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To all whom it may concern: . 
Be it known that we, IwaN OsTRoMIs 

LENSKY and MoRRIs G. SHEPARD, a citizen 
of Russia and a citizen of the United States, 

5 respectively, both residents of New York, 
county and State 6f New York, have in 
vented certain new and useful Improve 
ments in Processes for Producing Styrol 
and its Homologues from Aromatic Hydro 

ld carbons, of which the following is a full, 
clear, and exact description. 
This invention relates to the production 

of styrol and its homologues from hydro 
carbons having eight or more carbon atoms. 

5 such as ethyl E. xylol, homologues and 
analogues thereof, by pyrogenic decompo 
sition. 
The objects of the present invention are 

to provide a process of the kind described 
0 which shall produce a high yield of styrol, 
and its homologues, which shall be econon 
ical and can be carried out in a practical 
way with simple apparatus. 
The invention accordingly consists of a 
rocess for making styrol and/or its homo 
ogues which comprises heating a hydro 
carbon having at least eight carbon atoms 
and at least 10 hydrogen atoms to a tem 
perature of approximately 450° C. to ap 
proximately 700° C., and partially decom 
posing the hydrocarbon to form a com 
pound having the general formula Ar-CH: 
CH where Ar. is aryl. 
This case is a continuation in part of our 

application Serial No. 648,751, filed June 
30, 1923. 

In carrying out the invention the appa 
ratus shown diagrammatically in the figure 
may be employed. It comprises a source 
of carbon dioxide or other neutral gas, led 
in by a Pig 1 through a flow meter 2 by 
means of pipe 3 into the interior of an 
iron pipe 4 which is heated in any desired 
manner to the required temperature, as by 
gas burners 5. Communicating also, with 
this tube 4 through a valve 6 and sight glass 
7 is a container 8 for the hydrocarbon. The 
temperature is determined by means of a 
thermocouple 9 arranged in the present em. 

50 bodiment to record through the indicator () 
the temperature of the gas in the interior of 
the tube at the middle. Electric or other 
heating means may be employed if desired. 
The tube 4 leads into the Liebig condenser 
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11 and on into the worm condenser 12 55 
which is in turn connected to the receiver 
13. The liquid products are those con 
densed and collected in the receiver 13 while 
the non-condensable gases pass on into the 
gas holder 14. The condensers 11 and 12 00 
are cooled by water led in at 15 and dis 
charged at 16. The manometer 17 acts 
simultaneously as a pressure gauge and 
safety device. The baffles 18 are used to 
insure that the fluid is uniformly heated. 65 
The processes for producing styrol, its 

homologues and analogues may be divided 
into two groups, which are designated as . 
follows: (1) dehydrogenation of ethylben 
zene or its homologues at high temperatures 70 
(450-700° C.); agg's splitting of hydro 
carbons from various homolggues or ana 
logues of benzol which have more than two 
atoms of carbon in a side chain at 500 
7000 C. 

1. Dehydrogenation of ethyl benzol. 
and/or its homologues at high temperatures 
(450-700° C.). 
The general formula for the reaction here 

occurring is 
Ar.CH-CH=H,--Ar.CH:CH, 

where Ar. is aryl. 
Under this group comes the treatment 

of ethylbenzol, the procedure for treatment 
of which is as follows: Ethylbenzol is run 85 
from container 8 into the interior of iron 
tube 4 at a measured rate. The apparatus 
having been previously cleared of air, by 
passing a stream of carbon dioxide or other 
neutral gas from the pipe 1 therethrough 0 
and the iron tube having been heated up 
to approximately 650° C. as shown by the 
indicator 10, this temperature is maintained 
throughout the run within plus or minus 
15° C. The rate of flow of ethyl benzol is 95 
maintained at approximately 15 to 20gms/ 
min. and the rate of flow of carbon dioxide 
as indicated by the flowmeter 2 at 50 to 60 c.c./min, the pressure in the heating 
chamber 4 being E. atmos- 100 
heric. The internal diameter of the tube 
or these conditions of temperature and rate 
of flow should be 2 in and the totall 
of the heated portion (that within the fur 
nace) is 54 in. The total internal volume 105 of the reacting portion of the tube is there 
fore 170 cu. in. in round numbers. The 
process is continuous, it being only neces 
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sary to interrupt for repairs, etc. The re 
action which takes place upon passage of 
the ethyl benzol through the heated tube 
is as follows: 

