline, losing thereby the
half of its water, The red amorplious canpound, ¥e,O,H; =
¥e 0,4+ H,0, is often formed under similar circumstances, and
also when a boiling solution of green vitriol is mixed with
sodium carbonate and sodinm hypochlovite. It occurs as the
mineral gothite, having & specific gravity of 434 The precipi-
tated ferric hydroxide when heated for some days at a tempera-
ture of 100°, forms a scarlet powder Fe, O, H, = 2¥e;0, + H,0,
having a specific gravity of 44545, and dissolving with difficulty
m nitric acid although more readily in hydrochloric acid. This
occnrs in nature as the mineral turgite In addition to
these, other lhiydroxides are known ; these are obtained by
precipitating the ferric salts under various conditions.

Soluble Ferrie Hydroxide. When freshly precipitated ferric
hydroxide is added to a solution of ferric chloride, it dissolves
to form & basic chloride with production of a dark-red liquid.
This may also be obtained by adding ammoninm carbonate to a
golution of ferric chloride, until the precipitate which is first
formed no longer redissolves. If a solution of this kind contain-
ing about 5 per cent. of solid constituents be allowed to dialyse
for a long time, & dark-red liquid vemains which contains
only 1'3 per cent. of hydrochloric acid, and 985 of ferric oxide.
On standing for some weeks this solution gelatinises, a fernc
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hydroxu!e separating out which is readily soluble in cold aclds.
The same componnd may be obtained by the dialysis of ferric ace-
tate, and & liquid thns obtained which only contains six parts of
acetic acid to ninety-four parts of oxide of iron, Hydrochloric
acid, nitric acid, sugar, and alechol, do not produce gelatinisation
in ench a solution, althongh traces of alkalis and other acids
do produce this effect. This soluble hydroxide is used as &
medicine under the name of ZLiquor Ferri Dialysati.

373 Soluble Meta-ferric Hydrowide, ¥e,0H,. This substance
was discovered by Péan de St Gilles! It is farmed when
solutions of certain iron salts containing monobasic acids are
heated for & length of time, and is precipitated from these
solutions by the addition of & small frace of sulphuric acid as
a brown ochirey powder. It is also obtained in the form of a
dark-red powder, by heating well-washed ferric hydroxide with
water to a temperature of 100° for from seven to eight honrs,
and also by heating a solution of basic ferric nitrate for three
days to the same temperature. On addition of a few drops of
hydrochloric acid the hydroxide is precipitated, and this may
be dried on a porous plate where it remains in the form of black
scales which dissolve in water, yielding a tasteless red liquid.2
The same body may be obtained by heating dilute ferric chloride
solntion and adding common salt; the precipitate which is then
thrown down dissolves in pure water, to form a reddish-yellow
solution, appearing transparent by transmitted, but opalescent
by reflected light3?

Meta-ferric hydroxxde is insoluble in concentrated, but dxs-
solves in dilute acids, and the solntion exhibits the same optical
properties as the solution of the meta-hydroxide.

Ferric hydroxide formsa singular compound with sugar, which
is soluble in water, This fact is of great importance to the sngar
refiners, as this compound destroys the crystallising power of
sugar, and therefore increases the quantity of molasses formed.
Hence raw sngar ought not to be brought into contact with iron,
and the " char” employed for the decolorisation of the sngar
shonld be as free as possible from the compounds of this metal.

374 Ferric oxide combines with several monoxides to form
componnds corresponding to ferroso-ferric oxide, all of which
resemble this in being magnetic.

v Anu, Chim, Phys. [3]. xlvi. 47.
2 Scheurer-Kestner, fb2d. {3], lvii. 23.
3 Dehray, Compl, Rend | Inviii, 913,
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Ferrie Ouide and Lime, Fo,0,Ca0 A crystalline compound
having the above composition is obtained when an intimate
mixture of 190 parts of sesquioxide of iron and 665 parts of
lime is heated to whiteness in a platinum vessel for several
hours. The product, which has been perfectly melted,is found
on cooling to consist of a brittle mass of interlaced acicular
erystals exceeding an inch in length, having & dark metallic
lustre. Its specific gravity is 4693 ; it yields a brown powder
resembling brown iron ore, which is also obtained by precipi-
tating a solution of ferric chloride, as nearly neutral as possible,
with lime-watér or saccharate of lime, and igniting the pre-
cipitate.

Ferrie Owxide and Magnesia, Fe,O,MgO, occurs iz natuve
orystallising in black octohedrons as magnoferrite. It can be

" obtained artificially by the ignition of a mixture of the two
oxides in & current; of hydrochloric acid. The same compound
is also formed when a mixture of ferric chloride and magnesiuin
chloride is precipitated with a quantity of caustic sods insnffi-
cient to throw down the whole. On ignition & cinnabar-red
powder of the above compusition is obtained. “Many analogous
compounds can be prepared in a similar way.?

Ferric Ovide and Zine Oride, Fe,05.Zn0. Obtained by Ebel:
men, crystallised in black octohedrous, by strongly igniting both
oxides together with boron trioxide. The mineral franklinite
has a similar composition.

Certain of these magnetic compounds, such as those contain-
ing the oxides of copper and lead, are produced by the simple
ignition of the oxides mixed in the proper proportions (List).

375 Ferric Acid, HFeO, This comnpound, like manganic
acid, is not known in the free state. In the year 1702 Stehl
noticed that when iron is fnsed with saltpetre and the solid mass
lixiviated, or when & solution of irou in nitric acid is added to con-
centrated potash-ley, an amethyst or purple-red colonred solution
is formed. Exactly a century afterwards Eckeberg published his
Meruoir on ** Yttria,” in which he states that when gadolinite is
fused with potash and the fused mass extracted with water, the
solution possesses & dark purple-red colour, due to iron and
nob to manganese. The potassium ferrate formed under these
circumstances was more carefully examined by Fremy? It is
prepared by igniting iron-filings or iron oxide with saltpetre or

v Perey, Phil, Mag. [4]. xlv. 455.
2 List, Ber. Dewtsch. Chem, G'es. xi. 1512, 3 Jowrn, Phavi, xxvii. 97,
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caustic potash, or & mixture of both, The formation of the
compound may be readily shown by heating a mixture of one
part of powdered iron with two parts of saltpetre in & small
glass bulb, over & Bunsen burner. After a few minutes the
mass becowmes red-hot, and when cold the residue is dissolved in
water. The purple solution is also obtained by passing chlorine
through & strong solution of caustic potash, in which iron
hydroxide is suspended (Fremy}, and also by passing & current
of electricity through a solution of canstic potash, the positive
pole consisting of a plate of cast-iron, this solution after a time
appearing almost black? If more caustic potash be added to
the concentrated and almost opaque solution a reddish-brown
precipitate of potassium ferrate is formed. This may be dried on
& porous plate, and then can be preserved in a sealed tube. It
is & very unstable substance. Its solution becomes colonrless
on standing, and on heating ferrous hydroxide separates out
with evolution of oxygen. Nitric acid and dilute sulphuric acid
produce the same result, whilst hydrochloric acid decoraposes it
with evolution of chlorine.

Barium Ferrate, BakFeO 4+ H,0, is obtained in the form of a
dark red powder by precipitating the potassium salt with barium
chloride. It is tolerably stable, and is soluble in acetic acid,
yielding & ved solution. When gently heated it becomes greeu,
and when strongly heated it decomposes with evolution of
oxygen and loss of water.

FERROUS SALTS.

376 The anhydrous ferrous salts of colourless acids are usnally
colourless, but the corresponding hydrated salts possess a light
greenish-blue tint. The soluble salts possess a swect, astringent
ink-like faste. Their solutions readily absorb oxygen with for-
mation of a fexric salt which is precipitated, when there is no
excess of acid present, in the form of basicsalt. Inconsequence
of the ease with which they pass into a higher state of oxida-
tion, the ferrous salts act as powerful reducing agents, and are
largely employed for this purpose, both in the laboratory and in
the workshop.

' Hofmann, Ber. Deut. Chem. Ges, ii. 239,
? Poggendorfl, Pogg. Ann, liv. 373,
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Ferrous Chloride, ¥eCly, is obtained by passing chlorine over
iron filings (Thénard), but as a small quantity of ferric chloride
is generally formed, even when an excess of iron is present, it is
preferable to pass hydrochloric acid over iron filings, or iron
wire heated to redness (Wohler and Liebig), or to veduce ferric
chloride by heating it in a stream of pure hydrogen. Ferrons
chiloride is deposited in colourless shining scales, which, accord.
ing to Sénarmont, are six-sided. It has a epecific gravity of
2:528 (Filhol), and is very deliquescent, dissolving readily in
water and alcohol. It fuses at & red-heat, and volatilises at a
temperature above the melting point of glass. 'When exposed to
the air it oxidises to ferric chloride, which volatilises, and ferric
oxide, which remains behiund:

6FeCl, + Oy = 2Fe,Cl, + Fe,0p

VWhen heated in u curreut of steam magnetic oxide is formed.:
3FeCl, + 4H,0 = Fe,0, + 6HC1 + H,,.

When iron is dissolved in hydrochloric acid, and the solution
concentrated in absence of air, bluish transparent monoclinic
crystals of FeCl, 4 4H,O are obtained; these have a specific
yravity of 193, become greenish coloured vn exposure to the air,
effloresce at ordinary temperatures when kept over oil of vitriol,
‘but deliquesce in the air. If a solution of this salt be evaporated
with sal-ammoniac in absence of air, and the solid mass heated
in & flask until the whole of the sal-ammoniac is volatilised, a
residue of anhydrous ferrous chloride is left. Like other soluble
ferrous salts, the solution of ferrous chloride absorbs nitric oxide,
forming a dark greenish-brown solution, containing the compound
FeCLNO. This substance is very uustable, losing the whole
of its nitric oxide on warming, or when placed in a vacuum.
The anhydrous chloride readily absorbs ammonia, swelling up
‘to forma white powder (Faraday), having the composition FeCl,.
6 NH, (Rostadins).

Ferrous Bromide, FeBr,, When bromine vapour is passed over
iron heated to dull redness, lieat is evolved, and a yellowish
erystalline deposit of ferrous bromide is formed (Liebig) An
aqueous solution of ferrous bromide can easily be obtained by
dissolving iron in hydrobromic acid, and on erystallising blnish-
green rhombic tables are deposited, having the composition
FeBr; + 6H,0 (Lowig).
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Ferrous Iodide, Fely, is obtained by triturating iodine with a
slight excess of iron filings, or by heating iron filings in a covered
porcelain crucible to redness, small quantities of iodine being
gradually added; as soon as the whole mass becomes red-hot, a
large quantity of iodine is thrown in, and the crucible heated
until iodine vapour ceases to be given off On allowing the
cricible to cool it is found that & further evolution of iodine
vapour takes place, a proof that the fused wnass contains ferrie
iodide, which decomposes on cooling. The solid residne found
is a grey lamino-crystalline mass, which melts at 177°t If a
mixture of iodine and iron filings be warmed with water, these
elements corubine with evolution of heat, and a colourless
aqueous solution of ferrous iodide is obtained, which on
exposurs to the air readily oxidises with separation of iodine.
This decomposition is prevented by the addition of sugar.

Ferrous Fluoride, FeFy, is obtained in colourless or greenish
prisms, Fel,+8H.0, by dissolving iron in hydrofluoric acid
and evaporating ; these crystals decompose when gently heated,
leaving the anhydrons salt.

Ferrous Perchdorate, Fe(ClO ), + 6 H,0, is the only iron salt of
the oxyacids of chlorine which is stable in the solid state. It
is obtained by the double decomposition of ferrous sulphate and
barium perchlorate (Serullas), or by dissolving iron in dilute
perchloric acid (Roscos). It forms very light green deliguescent
crystals, which at 100 give off water, and decompose at a
higher temperature.

Ferrous Sulphite, FoSO;. When iron is dissolved in aqueons
sulphurous acid in absence of air, no gas is evolved, and the
solution contaius ferrous sulphite and ferrous thiosulphite

2Fe + 3H,S0; = FeSO, +FeS,0, + 3H,0.

The latter salt is a very soluble one ; the first, however, is only
slightly soluble, so that after & short time it is deposited in
colourlessor greenish crystals. When freshly precipitated ferric
hydroxidé is dissolved in sulphurous acid, a red solution is
obtained, which qnickly becomes decolorised with formation of
ferrous sulphite, and this contains an cxcess of snlphurons acid,
whilst on the other hand, a solution of ferrons sulphite becomes
red on exposnre to the air.

377 Ferrous Sulphate, or Green Vitriol, ¥eSO, 4 TH,O, was

' Corius and Wanklyn, dnn. Chem. Pharm. cxx. 69.
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pmbably used by Geber. Its px-eparamon by dlsaolvmg iron in
sulphuric acid was first described by Basil Valentine in his
Treatise on Natural and Supernatural Things:  Take oleum
vitrioli ; dissolve therein mars, and prepare & vitriol from it.”
In his last volume he describes the method for preparing sul-
phide of iron and for obteining from it vitriol: " Linaturam
Jerri and sulphur anc cakined in & potter’s furnace until it
becomes tinted purple ; then pourupon this distilled water, when
a fine green liquid is formed. Draw this off ad terties, allow it
to deposit, and thus obtain an artificial vitriol” Agricola in
his discourse De r¢ Meinllica mentions two kinds of pyrites.
The one, such as coal-brasses, decomposes spontaneously and
yields a vitriol ; whilst the other, as the ordinary Mason’s pyrites,
does so only when it is roasted. Green vitviol occurs as the
mineral melanterite, either crystalline or in fibrous stalactitic
forms, but generally massive and pulverulent. It is wusually
derived from the decomposition of pyrites or marcasite. Ferrous
sulphate is likewise frequently found in solution in drainage
water fromn tines, and it is manufactured on & large scale from
thissource. Large quantities of green vitriol (about 100 tons-per
weok) are manunfactured in South Lancashire from the pyrites
occurring in the coal-measures, ‘These are piled np in heaps
and exposed to the atmosphere. The soluble ferrous sulphate
together with the excess of sulphuric acid formed, runs into
underground tanks, where the excess of acid is removed by means
of serap-iron. On evaporating the liquor large crystals of ferrous
sulphate are obfsined. Iron sulphate is also formed as a bye-
product in the manufacture of copper sulphate or blne vitriol (see
par. 393). The commercial salt not unfrequently contains traces
of copper sulphate, and thismay be detected and separated, as was
pointed out so long ago as 1683 by Vigani, by leaving the solu-
tion in contact with metallic iron until the whole of the copper
is precipitated. Another common impurity is ferric sulphate;
this may be removed by recrystallisation, but zino sulphate,
manganese sulphate, and other salts cannot thus be got rid of.
Hence when chemically pure ferrous sulphate is needed, it is
best to dissolve iron wire in dilute sulphuric acid. When the
evolution of hydrogen has ceased, the liquid is boiled together
with the undissolved portion of the wire, fillered and evaporated
to erystallisation.

Ferrous sulphate forms well -defined monoelinic crystals (Fig.
156), having a specific gravity of 1:889° at 4° (Joule and Playfair).
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One hundred parts of water dissolve, according to Brandes and
Fimhaber, the following :—

At 10° 15° 88° [ 100°
FeSO,+7H,0 . . 61 70 151 263 370 333

Ferrous sulphate is dimorphous, often crystallizing in rhombic
prisms, which are isomorphons with zinc sulphate. These are
ensily obtained when a erystal of zinc sulphate is thrown into &
snpersaturated solution of the ferrous salt. But, on the other
bond, if @ crystal of copper sulphate be employed, triclinie

g
NS

crystals having the composition FeSO, + 5H;0 are oblained
(Lecog de Boisbaudran). These last ave also deposited when &
solution of ferrous sulphate containing free sulphurie acid is
allowed to evaporate in & vacunm. Crystals of green vitriol
first separate, and then the penta-hydrated salt, whilst at last
erystals of a tetra-hydrate, FeSO, + 4H,0, are deposited, and
these are isomorphous with the corresponding manganese sul-
phate. When iron sulphate is heated in a vacnum to 140°, it
yields & white powder of the monohydrate FeSO, + H,0, and
this, when gently heated in absence of air, yields the anhydrous
salt, Fe80,.

Ferrous sulphate is insoluble in cuncentrated sulphuric acid
and absolute alcohol, whilst it dissolves slightly in dilute alcohol.
Hence sulphuric acid and alcohol precipitate the solution of the
sulphate, the precipitate containing varying quantities of water
of crystallisation according to the quantity of the precipitant
and the concentration of the solution. A solution of ferrous sul-
phate, like the chloride, absorbs nitric oxide. The dark brown
saturated solution, which probably contains the compound

Fie. 158,
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FeSO NO, gives off the gas in a vacuum as well a8 when
heated in the latter case small quantities of nitrogen monoxide
and ferric sulphate are formed. 'When the brown solution is
mixed with strong sulphuric acid, care being taken to keep the
yaixture cool, it becowes of a purple-red colour ; and upon this
resction the well-known test for nitric acid and the nitrates
depends, as well as the method of detecting the presence of
nitrous fumes in sulphuris acid,

Green vitriol is largely used in the arts and manufactures for
the preparation of iron-mordants, inks, Prussian blue, &e.

Ferrous sulphate is common with the sulphates of the metals
of the magnesium group, and the sulphates of copper and
manganese, forms, with the sulphates of the alkali. metals, well
crystellising double-salts, of which the following is the most
important :—

Ammontum Ferrous Sulphets, FeSO, + (NH,),S0, + 61,0, is
obtained when the calculated quantities of ammonium sulphate
and green vitriol are dissolved in the minimum quantity of hot
water, and the filtered solution allowed to crystallise. Tt forms
clear, hard, bluish-green monoclinic: crystals, which have &
specific gravity of 1'813. One hundred parts of water dissolve
(Tobler): —

At [ R R
FeSO, + (NH,),SO, . 122 216 281 446 567

This salt is a very stable one, and does not undergo alieration
in the air, being much less easily oxidised than green vitriol
itself. Hence it is largely used instead of the latter salt for the
purpeses of volumetric analysis, in chlorimetry, &c. This salt
when in large crystals, frequently contains included mother-
liquor, end hence when the pure salt is needed it is best to add
alcohol to the concentrated solution, when a crystalline precipi-
tate of the salt is formed, and this is afterwards dried.

Ferrous Disulphate, ¥eS,0,, separates out es a white powder
when a concentrated solntion of iron sulphate is mixed with
several times its volume of concentrated sulphuric aeid. 1t
forms microscopic prisms, and Js decomposed by water into
sulphuric acid and green vitriol.2

378 Ferrous Nitrate, Fe(NOy),, is best obtained by the decom-
position of green vitriol with barium nitrate, the filtrate being
evaporeted in a vacuum over sulphuric acid. It is very soluble

¥ Bolas, Joume, Chem. Soe. for 1874, 212,
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in water and very unstable, essily passing into ferric nitrate.
When iron is dissolved in cold dilute nitric acid, the following
reaction takes place (Berzelius):

8Fe + 20HNO, = 8F¢(NO,), + 2NH,NO, + 6H,0.

Ferrous Phosphate, Fo,(PO),+ 8H,0, occurs as the mineral
vivianite, crystallising in monoclinic prisms. In its pure state
it is colourless, but it generally possesses a green or blue tint,
owing to partial oxidation. It is also found as an earthy mass
termed blue iron-earth, sometimes dispersed through clay, and
together with bog-iron ore, and in the cavities in fossil bones.
When 2 solution of green vitriol is precipitated with phosphate
of soda, & white precipitate is obtained, which, however, scon be-
comes blue or green on exposure to air. If the liquid and the
precipitate be allowed to stand together for a week at a tem-
perature of from 60° to 80° the compound is converted into
small crystals which become coloured blue on exposure to the
air (Debray). The precipitated phosphate is used in medicine.

When iron is dissolved in a solution of phosphoric acid,
colourless needles, having the composition HFePO, + H;0, are
deposited after some time, and these become slightly blue-
coloared on exposure to air.

Ferrous Carbonate, FeCO;, occurs naturally as spathose iron-
ore, which, however, contains Jarger or smaller quantities of the
carbonates of calcium, manganese, and magnesiutn. The mineral
is obtained artificially in microscopic rhombohedrons by preci-
pitating a solution of green vitriol with bicarbonate of soda and
heating the mixture for {rom twelve to thirty-six hours to a tem-
perature of 150° (Sénarmont). When 2 cold solution of pure
ferrous sulphate is precipitated with sodium carbonate, a floccu-
lent white precipitate is thrown down which rapidly becomes of
a dirty green colour from absorption of oxygen from the air and
evolution of carbon dioxide, at last being wholly converted into
ferric hydroxide. If the precipitate be washed in total absence
of air, it may be obtained pure and colourless. Usually, how-
ever, it takes the form of a greyish powder, which is soon oxid-
ised on exposure to the air.  If the moist precipitate be mixed
with sugar it does not undergo such rapid change.

YOL. I *
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FERRIC SALTS.

370 In the anhydrous state the ferric salts are generally
colourless, In the hydrated state they are yellow or brown,
The soluble ferric salts possess & pecullar astringent taste, and
they pass readily by reduction into the corresponding ferrous
componnds.

Ferric Chloride, Fe,Cly, The aqueous solution of this salt was
known to Glauber under the name of oleum martis. He obtained
it in the dry state by dissolving iron in hydrochloric acid and
evaporating the solution in & flask: “ In fundo there remains a
blood red snassa, which is as hot to the tongue asfire. It must be
well kept from the air, otherwise it liquefies to & ycllow oleum.”

Anhydrous ferric chloride is obtained by heating iron wire in
a current of dry chlorine gas at a moderate red-heat, when
rapid combination with ignition takes place, ferric c¢hloride
being deposited. It is also produced when hydrochloric acid
is passed over heated amorphous ferric oxide, and it is not un-
frequently found in the craters of volcanoes.

Ferric chloride forms iron-black iridescent plates or some-
times large hexagonal tables, which exhibit a red colour by
transmitted and a green metellic lustre by reflected light, It is
very deliquescent and easily soluble in water, alcohol, and ether.
‘When heated strongly it volatilises, giving rise to a vapour
having & specific gravity of 11:39.!

Ferric chloride forms with ammonia the compouund Fe,Cl, +
2NH,, which does not differ in appearance from ferric chloride
itself. It slowly deliquesces on exposure to the air, forming a
clear dark-ved liquid. Ferric chloride also combines with phos-
phorus pentachloride, the compound Fe,Cl; + 2PC, being formed
as a brown, easily fusible mass, It also absorbs nitrosyl chloride
yieldinz a dark-colonred deliquescent compound Fe,Cly+ 2NOCL
When heated in & current of stean it is decomposed into ferric
oxide and hiydrochloric acid, and when heated in oxygen, chlorine
is evolved, ferric oxide remainiug.

For the purpose of obtaining a solution of ferric chloride, the
liydroxide may be dissolved in hydrochloric acid and the liquid
evaporated in order to drive off excess of acid, Or & solution of
ferrous chloride may be heated with the requisite quantity of

! Deville and Troost, Compt Rowd, xlv, 821,
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hydrochloric acid and the heated solution oxidised by addition
of nitric acid. The solution of ferric chloride is, however, best
prepared by dissolving iron wire in hydrochloric acid, as de-
scribed under the preparation of ferrous chloride, and then
passing chlorine into this solution until, after standing for some
time, it smells strougly of the gas. The excess of chlorine is
then displaced by passing a current of carbon dioxide through
the warm liguid. A concentrated sohition of fervic chloride has
a dark brown colour and an oily consistency. On dilution it
becomes limpid, and has a slightly yellow colour. Its specific
gravity at 17° is as follows (Fremy) :—

Teoange Qoo | ST Qe

1 1:0073 N 40 1:5622

10 10734 50 14867

20 11542 , 60 16317
30 1:2658 i

‘When 100 parts of ferric chloride are dissolved in 63'5 parts
of water & liquid is obtained which has a specific gravity of 167
at 25° and this solidifies to a yellow crystalline mass, having
the composition FeCly + 12H,0. The same compound is
formed when the deliquescent anhydrous chloride is exposed to
moist air, When the crystals are fused and the liquid concen-
trated to & syrupy consistency, and a few drops of hydvochloric
acid added, yellow rhombic tables having the ecomposition
Fe,Clg+ 6H,O are deposited, and these are very hygroscopic.
The aqueous solution of the normal chlorde i3 decomposed on
heating, and the more easily the more dilute the solution is, an
insolnble oxychloride or soluble ferric hydroxide being produced
according to the concentration of the lignid.

The solutions of ferrous and ferric chlorides have long been
used in medicine. An alcololic solution of ferric chloride was
formerly employed as & quack medicine of repute, known by the
name of Lamotte’s golden drops. This solntion loses its colour
when exposed to light, ferrous chloride being formed, the latter
compound separating, when the solution is not too dilute, in fine
green crystals, FeCl, +2H,0.

Fervoso-forric Chloride, Fe,Cly+ 18H,0. Magnetic oxide of
iron dissolves readily in concentrated hydrochloric acid, forming

t yellow liquid, which on concentration over snlphurie acid
TE_D
{7 —a
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deposits the above salt in opaque yellow deliquescent crystalline
crusts.

Terric chloride forms garnet-red-colonred crystalline double
salts with the chlorides of the alkali metals, such as Fe,Cl,+
4KCl+2H,0 and Ve,Cl; 4 4NH,Cl +2H;0. These are de-
composed by water, and & mixture of the latter salt with an
excess of sal-ammoniac is termed iron-sal-ammoniac; it was
formerly obtained by sublimation of a mixture of iron oxide
and ammonium chloride, and is mentioned by Dasil Valentine.
Sal-ammeoniac crystallises in yellow or bright red transparent
regular crystals from & dilute solution of ferric chloride; these
contain & varying amonnt of iron aud rapidly absorb moisture
from the air.

380 Iron Ouychlorides. These compounds are formed in verious
ways. Some are soluble, whilst others are insoluble in water.
When freshly precipitated ferric hydroxide is added to a solution
of ferric chloride, it dissolves in considerable quantity, and a
dark-red liquid is obtained which to one molecule of chloride
may contain twenty or more molecules of oxide, and this on
dialysis furnishes Graham’s soluble oxide. These solutions may
be diluted or warmed without any precipitation of ferric oxide.
Many acids and salts, however, precipitate either ferric hy-
droxide or a basic chloride from these solutions, which latter is
agnin soluble in water. If ferric chloride be incompletely pre-
cipitated with alkalis, a precipitate is also obtained which is
soluble in water when it does mot contain more oxide than
is indicated by the formula, ¥e,Cl; + 5Fe,(OH),=Fe,(OH),Cl.

Insoluble basic ferric eblorides are formed, in the first place,
by the oxidation of ferrous chloride in the air; secondly, by
roasting iron in the presence of hydrochloric acid or a chloride;
and, thirdly, by boiling & solution of ferric chloride for some
time. The composition and colour of these salts vary according
to the mode of preparation They ave generally difficultly soluble
in hydrochloric aeid

Ferrie Bromide, Fe,Br,, Thisis obtained in the form of dark-
red crystals by heating iron in an excess of bromine vapour. When
heated in absence of air it fuses, and a part may be sublimed
without decomposition, another portion, however, being decom-
posed into ferrous bromide and free bromine. The bromide
deliquesces on exposure to air, and the solution, which may be
simply obtained by dissolving the hydroxide in hydrobromie
acid, decomnposes on evaporation, with formation of insolnble
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basic bromides. Like the chloride, the solution of the bromide
dissolves ferric hydroxide readily with formation of soluble oxy-
bromides, '

Ferric Fluoride, FeF,, is obtained by dissolving the hydroxide
in hydrofluoric acid, colourless erystals of Fe,F, 4+ 9H,0 separat-
ing out on evaporation. Theso lose their water when heated,
and may be fused in a platinum crucible over the blowpipe,
wlien crystals sometimes form on the surface which are isowor-
phous with eluminium fluoride. The anhydrous salt dissolves
slowly but comnplstely in water,

381 Ferric Sulphate, Fo,(SO)s, is obtained by the action of
nitric acid on a hot solution of green vitriol, to which the re-
quisite quantity of sulphuric acid has been added:

6FeSO, + 3H,80, + 2HNO; = 3Fe,(S0,); + 2NO + 4H,0.

The yellowish-brown solution gives a syrupy lignid when con-
centrated, from which ‘colourless ecrystals are deposited on
standing. When these are heated, or when sulphuric acid is
ndded to the concentrated solution, the ankydrous salt is formed
o8 & white powder, whilst by the action of green vitriol on boil-
ing sulphuric acid the same salt is deposited iy small crystalline
scales or rhombic prisms :

9FeS0, + 2H,S0, = Fe,(SO,), + SO, + 2H,0.

The anhydrous salt dissolves slowly in water and it is decom-
posed on heating into ferric oxide and sulphur trioxide, When
& dilute solution of ferric sulphate is boiled or incompletely pre-
cipitated with alkalis, or when a solution of green vitriol is
allowed to oxidise in the air, various basic ferric sulphates are
formed. An iron mordant obtained by oxidising green vitriol
with nitric acid deposits on standing large iransparent crystals,
which ave probably monoclinic, having the composition
Fey(S0,),(OH),+14H,0; these are decomposed by water with
formation of the insoluble salt ¥e,SO,(OH),+5H,0.1 Various
other basic ferric sulphates occur as minerals, being formed by
the oxidation of the sulphides of iron. Amongst these may be
mentioned vitriol ochre, FeSOOH),+Fe,(OH)+H,0. This
frequently occurs in long brown, green, or ochrey yellow stalac-
tites; whilst copiapite, Fe,(SO,); + Fe,(S0,),(OH), +10H,0,
ocenrs in sulphur yellow tables or erystalline scales, and fibro-

1 Ber, Devisch Chew. Ges. viii 77,
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fembe 2F0,(S0,);(OH), + Fe,SO,(OH), + 24H,0, forms & palc-
yellow or nearly white pearly or silky mass,

Ferroso-ferric Sulphates. The two sulphates of iron form
various double salts, of which some are found in the mineral
kingdom. Amongst these is roemerite, Fe (SO,), + 12H,0,
{orming yellow monoclinic crystals, occurring at the Rammels-
berg mine, near Goslar, together with another similar mineral
tormerd voltaite, in which & part of the iron is replaced by iso-
morphous metals,

Ferrie Potassiwm Sulphate or Iron Alum, Fe S30,); + K80,
+24H,0, is obtained when the proper quantity of potassium
sulphate is added to a solntion of ferric sulphate and the con-
centrated solntion allowed to stand for some days about 0°. The
salt forius bright violet octohedrons and dissolves in about five
parts of cold water. If canstic potash is added to the solution
and the dark liquid allowed to evaporate, transparent yellowish-
brown Lexagonal crystals separate ont which have the composi-
tion 5K,S0, 4+ 2¥e,(SO,),(OH),+ 16 H,0,and possess the peculiar
optical properties of tonrmaline. This salt easily decomposes
into iron-alumi and an inseluble basic ferric salf.

382 Fervie Nitrate, Fe(NOg),, is formed by dissolving iron in
nitric acid. The brown concentrated solution deposits, un addi-
tion of nitrie acid, according to the quantity of the same or the
concentration of the solution, colourless cubes of Fe,(NO,);+
12H,0, or colourless monoclinic crystals containing 18 mole-
cales of water. These are very deliquescent, and dissolve in
water forming a brown liguid. Ferric nitrate is used a3 a
mordant in dyeing and calico-printing.

Several soluble and several insoluble basic ferric nitratesare
known.

Ferric Phosphates. The normal orthophosphate, Fe,(PO,), +
4H,0, is obtained as a yellowish-white precipitate by adding
phosphate of soda to normal ferric chloride. This is solable in
dilnte mineral acids, but not in cold acetic acid. On strongly
heating it loses its water and becomes yellow.

When ferric sulphate is precipitated with an excess of am-
monijunm phosphate, & crystalline precipitate of 2Fe, (PO H), +
5H,0 is thrown down. Basic iron phospliates occur in nature,
and frequently form a constituent of limonite. It also occurs
o8 dufrenite, ¥e,(OH),PO,, which is found sometimes in rhombic
crystals, but more generally in needles or &s & radiated fibrous
mass. Vivianite (scc p. 97) is often oxidised and is converted
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into beraunite, Fe,(PO,), + 4Fe,PO(OH), + 8H,0, occurring in
small foliated aggregations having a hyacinth-red colour.

Ferrie Arsenite. The basic salt, Fe,O;(OH),As = 4Fe0, +
As,0, + 5H,0, is & volmninous brown precipitate closely re-
sembling ferric hydroxide in appesrance. It is obtained by
adding an agneons solution of arsenic trioxide, or an arsenite,
to ferric acetate. This compound is also formed when a solution
of arsenic trioxide is shaken with freshly precipitated ferric
oxide, and for this reason this latter compound is used as an
antidote in case of arsenical poisoning, (See Vol I p. 528)

Ferric Arsenates. 'The normal arsenate occurs as scorodite,
Fey(As0,), + ¢H,0, in brown rhombic vitreous crystals. Basic
arsenates are also found in the mineral kingdom; amongst
these we have iron-sinster or pharmacosiderite, Fe,(AsP),0, +
l'ey(AsP)O,(OH), 4 6H,0, which occurs crystallised in the
regular system in green or brownish.green adamantine crystals.
The acid arsenate, 2Fe,(HAsO,), +9H,0, is & white precipitate
obtained by addivg hydrogen disodimn arsenate to a solution of
ferric chloride. It is easily soluble in hydrochloric acid, and
separates on evaporation as & white powder.

Silicates of Iron. Several ferrous and ferric silicates occur in
the mineral kingdom, bnt they are more frequently found as
double silicates, in which the alkali metals and the metals of the
alkaline earths are present. These are generally isomorphons
mixtures in which ferric oxide is veplaced by alumina, whilst
lime, magnesia, and the alkalis are substituted by ferrons oxide,
manganous oxide, &c. For a description of these compounds
works on mineralogy must be consulted,

The Iron Tree. In Glanber's description of the preparation of
deum martis (see p. 98) the following passage occurs:—* When
such a red masse before it deliquesces to an oleum is laid in
oleum arence vel silicumn for one or two hours, & tree grows out
of it, with roots, stems, many branches, and twigs, wouderful to
behold” This phenomenon depends upon the fact that water-
glass, which always contains some carbonmate, decomposes the
ferric chloride into ferric silicate and basic ferric carbonate,
whilst bubbles of carbon dioxide are given off, and thus filiform
processes are produced. In place of the ferric chloride, ferrous
chloride, cobalt chloride, nickel chloride, copper nitrate, and
many other easily soluble metallic salts may be employed, and
thns a series of coloured coral.like growths way be produced.
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IRON AND CYANOGEN.

383 Our knowledge of the peculiar compounds of iron and
cyanogen commences with the discovery of Prussian blne, which,
as has been stated (Vol. I p. 655), was made early in the 18th
century by o colour-tnaker named Diesbach. In 1752 Macquer
observed that when this colour is boiled with caustic potash
oxide of iron vremains, whilst a peculier salt enters into solution
which was named phlogisticated alksli or yellow prussiate of
potash. This body was shown to contain iron and prussic acid
by Berthollet in 1787. Pronst, in 1806, next found that iron
remains in combination with prussic acid when the alkali in the
yellow prussiate is replaced by other bases ; and Ittner in 1809
considered that the componnds of ferric oxide and other bases
with prussic acid are double salts. In oppasition to this view
R. Porret! in 1814.15 published a series of experiments fonnded
on a snggestion of Berthollet's, from which he drew the conclu-
sion that the so-called double prussiates containing iron are
simple salts of a compound acid containing ferrous oxide and
prussic acid, to which he gave the name of ferruretled chyazic
acid, a name derived from the fact that it is a compound of
carbon, hydrogen, and azote or nitrogen. Gay-Lussac’s classical
investigation of prussic acid followed immediately on Porret’s
memoir. In this he proved that tle acid is & hydrogen com-
pound of the radical cyanogen. Berzelins then showed that all
the salts of iron and prussic acid may be considered to be donble
cyanides, and that (according to our present nomenclature) the
prussiate of potash is a cyanide of iron and potassium, Fe(CN),+
4KCN. Three years later Gmelin 2 obtained & new compound by
acting upon this salt with chlorine, which from its red colour
was termed red prussiate of potash. This may be regarded as
the ferric double salt, Fe,(CN),+ 6KCN. Gmelin likewise proved
that the potassium in the salt mey be replaced by hydrogen,
thus giving rise to ferricyanic acid. In the following yesr Gay-
Lussac pointed out that the yellow prussiate may be supposed
to contain & compound radical consisting of iton and cyanogen,
to which he gave the name cyanoferrs. Liebig extended this
explanation to the other cyanogen compounds containing iron,
and considered the above salts as compounds of two isomeric

v Phil. Trans. 1814, 627 ; Ann Phil. xii. 214, and xiv. 295,
* Schiweigg. Journ. xxxiv. $:5.
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radicals, C,N,Fe, to which he gave the names of ferrocyanogen
and ferricyanogen, indicating their composition by the symbols
Cfy and Cfdy!

Graham assutmed that these compounds contained the radical
of cyanuric acid, tricyanogen, C;N;, to which Le gave the name
of prussine, and according to this view the composition of these
compounds can be easily explained.2 If we consider iron as a
tetrad element, the following simple formule represent the con-
stitution of its chlorides:

Forrous Chloride. Ferric Chlovide,
Ol /Cl Cl\ -Cl
Fe=Te Cl—Fe —Fe-Cl'
Cl/ \Cl1 Y \(Cl1

If we now suppose that each atom of chlorine is replaced by
the triad group tricyanogen, the octad radical ferrocyanogen is
obtained ; and, in & simnilar way, the hexad ferricyanogen is
forined by the replacement of the six atoms of chlorine by four
tricyanogen groups. The acids which are thus formed have then
the following constitution :*

Ferrocyanic Acid. Ferricyanie Acid.
HCN,N /CNGL, TCNg 2 CoNH
Fe =TFe e—F

[:]
11,0,N,/ NCN, 1T, HC,N/ \CeN,H,

FERROCYANOGEN COMPOUNDS.

384 Hydrogen Ferrocyanide or Ferrocyanic Aeid, Hy(CsNg) Fe,
This is best obtained when pure hydrochloric acid is added to
an equal-volume of a cold saturated solution of potassium
ferrocyanide. The precipitate which forms is dried on a porous
plate in absence of air, then dissolved in alcohol, and precipitated
by ether,® It isa white powder crystallising in small needles,
Larger crystals may be obtained by pouring & layer of ether on
to the alcoholic solution. Ferrocyanic acid is easily soluble in
water and alcohol It possesses a strongly acid taste and
reaction, and is so powerful an acid that it liberates not only
ncetic, but even oxalic acid from its salts. It oxidises

Y Handwérlerbuch, iii. 66. * Blements of Chemistry, 1. 200,
8 Erlenmoyer, Lelabuch Org. Chewm, ¥ Liclig, dun. Ikarm. lxxxvii, 127,
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quickly on exposure to air, especially when warmed with
formation of hydrocyanic acid and Williamson’s blue :

7Hg(ON),Fe, + 20, = 48HCN + 2Fe,(CN),, + 4H,0.

This reaction is employed in calico-printing, the cloth being
printed with a mixture of tartaric acid and yellow prussiate,
and then steamed, When the solution of the acid is boiled,
hydrocyanic acid is evolved and a white precipitate of acid
ferrous ferrocyanide remains behind : 1

9H,(CN),, Fe,= 12HCN + H,Fe,(C,,N,;Fe,).

This decomposition explains the preparation of prussic acid
by the action of dilute sulphuric acid on the ferrocyanide.

385 Potassium Ferrocyanide, Ky(CoN,),Fe, + 6H,0 or K Cfy+
3H,O. This salt, generally known nuder the old name of yellow
prussiate of potash, serves as the point of departure for the
preparation of almost all the cyanogen compounds. It is
obtained by heating crude potashes in cast-iron, hemispherical
pots set in brickwork and heated by & fire with & circular flue.
Each pot is closed by an iron lid having an aperture through
which a mixture of iron filings and animal matter, such as horn,
feathers, dried blood, and leather-clippings, is added froin time
to time, Through the lid of each pot a vertical spindle passes,
carrying & set of armg for mixing the wmaterials, and set in
motion by a shaft driven by steam-power. In this operation a
portion of the nitrogen is evolved as ammonia and forms
potassium cyanide at the same time that the sulphur contained
in the animal matter, as well as that contained as potassium
sulphate in the potashes, gives rise to potassium iron sulphide,
K8 4 Fe,S,, a compound which will be described afterwards.
When the resulting fused mass, or " metal” as it is termed, is
lixiviated, yellow prussiate of potash is formed accordiny to the
following equation : 2

13KCN 4 Fe,8, = KS(CN),ZFeg +2K,8S + KSCN.

