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This invention relates.to the production of

styrenes and other products by simple molecular

decomposition of asymmetric diaryl substituted
paraffins and particularly by a convenient and
economical method of treating benzol still resi-
dues,

Benzol still residues produced in large quanti-
ties quring the distillation of light oils which are
produced along with gas in coke oven and gas
works operation, are at present uséd mainly as
fuels, although they contain potentially much

" more valuable products. In normal practice un-
saturated materials are removed by washing the

light oils with concentrated sulphuric acid prior
to the final distillation. The polymerizable ma-
terials are rendered non-volatile and remain in
the residue from the distillation of the light oils.

An object of the present invention is to provide
a method for the production of styrenes, colorless
liquids, which can be readily converted into hard
colorless resins with attractive industrial and

‘commercial uses, toluene, substantially pure xy-

lene, and the like from these residues.

Another object of the invention is to produce

styrenes by s method which avoids the loss of
hydrogen, which breaks down the raw material
into products which are readily separable from
themselves and from the unchanged raw mate-
rial, and which may be continuous in operation
and cyclic in relation to unchanged-raw material,

Broadly the invention contemplates a con-
venient and-economical method for the conver-
sion of 1:1 diaryl substitited parafins or their
nuclear substituted derivatives having at least
two carbon atoms in the paraffin chain, into two
mononuclear sromatic compounds one of which
contains the paraffin chain as an unsaturated
vinyl side chain.

In accordance with the invention diaryl sub-
stituted paraffins having at least two carbon

activated siliceous materials and of these the

" hydrated aluminum silicates are preferred.
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Temperatures ranging between 350° and 500° C
are generally suifable and in some cases the pre-
ferred temperature is substantially 350°' C. at
normal pressures. Diluents such as water vapour
may be used. The mononuclear compounds
which are produced during the reaction may be
separated from the product by fractionation and
the unchanged portion may then be returned for
retreatment. :

The following are illustrative of the raw mate-
rials which may be subjected to the treatment of
the invention: asymmetric diphenyl ethane,
asymmetric phenyl tolyl ethane, asymmetric
ditolyl ethane, asymmetric phenyl xylyl ethane,
asymmetrie tolyl xylyl ethane, asymmetric dixylyl
ethane, alpha alpha diphenyl propane, alpha
alpha phenyl tolyl propane, alpha alpha phenyl
xylyl propane, alpha alpha ditolyl propane, alpha,
alpha tolyl xylyl propane, and the like, and their
nuclearly substituted halogen, hydroxyl, and like
derivatives which are volatile at the temperature
and pressure used in the degradgation. .

" The following are examples, in which a tube
having an inside diameter of 4.1 cm was em-
ployed, of the use of the method:

(1) Using 800 grams of catalyst heated at 350°
C. and 200 grams of p-p ditolyl ethane together
with an equal volume of water at the rate of 180
grams of ditolyl ethane per hour through the
tube, there was obtained 190 grams of condensed
oil product which consisted of 76 grams of light

. oil boiling below 200° C., 108 grams of unchanged
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atoms in the paraffin chain are converted into two -

mononuclear aromatic compounds one of which
contains the parafiin chain as an unsaturated
vinyl side chain by heating the material in the
presence of a catalyst at a temperature to effect
simple molecular decomposition, and the mono-
nuclear products are separated by fractionation.

