
856 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 32, NO. 6 

Still another variation of Equation 1 applied to two sub- 
stances exerting the same pressure at different temperatures 
may be written without any assumptions beyond those of the 
thermodynamic Clapeyron equation itself : 

dT/T  d log T l’Av 
dT’/T’ d log T’ l l v ’  
-=-=- 

where Av and Av’ are the respective differences between 
specified volumes of vapor and liquid. 

This gives an integral form (with respect to  temperature) : 

E E’ 
-log T = 3 log T’ + C AV 

Specific volumes a t  different pressures are often readily 
available-for example, for both water and saturated steam. 
Specific gravities (or specific volumes) of solutions are also 
readily available. The specific volume of the vapor leaving 
the solution is the specific volume of steam saturated with 
respect to  the solution but superheated with respect to water. 
The vapors are a t  the same pressure but have the same num- 
ber of degrees superheat as the elevation of boiling point of 
the solution. Thus, for the important case of aqueous solu- 
tions, values of the latent heat may be exactly determined 
without assumptions. With these values of latent heat as a 
basis, the heats of dilution and enthalpies may also be ob- 
tained readily for any aqueous solutions, mixtures, or com- 
pounds on which is available a minor amount of vapor pres- 
sure data. The neglect of the value of the volumes of the 
condensed phases may be used Kith only minor loss of the ex- 
actness of Equation 19, since a quotient is changed only 
slightly by changing both the numerator and denominator by 
almost the same amount (which is in itself insignificant as 
noted above). Thus for values at the same pressures: 

(20) 
l’v 
lv log T = ?log T’ + C 

S o  elaboration or examples of the use of Equations 18, 19, 
or 20 m-ill be given here; but their greater accuracy would 
balance their greater inconvenience in use in some cases. 
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Preparation of Anhydrous 
Aluminum Bromide 
PAUL K. WINTER AND PAUL L. CRAMER 
General Motors Corporation, Detroit, Mich. 

h G  the advantages possessed by aluminum bromide 
over aluminum chloride as a catalyst in certain organic 

are its greater solubility in hydrocarbons, re- 
sulting in a homogeneous reaction mass, and its higher cata- 
lytic activity. In addition, the bromide may be readily puri- 
fied by simple distillation whereas the chloride sublimes. 

The increasing use of anhydrous aluminum bromide has 
created a need for a simple and convenient method of pre- 
paring it. Various procedures have been reported in the 
past ( 1 ,  2,  4, 7 ,  8, 9, 12, 13), each with its own meritorious 
features and often for a special purpose. The use of diluent 

K0 reactions - 

gases or liquid solvents as a means of controlling the reaction 
temperature results in a reduced rate of production and 
complicates the problem of purification. The object of the 
present proposed method is to provide a reasonably pure 
product in any desired quantity, in one operation, with a 
relatively high rate of production, and with a minimum of 
operating difficulties. 

The bromine is 
introduced near the bottom of the reaction flask where it 
comes into contact with the aluminum chips or pellets. The 
flask may be warmed gently a t  first to start the reaction, but 

The apparatus is shown in the diagram. 
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in B short time the reaction supplies enough heat to  vaporil;e 
the incoming bromine and to distill the aluminum bromide out 
through the side a m  on the neck of the flask, where it Don- 
denses and flows into the auxiliary purifier. The molten 
aluminum bromide refluxes down tlwough the mass of alumi- 
num chips in the flask, and serves to prevent local overheating 
and consequent fusion of the metal. The bottom of the 
flask is protected against occasional molten globules of alumi- 
num by a layer of ghss uwl.  The bromine tube must not 
be joined to the flask by a permanent glass seal, because it 
must be removed and cleaned occasionally when the lower 
end becomes clogged with solid impurities coming from the 
technical grades of bromine and aluminum. A ground-glass 
joint will serve nicely bot is not necessary; the loose joint 
shown in the diagram may be sealed satisfactorily by an 
easily broken cement of pumice, water glass, and water. The 
level of this joint should be above that of tlie exit tube to 
avoid having the aluminum bromide reflux over it. The 
mouth of the flask is closed by a loosely fitting glass stopper. 