In this operation the iron pots are very quickly attacked hy
the sulphur contained in the materials, and a further loss occurs
owing to the formation of potassium thiocyanate. A better
yield is obtained when potash free from sulphate is used, and on
lixivisting the mass freshly precipitated ferrous carbonate,

! Riemann and Caving, Ana, Chem, Pharm cxiii. $9.
2 Preis, Journ. Pract. Chean. crii. 10,
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obtained by dissolvmg chaik or limestone ina solution of ferrous
chloride, is added, this acting on the potassium cyanide as
follows :

19KCN 4 2Fe,CO, = K,(CN),Fe, + 2K,CO,

The solntion is evaporated to a specific gravity of 127, and
then run into crystallising vessels, where it deposits the crude
salt. This is again dissolved in warm water to form & solution
having the same strength as before, and again crystallised,
the mother-lignors being drawn off and used to dissolve fresh
quantities of the crude salt. It has already been stated that
in the preparation & part of the nitrogen is lost as arnmonia, and
a further loss occurs through the formation of thiocyanate and
cyanate. In consequence of this, many attempts have been
made to improve the yield, but, up to the present time, without
success. For varions reasons the mannfacture of prussiate of
potash has lately lost much of its importance.

Potassium ferrocysnide is also formed when a ferrous salt is
mixed with an excess of potassium cysnide. In this case a
brown precipitate is first formed, which was supposed to be
fervous cyanide, but is now known to contain potassium cyanide,
and probebly has the formuls Feg(Cl\)_,,K This readily dis-
solves in potassium cyanide :

Fey(CN),K + TKCN =TFe,CN),.K,

A solution of potassium cyanide in absence of air dissolves
metallic iron with evolution of hydrogen slowly in the cold and
more quickly when heated -

12KCN + 2Fe + 4H,0 = Fe,(CN) K, + 4KOH + 2H,.

Potassium ferrocyanide forms quadratic pyramids in which
the basal faces are usually dominant, Fig. 157. They are of a
lemon yellow colour, and generally opaque. Small crystals on
the other hand, are amber-coloured and trans-
parent. The specific gravity is 1-83. It does
not nndergo alteration in pure air at the
ordinary temperature, but when leated to
60° it begins to lose its water of erystallisa- ..
ton, which is completely given off at 100°, Fia. 157,
the anhydrous salt remaining as a white
powder. It has a sweetish saline and somewhat bitter taste, and
isnot poisonous, acting in large doses ns an aperient. Four parts
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of cold, and twvo parts of bo:hn,, water dissolve the salt, which ia
insoluble in alcohol, and is precipitated from aqueous solution
by this liquid in yellowish-white pearly scales. ~'When ifs
solution is exposed to light for some tinie Prussian blue geparates
out, and on boiling the solution in the air aminonia is given off
and the liquid becomes alkeline. The commercial salt frequently
contains considerable quantities of potassium sulphate which
can be removed by recrystallisation only with difficulty.

Sodium Ferrocyanide, Nag(CgNg) Ve, + 24H,0, iz best ob-
tained by boiling Prnssien blue with caustic soda, when yellow,
trangparent monoclinic prisms are found which effloresce in
warm gir.

Sodium Potassium Ferrocyanide, NaK(C,N,),Fe, +TH,0, is
obtained when the corresponding ammoninm salt is boiled with
céaustic soda. It crystallises in four-sided prisms which ave
easily soluble in water.

Ammorivum Ferrocyanide, (NH,), (C,N,),Fe, + 6H,0, is pre-
pared by saturating ferrocyanic acid with ammonia or by
digesting the lead salt with ammonium carbonate. It erystallises
in yellow prisms, and is isomorphous with the potassium salt.

Ammonsum Potassium Ferrocyanide, (NH), K (C,Ny),Fe,, is
formed when an ammoniacal solution of potassium fericyanide
is treated with reducing agents, such as gmpe.sugar It
crystallises in quadratic prisms, and is easily soluble in water.

Caleium Ferrocyanide, Ca(C;N,) Fe, + 24H,0,is formed when
Prussian blue is boiled with the exactly requisite quantity of
milk of lime, or when calcium carbonate is dissolved in hydro-
ferrocyanic acid. It is very soluble in water, depositing in flat
yellow triclinic prisms which have an unpleasant bitter taste.

Strontium Ferrocyanide, Sry(C;Ny),¥e, + 30H,0, is prepared in
1 similar way to the calcium salt, and forms fine monoelinic
readily soluble erystals.

Barium Ferrocyanide, Bay(C,N,),Fe,+6H,0, is obtained by
boiling Prussian blue with baryta water, or by the action of
ferrous sulphate on. barium cyanide. It forms flat monoclinic
prisins which dissolve in 584 parts of cold, and 116 parts
of boiling water,

Barium Potassium. Ferrocyanids, X,Ba(CeNy)Fe, + 6H,0.
This salt is deposited in small yellow rhombohedrons when
boiling saturated solutions of 2 parts of ferrocyanide of potas-
sinm and 1 part of barinm chloride are mixed, and the
mixtie allowed to cool. It dissolvesin 38 parts of cold, and
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95 parts of boiling water. This salt is much employed for the
preparation of the othexr double ferrocyanides of potassium which
may all be obtained by the action of the corresponding sulphates
upon the salt. When a hot solution of ferrocyanide of potas-
sium is treated with an excess of barium chloride, & mixture
of the double salt with barium ferrocyanide is obtained, and the
whole is converted ‘into the latter salt when the precipitate
is boiled with a solution of barinm chloride.

Zine Ferrocyanide, Zn(CyNy),Fe,, is a white precipitate used
in medicine,

Copper Ferrocyanide, Cuy(C,N;),Fe,. is a fine brown precipitate
known as Hatchett's brown,

The ferrocyanides of most of the other metals are either
difficultly soluble or iusoluble in water. Some of them possess
characteristic colours, especially those of copper and uranium,
&c., and for this reason potassium ferrocyanide is used as a test
for these metals.

FERRICYANOGEN COMPOUNDS.

386 Ferricyanic Acid, H(C;Ny),Fe, = 2H,Cfdy. This is ob-
tained by decomposing the lead salt with dilute sulpliuric acid,
and evaporating the golution at a moderate temperatnre, Theacid
crystallises in brown needles and has an astringent acid taste.

Lotassium Ferricyanide, K {C,Ny),Feg is generally Lkuown
mnder the name of red prussiate of potash, and is formed when
potassivin ferrocyanide is treated with oxidising agents. It is
obtained on the large scale by passing chlorine into & solution of
the yellow prussiate :

Ky(CoN)) Fe, + Cl, =K (C;N,),Fe, + 2KCL

It may be readily separated from the potassium chloride
formed at the same time by repeated crystallisation. It forms
large dark ved monoclinic prisms (Figs. 158 and 159), which have
a specific gravity of 1'8, and frequently occurs in twin form
exhibited by Fig. 159. It possesses a faintly astringent and
saline taste, and yields a dark yellow powder. It dissolves
in water giving & yellowish-brown solution, which on dilution
assmnes a lemon-yellow colour. One hundred parts of water
dissolve:!

' Wallace, Journ, Chem. Soe. vii. 80.°
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At £4 10 158 378 100°
K(C,NpFe, 330 366 397 588 176

and 82 parts at 104°, the boiling-poiut of the saturated solution.
1t is only slightly soluble in alcohol. When exposed to light
the solution becomes darker, and & blue precipitate is formed,
ferrocyanide remaining in solution. Yhen the salt is heated in
& flame it burns, and when mixed with nitiate of atnmonia and

{

lieated the mixture detonates, It is a powerful oxidising agent,
especially in alkaline solution, converting the monoxides of lead
and manganese into dioxides, and forming potassinm chromate
aud ferrocyanide of potassium, wlien boiled with solution of
chromium sesquioxide in potash:

3K (CsNg) Fe,y + Cry0g + 10KOH = 3K (C,Ny),Fe, + 2K,CrO,

+ 5H,0.
When its solution is acted upon by sodium amalgam, sodinm

potassium ferrocyanide is formed. Hydrogen dioxide converts
ypotassium ferricyanide into ferrocyanide :

4K (ON,), Fe, + 4H,0, = 3K ,(C;N,) Fe, + H,(C;N,),Fe, + 40,

whilst on the other hand hydrogen dioxide oxidises & neutral
solution of the yellow salt to ferricyanide (Weltzien):
K, (C,XN,),Fe, + H,0, = Ky(C,N,),Fe, + 2KOH.

Sodium.  Ferricyanide, Nay(C;N;)Fe,+ H,0, is obtained by
the action of chlorine upon sodium ferrocyauide. It dissolves
in 123 parts of boiling, and 53 parts of cold water, and
crystallises in ruby-red four-sided prisms which deliquesce on
exposure to air.

Potassinm Sodinm Ferricyantde, NogK,(C,Ng),Fe,. erystallises

fa. 138, Fie, 159,
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in fine red cnbes which are formed when the sodium and potas-
sium salts are allowed to crystallise together.

Ammondum Ferricyantde, (NH,)y(CyN,),Fe, 4+ H,0, is obtained
in asimilor way to the other ferricyanides. It forms fine red mono-
clinic prisins, easily soluble in water and permanent in the air.

Lead Ferricyonide, Pby(CyNy)Fe, + 16H,0, is formed by
mixing hot solutions of the potassium salt and lead nitrate. It
forms dark veddish-brown crystals slightly soluble in cold, and
rather more solnble in hot water.

The ferricyanides of most of the other heavy metals are
precipitates, some of which, like that of tin, ave colourless;
but generally possessing a yellow, greenish-brown, or red-brown
colour.

FERROCYANIDES AND FERRICYANIDES OF
IRON.

387 Hydrogen Ferrous-Ferrocyanide, H‘ng(CSN:,LFg,. This is
& white powder obtained by boiling an aqueous solution of ferro-
cxanic dcid. The corresponding potassium salt, K4FX,(GSN8)4
Fe,, is found as & residue in the preparation of hydrocyanic acid
from yellow prussiate of potash, and dilute sulphuric acid, and
the white precipitate prodnced by a ferrous salt in & solution of
potessium ferrocyanide, is probably the same substance. Both
the foregoing compounds rapidly become blue coloured on
exposure to the air from absorption of oxygen. When the
potassinm salt is heated with dilute nitric acid the compound,
K Fes(C,N,) Fe, + 4H,0, is obtained, and this, when dried, forms
a fine violet-blue powder which is transparcnt when seen in
thin layers, allowing green light to pass through. When it is
heated with a solution of the ferrocyanide the white salt is
again obtained, and the solution contains ferricyanide of
potassium:?

K Fe(ON), o, + K, Foy(ON)yp = K Fe (ON),,Fe, + K Fey ON),

t
Soluble Prussian Blue or Ferric Potassium Ferrocyanide, K Fe,

v
(CNp\Fe, Ferric salts produce a blue precipitate in solutions
of potassinm ferrocyanide which is usually termed Prussian
t Willismson, Mew. Chem. Soc. fil. 125 (1846).
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blue, and was formerly believed to be ferric ferrocyanide. A
precipitate very similar to this, termed Turnbull’s blue, and
containing ferrous ferricyanide, is obtained when solutions of
potassiunt ferricyanide and ferrous sulphate are mixed. The
precipitates thus obtained always contain potassium, inasmuch
as the above double salt is formed. It possesses the same com-
position as the above-named violet-blue compound, but possesses
different properties, and it is obtained in the pure stats by
pouring solutions of the iron salfs into an excess of ferrocyanide
or ferricyanide, The precipitate is then well washed with water
in order to remove potassium chloride until the wash-water is
coloured blus. The residue then consists of soluble Prussisn
blue. It is perfectly soluble in pure water, yielding a dark blue
liquid from which it is precipitated by the addition of salts.
The fact that ferric salts produce with a ferrocyunide solution a
precipitate having the same composition as that which is formed
when a ferrous salt is added to & ferricyanide solution, is not
difficult to explain, as is seen by the following formule :

K K
Yo /031{13.. K a

|
\Fe Fe ONsSre
\C,N, = K, , Cly NCN,7
(L) .E]"I e/G:N:: K: + C]I:\\\ (e= Fl e/caNs\ | + 6KCL

\031;:3_ K o/ e Te
X ¥

3

Kk K

The formulee thus obtained are identical, inasmuclras it is
immaterial which side of the compound contains the tetrad
ferrous, or the hexad ferric group! Soluble Prussian blue was
first prepared from potassium ferrocyanide by Berzelius,? and
Robiquet® observed that potassinm forms an essential con-
stituent, whilst Kekulé4 was the first to propose the above

1 Skronp, Liebig's A nnalen, clxxxvl. 371 % Sehweigy. Journ, xxx. 84,
8 Ann. Chim. Phys. xliv. 279, 4 Lehrb. Org. Chem, i. 321
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formula, The truth of this, however, was ascertained by Reindel
and Skraup, who showed that the precipitate obtained by ferri-
cyanide and ferrous salt is identical with that obtained by ferro-
cyanide and ferrie salt.

488 Turnbull's Blue ar Ferrous Fervicyanide, (Fo)y(Fop)s(CoNp,
=: JFe(ON),, This body was first prepared by Gmuelin? by pre-
cipitating fervicyanide with ferrous sulphate. It was after-
wards prepared on the large scale in England and named
Turnbull's blue from the name of the supposed discoverer.
Williamson® then showed that the precipitate thus obtained
contains potassinm, which can be removed by warming for some
time with stannoug chloride and subsequent washing with boiling
water. The same compound is obtained by precipitating soluble
Prussian blne with a ferrous salt, In the dry state it forms a
beautiful blue powder, which hasa copper-red lustre and contains
& certain quantity of water. On heating hydrecyanic acid is
evolved and ferric oxide is formed, and when boiled with caustic
potash, ferrocyanide of potassium and black ferric hydroxide
are formed :

Fey(CN)y; + 8KOH = R4(CN),,Fe, + Fe,(OH),

Insoluble Prussian, Blue ; Willinmson's Blue, (I‘"é;)*(Féx)s(CsN she
= JFe,(CN),, is obtained, mixed with soluble Prussian blne, by
pouring a solution of ferrocyanide of potassium into omne of
ferric chloride. By heating the precipitate for some time with
ferric chloride the whole of the potassinm may be vemoved. It
is likewise obtained by oxidizing Turnbull's blue by treating it
either with nitric acid or chlorine water (Williamson)

6Fe(CN),; + Cly = 4Fe,{CN),q + Fe,Cl

This substance is also formed by precipitatiug solnble Prussian
blne with ferric chloride (Skraup), and forms in the dry state a
deep blue powder which, on trituration, assumes a bright copper-
like lustre, It always contains & certain quantity of water
which cannot be driven off by heat, as decomposition then
takes place with evolution of hydrocyanic acid and formation of
ferric oxide. When heated strongly in the air Prnssian blne
burns like tinder, and wheu boiled with caustic potash, ferro-
cyanide and ferric hydroxide are formed :

9Fe,(CN)., + 24KOH = 3K (CN),,Fe, + 4Fe,(OH),

v Sehweigy. Journ, xxxiv. 825, 3 Chem. Soc. Memoirs, i3, 125,
VoL, IL 5*
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Concentrated .sulphuric acid converts it into a white pasty
mass, neither hydrocyanie acid nor iron being removed. When
dried in & vacuum ona porous plate an amorphous powder re.
mains which is decomposed by water into Prassian blue and
sulphurie acid (Berzelius). Coinmercial Prussian blue is obtained
by precipitating a solution of ferrous salt with ferrocyanide of
potassium. The more or less deeply voloured precipitate is then
exposed to the air and tveated with chlorine water, dilute nitrie
acid, or bleaching powder sclution, and afterwards with hydro-
chiloric acid in order to yemove farric oxide which is formed.
It is o deep blue powder or mass which, when dried, possesses a
conchoidal fracture and copper-like lustre. It always contains
more or less potassium, and is a mixture of the three preceding
compounds in varying proportions. Prussiun blue dissolves in
ammonjum tartrate with a virlet colonr, and in oxalic acid with
o beautiful blue colour. This latter iquid was formerly much
used as & blue ink. It las, however, now been replaced hy the
violet and blue aniline eolouxs.

The several blue compounds of cyanogen and iron all contain
water, and are hygroscopic, and a part of this water is so firmly
combined, that it is only given off at a temperature at which the
salt decomposes,

Prussian Green, (Feg(Feg)y(CsNahg = 2Fe,(CN),,, is obtained
as a green hydrated precipitate when an excess of chlorine is
passed through a solution of the yellow or red prussiate and
the liquid then heated to boiling and the precipitate boiled with
hydrochloric acid (Pelouze). When the dry compound is heated
to 180° cyanogen gas is evolved and a violet-blue compound is
formed. Caustic potash decomposes I’russian green into ferric
hydroxide and a mixture of the yellow and red prussiates:

9Fe,(CN),, + 30KOH = 3K,(ON),,Fe, + K,(CN),,Fe,
+ 5¥c,(OH),

A green body, having probably the same composition as
Prussian green, is obtained by the continned action of oxidising
agents on Williamson’s blue.

A ferric salt of ferricyanic acid is not known in the solid
state, for when ferric chloride is added to a solution of ferri-
cyanide of potassium uo precipitate occurs. The liguid, how-
ever, becomes of & dark-brown colour and probably contains

the salt, Fe,(CoN,),Fe,
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NITRO-PRUSSIDES OR NITRO-
FERRICYANIDES.

389 Yeopold Gmelin and other chemists observed that the
coffec-brown solution obtained by the action of nitric acid on
yellow prussiate of potash yields a splendid purple.red colonr in
contaet with sulphides of the alkalis,” Playfair ! showed in 1819,
that this reaction is produced by the presence of a peeuliar coni-
pound which is formed by the action of nitric acid upon, the
yellow or red prussiate. Nitro-prussic acid is obtained by pass-
ing nitric oxide into an acid solution of potassium ferrocyanide.
Hydrogen ferricyanide is produced itt the first iustance:

H,(ON),,Fe, + NO = H(CN),,Fe, + H,04 N,
and this acts on the nitric oxide a8 follows, -
H(CON),;Fe; + 2NO = H,(CN),(NO),Fe, + 2HCN.

Potassium witro-prusside is also produced when the precipitate
formed by the action of ferrous salt on potassium cyanide is
treated with potassinm nitrite :

K,Fe (CR),, + 4EKNO, = K,Fe,(CN),(NO), + 2Fe0,
the ferrous oxide being thereby converted into ferric oxide and
ammonia being liberated.

In order o prepare the nitro-prussides, powdered yellow
prussiate of potash i3 treated with double its weight of strong
nitric acid which has been previously mixed with an equal
volume of water. The coffee-coloured solution evolves carbon
dioxide, cysnogen, nitrogen, and hydrocyanic acid, and probably
also cyanic acid. devived from the oxidation of the hydroeyanic
acid. As soon as the whole is dissolved it is warmed on a
water-bath, the evolution of ges eontinuing until the solution is
not coloured blue by ferrous sulphate, but a dark-green or grey
precipitate falls down. On cooling, potassinm nitrate crystallises
out, from which the dark mother-liquor is poured off, saturated
with sodium carbonate, and heated to the boiling point, when
a green or brown precipitate is formed. This is removed
by filtration, and the nitrates are again separated from the
nitro-prussides by crystallisation. The sclution can also be
precipitated with sulphate of copper, and the bright green

v Phil. Trans, 1849, ii. 477, * Stidler, Zeitsch. f. Chon. v, 559,
ge—2
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precipitate decomposed, after washing, by boiliug with a soluble
basic hydroxide and thus converted into soluble salts,

390 Nitro-prussic acid, H(CN),,(NO),Fe, is formned by de-
composing the silver salt with hydrochloric acid, or the barium
salt with dilute sulphuric acid. The red strongly acid solution
leaves on evaporation in a vacuum dark-red deliquescent pris-
matic needles. This compound is very unstable and partially
decomposes during the concentration of the liquid with formation
of ferric hydroxide, hydrocyanic acid, &e.

Potassium Nitro-prusside, K (CN),(NO),Fe,, forms dark-red
monoclinic prisms which deliquesce in the air and are readily
soluble in water.

Sodium Nitro-prusside, Na,(CN),(NO) Fe +4H,0, crystallizes
most readily of all the nitro-prussides, and is usually prepared by
concentrating the solution as above described until a sufficient
quentity of nitro-prusside is crystallised out. This is then re-
moved from the warm solution in order to avoid any admixture
of nitrates. It is purified by crystallisation and forms large ruby-
red rhombic prisms. It dissolves in 25 partsof water at 15° and
is more soluble in hot water. "When exposed to light, the solu-
tion decomposes with separation of Prussian blue and nitric
oxide. Boiled with caustic soda ferrous hydroxide is separated,
sodium ferrocyanide and sodinm nitrate being formed :

6Na,(ON),(NO),Fe, + 28NaOH = 2Fe(OH),
+ 5Nag(CN),Fe, + 12NaNO, + 12H,0.

The nitro-prussides of ammonium and of the alkaline-earth
metals also form red, easily soluble salts, theii solutions decom-
posing on standing or on boiling with separation of Prussian-
blue and ferric oxide. The silver salt and the ferrous salt are
flesh-colonred precipitates.

The splendid purple coloir whick the nitro-prussides im-
part to a solution of an alkaline sulphide is very characteristic,
and this reaction is employed for the detection of small quanti-
ties of alkalis and alkaline earths in solution by passing a little
sulphuretted hydrogen through the liquid and then adding
a few drops of nitro-prusside solution. This purple compound
is very unstable, decomposing gquickly with formation of hydro-
cyenic acid, ammonis, nitrogen, ferrocyanides, ferricyanides, &e.

Wken alcoholic solutions of sodium sulphide and sodium
nitro-prusside are mixed this purple compound separates out in
oily drops.
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IRON THIOCYANATES.

301 Ferrous Thiocyanate, Fe(SCN), + 3H,0, is obtained in
large pale-grean monoclinic crystals by dissolving iron wire in
concentrated thiocyanic acid and evaporating the liquid in
absence of air. The salt dissolves readily in water, alcohol,
and ether, and becomes red-coloured on exposure to the air.

Ferrie Thiocyanate, Fey(SCN), + 3H,0. The blood-red eolour
produced when a solible thiocyanate is brought into contact
with a solution of 4 ferric salt depends on the formation of this
compound, which is obtained in the pure state when a mixture
in the right proportions of anbydrous ferric sulphate and
potassium thiocyanate is treated with aleohol and the solu-
tion evaporated over sulphuric acid in & vacuum. Dark-red or
almost black cubical crystals are deposited, and these dissolve
readily in water, alcohol, and ether. If a concentrated aqueous
sclution be shaken with ether it becomes colourless and the ether
attains a purple-red colour. On warming or diluting with water
the aqueous solution becomes colourless with deposition of ferric
hydroxide. The solution is also decolourised in presence of
reducing agents as well as on treatment with mercuric chloride
or gold chloride, inasmuch as the double thiocyanates are formed
which are deposited as black erystalline precipitates.

IRON AND SULPHUR.

392 Iron Monosulphide, FeS, occurs as troilite in small quan-
tities in many meteorites, and is easily formed by the direct union
of the elements. Iron wire burns in sulphur vapour with a bright
light, and a roll of sulphur penetrates red-hot wrought-iron and
steel, but not cast-iron, with formation of the molten salphide.!
Inorder to prepare this substance a mixture of three parts of iron
filings and two parts of sulphur is thrown gradually into a red-
hotcrucible. In this way a porous black mass is obtained which
melts at a higher temperature, with separation of sulphur if any
higher sulphides had been formed, but as a rule the artificial
sulphide usnally contains an excess of iron, and this is got rid
of by heating with an excess of sulphur, For the preparation of

! Evain, dnn. Chim. Phys. xxv. 106,
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the monosulphxde Berzelms recommends the process proposed
by Gabn, namely, to stir a white-hot rod of iron in molten
sulphur.  The sulphide which is formed fuses and falls to the
bottom of the erucible. The operation is coutinued as long as any
free sulphur remains. Pure monosulphide of iron is a yellowish
crystalline mass having a metallic lustre, and sometimes
crystollising in lLexagonal prisms. It has a specific gravity of
469, is not magnetic, and does not lose sulphnr when ignited in
an atmosphere of hydrogen, or when heated in absence of air to
whiteness. 'When heated in the air it oxidises, being converted
partly into ferrous sulphate, whilst at a high temperature sulphur
dioxide and ferric oxide are formed. Sulphide of ammonium pre-
cipitates sulphide of iron from solutions of ferrous salts as a
black amorphous hydrated precipitate, whilst the same re-agent
throws down from ferric salts & mixture of monosulphide and
sulphur s

If seven parts of iron filings and four parts of sulphur be
rubbed up to & paste with water a black sulphide isalso produced
with evolution of heat. In this form it oxidises very quickly
in the air with increase of temperature which, when the mixture
is in large quantity, may rise to incandescence. Hence, accord.
ing to Lemery, aitificial volcanoes may be formed if several
pounds of the above mixture be buried in the earth. Theblack
amorplious sulphide is also formed by the reduction of ferric
oxide or its salts in presence of sulphates and decomposing
organic matter. This is the cause of the black depesit found in
drains as well as in the excrements when iron is used as a
medicine.

Iron Sesquisulphide, Fe,S,, does not occur pure in the mineral
kingdom, but probably forms a constitnent of magnetic pyrites
and copper pyrites. It is obtained by gently heating sulpbur and
iron together as well as by the action of sulphuretted hydrogen
on ferric oxide at a temperature not above 100°. The sulphide
obtained at a red-heat forms a yellow non-magnetic mass which
has a specific gravity of 4'4 and is decomposed by dilute hydro-
chloric acid into sulphuretted hydrogen. ferrous sulphate and
iron disulphide. This latter remaina behind in the form of
the sesquioxide, but in the moist state can be pressed to an
impalpable powder (Berzelius).

Magnetic pyrites may be regarded as a compound of the two -
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preceding sulphides. Its composition varies between §FeS + Fe,S,
" and 6FeS + Fe,S,. It crystallises in hexagonal plates, usually,
however, occurring in the massive state, having & brownish-
yellow or brassy colour, and is attracted by the magnet, sometimes
being itself magnetic. Its specific gravity varies from 4+4 to 47,
and it frequently contains as much as 53 per cent. of nickel,
this metal being obtained in America from this source in con-
siderable quantities. Iron sesquisulphide forms compounds
with the other sulphides.!

Potassium  Ferric Sulphide, X,Fe,S, is obtained when iren
filings, sulphur, and potassium carbonate are leated together,
and the residne extracted with water. Purple-coloured glisten.
ing needle-shaped crystals are thns obfained which have &
specific gravity of 2:863 and burn when heated in the air, but
when ignited in a curreut of hydrogen are converted without
change of form into the black compound K, Fe,S,

Sodium Ferric Sulphide, Na,Fe,S, + 4H,0, is obtained in &
similar way and forms brown microscopic needles.

Silver Ferric Sulphide, Ag,Fe,S, is a dark brownish-black
erystelling power obtained by the action of silver nitrate solu-
tion on the potassium compound. It is decomposed by hydro-
chloric acid with evolution of sulphuretted hydrogen.

Tron Disulphide, FeS,, occurs very widely distributed as iron
pyrites. This mineral was known in early times, but was not
distinguished from copper pyrites, both being known uuder the
name of wuplrys. Agricola considered these as two varieties
of the same mineral.

Ivon pyrites occurs in all geological formations, and usually
crystallises in cubes or pyritohedrons, but also oceurs in other
forms and combinations of the regular system. It is frequently
found in spherical, botryoidal, orstalactytic masses, being formed
by the action of organic matter on water which contains iron in
solution in the form of sulphates. Hence it is frequently found
in peat and in crystalline masses often possessing the form of the
original organic matter such as wood, roots, &e. It is likewise
found in chalk eliffs, in similar concretionary forms. In the pure
state iron disulphide hes a brass-yellow colour, and & specific
gravity of 5:185. It is very hard, giving sparks when struck
with steel, for which purpose it was formerly employed. Iron
disulphide also occurs as radiated pyrites and mareasite forming
bright brass-coloured rhombic crystals having a specific gravity

! Schneider, Pogg. dun. exxxvi. 460 ; Preis, Journ. pr. Chem. cvii, 10,
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of 468t04'85 Thisis also widely diffused, occurring in various
forms, especially in lignite beds. Iron disulphide may be
obtained artificially by gently heating the monosulphide with
sulphur, or by passing sulphuretted hydrogen over the oxides or
chlorides of iron heated to redness. 'When an intimate mixture
of ferric oxide, sulphur, and sal-ammoniac is heated slowly
above the temperature at which the latter compound volatilises
the disulphide is obtained in small brass-yellow octohedvons and
cubes (Wohler). Crystalline pyrites is alss formed when
sulphide of carbon vapour acts upon heated ferric oxide
(Schlagdenhauffen). Iron disulphide is not magnetic and is
not attacked by dilute acids or sulphuric acid, but readily dis-
solves in nitric acid with separation of sulphur.

IRON AND NITROGEN.

393 Iron Nitride, Fe,N. DBerthollet noticed that when am.
monia is passed over ignited iron wire it is converted into its
elements and the iron becomes brittle. This depends upon the
fact that at o low temperature iron nitride is formed, and this is
decomposed again at & higher point. In order to prepare the
nitride, ferrous or ferric chloride is lieated to a temperature below
redness in a current of dry ammonin, A silver-white brittle mass
is thus obtained having a specific gravity of 50, and this when
brought in the stateof powderinto a gas-flame ignites with emis
sion of bright sparks Wlen heated in hydrogen pure ivon is left.
Iron nitride has a specific gravity of 603 and is so soft that it
may becut with a knife;! itis inagnetic and oxidises very easily
in the air, dissolving in nitric acid with evolution of nitric
oxide, and also in dilute sulphuric acid with formation of
hydrogen, nitrogen, ferrous sulphate, and ammonium sulphate.
Aqueous vapour converts it at a red-heat into black magmetic
oxide.

Another iron nitride, having the cornposition Fe,N,, occurs as
a lustrous metallic deposit on the lavas of Etna. 1f may be arti-
ficially prepared by heating the lava in a current of liydrochlorie
acid and then leading ammonia over the strongly heated mass.
It is likewise formed, although with greater difficulty, when the
lava is ignited in a current of sal-ammoniac vapour?

Iron Nitroso-thiccarbonate, Fe CSy(NO); + 3H,0. This com.

1 Stahlschmidt, Pogg. 4un cxxv, 87. 2 Bilvestri, Pogg, Ann, clvii. 165.
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pound is formed when sodium nitrite and sodium thiccarbonate
are added to a solution of ferrous sulplate! L'he body thus
obtained may be recrystallised from ether, forming black prisms
which are soluble in alcohol and ether, and are not attacked by
dilute acids aud alkalis. On boiling with caustic alkali ammoenia
is evolved and ferric oxide deposited. Potassium eyanide con-
verts it into potassiwn nitroprusside.

Iron  Nilroso-sulphides. These compounds, discovered by
Koussin? are obtained when tlie nitrites and sulplides of the
alkali metals act upon iron salts, in the same way as the nitro-
prussides are formed by the action of the nitrites and cyanides
on iron compounds. The composition of these compounds has
not been satisfuctorily ascertained, although they have been
analysed by several chemists3

Lron Nitroso-sulphide, Fe,S,;Hy(NO), (Roussin) ; Fe,8,(NO), +
2H,0 (Proczinsky); FeS;(NO), +4H0 (Rosenberg). This
compound is obtained by gradually adding a seolation of irou
salt to & solution of potassium nitrite and ammonium sulphide.
The mixture is then boiled for a few minutes and filtered ;
on cooling, the salt separates out in black metallic lustrous
needles, solnble in 112 parts.of cold and two parts of boiling
water, Its solution possesses an intenss dark blackish-brown
colonr and has & styptic taste. Alkalisand soluble sulphides
and many other salts separate this conpound from its solution,
but on boiling with caustic potash iron oxide is separated and
a polassium iron nitroso-sulphide, Fe,KS(NO), (Proczinsky),
formed, which is deposited in black triclinic easily soluble
crystals. Caustic soda yields a similar self. Cyanide of potas-
simn converts the nitro-sulphides into nitro-prussides.

IRON AND PHOSPHORUS.

394 In the year 1780, J. C. F. Meyer whilst examining the
cause of the cold-shortness of iron came to the conclusion that
this was produced by the presence of a peenliar metal to which
he gave the name kydrosiderum. The subject was investigated
shortly afterwards by Bergman, who fonnd that when the residne
obtained by dissolving cold-short iron in sulphuric acid, is fased

Y Low, Pharm. Viertdjakrs, xiv. 375. ? Ann, Clim, Phys. (3], 1ii, 285,
G’ li’il;oc;{gsky. dnn. Chem. £harm. exxv, 302; Roscnberg, Ber. Deulsch, Chea.
es. iil. 312,
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before the blowpipe with reducing agents a metellic bead is
obtained which he also believed to be a peculiar metal to which
lie gave the name of siderwm. In 1784, Meyer vepeated his
experiments and came to the conclusion that the substance thus
obtained was a compound of iron and phosphoric acid, and it
was afterwards ascertained that the body got by reduction
on charcoal is a phosphide of iron.

This compound, which has the composition Fe,P, is obtained
by fusing a ferrous or ferric phosphate together with lamp-
black, under a layer of chloride of sodiuwn. It is a porons,
metallic, non-magnetic powder, which when heated in the
air is converted into a basic phosphate, Fe P,0,. When
ferrous sulphate solution is added to a hot mixture of
caustic potash and phesphorus, iron phosphide, Fe P, is pre-
cipitated as o magnetic powder which takes fire when heated
in the air to 100° (Schenck). If ferric phosphate be heated
to whifeness in a current of hydrogen, the compound Fe P, is
obtained as a metallic lustrons non-maguetic mass, and when
iron pyrites or iron powderis ignited in & stream of phosphnretted
hiydrogen a grey non-magnetic powder, having the composition
Fe,P, is obtained, whilst the compound FeP is prepared as a
dark-grey powder when the monosulphide is ignited in the same
gas, or when iron is heated in phosphorus vapour. These various
phosphides of iron do not undergo alteration in the air. They
dissolve in lot hydrochloric acid with formation of hydrogen
phosphide and phosphoric acid, and they can be fused in all
proportions with iron. Probably some of the above compounds,
as well as others which have been prepared, are mixtures of
phosphide with metallie iron}

IRON AND ARSENIC.

395 When metallic iron is ignited with an excess of arsenic
in the absence of air & white and very brittle mass of FeAs is
obtained. Yslingite or FeAs, occurs as a mineral crystallised
in silver-white rhombic prisms. Mispickel or arsenical pyrites
Fe,AsS, is- & more common mineral; it cfystallises in short
rliombic prisms of & silver-white colour. A portion of the iron
is frequently replaced by cobalt, and this mineral serves as the
chief source of the argenical compounds.

1 Freese, Pogg. 4an cxxxii. 225.
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DgrectioNy AND ESTIMATION oF IRON.

396 The forrous salts, as has been stated, readily absorb oxygen,
and their solutions therefore, usually contain larger or smaller
quantities of the ferric salts. Ilence they give & bluish.white
precipitate with ferrocyanide of potassiuin, and this on shaking
with air assumes a dark-blue cqlour. Ferricyanide of potassimn
produces at once a dark-blue precipitate, whilst the ferric salts
are coloured & dark-brown by this reagent, no precipitate being
formed. By these reactions it is easy to ascertain whether a
forvous, or o ferric salt, or a mixture of both, is contained in
solution.

With alkelis, ferrous salts give a white, or usually greenish
precipitate which quickly changes to a dark-green colour on
exposure lo air, and gfterwards becomes brown. Ferrie salts
give at once a brown precipitate. The presence of these latter
may also be readily ascertained by the blood-red colour which
they produce with soluble thiocyanates. A bead of microcosmmic
salt or borax is coloured dark green by ferrous salts. This
colour readily changes to a yellow or veddish-brown by oxida-
tion.  On cooling, the colour becomes less distinet, disappearing
altogethierif only traces of ferric oxideare present. Iron can also
be detected in the dry way by Bunsen’s test. For this purpose
the compound is heated on the end of a carbonized wooden
match, which has previously been impreguated with fused sodium
carbonate, held in the reduction zone of the non-luminous
gas-flame, The whole is then rubbed up in an agate mortar with
a little wafer, the particles of iron being extracted on the point
of a magnetised knife-blade. The adhering patticles of finely-
divided iron are brought on to a small piece of filter paper,
dissolved in a drop of aqua regia and a drop of potassium ferro-
eyanide added, this confirmatory test being necessary inasmuch
as nickel and cobalt are also maguetic metals.

The iron ecompounds do not impart any colour to the non-
luminous gas-flaine. Ferric chloride gives a characteristic spark
spectrum consisting of three groups of lines with the following
wave-lengths :—

3326 4959 4406

o (Fraunhofer's E). 5269 8 a 7
){ tag; ©14928 Y4383
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‘When traces of chlorine are present only the last group is seen.
The spark spectrum of the metal contains many hundred bright
lines of which each has a corresponding dark line in the solar
spectrum. The most distinetly marked and brightest are:

digo ( brigh ‘1:4(1):.7
In the indigo (very bright) < 44042
& e {4382'8
Fraunhofer's G . . 4307-2
E § 52695

» ¢ ¢ 152685

w by ., 51683

. b, . . . 51667

It has already bheen stated that manganese is eobtained
together with iron in the course of qualitative analysis and
the mode of -their separation has already been described. The
precipitate containing ferric hydroxide may also contain uranium,
This is readily separated by digesting the precipitate with con-
centrated solution of ammonium carbonate. The washed residue
is then dissolved in hydrochloric acid and the confirmatory test
for ivon applied. .

In the processes of quantilative analysis ron is determined
both gravimetrically and volumetrically. In the first case
the iron must be present as ferric salt. Ferrous salts are,
therefore, previously oxidised by mitric acid and then preci-
pitated by ammonia, the precipitate washed with boiling water,
dried, ignited, and weighed as thesesquioxide. If the solution
should contain tartaric acid, sngar, or other organic compounds,
ammonia produces no precipitate. If, on the other hand, phos-
phorie or boric acid be present, the ferric salts of these acids are
thrown down. In these cases the iron must be previously pre-
cipitated as sulphide ; this is well washed, dissolved in nitric acid
and the iron precipitated by ammonia. If other metals pre-
cipitable by ammonia and sulphide of ammonium be present, the
iron can be separated by adding acetate of soda to the neutral
solution and boiling, when basic ferric acetate is thrown down,
This is filtered whilst boiling, washed with boiling water, dried,
and ignited, and weighed as ferric oxide. The precipitate may
contain alumina, and this must then be separated by means of
caustic potash, Iron is separated from manganese by precipi-
tation with the succinate or benzoate of ammonium. The pre-
cipitate is first washed with water and then with ammonia,
when it is converted into ferric hiydroxide.
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For volumetric determination ivon munst be present as a ferrous
salt. According to Marguerite’s process, & standard solution
of potassium permanganate is added toa solution of the ferrous
salt containing free sulphuric acid. As soon as & permanent
red colouration is noticed the oxidation is complete, and the
quantity of iron is calculated from the following equation:

10FeSO, + 91,80, + 2KMnO , = 5Fe,(SO,), -+ 2MnS0O, +
)+ Iy Q;KHS ‘,‘f HO.Q( s 4

In order to determine the strength of the permanganate solu-
tion pure ammonium ferrous sulphate is employed, FeSO, +
(NH,);SO, + 6H,0, seven parts by weight of the salt containing
exactly one part of iron,

Penny’s method depends upon the fact that a ferrous solntion
containing a fiee acid is oxidised to ferric salt by potassinm
dichromate as follows

6FeCL+EK,Or,0, + 14HCl = 3Fe,Cl, + 2KCl + Cr,Cl, + TH,O.

The completion of the reaction is ascertained by bringing a
drop of the solution in contact with a solution of red prussiate
of potash on a porcelain plate, when no further blue colour
should be observed. These volumetric methods are in daily use
in iron-works for testing the value of the ore and for analysing
the various products of the manufucture. As many of the ores
of iron are ferric compounds they must be converted into ferrous
salts, Thisis done by warming the acid solution in & curent of
carbon dioxide in contact with pure zinc. In the laboratory the
volumetric method is also frequently employed, as it not only is
a quick and accurate method, but also because the amount of
ferrous salt in the presence of ferric salt can thus be ascertained.
For this purpose it is only necessary to treat the origival solu-
tion with the standard permanganateand afterwards to reduce
another sample of the liquid with zine, By this method like-
wige the tedious separation of alumina and ferric oxide may be
avoided, innsmuch as both may be weighed together, then brought
into solution, and this, after the reduction of the irun, treated
by the volumetric method.

Marguerite’s method does not give good results in the presence
of hydrochloric acid, inasmuch as chlorine is in this case evolved.
Hence if this acid be present it is either necessary to remove it
by boiling with sulphuric acid, or Penny’s method mmst be
employed,
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The atomic weight of iron has been accurately determined by
several cliemists, Svanberg and Norlin! by thie oxidation of
iron with pure nitric acid, obtained the number 55-83 as the mean
of seven experiments; and the same chemists by reducing the
oxide in hydrogen obtained the number 55-95 also as a mean of
seven experiments. Berzelius found the number 56-191 as a
mean of two experiments by oxidising the metal with nitric
acid, and Erdmann and Marchaud,® who reduced the ogide in
hydrogen, obtained the number 5589 as & mean of eight experi-
ments. Maumené ¢ dissolved pure iron wire in nitric acid
and precipitated with ammonia, the mean of six experiments
giving the number 5596 ; and, lastly, Dumss,® by the analysis -
of ferric chloride, obtained the mumber 56°06, whilst by the
analysis of ferrous chloride the number 55-96 was obtained.

COBALT. Co = s8%6.