CHCHCH-CHCH: CH,+H, 
Other reactions may take place and do take 
place to produce gas, carbon and tarry 
products. The styrol and tarry products 
are collected together in the container '13 
while the gases pass to the gas holder 14. 
A process for separating the styrol from 
the tarry products is set forth in our co 
pending application Serial No. 711,584, 
filed May 1924. This process comprises 
distilling the mixture with steam, separat 
ing the distillate from water and drying it. 
The dried product is placed in an autoclave 
and heated approximately for 16 hours at 
180° C.-200 Polymerization of styrol to 
form metastyrol occurs. An accelerator of 
polymerization may be loyed if de 
sired. With benzoyl peroxide as an accel 
erator polymerization may be accomplished 
in approximately 8-12 hrs. at 180° C. 
After polymerization the autoclave is 
opened and its contents subjected to a frac 
tional distillation, the final residue remain 
ing above 145 C. representing metastyrol. 
Under the conditions of pressure and tem 
perature and using an iron tube as indi 
cated, the amount of styrol produced from 
a thousand gms. of ethylbenzol is approxi 
mately 250 gms. This quantity of product 
represents an efficiency of approximately 
32%. 
The term “efficiency' as used, means the 

per cent of the theoretic yield of styrol 
calculated on the basis of the actual ethyl 
benzol consumed in the process. In car. 
rying out the above process, 220 gms. of 
ethylbenzol was recovered per 1,000 guns. 
of ethyl benzol used, which means that 780 
gms of ethyl benzol were consumed. The 
efficiency therefore on a percentage basis is 
-250x100 - 780 or 32%. This calculation 
neglects the slight difference in the molecil 
lar weight of ethyl benzol (106) and styrol 

50 

55 

60 

(104). 
Instead of ethyl benzol which has the 

formula CH, the isomer xylol which also 
has the formula CH, may be enployed 
under substantially the same conditions as 
those indicated above for ethylbenzol. The 
reaction may be expressed as CH (CH) = 
CHCH:CH-H. The amount of styrol 
produced from 1000 grams of xylol is ap proximately 50 grams and the efficiency ap 
proximately 20%. 
The conditions given in the preferred em 

bodiment above, have been varied in order 
to determine among other things, the opti 
mum temperature for various tube materials, 
the optimum rate of flow of ethyl benzol 
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and the value of the use of a neutral gas 
to promote the flow of ethylbenzol through 
the heating tube. 
An iron tube, due to the ease with which 

such tubes may be procured, has been in 
dicated in the preferred embodiment above 
but numerous tests on other tubes show that 
iron may be replaced if desired. For ex 
ample, quartz or copper tubing may be used 
in which case results quite similar to those 
with the iron tube are obtained. An excep 
tion is that of nickel. When nickel gauze 
was placed in an iron tube the results were 
not as satisfactory, the tendency being to 
form large quantities of gas and carbon at 
the expense of the desired product, styrol 
The optimum rate of flow established will 
vary with variation of other factors of the 
apparatus and process, for instance, varia 
tions in the shape of the heating chamber 
and the distribution of heat in this chann 
her would influence the rate of flow and 
variations of pressure within the chamber 
would also influence the rate of flow. There 
is apparently a relationship of the volume 
within the heating chamber, the rate of flow 
and the temperature. This relationship 
may be expressed mathematically by the 
following formula: 

in which V is the volume of the heated por 
tion of the tube in cubic centimeters, R the 
rate of flow of ethyl benzol into the tube 
in grams per minute; T the temperature of 
the interior of tube at the middle point in 
degrees centigrade; and K the parameter 
varying between the yalues 8 and 1.2, the optimum efficiency being secured when 
=1. The optimum efficiency is about 

36%. This equation holds for all practi 
cable rates of flow and all practicable sizes 
of tubes. 

In order to determine the effect of the 
carbon dioxide or other neutral gas cm 
ployed, a run was made using the iron tube 
as in the preferred embodiment in which 
no neutral gas was employed and it was 
found that the results were quite similar 
to those obtained when the neutral gas was 
used. However, the operation of the ap 
parat is is simplified by the use of this neu 
tral gas as the regulation of the rate of 
flow of ethyl benzol is thereby facilitated. 