As the reaction proceeds, aluminum is coiisumed largely 
from the center of the flask, and tlie bromine finally begins 
to channel up tliroitgh and be carried over with the aluminum 
bromide. Wlien this occurs, tlie supply of bromine is shut off, 
tlie stopper in the neck of the flask is removed, a hole is 
punched tlirougli to the iiiterior of the niass of aluminum chips 
by means of a heavy glass rod, and the flask is refilled with 
aluuiinum chips. 

~ ~ 

A simple and convenient method for pre- 
paring anhydrous aluminum bromide is 
reported. The important features of  this 
method are: the introduction of the hro- 
mine near the bottom of the reartion vessel 
(through a Lube which is not vertical, since 
a wide channel is quickly eaten out adjacent 
to a vortieal tube) so that it may be distilled 
upward through the mass of aluminum 
and react in the vapor phase; the rontrol 
of the temperature within the flask b y  the 
refluxing of the molten aluminum bromide 
over the metal; and the purification of the 
product ab fast as it i s  formed. 

The initial prodnct as it &&ills from the reaction flask is 
usually nearly water-ndiite, and may be collected at that point 
in a reaction vessel Jor immediate iisc or in a flask for storage. 
Sometimes, however, it. is oontnininated by a little free bro- 
mine and by impurities carried over mecBariieally. Fnr this 
reason it is best to T U I ~  it directly from tlie reaction flask to 
the kmtkxn of a small distilling vessel filled with alurninum 
chips. Auxiliary heating is required to distill t,he aluminum 
bromide ont of the purifier. .4 clean water-white product 
is thus obtained in a condinnous process. For convenience 
iii storing and subsequent UE, the best receiving vessel is a 
distillation flask, whose neck and side arm are constricted 
for convenience in sealing tlie flask after it is filled. Before 
the reaction is started, the whole system should be flushed 
out with a dry gas (air or nitrogen) in order to avoid hy- 
drolysis of the aluminum bromide. The side arm of the re- 
ceiver should be provided with a guard tube to prevent the 
entrance of moisture. When the flask is %bout three fourths 
full, the reaction is stopped, and both the neck and the side 

arm are sealed. The aluminum bromide thus colleoted can 
be stored indefinitely without deterioration, and smaller 
quantities caii he withdrawn by cutting off the tip of the 
side arm and distilling the desired amount into the dry reac- 
tion vessel; then the side arm may be sealed again. 

The size of the apparatus is governed by the production 
rate desire.& A one-liter reaction flask can easily produce a 
kilogram or more of aluminum bromide per hour. The rate 
of production is controlled by the flow oS bromine, and is 
limited by the condensing capacity of the receiver and by the 
maximum safe temperature within the reaction flask, which 
is just  under the melting point, of the aluminum. The a p  
paratus described has ample capacity to sirpply aluminum 
bromidle for laboratory uses, and t,here is no apparent reason 
why tlie principles involved might not be employed on a nmch 
larger scale, should the occasion arise. 

This apparatus has Reen used with broiniiie of National 
Formulary V spcifications, and with nluminu~n piirchased 
from the Aluminum Company of America, and described 
by them as 99 + per cent ingots. Without flirther purifica- 
tion, the alnmiiium bromide bhus prodocerl melterl a t  97.2" 
and bai ld  at, 2;A" C. (560 nim. pressure). There is some dis- 
crepancy in bhe values of these physical eonstants reported 
in the literature. For example, the melting point and boiling 
point are given by Fischcr and Ralilfs (5) as 97" and 255" C., 
by Mallet (11) as 93" and 263.3' C. (747 mn.), by Weber 
(14) as YOo and 265-270O C., by International Critical Tables 
(8j and a handbook of chemistry (10) as 97.5" and 268" C. 
Kendall, Crittendeii, and Miller (9) give the melting point as 
97.1" C., Fisclier (4) as 07.5*, aiid Biltz and Voigt (3) as 
97". The relativcly high melting point and low boiling point 
in the present instance indicate a reasonably pure product. 
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