397 The word cobaltoceurs in the writings of Basil Valentine
as well as in those of Paracelsus and Agricola; two meanings
were attached to this name; in the first place it signified a sprite
or goblin supposed to haunt the mine, whilst in the second place
it was used to denote certain minerals, which are, however, too
imperfectly described for exact identification. But it appears that
in this latter sense it was employed to designate minerals which,
although they possessed the appearance of a well-known metallic
ore, did not yield any of this metal when subjected to the usual
treatinent. Hence the word came to signify o false ore. In later
times the same name wes given to the mineral which was used
for the purpose of colonring glass blue, and is still employed for
the preparation of smalt. In 1735, Brandt stated that the blue
colouring of smalt depends upon the presence of s peculiar
metal to which he gave the name kobalt-rex,and in 1742 he
showed that the colour of smalt does not depend, as had been
believed, upon the preseuce of arsenic and iron, metals which
are usually found in cobalt ores, for he found that some of these
ores occur free from arsenic, and that these likewise gave the
blue colour. The new metal was stated to be maguetic and
extremely infusible. These observations were confirmed by

Y Aun, Clem. Pharm. 1. 432. t Ann, Chem, Pharm. 1, 442.
3 Journ. Pr. Chem. xxxiil. 1. ¢ Ann. Chim, Phys. [3], xxx. 380,
5 Ann. Chim. Phys. [3], Wv. 129
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Borgman in 1780; and the compounds of cobalt were afterwards
examined by many chemists.

Cobalt does not occeur in the free state in nature and its ores
are not very widely distributed. It is found as linnaeite CogS,;
skutterudite CoAs,; speiss-cobalt (CoNiFe)As,; glance-cobalt
(CoFe)(AsS),; emthy cobalt or wad (Codn)0,2Mn0, + 4H,0;
erythrine or cobalt-bloom CoyAsO), + 8H,0, &e.

Cobalt is likewise alinost always found s a constituent of
meteoric iton, and its presence has buen defected in the solar
atmosphere.

Treatment of Cobalt Ores. For the preparation of cobalt
compouuds speiss-cobalt or other arsenical ores are employed.
These, after roasting or ealciuation in the air, yield an impure
cobalt arsenate which comes into commerce under the name of
zaffre, and which is further worked up as hereafter described.
The cobalt ores, however, usually contain large quantities of
nickel and iron as well as other metals, and for this reason they
are usually smelted in order to get xid of the greater part of the
iron, the process employed being similar to that which is used
for the extraction of copper. The roasted ore is fused with a
flux of carbonate of lime or sand, when the iron slag flows on
to the surface whilst the cobalt remains below as a heavy speiss
or stone. The roasted ore or the speiss is then dissolved in
strong hydrochloric acid, any arsenate of iron which may be
present being precipitated by the careful addition of bleaching-
powder solution and a small quantity of milk of lime; the clear
supernatant liquid is drawn off, treated with sulphureited
hydrogen for the purpose of separating copper, bismuth, &c.,
and then the oxide of cobaltis precipitated from the clarified
solution by bleacling-powder, The oxide thus obtained is
washed and ignited, and this is brought into market and largely
used for colouring glass and porcelain as well as for the prepara-
tion of the chloride and nitrate of cobalt. This oxide usually
containg iron and almost always nickel and other impurities.
The processes of separating these will be described later on.

398 Preparation of Metallic Cobalt. The metal is obtained as
a grey powder by igniting the oxide or chloride in a current of
dry hydrogen. By strongly heating the oxalate under a layer
of powdered glass the metal can be obtained as a coherent
mass, and this may be fused to a regulus by heating it in o
crucible made of lime, magnesia, or graphite. Cobalk possesses
the colour of polished iron; it is, however, Larder than this
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nietal, although it melts at a somewhat lower temperature. I
is malleable aud very tough; it is also magnetic and has
a speoific gravity varying from 85 to 8-7. Cobalt in the form
of powder absorbs oxygen from the air, often with ignition ; the
compact metal liowever does not undergo cliange at the ordinary
temperature, but slowly oxidises when heated and burns at a
very lugh temperature with a red flame.

It is readily soluble in hydrochlorie, dilnte sulphunc, and
nitric acids, and, at a red-heat, decomposes steam,

COBALT AND OXYGEN.

Two oxides of cobalt are known—

Cobalt monoxide, CoO.
Cobalt sesqnioxide, Co O,

309 Cobalt Monoxide, or Cobaltous Oxide, CoO. This compound
is obtained by reducing the higher oxide by heating it either
in a current of hydrogen to a temperature not above 3350°
(Winkelblech) or in a current of carbon dioxide to redness
until its weight is constant (Russell)! It isa light-brown or
greenish-brown powder, which does not alter in the air.

Cobaltows Hydroaide, Co(OH),, is obtained by precipitating a
cobaltous salt with caustic potash in the absence of air. A
blue basic salt is first obtained, and this, on boiling, is quickly
converted into a rose-red coloured hydroxide. It absorbs oxygen
from the air and changes to a brown fint.

Cobaltous-Cobaltic Oxide, Co,. 'This compound, which corre-
sponds to the magnetic oxide of iron, i3 obtained when one
of the other oxides or the nitrate is heated in the air; thus
obtained, it fornis a black powder having a specific gravity of
about 60. If a dry mixture of sal-ammoniac and cobalt
oxalate or cobalt chloride be heated in the air, or in oxygen, this
compound i obtained in lard, metallic-lustrous, microscopic
octohedrons, which are not maegnetic. It is obtained in the
liydrated state by the oxidation of moist cobaltous hydroxide in
the air.

If either of the oxides already mentioned, or the earbo-
nate, be fused with caustic potash in the air, and the tem-
perature increased to the point at which the alkali volatilises,

t Chere, Soc. Journ, xvi. 51
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thin six-sided graphitic scales are formed. These are in-
soluble in water but are decomposed by hydrochloric acid
with evolution of chlorine, and by nitric acid with evolution of
oxygen. The compasition of this contpound, to which the name
of potassium cobaltale has been given, has not yet been ascer-
tained with certainty; it approaches, however, to the formmla*
Co,0,K, + 3H,0.

Cobaltis Oxide or Cobalt Sesquiszide, Co,0;, is a dark-brown
powder formed by gently igmiting the nitrate.

Cobaltic Hydrovide, (302(0H)6~ is prepared by precipitating a
cobalt salt with an alkaline Liypochlorite solution. It forms &
brownish-black powder, which is decomposed by hiydrochlorie
acid with evolntion of chlorine, and by oxyncids with evolution
of oxygen.

The sesquioxide and its hiydroxide act, therefore, as peroxides,
but at the same time they possess weak basic properties inas-
much es they dissolve in well cooled acids with a brownish-
yellow colonr. The most stable of these compounds is &
strongly coloured solution obtained by dissolving the hydroxide
in acetic acid ; this decomposes only when heated.

COBALTOUS SALTS.

400 These correspond to the monoxide. In the anhydrous state
they possess a deep violet or hlue colour, and in the hydrated
condition afaint rose-red tint. If adilute solution of the chloride
be nsed as an ink the writing is not visible when it is allowed to
dry in the air, but, on warming, the characters appear of a bright
blne colour, disappearing again gradually on standing in the air
owing to the absorption of moisture.

From this property the cobalt salts lave long been em-
ployed for the manufactire of the so-called sympathetic inks, by
which is understood any liquid the writing of which is invis.
ible under ordinary conditions but which can be rendered appar-
ent by somesimple treatreent. The first attempt at the preparation
of such an ink depended npon the fact that a solution of lead
acetate becomes black when treated with a decoction of orpiment
in milk of lime. These two liquids, which were known as
“ague magnetice e longinguo ogentes,” were mentioned by

! Schwarenborg, dan, Chem. Pharm., cxvii, 211 ; Pebal, ibid. c. 262; Mayer,
ibid, . 226,
VoL, 1L a*
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Lemery in 1681 as " encres appellées sympathiques,”  Soon
after this other sympathetic inks were made known in the
treatise termed The Key to unlock the Cabinet of the Scerels of
Nature, published in 1705; aud the method for preparing &
sympathetic ink from certain bismuth ores is deseribed. Up to
the year 1744 the peculiar pruperties of this ink were believed
to be due to bismuth, but in that year Gessner proved that cobalt
contained in these ores was the active agent in the production
of theink. This property of the cobalt salts to change colour
from mss to blue on loss of water hes lately been applied
to the construction of floral hygrometers. Awtifielal flowers
are propared, the petals of 'which are tinted with cobalt salts.
In damp weather the flower is pink, in dry weather violet or blue.
This invention is, we need scarcely add, a Parisian one,

Thesoluble normal cobaltous salts possess an acid reaction and
& sour, astringent taste.

Cobalt Chloride, CoCly, Powdered metallic cobalt takes fire
when warmed in chlorine gas, forming blue crystalline scales of
the anhydrous chloride, which can be readily sublimed in a
current of chlorine. They dissvlve in alcohol with a blne
colour and on addition of water first become violet, and then
rose-coloured. Cobalt chloride is obtained in aqueous solution by
dissolving the carbonate, or one of the oxides, in hydruchlorie
acid; short dark-red monoclinic prisms crystallise on cooling
the concentrated warm solution ; these possess the composition
CoCl, +6H,0 and have a specific gravity of 1'84; they melt
at 867 to a blue liquid which begins to boil at 111°, gradually
losing two molecules of water and depositing peach-coloured
deliquescent crystals CoCl, + 41,0 these again when heated
to 121° yield a dark crystalline powder CoCl, + 2H,0. A con-
centrated solution of the chloride becomes blue on addition of
concentrated sulphurie or hydrochloric acid.

Cobalt Bromide, CoBr, If bromine vapour be passed over
metallic cobalt at a dark red-heat, a green fused wmass is formed
which absorbs water from the air, yielding a dark-red liquid.
This solution is also obtained by bringing cobalt, bromine and
water together; if the solution be allowed to stand over sul-
phuric acid, dark red prisms having the composition CoBr, +
6H,0 are deposited, and this when heated to 100° gives & pur-
ple mass contaiving CoBr, + 2H,0, which at 130° yiclds the
anhydrous bromide as an amorphous green mass (Rammelsbery,
Hartiey).
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Cobalt lodide, Col,. This substance is formed with evolution
of hea$ when finely divided cobalt is gently warmed with water
and iodine. If the solution be allowed to evaporate over sul-
phuric acid until crystals begin to deposit, the hydmte Col, +
2H,0 is formed, which on exposure to the air deliquesces to
a red liquid. This when heated to 100° until it turns green
deposits dark-red prisms Col, + 6H,0 ; which at 130° lose their

. water and tlie anhydrous iodide remains a8 an iodine-like mass.

Cobalt Fluoride, CoF,, is obtained by dissolving the oxide or
carbonate in hydrofluoric acid; on evaporation rose-red erystals
are deposited having the composition CoF, + 2H,0: these are
decomposed by boiling water with the formation of a light-red
inscluble oxy-fluoride.

Cobalt Sulphate, Co80,+TH,0. This salt occurs native as cobalt
vitriol, or bieberite, in crystalline crusts. It is prepared artificially
by dissolving the carbdnate or oxides in dilute sulphuric acid ;
and crystallises in red prisms having the form of iron vitriol
which are unalterable in the air. It has & specific gravity of
1924 (Schiff), possesses a wesk astrivgent metallic taste, Is
easily soluble in water, but does not dissolve in alcohol. Accord-
ing to Tobler 100 parts of water dissolve:

At 1w 20° 2" 50° 70
CoSO, 305 364 40 532 657

When its solution is allowed to stand at from 40° to 50° mono-
clinic crystals baving the composition CoSO, 4+ 6H,0 are
formed, and thess are isomorphous with the corresponding zine
salt. If & concentrated solution of cobalt sulphate be poured
gently into sulphuric acid a peach-blossom coloured powder
CoS0, + 4H.0 is deposited.  All the hydrates lose their water
on heating but do not fuse, becoming opaque and of a rose-red
colour (Proust).

Cobalt Nitrate, Co(NOy), + 6H,0. This substance generally
forms an indistinetly crystalline mass: it may be obtaiued
by slow evaporalion in monoclinic prisms, having a specific
gravity of 1:83 and not undergoing change in dry air. It begins
to melt below 100°, and when more strongly heated the violet
liquid becomes thick and green ; then it begins to boil, giving off
nitrons fumes, and the black oxide is left behind.

Phosphaies and Arsenates of Coball. The normal and momno-
hydrogen cobalt salts of the different modifications of phos-
phoric acid are rose-red or violet-blue insoluble componnds. The

9*—-2
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di-hydrogen-orthophosphate is easily soluble in water and forms
a gummy mass, The arsenates are similar bodies; the normal
arsenate Coy(AsO,), -+ 8H,0 occurs native as cobalt-bloom or
erythine, in violet monoclinic needles isomorphous with vivianite
orin earthy masses, Zaffre s also an impure basic arsenate
(Co0)(As0,), obtained by roesting cobalt glanee free from iron,
or by dissolving the ore in nitric acid and precipitating with
soda, This is also used for painting on porcelain,

gor Silicates of Cobalt, Smalt. The silicates of cobalt do not
occur as minerals in nature, Although certain specimens of
ancient Egyptian glass have been found to be coloured blue by
cobalt, the direct application of the ores of cobalt for this
purpose appears to date from the 16th century, Smalt is a
potash-glass intensely coloured blue by cobalt oxide. Up to
the middle of this century smalt was largely used for colouring
starch, paper, &c., but the recent introduction of artificial ultra-
marine has done much to diminish the demand for cobalt blue.

For the preparation of smalt, the ore such as speiss-cobalt or
cobalt-glance, free from iron and sulphur, is first carefully
‘roasted so that the cobalt is mainly oxidised, whilst nickel, iron,
copper, and bismuth remain as much as possible unaltered and
separate out when the mixture is melted with glass as an in-
soluble speiss. 'The roasted ore is then fused with a mixture of
quartz-sand, and potashes, the fusion being effected in large
earthen pots, arranged in a furnace similar to that employed for
the manufactuve of plate-glass. The arsenides of mickel and
iron sink to the bottom of the pot and the glass is ladled out
into cold water, The blue glass is then ground with water to an
impalpable powder under granite stones.

Sinalt varies in composition according to the differences in
the ores, as also in the proportion of sand and potashes employed.
Thus the amount of silica varies between 56 and 70 per cent,,
that of potash between 12 and 22, and that of cobalt between
6 and 16 per cent. In addition, smalt contains siall quantities
of alumioa, ferric oxide, and frequently also lime and oxide
of lead; the commoner varieties likewise contain oxide of
pickel. Smalthas the advantage asa paint over ultramarine that
its colour is not destroyed by the action of acids.

Together with smalt, two other pigments containing cobalt
must be mentioned although their composition is undetermined,

Rinmann’s Green, is obtained either by precipitating a mixture
of zine sulphate and cobalt sulphate with soda and heating
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the washed precipitate, or by evaporating a solution of cobalt
nitrate withh oxide of zine, or zinc nitiate, to dryness, and
igniting the residue. Recently a very intense green coloured
mass has been obtained by lieating zine white with rosco-
cobaltic chloride! (see page 137) to a moderate red-heat.

Thénards Blue or Cobalt Ultrammarine. When alumina, or a
galt of aluminium, is strongly heated with cobalt oxide or
one of its salts, & fine blue-coloured compound is obtained. This
is prepared on the large scale by heating & mixtuve of alumina
with phosphate or arsenate of cobalt ; it is used as a paint.

Carbonates of Cobali. The normal salt, CoCOy, is obtained as
a bright-red powder, consisting of microscopic rhombohedrons,
by heating cobalt chloride to 140° with a solution of sodium
bicarbonate saturated with carbon dioxide. The salt CoCO,+
6H,0 is formed by allowing mixed solutions of cobalt nitrate
and sodium bicarbonate saturated with carbon dioxide to stand
exposed to a low temperature until the amorphous precipitate
whicl is first formed becomes crystalline; the dry salt is cou-
verted into the anhydrous salt on warming. When a cold or
Lot solution of a cobalt salt is precipitsted with normal or
acid sodiam carbonate, bluish or violet basic cobalt carbonates
of varying composition, are thrown down,

Codaltous Cyanide, Co(CN), This is a red precipitate
obtained when solutions of potassium cyanide and a cubalt salt
are brought together. It easily dissolves in excess of the pre-
cipitant forming the soluble double salt, Co(CN), + 2KCN, 1If
the solution be treated with dilute hydrochloric acid cobaltous
cyanide isagaiun precipitated, but if the solution be previously
diluted this does not occur, inasmuch as potassium cobalti-
cyanide is formed (see page 140).

COBALTIC SALTS.

402 Cobalt sesquioxide possesses very feebly basic properties.
Tt dissolves in cold acids yielding biown coloured solutions, and
the compounds thus obtained decompose with great ease, the oxy-
salts evolving oxygen, and the chloride chlorine. The most
stable salt is the acetate, and this is obtained when moist cobaltic
liydroxide is added to cold acetic acid. The dark yellowish-
brown solution gives brown precipitates with alkalis and sodium

U Ber, B, Chem. Ind. i, 875,
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phosphate, and yiekds a black precipitate th,h ammonium
sulphide.

In addition to thess unstable simple cobaltic salts, & number
of other remurkable compounds are known which contain the
hexad group Co,. These are far more stable than the simple
salts, and exhibit altogether distinet reactions.

Potassium Cobalt Nitrite, KCop(NO,),, + 8H,0, was discoverad
by Fischer! and is obfained as a yellow precipitate when the
golution of a cobaltous salt, acidified with acetic acid, is mixed
with a solution of potassium nitrite:

200Cl, + 10KNO; + 4HNO, = K Coy(NO,),; 4- 4KCI + 2NO 4
2H,0.

As this salt is ssmewhat soluble in water, it is best to wash
it with a solution of potassium acetate, and then with an 8y
per cent. alecohol. Cobalt yellow, as this compound is also
termed, is & bright yellow powder consisting of microscopic
pyramids, or of four- or six-sided stellated forms, According to
Sadtler? the salt is usnally anhydrous. It ean however be
obtained, according to the concentration of the solution, with
from one to four molecules of water, and its colour then varies
from & bright yellow to a dark greenish-yellow. It is decomposed
by nitric.and hydrochloric acids, but only when heated. Caustie
potash solution attacks it with difficulty. Caustic soda or
baryta water on the other hand, decomposes it readily, on gently
warming, with preeipitation of the brown hydroxide. The salt
suspended in wateris only slowly attacked by sulphuretted hy-
drogen, but sulphide of ammonium instantly separates black
sulphide of cobalt.

Correspouding compounds of sediur, ammonium, and thalliunt
are also known,

If & solution of cobalt chloride be-precipitated with potassium
nitrite without addition of acid, & yellow hydrated precipitate of
potassium cobaltous nitrite, 2KNO, + Co(NO,),, is obtained,
soluble in liot waterand yielding a red solution.?

v Pogy. Ann, lxwir 124, ? Siilim, Jour». f2), xlix. 180,
3 Erdmann, Jowrn. Prac. Chem, xevil. 385,
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AMMONIACAL CosaLT CoMPOUNDS OR COBALTAMINE SALTS.

403 In 1799 Tassaert ? observed thata solution of a cobalt salt
in ammmonia assumes & brown colour on exposure to the air, aml
that this changeson boiling to a wine-red, whilst Thénard 2 in
1803, stated that these changes were brought about by an absorp-
tion of oxygen. This latter observation was confirmed by Proust,
who found that on evaporating the solution, black cobaltic oxide
separates out. The compounds wiich are thus formed have
attracted the atteution of wauy chemists,® but still the subject
cannot be considered to have been yet exhausted. For although
the examination of these bodies began in the year 1851, the con-
stitution of these peculiar ammoniacal cobalt compounds is far
from being understood. They all possess the empirical com-
position of one molecule of o coballic salt, such as Co,Cl,,
combined with several melecules of ammonia, We are not
only acquainted with normal, aeid, and basic salts of this descrip-
tion, but also with some which contain several acid radicals,
Many of these form double salts with the chilorides of plati-
num, gold, and other wnetals; whilst ofhers again exist which
although possessing identical chemical composition exhibit a
difference in properties, or are isomerides. The double salts
possess & pavely seline taste as opposed to a metallic one, and
i some of the gronps the corresponding hydroxides are known
in aqueous solution. These lhydroxides exhibit an alkaline re-
action, and have a purely alkaline taste.

The cobaltamine salts are all characterised by peculiar colours,
and their names are derived from this property. The following
is the series of the normal chlorides:

ITexammonio-cobaltic (or dichro-cobaltic) ehiloride, Co,Cl (NHy),.
Octammenio-cobaltic (ot praseo-cobaltic) chloride, Co,Cly(NHy)g.
Decammonio-cobaltic (or rosco- and purpures-

cobaltic) chloride, } Co,Cly(NHgyy-
Dodecammonio-cobaltic (orluteo-cobaltic) chloride, Co,Cly(NHye.

Dichro-cobaltic Chloride,CoCly(NHy)+2H,0. This is obtained
when an ammoniacal solution of cobaltic chloride is exposed

v Aun, Chim. [1], xlii. 211. ¥ Ibid. (1], xxviii. 95, 108,

3 Genth, dan. Chem. Pharm. Ixxx. 275 ; Fremy, Compl. Rend. xxxii. 508 and
808 ; Claudet, Phil. Mag. iv. (2], 253. A history of these compounds will be
found in Untersvchungen d. Ammoniakahische Kobalé Verbindungen, by Fr. Ruse,
Heidelberg : 1871,
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to the air until flocculse of cobaltic hydroxide separatecut. The
solution is then treated with an excess of hydrochloric acid and
allowed to stand forsome time. Itisthus obtained in the form of
feather-like crystals, which when thin possess a veddish-brown
colour; on the other hand, when crystallised from neutral solu-
tions it is deposited in connected plates consisting of hexagonal
pyramids, aud these when small transmit dark green light, whilst
when of a larger size they are black and opague. The pecu-
liar dichroism of this salt is well seen under the microscope.
If a crystal be brokem up the splinters exhibit different
colours. The salt dissolves in pure water with a greenish-blue
.colour, which soon becomes of a light blue and passes gradually
into violet. On heating, these changes occur at once, and, on
boiling, a black precipitate of cobaltic hydroxide is formed
and ammonia is evolved (Rose). °

Prasco-cobaltic Chloréde, Co,Cle(NH,); 4+ 2H,0, This is usually
formed together with the foregoing compound and other cobalta-
wine chlorides. It crystallises in small glistening needles
‘which possess an emerald green colour. These dissolve in
water yielding a green solution which soon becomes red, and
undergoes decomposition on boiling. If fuseo-cobaltic chloride
be warmed with tolerably dilute hydrochloric acid & deep violet
solution is obtained, and this on cooling deposits small violet
octohedrons which posesss the same composition as the green
salt, and pass into the latter when dissolved in concentrated
sulphuric acid, to which hydrochloric acid is gradually added.!

Fuseo-cabaltic salts. Frany has deseribed a series of salts
which likewise contain eight molecules of ammonia to two
atoms of cobalt. These may be consideved as basic praseo-
cobaltic salts. Thus the nitrate is Coy(NOg (OH)(NH,), +
2H,0. The fuseo-salts are contained in the brown solution
which is formed when an ammoniacal solution is exposed to
the air. They are precipitated from this solution by alcohol
and are non-crystallisable,

404 Roseo-cobaltic Salis, These are usually formmed when the
oxidised solution is slightly acidified, and likewise when
solutions of the fuseo-salis are warmed. They possess a dark-
red or cherry-red colour, are dichroic, and their solutions are
easily decomposed on boiling.

Roseo-cobaltic Hydroxide, Cog(OH)g(NH,),, is obtained when a
solution of the chloride is decoinposed by silver oxide, or that of

¥ Vortmann, Ber. Dewsch. Chem, Ges. 1877, 1451,
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the sulphate by baryta water.- The red solution has a strongly
alkaline taste, it absorbs carbon dioxide from the air,and on
heating decomposes with separation of cobaltic hydroxide.

Roseo-cobaltic Chloride, CoCl(NH),, + 2H,0, is contained
in the solution when it becomes red on exposure to the
gir. When this is treated with bydrochloric scid in the
cold this chloride is separated out in the form of a -brick-
red precipitate, and this is washed with concentrated hydro-
chloric acid and ice-cold water, and dried at as low a tem-
perature as possible. It dissolves in water with a red colour,
the solution passing after a time to & violet-red colouy, and con-
taining purpureo-cobaltic cliloride. It forms & double salt with
platinum chloride, Co,Cl(NH,),, + 2PtCl; + 5H,0, which is
deposited as a pale yellowish-red crystalline powder.

Rosco-cobaltic Nitrate, Coy(NOg)o(NHy),, + 2H,0, is prepared
from cobalt nitrate in the same way as the last compound is
obtained from the chloride. It is deposited on spontaneous
evaporation of the wine-red solution iu red nionoclinic erystals.

Rosco-cobaltic Sulphate, Co(SOg)4(NH,),o + 5HO. This separ-
ates out from the dark-red ammoniacal solution on the addition
of sulphuric acid as a brick-red crystalline powder. Gamet-
red quadratie crystals may be obtained by recrystallising from a
slightly acidified aqueous solntion.

405 Purpureo-cobaltic Salls ave formed when the corresponding
roseo-cobaltic compounds are gently lieated with acids. They
have & violet or purple colour, and the sulphate yields with
baryta-water & deep red strongly alkaline solution of the corre-
sponding hydroxide,

LPurpureo-cobaltic Chloride, Co,Cly(NHy),, is obtained, by
boiling & solution of the roseo-salt,in the form of & carmine
precipitate which is very difficultly soluble in water, and
crystallises from a hot dilute hydrochleric acid solution in
anhydrous quadratic prisms. It forms with platinum cliloride
the double salt, Co,Cl (NHg),, + 2PtCl,, which is almost insoluble
in cold water, and is thrown down in brownish-red crystals
having & silky lustre.

The purpureo-cobaltic salts are distinguished from their
isomerides, tlie roseo-cobaltic compounds, not only by their
colour, but alse by the fact that whilst the first are usually
anhydrons the latter ave, as a rule, hydrated. The purpureo-
salts can also be crystallised from aqueons solution without
previously passing into the roseo-salts. They may, however, be
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iudirectly combined with water.© Thus if an ammoniacal solu-
tiou of purpureo-chloride be dissolved in cold strong hydrochloric
acid, hydrated roseo-chloride is obtained, and this on heating,
even in dilute acid solution, again loses water and passes iuto
the purpureo-compound. Roseo-cobaltic chloride dissolves at
10° in 4'8 parts, whilst purpureo-cobaltic chloride dissolves only
in 287 paits of water,

406 Luteo-cobaltic Salts frequently occur as products of the
decomposition of the other cobaltamine compounds. They are
tolerably stable, possess & more or less yellow or bronze colonr
and exhibit dichroism. When the sulphate is decomposed hy
baryta-water a strongly alkaline yellow solution of the hydroxide,
Co,(OH),(NHy),,, is obtuined.

Luteo-cobaltic Chloride, Co,Cly(NH,),,, is obtained when the
ammoniacal cobalt chloride solution is allowed to stand for
some time, especially in the presence of sal-ammeniac. ‘I'he
formation of the salt is facilitated by addition of oxidising
substances such s lead dioxide, bromine, &e, (Braun, Mills).
It erystallises in reddish-yellow monocliuic prisms or pyramids,
which digsolve slowly in cold but readily in hot water It
forms o difficultly soluble double salt with platinum chloride,
which crystellises from hot solutionin monoclinic prisms having
the composition Co,Cly(NHyg),, + 3PtCl, + 21H,0.

Ammonio-cobaltous Salts are formed as the last product of the
action of oxygen on the aminoniacal cobalt solutions, They are
slightly soluble in ammonia ane are decomposed by water with
evolution of oxygen (Fremy). The nitrate, Co,0,(NO,),(NH,),,
+ 2H,0, is obtasined when a rapid current of air is passed
through a solution in ammwuia of cobalt nitrate and ammo-
nium nitrate.  Dark olive-green prisms separate from the brown
solution on standing, and these are soluble in hot ammonis aud
uey be recrystallised. Hot water decomposes them with
evolution of 52 per cent. of oxygen.

407 Nitro-Cobaltamine Salis. These salts are obfained Ly
the action of nitrous acid or the nitrales on ammoniacal cobult
golutions, They may be-classed in three groups, one or other of
which is obtained according to the conditions of the experiment.
The chlorides liave the following composition :

Croceo-cobaltic chloride, Co,Cl(NO,) (NHy),.
Xantho-cobaltic chloride, Co,Cl(NO,),(NHy),,
Flavo-cobaltic chloride, Co,CL(NQ,),(N11y),,
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The Croceo-cobaltic Selts may be regarded as purpurev-cobaltic
salts in which two-thirds of the acid radical is replaced by
pitroxyl. The sulphate, Co,SO,(NO,),(NHy), is formed when a
mixture of solutions of cobalt sulphate and potassimin nitrite
saturated with ammonia is exposed to the aiv. It is deposited
in orange-yellow crystals together with green cobaltic hydroxide.
The mixture is filtered and the residue dissolved in hot dilute
nitric acid, and from this solution the sulphate is obtained on
cooling in the form of yellow quadratic tebles. Large wine-red
crystals are also obtained from dilute solutions. It is slightly
goluble in boiling water?

Croceo-cobaltic Chloride, Co,CLy(NO,),(NHy), is obtained by
heating the sulphate with a solution of barium chloride and
bydrochloric acid. It is somewhat more soluble than the
sulphate and forms sherry-coloured iridescent tables. It yields
a double salt with platinum chloride, Co,CL(NO,)(NH), + PtCl,,
crystallising in dark-orange prisms,

Xantho-cobaltic Salts may be considered as roseo-cobalt com-
pounds in which nitroxyl replaces one-third of the acid radical.
The sulphate, Co,SO),(NO,)(NH,),, is formed by passing
nitrous fumes through an aminoniscal solution of cobalt sul-
phate, the solution being kept alkaline by the addition of
awmonia (Gibbs and Genth). The brown-red lignid deposits
crystals on spontaneous evaporation which may be recrystallised
from acetic acid solution. It forms brownishi-yellow rhombic
tables whiclh dissolve with difficulty in cold water, and when
boiled with hydrochloric acid the salt yields a purpurec-cobaltic
chloride.

Xantho-cobaltic Chloride, CoCl(NOy)(NH,),, is obtained by
decomposing the sulplhate withh barium chloride, when it is
deposited in well-formed brownish-yellow beautifully iridescent
erystals. Hot Liydrochloric acid decomposes it like tle sulphate,
The platinum double salt has the composition Co,Cl,(NO,),
(NHg),o +2PtCl, + 2H,0; it is almost insoluble in water and
is deposited from dilute hydrochloric acid solution in brown
crystals.

The Flavo-cobaltic Salls way be considered as roseo-colalt
compounds in which two-thirds of the acid radical is replaced
by nitroxyl,

Flavo-cobaltic Chloride, Co,C1,(NO,),(NH,),,. is obtained in
dark-oranye coloured crystals when a hot solution of purpiuveo-
v Gibhs, Sillim. Journ, [3), vi. 116.
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cobaltic chloride is added to a solution of sodium nitrite slightly
acidified with acetic acid! It is easily soluble in hot water, and
on the addition of silver nitrate yields xantho-cobaltic nitrate :

Co,CL(NO,)(NH,),, + 4AgNO; = Coy(NOg),(NO)o(NHy),, +
2AgCl + 2AgNO,.

With platinam chloride and other chlorides it forms well .
crystallised double salts. The flavo-cobaltic salts are dis-
tingnished from the xantho.cobaltic selts, mesmuch as they
yield flocculent precipitates with cyanides of the alkali-metals
and the nifrates of platinum, nickel, cobalt, and cadmium.

COBALTICYANIDES.

408 Potassium Cobalticyanide, K (CN),,Co,, isformed when an
excess of potassium cyanide is added to a solution of a cobalt
salt, together with a little acetic acid or hydrochloric acid and
the liquid well boiled :

6KCN + 200(CN), + 2HCN = K,(CN),,Co, + H,.

This salt is obtained in bright yellow crystals isomorphons
with potassium ferricyanide® Copper sulphate yields a blue,
and silver nitrate a white precipitate, the salts Cug(CN),;Co,
and Ag(CN),,Co, being formed Ferrous cobalticyanide,
Fey(CN),;Co, is & white precipitate whilst cobaltous cobalticye-
nide, Coy(CN),,Co, + 14H,0, is a bright red precipitate which
becomes anhydrons and blue when heated to 200°. When the
copper salt is decomposed by sulphuretted hydrogen cobalticyanic
acid, H(CN),,Co,, is formed, and this is deposited in colourless
silky needles on evaporating the solution. It is deliquescent,
has a atrongly acid taste and reaction, and is not attacked even
by strong nitric acid.

COBALT AND SULPHUR,

409 Cobalt Monosulphide, CoS, isobtained as & black hydrated
precipitate when & solution of & cobalt salt ismixed with ammo-
nium sulphide. It dissolves in concentrated hydrochloric acid
with evolution of sulphuretted hydrogen. The cold dilute acid

3 Gibbs, Ber. Deutsch, Chem. Ges, iii. 48,
2 Gmelin, Handbuck Org. Chem. i, 397,



COBALTIC CYANIDES, 141

dissolves it but slowly, whilst it is almost iusoluble in dilute
acetic acid. When the monosulphide is mixed with sulphur
and the mixture ignited in & current of hydrogen the following
sulphides are formed according to the temperature employed:
CoS,, CoS;, CoS; and at a white heat, Co,S (H. Rose). The
monosulphide is found as an Indian mineral known as syepoorite,
occurring in ancient schists in grains or veins of a yellowish
steel-grey colour.

Cobalt pyrites or linnaeite, Co,S,, occurs at Bastnds, near
Riddarhyttan, at Miissen in Prnssia, as well’ as at Mineral Hill
in Marylend, and at Mine La Motte in Missouri. It forms
steel-grey or tarnished copper-red regular octohedrons, and also
occurs in the massive state. It usually contains more or less
nickel as well as some iron and copper. The same compound
can be artificially obtained as & blackish.grey powder by heating
a cobalt salt with potassiam polysulphide to & temperature of
160°,

COBALT AND PHOSPHORUS.

410 When pieces of plosphorusare thrown on te ignited cobalt
a metallic lustrous blueish-white brittle mass is formed. This
tarnishes on exposure to air and melts at & lower temperature
than cobalt and contains 6 per cent. of phosphorus. On heating
it burns with formation of a dark-blue glass (Pelletier). hen
cobalt reduced in hydrogen is heated to dark redness in the
vapour of phosphorus, a light grey metallic lustrous mass is
forined, containing 28-4 per cent. of phosphorus (Schritter), and
this corresponds nearly to the formula Co,P,, and this compound
is also formed as a black powder by ignitiug & normal phosphate
in a current of hydrogen,

COBALT AND ARSENIC.

411 Cobalt Awrsenide, CoAs, occurs as skutterrudite near
Modum in Norway crystallised in octohedrons or combinations
as well asin the massive state, It possesses a colous from tin-
white to & pale lead-grey, and usually contains small quantities
of iron and sulphur.

Smaltite or tin-white cobalt, CoAs,, usually contains varying
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quantities of iron and nickel, and it occurs in tin-white octo-
hedrons or combinations as well as in the massive state in the
Erzegebirge.

Cobaltite, cobalt-glance, of bright white cobalt, CoAs, 4 CoS,,
crystallises in the regular system usually in pyramid octohedrons
and their combinations, and & poxtion of the cobalt is usually
replaced by iron, It has a silver-white colour inclining to red,
and occurs at Tunneberg and other localities in Sweden, at Siegen
in Westphalia, and the Bottolack Mine near St. Just in Corn-
wall, The most productive mines are those of Vena in Sweden,
where it is found in mica-slate.

DerecTioN AXD ESTIMATION OF COBALT.

4x2 This metal is characterised by its black sulphide insoluble
in acetic and dilute bydrochloric acids and by the fine blue colour
which its compounds impat to the borax bead. If a cobalt
compound be reduced on a earbonised match the metal is ob-
tained in shining white magnetic particles, which dissolve in
hydrochloric acid with a rose-ved colour, the solution becoming
blue on evaporation.

In the separation from other metals, alreedy described under
mangsnese (see P, 23), cobalt and nickel are always obtained
together. The separation of these two will be deseribed under
the detection of nickel.

Cobalt chloride imparts to the non.luminous gas flame an
evanescent rose-red colonr, but this does not give any charac-
teristic spectrum. The spark spectrum.of the chloride contains
# large number of bright lines of which the most important are
the following (Lecoq de Boishaudran):

a 5533 B 5263 o 4868,

The metal also gives a spark spectrum consisting of a large
number of bright lines of which the following inthe blue are
the most characteristic (Thaléu) :

§ 4867 48135 47787
| 4839 47917

Cobalt is usually estimated ss the oxide, CoyO; It may also
be weighed as metal obtained by the reduction of the nitrate
or the chloride in hydrogen; and when it is combined with a
volutile acid it may be determined as the anhydrous sulphate hy
heating the salt with sulphurie acid.
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The atomic weight of cobalt has been repeatedly determined
but without concordant resnlts. Rothhoff! converted a weighed
quantity of the monoxide into the chloride and obtained the
number 5879. The relation between the carbon and cobalt in
the oxalate gave Schneider 2 the number 5985. Marignac}® by
the analysis of the sulphate, obtained nnmbers varying from
5849 to 5861, whilst by the analysis of the anhydrous chloride
he obtained similarly 5837 to 58:69, and by that of the crystal-
lised chloride 5869 to 5887. From numerous analyses of the
robaltamine salts Gibbs¢ deduced the number 5883 as an
average, whilst Duwmas® from the analysis of the chloride, ob-
tatned the number 5885 to 59-03. Russell? in fifteon closely
agreeing experiments, obtained the number 586 by reducing the
monoxide in a curpent of hydrogren. By dissolving the pure
wetal in hydrochloric acid and determining the amount of
hydrogen evolved he likewise obtained the number 5861 as
mean of four determinations.’

NICKEL, Ni.=58%6.

413 The first mention of an ore of this metal is found in the
writings of Hiarni in 1694, uuder the name of kupfer-nickel,
this name, signifying false copper, being given to it because,
whilst possessing the colour of a copper ore, this latter metal
could not be extracted from it. In spite of the failure, the ove
was long supposed to contain copper, but after the discovery of
cobalt many believed that this metal was contained in kupfer-
nickel® In 1751 Cronstedt published in the Transactions of
the Stockholm Academy an investigation upon an ore which was
obtained from the mines of Helsingland. This yielded a green
vitriol wlhich imparted & brown and not a blue colour to glass,
and yielded a hard brittle metal. Tu 1754 lie stated that a
semi-metal occurred most abundantly in kupfer-nickel, and there-
fore he proposed to give to it tlie name of nickel. He likewise
showed that the speiss formed in the preparation of smalt
consists to & large extent of nickel and was not, as Lad been
believed, a burnt cobalt which had lost its spirit. Cronstedts
views did not find general acceptance, but in 1774 Bergman's

! Pogg. Ann. vHi. 185, ? Ibid. ¢, 387,

3 Arch. Phys. Nal. 2], 3. 379, 4 Sillim. Journ, [2), xxv, 483,

$ Ann, Chim. Phys, [8], v. 129, 8 Journ. Chem, Soc. [2], 1. 51,
Y Chem. News, xx. 20. * See Link, PAil. Trans 1726, p. 236.
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research on nickel made its appearance, and in this he showed
that the nickel which Cronstedt had onlyobtained in the inpure
state was in reslity a new metal,

Nickel almost always occurs in nature together with cobalt.
Its miost jmportant oves in addition to those whicl: have already
been deseribed are nickeline or kupfer-nickel, Nids, the most
important ore of the metal found, in the Saxon mines, in Styria,
at Leadhills, and in Connecticut; nickel-glance, Ni(AsS),; breit-
hauptite, NiSb; millerite or nickel-blende, NiS; linnaeite,
(CoNiFe),S, ; pentlandite, (Nil'e)S ; nickel-ochre or annabergite,
Ni,(As0); + 8H,0; rewdanskite, (NiFeMg),Si,0, + 2H,0, &e.
Nickel also occurs frequently iu maguetic pyrites, that from the
Gap Mine in Pemisylvania containing 56 per cent., and being
worked for nickel. An important new source of nickel has
lately been opened out in New Caledonia, where large quantities
of a silicate of nickel called garnierite, 2(NiMg),81,0,, + 3H,0,
occur.

Nickel is an essential constitnent of meteoric iron, and its
presence in extra-terrestrial matter was first detected by Prout.
1t is also contuined in the sun’s atmosphere.

414 The preparation of metallic nickel was formerly conducted
by roasting and calcination. By this means nickel, cobalt, and
copper, combined with arsenic and sulphur, are obtained in the
form of a speiss, whilst the oxidised iron floats off as a slag.
The speiss wheu fused with white sand yields smalt and a
speiss free from cobalt, and this latter, when roasted, yields an
impure oxide of nickel which may afterwards be reduced by
means of carbon to the metallic state. .