The diaryl substituted paraffin, or hydrocarbon
oils containing it such as are produced by the

. distillation of benzol still residues, are passed

through a steel or other suitable tube filled with
balls or particles of a catalyst, which promotes
simple molecular decomposition, and heated to a
temperature to convert the material without loss

‘mechanical losses.

ditolyl ethane and 6 grams of 2 higher boiling
residue. Fractionation of the light oil gave 38 -
grams of para methyl styrene and a similar guan-
tity of toluene. By recirculating the unchanged
ditolyl ethane through the tube and separating
and combining the light oil products there was
obtained after three passages through the tube
150 grams of light oil, 25 grams of unchanged
ditolyl ethane and 12 grams of a high boiling oil
with a loss of 13 grams due to carbon, gas and
On fractionatlon the 150

- grams of light oll gave 75 grams of crude para

methyl styrene and a similar quantity of toluene,

(2) Using 800 grams of catalyst heated at 400—
425° C. and passing 115 grams of pure-alpha alpha
diphenyl propane together with an equal volume

. of water at the rate of 175 grams of diphenyl

propane per hour, there was obtained 64 grams of
light oil boiling below 200° C., 35 grams of un-
changed diphenyl! propane, 7 grams of high boil-

of hydrogen. Catalysts which are eﬁ‘ective are 88 ing residue and 9 grams of loss due to carbon gas .
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and mechanica] loss. On fractionation the light
oil gave 32 grams of benzene and a similar quan-

tity of a crude methyl styrene in which the methyl -

group was substituted in the side chain.
It has been found that when benzol still resi-

dues are redistilled about 50% of the charge dis- .

tills up to & vapour temperature of about 260° c’
and the balance of the charge which bolls be-
tween 260° C. and about 350° C. is composed main-
ly of phenyl aryl ethanes, addition compounds
formed by the union of styrene with toluene,
xylenes, etc. in the acid washing operation.
Phenyl para Xylyl ethane is present in greater
amount than the other possible compounds in

the phenyl aryl ethane content of the residue. -

This latter fraction may be more closely cut and
uSed in the present method as follows:

(3) Using 200 grams of catalyst at 375° C. and
passing 150 grams of the benzol still residue frac-
tion boiling at 285 to 295° C., containing asym-
metric pheny] tolyl ethane together with an equal
volume of water at a rate of flow of 40 grams
of oil per hour there was obtained 147 grams of
condensed oil product which consisted of 39 grams
of light oil boiling below 200° C., 104 grams of
unchanged fraction and 4 grams of high boiling
residue. By repassing the unchanged fraction
and separating and combining the light oil prod-
uct in the above manner there was obtained after
4 passes 87 grams of light oil bolling below 200°
C., 41 grams of unchanged fraction, 14 grams
of high boiling residue and 8 grams of mechani-
cal handling loss, carbon and gas.
- light oil on the basis of the amount of the frac-

tion actually consumed is 80.0%. 'The light oil
was found to be a 50% mixture of toluene and
- crude styrene which are separated by fractiona-
tion. Synthetic phenyl tolyl ethane gives similar
results. )

(4) Using 200 grams of catalyst at 350° C. and
passing 150 grams of the benzol still residue frac-
tion boiling at 295 to 305° C. containing asym-
metric phenyl xylyl ethane together with an equal
volume of water at & rate of flow of 40 grams
of oil per hour, there was obtained 146 srams of
condensed oil product which consisted of 53 grams
of light oil boiling below 200° C., 83 grams of
unchanged fraction and 5.5 grams of high boiling
residue. By repassing the unchanged fraction
in the above manner and separating and combin-
ing the light oil product there was obtained afier
4 passes 100 grams of light oil. 18 grams of un-
changed fraction, 11 grams of hieh boiline resi-
due and 21 grams mechanicsl handling loss, car-
bon and gas. The yield of licht oil, on the basis
of the amount of fraction artually consumed. is
7577%. ‘The lght ol was found to be & mix-
ture of crude styrene and xylene. Synthetic phen-
y1 xylyl ethane was found to behave similarly.

As indicated kaolin or pure hydrated alumi-
num silicates are the preferred catalysts.’® The

used catalyst is activated by passing air over it. . -

at a temperature of preferably not less than 500°
C. to burn off carbon or other deposit formed
thereon during use. It should be so treated atter
each use to insure best results. This treatment
of the catalyst forms one step in the cyclic
method.