If any unchanged ethyl benzol or xylol 
is collected, this material may again be run 
through the apparatus to produce styrol 
with an efficiency substantially the same 

Sven by the original ethyl benzol or 
xylol. 
Other gases such as nitrogen and steam 

lay be used to replace carbon dioxide 
the gas promoting flow through the heat 
ing chamber. The process may be run coin. 

U 

5 

Ot 

(); 

5 

16 

3. 



O 

15 

20 

A Boiling ten- to 585 45-to 10-65 so 
perature of 
original 
mixture 
(C) . . . 

B Nature of xylol. 3.5 di 
active hy- Inethyl methys thys benzo 
drocarbon. ethyl ethyl ethyl 

benzo benzol benzo 
C Anout in 15 guns. 0.62 gms. 0.5gns. 0.52gns. 8gns. 

grams per 
minute. 

D. Duration of hr. h, 45, 3.15. 7 hrs. 47 mins. 
MP nins. E Mixture 1000 gins. 250 gris. 109 gns, 217 gns. 849 gms. subjected 
to pyro 

itation 
a gins. 

F Tempera- 50 60-650 580-20 80-850 50 
ture of furs 
race (C). 
i quid 94 gms. 225 grins. 97 gms. 199 gms, 800 gns. 
products 
'obtained. 

H Dry Hydro-833 gms. 178gns. 85gns, 170 gms, 684 gms 
..earbons 
distilled 
wi t h 
stead. 

Nature of -...--...--- Meta- Ortho- Parane Ethy. 
product, meta th y styrol. 1 
styrolob- dime styrol. styrol. 
tained. thy 

styrol. . 
Content of 5.7% 31.7% 28.6% 35.7% 23.8% 

styrol or 
Ea ogues in 
distate 
(steam) by analya 
sis 
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tinuously. It requires little attention and 
is relatively economical, 
In addition to ethylbenzoland xylol men 

tioned above, various other materials hav 
been similarly treated falling within the 
present group. The products obtained an 
the raw materials are as follows: (a) 
orthomethyl styrol from orthomethyl ethyl 
benzol, (b) para methyl styrol from para 
methyl ethyl benzol, ..) symmetrical di 
methyl styrol from 13. 5. dimethyl ethyl 
benzol, and (d) ethyl styrol from diethyl 
benzol. 
The starting points for (a) and (b) may 

be obtained by ethylating toluol Symmet 
rical dimethyl styrol may be obtained by 
similar ethylization of xylol. The following 
is a tabulation of results obtained in the de 
hydrogenation of the isomer xylol and 
homologues of ethylbenzol into those of 
styrol following a similar process to that set 
forth for dehydrogenation of ethylbenzol. 

Whether the process is carried out in iron 
or quartz tubes the results are substantially 
as given above. Actually the above results 
were gotten using an iron tube for xylol and 

Ortho-Parame Diethyl- of the hot tube. 

as, follows: Ar.C.H.R=RH--Ar.CH: 

a quartz tube for the other substances. The 
quartz tube had the following dimensions: 
I diameter by 27.long. It has been found 
that the relationship of the volume in the 
heating chamber, the rate of flow and tem 
perature exists in a similar way for products 
other than ethyl benzol which may be ex 
pressed mathematically by the formula 
given in connection with the process employ ing ethylbenzol. 

instead of using ethyl benzo or its homo 
logues separately, mixtures of ethyl benzol 
and/or of its honologues may be passed 
through a heated tube and a solution con 
taining styrol and its homologues or the 
homologues alone obtained. For this pur 
ose the mixtures of ethyl benzol and its 
omologues may conveniently be obtained by 

ethylating mixtures containing benzol, toluol 
and xylol, as for example the fractions ob 
tained from coal tar, gas tar, etc. boiling 
from 80 to 130° C. 

Ethyl benzol, xylol, etc. containing styrol 
in solution may also be used as raw material, 
for example, ethyl benzol which has already 
been subjected to the pyrogenization action 

Such ethylbenzol or xylol, 
etc. containin 
through the E. he result of such action 
is to enrich or increase the concentration of styrol. 
For example, if a solution containing 

around 14% of styrol in ethyl benzol is 
passed through the hot tube under the usual 
conditions as set forth in our application 
Serial No. 648,751, filed June 30, 1923, the 
resulting raw product would contain around 
30% styrol, whereas ordinarily using pure 
ethyl benzol the styrol content would run 
around 20%. The ethylbenzol recoverable 
from this raw product is essentially in the 
same proportion as that from pure ethyl 
benzol. 