A purer product is obtained by separation in the wet way.
For this purpose a matt containing nickel and cobalt is also
prepared. This is then roasted and the crude oxides dissolved
in hydrochloric or snlphuric acid. If the solution shenld con-
tain ferrous salts these must be oxidised with bleaching powder,
and the iron precipitated by the addition of lime or chalk, whilst
the copper is thrown down with sulphuretted hydrogen or
sodium salphide. The cobalt is then precipitated by bleaching-
powder, and the nickel contained in the clear solution precipi-
tated as the hydroxide or carbonate by milk of lime or soda-ash.
This is then ignited and purified by treatment with hydrochloric
acid when the excess of lime and calcium carbonate dissolve.
If calcium sulphate should be present, the impure oxide is
heated with steam, and soda-ash solution added in such quantity
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that after boiling for & quarter of an hour an excess still remains,
The sodivm sulphate is then removed by washing with water
and the caleium carbonate (formed by double decomposition)
dissolved in dilute hydrochloric acid. Cobalt and nickel can
also be separated by adding ammonium sulphate to a concen-
trated solution of the inixed sulphates together with a small
quantity of sulphuric acid when the difficuitly soluble ammeninm-
nickel sulphate separates ont, and this onlyrequires to be heated
in earthenware tubes in order to volatilise the ammonium sul-
phate which may thus be regained for further operations. The
residual nickel sulphate can be almost completely reduced to
oxide by roasting with a small quantity of charcoal. In order
to remove the least traces of sulphur the residue is ignited with
soda and saltpetre ‘and afterwards well washed. The oxide is
then pressed into the form of small cubes, and these strongly
ignited with charcoal powder. The reduction takes place from
the outside, the metal absorbing carbon. The opertion is
usually carried on in clay crucibles standing on the hearth of
a reverberatory furnace, or in & special furnace invented by
Kiinzel t which permits the reduction to be carried on con-
tinuously. This consists of a furnace through which vertical
fire-clay tubes pass; these tubes are charged at the top with
the mixture of crude oxide and coal, and the metal is withdrawn
from time to time at the bottom. Commereial nickel contains
carbon as well as small traces of cobalt, copper, iron, and other
impurities. :

The ore from New Caledonia, which is quite free from cobalt,
mey be worked up by two processes; according to the first, the
ore is treated with hydrochloric acid, and the solution precipi-
tated with oxalic acid, the insoluble oxalate being then reduced
to metal by reduction with lime and carbon. Or the hydrochloric
acid solution of the ore is heated with chalk to throw down
oxides of iron and aluminium, and the nickel precipitated in
the filrate with a mixture of milk of time and bleaching-
powder.

In order to prepare the pure metal the oxalate may be ignited
in absence of air and the metallic powder obtained fused in a
double limne crueible (Deville), or the clhiloride may be reduced in
a current of hydrogen.

41§ Properties. Nickel is o lustrous silver-white metal having
a steel-grey tinge. It is very hard and takes a fine polish, and

v Bericht, Eno. Chem. Ind. i, 386,
VOL. 1L 10*
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may easily be rolled out into thin plates and drawn into wire.
Its specific gravity is 8°9. It is malleable and can be welded.
When the metal contains carbon it is less malleable and more
readily fusible than when it is pure, Nickel oxidises only with
difficulty even on heating in the air, and melts at a some-~
what lower temperature than iron and cobalt. It decomposes
steam very slowly at a red-heat with formation of the monoxide,
and it is soluble in hydroclloric or dilute sulphuric acid, and
does not dissolve quickly even in the concentrated acid. On
the other hand, it dissolves readily in dilute nitric acid ; but if
it be dipped into the concentrated acid it becomes " passive”
a8 iron does. Nickel is aftracted by the magnet and readily
assumes 8 polar condition.

Electromickel Plating. Pure nickel is uged as the positive pole
in procesges of the galvanic deposition of nickel which are espe-~
cially valuable for coating iron and steel with a thin filmof pure
nickel. If the coating be well deposited it scarcely undergoes
any oxidation. The process of nickel-plating was first applied
to five-arms in order to preserve them from rusting Now, how-
aver, it is also used for covering various parts of machines, locks,
keys, surgical instruments, and other fine iron- and steel-work,
and is especially carried on in America. A great variety of
proposals have been made for the preparation of the liquid used
in this process, but the only bath which is practically useful is
one made of pure nickel ammonium sulphate which is saturated
ab a temperature of from 20° to 25°}

Arvors oF NICKEL

416 In 1825 Thénard in his Tratté de Chimée remarked that
nickel was not employed for any practical purpose, although
Engestrom had pointed out so loug ago as 1776, that Chinese
packfong is an alloy of copper, zine, and nickel. Packfong, or
rather Pack-Tong means white copper, and Tong-Pack probably
means the same thing, although in Europe this name changed
to tomback is employed to describe a particular kind of brass.
Since the middle of the last century a white alloy has been
prepared at Suhl, in Hanneberg, from old copper slag, and
Brandes in 1823 showed that this white copper chiefly consists
of an alloy of copper and mickel, and thus commenced the
manufacture of nickel alloys known under the name of German.

3 Ber. Entw. Chem, Ind, i 874
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silver, nickel-gilver, or o.rgeixtan, & trade which has now attained
large dimensions. The nickel industry received & further im-
pulse from the application of copper-nickel alloys to the manu-
facture of small coin, which was first introduced into Switzer-
land in 1850, The Swiss pieces of twenty, ten, and five centimes
contain respectively fifteen, ten, and five per cent. of silver
alloyed with 10 parts of nickel and 125 of znc, the residue
being made up of copper. These proportions are, however, not
constant, as in the melting, more or less zinc volatilises. A
yellow alloy containing twelve of nickel to eighty eight of
copper was adopted in 1856 by the United States Government
for the one cent pieces, and in 1860 the Belgian Government
instituted & nickel-copper coinage, containing twenty-five of
the former to seventy-five of the latter metal, this same alloy
being adopted in 1866 by the United States, for the five and ten
cent pieces, and by Brazil in 1872, The German Government in
1873 adopted the same alloy for the five- and ten-pfeunig pieces,
and the pence and half-pence lately coined for Jamaica possess
the same composition.

The advantages of nickel coining are, in the first place, that
the metal is more valuable than copper, and, therefore, for the
same value the coins van be of smaller size; secondly, that the
alloy is hard and, therefore, the coin wears well ; thirdly, that
the alloy requives experienced workmen to prepare in the
homogeneous condition; and, lastly, that in consequence of its
hardness it requires powerful machinery for its manufacture,
Owing to these uses of the metal the price of nickel suddenly
rose, but has lately fallen again.

It is a very remarkable fact that & coin of the Bactrian ng
Euthydemos who reigned about 235 before Christ, analysed by
Flight! possesses & very similar composition to the alloy in
question :

Copper « « « « .« < . Trs8
Nickel . . . . . . . 2004
Cobalt . . . . . . . 054
Iren . . . . .. .. 103
Tm . .. . .. . . 004
Silver. . . . . . . . trace
Sulphor . . . . . . . 009

99-34

U The Nemismatic Chronicle, vifi. 305 : and Pogg. 4nn. cxxxix. 807,
10%--2
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The above alloys of mickel absorb on fusing a considerable
quantity of gases, and the more the higher the temperature and
the percentage of nickel contained. Kiinzel found that if an
alloy of eighty of copper and ‘twenty of mickel be fused in a
crucible half filled with the mixture, and this quickly cooled
the mass froths up from the evolution of gas, and runs over the
top of the crucible. If a copper-nickel alloy be granulated in
water yellow globules are obtained, and these are frequently so
thin that they swim on the surface of the water?

Neckel-silver, or German-silver is an alloy of copper, nickel,
and zine, containing its constituents in varying proportions
according to the method of preparation and the articles for which
it is wsed. As & rule five parts of copper, two of nickel, and
two of zinc are used, thus giving rise to an alloy which has
the appearance of silver alloyed with one quarter of copper.
In Sheffield eight parts of copper, 3'5 of zinc, and three of
nickel are employed. A commoner and yellowish alloy is
obtained when less nickel is used, whereas if more nickel be
employed the alloy has a bright white colour, and takes a high
silvery polish. The addition of 2:5 per cent. of iron makes the
alloy whiter, but also harder and more brittle.

The following table gives the composition of several of these
alloys: No. L is Chinese packfong analysed by Fyfe; II. the
same by Kefferstein; IIl. German-silver by Bolley; IV,.—VL
various samples of nickel-silver used in Birmingham for articles
to be plated, and analysed by Louyet; and VIIL. an alloy from
Sheffield distinguished by extraordinary elasticity and used
for the friskets of printing-presses, analysed by Elsner.

L il IIl. Iv. V. v VIL.
Copper ., 404 263 540 6334 6240 06263 574
Zine .. 254 368 280 1701 2215 2605 250
Nickel . 316 368 180 1913 1505 108 130
Tron . . 26 — — f{race tmce trace 39

—_— — — —

1000 999 1000 9948 9960 9953 984

In preparing nickel-silver it is usual to melt the zine with
balf the weight of copper which it is ultimately to contain, this
alloy being then cast into thin piates. The other half of the
copper is then fused with the nickel under & bed of charcoal-
powder, and the copper zinc alloy added. After cooling, the

 Ber. Butw, Chem. Ind. 1. é(i?.
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alloy possesses a crystalline structure, and this is got rid of by
hammering and rolling, again heating, and allowing it to cool.
When it has once lost its crystalline structure it can be worked
like brass, and although it is -harder and tougher it may be
rolled out to foil and drawnto wire. Hence it is used for a great
number of purposes, as it is much cheaper than silver and less
apt to be discoloured, On the other hand, it is more readily
attacked by acid liquids, and for this reason nickel-silver
articles employed for household use are generally covered with
a coating of silver,

NICKEL AND OXYGEN.

417 Nicke! Monowide, or Nickel Oxide, NiO. This substance
occurs as bunsenite at Johanngeorgenstadt in Sazony, in vitreous
translucent pistachio-green regular octohedrona having a specific
gravity of 6:398. "~ It may be obtained in the form of & green
crystalline powder by strongly heating the hydroxide, carbonate
or nitrate. If nickel borate be ignited with lime in a pottery
furnace and the mass treated with hydrochloric aeid,, nickel
oxide remsins behind iu green cube-octohedrons which have a
specific gravity of 6'8 (Ebelmen), whilst if the metal be ignited
in a currents of steam, pale olive-green crystals of the oxide
are formed.

Nickel Hydroxide, Ni(OH),, is thrown down when & solution
of & nickel salt is heated with potash or soda, as an &pple-green
precipitate’ slightly soluble in water. 1t dissolves in ammonia
with a blue colour, and it separates out a3 a green crystalline
powder on boiling the ammoniacal solution.

Nickel Sesquioxide, or Niekel Peroxide, NigO,, is a black powder
obtained by gentle ignition of the nitrate or carbonate in the air, It
dissolves in sulphuric and nitric acids with evolution of oxygen,
and in hydrochloric acid with evolution of chlorine, whilst
nitrogen is evolved whea it is acted upon by ammonia:

3Ni,0, + 2NH, + 8H,0 = 6Ni(OH), + N,.

If chlorine be passed through the hydroxide suspended in water,
nickel perhydroxide or nickel sesquihydroxide, Nig(OH), is
obtained



150 METALS OF THE IRON GROUP.

This compound is formed as a black precipitate when the
solution of a nickel salt is warmed with an alkaline hypo-
chlorite solution. On drying it forms a black mass with
Instrous conchoidal fracture. Acids and ammonia act upon it as
upon the sesquioxide,

SALTS OF NICKEL.

418 These salte are derived from the monoxide. In the an-

hydrous condition they are usually yellow-coloured, whilst in the
hydrated state and combined with colourless acids they possess
an apple-green to an emerald-green colour. The soluble nermal
salts have & slightly acid reaction and a sweetish astringent
metallic taste and act as emetics.
. Nickel Chloride, NiCl,. Finely-divided nickel burns with a
bright light when it is slightly heated in dry chlorine gas, form-
ing yellow scales reseinbling Mosaic gold. If a solution of the
oxide or carbonate in hydrochloric acid be evaporated to dryness
the anhydrous chloride is obtained as & yellow earthy mass
which readily dissolves in water with evolution of heat. On
gently héating for some time in theair it evolves chlorine leaving
& vasidue of the oxide. In absence of air, on the other haud,
it can be sublimed, and is then obtained in golden scales which
when boiled for some time with caustic potash are completely
decomposed intothe hydroxide. They become gradually coloured
green on exposure to the air owing to the absorption of moisture,
and then are easily soluble in water. The salt NiCl, + 6H,0
i3 obtained in short six-sided prisms on concentrating the solu-
tion; these are easily scluble in water and in alcohol. The
anhydrous chloride of nickel absorbs ammonia at the ordinary
temperature, swelling up to a wlite powder, possessing & slightly
violet tinge, and having the composition NiCL6NH,. The same
compound is obteined in blue octohedrons by dissolving the
chloride in smmonia and allowing the solution to cool. This
salt readily evolves ammonia when exposed to the gir. It is
easily soluble in water, but less so in strong aleohol.

Nickel Bromide, NiBr,. Finely-divided nickel absorbs bromine
vapour when heated in it, becoming incandescent. In gbsence
of air, the bromide sublimes in golden scales which deliquesce on
exposure. The solution, which is also obtained by bringing the
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metal in contact with bromine and water, gives on evaporation
deliquescent needles of NiBr, + 3H,0,

Nickel Todide, Nil,, If nickel powder reduced in hydrogen
be heated with iodine, or if the hydroxide be digsolved in hy-
driodic acid, the solation evaporated to dryness in absence of
air, and the solid heated, nickel iodide sublimes in iron-black
scales, The solution when evaporated to a syrup deposits
binish-green very deliquescent prisms having the composition
Nil, + 6H,0.

Nickel Fluoride, NiF,, is obtained by dissolving the hydroxide
or carbonate in lydrofluoric acid, and evaporating, when blue-
green crystals of NiF, + 3H,0 separate. These are decomposed
by boiling water with formation of an insoluble pale green
oxyfluoride.

Nickel Sulphate, NiSO,. This salt was first obtained in the
pure and crystalline condition in 1775 by Bergman. In order
to prepare it, nickel or #ts liydroxide or carbouate is dissolved in
dilute sulphuric acid When the solution contains an excess of
acid and at the ordinary temperature, the salt, NiSO, + 6 H,0,
separates in hard bluish-green quadratic pyramids. At a
temperature of from 50° to 70° green monoclinic crystals of the
same composition separate out and these become bluish and
opaque when allowed to stand at the ordinary temperature.
When the salt ecrystalliges from agueous solntion at from 15° to
20°, green rhombic prisms isomorphous with magnesium sul-
phate, and having the composition NiSO, + 7TH,0, are deposited.
This salt is alse known as nickel vitriol, or morencsite, occurring
in acicular crystals, and also as & fibrous efflorescence on certain
nickel ores. Crystallised sulpbate of nickel when heated to
*100° leaves the salt NiSO, + H,0 25 a powder, and this loses
the whole of its water above 280°. One hundred parts of water
dissolve (Tobler):

At 2 41° 50°  60° 700

NiSO, 304 374 410 491 520 572 619 parts.

The anhydrous sulphate absorbs ammonia becoming strongly
heated and increasing in bulk, forming & violet-white powder
having the composition (NiSO)6NH, On dissolving the
sulphate in strong ammonia and cooling, or allowing it to
evaporate over sulphuric acid, transpavent dark-Liue quadratio
prisms crystallise out having the composition (NiSO)4NH,
+ 2H,0.
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Ammonium Nickel Sulphate, (NH,),SO, + NiSO, + 6H,0. This
salt is employed in the process of nickel-plating. It is obtained by
dissolving nickel, free from iror and copper, in dilute sulphuric
acid, and adding ammonium sulphate to the concentrated acid
solution. The crystalline paste which is deposited is washed
with cold water and purified by recrystallisation. It crystallises
in short monoclinic prisme. One hundred parts of water dis-
solve (Link):

3:6° 16° 200 80° d40¢ bH0° €8 gh°
(NHg,so,+Nxso 18 58 69 83 115 14-4 188 286 parts.

The salt is almost insoluble in an acidified solution of ammo-
nium sulphate (Thomsen).

Nickel Nttrate, Ni(NOy), + 6H,0, crystallises in green mono-
clinic tables which dissolve in two parts of cold water, and
effloresce on exposure to dry air, deliquescing however in moist
air, and being soluble in alcohol.

Nickel Nitrite, Ni(NO,),, is obtained in solution by the de-
composition of the sulphate with barium nitrite. It isa very
unstable compound forming with potassinm nitrite the easily
goluble double salt 4KNO, + Ni(NO,),. This is obtained in
brownish-red octohedrons by mixing a concentrated solution of
the nitrite with an excess of potassium nitrite. When potas-
sium nitrite is added to a nickel solution containing a calcium
salt, a yellow crystalline precipitate,of 2KNO, + Ca(NO,), +
Ni(NO,), is formed, which possesses grest similarity to potas-
sium cobaltic nitrite (see p. 134) and if a solution contain a
sufficient quantity of calcium together with nickel and cobalt,
the whole of the mickel, as well as the cobalt, may be thrown
fown by potassium nitrite. This fact must be remembered in
the separation of the two metals,

The Phosphates of Nickel are insoluble in water, and more or
less soluble in the mineral acids, The arsenates possess similar
properties, and some of them occur in the mineral kingdom.

The Nickel! Silicates also occur in nature. Rewdanskite is the
most important. This mineral occurs at Rewdansk in the Urals,
and is worked for nickel. It is an earthy mineral which chiefly
consists of (NiFeMg),5i,0, + 2H,0, and contains about 18 per
cent. of nickel. Noumaeite 2(NiMg)SiO; + 2H,0 has lately
been found in New Caledonia, and is now largely worked up for
nickel in France, It contains 24 per cent.of nickel (Liversidge).

Nickel Carbonate, NiCOy, is ohtained, in the form of pale-green
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microscopic thombohedrons, by heating nickel chloride solution
with caleium carbonate to 150°, 'When a nickel nitrate solu-
tion is mixed with solution of sodium bicarbonate saturated
with carbon dioxide, and this allowed to stand at a low winter
temperature, microscopic monoclinic crystals of NiCO; + 6H,0
are formed, and thege lose their water readily on warming. When
a nickel solution is precipitated with an alkaline carbonate, basic
salts of varying composition are thrown down in the form of
pale green precipitates.

Nickel Cyanide, Ni(CN),, is an apple.green precipitate easily
soluble in an excess of potassium cyanide with formation of the
crystellive double salt, Ni(ON); + 2KCN. This is again de-
composed by dilute acids with separation of nickel cyanide.

NICKEL AND SULPHUR.

419 Nickel Monosulphide, NiS, occurs as milleribe, being occa-
gsionally found in brass-yellow rhombehedrons, but more com-
monly m capillary crystals. When nickel and sulphur are heated
together above the melting-point of the latter, this same com-
pound is formed with incandescence as & bronze-yellow brittle
masy which ianot soluble in hydrochloric or sulphuric acid, but
dissolves in nitric acid and aqua-regia. The hydrated sulphide is
precipitated when ammoninm sulpliide is added to a nickel salt.
Thisis difficultly soluble in hydrochleric acid, but slightly seluble
with & brownish colour in emmonia, as well as in sulphide of am-.
monium and other alkaline sulphides, and is reprecipitated from
these solutions on exposure to the air, or on addition of acetic
acid. In the moist state it oxidises slowly on axposure to the air,
When a solution of & nickel salt is heated with sodium thio-
sulphate, the monosulphide is obtaiced in the form of a dense
black precipitate which does not undergo alteration on exposire
to the air, and which is not acted upon by boiling hydroclilorie
acid.

Zinnacite, (NiCoFe),S,, forms pale stecl-grey crystals be-
longing to the regular system, and alse occurs in the massive
state. Itisan important nickel ore occurring at various places in
considerable masses, especially in the mine of La Motte in Mis-
souri, The ore there contains, according to Genth, about 30 per
cent, of nickel.
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Nickel Disulphide, NiS,, is obtained as an impalpable iron-
grey powder by strongly heating a mixture of nickel carbonate,
potassium carbouate, and sulphur, the residue being lixiviated
with water.

NICKEL AND PHOSPHORUS.

420 Phosphorus and nickel combine when heated together to
form the compound PNi; which also is obtained when nickel
is fused together with phosphoric acid and charcoal powder. It
is & silver-white, brittle, crystalline, non-magnetic mass which
melts more readily than nickel, If the vapour of pliosphorus
be passed over red-hot nickel the compound P,N1i, is obtained as
a whitish-grey crystalline mass. Neither of these phosphides
dissolve in hydrochloric acid, but they are readily soluble in nitric
acid. If a solution of nickel chloride be added to a boiling
solution of potash contsining phosphorus, some tartaric acid
being present in order to prevent the precipitation of the
hydroxide, a black precipitate of Ni,P, is thrown down, This
is slowly decomposed by hydrochloric acid, and readily by nitric
acid (R. Schenk).

NICKEL AND ARSENIC.

421 These two elements readily fuse together to form brittle
alloys, of which some occur as minerals. Of these the most im-
portant is kupfer-mickel or nickeline, Nids, which is found
massive and also, although less frequently, crystallised in hexa-
gonal pyramids. It has & light copper-red colour, and is an
important ore of nickel, being found in verious localities in
Ewope and America. Chloanthite, (NiCoFe)As,, is another
nickel arsenide occurring together with the preceding.

DerecTioN AXD ESTIMATION OF NICKEL.

422 Nickel is separated from other metals in the same way as
cobalt. If both these metals be present, the detection as well
as the separation is effected by the different reactions of ‘their
cyavides. For this purpose the sulphides are dissolved in a
small quantity of aqua-regia, the solution neutralised with
caustic soda, an excess of potassium cyanide added, and the
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liquid bailed for a few minutes in order to form potassium cobalti-
cyanide, 1tis then slightly acidified with hydrochloric acid. If
the liquid remuin clear cobalt only is present. If, on the other
hand, a precipitate forms and only uickel is present, this consists
of pure nickel cyanide. If both metals be present the precipitate
may consist of either nickel cobalti-cyanide or of a mixture of
this with nickel cyanide, according to the relative quantities
of the two metals present. In the latter case nickel and cobalt
are completely precipitated.

If the solution containing potassium nickel ¢yanide and potas-
siam cobelti-cyanide be mixed with caustic soda and treated with
chlorine in the cold, the nickel is precipitated aloneas the black
peroxide. This also takes place when sodium hypochlorite is
added to the alkalive liquid! If the solution of the cyanide be
boiled with freshly precipitated mercuric oxide all the nickel is
thrown down as cyenide and hydroxide. The precipitete when
washed leaves after ignition pure oxide of nickel. The filtrate
may be peutralised by nitric acid and mercurous nitrate added
when mercurous cobalti-cyanide is precipitated, and this when
ignited is converted into the oxide Co,0,, which may then be
reduced in hydrogen and weigled as the metal.

Anotler separation of nickel from cobalt depends upon the
precipitation of potassium cobalt nitrite (see page 134). This is
dried at 100° and weighed, and the nickel in the filtrate is pre-
cipitated by caustic potash, the precipitate boiled, well washed,
and converted by ignition into the monoxide.

The nickel compounds give ne flame-spectrum, but the chloride
yields a characteristic spark-spectrum containing a number of
fine lines, of which the following are the most important :

a 5476 8 5081 y 4715.

The spark-spectrum of the metal also contains many lines of
which the brightest are:

Intheorange . . . . . . . 58920
48729
In the green-blue . . . . . . { 48653
48547

The atomic weight of nickel has been often determined but
not with very satisfactory results, the numbers varying between
 Lisbig, Aun, Chem. Pharm. Ixxxvii, 128.
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68 and 69. Russell! in a series of well-agreeing experiments
obtained the number 5859, by reducing the strongly ignited
monoxide, whilst by messuring the amount of hydrogen
evolved on disselving the pure metal he got the number
58562 On the other hand, Schneider® by analysing the
oxalate found the numbers 57-90, aud Dumas* by the analysis
of the chloride obtained an atomic weight of 5887

¥ Journ. Chem. Soe. [2), L 58 2 Journ. Chem. Soc. [2], vii. 292.
3 Pogg. Ann. . 387. ¢ 4nn, Chim. Fhys. [8), Iv. 129,



METALS OF THE CHROMIUM GROUP.

Chromium. Tungsten.
Molybdenum. Uranium.

423 THE metals of this group form trioxides, which are acid-
forming oxides and yield very characteristic salts. Chromium
is the connecting link with the preceding group, inasmuch as
its lower oxide closely resembles that of ivon.

CHROMIUM, Cr = 524.

In 1762 Lehmann in a letter to Buffon ** de nova miners plumbi
specie crystalline rubra” described a new mineral from Siberia,
now termed crocoisite or lead cliromate. Vauquelin and
Macquart investigated the composition of this mineral in 1789
and came to the conclusion that it contains lead, iron, alumina,
and a large quantity of oxygen. However, when the former
chemist re-investigated the subject in 1797, he found that the
Jead present was combined with a peculiar acid which he
recognised ag the oxide of a new metal To this the name
of chromium was given because all its compounds are coloured
(from ypdpa, colour), The discovery of this new metal in
crocoisite was also made simultanecusly and independently
by Klaproth.

Chromium is not a very common substance and it does not
occur in the free state. It is found in several other minerals
besides crocoisite or lead chromate, PbCrO,, especially as chrome-
iron-stone or chromite, FeO.0r,0,, & mineral which is the chief -
ore of chromium and is the one usually employed for the manu.
facture of the chromium compounds. Chromium also forms
the colouring matter of several minerals; thus the green colour
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of emerald, a8 was shown by Vauquelin, is dueto chromium;
whilst serpentine, penninite, chromic mica or fuchsite, and other
minerals owe their colour to the same metal.

424 Metallie chromiwm is obtained by the reduction of the
oxide or chloride. For this purpose & mixtuve of chromic oxide
snd suger is intensely heated in & lime crucible (Deville)! ; or
chromium sesquichloride is heated with metallic zine under a
layer of sodium chloride, and the zinc-regulus treated with
nitric acid, when metallic chromium remains as a grey powder
(Wéhler),? Chroniium can also be prepared by the electrolysis of
a solution of chromous chloride containing chromic chloride, when
the metal separates out in brittle glistening scales? If chromie
chloride be heated in contact with the vapour of sodium in a cur-
rent of hydrogen the metal is obtained inthe form of hard crystal-
line scalkes; whilst when chrominm amalgam is heated in an
atmosphere of rock-oil the metal remains behind in the pul-
verulent form. The metallic regulus obtained by fusing the
double chloride of chromium and potassium with zinc, leaves a
residue of crystalling chromium when it is treated with nitric
acid®

Chromium forms a light-green glistening crystalline powder
exhibiting, under the microscope, aggregations of crystals of a
tin-white colour and having a specific gravity of 681 according
to Wohler,.or of 7-3 according to Bunsen. The fused metal
obtained by Deville’s method ig as hard as corundum, melts more
difficultly than platinum, is not magnetic, and when ignited in
the air or hydrogen is only slowly oxidised. Heated in the oxy-
hydrogen flame it burns brightly with emission of sparks, and
when fused together with saltpetre or potassium chlorate it is
converted into potassinm chromate. It readily combines with
chlorine and dissolves quickly in hydrochloric acid. Cold diluts
sulphuric acid only attacks it slowly, but, on wamning, it dissolves
with evolution of hydrogen. Nitric acid, even when hot and
concentrated, is without action upon it (Wéhler).

Chromium Steel. The presence of from 0°5 to 075 per cent.
of chromium in stecl renders it harder than the carbon is able to
do alone, and the chrome stesl thus obtained is of excellent
quality, -but is troublesome in manipulation on account of ifs
requiring to be worked at rather & low heat.

t Comptes Rendus, xliv. 673, 3 gnn. Chem, Pharm, exi, 230,

S Bunsen, Pogg. Ann, xci. 619, 4 Fremy, Compt. Rend. xliv. 632,
5 Vincent, PAil. Mag, [4], xxiv. 828. 6 Zettnow, Pogg. Ann, cxlifi. 477.
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CHROMIUM AND OXYGEN.

425 Chromium forms two basic oxides, corresponding to those
of iron, and one acid-forming oxide :

Chromium monoxide, or chromous oxide . . . CrO
Chromium sesquioxide, or chromic oxide . . . Cr0s,
Chromium trioxide . . . . . , . . . . . Cr0;

Thess oxides, which are also capable of forming compounds
with one another, will be deseribed under their corresponding
salts,

CHROMOUS COMPOUNDS.

426 Chromium Monoxide, CrO, is not known in the anhydrous
state. Chromous hydroaide, Ct(OH),, is obtained by adding
caustic potash to a solution of chromous chloride! It is a
brownish-yellow precipitate readily oxidised with evolution
of hydrogen, and possessing & dark-brown colour when dried
in absence of air. On heating, it first gives off water, and is
then converted with ignition and evolution of hydrogen into
the chromic oxide :

2C(OH), = Cr, 05+ H,0 + H,.

Chromous Chloride, CrCl,, is formed when the metal is dis.
solved in aqueons hydrochbloric acid or heated ina current of
hydrochloric acid gas. It is easily obtained by the gentle
ignition of the sesquichloride in & current of dry perfectly pure
hydrogen. Tt forms white silky lustrous needles which dissolve
in water with evolution of heat yielding a blue-coloured solu-
tion. This rapidly absorbs oxygen from the air and actsas a
powerful reducing agent, and like solutions of the other chromous
salts, rapidly absorbs nitric oxide, becoming of & brown colour.

Chromous Bromide, CrBr, i3 obtained by gently heating
chromic bromide in hydrogen gas; it is & white crystalline mass
yielding a green basic chromic bromide on exposure 1o the air.

Chromous Sulphate, CrSO,, is only known in solution, and is
prepared by dissolving the metal in dilute sulphuric acid. This

t Ordway Sill. Am. Journ. [2] xxvi. 197.
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ammoniacal solution absorbs oxygen, nitric oxide, and acetylens,
If potassium sulphate be dissolved in & cold saturated solution
of the chloride, and then alcohol added until a precipitate begins
to form, the mass being allowed to stand for some weeks in
abgence of air, fing blue rhombic prisms, having the composition
R 80, + Cr80, + 6H,0, are deposited, and these soon become
green on exposure to the air from absorption of oxygen.

Chromovs Phosphate, Cry(PO,), is a blue precipitate assuming
& green colour on exposure to air.

Chromous Carbonate, CrCOy, is obtained by precipitating the
chloride with potassium carbonate. A yellow to greenish-blue
precipitats is obtained in the cold, and this assumes & reddish-
brown colour on warming.

Chromous Cyanide, Cr(CN),, is & white precipitate insoluble in
potassium cyanide, changing to a dirfy green on exposure to
air. ‘

Of the other chromous salts the Acetate, Cr(C,H,0,); + H,0,
may be mentioned. This crystellises in red shombic prisms and
absorbs oxygen so rapidly that ignition often takes place.

The chromous, salts, like the ferrous salfs, absorb large
quantities of nitric oxide and then become brown.

CHROMIC COMPOUNDS.

427 Chromic Oxide, or Chromium Sesquioxide, Cr,Oy, occurs in
the impure state mixed with clay as chrome-ochre or wolchons-
koite, and is one of the constituents of chrome-iron ore.

« It is obtained artificially as a dull green amorphous powder
by igniting the hydroxide, or by heating & mixture of potas.
sium dichromate with sulphur or sal-ammonine and lixivi-
ating the residue. The colour of the oxide prepared by gently
igniting mercurous cliromate, Hg,CtO, in a covered crucible
is avery fine green. It melts at the tempersture of the oxy-
hydrogen blowpipe, solidifying te o crystalline almost black mass.
Chromic oxide is also obtained in the crystalline state by fusing
the amorphous substance with caleium ecarbonate and boron tri-
oxide, or by ignition in a stream of oxygen. Wohler’s! method of
preparing crystalline chromic oxide consists in passing the vapour
of chromyl chloride, CrO,Cl,, through a red-het fabe, when
¢hromic oxide is deposited in dark.green, lustrous, very hard,
U dun. Chem. Pharm. Ix. 203.
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hexagonal crystals which have a specific ‘gravity of 521
Another method consists in heating potassinm dichromata
either alone, or mixed with common salt; the ignited mass is
dissolved in water, when chromic oxide remains in bright
iridescent spangles which have a specific gravity of 5012

The strongly ignited oxide is almost insoluble in acids, and in
order to bring it into solution it must either be heated for a
length of time with strong sulphuric acid or fused with acid
potassium sulphate. Chromic oxide is used in the preparation
of coloured glass, enamels, and porcelain, imparting to them a fine
green tint. It is also used in ordinavy painting, forming one of
the most permanent greens, known as chrome-green.

Chromic Hydvorides. When ammonia isadded to the solution
of 4 chromic salt quite fiee from alkali, 2 pale blue precipitate
is obtained, and this when dried over sulphuric acid has the
composition Cry(OH)s+ 4H .2 Three molecules of water are
given off in a vacuum, and when this is heated to 200°in a
current of hydrogen, the lhydroxide CrO,(OH), is formed;
which begins to glow strongly at a red-heat and passes into
chromic oxide. The hydroxides are soluble in acids but dlssolve
with difficulty.

Guignels Qreen, Cr,0(OH), is obtained by fusing togethet
equal molecules of bichromate of potash and erystallised boric
acid, aud Lixiviating the fused mass with water. The residue
after grinding is a fine green powder now largely used as o
pigment. )

Soluble Clromium Hydroxide. Freshly precipitated and washed
chromium hydroxide dissolves in chromic chloride, and on
dialysing this solution Graham obtained a liquid which to one
molecule of hydrochloric acid contained 33 molecules of Cr0,.*
The deep dark green solution does not undergo alteration on
boiling or on dilution with water, but it al once coagulates on
addition of the smallest quantity of a salt.

Ammoniacal Chromic Selts, It was formerly believed that a
violet modification of chromium hydroxide existed scluble in
ammonia. This, however, is now ascertained to be & compound
of the hydroxide with an ammonium salt possessing & constitu-
tion apparently similar to the cobaltamine salts.

If- the pure hydroxide be digested for some time with con-
centrated ammonia a dark blue powder of Cr,0,(ONH,), is
1 Schrder, Pogy. Ann. cvi, 226; cvii 113.

2 Ordway, Sitl. Am. Journ, [2] xxvi. 197, 3 Phil. Trans. 1861, 183,
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formed? This dissolves in hydrochloric acid with a ruby-red
colour, and from this solution roseo-chromic chloride, CryCly(NH,),
+ 2H,0, is depnsxted in rhombic prisms® This combines with
more ammonia to form a compouzid soluble mn water with a violeb
colour and precxpltated by salechol as a fine violet powder
Neither ammonia, chromium, nor chiorine ean be detected in
this solution by the usual reagents, but if it be boiled, chromium
hydroxide separates out and then these bodies ¢an be detected
by the ordinary tests.

Chromites, Like alumina chromic oxide is & weak base though
it acts towards strong bases as an acid-forming oxide, Thus a
greeu compound of chromic oxide with an alkali is thrown down
on the addition of potash orsoda to a solution of & chromic salt,
and the alkali cannot be removed even by boiling water. This pre-
cipitate is, however, easily soluble in an excess of the precipitant,
but can be again thrown down either by partisl neutralisation
with acids or by boiling the solution. When caustic soda is
added to a solution of a chromium salt and a salt of msgnesium,
8 precipitate is obtained of & componud of magnesia and chromice
oxide which does not dissolve in an excess of alkali.

* Zine Chromite, ZuCr,0,, is obtained by fusing the two oxides
with boron trioxide at a white-heat, when blackish-green
octohedrous having a specific gravity of 5:309 are obtained.

Manganese Chromite, MnCr,0, is obtained in a similar way,
and forms very hard iron-grey octohedrons, which have a specific
gravity of 4-87.

Ferrous Chromite, FeCr0,. This occurs in nature as chromite
or chrome-iron-ore. It is rarely found crystallised in regular
octohedrons, generally occurring massive, with & granular crys-
talline fracture, Alumina and magnesia occur frequently as
isomorphous constituents, and in some cases chromite contains
more iron than corresponds to the above formula, the compo-
sition approximating to ¥e,Cr,0; + Fe,r,0,2 Chrome-iron
ore is found in the Shetland Islands, Norway, the United
States, Hungary, Greece, Asia Minor, in the Urals, and in New
Caledonia. .

Chaomoso-Clhromic QOxide was obtained by Bumsen in the
process of the preparation of the metal by the electrolysis of a
solution of chromous chloride containing chromic chloride by

1 Siewert Zeitech, ges. Naturwissensch, xviti, 244,
2 Qleve, Journ, pr. Chem. Ixxxvi. 47,
b4 (’hristomanos, Ber. Devtsch. Chem., Ges. X, 343,
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means of a curvent of low intensity. It form3 a black powder
insoluble in any acid, the composition of which is not constant,
but vavies between Cr,0; and CryO,

CHROMIC SALTS.

428 The normal chremic salts have g hluse or violet eolour, and
allow ved rays to pass through their solutions. Their cold solu-
tions possess a violet colour, which becomes green on heating,
but returns to the original colour after a time on cooling. Only
the violet solutions yield crystalline salts, the green solutions
depositiug an amorphous green mass on evaporatios. It was
formerly supposed that two modifications of the chromic salts
existed. According to recent investigations, however, the green
solutions do not contain normal salts, but are mixtures of hesic
and acid ones! The solnble chromic salts have an unpleasant
styptic taste.

Chromie Chloride, Cr,Cly, is obtained by healing an intimate
mixture of chromic oxide and carbon in astream of dry chlorine.
It forms fine peach-blossom coloured scales, which have a spe-
cific gravity of 3-03, and may be sublimed at a high temperature
in an atmosphere of chlorine. When heated in the airthey
give off chlorine, and are converted into the oxide. Chromic
chloride is almost insoluble in cold water, but when treated in
the finely divided state for some time with boiling water it
gradually dissolves. On the other hand, it is readily soluble
in presence of a very small quantity (less than 0°001 per cent.)
of chromous chloride, cuprous chloride, ot stannous chloride,
yielding a green liquid, which may also be obtained by dissolving
the hydroxide in hydrochloric acid. On slow evaporation green,
freely soluble needles of CrCl, + 12H,0 separate. These, when
heated in a current of chlorine or hydrochlovie acid to 250° lose
their water, leaving a residue of peach-blossom coloured scales,
which are essily soluble in water, and which sublime at = high
temperature, and are converted into the insoluble chloride.
This is unattacked by acids, thongh it dissolves in alkalisafter
long boiling. If, hewever, it be placed on tinfoil, it deliguesces,
undergoing a partial reduction. When the solution is evaporated

* 1 Kriiger, Pogy. Ann. Ixi. 218; Loewel, Journ. Pract, Chern. xxxvii, 38;
Siewert, Ann. Chem, Phe-m, exxvi. 86,
11%-2
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in the air, hydrocliloric acid escapes, and basic chlorides of
varying composition and solubility are left behind, whilst on
igaition pnre chrowic oxide remains.

Chwomic Bromide, Cr,Bry, is prepared in a similar way to the
chloride. It forms black semi-metallic translucent hexagonal
scales, having an olive-green colour, and exhibits in one direc-
tion & fine red dichroism. In its properties it closely resembles
the chloride, and dissolves essily in water, wheu a small quan-
tity of chromous bromide, or any other réducing agent, such as
tinfoil, is present. It is obteined in solution by the action of
hydrobromie acid on the hydroxide. The dark green liquid on
evapotation deposits green crystals, and easily decomposes, with
formation of basic salts.

No todide of chromium is known.

Chromie Fluoride, Cr,F, is obtained by dissolving the nen-
ignited oxide in hydrofluoric acid, and evaporating. Itisa green
crystalline mass which melts when strongly heated, and at a
high temperature sublimes in regular octohedrons (Deville),

Chromic Sulphate, Cr,(S0,),, is obtained by mixing equal
parts of concentrated sulphuric acid and chromium hydroxide
dried at 100°. 'The mixture is allowed to stand in a loosely-
stoppered bottle, when the solution, which, to begin with, is
green, becomes blue, and in some weeks deposits a violet-
blue crystalline mass, which is purified by solution in water
and precipitation with aleohol. The violet-blue crystalline pre-
cipitate is then dissolved in weak aleohol, and this solution,
after some time, deposits small regular octohedrons of Cr,(80,),
4+ 15H,0. When the solution of this salt is boiled or the
ctystals heated to 100° a green salt is formed, which dis-
solves easily in aleohol, the violet salt being insoluble in this
liquid. Soluble barium salts precipitate all the sulphuric acid
from the violet solution in the cold, whereas the green salt is
only cownpletely precipitated after long boiling, pointing to the
fact that this latter is a mixture, as has already been stated,
When either the green or violet salt is heated with sulphuric acid
to 190°, a pale yellow mass is obtained, which, on ignition, leaves
aresidue of the red anhydrous normal chrowic sulphate, which is -
insoluble in water, and only dissolves with difficulty in acids.
If dilute sulphuric acid be saturated with freshly precipitated
hydroxide & green solution is obtained, and this on evaporation
leaves an amorphous mass, which appears red by transmitted
light, and possesses the formula Cr,0(80,),. On boiling this
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solution a basic salt, 2Cr,SO(OH), + Cr,(OH),+ 5H,0, sepa-
rates out as & pale green precipitate.

Chromic sulphate and the sulphates of the alkali metals form
double salts, corresponding to the alums, to which the name of
ehrome-alums s given.

