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Our invention relates to catalysts and more
especially to the well known aluminum chloride
catalyst used in quite a number of reactions in-
cluding the so-called Friedel-Crafts - reaction,
cracking and hydrogenation reactions ete. It is

~an object of our invention to provide means

. whereby an aluminum chloride catalyst can be
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preduced which is more efficient than similar
catalysts hitherto in use.

Our invention also relates to the reactions car-
ried through with the new catalyst and quite
especially to reactions of the Friedel-Crafts type,
which are greatly improved by the use of an
gluminum chloride produced in accorda.nce with
this invention.

With this and other objects in view we are

now going to describe our invention and the way
in whiech it is carried out.

As is well known, reactions of the Friedel-
Crafts type, but also hydrogenation reactions re-
quire the use of an anhydrous aluminum chloridée

and it is equally known that in the production -

and storage of this substance considerable difm-
‘culties are encountered.

* We have now found that there is no necessity
for using the ready made aluminumi: chloride
of commerce, but that it is very advantageous, if
starting a reaction of the Friedel-Crafts type, to
produce the aluminum chloride ca.talyst in situ,
i, e. in the reaction mixture.

The Friedel-Crafts reaction is the reaction be-

tween a cyclic hydrocarben, which may be sub-
stituted, and & hydrocarbon containing halogen
or an unsaturated hydrocarbon or the chloride
or anhydrid of an acid, and this reaction is
started and promoted by the aluminum chloride
catalyst.

Of the aromatic hydrocarbons which enter into
this reaction, benzene and its homologues in-
cluding toluene and xylene, further naphthalene,
anthracene and their homologues may be used.
The reaction is also carried through with in-
completely hydrogenated aromatic hydro"\.rbons
such as tetralin, with aryl-substituted auphatic
hydrocarbons, such as -diphenylmethane,
benzyl, bi-phenyl and its homologues, such as
ditolyl. The reactions may further be varied by
replacing the aromatic hydrocarbon by its al-

koxy derivatives, i. e. the ethers of univalent or .

polyvalent phenols, such as anisol or naphthene
ether; one or more hydrogen atoms in the
nucleus of the aromatic hydrocarbon may be sub-
stituted by halogen. Instead of an aromatic hy-
drocarbon thiophene may also be used. .

If reacting an aromatic hydrocarbon with a

~ chloride and fodine.

di-.

(CL 23—93)

chlorinated aliphatic hydrocarbon such as
methylchloride, ethylchloride etc., there are ob=

tained aromatic hydrocarbons with an aliphatic-

side chain. Thus the reaction between benzene
and ethylchloride will yield ethylbenzene. In-
stead of alkylhalides one may also use aralkyl-
halides, i. e. aromatic hydrocarbons substituted
with halogen in the side chain. Thus for instance
if reacting benzene with benzylchloride, di-
phenylmethane is obtained. An aromatic hy-
drocarbon may further be reacted with an un-
satirated aliphatic hydrocarbon, such as ethyl-
.ene, propylene or butylene, whereby aromatic
hydrocarbons with a side chain are obtained,
benzene and ethylene furnishing ethylbenzene,
benzene and propylene, propylbenzene. On the

" other hand unsaturated aromatic hydrocarbons

may be used having an unsaturated side chain,
such as styrene, which when reacted with ben-
zene leads to the formation of diphenylethane.

" - When acting on an aromatic hydrocarbon with

an acid chiloride or an acid anhydrid, one obtains
a keton. The acid chloride may be substituted
by halogen or the nitro group.

Hitherto the reaction between substances of

the kind aforesaid was carried out in the presence : -

of anhydrous aluminum chloride produced in any
suitable manner by acting on aluminum metal
with hydrochloric acid. If acting on the metal
with hydrochloric acid gas in the absence of
any solvent, the aluminum chloride will form at a
high temperature above 100 and even 200° C.
If acting on aluminum metal with the hydro-
chloric acid gas at normal or moderately raised
temperatures no reaction will occur even though
the aluminum may be suspended in benzene,
benzine, carbon-disulfide or the like. The reac-
- tion between the metal and the acid may be in-
fluenced catalytically by a mixture of mercuric
However, the aluminum
chloride thus formed is soiled with foreign mat-
ter and must be purified before being put to use.
We have now found that if hydrogen chloride
is made to act on aluminum metal in the presence
of some aluminum chloride previously formed,
the reaction being carried through in a liquid or

mixture of liquids capable of reacting accord-

ing to the Friedel-Crafts reaction, the inter-
action between the metal and the acid will be
promoted to a surprising degree.

