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3 Claims,

The invention relates in general to the manu-
facture of aromatic hydrocarbons and, in particu-
lar, to a process for the manufacture and recovery
of toluene, the xylenes, mesitylene and their
homologues.-

High grade toluene is the basic raw material
used for the manufacture of trinitrotoluene, here-
inafter called “TNT.” Such high grade toluene is

b

therefore in great demand during periods of war-

fare., Before the last World War, the by-product
coke oven was the sole source'of toluene, but re-
cently petroleum has become & secondary source.
However, the quantity of petroleum olls contain-
ing appreciable amounts of toluene is quite lim-
ited. The production of toluene from such oils
by cracking is tedlous, expensive and troublesome.
Accordingly, & method for the production of
toluene from petroleum oils by methods other
than cracking is very desirable.

On the other hand, there are available large
quantities of olls which contain a major propor-
tion of benzene and a minor proportion of all-
phatic hydrocarbons, for example, the so-called
“light olls” of coal tar, and the benzene fraction
from petroleum. However, toluene intended for
the manufacture of *“TNT"” must meet rigid speci-
fications as to properties and purity. Among the
essential requirements of toluene for “TNT”

“manufacture is that the toluene must be abso-
lutely free of aliphatic hydrocarbons since these
compounds, when present, adversely affect the
properties and stability of the “TNT.” The re-
moval of such impurities from toluene by extrac-
tion with solvents, scrubbing, ete., Is laborious
and expensive,

Accordingly, it is & general object of the pres-
ent invention to produce aromatic hydrocarbons,
such as toluene, of high purity from oils contain-
ing benzene and aliphatic hydrocarbons.

A speciflc object of. the invention is to pro-
duce toluene containing insufficient aliphatic hy-
drocarbons to prevent its use for the manufac-
ture of “TNT.”

According to the present invention, toluene of
purity sufficlently high for use directly in the
manufacture of “TNT” is ohtained hy fractionally
distiliing a benzene-containing oil, such as coal
tar oil or petroleum ofl, collecting a fraction con-
taining benzene, which fraction also contains a
minor proportion of allphatic hydrocarbons,
chemically converting the benzene in such oil
to toluene ahd separating the residual benzene
and the aliphatic hydrocarbons from the tolu-
ene by fractional distillation. Since the aliphatic
hydrocarbs distilled over with the benzene frac-
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tion they will have boiling points near that of
benzene, 1. e. about 756° C. to 85° C. so that the
separation of the toluene (B. P. 110.7° C.) from
such low boiling compounds will be quite com-
plete. )

As the source of benzene, there may be used
any oll containing substantial quantities of ben~
zene such, for example, as coal tar oil, prefer-
ably the so-called “Light oil” fraction boiling up
to 170° C. from which the tenzene fraction con-
taining some aliphatic hydrocarbons and boiling
between 75° C. and 85° C. is obtained by fractional
distillation. On the other hand, one may distill
petroleum oils and collect the fraction boliling
between 78° C. and 84° C. which containg ben-
zene and some aliphatic hydrocarbons. The
petroleum oil treated may be derived from an
asphaltic base, & paraflin base or & mixed base.
The conversion of the benzene to toluene is not
carrled out after the separation from such olls
of the components which bofl in the range of
toluene, that is, the conversion to toluene is car-
ried out on a benzene-containing oil which has
a boiling range below 110° C,, preferably of be-
tween 75° C. and 86°.C., whether derived from
coal tar or petroleum oils,