2. Splitting off hydrocarbons from vari 
ous homologues or analogues of benzol which 
have more than two atoms of carbon in the 
side chain at 500-700° C. 
The reaction involved in this 

2. 

where Ar. is aryl and R represents an alkyl 
radical. This process has been investigated 
in connection with the treatment of cymene. 
In carrying out the process with cymene 

the following reaction occurs: 

lik > ch, chi-crite-(D-Ca. CHs 
Specifically the process employing cymene 
may be carried out as follows: Cymene is in 
troduced from container. 8 into the tube 4 
of quartz at a rate of 5-6 grams perminute. 
The tube is heated to 650 C., the diameter 
of the tube being 25 cm. and length subjected 

5 to heating 67 cm. A current of carbon di 

oxide at low pressure is passed from pipe 1 
through the tube continuously during the 
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styrol may be repassed 
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whole process. The liquid reaction products. 
condense in the receiver 13 which is water 
cooled. The methane formed in the reaction 
may be collected in the gasometer 14. The 
product resulting from treatment of cymene 

120 



distillate showed that 

() 

4: 

14 

in four hrs. and 20 minutes was 87 grams of 
liquid reaction products from 100 grams of 
cymene. Iy treating the liquid reaction 
product with steam 67 grams of crude 
methyl styrol appeared in the distillate and 
the remaining 20 grams of liquid products 
in the distilling flask. An analysis of the 

it contained 35.5 
grams, i. e. 53.2% of paramethylstyrol, the 
main part of the by-products in this crude 
methystyrol being unchanged cymene which 
is easily regenerated under ordinary condi 
tions. Eliminating the regenerated cymene, 
consequently the yield of methylstyrol under 
the conditions mentioned is 40-50% calcu 
lated on the weight of the original cymene 
taken. 
Cymene may be obtained by transforma 

tion of a wide variety of terpenes. In par 
ticular it may be obtained from cheap va 
rieties of turpentine which in turn are made 
by distilling shavings of pine-tree stumps 
with steam. 
The processes described are simple and 

5 economical, and require simple apparatus 
only. They produce a relatively high yield 
of the desired product. 

It will thus be seen that among others 
the objects of the invention above enumer 
ated are achieved. 
As many apparently widely different en 

bodiments of this invention may be made 
without departing from the spirit thereof, 
it will be understood that we do not intend 
to limit ourselves to the specific embodiment 
herein set forth except as indicated in the 
appended claims. d 

Having thus described our invention, what 
we claim and desire to protect by Letters 
Patent is: 

1. A process for making compounds of the 
type ArCH: CH, where Ar represents aryl, 
which comprises heating a hydrocarbon 
having the general formula ArCHR where 
R represents a monovalent substitution to a 
temperature of approximately 450-700° C. 

5 

and partially decomposing the hydrocarbon 
to form ArCH: CH m 

2. A process for making compounds of 
the type ArCH: CH, where Arrepresents 
aryl. which comprises heating a hydrocar 
bon having the general formula ArCHR 
where Arrepresents aryl and R represents 
a nonovalent substitution, approximately to 
450-700°, splitting of part of the side chain 
thereof to form ArCH: CH 

3. A process for making compounds of 
the type ArCH: CH, where Arrepresents 
aryl which comprises passing a stream of an 
aromatic hydrocarbon having the formula 
ArCHR where R represents a monovalent 
substitution through a conduit heated to 
anproximately 450-700°, collecting a mix 
ture containing a substance having the 
formula ArCHI: CH, tarry matter and un 
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changed ArCHR, and 
ArCH: CH, therefronn. 

4. A process for making compounds of 
the type ArCH: CH, where Ar represents 
aryl which comprises passing a stream of 
an aromatic E.A. having the 
formula ArCHR where IR represents an 
element through a conduit heated to ap 
proximately 450-700°, and decomposing 
-CHR portion thereof to yield ArCII: 

H. 
5. A process for making compounds of 

the type ArCH: CH, where Ar represents 
aryl, which comprises heating a hydrocar 
bon having the general formula ArCHR 
where Ar represents aryl and R represents 
hydrogen, approximately to 450-700° C., 
and splitting off hydrogen therefrom to 
form ArCH: CFI. 