Thus for instance, if aluminum powder is sus-
vended in benzene and hydrogen chloride gas is
introduced into the suspension, no reaction will
take place between the metal and the acids. How-
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ing 3% by weight of the metal, of anhydrous
sublimated aluminum chloride is added, the mix~
ture will heat up and a vigorous formation of

hydrogen will set in soon after the aluminum |

chioride has been added. After a short period of
time the aluminum metal will have disappeared,
being converted into aluminum chloride. At a
temperature which will as a rule be between 50
and 70° C., but which may in some cases be
raised up to 250° C., the velocity of the reaction

‘i3 greatly increased. Obviously the appropriate

temperature will depend in each individual case
from the boiling temperature of the components
of the reaction mixture and from the pressure.
When operating at ordinary pressure and using
benzene as one of the components of a Friedel-
Crafts reaction, a temperature of 70° C. will prac-
tically not be exceeded. If operating under in-
creased - pressure, for instance when producing
ethyl benzene by the interaction of benzene,
materially
higher temperatures may be found useful.

‘We have found it particularly useful o produce
the aluminum chloride in the course of a re-
action of the Friedel-Crafts type or, at least, to
produce it in a medium forming one of the con-
stituents of such a reaction mixture. In thus
proceeding we obtain an aluminum chloride

possessing a surprisingly great reactivity and |

which is capable of favorably influencing the re-
action, whether of the Friedel-Crafts type or of
the cracking or hydrogenation type, which it is
intended to carry through with its use.

In the practice of our invention we cause
aluminum powder to react with dry hydrogen
chloride gas in the presence of an aromatic hydro-
carbon or some other liquid capable of participat-
ing in a reaction according to the Friedel-Crafts
type.

We have found that the reaction between the
aluminum and the hydrogen chloride will set in
only if a catalyst is present, which may either
be some aluminum chloride previously formed
or a double salt'of the aluminum chloride such as
potassium aluminum chloride or a double com-
pound of aluminum chloride with an unsaturated
aliphatic or aromatic hydrocarbon such as ethyl-
ene, propylene etc. or ethylbenzene. Of such
double compounds only the combination of 1 mol-
ecule ethylene and 1 molecule aluminum chlo-
ride constituted according to the formula
AlCl13.C2Hs has been -described.

As soon as a small quantity of such a catalyst
is added to the mixture, a vigorous generation of
hydrogen will set in and the sluminum metal

Is dissolved, aluminum chloride being formed.

‘We have found it particularly useful to add a
double compound of aluminum chloride and &
hydrocarbon, since these compounds have the
character of oils, which are capable of dissolving
the freshly formed aluminum chloride, which is
thus removed from the aluminum metal, so that
a bright metallic surface is always exposed to the
action of the hydrogen chloride gas.

The conversion of the aluminum metal into
aluminum chloride will as a rule be terminated
after the lapse of a few hours, say from 2 to 5
hours.

In practicing our invention we may for in-
stance proceed as follows:

Ezample 1

15 grams aluminum powder and 1 to 2 grams
anhydrous sublimated aluminum chloride are
entered into 300 cubic centimetres drv benzeore
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and dry hydrogen chloride gas is infroduced un-
der vigorous stirring. The temperature of the re-
action mixture gradually rises to 40 to 50° C.
and hydrogen is developed. After the lapse of
5 hours about 75% of the aluminum metal has
been converted into yellow yulverulent aluminum
chloride. The conversion of the aluminum, ac-
companied by the development of hydrogen, will
continue for some time.after the introduction

~of hydrogen chloride has been stopped.

Ezample 2

If the mixture described with reference to
Example 1 is heated from the beginning to about
70° C. under the reflux condenser, about 80%
of the aluminum metal will have been converted
into the anhydrous chloride after the lapse of
not more than 2 hours.

Ezample 3
If the pure aluminum chloride in the reaction

mixture described with reference to Example 1

is replaced by 3 grams potassium aluminum
chloride, the conversion of the metal into the
chloride will occur similarly as described with
reference to Examples 1 and 2.

Example 4 .

If the pure aluminum chiloride is replaced by
3 grams of an oily double compound formed
from aluminum chloride and ethyl benzene, the
reaction between the aluminum metal and the
hydrogen chloride will proceed particularly
quickly.

Example 5

Into a mixture of 500 grams benzene, 15 grams
aluminum pcwder and 2. grams sublimated alu-
minum chloride hydrogen chloride gas and ethyl-
ene gas are introduced simultaneously under stir-
ring. The temperature of the reaction mixture
rises and instead of the solid aluminum chloride
there is formed directly the oily double compound
of aluminum chloride and ethyl benzene, which
is capable of influencing catalytically the fur-
ther absorption of ethylene and the formation
of ethyl benzene. In this case the aluminum
metal is completely dissolved after the lapse
of 2 hours. :

Example 6

Into a mixture of 200 grams benzene, 30 grams
aluminum metal and 4 grams aluminum chloride,
hydrogen chloride gas is introduced under vigor-

‘ous stirring and heating, until about one half

of the metal has been converted into the chlo-
ride, whereupon 40 grams acetylchloride are
added. The hydrochloric acid, liberated in the
vehement reaction which now sets in, quickly
dissolves the bulk of the aluminum metal which
had remained over. From the product of reac-
tion 25 grams acetophenon can be recovered.