“The economic and practical advantages of the 70

invention will be apparent. Synthetic diaryl

ethanes may be prepared from cheap and readily

avallable materials, such as acetylene together
with benzene, toluene, xylene, ete. Its applica-

The yield of -
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product, which is frequently a nuisance, into prod-
ucts of substantial value.

We claim: _ '

1. A method of producing styrenes and the like
which comprises heating one of & class of com-
pounds consisting of asymmetric diaryl substi-
tuted parafins in which both aryl groups are at-
tached to the same carbon atom and their nu-
clear substituted derivatives having at least two
carbon atoms in the paraffin chain in the pres-
ence of a catalyst at a temperature in excess of
300° C. and sufficient to convert the material by -
simple molecular decomposition into two mono-
nyclear aromatic compounds, one of which con-
tains the parafiin chain as an unsaturated vinyl
side chain.

+2. In a method of producing mononuclear aro-
matic compounds, the step which comprises heat-
ing one of a clasg of compounds cons'sting of
asymmetric diaryl substituteg paraffins in which
both aryl groups are attached to the same carbon
atom and their nuclear substituted derivatives
having at least two carbon atoms in the paraffin-
chain at a temperature between 350-500° C. in
the presence of a cafalyst which promotes simple
molecular decomposition. . )

3. A method of producing styrenes and the

‘like which comprises heating vapours of one of a

class of compounds consisting of asymmetric
diaryl substituted paraffins in which both aryl
groups are attached to the same carbon atom

. and their nuclear substituted derivatives having -

at least two carbon atoms in the parafiin chain
in the presence of & siliceous catalyst which pro-
motes simple molecular decomposition at a tem-
perature of substantially 350° C., condensing the
product and separating the styrene therefrom by
fractionation.

4. A method of producing useful products from

‘asymmetric diaryl substituted paraffing in which

both aryl groups are attached to the same car-
bon atom and their nuclear substituted deriva-

_tives having at least two carbon atoms in the

paraffin chain which comprises passing one of
such compounds in contact with a siliceous cata-
lyst which promotes simple molecular decomposi-
tion at a temperature of 350-500° C. to convert

. the compound into two mononuclear aromatc
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compounds and separating the latter.

5. In the recovery of useful products from ben-
zol still residues, the method which comprises
passing a distillate fraction of the portion of
said residues which boils at a temperature be-
tween 260 and 350° C. in contact with a cata-
lyst, which promotes simple molecular gdecompo-
sition, heated to 350-500° C. to form a light
oil product containing two mononuclear aromatic
hydrocarbons and separating these compounds.

6. A method as set forth in claim 5 wherein the
undecomposed portion of the said fraction is
separated from the product and recirculated in
contact with the heated catalyst.

7. In the recovery of useful products from ben-
zol still residues, the method which comprises
fractionating the distillate of said residues to
provide & fraction boiling between 260 and 350°
C. and containing a substantial proportion of
phenyl aryl ethanes, and heating said fraction
in the presence of a siliceous catalyst which pro-
motes simple molecular decomposition at & tem-
perature to convert said ethanes by simpie mo-
lecular decomposition into two mononuclear hy-
drocarbons.

8. A method as set forth in claim 7 wherein

tion to benzcl still residues converts a low grade 78 a. portion of sald fraction boiling between. 285
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and 295° C. is heated in the presence of said
catalyst at a temperature between 350 and 500°
C. to provide & light oil consisting of substantially
equal proportions of toluene and styrene, and
separating the styrene from the toluene.

9. A method as set forth in claim 7 wherein
a portion of said fraction containing a substan-
tial proportion of asymmetric phenyl xylyl ethane
is heated in the presence of said catalyst at a

temperature between 350 and 500° C. to provide.

a light oil consisting of substantially equal pro-
portions of styrene and xylene.

10. A method as set forth in claim 4 wherein
the undecomposed portion of said compound is
recirculated in contact with said heated catalyst
to increase the yield of said mononuclear aro-
matic compounds.