429 Potassium Chromic Sulphate or Chrome-Alum, K,S0, +
Cry(S0,)5 + 24H,0. This substance is best obtained by the
reduction of & solution of potassium dichromate, K,Cr,0,, by
adding the requisite quantity of sulphuric acid, and passing
sulphur dioxide through the solution :

X,Cr,0, + H80,+ 380, = K, 80, 4 Ory(80,); + H,0.

In place of sulphur dioxide any other easily oxidisable substance,
such as alcohol, &, may be employed, but in this case niore
sulphuric acid must be added. Chrome-alum is now obtained
in leage quantity as & by-product in the manufacture of aiti-
ficial alizarine from anthracene C,H,, in which the hydro-
carbon is treated with a mikture of sulphwric acid and
potassium dichromate when oxy-authracene C,HgO, is formed,
and this is then subjected to further treatment. The salt crystal-
lises in large dark purple-red, almost black, octohedrons, which,
when seen by transmitted light, exhibit & ruby-red colour. 1t
dissolves in seven parts of water at the ordinary temperature,
The solution haga dingy blue colour, with & tinge of red,
which, when heated to 70°, becomes dark-green.  After stand-
ing for several months, however, it returns to its ordinary
colour. Chrome-alum is used in dyeing and calico-printing,
as well a8 in tanuing.

If chromium oxide or sulphate be fused for some hours with
potassium disulphate, green microscopic needles of Cry(50,)s+
3K,80, are formed. The salt Cry(SO,), +3Na,SO, is prepared
by & process similer to the corresponding potassium compound,
and cannot be obtained in well developed crystals.

Ammonvuny Clromic Sulphate, NH),SO, + Cry(SO)), + 24H,0,
is obtained by crystallising & mixture of the two salts, or by
reducing the amwonium dichromate. The salt is less soluble
than the potassium cornpound, and easily crystallises in fine
ruby-red crystals, which have aspecific gravity of 1-738.

Chromic Nitrate, Cry(NOy), + 18H,O, is obtained by dis-
solving the hydroxide in nitric acid. The solution, which by
transmitted light has a blue, and by reflected light a red colour,
usually drics up to a green amorphous mass, which dissolves
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only with difficulty in warm water, depositing oblique purple-
red prisms. ) ) .

Chromic Phosphates. The normal orthophosphate, Cr(PO,),,
is obtained, by the addition of phosphate of soda to a solution
of chromic chloride, in the form of & green precipitate, which on
drying has a dark-blue colour. If & solution of phosphate of
soda be added drop by drop to one of chrome-alum, so that the
whole of the chromium is not thrown down, a voluminous pre-
cipitate, which after a time becomes dark-violet and crystalline,
is deposited, and has the composition Cry(PO,), + 12H,0. If
chromic hydroxide be dissolved in an excess of aqueous phos-
phoris acid, the solution evaporated and the residue heated to
316", o green chromic metaphosphate, Cr,(PO,), remains behind,
which is insoluble both in water and in acids.

Chromic Cyanide, Cry(CN),, is a pale-green precipitate inso-
luble in potessium cyanide, which, when heated in a water bath
with & solution of the latter selt in absence of air, forms

Polassivm Chromicyanide, K,Cro(C;Ny),. This salt forms
pale yellow monoclinic crystals, soluble in 3:24 parts of water.
Its solution gives precipitates with the salts of the heavy
metals, and, withsodium amalgam, it yields a red solution, inas-
much as chromous cyanide is formed, which is so readily
oxidised that it has not as yet been obtained in the pure
state,

430 Chromvic Thiocyanate, Cry(SCN),. Chromic hydroxide
dissolves in thiocyanic acid, yielding a greenish-violet solution
which when concentrated over sulpburic acid dries to a dark-
green amorphous deliquescent mass. It forms aseries of peculiar
double salts?

Potassium Chromic Thiocyenate, Cr{SCN),+ 6KSCN + 8H,0,
is formed when & moderately concentrated solution.of 6 parts of
potassium thiocyanate and 5 parts of chronie-alum is heated for
two hours nearly to its boiling point. On addition of alcohol to
‘the cold solution thesulphates are thrown down and the filtrate is
evaporated and crystallised from alcohol. The salt thus obtained
forms quadratic almost black erystals which appear ruby-red by
transmitted light and which can be obtained anhydrous at 110°.
They dissolve in 072 parts of water, and in 094 parts of alcohol
with a wine-red colour. On heating with alkalis they arve de-
composed with separation of chromic oxide, and ate attacked by
dilute warm hydrocliloric acid.

! Rossler, Ana, Chem. Pharm. cxli, 185,
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Sudium Chromie Thivcyanate, Cry(SCN);+ 6NaSCN + 14H,0,
possesses o light colour resembling the other chromic thio-
cyanates and crystallises in thin deliquescent scales:

Ammonium and barium chromic thiocyanates are also known,
Lead acetate when added to a solution of the potassinm salt
yields a rose-red precipitate of Cr(SCN), + 3Pb(SCN), +
4Pb(OH), + 8H,0, and this on washing with water yields the
yellow compound, Cry(SCN); + 2Pb(SCN), + 4Pb(OH), + 5H,0.

Silver nitrate precipitates from the solutions of the chromium
thiocyanates a brown-red hydmted salt, Cr,(SCN), + 6 Ag(SCN),
which is anhydrous at 100° and possesses a pale ved colour. It
is insoluble in ammonis, but soluble in potassium cyanide witha
deep-red colour. If this or the lead salt be decomposed with
sulphuretted hydrogen in presence of water,a dark wine-red
acid solution of chromithiccyanic acid liquid is obtained, which
on evaporation decomposes into chromic cyanide and thiocyanic
acid.

Clromammosium Thiocyanates. 'When finely powdered potas-
sinm dichromate is gradually added to fused ammonium thio.
cyauate, ammonia is evolved and the whole of the mass becomes
solid. This is then dissolved in water, the solution filteved,
and a few lumps of salammoniac added when scales of the salt
NH,(SCN),Cr(NH,), separate out. This salt was discovered by
Morland ! but its composition was first ascertained by Reinecke?®
When its solution is slowly evaporated the salt crystallises in
rhombic dedecahedrons having the exact appearance of small
garnets ; and these when warmed with caustic potash yield the
potassivm salt, K(SCN),Cr{NH,), is formed, which dissolves like
the former salt in water with a deep red colourand erystallises in
by red scales or cakes. Besides these, other salts of this’ group
ate known. If the rose-red insolnble mercury salt be treated
with sulphuretted hydrogen the free acid, H(SCN),Crx(NH,), is
obtained. This dissolves in water witha deep-red colour, and on
evaporation at a low temperature is obtained as an amorphous
mass. If the solution, which bas a strongly acid reaction, be
boiled, decomposition ocenrs; but a small quantity of the
acid evaporates and imparts a pungent odour to the vapour.

' Quart. Journ, Chen, Soc. xiif, 252, % Aun. Chem. Pharm. exxvi. 113,
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CHROMIUM TRIOXIDE.

431 When chromic oxide is Lieated to redness with an alkali
in presence of air or with addition of an oxidizing agent such as
nitre, chlorate of potash, &ec., & yellow soiuble mass is obtained,
consisting of an alkaline chromate. The chromates are also
formed when an alkelive solution of ohromic oxide is treated
with lead peroxide, potassium permanganate, chlorine, bromine,
hypochlorites or other oxjdizing agents:

Ct,04 + 10KOH -+ 3Br, % 2K,CrO, + 6K Br 4 5H,0.

The chromates usually possess & yellow, yellowish-red, or red
colour. Besides the normal salts we are acquainted with basic
galts, but not with any acid salts. The salts usually termed acid
salts are dichromates corresponding to the disulphates, and are
compounds of chromium trioxide with the nermal sait. Of
these the most important is common red bichromate of potash,
K,Cr,0, = K, CrO, 4+ Cr0;, 'We are also acquainted with tri-
chromates and other polychromates. Chromic acid itself is only
known in aqueous solution. This decomposes on evaporation
yielding the trioxide.

Chromium Triovide, CrOg  The simplest process for preparing
this compound is that deseribed by Fritzsche! For this purpese
15 volumes of concentrated sulphuric acid are added to one
volume of a cold saturated solution of bichromate of potash.
The acid is poured in & thin stream and the liquid constantly
stirred. Chromium trioxide crystallises out en cooling in long
ueedles. This method has since been modified and improved.
According to Zettnow * the best yield is obtained wheu 300
grams of potassinm dichromate are mixed with 500cc. of
water and 420cc. of concentrated sulphuric acid added,
and the mixture allowed to stand for twelve hours in order
that the acid potassium sulphate may orystallise out. The
mother-liquor is then heated to from 80° to 90° and 150 cc.
of sulphuric acid added together with enough water to
dissolve the crystals of trioxide which at first separate out.
After standing for twelve hours the liquid is poured off from
the crystals which have separated, and a second and a third
crop may be obtained by concentration. The liquid is drained

v dwu, Chem. Pharm, xxxvi, 212, $ Pogy. Ann, exhii. 471
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off from the crystals, and these are then placed on a porous plate,
and washed with pure nitric acid liaving a specific gravity of
146. This is best accomplished on a filter made of pumice-
stone (the trioxide being immediately reduced by organic matter)
by means of & Buusen's filter-pump, the adhering nitric acid
being removed by passing a current of dry air over the crystals
heated in a tube from 60° to 80°1

Chromium trioxide is also eagily obtained in the pure state by
mixing 100 parts of barium chromate with the samne quantity of
water, and with 140 parts of nitric acid of specific gmvity
138, heating the mixture to the boiling point for ten minutes,
then adding 200 parts of water and again boiling the solution
for some time. Barium mtrate crystallises out on cooling, and
the liquid is poured off and evaporated down to the bulk of
the mtric acid employed. On cooling, the liquid is again poured
off from the barium nitrate and .evaporated almost to dryness, a
small quantity of water being added to the residuve and again
evaporated, and this operation continued until all nitvic acid has
been driven off. In this way chromium trioxide is obtained
sufficiently pure for ordinary operatious?

Chrontiun trioxide exists either as a red woolly mass or as
long scarlet rhombic prisms having a strong lustre, & specific
gravity of 278, and melting at 193° to adark-red kiquid, which
solidifies to a reddish-black crystalline mass having a metallic
appearance. If a large amount of the fused oxide be allowed
quietly to cool with a thermometer placed in it, the temperture
is seen to sink to 170° before solidification begins, but, then it
risesto 195°. At 260° it is resolved into oxygen and the sesqui-
oxide,

Chromium trioxide is easily converted into chromic oxide,
by reducing agents, such as sulphur dioxide, hydrogen sulphide,
zine dichloride, arsenic trioxide, zinc, &c. Many organic com-
pounds also act in the same way. Thus if strong alcohol be
dropped on to the dry trioxide reduction takes place with in-
candescence, and, if the trioxide be previously mixed with a
little powdered camphor, the chromic oxide formed assumes
the appearance of a green mossy vegetation. Paper, sugar,
oxalic acid, &c,, also reduce the solution of the trioxide especially
on warming. When the trioxide is heated with hydrochloric acid
chlorine is liberated, and when heated with sulphuric acid it

! Bunsen, Aan. Chem. Phavm, exlviii. 200
3 Duvilller, Compt, Rend, 1xv. 711,
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decomposes with evolution of oxygen. The aqueous solu-
tion of chromium trioxide as well as its solution in glacial acetic
acid is often used in organic chemistry as an oxidising agent.
Still more commonly a mixture of potassium dichromate and
dilute sulphuric acid is employed for this purpose, in which case,
a3 has already been: stated, chrome-alum is obtained as a by-
product. Chromium trioxide dissolves without alteration in
cold dilute alcohol and ‘in pure ether, and it is also soluble in
concentrated sulphuric acid, but not in an acid containing
from 16 to 17 per cent. of water. It deliquesces on exposure
to air, forming & brown solution which on dilution with water
becomes of a yellowish-red colour.  This dyes the skin as well
as silk and wool of & yellow colour, and possesses an acid and
astringent taste,

THE CHROMATES.

432 Normal Potassium Chromate, or Yellow CRromate of Potash,
K,CrO,, is obtained by the addition of potash te a solution of
the bichromate. On evaporating the solution yellow rhombic
pyramids crystallise out, which are isomorphous with potassium
snlphate, and crystallise with the latter salt in all proportions.
1t Las a specific gravity of 271 at 39, and it does not undergo
alteration in the air. On heating, it becomes red-colonred and
melts at a high temperature without decomposition, solidifying
on cooling to & crystalline mass. It dissolves in water with a
yellow colour which is perceptible even when very small
quantities of the substance are present, one part of the salt
imparting a distinet yellow tint to 400,000 parts of water.
One hundred parts of water dissolve:

]

At 0 200 100°
K,CrO, 5890 6294  T102 7910 parts,

The saturated solution boils ab 104™2. The salt has a bitter
cooling taste and an alkaline reaction. On evapaating its
solution red crystals of the dichromate are first deposited and
afterwards the yellow crystals of the neufral salt. It is de-
composed by all acids, even by carbonic acid with formation
of the dichromate. It is insoluble in alechol.

433 Potassium Dichromate, ot Bichromate of Potash, K,Cr,0,,
serves as the point of departure for the preparation of almost all
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the other chromium compounds, and is prepared on the large
scale from chrome-iron ore.

Up to the year 1820, potassium dichromate was wused
only for the purpose of making chrome-yellow, and was pre-
pared by the calcination of chrome-iron-ore with costly salt-
petre. In the above year Kichlin introduced potassinm
dichromate into the process of Turkey-red dyeing, and it soon
was employed for & varlety of other purposes, especially in
wool-dyeing. In its preparation potashes were employed instead
of saltpetre, and the chrome-iron-stone was oxidised in reverbe-
ratory furnaces by means of atmospheric oxygen. An important
improvement was made in the process by Stromeyer by the
introduction of & cerfain quantity of lime tegether with
the potash, Not only was & saving of alkali thus effected, but
the oxidation was rendered easier, inasmuch as the. whole mass
did not fuse, and therefore remained porous and more capable of
absorbing the atmospheric oxygen. The chrome-iron-ore is first
roasted and 4} parts of the finely ground ore mixed with 2}
patts of potassium carbonate and 7 parts of lime. This mass
after drying at 150°is heated to bright redness with an oxidizing
flame, the whole being constantly stitred At the end of the
operation the charge is withdrawn from the furnace and after
cooling itis lixiviated with the minimum amount of hot water, If
caleium chromate be found in solution a hot saturated solution
of potassium sulphate is added, when the lime is thrown down
as sulphate and pobagsium chromate remains in selution. The
lignor is next treated with the requisite quantity of sulphuric
acid, diluted with twice its vélume of water, to convert the
chromate into dichromate, and then allowed to cool. The solu-
tion of chromate saturated at 16° contains nearly 1 part of
salt to 2 parts of water, whilst the dichromate requires 10
parts of water for its solution. It is clear, therefore, that
when the saturated solution of chromate is converted inte
dichromate, & precipitate of about three-quarters of the di-
chromate will be formed on cooling. This precipitate iscollected
and then recrystallized. The mother-liquor, which of course
contains potassium sulphate, is used for the lixiviation of another
portion of the roasted mass.

Potassium dichromate crystallises insplendid garnet-red tables
or prisins belonging to the triclinic system, having a specific
gravity of 2692 at 3*0. It melts below o red-heat forming
a transparent red liquid, which when slowly cooled solidifies
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in crystals which liave the same form as those deposited from
aqueous solution. It decomposes at & white-heat into oxyaen,
chromic oxide, and the normal salt. One hundred parts of
water dissolve :

At 0 10° i 80° 100°
X.Cn0, 496 847 20015 7300 10204

The saturated solution boils at 104" Potassium dichromate
has an acid reaction, a cooling bitter metallic taste, and is
insoluble in alcohol ; it acts as a powerful poison, probably on
account of its oxidizing properties. The commercial salt is
usually almost chemically pure, and is employed for the prepara~
tion of the other chromium compounds, a3 a reagent, and as an
oxidizing agent, as well as being largely used in dyeing and calico-
printing.

A film of organic matter saturated with a solution of potas-
sium dichromate acquires a dark colour on exposure to light
owing to e reduction to chromic oxide taking place, and & solu-
tiou of this substance in gelatine is used as a sensitive agent in
the Autotype and other similor photographic printing processes.
These processes depend not merely upon the de-oxidation of
the dicliromate, but also wpon the fact that this veduction
renders the gelatine insoluble in and non-absorbent of water, so
that those portious of the gelatine-film which have been acted
upon by the light remain unchanged when the film is immersed
in hot water, while those parts which lave been protected from
the action of the light, dissolve away entirely. A film is thus
obtained in which the varions shades of theé original negative are
represented by deposits of varying thickness, of the insoluble
gelatine, which can be coloured with any desired pigment, and in
this way the red- or blue-chalk drawings of the old masters can
be produced in exact fac-similed

Potassium dichromate forms a double salt with mercuric
chloride, X,Cr,0, + HgCl,, which separstes oub in red rhombic
crystals. When potassium dichromate is disselved in 12 parts
of hot nitric acid, carmine-coloured tables of potassinum nitro-
dichromate, KCr,0,NQ,, are formed. These when crystallised
from nitric acid yield garnet-red crystalline scales of potassium
nitro-trichromate, KCr;O,NO,.

Potassium Trichromate, X,Cr,0,, crystallises in dark red

* For a full and interesting description of these processes, see Abney’s Treatiss
on Photography. longmous: 1878, pp. 32, 160,
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nacreous prisms when a solution of the dichromate in ordinary
nitric acid, or in an aqueous solution of chromium trioxide, pre-
pared at 60°, is allowed to cool. These have a specific gravity
of 3613, melt at & temperature of 150°, and gradually become
black on exposure to air (Graham).

Potassium Tetrachromate, K,Cr,0,, is obtained in the form of
thin glistening red scales, when the foregoing salt is heated for
soine time with concentrated sulphuric acid

Normal Sodium Chromate, Na,CrO, +10H,0. This is ob-
tained by fusing chromic oxide and sodium nitrate together,
and evaporating the solution at a low temperature, or by allow-
ing a solution of cliromate of potash saturated with soda to
evaporate at 0°. The salt is deposited in deliquescent trans-
partent yellow prisms, isomorphous with glauber salt. Heated to
above 30° the auhydrous salt separates out. It has an alkaling
reaction, and a bitter metallic taste.

Sodium Dichromate, Na,Cr,0,+2H,0, crystallises in thin
yellowish-red deliquescent prisins.

434 Normal Ammonium Chromate, (NH,),CrO, is obtained
by evaporating & solution of the tiioxide with excess of ammonia
at temperatures below 60°, when lemon-yellow needles separate
which are permanent in the air, easily soluble in water,
possess an alkeline reaction, and leave chromic oxide when
iguited.

Ammontum Dichromate, (NH,),Cr,0,, is formed when the
requisite quantity of the trioxide is added to ammonia., On
evaporation, oraiige-coloured monoclinic crystals having a
specific gravity of 2:367 separate out. They are permanent in
the air, and when ignited decompose into nitrogen, water, and
floccunlent chromic oxide, which swells up to a large bulk.

If solutions of equal parts of ammonium dichromate and
mercuric chloride are evaporated, large red six-sided monoclinie
prisms, having the formula (NH,),Cr,0, + HgCL+H,0, are depo-
sited ; whilst from the mother-liguor another salt, 3(NH,),Cr,0;+
HgCl,, crystallises in needles.

Ammontum Trichromate (NH,),Cr,0,, and Ammonium Hea-
chromate (NH ),Cr,0;,, are also known.

Barium Chromate, BaCrO,, is an insoluble yellow precipitate,
having a specific gravity of 39. It is insoluble in acetic, but
easily soluble in nitric, hydrochloric, and aqueous chromic aclds.
From the last solvent the salt BaCr,0, + 2H,0 may be obtained
in yellow stellar needles, which are decomposed by water with
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separation of the normal salt. Barium chromete is used as a
pigment under the name of yellow ultramarine.

Magnesium  Chromate, MgCrO, + TH,O, crystallises from a
solution of magnesia in chromic acid in lemon-yellow crystals
isomorphous with sulphate of magnesie. Its specitic gravity
is 1-66.

Maguesium Potassivmn Chromats, MgCrO, + K.CrO, + 2H,0,
crystallizes in yellow four-sided tables on evaporating a solution
of potassium dichromate which has been neutralised with may-
nesia.

Magnesium  Ammonium Chromate, MgCrO, + (NH,),CrO, +
6H,0, is isomorphous with the corresponding sulphate.

Zine Chromates. Chromate of potash gives with zine sulphate
a yellow precipitate of basic zinc chromate, Zn,(OH),CrO, 4
H,0. A similar compound, 2Zp,(OH),CrO, + H,0, is formed
when zine carbonate is heated with a solution of chromic acid.

If zine oxide ora zine saltis boiled with potassiuin dichromate
the yellow insoluble compound, Zn (OH),CrO,, is precipitated.

435 Lead Clromate, PbCrO,, occurs as crocoisite in translucent
yellow monoclinic prisms, having & specific gravity of 59 to 61.
The mineral is found in Siberia, in the Urals, Brazil, Hungary,
aud the Phillippine islands. Crystals having a specific gravity
of 6-118 are artificially obtained when lead chloride is strongly
heated with potassium chromate, a3 well as when solutions of
lead acetate and normal potessium chromate are allowed slowly
to diffuse into one another! A bright yellow precipitate of the
normal chromate is obtained when a solution of a lead salt is
precipitated with potassium dichromate. This goes under the
name of chrome-yellow, and is largely used as a pigment. It
is insoluble in water, but readily dissolves in nitric acid and
caustic potash. When strongly heated it fuses to & brown
liquid, which on cooling solidifies to a crystalline mass. As lead
chiromate at a red-heat oxidises all organic substances, it is fre-
quently employed in organic analysis, especially in the case of
bodies which contain chlorine, sulphur, &. The chronie-yellow
of commerce often contains admixtures, especially lead sulphate.
This, however, is not always to be considered as an adulteration,
a8 it is used for the preparation of a light shade. This is termed
Cologne-yellow, and is obtained by & precipitationof the mixture
of the nitrates of lead and caleium with a mixture of sodium

! Drevermann, dun. Chem. Pharm. Isxxvii. 121,
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sulphate and potassium chromate, or more generally by heating
lead sulphate with a solution of potassium dichromate.

Calico is printed or dyed with chrome-yellow, by first mor-
danting the cloth with a solution of lead salt, and afterwards
steeping it in one of chromate of potassium.

Basic Lead Chromate, PbyCrO,, occurs in commerce as chrome-
red, and is obtained as a fine red powder by digesting chrome-
yellow with cold caustic soda, or boiling it with a solution of
nornial potassiun chromate, or by fusing it with nitre The
chrome-orange of commerce is a mixture of clwome-red and
chrome -yellow obtained by treating the latter with milk of ime
or by precipitating a lead solution with a weak alkaline solution
of potassinm chromate. Another basic salt, Pb,Cr,0,, occurs as
the mineral pheenicite in hyacinth-red crystals.having a specific
gravity of 575. It may be artificially prepared together with
the normal chromate, by allowing solutions of lead nitrate and
potassium chromate to diffse into one another when it scparates
in dark-red tables.

436 Copper Chromates, Copper dichromate, CuCr,0,42H,0, is
obtained by the action of concentrated chromic acid solution on
copper hydroxide. It forms blackish-brown deliquescent crys-
tals. The solution when boiled deposits the basic salt Cu,CrO,
+2H,0 a8 a brown precipitate, which is also obtained when
boiling solutions of normal potassium chromate and copper
sulphate ave mixed. Cold solutions, on the other hand, yield
the double salt K,CrO, + Cn,Cr,0, + 2H,0, which is obtained
also by the action of potassium dichromate solution on freshly
precipitated copper hydroxide in pale brown microscopic six-
gided tables, The mineral vangnelinite, (CuPb),Cr,0,, occurs
in swall glistening monoclinic crystals or earthy masses, together
with crocoisite,

Normal Silver Chromate, Ag,CrO, is obtained as a ved
crystallive precipitate when a dilute solution of potassimn
chromate is poured into & concentrated solution of silver nitrate.
If silver oxide be beiled for some time with a solution of
potassium dichromate, the same compound is obtained as a
cherry-red powder cousisting of needle-shaped crystals. It is
insoluble in water, bt soluble in nitric acid, ammonia, and the’
chromates of the alkali metals. On evaporation, it separates
from the ammoniacal solution as & green metallic glistening
crust, which yields a red powder.

Silrer Dichromate, Ag,Cr,0;, is formed when a solution of
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potassium dichromate is dropped into concentrated silver soln-
tion. The scarlet precipitate is slightly soluble in water, and
crystallises in red triclinic erystals, which are decomposed
by boiling water.

Ammonio-Silver Chromale, Ag,CrO,+4NH,, is obtained by
dissolving the normal salt in ammonia, and evaporating the
solution, when it deposits in yellow transparent crystals, which
are isomorphous with the corresponding sulphate, and lose am-
monia o exposure to air.

Mercurous Chromate, HgCrQ,, is a bright red erystalline pre-
cipitate, obtained by adding potassium dichromate to an excess
of mercurons nitrate. On heating it decomposes with evolution
of mercury and oxygen, bright green chromic oxide remaining
behind.

Mereuric Chromate, HgCrO,, is formed when equal parts of
chromium trioxide and merzuric oxide are boiled together with
water. It erystallises in garnet-red rhombic prisms, which are
decomposed by water, especially when warm, with formation of
the amophons insoluble basic salt, Hg,CrO,. If freshly preci-
pitated mercuric sulphide be warmed for some hours with solu-
tion of ehremium trioxide, and the product dried at the ordinary
temperature, a yellow-ochre coloured powder is cbtained, which
hes the composition 2HgCrO, + HgS, which, on percussion or
heating, explodes very violently.

Ferric Chromate, I‘e,((,rO,)a, is obtained as a liright yellow
powder, by precipitating a neutral ferrie chloride solution with
a hot saturated solution of potassium dichromate. If ferric
lLiydroxide be digested with a solution of chromium trioxide and
evaporsted, a brown mass having the composition Fe,Cr,0,,
is obtained, which is soluble in water and alcohol.

437 Chromic Chromate, Cr,0,. CrOg=3Cr0, This compound,
also known as chromium dioxide or peroxide, is formed wlen
chromicnitrate is gently heated. It is likewise prepared by the
partial reduction of the trioxide, and by the precipitation of
chromic salt with a soluble chromate. The brown powder thus
obtained is casily soluble in acids. Alkalis precipitate chromic
hydroxide from its solution, whilst a chromate remains in the
liquid. If chromium chromate be washed for some time with
water, it is decomposed into soluble trioxide and insoluble
sesquioxide. When nitric oxide is passed into a tolerably con-
centrated solntion of bichron:ate of potash, chromic chromate is
obtained as a dark-brown precipitate, which dries at 250° to form
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a black hygroscopic powder, and this, when heated in a current
of hydrochloric acid, yields chromic exide, water, and chlorine.

When vapour of cliromic chloride is passed through & red-
hot tube, violet trauslueent prisms, having the composition
Cr,0, = 2Cr,0, + CrO,, are obtained. These are magnetic, and
on ignition are gradually converted into chromic oxide,!

CHROMYL CHLORIDE AND THE
CHLOROCHROMATES.

438 Chromium OQxychloride or Chromyl Chloride, CrO,Cl,
Vapowr Density = TT'5. °'This compound, sometimes termed
clilorochromic acid, appears to have been discovered by Thomp-
son,? and was afterwards specially investigated by Berzelius and
Waéhler3 Itisprepared by distilling a fused mixturé of ten parts
of common salt and twelve parts of bichromate of potash, together
with thirty parts of concentrated salphuric acid, and in ovder
Lo remove free clilorine repeatedly rectifying the distillate in a
current of carbon dioxide. Itis a mobile liquid of a splendid
blood-red colour by transmitted, and nearly black as seen by
reflected light. It boils at 118°, and has & specific gravity at
25° of 1920# It absorbs chlorine readily, dissolves iodine, and
when dropped into water it ramains unaltered for a few seconds,
bat is afterwards decomposed with violent eballition into chro-
mic and liydrochlovic acids. The specific gravity of the vapour
of chromyl dicldoride is, according to Bineau, 539 (air = 1).
When brought inte contact with pliesphorus it explodes, whilst
it takes fire in contact with sulplmr, hydrogen sulphide, am-
motia, alcoliol, and many other organic bodies, and when diluted
with aceti¢ acid, acts as an oxidizing and chlorinating agent
upon hydrocarbons. When heated in a closed tube to 180°
for three or four hours Zrichromyl chloride, Cr,0,CL, is formed
as a black powder, whiclh deliquesces on exposure to the air.’

Chloro-chromates.  Chlorochromic acid, HCrO,Cl, standing
between chromic acid and its chloride, and corresponding to
chloro-sulphonic acid (Vol. I. p. 345) has, like chromic acid
itself, not been obtained in the pure state. The salts, however,
of this acid are known.

! Centher, Aau. Chem. Pharn, exviil. 1. 2 Phil, Traas, 1827, p. 159,
3 Pogg. Aan, xxxiii. 343, ¢ Thorpe, Chew. Soc, Jowrn. xxi. 514,
5 1o, xxiii. 31.

vol., 1, 12*%
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Potassium  Chloro-chromate, KCrO,0l, was discovered by
Péligot! and is formed when three parts of potassium dichro-
mate are gently heated with: four parts of concentrated hydro-
chlorio acid and a small quantity of water. Also by adding
chromyl chloride to a saturated solution of potassium chloride:

0r0,Cl, + KC1 + H,0 = KCro,Cl + 2HCL

This crystallizes in flat red rectangular prisms, having a specific
gravity of 2:497. The salt is partially decomposed by water,
but may be re-crystallized from water containing hydrochloric
acid. It decomposes at 100°, with evolution of chlorine. Dry
ammonia converts it into & mixture of sal-ammoniac, potassium
chloride, and the salt K,Cr O, crystallizing in brown.ved hexa-
gonal scales. If ammonia be passed iuto ether containing the
salt in suspension, potassium amido-chromate, KCrO,NH,,
crystellizes out in gamet-red prisms. This is decomposed by
unitrogen trioxide in aquecus solution, with formation of nitrogen,
water, and potassium dichromate:

2KCrO,NH, + N,O,; = 2N, + 2H,0 + K, Cr,0,.

Chloro-chromates of sodium, ammonium, calcium, and mag-
nesium have also been deseribed by Péligot.

439 Chromiwm Hexfluoride, CrF,. This compound, corre-
spouding to the trioxide, was discovered by Unverdorben,? and is
obtained by heating a mixture of four parts of ignited chromate
of lead, three parts of pure fluor-spar, and five parts of faming
sulphuric acid in a lead or platinum vessel. It i3 & red gas,
which condenses to a blood-red strongly fuming liquid. The
vapour, when inhaled, produces violent coughing and severe
oppression of the lungs. It is decomposed by water, with
formation of hydrofluoric acid and chromium tiioxide. This
latter is obtained in the pure state by passing the vapowrs into
& platinum crucible, covered with a wet piece of filter-paper,
when the trioxide separates as a red woolly mass.

Potasstum Fluo-chromate, KCrO,F, is formed when bichromate
of potash is heated with concentrated hydrofluoric acid in a
platinum vessel. It erystallizes in red quadratic pyramids
which are decomposed by hot water iuto potassium dichromate
and hydroftuoric acid.

¥ Journ, Pharm. Junoe 1833,
2 Prommsd. N. Jowrn. Pharm, ix. 22.
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Tue CoXsIrrUTION OF THE CHROMATES, CHLORO-CHROMATES,
AND SIMILAR COMPOUNDS.

440 The chromates and their derivatives may be considered
to contain the radical chromyl, CrO,, in the same way that the
existence of the diad radical sulphuryl, SO,, is assumed in sul-
phuric acid and the compounds derived from it. The constitu-
tion of the above compounds may be gathered from the following
formulee :

Potassiom chromate, Chromyl chloride.
OK 1
o0 O a0 S
Potassium dichromate, I'otassiam chloro-chromate.
OK
0 Cr0,
Cro e \Cl
NOK
Potassium trichromate, Trichromyl chloride.
Cro,<°K CrogCl
Cr0, g Cr0¢
Basie zine chromate, Potassium nitro-dichromate.
OK
NOZnOH Cro <
NO,
Basic lead chromate, Potassium nitro-trichromate.
N Cro,<°K
OP
G0 opp, 0 CrOL
Or0Qy NO,

Perchromic Acid, HCrO, A deep indigo-blue coloured solu-
tion is obtained when hydrogen dioxide is added to an aqueous
solution of chromium trioxide, or to & solution of & chromate
acidified with snlphuric acid.  This-blue lignid, which probably

19»-2
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consists of perchromic acid, quickly decomposes,with evolution of
oxygen. If the freshly-prepared solution be shaken with ether,
this liquid takes up the perchromic acid, and becomes of a dark-
blue colowr. The cthereal is miore stable tlhen the agueous
solubion, but on evaporation it leaves & residue of chromium
trioxide. The same decomposition is effected by alkalis, a
chromate being formed with evolution of oxygen. The
colouring power of perchromic acid i so great that its formation
is eémployed as the most delicate teat, both for chromic acid and
for hydrogen dioxide.

CHROMIUM AND SULPHUR.

441 Chromium Sesquisulphide, 01 Chromirwm Sulphide, Cr,S,,
This is obtained by heatiug ehromium with sulphar, or by igniting
chromic chloride, or the trioxide, in a current of hydrogen sul-
phide. 1t forms cither a blackish-grey metallic lustrous powder,
oran elastic mass having a specific gravity of 3-77. When heated
in the air it burns with formation of the green oxide, and in
chlorine yields chloride of sulphiur and chromic cliloride. It
is not attacked by nitric acid. This compound cannot be
prepared in the wet way, as soluble sulphides precipitate the
hydroxide from chromic salts, with liburation of sulphuretted
hydrogen :

Or,Cl, 4+ 6H,0 + 3(NH,),8 = Cr,(OH), + 6NH Cl + 3H,S.

Chromsum Persulphide, CroS,, is obtained as a brown pre-
cipitate when hydrogen sulphide is pussed into an ammoniacal
golution of potassium dichromate, Sulphide of carbon does
not estract sulphur from the compound. It is slowly decom-
posed by water, and dilute acids decompose it into free sulphur
aud a chromnie salt, with evolution of hydrogen sulphide.

CHROMIUM AND NITROGEN.

Chromium Nitride, N,Cr,, is formed by the direct union of its
elements at a red-heat? ; and also by pussing ammonia overheated
chromic chlorige. It is a brownish-black powder, which takes
fire and burns when heated to 200° in the aivor in oxygen. Cold

1 Briegleh and Geuther, Anu. Chem, Pharm. exxiif. 239.
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chlorine does nof act upon it but when heated in this gns small
explosions first oceur, owing to formation of nitrogen chloride,
and at last chromic chloride remains. It does not nnderge
change on ignition in hydrogen or in aqueous vaponr, and is not
attacked by caustic potash, hydrochloric acid, or nitrie acid.
Concentrated sulphuric acid couverts it into amwonia chrome-
alum:
Cr,N, + 4H,80, = Cry(80,), + (NH,),%0,.

CHROMIUM AND PHOSPHORUS.

Chromium Fhosphide, P,Cr,, is obtained by passing the-vapour
of phosphorus over ignited chromate of potash. On lixiviating
the black fused mass with water, a crystalline powder remains
hehind, having a metallic Justre, and possessing the above com-
position. When leated in oxygen this powder takes fire, and
burns with formation of chromic phosphate.

DerectioN AND EsTiMATION OF CIIROMIUM.

442 Chrominm oxide is frequently detected in its insolnble
compounuds by its chamcteristic green colonr, as well as by the
fact that it forms an emerald-green bead, both in the oxidizing
and reducing flame, with borax or microcesmic salt. On fusion
with sods and saltpetre a yellow mass is obtained, which is
soluble in water, and the solution acidified by acetic acid yields
o yellow precipitate with soluble lead salts, Canstic potash or
soda gives a green precipitate in solutions of chromic salts,
This dissolves in an excess of alkali in the cold, but is com-
pletely precipitated on boiling the solution. This reaction is emn-
ployed for the separation of chromium from almminium, metals
which are obtained together in the course of snalysis. If,
however, the solution contains large quantities of a zinc or
megnesium salt, alkalis produce insoluble chromates of these
metals, and these are precipitated in the following operations,
together with iron. [n this case the precipitate must be fused
with saltpetre and carbonate of soda, the fused mass dissolved
in water, and the filtrate tested for & chromate. The detection
of chromic acid is rendered easy by the bright yellow or red
colonr of its salts. The yellow colonr of the normal chromates
becomes red on the addition of an acid, aud agaiu yellow when
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made alkeline. Milver nifrate precipitates the normal chromates
of a purple-red, and the dichromates of a dark.-red colour, both
precipitates being easily soluble in ammonia and in dilute nitric
acid. Barium chloride gives a pale yellow precipitate, with solu-
tions of the normal chromates, and lead acetate throws down
a pale yellow powder, insoluble in nifric acid, turned red by a
slight excess of caustic potash, and soluble in a large excess of
this reagent, and from this solution acetic acid again precipitates
chrome-yellow. All the chromates are converted by reducing
agents into the chromic salts. When they are distilled in the
dry state with common salt and sulphuric acid, they yield red
vapowrs of chromyl chleride, which condense to & dark.red
liquid, becoming yellow on saturation with ammonia.

The chromium salts do not impart any colour to the non-
luminous gas-flame. The solution of chromic chloride gives a
spark-spectrum containing lines of which the two following are
the most characteristic:

a 5205 B 4255.
The spark-spectrum of the metal is a complicated one. The
following are the brightest lines :

52076 42894
In the green . . . {5205‘2 In the dark blue . < 42746
52057 42539

In order to determine chromium quaniitatively in the chro-
mium salts, & hot solution is precipitated with an exeess of
ammonia, the solution heated nearly to the boiling point, and
the precipitate well washed with hot water, dried, ignited, and
weighed as chromic oxide. In the chromates the chrominm is
either determined by precipitation in acetic acid selution with
lend acetate, and weighing the precipitated lead chromate ignited
at & dull red-heat, or the solution ‘is mixed with hydrochloric
acid and alcohol, in order to form chromic chloride, which is
then determined as above. Another good method is to precipi-
tate the neutral solution, orone made slightly acid by nitrie
acid, with mercurous nitrate, and to convert the washed and
dried precipitate by ignition into chromic oxide.

For the valuation of Chrome Iron Ore the following process
may be adopted. Eiglt parts of borax are fused in a platinum
crucible, one part of the finely pulverized ore added, and the
crucible kept at a bright ved-heat for half an hour. Dry car-
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bonate of soda is next added as long as eflervescerce engues, and
then three parts of a mixture of equal weights of carbonate of
soda and nitre are gradually introduced, the mass being frequently
stirred with a platinom wire. The alkaline chromate is dissolved
in water, and to get rid of the silica and alumina which are in
solution, it is evaporated nearly to dryness on & water-bath
with an excess of ammonium nitrate, until all free ammonia is
expelled. Water is now added, the liquid filtered, and the
chromium in solution estimated as above deseribed.

Another convenient method consists in igniting 0:5 gram of
the finely powdered mineral with 10 grams of caustic soda and
15 grams of magnesia for one hour over & Bunsen burner,
stirring the powder with & platinum wire. After fusion the
mass i treated with water, the filirate acidified with hydro-
chloric acid, and the chromium determined volumetrically with
ammonium ferrous sulphate.!

The atomic weight of chromium has nob been determined with
@ great degree of accuracy. The numbers obtained by different
experimenters, especially tle older ones, vary considerably,
¢hiefly owing to the inexactitude of the methods employed.
The careful analysis made by Berlin® of the silver aalt gave
numbers varying from 524 to 525, Kessler® determined the
equivalent quantities of pofassimn dichromate and potassium
chlorate needed to oxidize a given quantity of arsenic trioxide
to pentoxide, obtaining the number 522 ; and lastly, Siewert,
from an analysis of the violet chloride, found the atomic weiglit
to be 520.

MOLYBDENUM, Mo = g58.

443 The name Molybdena, which occurs in the writings of
Dioscorides aud Pliny, is derived from the Greek word
uoAuBSos, lead, and was originally employed for the designa-
tion of a variety of substences containing lead. At a later
time the name was used to signify gelena or substances similar
in appearance to this body,and to these bodies the name of
plumbago or black-lead was also given. Even sulphide of
antimony and pyrolusite, to which latter mineral Linnzus gave

1 Christomauos, Ber. Deatseh Ghene, Ges., x. 16, .
3 dun, Chem, Pharm, Wi, 207 ; Ix. 182, 3 Pugg. Ans, exiil, 137.
4 Zeitsely, Ges. Nutarwis. xviv. 530, .
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the name of molybdenum magnesii, were also classed under
the same group of bodies, At a still later period this word
was entirely applied to graphite and to the mineral sulphide
of molybdenum, which is extremely similar in its appearance
to graphite.

The difference between plumbago and the sulphide of
molybdenum was first pointed out by Sclieele in his treatise on
“ Molybdena” in 1778,and another on “ Plumbago ” in 1779.!
By heating the former mineral with nitric acid he obtained
sulphuric acid together with a peculiar white earth which he
recognised as an acid-forming oxide, and termed it acidum
molybdene, and he sssumed that the mineral is a compound
of this acid with sulphur. In1781 Bergman suggested that the
earth was probably a calx of a metal, and in 1782 he wrote
that Hjelm had succeeded in preparing the metal, though the
details of the experiments were first made known in 1790,

Another mineral containing molybdenum i the yellow molyb-
date of lead or wulfenite first found in Carinthie. This was
investigated by the elder Jacquin, and he slhiowed that it
contained lead, but was doubtful as to the nature of the acid
with which this metal is combined. Salzwedel, who analyzed
it in 1790, believed that it was a lead salt of tungstic acid, but
Klaproth in 1797 ascertained its true composition. The com-
pounds of molybdenum were then more accurately examined
by Berzeliug.