The above description will have shown that
by causing the aluminum chloride required as a
catalyst in the Friedel-Crafts and other reactions
to be formed in sity, i. e. in a medium capable
of entering one of these reactions and more
especially the Friedel-Crafts reaction, the conver-
sion of the metal into the.chloride is greatly
expedited and a catalyst obtained, the reactive
properties of which far exceed those of the an-
hydrous aluminum chloride produced according
to old methods.

Quite particularly the additionn products of
aluminum chloride and one of the hydrocarbons
here in question have proved to b: particularly
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suitable for use in the conversion of the aluml-
" num metal into the chloride,

. -While in the examples benzene has been used,
. obviously all the other constituents of a Friedel-
" Crafts reaction mixture may be used to suspend

“the aluminum .in. We may as well use the homo-

logues of benzene including toluene and: xylene,

. ‘'as also compounds containing a combination of
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nuclei such as naphthalene, anthracene and
their homologues, incompletely hydrogenated aro-

~matic - hydroearbons such as tetraliydronaph-
thalene (tetralin) or aliphatic hydrocarbons sub- -

stituted by aromatic radicles such as diphenyl-

-methane or diphenyl and the homologues of -

these hydrocarbons. Instead of the hydrocar-

. bons themselves we may use their alkoxy deriva-
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tives or their halogen substitution ‘products or
thiophene.

‘Various: changés may be made in the details
disclosed in the foregoing specification without

‘departing from the invention or sacrificing the
-advantages thereof.

In the claims affixed to this specification no
selection of any particular modification- of the
invention is intended to the exclusion of other
modifications thereof and the right to subsequent-

1y make claim in the present application to any .

“modification not covered by these. cla.ims is ex~
" pressly reserved..

30

We claim:—
1. The method of producing a catalyst which
comprises reacting aluminum metal with dry hy-

. drogen chloride gas in the presence initially of a

36

small quantity of an aluminum chloride catalyst
in a medium capable of undergoing a reaction of

- the Friedel-Crafts type.

2. The method of producing a catalyst whlch

.v'comprlsese reacting aluminum metal with dry

40

hydrogen chloride gas in the presence initially
of a small quantity of anhydrous aluminum chlo-
ride in a medium capable of undergoing a reac-

tion of the Friedel-Crafts type.

45

- 50
.drogen chloride gas in the presence initially of a
small quantifs of potassium aluminum chloride -

3. The method of producing a catalyst which
comprises reacting aluminum metal with dry hy-

drogen chloride gas in the presence initially of a

small quantity of a double salt of aluminum chlo-
ride in & medium capable of undergoing & reac-

‘tion of the Friedel-Crafts tyre.

" 4, The method of producing a catalyst which
comprises reacting aluminum metal with dry hy-

3

in a medium capable of undergoing a reaction of
the Friedel-Crafts type.

5. The method of producing a catalyst which

comprises reacting aluminum metal with dry hy-

" drogen chloride gas in the presence initially of &

small guantity of an add.tion compound of alu=

-minum chloride and an unsaturated hydrocarbon

in".a medium capable of undergoing a reaction

‘of the Friedel-Crafts type.

6. The method of producing a catalyst which
comprises reacting aluminum metal with dry hy-
drogen chloride gas in the presence initially of a

small quantity of aluminum chloride and an un-

saturated aliphatic hydrocarbon in a medium ca-

‘pable. of undergoing a reaction of the Friedel~

Crafts type.

7. The method of producmg a catalyst which
comprises reacting aluminum metal with dry hy-
drogen chloride gas in the presence initially of
a small quantity of aluminum chloride and an
unsaturated aromatic hydrocarbon in a medium
capable of undergoing & reactlon of the Friedel-

- Crafts type. -

8. The method of producing &: catalyst which
comprises reacting aluminum metal in the pres-
ence initially of a small quantity of aluminum
chloride with dry hydrogen chloride gas in & com-
pound of the benzene series.

9. The method of producing a catalyst which
comprises reacting alumjnum metal in the pres-
ence initially of a small quantity of aluminum

chloride with dry hydrogen chloride gas in a.

compound of the naphthalene series.

10. The method of producing a catalyst which
comprises reacting aluminum metal in the pres-
ence initially of a small quantity of aluminum

“chloride with dry hydrogen ¢hloride gas in a com-

pound of the anthracene series.
11. The method of producing a catalyst which
comprises reacting aluminum metal in the pres-
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ence initially of a small quantity of aluminum

chloride - with dry hydrogen chloride gas in a
Friedel-Crafts reaction mixture. .

12. The method of producing a catalyst which
comprises reacting aluminum metal in the pres-
ence initially of a small quantity of aluminum
chloride with dry hydrogen chloride gas in a
mixture of compounds undergoing a reaction of
the PFriedel-Crafts type.

: FRIEDRICH MARTIN.
WALTER GRIMME.
 ALFRED KOPPELMANN.
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