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Graphite reacts with a large number of substances
under suitable conditions to form lamellar compounds.
Many kinds of metal chlorides are included. Few
studies have been performed on the reaction of graphite
with other metal halides such as bromides or iodides.
The reactivity of aluminum chloride with graphite has
been investigated in detail.'® It was found that alumi-
num chloride does not react with graphite, by itself,
and that the presence of another component such as
chlorine, bromine or iodine is necessary for the lamellar
reaction to occur. Croft® reported the reaction of
aluminum bromide and graphite in his early systematic
studies. It is doubtful, however, whether excess free
bromine was thoroughly eliminated during the course
of the reaction. The authors have extended the studies
to investigate the reactivity of graphite with aluminum
bromide and aluminum iodide.

1. Graphite-AlBr;

High purity artificial graphite (heat-treated at 2400°C
or 3000°C) was used for the samples. Aluminum bro-
mide prepared by the reaction between aluminum and
bromine of high purity was distilled before the reaction,
and excess bromine was carefully removed. The graph-
ite specimen was suspended by a quartz spring balance
(sensitivity 20 mm/g) in an evacuated and sealed glass
tube, and kept in contact with aluminum bromide vapor
of saturation pressure at temperatures 100—250°C for
40 hours. No measurable gain in the weight of the
graphite was observed. The electrical conductivity and
X-ray diffraction measurement of the sample also show-
ed no measurable change. It is concluded aluminum
bromide alone does not react with graphite.

A small amount of gaseous bromine was added in
aluminum bromide vapor at 150°C. Graphite is
thought to absorb scarcely any bromine at such a
high temperature.#® Under these conditions, how-
ever, it started to absorb the reactants immediately.
When bromine was also added to the graphite in the
form of a lamellar compound and residue compound
beforehand, absorption of the reactant was also ob-
served. 'The optimum reaction temperature was 150°C,
and the reaction terminated in 24 hours. The ob-
served gain in the weight of the graphite by far exceeded
the amounts of existing free bromine, and the existence
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of aluminum bromide in the graphite was actually con-
firmed by the decomposition of the reaction products.

It is to be noticed that release of a considerable
amount of free bromine was observed at the first stage
of the reaction of graphite-bromine residue compound
and aluminum bromide. It is known that residue com-
pound of artificial graphite is very stable and scarcely
undergoes decomposition by heat treatment below
1000°C.%" However, it was observed that some parts
of bromine were released at 70°C and at the same time
the reaction with aluminum bromide was initiated. As
the reaction proceeded, most of the released bromine
was absorbed again by the graphite. For checking the
possibility of decomposition of aluminum bromide
vapor, the reaction of graphite-bromine residue com-
pound with aluminum chloride was carried out. The
release of free bromine was also observed in this case.
The released bromine should be attributed to the re-
sidual bromine contained in the graphite.

A quantitative investigation of aluminum bromide
absorption in relation to the amount of coexisting bro-
mine was carried out. Controlled amount of bromine
was doped in graphice in the form of a residue com-
pound or lamellar compound, and the graphite sample
was allowed to react with aluminum bromide vapor.
The reaction products were weighed for the determina-
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Fig. 1. Ternary lamellar compounds of graphite with alumi-
num bromide and bromine
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tion of aluminum bromide uptake. Some samples were
decomposed in a vacuum at 500°C, and the released
bromine and aluminum bromide were collected sepa-
rately and analyzed chemically. The relation of alu-
minum bromide contents and bromine contents of the
ternary lamellar compounds is shown in Fig. 1. Alu-
minum bromide contents depend entirely on the amount
of coexisting bromine, and the ratio AlBr; to Br is
found to be nearly three. The result coincides with
that of Hennig? on AICIl;-Cl, or AlCl;-Br. The atomic
composition of the ternary compound was Cy,AlBrg-
Bry.; for the highest reactant contents investigated.

X-ray diffraction study of the reaction products of
the highest reactant contents showed the formation of
a ‘second stage structure’ compound, where every other
layer spacing of graphite is invaded by the reactants and
expands from 3.35 A to 10.0 A.
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2. Graphite-All;

It was found that aluminum iodide also does not react
alone with graphite at temperatures up to 250°C.

When bromine was doped in graphite as the residue
compound, the absorption of aluminum iodide took
place. However, aluminum iodide reacts easily with
bromine to form aluminum bromide and free iodine.
No further quantitative studies were carried out.

Free iodine was added to graphite-aluminum iodide
system to start the reaction. The intercalation of reac-
tants in graphite was not observed in several careful
runs. Thus we conclude that the aluminum iodide and
iodine system does not react with graphite.

The authors are grateful to Messrs. N. Arai and
K. Matsuoka for their collaboration in a part of the
study.