Molybdennm is usually found as molybdenite, MoS,; also as
wulfenite, PbMoO; ; more rarely it occurs as miolybdic oclire,
MoO,, and pateraite, CoMoO,. Iron ores frequently contain
traces of molybdenum, and hence this metal is also found in
pig-iron a8 well as in the slag. Thus the iron-slag obtained in
the process of melting the cuprons schist at Mansfeld, is said
to contain from 9 to 28 per cent. of molybdenum.2

Lreparation of Meclallic Molybdenum. Inorder to prepare the
metal, the trioxide or one of the chlorides is heated to redness
in & cirrent of hydrogen® The veduction of the trioxide does
not take place readily, and for this reason the product is heated
at the end of the operation in a current of dry hydrochloric
acid, when any of the unreduced trioxide is converted into the
volatile compound, MoO,ClL,H,.*

Y Vetensk, Acad, Handl, ? Heine, Jotern. Pract, Chem., ix. 157,
3 Wahler, 4an, Chem. Pharm. xciv, 255,
¢ Licchti and Kompe, Aun. Chem. Pharm. cixix. 344,
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Pure molybdenum has a silver-white colour, is harder than
silver, has a specific gravity of 8:6, and does not fuse completely
at the highest temperature of a wind-furnace (Bucholz) ; indeed
according to Debray it is infusible at that temperature. When
one of the oxides is ignited in a carbon crucible the resulting
molybdenum contains from 4 to 5 per cent. of carbon, and this
product can be fused in the oxy-liydrogen blowpipe. Molybdenum
is oxidized only when heated in contact with the air. It
decomposes water at & red-heat, and it is readily soluble in
nitiic acid and hot concentrated sulphuric acid as well as in
aqua regia. It is not attacked by hydrofluoric acid or by dilute
sulphurie or hydrochloric acids.

OXIDES AND CHLORIDES OF MOLYBDENUM.

444 Molybdenum is remarkable for the number of oxides and
corresponding chlorides which it forms, the following being
known:

OXIDES, CHLORIDES,
Molybdenum Monoxido, Mo O. Molybdenum Dichlorido, Mo CL.
» Sesquioxide, Mo, 0, . Sesquichlorile, Mo,Cl,.
. Dioxide, Mo O, . Tetrachloride, Ma €l

- Pentaeltloride, Mo Cl,.
o  Trioxide, Mo Oy

It will be convenient to class the several corresponding com-
pounds together, and to describe them in the above order.

The three fivst oxides are basic, but only the chlorides and
bromides have been satisfactorily examined. The trioxide, the
most important oxide, is an acid-forming oxide like the corre-
sponding chromiwm compound. 1

445 Molybdenum Monoxide, MoO, is obtained in the hydrated
state as a black powder by the action of hot potash on the corve-
sponding chloride or bromide,

Molybdenum Dichloride, MoCl,, is prepared by heating the
sesquichlotide in a current of dry carbon dioxide:

Mo,Cl; = MoCi, + MoCl,.

The tetrachloride volatilizes, and the dichloride remains as a
sulphur-yellow amorphous powder, which does not alter in contact
with the air, does uot dissolve in water, and is soluble in alcohol
and ether, separating from these solntions in the amorphous

E Delnay, Compt, Reud, xkvi. 1098,
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condition.! It is also soluble in the hydracids and inhot sulphuric
acid, and in the alkalis, from which latter solution the monoxide
separates on boiling. The hydrate, MoCl, + HO, crystallizes
from the hydrochloric acid solution on standing in pale-yellow
plates insoluble in water, but when the solution is evaporated
Ieng prisms having the formula, MoCl + 2H,0, are deposited.
These are soluble in water and when dissolved in hot hydro-
chloric acid long glittering needles of the compound, MoCl, +
3H,0, are deposited. These do not dissolve in water, but are
decomposed by it with evolution of hydrochloric acid,

Molybderuin Dibromide, MoBr,, is formed by the decomposition
of the tribromide by heat. It forms a yellowish-red infusible
mass which does not dissolve in water or in acids.

The molecular formule of these two compounds are probably
treble of those which are here given, for if the chloride be
dissolved in caustic potash the compound, Mo,Cl,(OH), + 2H,0,
is thrown down on the addition of acetic acid in the form of &
pale yellow amorphous precipitate. This compound, which has
been termed chloro-molybdic hydroxide, possesses basic properties,
and forms with acids well-defined salts.2

Chloro-molybdic bromide, Mo,Cl,Br, -+ 3H,0, is obtained by
heating the hydroxide or the chloride with hydrobromic acid.
It crystallizes on cocling in glittering reddish-yellow plates
which scarcely dissolve in water or in dilute hydrochloric acid.
If the motherliquor of this salt be evaporated well-formed
reddish-yellow prisms having the composition, Mo, ClBr; +
6H,0, are deposited. These dissolve in water, but are decom-
posed with separation of a yellow granular powder. Hydriodic
acid forms corresponding compounds.

Brom-molybdic Hydrovide, MogBr(OH), 4 8H0. When
molybdenum dibromide is dissolved in dilute alkali and the
solution allowed to stand exposed to the air, or when sal-
ammoniac is added to the hot solution, the above compound is
deposited in the form of golden-yellow glistening rhombohedrons
closely approximating in form to the cube. These lose six
molecules of water on drying over sulphuric acid, and change to
o dark-red. At 100° they lose all their water, a fine red powder
remaining behind.®

Brom-molybdic Chloride, Mo BrCl, + 3H,0, is obtained as

! Liechti and Kempe, Ann, Chem, Pharm. elxix, 351,
* Blomstrand, Journ. Pract. Chem. Ixxvii, 100,
3 Atterberg, Ber, Dewisch, Chem. Ges. 1873, 1464,
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pale yellow powder on adding an excess of liydrochloric acid to
the alkaline solution of the hydroxide.

Brom-molybdic Fluoride, Mo3r F,, is prepared with hydro-
fluoric acid in the same way as the chloride, which it closely
resernbles.

DBrom-molybdic Sulphate, Mo Br,SO, + 3H,0, can be obtained in
the same way in the form of ayellow precipitate, whilst when the
solution of the hydroxide is treated with ammonium molybdate
aud acetic acid, the brom-molybdie molybdate Mo Br,MoO, + H,0,
is thrown down as a reddish-yellow precipitate.

446 Molybdenwm Sesquionide, Mo O,, is formed when one of the
higher oxides is treated with sodiumn amalgam, zinc, & When
the trioxide is thus treated the colourless solution first becomes
blne, then reddish-brown, and lastly black. The kydroxide,
Mo,(OH),, is obtained as & brownish-black precipitate by pre-
cipitating with ammonia, washing the precipitate with am-
moniacal water, end dryingin a current of bydrogen at 100°
When gently ignited in absence of air the water is evolved and
the sesquioxide remains as a black mass (Berzelius). Molyb-
denum sesquioxide is likewise obtained in the form of a grey
metallic powder by strongly igniting the trioxide in a current
of Liydrogen? 1t is insoluble in acids, and even the hydroxide
dissolves only with difficulty.

The Salts of the Sesquioxide are black orof a dark purple colour
in concentrated solution, but when diluted they are transparent

- and of a purple tint. In the solid form the sesqui-salts are
dark-grey or black. They havea sbyptic taste, oxidize slightly on
exposure to the air, are precipitated by alkalis with formation
of the hydroxide, and give a brown precipitate with sulphide
of ammonium soluble in excess of the reagent. Sulphuretted
liydrogen also precipitates them, though slowly. Phosphate of
soda produces & brownish-black precipitate.

Blolybdenum Sesquichloride, Mo,Cl;, is formed when the
pure pentachloride is volatilized in a current of carbon dioxide,
the tnbe being heated strongly at ome point only. The
sesquichloride deposits asa copper-red erystalline crust.? If the
pentachloride be heated in a current of hydrogen to 250° the
sesquichloride is also obtained in a form closely resembling red
phosphiorus (Liechti and Kempe). Heated in the air it forms
a white woolly sublimate, whilst impure dichloride remains

! Svanberz and Struve, Phil. Mag. [8], xxx. §08-524.
* Blomstrand, Jowrw. Pract, Chem. Ixxvii. 96.
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behind. Tt is insoluble in cold water and is decomposed by
boiling water. It likewise does not dissolve in hydrochloric acid,
though it is easily soluble in hot nitric acid, whilst sulphuric
acid dissolves it with & blue colour which on heating becomes
green. If the hydroxide be dissolved in hydrochloric acid a
brown liquid is obtained which on evaporation dries to a
black pitch-like mass,

Molybdenum Sesquibromide, Mo,Br,, is formed by the action
of bromine vapour on the heated metal. It sublimes in a
mass of fine blackish-green needles which are insoluble in
water thongh soluble in cold dilute nitric and in boiling liydro-
chloric acid. On boiling with alkalis the hydroxide is formed
(Blomstrand).

447 Molybdenun: Dioxide, M0O,, is formed when the metal or
the sesquioxide is gently heated in a current of air. If sodium
trimolybdate be ignited for some hours in a current of hydrogen,
and the residue treated with water, the dioxide remains behind
in the form of a powder, having a brass-yellow colour! If this
salt be fused, and then heated with one-third its weight of
zine in small pieces, and the melted muss first treated with
caustic potash, and then with hydrochloric acid, the same com-
pound is obtained in the form of dark-blue prisms resembling
sublimed indigo, which appear of a violet-red colour by trans-
mitted light2 It is not attacked by caustic potash or hydro-
chloric acid, but when heated with nitric acid or on ignition
in a current of steam, it is converted into the trioxide.

Molybdic Tetrahydroride Mo(O1),, is obtained when a solution
of the pentachloride or of ammoniwm molybdenum tetrachloride
ide is precipitated with ammonia. On drying, the precipitate
has a dark-red colour; it dissolves slowly in water, yielding a
yellow or dark-red solution which reddens litmus, hes a some-
what scrid and metallic taste, and is precipitated on the addition
of salts. In closed vessels it decomposes after some time, form-
ing a transparent jelly. The ignited dioxide does not dissolve
in agueous acids, although the hydroxide does so.

The Salts of the Dioxide are formed when an excess of molyb-
denum is treated with the corresponding acid, and then the
requisite quantity of nitric acid added. The concentrated soln-
tions are black, and on dilution they become of a bluish-
green, greenish-yellow, dark-red, aud lastly yellow colour. On

1 Svanberg aud Stvave, Journ. Prackt, Chen. xliv. 957
* Ullik, Anu. Chem, Pharm, oxliv, 204,
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exposure to the air they absorb oxygen and become blue, whilst
with zine they give a black precipitate of Mo, (OH),, With
alkalis they yield a reddish-brown precipitate, and sulphuretted
hydrogen, and sulphide of ammonium, give the same reactions
with them as with the preceding salts.

Molybdenum “Tetrachloride, MoCl,, is obtained together with
the dichloride, as has been stated, by heating the sesquichloride
in an atmosphere of earbon dioxide. The tetrachloride volatilizes
as a dark yellow vapour which condenses to a brown erystal-
line powder. When exposed to the air it becomes of a bluish-
green colour and deliquesces to a brown liquid. It is only slowly
soluble in hydroehlovic acid, and dissolves in concentrated
sulphuric acid with a bluish-green colour.

Molybdenum Tetrabromide, MoBr,, is formed in small quantities
in the preparation of the sesquibromide as black glistening
needles which fuse when heated, volatilizing in brownish-
red vaponrs. These readily decompose into bromine and dibro-
mide, and in presence of air the compound deliquesces, forming
a dark liguid, giving with more water & yellowish-brown solution,

Molybdenwm Tetradodide, MoI,. The hydroxide dissolves in
hydriodic acid, giving a red.coloured solution, which on spon-
taneous evaporation yields crystals which transmit red light and
appear brown by reflected light.

Molybdenum Pentacklovide, MoCl,  This is the highest
enloride of molybdenum, but it correspouds to ne known oxide.
It is formed by heating molybdenum or molybdenite in dry
chlorine for some time, when bright metallic glistening black
crystals are formed which melt at 194° and boil at 268°, giving
a dark-red vepour which lias a specific gravity of 94 to 953
The compound fumes on exposure to moist air and becomes of
& bluish-green colour, gradually deliqnescing to a brown liquid
which on dilution with water becomes colourless. Absolute
alcohol and ether yield green solutions, and the chloride also
dissolves in hydrochloric acid with evolution of heat.

OXYCHLORIDES OF MOLYBDENUM.

448 Molybdenum Monoxytctrachloride, MoOCl,. This componnd
is formed by the action of chlorine on a niwderately-heated mix-
ture of carbon and molybdenum dioxide. It forms a dark-green

"1 Debray, Congel, Rend Ixvi. 732,
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crystalline mass or, if obtained at a Liglher temperature, light-
green plates having a metallic lustre. Tt melts and evaporates
below 100°, solidifying to a green glistening mass and yielding
a dark-ved vapour. It is veadily decomposed by water,
deliquescing in moist air to & blue liquid, and this on addition of
water gives & blue precipitate which becomes brown in presence
of ammonia. As this decomposition by water eventually
yieWds the blue oxide, Blomstrand ! gives to this compound the
complicated formula Mo,04Cly, but its easy volatility does not
support this formula.

a-Molybdenum Dioxydichloride, MoO,Cl, This compound
was first supposed to be molybdenum hexachloride, until H.
Rose ascertained its true composition, It is formed by passing
chlorine over the heated dioxide, when it sublimes as an
amorphous mass. The same compound is also formed as a
last oxidation-product when the chlorides of molybdenum
are heated in the air. It can be fused only in closed vessels,
and forms with water a colourless solution which has a bitter
acid taste.

B-Molybdenwm Dwxydwhlmde Mo0,Cl;. This compound,
isomeric with the foregoing, is formed when molybdenum
sesquioxypentachloride, a wmpound about to be described, is
repeatedly sublimed in absence of air, the compound being
obtained in thin yellow transparent quadratic tablets. When
the wixture of the preceding compound and the sesqnioxypenta-
chloride is gently heated until the whole of the fusible portion
is vemoved and the residue sublimed, the B-compound is
obtained in the form of large and thick honey-yellow crystals?
which on repeated sublimation pass into the amorphous
a-compound. These two isomeric oxychlorides correspond to
the chromyl chlorides, and hence may be termed molybdenyl
chlorides.

Molybdenum  Sesquioxypentachloride, Mo,0,Cl,  This com-
pound is formed together with the amorphous molybdenyl
chloride by heating th e_sesqnichloride in & current of chlorine.
It may be purified by slow sublimation in a current of hydrogen,
and i8 thus obtained in dark-brown translucent well-formed
prisms which probably belong to the rhombic system. It fuses
easily and volatilizes as a reddish-brown vapour. Heated in
contact with air it decomposes first into 8-MoO,Cl,, and then

v Journ, Pracl. Chem. Yxx1. 460,
2 Blomstrand, Journ, Frach Chem. [xxi. 400
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into a-MoO,Cl,. In moist air it deliquesces, forming a blue
liquid.

Molybdenuwm Sesquioxyhezachloride, Mo,0,Clg, is usually formed
together with the green oxychloride, MoOCl, and crystallizes in
well-formed dark-violet prisms which are ruby-red by trans-
mitted light and which volatilize at 2 high temperature without
fusion. It dissolves readily in water with evolution of lieat, a
white precipitate separating out which is soluble in a larger
quantity of water.

Molybdenum Qzybromide or Molybdenyl Bromide, MoO,Br,
is formed when bromine vapour is passed over the heated
dioxide, or when a mixture of molybdenum trioxide and boron
trioxide is heated with bromide of potassium :

Mo, + B,O, + 2KBr = MoO,Br, + K,B,0,

It forms yellow tablets which deliquesce on exposure to air.

Molybdenum. Oayfluoride, MoO,F,, is ouly known in aqueous
solution obtained by dissolving the trioxide in hydrotiuoric acid.
It forms double salts with the other fluorides of whiel many are
soluble and crystallizable. They arve prepared by disselving the
normal molybdates in hydrofiuoric acid. Acid salts are also
known which are obtained by the solution of the ypolymolyb-
dates in hydrofinoric acid (Delafontaine).

Potassiuin Holybdic Ozyfiuoride, K,MoO,F, + H,0, forms small
triclinic crystals which are permanent in the air and can be re-
crystallized from hot water. Theacid salt, Ky(F;MoO,), + 2H,0,
forms silky prisms which emit hydrofiuoric acid on exposure
to air.

MOLYBDENUM TRIOXIDE AND MOLYBDIC
ACID.

449 Molybdenum Trioxide, MoOy, occurs as molybdic ochre in
erystalline or fibrous masses, as well as in an earthy powder or
incrustation. It usually occurs together with molybdenite, and
has probably been formed by its oxidation,

In order to prepare the trioxide in the pure state on the small
scale the native sulphide may be heated in a combustion tube
in a current of air until it is all oxidised, and the triovide
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snblimed!) On the larger scale it may be obtained by mixing
the same powdered miueral with an equal weight of pure quarts
sand and roastiug the mixture on a flat iron plate,  The
roasted product is then boiled with dilute ammonis, and
a small quantity of sulphide of ammonium sdded to the
solution in order to precipitate the copper. The filtered liquid
is then evaporated to dryness, aud the residue again dissolved
in dilute ammonia. Crystals of smmoninm molybdete are
obtained from the filtrate on concentration. These are decom-
posed by nitric acid, evaporated to dryness, and the residual
trioxide well washed with water. Molybdenum trioxide can
also be obtained from native Jead molybdate by first treating
the mineral with dilute hydrochloric acid in order to remove
iren, zine, &e., then decomposing it with hot concentrated hydro-
chloric acid, evaporating down and digesting with dilute
alumonia, when ammonium molybdate remains in solution and
can be erystallized out as has already been described.?

Thus prepared molybdenm trioxide is & white impalpable
powder, which when hevane  «.o~ yellow ; it melts at & red-heat
toadak yellow lich{3, Whiew, . . QUs._ solidifies to a yellowish-
white fibrows: ¢ ‘- +%}ine mass, have * .a specific gravity of 439
(Schafarik). =, . intilizes at ver, ‘“igh temperatures when
heated in closed hatsels, bub in the w. it sublimes more easily,
depositing small coloutless fransy svont rhombic tablets, It
dissolves in 500 parts of cold, a:. . «bout 960 parts of hot
water. The soly/*on reddens litn— faper, turns tarmeric paper
brown, and po»  ses a sharp mei. ¢ taste.

Molybdic ; 7, H,MoQ, + 7 «’ +, crystallizes out in yellow
crasts when o 7 0 of thn s parts of ammoniun molyb-
date i3 dissolved . Wn" ats of water, and the same
quantity of nitric acid v. .7 Jc gravity 116 is added to the
solition and the whole allowed to stand. The deposition of
the acid frequently takes place only very slowly, and the
addition of a crystal of the compound renders its separation
more easy.’

When the solution of the trioxide in nitric acid is allowed to
evaporate spontaneously a white crystalline powder separates,
which on beating loses water (Berzelius). This probably con-
sists of the anhydrous acid, H,MoO,, which was once obtained

! Wihler, duu, Cheuwr, Pharme. ¢. 378, 2 Wohler,

Miacralanalyse, 146,
* Gmelin-Kraut, i, 171, "
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by Ullik in the form of thin prismatic crystals by the decom-
position of magnesium molybdate with nitric acid.

Collodial Molybdic Acid. When the hydrochloric solution of
ammonium meolybdate is dialysed, a yellow, strongly acid,
astringent solution of molybdic acid remains behind, and this,
on evaporntion, yields a deliquescent gammy mass (Graham).!

Soluble Molybdic Acid.  If ordinary molybdate of ammonia be
precipitated with barium chloride, and the washed precipitate
decomposed with the exact quantity of sulphuric acid, & colour-
leas liguid is obtained, possessing an acid reaction and a metallic
taste. This when dried over sulphuric acid solidifies to an
amorphous mass, possessing & blue colour, owiug to reduction,
and is readily soluble in water, especially when slightly warmed.

Molybdenum: trioxide not only combines with basic oxides to
form molybdates, some of which possecs very complicated con-
stitutions, but it also acts as a base towarls certain acids
forming definite compounds, Thus, for instance, when hydro-
chloric acid gas is passed mt*r molybdenum trivxide at a
temperature of 150° to 2(- ke arystalline very volatile
compound, MoO, + 277 -2¢ Mmed T a8, which is probably
the hydmzychlonde M JH),CI,, is eas ".uie inwater and
decomposes into its ¢ xatwents when st s heated.  Again.
if a solution of the wioxide be evaporatwu with concentrated
sulphuric acid, colonrle~~ ~listening erystals sepavate out having
the compesition Mo. Mo0,S0,. These oa heating emit
sulphur trioxide and deiic=sce on exposure 'o the it

* ¢
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430 Polassium Molybdale; ..inJ,, is obtained Ly fusing
molybdenuin trioxide and carbonate of potash together in the
right proportions. If the fused mass be dissolved iu hot water,
tlie golution allowed to cool, and the filtrate evaporated over
sulphurie acid, the salt erystallizes out in small, usually micro-
scopic, four-sided prisms, which are easily soluble in water.
When hydrochloric acid is added drop by drop to a solution of
molybdennm trioxide in carbouvate of potash until a permanent
turbidity is prodnced, a salt separates on standing, having the
composition KyMo,0,,+4H,02 This crystallizes in monoclinic

Y Clirm. Soc. Jowrt. xvii 326,
? Delafontaine, N, Adrch. Se. Plys. XNel. xxiif, §, xxx, 232,
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prisms, and is decomposed by water with formation of the
normal and the following salt.

Potassium Trimolybdate, K,Mo,0,,+3H,0, forms phable silky
needles which dissolve slowly in cold, but nore rapidly in hot
water. If the salt be dissolved in molybdic acid prepared from
barium molybdate a crystalline precipitate is formed, which dis-
solves in Lot water, and the solution on cooling deposits glistening
erystals having the compasition K,Mo,0,,+6H,0.

Sodium Molybdate, Na;MoO,, is formed when the trioxide and
carbonate of soda are fused togetherin the proper proportions.
The mass is dissolved in water, and evaporated to crystalliza-
tion, when small acute rhombohedrons scparate out, having the
composition Na,MoO4+2H,0. If o concentrated solution be
allowed to crystallize below 6°,long prisms of the salt, Na,MoO;
+ 10H, 0, having the appearance of glauber-salt, are deposited,
and these lose moisture and pass inte the foregoing compound
on exposure to air.

Sodivm Dimolybdate, No;Mo,0,, is formed when sodinm
carbonate is fnsed with twice as much trioxide as is needed to
form the foregoing salt.- The crystalline mass falls to pieces
under water with formation of small needles which dissolve
with difficulty in cold, and only slowly in Lot water.

The salt NaoMo,O%+ 22H20, which erystallizes in large
dlistening monoclinic pnsms is obtained when the caleulated
quantity of the trioxide is dissolved in sodium carbonate and
the solution allowed to evaporate sponbaneously It effloresces
on exposure, and when heated in the air fuses in its own water
of crystallization, which is given off at a higher temperature.
When more strongly heated it melts with formation of the
anhydrous salt, solidifying on cooling to long needles which are
easily soluble in hot water, from which solution the original
crystals can again be obtained.

Sodium  Trimolybdate, Na,Mo 0+ TH,0, is formed in a
similar way to the foregoing salt, and crystallizes in very fine
needles, One hundred parts of water dissolve at 20° 3-878, and
at 100° 137 parts of the salt.

Sodium Tetramolybdate, Na,Mo,0,,+ 1111,0. This is obtained
by the action of the calculated quantity of hydrochloric acid on
the normal salt, and forms crusts consisting of small glistening
crystals which dissolve with difficulty in cold, but veadily in
ot water.

The acid salt, HN&\\IO,O13 + 8H,0, which is obtained in a
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similar way by the action of more hydrocliloric acid, forms long
glistening monoclinic crystals which are readily soluble in water,
and effloresee on exposure to nir.

Sodium Octomolybdate, Na o0, + 4H,0, is formed as a
white powder by the action of & solution of sodium carbonate
on the acid salt HNaMo0,; 4 4H,0, which latter salt is
obtained by boiling the normal sodivmn molybdate with nitric
acid, and also forms a white or yellowish powder

Sodium  Decamolybdate, NaMo, (O, + 12H0, is a white
crystalline powder obtained by lLeating the normal salt in a
water-bath witlh sufficient hydrochloric acid to saturate the
Tequisite quantity of sodiuwmn. It is difficultly soluble in water.
If soluble molybdic acid be dissolved in the requisite qrantity
of sodium carbouate, the salt Na,Mo, O, + 21H,0, erystallizes
in monoclinic prisms, and is soluble in cold water without
decomposition.

451 Ammonzum Molybdate, (NH ), MoO,, is produced when the
trioxide, or an ammonimu polyniolybdate, is heatcd with exeess
of concentrated amnionia. It erystallizes in four-sided prisms
which are decomposed by water. On evaporation of the solution
of tle trioxide in animonia the ordinary molybdate of ammonia,
(NH,)OMovou-{-eLHgO, crystallizes out in large colourless sis-
sided monoclinic prisms.

Anmontum  Dimolybdate, (NH),¥0,0;, separates out on
evaporating the motherlignor of the normal salt iu the form
of o white erystalline powder.

Ammonium  Trimolybdate, (NH)Mo0,,+ 1,0, frequently
occurs by the decomposition of a solution of the ordinary salt
at a low temperature, when it separates ont in silky needles
diffienltly soluble in cold- but readily so in hot-water.

Calcium Molybdate, CaMoO,, is obtained by precipitating a
solution of the ordinary ammonium salt containing an excess
of ammonia with -calcinim chloride. It forms a white precipi-
tate consisting of microscopic quedratic pyramids. If calcium
carbonate be boiled with an excess of the trioxide and water,
and tle solution allowed to evaporate spoutaneously, caleium
trimolybdate, CaMog0,, + 6HO, is deposited. The salt
H,CaMoOy + 17TH0 crystalhzes from a solution of tlie normal
salt in the requisite quantity of hydrochlorxc acid. It is de
posited in small obligne glistening prisms which are scarcely
soluble in cold but readily dissolve in hot water.

Barium Molybdute, DaMoO, is a crystalline precipitate

15v—-2
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difficultly soluble inacids. It is obtained in quadratic pyramids
by fusing together sodium mwolybdate, barium chlovide, and
common salt.

When the ordinary ammonia salt is precipitated with bavium
chloride a flocculent precipitate of Ba,Mo,0,, 4+ 9H,O is thrown
down, which is slightly soluble in water. A compound, Balo,0,,
+ 8H,0, having properties similar to the lust salt, is obtained by
precipitating & soluble trimolybdate. When barium ecarbonate
is dissolved in soluble molybdic acid and the selution allowed
to stand, oblique prisws of the salt H,BaMoOy + 17H,0 are
deposited ; and if the normal salt be treated with dilute nitric
acid the compound BaMo,O,, + 4H,0 is formed. This is in-
soluble in water and is not completely decomposed by acids,
nob even by sulphuric acid.

Magnesiwm Molybdate, MgMoO, + 5H,0, is obtained by boiling
magnesia with water and molybdenum trioxide, and evaporating
the solution, when the salt separates out in long glistening trans-
parent prisrus. Magnesium molybdate forms with the molybdates
of potassium and sodinm double salts such as K,MoO, + MgMoO,
+2H,0, which appear to be isowmorphous with tlie corvesponding
manggenese and ferrous salts,

Lead Molybdate, PbMoO, This occurs native es wulfenite
in orange-red transparent quadratic tables and octohedrons
which have a specific gravity varying from 6 to 7. When one
part of sodium molybdate is fused with six parts of lead
chloride and four of sodium chloride in & closed crucible,
bright-yellow translucent pyramids or tables of the artificial
compound are obtained, which have a specific gravity of 6-8112
If & solution of o molybdate be added to lead nitrate the same
compound is also obtained in the form of a white precipitate
which melts at a very high ternperature. We are not acquainted
with any other lead molybdate.

Molybderam Molybdates or Blue Oxides of Molybdenum. When
the metal or a lower oxide of molybdenum i exposed for a
certain time to the air a black mass is obtained, which, accord-
ing to Berzelius, has the composition Mo0), = +MoO, + MoO,,
It molybdate of ammonis be heated with inolybdenwn trioxide
to its melting-point, a violet-blue metallic lustrons powder of
Moy0; = MoO, + 2MoO; is obtained. This compound may
likewise be prepared by electrolysis of tle fused rioxide when it
forms in & crystalline mass which has a copper-red colour, and

t Echultze, Ann. Chem. Pharm., cxxvi. 49 ; Mauross, ¢bid, Ixxxii. 358,
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hecomes blue on exposure to the air On heating this com-
pound a blue powder, Mo,O; = MoQ, + MoO,, remains behind
(Wohler and Buff).

Hydroxides corresponding to the above are formed when the
nietal or molybdenum tetrahydvoxide is moistened with water
and exposed to the air, or wheu a solation of the tetrachloride
is precipitated with ammoninm molybdate, as also when the
hiydrochloric acid solution of & molybdate is heated with sugar
and precipitated with common salt. The precipitate thus
obtained has a dark-blue colour, and is seluble in water, to
which it imparts a bitter metallic taste,

452 Phosphomolybdic Acid, 2H,PO 4 22M00;. This remarkable
compound is obtained by boiling its ammoniunisalt with aqua-
regia. On evaporating the solution it deposits in yellow tri-
clinie prisms which contain twenty molecules of water. These
dissolve very readily in water and, on spontaneous evaporation,
cnbes coutaining fifty molecules of water of crystallization
separate out, whereas from & very concentrated nitric acid
solution rhombic erystals are deposited, which contain 40
molecules of water. According to Debray,! who has recently
investigated this acid and its salts, it only contains 20 MoO,.
The vecent investigations of Rammelsberg? liowever, confirm
the formula given above.

Potassium Phosphomolybdate, 2K,PO, 4 22Mo0, + 12H,0,
is obtained by boiling the ammonia salt with eanstic potash
or by mixing the acid with solution of a potash salt, when
it is deposited in four-sided prisms almost insoluble in
water.

Ammontum  Phosphomolybdate, 2 (NH) PO, + 22 MO, +
12H,0. This salt was discovered by Gwelin,® but Sonnen-
schein® was the first to notice that this compound contained
phosphorie acid as an essential constituent. It is formed when
a solution of & molybdate is mixed with ammonia, and a small
quantity of phosphoric acid in nitric acid solution added, or
when the free acid is added to a strongly acid solution of the
ammonia salt, Under these circumstances & canary-coloured
yellow powder is thrown down. Pyro- and meta-phosphates do
not yield this precipitate; it is only formed when they are
converted into orthophosphates. When this change takes place
slowly the compound is obtained in glistening yellow crystals

v Compt, Rend., \xvi. 702, 8 Ber, Deulseh, Chom, Ges., x. 1776,
¢ Handbook, vol. iv. 68. ¢ Journ. Pruck. Chem., liii. 342,
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(Debray)t It is almost insoluble in water aud in dilute acids.
It is also insoluble in nitric acid solution of aminonium molyb-
date. The presence of hydrochloric acid and chlorides, as well
as of many omgenic acids, with the exception of acetic acid,
retard the formation, whilst in presence of an excess of phos-
phoric acid no precipitation cecurs,

It is easily solable in alkalis, and the ammonincal solution
crystallises spontaneously in long glistening prisms or needles
having the composition (NH,)4(PO,), + 5Mo0;+ 7TH,0. Tlhese
are difficultly soluble in cold, but readily soluble in hot water,
yielding a slightly acid liquid,

Phosphomolybdic acid also precipitates strongly acid solutions
of the salts of rubidium, cesium, thallivm, and the organic alka-
loida, but not solutions of sodium or lithium salts. The heavy
metals are also not precipitated if s sufficient amount of free
acid be present. This acid is nsed as a veagent for the alkaloids,
or, in place of this, a liquid prepared by saturating o solution
of sodium carbonate with molybdenum trioxide, and adding one
part of plospbate of soda to every part of the trioxide, may be
employed ; this solution i3 evaporated to dryness, the residue
fused, dissolved in water, filtered, and nitric acid added uutil
the liquid becomes yellow.

MOLYBDENUM AND SULPHUR

453 Molybdenum Disulplide, MoS,. is found mative as moly-
bdenite jn Sweden, Norway, Bohewmia, Saxony, the Urals, at
Caldbeck Fells in Cumberland, in Connectient, California,
and elsewhere. It commonly occurs in foliated masses or in
scales, and sometimes in tabular Liexagonal prisms, its general
appearance being very similar to that of graphite, possessing
¢ metallic Justre and pure lead-grey colour, and leaving a
grey trace on paper. Molybdenite generally ocenrs embedded
in or- disseminated through gvanite, gneiss, zircousyenite,
granular limestone, and other erystalline rocks.

When the trioxide is fused with sulphur, or heated in a current
of sulphuretted hydrogen, the same compound is obtained in the
form of a glistening black powder, easily distinguished from
graphite by the fact that when heated before the blowpipe it
is incombustible and infusible, and that it oxidises when heated

U Comples Rendus, Ixvi, 702,
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in the air with evolution of sulphur dioxide, and formation of
molybdenum trioxide, and ‘is readily oxidised by nitric acid and
Aqua-regia,

Molybdenwm Trisulphide, MoS,. is formed when sulphuretted
hydrogen is passed into the concentrated solution of & molybdate,
and hydrochloric acid added to the liquid. 1t may likewise be
prepared by boiling the molybdate of an alkali metal for & short
time with sulphide of ainmonium, and then precipitating with
dilute sulphuric acid. Thus obtained it is a reddish-browu
precipitate which dries to a blackish-brown powder. On heating
in absence of air it splits up into the foregoing compound and
sulphur. It combines with basic snlphides to form thio-salts.

Potassium Thiomolybdate, K, MoS,, is formed when potassium
molybdate is satorated with sulphuretted hydrogen. On
evaporating the solution the compound crystallizes out in ruby-
red fouwr- or eight-sided prisms which have a green metallic
lustre, and dissolve in water with a yellowish-red colour,

Anvmonzum Thiomolybdate, (NH,),MoS,, is obtained by dis-
solving the trisulphide in ammouimmn sulphide, and crystallizes
in cinnabar-red scales.

Molybdenum  Tetrasnlphide, MoS,. This substance forms
compounds with mnny wetallic sulphides known as the per-
thiomolybdates. Hydrochloric acid throws down from their
solutions a fine red precipitate which dries to a mass having
a metallic lustre. This when leated in o retort firsé evolves
water and afterwards sulphur dioxide, and lastly sulphur, the
disulphide remaining behind.

Potassium Perthiomolybdate, K,MoS,, is obtained by boiling
a solution of potassium molybdate, which has been saturated
with salphuretted hydrogen, and molybdenum disulphide
together. It forms small ruby-red transparent scales, and is
with difficulty soluble in water.

MOLYBDENUM AND PHOSPHORUS.

HMolybdenum Phosphide, Mo,P,, is obtained by strongly heat-
ing molybdenum trioxide and metaphosphoric acid in a carbon
crucible. It forms a grey vesicular mass having a metallic
lustre and containing crystals in the cavities. On ignition in
the air it oxidizes slowly, and takes fire when thrown into fused
nitre.
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DEerecTioN AxD EsTiMATION OF MOLYBDENUM.

454 Molybdenum trioxide and the molybdatés may be de-
tected inasmuch as the colourless hydrochloric acid solution
when brought into contact with zinc becomes of & blue, green,
and lastly dark-brown colour. The lower oxides, as well as their
salts, can be readily transformed into the molybdates by oxida-
tion. Molybdennm trioxide colours the blowpipe flame a yellow-
ish green, and imparts to a bead of borax or microcosmie salt, &
fine green colour in the reducing flame. Hydrochloric or nitvic
acid produces & curdy precipitate in solutions of & molybdate
when not too dilute. This dissolves in an excess of acid, and even
in a large quantity of water. A solution of ammonium molyb-
date in nitric acid becomes yellow-coloured on the addition of o
few drops of sedium phosphate, and on warming & heavy yellow
precipitate separates out. If some zine be added even io a very
dilute solution of a molybdate, and then hydrochloric acid, and
& concenfrated solution of potassinm thiocyanate, the liquid
becomes of a deep red colour, the red compound being dissolved
on shaking up with ether.

Molybdenuin érisulphide is slowly precipitated from an acid
solution by sulphuretted hydrogen, and it dissolves readily in
ammonium sulphide. When the solution containing ammenium
thio-molybdate is acidified with dilute nitric acid, molybdenuin
trisulphide is thrown down,

In order to estimate molybdenum quantitatively it must be
obtained aga neutral molybdate, which is then precipitated with
a neutral solution of mercurous nitrate. The yellow precipi-
tate which falls down is washed with a solution of mercurous
nitrate, dried, and then either heated in a stream of hydrogen,
when molybdenum dioxide is formed, or it is ignited with a
weiglied quantity of anhydrous lead oxide until all the mercury
isdriven off. The increase of weight of the residue gives then
the amount of trioxide present.

The atomic weight of molybdenum wag first accurately deter-
mined by Dumas! by reducing the trioxide in hydrogen: as a
mean of six experiments he arrived at the number 95:65. The
same method carried out by Debray ® gave the number 95-70
asa mean of three experiments, whilst Lothar Meyer? calculated

U Ann. Chim. Fhys. [8], tv. 120, ? Compt, Rend. 1xvi, 732,
3 Liebig’s Ann. clxix. 360,
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the number 9586 from analyses of the chlorile made by Liechti
and Kemnpe, and lastly Rammelsberg by the reduction of the
trioxide to metal obtained the number 95:96.t

TUNGSTEN, W = 183.5.

455 The minerals tungsten or heavy-stone, now termed scheelite
or caleinm tungstate, and wolfram (the lupi spuma of Agricola)
were, up to the widdle of the eighteenth century, both classed
amongst the tin ores. In 1781, Scliecle proved that tungsten
was composed of lime combined with a peculiar acid, and in
the same year, Bergman stated that, in his opinion, this acid
is a metallic calx. Two years later the Spanish chewists Juan,
José and Fausto d’Elhujar? showed that this same acid is eon-
tained in the mineral wolfram combined with iron and manga-
nese. They also succeeded in reducing metallic tungsten from
the acid.

Tungsten is not a commnon metal, being found only in a few
minerals, some of which occur, however, in faidy large quan-
tities. The most important of these is wolfram, a tungstate of
iron and manganese found in Cornwall, in Cumberland, on
Rona in the Hebrides, in County Wicklow, at Zinnwald, and
in many localities in the United States. Other important
tungsten winerals are scheelite or caleium tungstate, CaWWO,,
and scheelitine or lead tungstate, PbWWO,. In addition to these,
tungsten ocemrs in the following somewhat rare minerals, wolf-
ram ochre, WO, ; wolfrumite, (MnFe)WO,; ferberite, FeWO,;
hiibnerite, MnWO,; aud cupro-scheelite, (CaCu)\WWO,,

In order to obtain the tungsten compounds from wolfram, a
process proposed hy Oxlaud in 1848 (see Tin) is generally
adopted, the ore being fused with soda ash and sodium nitrate
in & reverberatory furnace, and the soluble sodium tungstate
being dissolved out and obtained by crystallisation.

456 Metallic Tungsten. This is prepared by caleining an intimdte
mixture of tungsten trioxide and carbon in a covered crucible.
It may also be obtained by the reduction of the same oxide in
a curreut of hydregen or by the reduction of the chloride in
vapour of sodium. It lLias, Trowever, not beeu prepared in tlie

U Ber. Deuisch, Chem. Ges. x. 1776.

2 A Chewmical Analysis of Wolfram ond Examination of a XNew Mctal, whick
enders tnlo ils Compnsition, Translated from tho Spanish by C. Cullen, to which

is prefized e trauslation of Mr. Scheele's analysis of the Tungsten, or heavy stone,
with Mr. Bergman’s suppleny ntal remarks. London, 1785.
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-coherent coundition. In order to prepare the pure metal, the
pure bright canary-yellow-coloured trioxide is ignited in a
platinum or porcelain tube to bright redness in a current of dry
and pue hydrogen. Themetallic powder thus obtained possesses
a light bright grey metallic Instre aud has a specific gravity at 4°
of 19129 (Roscoe).! The specific gravity of the metel, according
to earlier observers, was found to be considerably lower,

Metallic tungsten does not undergo any oxidation either in dry
or moist oxygen at the ordinary temperature, even when exposed
for many months, Ata red-heat the powdered metal barns in air
or oxygen, being converted into the trioxide. When thrown into
chlorine it does not bwrn bub combines with this element when
heated in it at a temperature of 250° to 300°. It also combines
with bromine and more difficultly with iodine. Water does not
act upon metallic tungsten af the ordinary temperature, but a
ciurent of steam passed over tungsten heated to redness oxidizes
the metal to a mixture of the blne oxide and the trioxide.
Treated with boiling solution of potash, tnungsten is oxidized,
tungstate of potash being formed and hydrogen disengaged.
Nitric acid only attacks tungsten slowly, but it is oxidized
rapidly in contact with aque regia.