“The conversion of the benzene in such oil to

toluene is accomplished in a suitable manner,
By way of illustrating but not by way of lim-
iting the scope of the present invention, there
will be given three methods of chemically con-
verting the benzene to toluene: ,
Method I.—This method involves the action of
a dehydrating agent on & mixture of the benzene
and an ealiphatic alcohol, more particularly
methyl alcohol if toluene is to be prepared. Suit-
able dehydrating agents are sulphuric acid, zinc
chloride and phosphorus pentoxide. Of these
substances, sulphuric acid has the advantage of
being cheap and functioning at lower tempera-
tures than the others. The function of the de-
hydrating agent mey be two-fold: To split off
and bind water by hydration, and to effect con-
densation by intermediate compound formation,
but the present invention is independent of the
mechanism of the reaction or the theoretical ex-
planation thereof. This method will be illus-
trated by the following specific example:
195 grams of a petroleum oil fraction bolling
between 78° C. and 84° C. and containing sub-
stantial quantities of benzene and minor quan-
tities of aliphatic hydrocarbons are mixed with
64 grams of methyl alcohol and 25 grams of
concentrated sulphuric acid, The mixture is
heated In an autoclave to a temperature of above




150* C. until reaction is completed, for example,
about 3 hours. The autoclave is opened and the
upper layer of liquid therein is washed with wa-
ter and caustic alkali. The mixture is now dis-
tilled, the benzene and aliphatic hydrocarbons
distilling at between 75° C. and 85° C. and the
toluene distllling at between 109° C. and 110° C.
The toluene thus obtained is free of aliphatic hy-
drocarbons. The same method may be employed
with the benzene fraction obtained from the
“light” oil of coal tar.

Method II.—This method involves the action
of metallic halides on a mixture of an alkyl halide
and an oll containing benzene. Any reactive
metallic halide may be employed, such, for ex-
ample, as zinc chloride, aluminum chloride, sili-
con chloride, and the like.  The alkyl halide
may be an alkyl fluoride, chloride, or bromide.
This method will be illustrated by the following
specific example:

An oil containing benzene and aliphatic hy-

drocarbons and boiling between 78° C. and 84° C.

is mixed with a mole proportion of methyl chlo-
ride (based on the benzene content) and a mole
proportion of aluminum chloride. The mixture
is placed in a vessel provided with a reflux con-
denser. After warming to initiate the reaction,
heating is discontinued since the reaction is ex-
othermic. The hydrogen chloride generated by
the reaction is distilled off and the alumjinum
chloride is extracted with water. The toluene is
separated from the reaction products by frac-
tional distillation as described under Method 1.
By this method, the toluene is completely sep-
arated from the residual benzene and the lower-
bolling aliphatic hydrocarbons. i

Method II1.—In this embodiment of the inven-
tion, use is made of the unique coupling proper-~
ties of boron fluoride. The process comprises
mixing a poly-methylated phenolic compound
with benzene and boron fluoride, heating the
mixture under pressure whereby one or more
methyl radicals transfer from the phenolic com-
pound to the benzene ring. The poly-methylated
phenolic compound may comprise di, tri, tetra,
or penta alkyl phenols and its derivatives, alkyl
catechol and its homologues, alkyl derivative of
pyrogallo] and its homologues, etc. The boron
fluoride, BF3, is believed to form intermediate
compounds with the reactants, the formation of
which cause the alkyl (methyl) group to migrate
to the benzene ring. The following specific ex-
ample will show the application of this method
to the production of nitration-grade toluene:

Method IV :

This method relates to the preparation of to
luene from benzene and a polymethylated ben-
zene such as xylene or its higher homologues by
heating the mixture preferably in the presence
of catalysts in the liquid or vapor phase. In
general, this reaction is illustrated by the follow-
ing equation:

CH,y Clis

and by the following specific examples:

Example A.—318 grams of xylene, 936 grams of
toluene-free benzene, and 266 grams of anhy-
drous aluminum chloride were placed in a three-
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necked flask fitted with an inlet tube, & mechan-
ical stirrer and a reflex condenser. Dry hydro-
gen chloride was added until the mixture was sat-
urated. The contents were heated to a gentle
reflux for 12 hours.

The contents can then be distilled to remove
the benzene and toluene or washed with water,

caustic soda, dried and fractionated to remove

the benzene and toluene and reclaim the xylene

‘and other methylated benzenes. The following

results were abtained under the above conditions
of reaction:

Boiling range, *C.
IFraetion T _____ 80--85 G50 grums recovered benzine
Praction [I______ 105-115 145 grums tolueue
Fraetion 11 ___ Above 116 150 grams recovered xylene
The fractionation serves to separate the toluene
also from any aliphatic hydrocarbons which may
have existed in the benzene or xylene used.