11. A method of producing toluene, styrene,
xylene and like mononuclear hydrocarbons which
comprises heating asymmetric phenyl aryl ethane
in the presence of a siliceous catalyst which pro-
motes simple molecular decomposition at a tem-
perature between 350 to 500° C. to convert said

- ethane by simple molecular decomposition into
two mononuclear compounds, and recovering each
of said compounds as a commerecial product.

‘12, A cyclic method of produeing mononuclear
aromatic compounds which comprises heating one
of the asymmetric diary] paraffins in which both
aryl groups are attached to the same carbon atom
and their nuclear substituted derivatives having
at least two carbon atoms in the parafiin chain,
at a temperature between 350 and 500° C. in the
presence of a catalyst, which promotes simple
molecular decomposition, to form two. mononu-
clear aromatic compounds, separating the un-
changed portion of said substance from the prod-
uct and recirculating it in contact with the heated
catalyst.

13. In a method of producing mononuclear aro-
matic compounds, & step which comprises heating
one of a class of compounds consisting of asym-
metric diaryl substituted paraffins and their nu-
clear substituted derivatives, having at least two
carbon atoms in the paraﬂin chain, at a tempera-
ture of at least 350° C. in the presence of a sili-
ceous . catalyst which promotes simple molecular
decomposition.

12. In a method of producing mononuclear aro-
matic compounds, a step which comprises heating
one of a class of compounds consisting of asym-
metric diaryl substituted paraffins and their nu-
clear substituted derivatives, having at least two
carbon atoms in the paraffin chain, at & tempera-
ture of at least 350° C. in the presence of a cata-
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lyst which promotes simple molecular decompo-
sition and which is a hydrated aluminum sili-
cate.

15. In a method of producing styrene a step
which comprises heating an asymmetric -diaryl =
ethane, wherein at least one aryl group is a phen-
yl group, at a temperature of at least 350° C. in
the presence of a hydrated aluminum silicate .
catalyst which promotes simple molecular decom-
position into two  mononuclear aromatic com-

‘pounds.

16. In g method of producing mononuclear aro-
matic compounds, including a styrene, methyl
substituted in the side chain, a step which com- -
prises heating an asymmetric diaryl propane,
at & temperature of at least 350° C. in the pres-
ence of a hydrated aluminum silicate catalyst
which promotes simple molecular decomposition
into two mononuclear aromatic compounds.

17. In a method of producing mononuclear aro-
matic compounds including styrene, methyl sub-
stituted in the side chain, a step which com-
prises heating an asymmetric diaryl propane,
wherein at least one aryl group is & phenyl group,
in the presence of a hydrated aluminum silicate
catalyst, which promotes simple molecular de-
composition into two mononuclear aromatic com-
pounds, at a temperature of at least 350° C.

18. In a method of producing mononuclear
aromatic compounds, including & styrene having
at least one methyl group substituted in the nu-
cleus, the step which comprises heating an asym-
metric diaryl ethane, each of the aryl groups of

.which is substituted with at least one methyl

group, at a temperature of at least 350° C. in
the presence of a hydrated aluminum silicate
catalyst which promotes simple molecular decom-
position into two mononuclear aromatic com-
pounds.

19. In a method of producing mononuclear aro-
matic compounds, a step which comprises heating
an asymmetric diaryl ethane, one aryl group of
which has a single methy] group substituted in
the nucleus, the other aryl group of which has at
least one methyl group substituted in the nu-
cleus, at a temperature of at least 350° C. in the
presence of & hydrated aluminum silicate catalyst.
which promotes simple molecular decomposition
into two mononuclear aromatic compounds.

20. In a method of producing mononuclear aro-
matic compounds, the step set forth in claim 2
wherein the catalyst is-a hydrated aluminum

silicate.
M. G. STURROCK,
THOS. LAWE, .