Tungsten. Steel. Many suggestions have been made for im-
proving the quality of tool- steel by the addition of tungsten,
inasmuch as this is said to improve the quality, hmdness, and
tenacity of the metal, but it appears that this application has
not proved commercially snecessful.

TUNGSTEN AND CHLORINE.

457 Four compounds of tungsten and clilorine are known, viz. :

(1) Tangstendichloride . . . WCl,
(2) Tungsten tetrachloride . . - 'WCl,.
(3) Tungsten pentachloride . . WCl,

(4) Tungsten hexchloride . ., WCl,.

Tungsten. Dichlovide, WCl;. This body may be obtained in
pale-grey crusts by redneing the hexchloride at a moderately
high temperature in hydrogen. It is, however, best prepared by
heating the tetrachloride in a cmrent of carbon dioxide. For
this purpose the temperature of a woderately liot zine bath is

v Mom. Lit. and Phil. Soe. of Manchester, [3] v, 77,
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used. The dichloride is a non-volatile loose grey powder with-
out lustre or crystalline structnre. It alters perceptibly on
short exposure to the air and dissolves slightly in water forming
a brown solution. The remainder is converted into the brown
oxide, a slow evolution of hydrogen oceurring (Roscoe).

Tungsten. Tetrachloride, \WCl;, is formed by the incomplete
reduction of the hexchloride or pentachloride by hydrogen,
forming the non-volatile residue obtained by the distillation
of the hexchioride in hydrogen. In order to obtain it in the
pure state & mixture of hexe- and pentachloride is distilled at
& low temperature in a bath of sulphuric acid in & current of
dry hydrogen or carbou dioxide and the volatile pentachloride
distilled back again once or twice over the residue to satnrate
up to the tetrachloride the lower chlorides or metal which are
also formed. The tetrachloride of tungsten is a loose soft
crystalline powder of a greyish-brown colour. It is highly
liygroscopic, though not so much so as the pentachloride. It is
partially decomposed by cold water into the brown oxide and
hydrochloric acid. The tetrachloride is non-volatile and in-
fnsible under ordinary pressure, but on heating it decomposes
into pentachloride, which distils off, and dichloride, which re-
mains behind. On heating in bydrogen to a temperature above
the melting- point of zine the tetrachloride is reduced to metallic
tangsten, some of which is deposited as a black tinder-like
powder and undergoes spontaneons iguition on exposure to
air (TRoseoe).

Tungsten Pentachloride, WCl,, This compound is formed by
the incomplete reduction of the hexchloiide in a cuwrrent of-
hydrogen. If the temperature be kept but slightly above the
boiling-point of the hexchloride the dark-red colour of its
vapolr is seen to disappear and a light greenish-coloured vapour
takes its place, and this soon condenses either to black drops
or to long shining black needle.shaped crystals. After two or
three distillations in hydrogen a pure volatile product is
obtzined. For the prodnetion of the pentachloride it is, how-
ever, more convenient te reduce the hexchloride at a higher
temperature, when a further loss of chlorine takes place, the
solid non-volatile tetrachloride remaining behind and the volatile
pentachloride distilling over. The latter compound only requires
redistillation in order to obtain it in the pure state. Tungsten
pentachloride crystellizes in long black shining crystals,
but if quickly condensed the erystalline powder possesses
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& dark-grecu colour reseutbling potassinm manganate. It is
extremely hygroscopic, the erystals becomiug instantly covered
with a dark golden-green film on exposnre to air, and the small
particles converted into liquid. The crystals do not decrepitate
un cooling like those of the hexchloride. Qn treatment with
large quantities of water, the pentachloride forius an olive.green
solution, although the greater part is at once decomposed into
the blue oxide and hydrochloric acid. The melting-point of
tungsten pentachloride is 24%°, and its poiut of solidification
249", and it boils at 275>6. The vapour density of tungsten
pentachloride taken in sulphur vapour at 440° was found to be
186™5 (H = 1), whilst in mercury vaponr at 850° it was found to
have a density of 177-8 (Roscoe). The formula WCl, reqnires
a vapour deusity of 180-7.

Tungsten. Hexchloride, WCl,  This snbstance i3 prepared
by heating metallic tungsten in an cxcess of dry and pure
chlorine. It is necessary for the preparation of the pure com-
pound that every trace of oxygen and of moisture be excluded,
as otherwise some red oxychloride is invariably forined, and
this cannot easily l'e separated from the hexchloride by distil-
lation. Metallic tungsten takes fire at a moderate heat in dvy
chlorine and the action goes on by itself until all the clilorine
has disappeared.

In order to obtain the lLexchloride in quantity the metal
is first ignited in & current of dry hydrogen; then the hydro-
gen is completely displaced by a current of dry carbon dioxide
and lastly chlorine free from air substituted, and the tube
or retort moderately heated. At the commencement of the
operation a slight sublimate of ved needle-shaped crystals of
the oxychloride is frequently formed owing to the unavoidable
presence of traces of oxygen, but this is easily driven to the end
of the tube beyond the point at which it is intended to collect
the hexchloride. On raising the temperature of the metal, a
grapular sublimate of dark-violet opaque erystals of the hex-
chloride makes its appearance, and if in large quantity the
hexchloride collects as a blackish-red lignid. In order to
saturate this liquid, it is slowly distilled in a current of chlorine.
The dark violet erystals decrepitate on cooling and the crystal-
line mass thus readily breaks up to a powder.

‘When pure, the solid hexchloride does not undergo any change
even in moist air, but in the presence of the slightest trace of
oxychloride it at once absorbs moisture, evolving copions fumes
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of hydrochloric acid and changing in colour from violet to brown.
Water does not act upon the pure hexclloride, but on boiling
decomposition ocenrs, If, however, the oxycliloride be present
the whole is suddenly decomposed by cold water into a greenish
oxide. It is soluble in carbon disulphide, crystallizing from the
solution in six-sided plates,

The melting-point of the.hexchloride is 275° and its point
of solidification 270°; it boils under & pressnre of 7595 mun.
ot 346>7. The vapour density of tungsten hexchloride lLas been
determined in sulphur vapourand in mereury vapour; at 440°
the mean experimental density is 168°8, whilst at 350° the
density is 190-9, the calculated density being 198:3. The
alteration of the density from 191 at 350°% only 3° above the
boiling-point, to 169 at 440° points to the fact that dissocia-
tion ocours. That this is the case is shown by the fact that
when a current of dry calbon dioxide is passed through the
fused hexchloride & continuous iiberations of the chlorine takes
place, whereas the pentachloride treated in the same way does
not undergo a similar decownposition.

458 Tungsten Oxyehlorides. The menoaychloride, WOCI,, and
the diocyehloride WO,Cl,, have been studied by Blomstrand and
Riche. The dioxychloride is best obtained by passing chlorine
over the brown oxide. Combination takes place at & moderate
heat, the oxide becowing covered with a whitish crust which
oun increase of temperature distils off without meliing, condens-
ing in small square scales of alight lemon-yellow colonr. The
dioxychloride volatilises ab o temperature approaching redness
with partial decomposition ; the erystals do not fuse and ave not
acted npou by moist air or cold water. Fven when boiled with
water the dioxychloride is not coupletely decontposed.

The splendid red needle-shaped ecrystals of the monoxy-
chloride, first prepared by Wobler, ave beat obtained by passing
the vaponr of & chlovide over hented oxide or dioxychloride, in
& current of chlorine ¢

WO, + 2WC, = 3WOC,

The crystals melt at 210>4 and solidify at 207*4, and the liquid
boils at 227°3, forming a red vapuur rather lighter coloured than
that of the hiexchloride. On repeated distillation over ved-hot
charcoal in o ewrent of chiorine the hexchloride is formed.
On exposnre to air the monoxychiloride becomes at once covered
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with a yellowish crust of tungstic acid The vapour densxty at
350° is found to be 1715 and at 440° 173, the theoretical
density being 171 (Roscoe).

TUNGSTEN AND BROMINE.

459 Bromine acts rapidly on red-hot tnugsten, formiug dark
bromine-like vapours, which condense to acrystallme sublimate.
Special precautions similar to those taken in the preparation of
the chlorides must also be emnployed for the Lromides, as the
oxybromides formed in the presence of air and meisture possess
alinost the same colour as the bromide, and therefore the detec-
tion of the impnrity is not so casy as is the case with the chloride.

Tungsten Dibromide, WBr, is formed by the reduction in
hydrogen of the pentabromide, heated in & bath of fused zinc
chloride. A residue of non-volatile dibromide remains in the
form of a bluish-black velvety crystalline powder.

Tungsten Pentabromide, WBr,, By the action of an excess of
brontine on tungsten a penta- and not a hexbromide is ob-
tained. Indeed the pentabromide itself evolves bromine on
standing The pentabromide forms dark erystals having a
metallic lustre resembling iodine, melting at 276°, solidifying
at 278° and boiling at 333°, It is at once decompesed by an
excess of water into hydrobromic acid and the'blue oxide.
When the pentabromide is heated in a current of hydrogen,
the metal is formed in the state of pyrophoric powder.

Tungsten Oaybromides, corresponding to the oxychlorides, exist.
The dioxybromide \WO,Br,, is fornied by passing bromine vaponr
over red-hot tungsten dioxide. Tt forms light-red transparent
crystals which yield a yellow powder. They do not melt, but
volatilize at a temperature approaching & red-heat, and they
are not acied upon by water. The monoxybromide WOB,. is
formed under the same circumstances as the last-named com-
pound as brownish-black shining needles which are readily
fusible and can be separated from the dioxybromide by gently
heating, when the latter oomponnd remains behind, It melis ab

277 hmls at 327°5, and is decomposed by coutact with water.
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TUNGSTEN AND IODINE.

Tungsten Di-iodide, W1, is obtained in the form of green
metallic scales, when iodine vapour is passed over the metal
Lieated to reduess (Roscoe).

TUNGSTEN AND FLUORINE.

Tungsten trioxide dissolves in strong hydrofluoric acid, but
on evaporation tlie oxide erystallizes out unchanged. Neither a
fluoride nor an oxyflnoride of tungsten is known in the free state,
but a compound K, F,WO,, is obtained when normal potassium
tungstate is dissolved in hydrofluoric acid, and this compound is
isomorphous with the corresponding molybdenum oxyfluoride,

TUNGSTEN AND OXYGEN.

460 Tnngsten forms two definite oxides : tungsten dioxide WO,,
aud tungsten trioxide WO, These combine together to form
compounds analogous to the blue oxides of molybdenum (p. 196).

ZLungsten Dioaide, WO, This oxide is formed when a current
of hydrogen is passed over the trioxide, WO,, at a dull red-heat.
It may alsobe obtained in the wet way by reducing the trioxide,
wixed with hydrochloric acid, by means of metallic zine. In
preparing it in the dry way care is needed, as if the tempera-
ture be too high metallic tungsten is formed, whereas if the
Lieat be not sufficient, the interniediate blue oxide is prodnced.
Tungsten dioxide is & brown powder of specific gravity, 121,
whicli has a copper-red colour when crystalline trioxide is em-
ployed for its preparation. It is strongly pyrophoric, and must
be cooled it hydrogen for some time before it is exposed to the
air. It isslightly soluble in concentrated hydrochloric acid and
snlphuric acid, yielding purple solutions. Oxidizing ageuts
convert it rapidly into the frioxide. It dissolves in potash with
disengagement of hydvogen and the production of potassium
tungstate :

WO, + 2KOH = K,W0, + 1,
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Tungsten Trioatde, WO, This oxide occurs native as wolfra-
mine, a yellow powder found together with other tungsten
minerals in Camberland, near Linioges, in Connecticut, aud in
North Carolina. In order to prepare the tdoxide, finely
powdered wolfram is digested for a long time with hydrochiloric
acid, the mixture frequently shaken, the acid renewed, and a
little uitric acid added towards the end of the process to oxidize
the iron. This is continued until the acid Las dissolved ont the
whole of the iron and manganese and the brown powder has
tecome yellow coloured. The insoluble portion, consisting of
tungsten tiioxide and undecomposed wolfram and quartz, after
being well washed, is shaken up with a solution of ammouis,
which dissolves the liberated tungstic acid. The solution is
erystallized and the crystals are converted into the frioxide by
ignition in the air. Wohler converts the wolframite into cal-
cium tungstate by fusion of the finely powdered mineral for an
hour with twice its weight of chioride of calcinm and then
lixiviating, when caleium tungstate remains behind. This is
then decomposed by nitric acid, and tungsten trioxide is ob-
tained by igniting the yellow precipitate thus thrown down.
The native tungstate of calcium (scheelite) can also be decom-
posed in this way.

‘Tangsten trioxide is a bright canary-yellow coloured powder
which becomes dark-orange on heating, but reguins its bright
yellow colour on cooling. A very slight admixture of sodium
salt imparts to the oxide a greenish tint which uo amount of
oxidation can remove (Roscoe). It also becomes greenish on
exposure to light. Tungsten trioxide has been obtained in the
cerystalline state by Debray, by igniting a niixture of tungstate
and carhonate of sodinm in a current of hydreclhiloric acid, when
the trioxide is obtained in olive -green rectangalar prisms which
sublime at a white heat. The ecrystalline trioxide has also
been prepared by heating hydrated tungstic acid with borax in a
porcelain furnace (Nordenskjold). The specific gravity of
tungsten trioxide thus obtained is 6-34.

When heated in a current of hydrogen to 250° the trioxide is
converted into the blue oxide, 2WO,+WO,. and if the heat be
raised to dull redness the brown oxide, WO, is formed, whilst
at a higher temperature the metal is obtained. Acted
upon by reducing agents such as zinc and hydrochloric acid,
stannous chloride, or organic matter, tungsten trioxide is trans-
formed successively into the blue and brown oxides. Tungsten
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trioxide is soluble in the fixed alkelis and ammonia as well as
in the alkaline carbonates, which it decomnposes, giving rise to
the tungstates. It is insoluble in water and acids; it dissolves,
however, in small quantities in concentrated hydrochloric aud
hydrofinoric acids.

TUNGSTIC ACIDS AND THE TUNGSTATES.

461 Two modifications of tungstic acid exist, termed normal-
and mela-tungstic acid; and the tungstates, many of which
possess a complicated constitution, may be likewise divided into
two corresponding classes, the ordinary- or normal-ftungstates
and the metatungstates.

Pungstic Aeid, H;WO, When a solution of a tungstate is pre-
cipitated by an acid in the cold, & white precipitate is thrown
down consisting of hydrated tungstic acid, [;WO,+H,O. This
is soluble iu water, possesses a bitter taste and reddens litmus.
If, on the other hand, a solution of & tungstate is treated with an
excess of hot acid, avhydrous tungstic acid, H,WO,, separates
out as a yellow powder, &nd this is insoluble in water and in
oll acids except hydrofluoric acid. If pure tungsten hexchloride
be exposed to the action of moist air, the red monoxychloride is
first formed and this soon passes into a fine flocculent mass of
tungstic acid.

The tungstates are insoluble in water with the exception of
those of the alkali-metals; and, even of these, some tungstates
of potassium and ammonium are only sparingly soluble.  The
tungstates of the alkaline-earth metals, and of the heavy metals
are.mostly amorphous powders, but they may be obtained in the
crystalline state by double decomposition at & high temperature.

Metatungstic Aeid, HyW O+ TH,0. The salts of this acid
were discovered by Margueritte! but the acid was first prepared
by Scheibler:? For this purpose the barium salt is decomposed
by dilnte sulphuric acid or the lead salt with sulphuretted
hydrogen. Metatungstic acid crystallizes in small yellow octo-
hedrons which lose their water of crystallization at 100°, and on
ignition are converted into the trioxide. They are readily
goluble in water and the solution possesses a harsh bitter taste.
When the solution is concentrated by boiling, & white hydrate
is deposited and afterwards the trioxide separates out. The

U Ann. Chim. Phys. [3), xvil. 475. 2 Jaern, Pract. Chom. Ixxxiti. 310,
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metatungstates of the alkali-metals are formed when the
ordinary tungstates are boiled with tungstic acid until the
filtrate does not precipitate on addition of hydrochloric acid
The metatungstates of the other metals are mostly easily
soluble. in water, and are best prepared by double decomposition
of the barinm salt with the corresponding sulphate or carbonate.
The warm solutions usually yield the salts in amorphous masses
when evaporated, but when concentrated oversulphuric acid they
frequently crystallize. The metatungstates possessa bitter taste
and do nob yield a precipitate on addition of an acid, though on
continued boiling ordinary tungstic acid is deposited.

462 Colloidal Tungstic Acid. This modification of tungstic
acid was discovered by Graham.! It is obtained by dialysing a
5 per cent. solntion of tungstate of sodium to which a sufficient
quantity of hydrochloric acid has been addéd to neutralize the
soda. After several days, the liquid remaining on the dialyser is
found to possess a bitter astringent taste and does not gelatinize
on the addition of acids, even on boiling. On evaporating in &
vacuum a colourless, vitreous, transparent, gum-like mass is ob-
tained, and this can be heated to 200° without losing its solubility,
whilst at a red-heat it is transformed into tungsten trioxide, losing
2'4 per cent. of water. When moistened with water the colloidal
acid becomes pasty and adhesive like gum, dissolving completely
in one-quarter of its weight of water.

Potassivm Tungstates. The normal salt, K,WO,, is obtained
by adding tungsten trioxide little by little to its own weight of
fused carbonate of potash. On cooling a solntion of the fused
mass in hot water, or on allowing the solution to evaporate
slowly at the ordinary temperature, normal potassium tungstate
crystallizes in large acicular anhydrous crystals or in large pris-
matic crystals, K,WO, + 2H,0 (Marignac), When the normal
salt is boiled with & small quantity of water, or when tungsten
trioxide i3 added to its boiling solution until no more dissolves,
glistening seales of the acid salt, K,,WV,,0, l4—111%[2() are deposited.
These dissolve more readily in hot than in cold water, and the
solution lias an acrid taste and acid reaction. When alcohol is
added to the aqueons solution a precipitate is formed; this dis-
solves on warming but on cooling deposits scales of Potassivm
metatungstate, K,W Oys + 5H,0; a second hydrated salt con-
taining eight molecules of water, erystallizing in octohedrons, is
obtained from the mother-liquor of the normal tungstate.

1 Journ. Chem. Soe, xvii. 825,
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463 Sodtum Tumgstates. The normal salt, Na,WO, + 2H,0, is
prepared like the potassium salt, and is obtained on the large
scale by fusing wolfiam together with soda-ash. Tt crystallizes
in thin rhombic prisms which dissolve in four parts of cold and
in two parts of boiling water. Thesolution possesses a bitter taste
and has an alkaline reaction. The crystals do not undergo
alteration in the air and they are insoluble in alcohol. When
heated to 200° it becomes opaque and loses its water, and ata
red-heat fuses to a transparent liquid which crystallizes on
cooling.

In addition to the normal salt the following polytungstates of
sodinm are known :!

Na,W,0, + 2H,0.

Na W0y, + 7H,0.
No,W,0,, + H1H,D.
Na,W,0,, + 16H,0.
No,W,0,, + 21H,0.
Ne,,W,,0,, + 21H,0.
Na, W10, + 25H,0..
Nay, W,,0, + 28B.0.

These salts are all soluble in water and crystallizable. The
salt, Na, W,,0,,, sometimes termed sodium paratungstate, 18
prepared on the large scale by roasting wolfram with soda-
ash and lixiviating the fused mass. The boiling solution is
then nearly neutralized with liydrochloric acid and the salt
allowed to crystallize et the ordinary temperature when the
compound coutaining twenty-eight molecules of water deposits
in large triclinic crystals. .At a higher temperature it crys-
tallizes with less water than the above. This salt is sometimes
used in place of stannate of sodium as a mordant in dyeing and
calico-printing, and i3 alsc employed for rendering cotton, linen,
&e., uninflammable.?

Sodium Metatungsiate, Na;W 0, +10H,0, is formed by pro-
longed boiling of the normal salt with tungsten trioxide.
It crystallizes in octohedrons probably belonging to the
regular system. It is very efflorescent. Cold water dissolves
1069 times its weight of this salt and boiling water dis-
golves it in all proportions. It loges its water at a red-heat
(Marignac and Scheibler).

U Marignae, Ann, Chim. Phus. [3}1xix. 80.
? Versmanl, Reports of the Juries of the Erlubition of 1862
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464 Ammonium Tungstates. The normal salt is not known.
When a solution of tungstic acid in ammonia is allowed to
evaporate over caustic lime, warty concretions of (NH),W,0,,
+ 8H,0 are sometimes deposited, which easily give off am-
monia. Needle-shaped crystals or tablets having the com-
position (NH)),W,0,( + 6H,0 are, however, usually deposited,
whilst sometimes small triclinic crystals of (NH,) W,0,, + 5H,0
likewise occur. If, however, the ammoniacal solution of the
trioxide be allowed to evaporate whilst warm, nonoclinic
erystals of (NH,),,W,,0,, + 5H,O separate out. When tung-
sten trioxide is boiled with ammonia, quadratic prisms of
amanontum melatungstate (NH J,W 0,4 4 8H,O are obtained.
These are very soluble and effloresce quickly on exposure to
the air. Besides these many other ammonium tungstates have
been prepared (Marignac).

Normal Coletwm Tungstate, CaWO, This occurs native as
scheelite in vitreous yellowish-white quadratic pyramids. Some
of its chief localities are Zinnwald, Caldbeck Fell in Cumber-
land, Piedmont, Dalecarlia, in the Vosges, at Huntingdon in
Connecticut, and at the Mammoth mining district in Nevada.
The crystals usually contain iron and are found in erystalline
rocks in connection with tin-ore, topaz, apatite, wolfram, &c.

It is prepared arificially as & white insoluble precipitate by
mixing solutions of calcium chloride and a normal tungstate,
and can be obtained in the crystalline form of scheelite by
heating the precipitate wmixed with line in a current of
hydrochloric acid If a hot solution of metatungstic acid be
safurated with calcium carbonate, calcium metatungstate,
CaW,0,; + 10H,0, is obtaised, erystallizing in small quadratic
octohedrons.

Normal Barium Tungstote, BaWO,, is obtained by fusing
together the sodium salt with common salt and barium chloride,
in the form of lustrous colourless crvstals isomorphous with
scheelite. Barium Metatungstate, BaW 0, + 9H,0, is obtained
by mixing hot saturated solutions of the sodium salt and barium
chloride with addition of some hydrochloric acid. It forms
large quadratic pyramids which may be easily purified by
recrystallization from hydrochloric acid solution. If baryta
water be added to the aqueous solution of the salt, needle-
shaped erystals of 2BaWO, + H,0 are deposited.

Lead Tungstate, PoWO,, oconrs as stolzite at Zinnwald in
Boliemia, at Bleiberg in Carinthia, in Chili, and at Southampton,
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Massachusetts. It erystallizes in red translucent quadratic
pyramids having & specific gravity of 787 to 8:13.

Fervows Tungstate, FeWO,, occurs as the mineral farberite
in Spain, closely resembling the commoner mineral wolfrain,
which contains manganese as an isomorphous constituent,
(FeMn)WO, This latter occurs in Cornwall, Cumberland, in
Treland, France, in the Erzgebirge, and in various parts of the
United States. Wolfram crystallizes in the rhombic system iun
dark grey or brownish-black prisns having a metallic lustre
and a specific gravity of 5 to 55,

Monganese Tungstate, MuWO,, is found as hitbuerite in Nevada
in a vein from three to four feet wide.

COMPOUNDS OF TUNGSTATES WITH
TUNGSTEN DIOXIDE.

465 These singular compounds, formed by the reduction of
the tungstates, have been employed as bronze-powder substitutes,

Tungsten-potassium Bronze. The compound K,W 0, = K,W,0,
+ WO, is obtained by adding tungsten trioxide to fused normal
potassium tungstate until it no longer dissolves. The product is
then gently heated in a stream of hydrogen and afterwards lixi-
viated with water, hydrochloric acid, and caustic potash, and
lastly again with water. It forms small dark-blue needles which
possess a copper-red lustre. A compound crystallising in fine
deep-blue copper-Instrous quadratic prismsand pyramids, having
the composition K,W 0,, = K,WO, + 4WO0,, is obtained by pass-
ing a galvanic current through fused potassinm polytungstate.
This is not altered by the action of aqueons alkalis and acids.

Tungsten-sodiwm Bronze, Na,W,0, = Na,W,0, + WO,. This
beautiful compound was first prepared by Wohler by a similar
method to that deseribed for the potassium compound, It is
also obtained when a polytungstate is fused with tin and the
mass treated with caustic soda and hydrochloric acid. It forms
fine golden cubes, which have a specific grevity of 6617, and
conduct electricity well. On ignition in the air it oxidizes and
fuses. It isnot attacked by any acid except hydrofluoric acid,
nor is it acted upon by alkalis.

LPhospho-tungstic Acids. Like molybdic acid, tungstic acid
combines with phesphoric acid to form complicated compounds.
The sodium salts are obtained by boiling & sodium tungstate
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with phosphoric acid, If the ordinary commercial tungstate of
goda be used, and barium chioride be added to the product,
a precipitate is obtained which, when decomposed by sulphurie
acid, yields phospho-decatungstic acid, H,PW, 0, + 8H.0,
which erystallizes in oubes, and, like phospho-molybdic acid,
possesses the property of precipitating the alkaloids,! and it
may be used as a reagent for this purpose.

TUNGSTOSILICIC ACIDS.

466 These peculiar compounds were discovered and investi-
gated by Mariguac,® who gives the following names and formuls::

Silicodecitungstic acid, 4H,08i0,10WO;
Tungstosilicic acid, 4H,012WO,SiO,.
Silicoduodecitungstic acid, 4H,0810,12W0,,

Stlicodecitungstic Avid, HW\ SiOg + 3H,0, To prepare this
acid gelatinous silica is boiled with ammoenium polytungstate
and the golution evaporated, ammonia being added from time to
time, Thus the ammonium salt, (NH)SiW 0, + 8H,0, is
obtained in short rhombic prisms which are soluble in water
and precipitated by silver nitrate. The precipitate is washed
and decomposed by hydrochloric acid. On evaporating the
filtrate in a vacnum the acid is left as a yellowish, glassy mass,
which on exposure to air splits into fragments, which then
deliquesce. Its salts have not been carefully examined,

On dissolving it in water and evaporating the solution some
silicic acid separates out and the thick mother-liquor yields short
triclinic prisms of tungstoslicic acid, HgW,,Si0,, + 20H,0,
which are readily soluble in water and alcohol. It forms both
normal and acid salts.

Normal Potasstum Tungstosilicate, K;W,.Si0,, + 20H,0, crys-
tallizes in ill-defined, thombic prisms,

Acid Potassium Tungstosilicate, H X W,,SiO,, + TH;0, occurs
in two different forms, which crystallize from the same solution,
and if one form be dissolved in water, the second form fre-
quently crystallises out.

The a-compound forms transparent, thick, rhombic prisms;

' Scheibler, Ber. Deutsch. _Cﬁm. Ges, v. 801; Gibbs, ibid. x. 1385,
3 Awi, Chim. Phys, [4)}, iiL. 5.
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the 8-compound crystallizes in silky, soft, six-sided rhombic
plates.

Silicoduodesitungstic or Silicotungstic Acid, HSIW 0, +
29H,0. .Thesalts of this acid are formed by boiling gelatinous
silicic acid with the polytungstates of the alkali metals. To
obtain the acid the salts are precipitated with mercurous nitrate
and the washed precipitate is decomposed by hydroclloric acid.
It crystallizes in large quadratic pyramids, which readily dis-
solve in water, alcohol, and ether. On gently heating it melts in
its water of crystallization and rhombohedrons of HgSiW,,0,,
+ 22HO are deposited. These are also formed by addiug a
little hydrochloric acid to its solution and concentrating it.

It forms normal, acid, and double salt which, with the ex-
ception of the mercurous salf, are all soluble in water. Boiling
hydrochlorie acid converts the normal salts into acid salts
without decomposing them farther; alkalis decompose their
solutions with the separation of silicic acid.

Normal Polassium Silicotungstate, KSiW 0, + 14H,0, forms
bard granuler crusts, consisting of prisms closely reseibling
cubes. Ityieldstwoacid salts; H K SiW, 0, + 16H,0 forming
transpavent, glistening, hexagonal crystals, and 2H,KSiW,,0,, +
25H,0 crystallising in monoclinic prisms.

TUNGSTEN AND SULPHUR.

467 Tungsten Disulphide, WSy, is obtained by the action of
sulphur, sulphuretted hydrogen, or carbon disulphide on ignited
metallic tungsten. It is also prepared by heating tungsten tri-
oxide in a crucible with six times its weight of cinnabar It
forms tender, soft, black, needle-shaped erystals, which seil the
fingers like graphite.

Tungsten Trisulplide, WSy, is obtained only in the wet way,
by dissolving tungsten trioxide in sulphide of ammonium and
precipitating with an acid, or by saturating an aqueous solution
of an alkaline tungstate with sulphuretted hydrogen, and acidi-
fying. When dry it is black, yielding a liver-coloured powder.
It dissolves slowly in cold water, and is precipitated by sal-
ammoniac and acids. It is easily dissolved by potassium car-
bonate, and algo by ammonia. It is reduced when heated with
cyanide of potassium to the disulphide, this latter compound
being unaltered by fusion witht potassium cysuvide.
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The Sulphotungstates. The sulphotungstates of the alkali-
metals and alkaline earth metals, ave prepared by dissolving the
trisulphide in the corresponding hydrosulphide, or by treating
the corresponding tungstate with sulphnretted hydrogen. The
ammonium salt (NH,),WS,, is deposited from concentrated
solution in yellowish-ved crystals ; the potassium salt, K,WS,,
forms anhydrous yellow crystals, whilst the sodium salt, Na,WS,,
crystallizes with difficulty.

TUNGSTEN AND NITROGEN,

According to Wohler! a nitrideor amide of tungsten is formed
when the vapours of chloride of tungsten and sal-ammeoniac are
passed through a red-hot tube_ The inner surface of the heated
tube is found to be covered with a black specular semi-metallic
conting, having the composition W,N H, Heated in hydrogen
this compound is converted into a grey powder having the com-
position WyN,H,, and this when strongly ignited in ammonia
yields tungsten nitride WyN,,.

TUNGSTEN AND PHOSPHORUS.

Phosphorus and tungsten combine directly when the finely
powdered metal is heated to redness in phosphorus Vgpour, a
dark green powder, of the composition W,P, being formed.
Ancther compound, W P,, is obteined in beautiful crystalline
geodes when a mixture of phosphorus pentoxide and tungsten
trioxide in the proportion of two molecules of the former to one
molecule of the latter, is veduced at a high temperature in a
charcoal crucible.?

DETECTION AND ESTIMATION OF TUNGSTEN.

468 Allthe insoluble tungsten compounds can beconverted into
soluble tungstates by fusion, either alone with a caustic alkali,
ar with the addition of nitre, The solution when brought into
contact with zine and hydrochloric acid becomes blue-coloured,
and when ammonium sulphide is added to the colourless solu-

v dan. Chem. Pharm, lxxiii. 190 ; cv, 258.
% Wahler, Chom. Soe, Jowurn. v. 94,
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tion, and then dilute hydrochloric acid, a brown precipitate of
tungsten sulphide is obtained, whereas hydrochloric acid alone
precipitates tungstic acid, which on heating turns yellow, If
the tungsten compounds are fused with & small quantity of tin
in the reduction flame with microcosmic salt,a blue bead is
obtained, whilst tungsten compounds containing iron yield in the
reduction flame a blood-red bead.

Tungsten is determined guantitatively as the trioxide. For
the purpose of determining the quantity contained in wolfram,
for instance, the finely powdered mineral is heated with aqua
regia, evaporated to dryness, the residue treated with water, the
soluble chlorides of iron and manganese filtered off, and the in-
soluble tungstic acid washed with aleohol and dissolved in
ammonia. The solution is then evaporated down, and the residue
heated gently, and afterwards ignited in presence of air, when
the trioxide remains, and is weighed.

The atomie weight of tungsten has been frequently determined
with concordant results. Roscoe! obteined the number 183:33
by the reduction of the trioxide and re-oxidation of the metal,
whilst the analysis of the hexchloride gave the number 183-59.
Earlier estimations also gave numbers approaching 184, and
hience the number 183-5 probably most nearly represents the
truth,

URANIUM. U = 240

469 The mineral known as pitchblende was formerly believed
by certain cheniists to be an ore of either zinc or iron, whilst by
others it was thought to contain tungsten. Xlaproth, in 1789,
was the first to point out the existence in this mineral of a
peculiar metal, to which he gave the name of uranium, in re-
membrance of Herschel's discovery of the planet Uranus, in
the year 1781. The body obtained by Klaproth by the reduc-
tion of the calx of uranium was supposed by all the chemists
who subsequently investigated the subject to be the metal, until
Péligot 2 in 1842 proved this body to be an oxide. Péligot like-
wise isolated thie metal and determined its atomic weight.

Uranium is not a very abundant ¢lement, and its chief ore is
pitchblende. This consists of impuve uranoso-uranic oxide, U,0,,

U Mewt. Man, Lit. and Phil. Soe. [} v. 77,
2 Ann. Chim, Phys, [3], v. 5.
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and is found in Cornwell, ab Joachimsthal, Johanngeorgenstadt,
Adrianople, and other localities, Uranium is also found as phos-
phate in uranite or uranium-ica, as carbonate in liebigite,
whilst as urano-tantalite or samargkite it is found combined with
nichium and tantalum. Pitehblende is the best source of ura-
nium, this mineral usually containing from 40 to 90 per cent.
of uranoso-uranic oxide U0, The following snalysis by
Fhelmen gives the composition of an average specimen of pitch-
blende :

Uranoso-uranic oxide, U0, . . . . . 7522
lead sulphide . . . . . . . . . . 482
Silie, . . . . . . . . .. . . 348
Magnesia . . . . . . . . . . . 207
Soda . . . . .. ... ... . 203
Ferousoxids . . . . . . . . . . 810
Manganousoxide. . . . . . . . . 082
Carbondioxide . . . . . . . . . 332
Water . . . . . ... .. . . 18

10198

The process recommended by Wohler for the extraction of
uranium {rom pitchblende is as follows : The powdered mineral is
digested with sulphuric acid, small quantities of nitric acid being
added from time to time to the mixture, As soon as the precipi-
tate is transformed into a white powder and partially dissolved,
the excess of sulphuric acid is driven off, and the residue
digested with water, This leaves & residue of silica, lead sul-
phate, and the basic sulphates and arsenates of bismuth. The
filtered liquid is then warmed, and a current of hydrogen sul-
phide passed through it, wheun arsemic, antimony, copper, and
the vest of the lead and bismuth are thrown down. The filtrate
is then oxidized by nitric acid, and an excess of ammonia
added ; the precipitate containing the ferric and uranic
hydroxides is next washed with ammonia, and then digested at
100° with & concentrated solution of carbonate of ammonium
containing an excess of ammonia, The uranic hydroxide dis-
solves, and the yellow double carbonate of wraninm and an-
nmonium crystallizes out on cooling,. The mother-liquor still
contains a small quantity of utanfum, together with cobalt,
nickel, and zinc, and these latter metals are precipitated by
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sulphide of ammonium, which is added drop by drop until no
further brown precipitate falls. The filtered liquid is boiled,
and this soon deposits a yellow precipitate of ammonium
uranate. Another process described by Péligot depends upon
the facility with which uranic nitrate crystellizes, and npon its
ready solubility in ether. [Finely powdered pitchllende is
treated with mitric aeid, the acid solution evaporated to dryness,
and the residue washed with water, leaving a residue consisting
of sulphate of lead and ferric arsenates. The filtered liquid has
a greenish-yellow colour, and yields on concentration g radiated
crystalline mass. This is then dried, the mother-liquor eva-
porated, and the whole again crystallized. Long prismatic
crystals are thus deposited, which must be washed with a small
quantity of cold water, the washings being again used for dis-
solving another portion of the crude nitrate. After having been
dried, the cvystals are shaken up with ether, when uranium
nitrate dissolves, and is obtzined in the form of crystalline
needles on evaporation of the ethereal solution.

470 Preparation of Metallic Uranium. Péligot first obtained
ursnium in the pure state, preparing it by the action of potas-
sium or sodiun on uranous chloride. A mixture of 75grams of
uranous chloride, UCL, 150 grams of dry potassium chloride, and
50 groms of sodium cut into pieces is placed in & crueible, and
covered with potassium chloride. The crucible is then enclosed
in & larger one, the space between them being packed with char-
coel powder. The whole is slowly heated to redness in an air-
furnace, and when the reaction has taken place the fire is strongly
urged so that the metal fuses, but the flux does not volatilise.
The reduced uranium is then found as a bufton inside a black
very deuse slag, .

Uranium thus obtained has & specific gravity of 18:33. It
is malleable and hard, and has a colour like that of nickel. It
is permanent in the air at the ordinary temperature, and does
not decompose water, but in the pulverulent state it takes fire
at 207°, burning brightly, and forming the green oxide. It
unites directly with chlorine with disengagement of heat and
light, and combines with sulphur when heated together with it.
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URANIUM AND OXYGEN.

471 Uranium forms two oxides, UO, and UO,, and these com-
bine to form intermediate oxides, The dioxide is a basic, whilst
the trioxide is an acid-forming oxide, and both these are dis-
tinguished from other oxides by several remarkable properties.
The dioxide combines directly with chlorine to form the com-
pound UO,CL, which can also be prepared by dissolving the
trioxide in hydrochloric acid. Other acids form with the tri-
oxide corresponding compounds.

According to the suggestion of Péligot, the dioxide is usually
regarded as & compound-radical, to which the name wranyl is
given, the trioxide being theoxide of this radical That the
dioxide really acts as a compound-radical appears from an
interesting observation made by Ebelmen? that the oxide pre-
cipitates metallic silver from its solutions without any evolution
of oxygen.

Besides these, we are acquainted with other oxides containiag
less oxygen than the dioxide, and also with others which contain
more than the trioxide ; these compounds have, however, been
but slightly investigated.

URANOUS COMPOUNDS.

472 Uranium Dioxide, UO, This oxide, formerly mistaken
for the metal uranium, is obtained by heating the uranoso-uranic
oxide or uranic oxalate in a current of hydrogen. Thus pre-
pared it is a pyrophoric powder, having a brown or copper-red
colowr, and a specific gravity of 1015, When heated in the
air it takes fire, and is completely converted into the oxide,
U, It dissolves in strong acids, forming the green uranous
salts.

Uranous Hydroride is precipitated in reddish-brown flakes,
which become black on ebullition, by adding an alkali to &
uranous solution. It dissolves easily in dilute acids, whilst
the caleined oxide is only difficultly soluble in these liquids.

Uranium Tetrachloride, or Uranous Chloride, UCl,. This is
prodnced with vivid incandescence, when chlorine is passed

v Aan, Chiw, Phys. [3} v. 219,
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over metallic uranium. It is also prepared by igniting uranous
oxide in a current of dry hydrochloric acid, The best method
of preparation is, however, to pass chlorine over an intimate
mixture of charcoal and auy of the oxides of uranium strongly
heated in & tube of hard glass, It crystallizes in splendid dark-
green regular octohedrons, having a metallic lustre, and volatili-
ziug in red vapours. It is extremely deliquescent, fumes strongly
on exposure to the air, and dissolves readily in water, with
evolutiou of heat and formation of a deep emerald-green
solution. This, when concentrated in & vacuum, leaves an
amorphous deliquescent mass of uranous chloride, but when
evaporated by heat it decomposes, yielding a soluble residue,
probably consisting of the oxychloride. Solutions of urancus
chloride yield with alkalis a precipitate of uranous hydrate.
The solution acts as a powerful deoxidizing agent, reducing
gold and silver salts, and converting ferric chloride into ferrous
chloride.

It was by the analysis of this chloride that Péligot ascer-
tained thet the supposed metal was in reslity an oxide. By
reduction in hydrogen Uranium sesquichloride, U,Clg, is obtained
as a dark-brown powder.

Uranium tetrachloride combines directly with awmmonia,
forming the compound 3UCI, 4 4NH,. This yields on heating
a brown chloride, having the formmla UCl,

Uranium tetrabromide, UBr,, i obtained by heating in an
atmosphere of bromine vapour a previously ignited mixture of
uranous oxide and six times its weight of starch. The bromide
is deposited in the morestrongly-heated portions of the tube as &
brown powdery mass, exhibiting crystalline structure, Tt fumes
in the air, and is very deliquescent.

Uraniwmn Tetraiodide, Ul,, described by Rammelsberg, is the
only known cornpound of wranium and iodine. It is obtained by
dissolving uranous hydrate in hydriodic acid. A green solution
is thus obtained, which decomposes on evaporation.

Uranium Tetrafluoride or Uranous Fluoride, UF,, is obtained
in the form of a voluminous green powder when hydrofluoric
acid is added to a solution of uranous chloride. It is insoluble
in water and hydrofluoric acid, and when heated in the air it
leaves & green residue of oxide, When ignited in hydrogen it
loses hydrofluoric acid, leaving a residue of the basic fluoridel!

Uranous fluoride forms double salts with the alkaline fluor.