Ezample B.—The reaction of Example A was
repeated in an autoclave at 115° C. for 1.5 hours.
The purification was carried out as above de-
scribed. After fractionation, the yield was 152
grams of toluene which was substantially free of
aliphatic hydrocarbons.

Example C.—A solution of xylene in henzene
in the molecular ratio of one to four is flash
vaporized into a reaction chamber heated above
175° C. and the product fractionated to recover
toluene as above described. The transference of
the methyl groups to the benzene takes place at
these higher temperatures without a catalyst, but
is considerably inoreased by having anhydrous
aluminum chloride present in the reaction cham-
ber. The yield is still further increased by adding
small quantities of hydrogen chloride to the mix-
ture of vapors of xylene and excess benzene.
Other catalysts also accelerate this reaction. For
example, small quantities of gaseous boron tri-
fluoride may be advantageously mixed with the
xylene-benzene vapor mixture st the time that
the mixture enters the reaction chamber.

An oil contaimung a major proportion ot hen-
zene and a minos proportion of aliphatic hydro-
carbons is mixed with a mole equivalent of tri-
methyl phenol and a mole equivalent of boron
fluoride, BF3, (a gas) based on the mole propor-
tion of benzene in the oll. Preferably an excess
of benzene should be present to insure the pro-
duction of the monoalkyl derivative, 1. e. toluene.
The mixture is heated to 100° C. in an autoclave,
whereupon the methy! radical transfers from the
tri-methyl phenol to the benzene with the for-
mation of toluene. The toluene is separated from
the other reaction products and from the ali-
phatic hydrocarbons by fractional distillation.
This process has the advantage that it may be
carried out under atmospheric pressures.

Various changes can be made in the process
within the scope of the invention. The invention
is adapted to produce toluene which is substan-
tially free of aliphatic hydrocarbons or which may
contain from a trace up to 1% of such impurity
depending largely on the care used in the final
fractionation of the reaction product.

Having described my invention, whatI claim is:

1. In a process for the production of alkyl de-
rivatives of benzene of high purity from an oil
containing benzene and aliphatic hydrocarbons,
the steps comprising distilling said oil, collect-
ing a fraction of said oil boiling between 75° C.
and 85° C., mixing with the fraction thusobtained
a poly-alkyl benzene, subjecting said mixture to
the action of a catalyst under condifions promot-
ing the transference of an alkyl group from the.
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poly-alkyl benzene to the benzene and thereafter
fractionating the reaction product and separately
_collecting aliphatic hydrocarbons, mono-alkyl-
ated benzene, and poly-alkylated benzene,
2. In a process for the production of toluene of
_ high purity from olls containing benzene and
aliphatic hydrocarbons, the steps comprising dis-
tilling said oil, collecting a fraction of said oil
boiling between 75° C. and 85° C., mixing with the
fraction thus. obtained a poly-methyl benzene,
subjecting said mixture to the action of a cata-
lyst under conditions promoting the transference
of a methyl group from the poly-methyl benzene
to the benzene and thereafter fractionating the
reaction product and separately collecting ali-
phatic hydrocarbons, toluene, and poly-methyl-
ated benzene.
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3. In a process for the production of alkyl de-
rivatives of benzene of high purity from an ol
containing benzene and aliphatic hydrocarbons,
the steps comprising distilling said oil, collecting
a fraction of said oil boiling hetween 75° C. and
85° C., mixing with the fraction thus obtained a
compound selected from the group consisting of
poly-alkyl benzenes and poly-alkyl phenols, sub-
jecting said mixture to the action of a catalyst
under conditions promoting the transference of
an alkyl group from the poly-alkyl compound
to the benzene and thereafter fractionating the
reaction product and separately collecting -ali-
phatic hydrocarbons, mono-alkylated benzene,
and poly-alkylated compounds. '

- FRANK J. SOWA.