1 Carvington Bolton, Berlin Acad. Ber. 1366, 299,
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ides. Potassium urano-fluorite, XF.UF, is obtained by the
action of reducing agents, such as formic and oxalic acids,
under the influence of light, upon potassinm urano-oxyfluoride,
described below. It is a green powder, resembling uranous
fluoride, insoluble in water and in dilute acids.

Urancus Sulphate, U(S0), + 8H,0, crystallizes from aqueous
solution in greenish rhombic prisms. In order to prepare this
salt the green oxide, U0, is dissolved in dilute sulphuric acid,
and the solution allowed to crystallize after addition of some
alcohol. The mother-liquor, which contains nranyl sulphate,
yields another crop of crystals of uranous sulphate, after it has
remained exposed to the light, inasmuch as the uranyl present
in solution is reduced by the alcohol, aud uranous sulphate,
being insoluble in dilute alcohol, separates out in crystals con-
taining four molecules of water. Uranous sulphate forms double
salts with the sulphates of the alkali-metals; s, for instance,
U(80,), +KS80, + H,0, and U(SQ)+ (NH,),804+ H,O.

URANOSO-URANIC COMPOUNDS,

473 Green Oxide of Urandum, UOg= U0, + 2U0,, occurs
more or less pure in pitchblende. The pure oxide can be ob-
tained by gently heating the trioxide or the dioxide in the air in
the form of a satiny dark-green powder, having & specific gravity
of 7'2, and soluble in strong acids,

Black Ozide of Uranium, or Uranium Pentoxide, U,05 = U0,
+ UQ,, is formed when the other oxides, or ammonium
uranate, are strongly ignited in the air. It is a black powder,
used for painting on poreelain.

Urantum Pentachloride, UCL, is obtained by the direct union
of the tetrachloride with chlorine. It exists in two distinct
forms, according as it is produced slowly or quickly,. "When
the current of chlorine is slow the pentachloride of uranium
forms long dark neegdle-shaped erystals, which reflect light with
a green metallic lustre, but are of a splendid ruby-red colour
when viewed by transmitted light If the rate at which the
chlorine passes be rapid, the pentachloride is deposited in the
form of a light brown mobile powder. The magnificent octo-
hedral crystals of the tetrachloride are always deposited in
quantity in that part of the tube nearest the beated mixture,
then the black needle-shaped crystals of the pentachloride are



URANIC COMPOUNDS. 228

formed, mixed with mnore or less of the brown powder, which is
generally oarried a considerable distance along the tube. Both
the black crystals and the brown powder are exiremely hygro-
scopic, yielding yellowish-green liquids on exposure to the air
for a few minutes, and hissing and giving off fumes of hydro-
chloric acid when thrown into water. TUranium pentachloride
cannot be volatilized without partial decomposition, as when
heated, either alone orin an atmosphere of chlorine, or carbon
dioxide, nranium tetrachloride and free chlorine are formed, This
dissociation begins in an atmosphere of carbon dioxide at 120°,
and is complete at 235°, when the percentage of chlorine con-
tained in the residue shows that one-fifth of the chlorine has
been driven off. The tetrachloride when similarly heated loses

no chlorine.!

URANIC COMPOUNDS.

474 Uranic Ozide, UQ, or Uranyl Oxide (UO,)0. When
uranic pitrate, obtained by dissolving the lower oxides in nitric
acid, is heated in a glass tube to 250° so long as acid fumes
escape, this oxide is left behind in the form of a chamois
brownish-yellow powder.

Uranic Hydrate, UO,+ 2H,0, cannot be obtained by precipi-
tating a uranic salt by an alkali, the precipitate thus formed
congisting of an alkaline uranate. It may, however, be pre-
pared, according to Berzelius, by gently calcining the nitrate
in a sand-bath as long as- nitric acid is evolved. The residue
contains urapic hydrate mixed with a basic sslt, which can be
removed by washing with boiling water, It may likewise be
obtained by evaporating a solution of uranic nitrate in absolute
alcohol, at a moderate heat, until & yeliow mass remains, con-
sisting of the hydroxide, UO,(OH), + H,O. This hydrate
loses half its water at 100°, or in & vacuum at the ordinary
temperature, but at & temperature of 400° it begins to lose
oxygen, and is converted mto uranoso-uranic oxide. Uranic
hydroxide is yellow, and has a specific gravity of 5°92. It does
not undergo change in the air, nor does it absorb carbonic acid.

The uranyl salts are yellow-coloured, and most of them
possess a remarkable power of fluorescence, which they im-
part to glass. The absorption bands exhibited by the uranyl
compounds have been studied by Becquerel and others. These

1 Roscoe, Chem. Soc. Journ. 1874, 938.
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salts are also highly sensitive to hght and are frequently em-
ployed for photographic purposes.

Uranyl Chloride or Uranium Ozychloride, UO,Cl,, is formed
when dry chlorine gas is passed over uranous oxide at a red
heat. ‘The tube then becomes filled with the orange-yellow
vapour of this compound, which solidifies to a yellow crystal-
line mass, which is easily fusible, but not very volatile.

Uranyl chioride is soluble in water, aleohol, and ether, and
its aqueous solution yields on evaporation crystals  of the
hydrate, UOCl; + H,0. This may be obtained in solution by
acting upon uranic oxide with hydrochloric acid, or by oxi-
dizing a solution of uranous chloride with nitric acid.

Uranyl chloride forms double chlorides with the chlorides of
the alkali metals. The ammonium salt, SNH,Cl 4+ UO,CL +
2H,0, crystallizes in rhombohedrons from a syrupy solution of
the mixed salts. The potassium salt, 2KC1 4+ UO,Cl, + 2H,0,
is obtained by dissolving potassium uranate in excess of liydro-
chloric acid, adding chloride of potassium, and evaporating,
Large rhombic tables separate out, which have & yellowish-
green colour, and are very soluble. Uranyl chloride alse com-
bines with the hydrochlorides of the organic bases (Greville
Williams).

Uranyl Bromide or Uranium Oxybromids, UO,Br,, is obtained
by treating uranous oxide with bromine and water,sor by dis-
solving uranic oxide in hydrobromic acid. On evaporation
yellow needles are deposited, which have a styptic taste.

Uranyl Fluoride or Uraniwm Omyftuoride, UO,F,, is obtained
as & negrly white uncrystallizable mass, soluble in water and
alcohol, by treating uranoso-uranic oxide or uranic hydrate
with hydrofluoric acid and evaporating the solution (Berzelius;
Bolton). It forms double salts with the alkaline fluorides,

Potassium Uraniwm Oxyfluoride, UOF,3KF, is a lemon-
yellow crystalline precipitate, formed when an excess of potas-
situm fluoride is added to & solution of uranyl acetate. It is
purified by crystallizing from boiling water. Corresponding
sodium, ammoninm, and barium salts are known (Bolton).

475 Uranyl Sulphate, UO,SO, + 3H,0, is obtained by heat-
ing uranyl nitrate with sulphuric acid, and does not crystallize
readily. When dissolved in moderately concentrated sulphuric
acid, fine yellowish-green fluorescent crystals of UO,S0, +
H,SO, are deposited on cooling, whilst from a solution in con-
centrated sulphuric acid crystals of a disulphate, U0,8,0,, are
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. deposited, which do not fluoresce. By the gradual oxidation
of the pitchblende found in Joachimstlal, several new uranium
ninerals have been formed. Amongst the more important are
certain sulphates, such as uranium-vitriel or johannite, and
some basic sulphates,

Uranyl sulphate forms double salts with the sulphates of the
alkali metals, such a8 UOS0, + K,80, + 2H,0. These are
very soluble, and crystallize in yellow crusts, whilst the diffi-
cultly soluble ammonima salt, T0,80, + (NH),S0, + 2H,0, is
deposited in monoclinic leuton-coloured prisms,

Uranyl Netrate, UOQ(I\'O;,,)2 + 6H20 is prepared by dissolving
any of the oxides of uranium in nitric acid. It crystallizes in
fine Jemon-yellow fluorescent rhombic prisms, which are soluble
inhalf their weight of water, and deliguesce on exposure,

Uranyl Phosphates. The normal orthophosphate is uot known.
When uranic. oxide is treated with phosphoric acid, a erystal-
line powder is obtained which is partially soluble in water, and
the solution deposits yellow crystals of the di-hydrogen salt,
UO,(H,P0), + 3H,0. The residue contains 2UO,(H,I'0), +
31,0.

Umn yl Ammonium lesplwzte, UO,NH,I'O,, is a greenish-
yellow precipitate, insoluble in acetic acid, obtained by adding »
soluble phosphate to a solution of uranyl acetate containing sal-
ammoniac. This reaction is employed for the volumetric deter-
mination of uranium as well as for that of phesphoric acid.

Several double phosphates occur as minerals; thus (UO,),Ca
(PO,), + 8H,0, is known as uranochalcite.

Uranyl Arsenates. Several of these compounds exist as
minerals (Winkler). Trogerite has the composition (U0,),(As0,),
+ 12H,0; walpurgine is a basic arsenate of uranyl and bis-
muth; uranospinite is an arsenate of uraninm and calcinm.

Uranyt Carbonates. Double salts of uranyl carbonate and
alkaline carbonates are obtained by precipitating a uranyl salt
with an alkaline carbonate. The potassium salt, UO,CO, +
2K;C0;, is obtained by dissolving potassinm uranate in bicar-
bonate of potash, and evaporating at a moderate temperature,
when the compound deposits in silky crystalline crusts. Water
dissolves at the ordinary teniperature seven per cent. of its weight
of this salt. The corresponding sodium salt is obtained in a
similar way, and possesses corresponding properties. The am-
moninm componnd, U0,CO, + 2(NH,),CO,. is prepared by
gently warming ammonium uranate with a solation of amwouitun

v, 1L 15%
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carbonate. The salt separates out on cooling in lemon-yellow
small flat monoclinic prisms, It dissolves at the ordinary tem-
perature in 20 per cent. of water, but i3 less soluble in water
containing carbonate of ammonia. The mineral liebigite is an
apple-green warty mass, occurring together with other uranium
minerals, It is & uranyl calcium carbonate, U0,CO; + CaCOs +
10H,0.

THE URANATES.

476 Uranyl oxide not only forms the uranyl salts, but also
unites with basic inetallic oxides to form the wramafes. The
alkaline uranates are obtained by precipitating a uranic salt
with an alkali, those of the alkaline earths and other metals by
precipitating & mixture of & uranic salt end & corresponding
metallic salt with ammonia. They are also formed when a
mixture of metallis uranate and the acetate or carbonate of the
metal is heated in the air. The uranates generally have the
composition M,0.2UO;, and correspond to the dichromates,
They are yellow, insoluble in water but soluble in acids, and
are decomposed by heat, like uranic oxide itself.

Potassium Uranate, K,U,0,. This is obtained as a pale
orange-yellow coloured powder by precipitating & uranic salt
with an excess of potash, or by fusing uranic oxide with potas-
sium carbonate.

Sodsum Uranate, Na U,0,, is obtained like the potassium salt,
and is known as uranium yellow, being used for painting on
glass and porcelain, as well as for preparing the yellow glass
known as uranium glass. It is prepared on the large scale by
roasting 100 parts of pitchblende, containing 45 per cent, of
U;0,, with 14 perts of lime in a reverberatory furnace, The
regulting calcium uranate is treated with dilute sulphuric acid,
and the solution of uranic sulphate thus obtained is mixed with
sodium carbonate. The uranium is precipitated together with
the other metals, but re-dissolves in an excess of the alkali. On
treating this liquid with dilnte sulphuric acid, s hydrated sodivu
uranate, or uranium yellow, Na,U,0, + 6H,0, is obtained.*

Ammoniwm Uranate. This salt sometimes occurs in commerce
as & fine deep yellow-coloured precipitate, termed, like the
sodium salt, uranivmn yellow. It is easily ohtained by adding

! Patera, Jowrn, Pract. Chem. Ixi, 397.
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ammonium chloride or sulphate to & boiling solution of sodium
uranate, washing the resulting precipitate, and drying at a gentle
heat. When heated io redness this salt yields pure uranoso-
nranic oxide, and serves therefore as the raw material for the
preparation of other uranium compounds,

URANIUM TETROXIDE AND THE
PERURANATES.

477 These compounds were discovered by Fairley} but have
not yet been thoroughly examined.

Uranium Tetroxide, UO,, When a very dilute solution of
hydrogen dioxide is added to one of uranyl nitrate, a yellowish-
white precipitate of U0, +2H,0 is formed, which evolves chiorine
when treated with hydrochlori¢ acid. If uranyl nitrate solutiou
be added to a mixture of hydrogen dioxide and a large excess of
sulphurie acid, no precipitate is obtained, but on standing for
some time a small quantity of the anhydrous oxide separates
out as a heavy, colourless crystalline powder.

Potassium Peruranate, K,UO; + 10H,0, is a yellow or orange
precipitate formed when alcobol is added to & solution of urznyl
nitrate, caustic potash, and hydrogen dioxide. The salt is very
unstable, losing oxygen, and rapidly absorbing carbon dioxide
o1t exposure.

Sodium Peruranate, Na UOg + 8H,0, is formed in a similar
manner to the preceding compound, and crystallizes in golden-
yellow needle-shaped crystals, which are somewhat more stable
thau the potassium salt. If the minimum quantity of caustic
soda be employed, a red crystalline salt separates out, having
the composition Na,U,0,, + 6H,0. This may be regarded as
uranyl sodium peruranate (UO,)Na,UO, + 6H,0, and, in the
same way, the tetroxide may be considered to be uranyl per-
utanate (U0,),170,,

URANIUM AND SULPHUR.

478 Uranous Sulphide, US,, is obtained, according to Pdligot,
when metallic uraniumin is heated in sulphur vapour. The mass
tukes fire and an amorphons greyish-black powder is obtained

v Chem. Soc. Jouru, 1877, 1, 127,
1582
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which becomes crystalline when ignited in absence of air. It
may also be formed by the action of sulphuretted hydrogen on
uranium tetrachloride heated to vedness, Sulphide of ammo-
nium also gives a black precipitate of the hydrated sulphide with
uranium salts. When exposed to moist air the sulphide gives
off hydrogen sulphide and is converted into uranyl sulphide,
Uo,S.

l}ranyl Sulphide, UQ,S, is precipitated when sulphide of
ammonium is added to a solution of uranic nitrate. It dissolves
pertially in cold water, forming a brown solution.

Uranie sulphide has not been obtained, but double salts exist
of this sulphide with sulphides of potassiun and ammonium.
Thus if the precipitate formed by sulphide of ammonium in &
uranic salt be left for a short time in contact with the liquid the
whole is converted into a blood-red compound containing sulphide
of ammonium, and this when treated with caustic potash solution
yields a ved powder termed uranium-red, Its composition is very
complex, and its constitution i8 doubtful. The red uraniuin com-

pound yields corresponding red compounds with sodium, barium,
and strontium.!

DETEcTION AND ESTIMATION OF URANIUM.

479 The most characteristic reactions of uranium have been
already described.

The uranous salts are green, and pass rapidly by oxidation into
the uranyl-salts which are precipitated yellow by alkalis and their
carbonates. In the general separation of the metals uranium is
obtained together with iron. In order to separate these, the pre-
cipitated oxides are washed and treated with a concentrated
solution of earbonate of ammonium, and filtered. Uranium is
detected in the filtrate after supersaturation with hydrochloric
acid, by the brown precipitate produced with ferrocyanide of
potassium. When a uranium compound is fused with micro-
cosmic salt in the oxidizing flawie, o yellow bead is obtained
which on cooling becomes green, and on re-heating attaius a
darker green colour. The uranyl salts yield a peculiar absorp-
tion spectrnm which has been described by Morton and Bolton.2

In order to determine uraniwmn quantitatively, it is converted

! Paters, Ann. Chee. Phara. Ixxxvi. 234; Remele, Jonrne Pract. Chem.
xevii, 193

2 dwmercan Cheagest, iii. 360 and 013,
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mto the uranyl salt, prec1p1tabed with ammenia, and the washed
precipitate converted by oxidation into the green oxide. It may
then, like iron, be determined volunietrically with a solution of
potassium permanganate, having previously reduced the uranyl
vompound in presence of zin¢ and sulphuric acid into uranous
salt, or the solution of uranyl scetate may be precipitated by
sedium phosphate.

The uranium compounds do not impart any tint to the
non-luminous gas-fline. The spark-spectram of uranium is a
complicated one, and has been mapped by Thalén. It consists
of a large nunber of lines of which & series of five in the
green are conspicuous by their brightness, viz, w.l. 5193, 5481,
5479, 5477, and 5474 ; also three specially bright in the more
refranyible portions, viz, 4472, 4362, and 4340,

The atomic weight of uranium was determined by Péligot
by the analysis of the tetrachloride which he found to contain
372 per cent. of chlorine, whence he calculated the number 2386
as theatomic weight. Heafterwards obtained the number 2395
by the conversion of the acetate, UO,(CoHz0,)o+H,0, into the
dioxide. These numbers agree with the observatious of other
chemists so nearly that, as no other exact determinations have
been made, the atontic weight is usually assumed to be 240.

Position of Uranium emongst the Elements, Until recently
wranium was classed in the iron group of metals and considered
to possess the afomic weight 120, its oxides corresponding to
those of iron and having the fornule TO and U, 0,  As, how-
ever, the highest oxide of uragium, like the highmt oxides of the
other metals of the chromium group, is & distinctly acid-form-
iag oxide, and as uranium yields uranyl compounds aualogous to
chromyl compounds, and, moreover, as uranium, like molybdenum
and tungsten, combines with five atomsof chlorineto form a penta-
chloride, uranium is now usually classed with chromium, and
supposed to have an atomic weight of 240. The positive solution
of the question of the position of nraniwn amongst the elements
can, however, only bedecided by a vapour-density determination
of a wolatile chloride or bromide or by a specific-heat determinu-
tiou of the metal,
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Tin, Zirconiu.
‘Litapinm. Thorium.

TarSE wmetals are closely connected with the non-metallic
element silicon, inasmuch as they form dioxides corresponding
to Si0, as well as volatile tetrachlorides like SiCl, Their
fluorides, moreover, combine with the fluerides of other metals
to form salts corresponding to, and isotorphous with, the silico-
fluorides.

TIN (Stannum), Sn = 117°8.

480 This metal was known in early times. It is very un-
certain whether the word “bedil” in the Old Testament, which
is translated by the Greek word xacofrepos, and by the Latin
stannum, was originally used to designate tin. It is likewise
doubtful whether the metal which the Pheenicians are said to
have brought from the Cassiterides, whose exact locality was
unknown to Herodotus, was really tin. Possibly the Greek
word is connected with the Arabic " kasdir,” which signifies tin,
1t is, however, certain that at the beginning of our era the word
was used to specify tin, for Pliny states that cassileron and
plumbum condidum ave the same, and he adds that it is more
expensive than plumbum nigrum (lead); he moreover states that
it serves for soldering the latter metal. and that it is obtained from
the Cassiterides in the Atlantic Ocean. That the Cassiterides
really were the British Islands appears more than probable, for
after Ceesar’s conquest tin was carried from the Cornish mines
through Gaul, by way of Manseilles to Italy;! and Diodorus

' @, Smith, 7h¢ Cassiterides. Londou, 1863.
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Siculns mentions that the inhabitants carry the tin to a certaiu
island called 1ktis, lying on the coast of Britain. “During low
water the intermediate space is left dry, and they then carry
over abundance of tin to this place in their carts.” There can
be little doubt that the lktis of Diodorus is St. Michael's Mount,
in Mount’s Bay, in Cornwall ; for up to the present day a cause-
way exists, flooded at high water, but dry at low water, across
which the inhabitants are in the habit of carrying goods to and
from the mainland. The names by which Pliny designates tin
and lead seem, however, to show that he did not consider these
as distinet metals, but rather as varieties of one metal, and lic
adds, “ Sequitur paturss plumbi cujus duo geners, nigrum at-
que candidum.” The word stannwum, which at a later period
became the general designation for tin, alse occurs in Pliny’s
works, though it appears certain that by this word he did not
siguify tin, but rather any mixture of metals which contains
lend. Geber was well acquainted with tin, and he mentions its
most important propetties, especially that peculiar crackling
sound which the metal emnits when bent, as well as the fact
that it forms brittle alloys. Tin was termed Jupiter by the
alchemists, and to it the sign ¥ was given; but owing to the
above-mentioned property of forming brittle alloys it was some
times termed, by them, diabolus metailoruom.

Tin lias been found insmall quantities in Siberia, Guiana, and
Bolivia in the native state, together with metallic gold, thongh
the metallic tin from the last-named locality may, according to
Forbes,! possibly have been an artificial product® It has also
been found in small tublets in bismutite from Mexico.

The chief ore of tin is cassiterite, or tinstone, & more or less
pure form of the dioxide, SnO, Less frequently it is found
as tin-pyrites, Cu,SnS, + (FeZn),SnS,. and occasionally as sili-
cate. It also occurs in small quantity in certain epidotes, as
well a8 in columbites, tantalites, and other similar minerals.
Various mineral-waters likewise contain traces of tin, and
this metal has also been detected in certain meteoric masses,

481 The Metallurgy of Tin. All commercial tin is obtained
from tinstone, which is found in veins traversing the older crystal-
line and schistose rocks. The same is also found a8 stream-fin
i water-worn nodules amongst the detritus of the same rocks.

! Phil, Mag. [1), xxix, 183; xxx, 142,
. ¥ Woe have examined the specimen of metallic tin described by Forbes, and ave
inclined to believe it to be o natural produet.
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Tin ore is not, however, very widely distributed, only occurring
in large masses in & few localities. The oldest and best known
tin mines frem which tin has continuously been obtained pro-
bably from the time of the Pheenicians up to the present. are
those of Cornwall, The ore there occurs in the grenite and in
the metamorphic schistose rock, and is found espeeially rieh iu
the killas, a metamorphic clay state, and in the line of junction
of this with granite. It is found in veins or lodes, in beds or
flats, and in ramifications of smll veins or “stock werke,” and
these tin veins usually run in Comwall in an easterly or
westerly direction. The following minerals are frequently
found, together with tinstone: wolfram, apatits, topaz, mica,
tourmaline, argenical pyrites, &e.

Tin mines exist, although on a much smaller scale than in
Cornwall, in other parts of Europe, as in the Erzgebirge, in
Bretagne, and in the Spanish province of Galicia. Very large
deposits of tin ores are, however, found in other quarters of
the globe. Thus, for instance, in the Island of Banes, and on
the Malay Peninsuls, large quantities of tin-ore are found,
chiefly in the form of stream-tin, though it likewise oceurs in
lodes in granite rocks. This souree of tin was discovered at the
beginning of last century, and at a later time very rich mines,
which are now worked, were discovered in the neighbouring
Islands of Bilitong. Tin has also been worked in Bolivia and
Peru, and lately very large quantities of tin have been obtained
from Australia, and especially from New South Wales and
Queensland. In New South Wales the production of tin rose
from 47 tons in 1872 to 60,58 tons in 1875} whilst in Queens-
land o similarly rapid progrvess has been made. The effect of
these discoveries of Australian tin ore has been to depress, or
rather almost to extinguish, Cornish tin-mining.

The process adopted in Coruwall for the reduction of the
metal is a simple one. The ore, which consists not only of
Cornish stone, but likewise of Australian and Peruvian ore,
after being stamped, is washed to free it as mnch as possible
from gangue, and is then roasted in caleining furnaces for the
purpose of driving off the sulphur and arsenic conteined in the
amenical and ordinary pyrites genemlly mixed with the ore.
The vapowrs from these revolving calcining furnaces are led
into chambers in which the arsenic trioxide condenses. The
construction of an Oxland and Hocking’s revelving calciner

v The Industry of New South Wales, G, H, Reid, Triibner, 1878,
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is shown in Fig 160, This consists of a long cylinder lined
with firebrick, antl-placed in an inclined position. The fire () is

e 161

Fia 162

placed at the lowerend (a), whilst the upper end isin connection
with chambers in which the arsenic trioxide condenses. The
ore is dried on the top of these chambers, which are made of
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ivon plate, and then brought by means of the hopper (h) into
the cylinder, and the roasted ore falls down into the space (F).
This then nndergoes a second washing in order to remove the
ferric oxide and other oxidized materials, and is again roasted for
the purpose of volatilizing the last traces of arsenic and sulphur.
After these operations the roasted ore is fonnd to contain from
60 to 70 percent. of tin. It sometimes happens that the tin ore
is mixed with more or less wolfram, (FeMn)WO,, and as this
mineral possesses a high specific gravity, it cannot be removed
from the tin ove by washing. In order to remove this impurity,
the preseuce of which in the smelting operations would prove in-
jurious to the quality of the tin obtaiued, the following process
proposed by Oxland is generally adopted. The roasted ore is
smelted in a reverberatory furnace with a sufficient quantity of
soda-ash to farnish a soluble tungstate of the alkali, together
with the oxides of iron and manganese. The soluble tungstate
is next removed, by solution in water, from the oxides of iron
and manganese, and the unsltered tinstone. The roasted ore, or
black tin, is then mixed with one-fifth part its weight of anthra-
cite and the mixtare sprinkled with some water in order ta
prevent the finely divided ore fromn being blown by the draft
into the chimney. The construction of the reverberatory furnace
is shown in Figs. 161 and 162 ; the charge is introduced by the
door (B) on to the hearth (4). and then worked thiough the door
(8). The temperature of the furnace is gradually raised for five
hours, the charge then repeatedty stirred, and at the expiration
of six hours the reduced metal is tapped and allowed to
from the lower part of the hearth through the hole (f) into the
vessel (6). The fmpure tin thus obtained is then cast into
moulds, and these are refined by the process of liguation. This
is effected by placing the ingots in another similar reverberatory
furnace which is gradually heated, so that the pure, more easily
fusible tin first melts and runs into a cast-iron vessel (#) placed
below, whilst the less fusible alloy of tin with iron and arsenic
remains on the hearth. A fire is placed under the vessel (g) in
order to keep the metal liquid, and this is then stirred up with
a pole of green wood, usually of an apple-tree. The length of
this operation depends upon the quality of the metal which
it is desired to obtain, and may last from one to several
hours. The dross which separates Quring the process of refining,
and the “hard-head” or residue which remains on the hearth,
both of which contain lmge quantities of tin, are afterwards
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worked up. In order to prepare gragniin the bluck tin is
heated until the mnetal becomes brittle and crystalline ; it is
then broken up by & hammer, or allowed to fall from a con-
siderahle height,

Of the various sorts of commercial tin that from Banca is the
purest. It contains only traces of copper, lead, and iron; and
for this reason it is usually employed by cheists and manu-
facturers as the source of the tin salts. Next in order of purity
comes English tin. The impurities contained in the common
commercial varieties of tin are arsenie, antimony, bismuth, zinc,
lead, copper, iron, and less frequently molybdenum, tungsten,
and manganese.

482 Properties and uses of Tin. Tin isa white, brightly lustrons
metal, which melts at 236°, volatilizes at o white heat, and, accord-
ing tothe experimentsof Matthiessen, has a specific gravity ag
13°of 7-293. Itis harder than lead, but softer than gold. It ex-
hibits a fibrous fracture, and when bent emits a peculiar crackling
sound, caused by the friction of the crystalline particles. Tin cau
be easily rolled or hammered out to thin foil, and at & temperature
of 100’ it may be drawn into wire, which, however, possesses but:
slight tenacity ; but at 200° it becomes so brittle that it may be
powdered. A sawple of Banea tin which was exposed at St.
Petersburg to a very low temperature during the winter, fell to
granular erystalline pieces, or to & coarse powder. Thisalteration
of structure may he artificially produced by lowering the tem-
perature of the metal to the freezing poiut of mercury.! If zinc
be brought into a solution of tin chloride the metal separates out
in the form of fine crystalline dendrites, and this deposit, known
as the tin-tree (Arbor Jovis), was first prepared by Ilsemann
in 1786, When tin is melted and then allowed partially to
solidify, the liquid portion being poured off, needle-shaped pris.
matic or tabular crystals of the metal remain behind. Another
mode of obtaining crystalline tin is to decompose tin chloride
by a weak galvanic current when the metal is deposited in
quadratic prisms and pyramids. Fine crystals of tin can alsa
be obtained when water containing zine dust in suspension is’
gradually added to a solution of tin chloride.

Tin is used for a large number of purposes, for the prepara-
tion of vessels for household and technical use, for the manufac-
ture of tin-foil, for tinning copper and iron, and especially
for preparing the alloys of tin. Tinned copper vessels were

1 Fritzscho, Ber. Deutsch, Chem, Qes, 1. 112, 540,
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employed by the ancients, for we find them described by Fliny;
and the same author also nientions as a well-known fact, that in
the process of tinning, the weight of copper aiticles increases
but slightly, and he adds that the substance termed stannum
was employed for this purpose.

Copper- aud brass-ware can readily be tinned by dipping the
vessel into the molten metal. In order to cover the interior of
a vessel with a coating of tin, it is heated and sowne molten tin
poured in, which is then well divided over the surface by
rubbing with rags. In order to prevent the oxidation of the
wetal o small quantity of resin or sal-ammoniac is added.
Agricola was the first to mention the process of tinning iron,
It appears, however, that at that time it was only slightly
employed. The process is usually supposed to have been
discovered in Bohiemiz in 1620, coming into use in England and
France sbout 100 years later. For the purpose of preparing
the commen tin plate the iron plate is dipped into hydrochloric
acid or dilute sulphuric acid, then rubbed over with sand and
water, and lastly dipped into a bath of hot fut, in order to dry
and warn it. From this it is brought into a vessel filled
with melted tin covered with a film of oil, an alloy of tin and
iron being thus formed. This is covered with a film of pure
tin by dipping it into a second bath of the metal. and the sheets

are lustly dipped inte heated tellow in order to remove the
excess of tin,

ALLOYS OF TIN.

483 Several of these alloys are largely emplayed in the arts,
Tin and lead imay be mixed in any propoition, and the alloy,
termed pewter, is harder and tougher, but more readily lusible
than either of the two metals For this reason it is employed
as & solder. The following table gives the composition of some
of the different lead and tin alloys:

Common Pewter. Saller,
Fimre, Common. Coarse,
Tin . 4 3 1 1
Lead. . 1 1 1 2

Although the alloys of tin and copper possess a great com-
mereial importance, these metals do uot readily unite with one
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another, and the compound produced is not & stable one;
hence the mass seldom remains perfectly homogeneous, though
more so than the silver copper alloys. The effect of heat on
the copper-tin alloys is remarkable, for whilst steel becomes
harder by tempering, these lose their brittleness, and become
malleable if they are heated and then plunged into cold water,
The most important of these alloys are:—

Gun-metal usually contains nine parts of copper to one of tin,
and has a yellow colour. This alloy also serves for the
preparation of bronze medals.

Speculum-metal is composed of one part of tin to two parts
of copper, melted together, with, frequently, addition of a swall
quantity of arsenic. It possesses a sfeel-grey colour, is very
brittle, and takes a very high polish.

Bell-metal possesses a varying composition. It generally
consists of from 4 to 5 parts of copper to L of tin. It has a
yellowish-grey colour, and readily melts to form a thin liquid.
It has a finely granular structure, is hard, brittle, and very
sonorous. The Chinese gongs and tom-toms are cast at a very
high temperature, and then quickly brought under the hammer,
in consequence of which treatment the alloy becomes very dense.

Bronze, True bronze consists of copper, tin, and sometimes a
small quantity of lead. The other metals which are found are
impurities, bnt modern bronze always coutains zine, The colour
of bronze is & more or less reddish-yellow. It is hard and tough,
and may be filed and worked in the lathe, whilst in its molten
gtate it forms a mobile liquid,

The table on the next page gives the composition of some of
the above described alloys,

Phosphor-bronze. The addition of phosphorus to brouze
imparts toit a character of greater hardness, elasticity, and tough-
ness, This material is obtained by melting copper with tin-
pliosphide with sometimes a small addition of lead. It contains
from 0'25 to 2:6 per cent. of phosphorus, sud from 5 to 15 per
cent. of tin, and is largely used, especially that containing from
7 to 8 per cent. of tin for portions of machinery for which
hardness and toughness are important properties. The alloy
containing more tin has been employed for bell metal Its
valuable properties are connected with the fact that copper
forms a homogeneous alloy, with tin phosphide, the presence
of phosphorus preventing the oxides from dissolving and thus
impairing the qualities of the metal.
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484 Itn Amalgam. Tin readily combines with mercury with
diwinution of temperature. The amalgam may be foruted more
quickly when niercury is poured into molten tin, and, according
to the quantity of the mercury added, the amalgam is either
liquid, or forms a granular or crystalline mass. Wlen wercury is
nade the negafive pole in a solution of tin dichloride, fine crystals
of the amalgam are obtained containing from 44 to 51 per cent.
of tin (Joule). Tin amalgam is largely used for silvering mirrors.
Yor this purpose tin-foil, which usually contains from 1 to 2 per
cent. of copper and a sinall quautity of lead, is spread out on a
perfectly even horizontal slate table. This is then covered with
a film of mercury from about 2 to 3 mm. in thickness, and the
carefully cleaned sheet of plate glass flouted on to its surface, the
excess of mercury being pushed forward and thus the formation
of bubbles of air guarded against. The glass is then gradually
weighted evenly throughout its surface in order to remove the
excess of mercury. After the lapse of some time the weights are
removed and the plate gradually inclined in order that the
excess of liquid amalgam may flow away.

It is not certain when this process for manafacturing mirrors
was first employed, inasmuch as, during the middle ages, the
processes used in the preparation of mirrovs were kept secret.
It is, however, clear that before amalgam was used, a surface of
metallic lead was employed for obtaining a mirror as early as
the thirteenth century, when such mirrors were common. These
were curved, and were prepared, as Beckiann describes in his
History of Inventions, from large glass globes, into the interior
of which a mixture of resio, molten lead, and sulphide of
antimony was introduced, the fluid niess being brought over
the surface until it was all covered with a thin film. The globe
was then cut into pieces, and the mirrors thus obtained were
often employed as ornaments. A guild of glass-mirror makers
existed at Nirnberg in the year 1373 ; whether they made
mirrors according to the sbove process is doubtful, but these,
as well as French workmen, sold preducts of their art in the
Venetian market up to the year 1500. The use of amalgam
for coating mirrors is first mentioned by Kunkel, who recom-
mends for the purpose an amalgam of 2 parts of quicksilver
1 of warcasite (bisrauth), 4 part of tin, and ! patt of lead.
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TIN AND OXYGEN.,

485 The fact that tin readily forms a calx was observed at an
early period. Pelletier was the first, in the year 1792, to show that
tin combines in two proportions with oxygen, forming two series
of salts, This investigation was continued by Proust, but for a
long time considerable doubt existed as to the number of the
oxidation products of the metal. Berzelius in 1812 assumed
that there were three oxides, SnO, Sn,0,, and SnO, on the
grounds that when the metel is oxidized by nitric acid the highest
oxide thus prepared possesses a totally different chemical character
from that which is obtained by precipitation with alkalis from a
solution of the salts of tin. The subsequent investigations of
Davy, Gay-Lussac, and Berzelius himself, proved that only the
first and last of these oxides exist.

Tin monoxide or stannous oxide is a base; the dioxide or
stannic oxide acts both as a basic and as an acid-forming oxide,
Their compounds are distinguished as the stannous and stannic
salts.

STANNOUS COMPOUNDS.

486 Tin Monoxide or Stannous Oxide, SnQ. This oxide may
be prepared in a variety of ways. In the first place it is obtained
as an olive-coloured powder when stannous oxalate is ignited
out of contact with air. Secondly it may be prepared by adding
a solution of potassium carbonate to one of tin dichloride, when
a white precipitate, having the composition Sn,0,H, = 2Sn0 4
H,0, is thrown down. This readily abserbs oxygen from the air,
but if it ba washed in absence of air and dried in a stream of
carbon dioxide, the monoxide remains behind as a black powder.
Stannous oxide is also obtained when the pure dichloride is
mixed with crystalline carbonate of soda, the mass hested until
it has become black, and then lixiviated. If the hydrated
oxide be boiled with caustic soda the anhydrous oxide is
obtained as a crystalline powder consisting of cubes modified
with the faces of the dodecahedron. It may also be obtained
in the crystalline state by digesting a nearly saturated solution
of the hydrated oxide in acetic acid at a temperature of 56°,

VOL. IL 16*
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Stannous oxide readﬂy takes fire when heated in the air,
and turns black on exposure to sun-light. The stannous salts
are obtained by dissolving tin in acids, They possess an un-
pleasant metallic taste, redden litmus, and readily absorb oxygen,
and hence serve as powerful reducing agents,

Tin Dichloride or Stannous Chloride, SnCl,, is obtained ou the
large scale by dissolving tin in hydrochlonc acid. On evapor-
ating the solution and coohng, crystals of hydrated stannous
chloride, SnCl, + 2H,0, known in commerce as 7% Sult, separate
out in transparent monoclinic prisms which melt in their water
of crystallization at 40°, and on cooling again yield a crystalline
mags. They have a specific gravity of 271, and dissolve af the
ordinary temperature in 037 parts of water. When more
strongly heated they partially decompose with evolution of
hydrochleric acid, but when dried in vacunm over sulphuric acid
they lose their water. The anhydrous salt, which may also be
obtained by heating tin in hydrochloric acid gas, or together
with corrosive sublimate, is a transparent mass having a fatty
lustre and conchoidal fracture. I fuses at 250° to form an oily
liquid which boils a little below a red-heat with paitial decom-
position, The hydrated salt dissolves in a small quantity of
water with diminution of temperature forming & clear liquid
which when dilated with much water becomes turbid, & basic
chloride, 28n(OH)CI 4+ H,0, being precipitated, and this again
dissolves on the addition of acids. The same precipitate is
formed when the clear solution is exposed to the action of the
air :

38nCl, + H,0 + 0 = SpCl, + 2Sn(OH)CL

Stannous chloride algo dissolves in aleohol and forms easily
soluble double salts with the chlorides of the alkali-metals,

Tin Dibromide or Stannous Bromide, SnBr,, is obtained when
tin is heated in hydrobromic acid gas or distilled with mereuric
bromide. It forms a grayish-white easily fusible erystalline
mass soluble in water. A solution of this compound is obtained
by acting with hot aqueous hydrobromic acid upon metallic tin,

Tin Di<dodide or Stamnous Iodide, Snl,. is best obtained by
adding a small excess of iodide of potassium to & warm concen-
trated solution of stannous chloride. It crystallizes in yellowish-
red needles which dissolve only slightly in water, though readily
in warm solntions of the clilorides and iodides of the alkali-metals,
and also in dilnte hydrochlorie acid, It melts under a red
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heat solidifying to a crystalhue mass whxcll hqueﬁes it a higher
temperature, Vhen heated in absence of air it is obtained in
the form of a red crystalline mass yielding a scarlet powder.

Tin Diftuoride or Stannous Fluoride, SuF,, is obtained by
dissolving the hydrated monoxide in hydrofluoric acid. On
evaporation in absence of air this compound is obfained in the
form of small wlite monoclinic tables. :

The bromide, iodide, and fluoride combine, like the chloride,
with the corresponding haloid compounds of the slkali-metals
and with those of the metals of the alkaline earths to form
crystalline double salts,

Stanmous Sulphate, SuS0,, is forned by dissolving the metal
or the hydrated oxide in dilute sulphuric acid. On evaporation
in o vacuwin microscopic ganulor crystals are obtained which
are only a little more soluble in hot than in cold water. The
solution readily deposits a basic salt, .
. Stannous Nitrats, Sn(NOQ,),. This salt is only known in
solution, obtained by the action of very dilute mitric acid on
the hydroxide or on the metal, in the latter case ammoniuin
nitrate being siinultaneously produced :

4Sn 4 10HNO, =4§n(NO,), + NH,NO, + 3H,0,

The yellow solution quickly becomes turbid on exposure to the
air,

STANNIC COMPOUNDS.

487 Tin Dicxide or Stannic Oaide, Sn0,. occurs in nature as
tinstone or cassiterite crystallizing in the quadratic system (Fig.
163) and possessing an adamantine lustre. The crystals are
geldom colourless, being generally tinted of a brown or black
colour from the presence of the oxides of manganese and iron.
Stream-tin is found in water-worn nodules, and Wood-lin in
reniform fibrous masses. When tin is heated nearly to its
boiling-point in the air, it burns with s luminous white flame,
and the dioxide which is thus formed in & state of fine division
was formerly known as flores jovés, 1If fused in the presence
of air, the surface of the metal soon becomes covered with a
gray pellicle, which then passes into a gray powder known as
Jlores stanni, and this consists of a mixture of finely-divided
metal with the oxide whicl, on continuons ignition, is wholly

16*—-2
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converted into stannic oxide The dioxide iz also obtained
on treating tin with nitric acid, when & violent oxidation occurs.
The hydrated white powder thus obtained yields the dioxide on
waghing and ignition. If .a solution of
stannic oxide be precipitated with am-
Q monia a gelatinous precipitate is also
Y| obtained, which can be completely washed
only with difficulty, If, however, it be
heated with a concentrated solution of
Glauber salt, o dense precipitate is thrown
- down, and this can be easily washed and
N\ S yields the pure dioxide on ignition. An
: amorphous white or straw-yellow coloured
Fie. 163, powder is then obtained which is quite
insoluble in water and possesses & specific
gravity of 671, On heating it changes colour, becoming lemon-
yellow and then brown, but it assume