(5. A process for making compounds of 
the type ArCII:CH, where Ar represents 
aryl, which comprises heating a hydrocar 
bon having at least eight carbon atoms and 
at least ten hydrogen atoms to a tempera 
ture of 450° C.-700° C. approximately, and 
partially decomposing the hydrocarbon to 
form ArCH: CH 

7. A process for making ACH: CH, 
where Air represents aryl which comprises 
passing a stream of a vaporized aromatic 
hydrocarbon haying at least eight carbon 
atoms and at least ten hydrogen atoms 
through a conduit heated to a temperature 
of approximately 700° at a rate of flow of 
hydrocarbon and with a volume of conduit 
such that K falls within the limits of .8-1.2 
in the formula 

where V is the volume of the heated por 
tion of the tube in cubic centimeters, IR the 
rate of flow of material into the tube in 
grams perminute. T the temperature of the 
interior of the tube at the middle point in 
degrees centigrade, and K the parancter 
derived therefrom. 
8. A process for making ArCH: CH, where 

Ar represents aryl which comprises heating 
a hydrocarbon having the general formula 
Al'CHCH to a temperature of approxi 
mately 450 C. 700° C., and partially de 
composing the hydrocarbon to for a con 
2nd having the general formula ArCH: 

9. A process for making ArCH: CH, 
where Ar represents aryl which comprises 
passing a stream of an aromatic hydrocar 
bon having the formula ArCHCH, through 
a conduit heated to a temperature of ap 
proximately 450° to approximately 700° C. 
and splitting off E. therefrom to 
form a compound having the formula 
ArCH: CH, 

10. A process for making ArCH: CH, 

1'ecovering the 

= K, 

70 
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where Ar represents aryl which comprises 
passing a stream of an aromatic 

10 

15 

carbon having the 
hydro 

formula Xo, 
through a conduit heated to a temperature 
of approximately 450° C. to approximately 
700° C. collecting a mixture containing 
a substance having the formula ArCH: CH, 
tarry matter and unchanged. ArCHCH 
and recovering the substance ArCH: CH, 
therefrom. 

11. A process for making styrol which 
comprises passing a stream of an aromatic 
hydrocarbon having the formula CH, 
through a conduit heated to a temperature 
of approximately 450° C. to approximately 
700° C. and liberating hydrogen from the 
aromatic hydrocarbon to form styrol. 

20 
12. A process for araking strol which 

comprises passing a strean of ethyl benzol 
through a conduit heated to a temperature 
of approximately 450° C. to approximately 
700° C. and splitting off hydrogen from 
the ethyl benzol to form styrol. 

5 

13. A process for making styrol which 
comprises passing a stream of vaporized 
ethyl benzol through a conduit heated to a 
temperature of approximately 700 C. at a 
rate of flow of hydrocarbon and with a 
volume of conduit such that IK falls within 
the limits .8-1.2 in the formula 

.064 VIR+T. 633 K, 

where W is the volume of the heated portion 
of the tube in cubic centimeters, R the rate 
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of flow of material into the tube in grams 
per minute, T the temperature of the in 
terior of the tube' at the middle point in de 
grees centigrade, and K the parameter de 
rived therefrom. . . 
Signed at New York, New York, this 30 day of April, 1924. 

IWAN OSTROMISILENSKY. 
MORRIS G. SHEPARD. 
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where Ar represents aryl which comprises 
passing a stream, of an aromatic hydro 

having the formula ArCHCH 
through a conduit heated to a temperature of approximately 450° C. to approximately 
700 C., collecting a mixture containing 
a substance having the formula ArCH: CH2, tarry matter and unchanged Arg.9, 
and recovering the substance ArCH: CH, 
therefrom. 

11. A process for making styrol which 
comprises passing, a stream of an aromatic 
hydrocarbon having the formula CHo 
through a conduit heated to a temperature of approximately 450° C. to approximately 
700 C. and liberating hydrogen from the 
aromatic hydrocarbon to form styrol. 

12. A process for making styrol which 
comprises passing a strean of ethyl benzol 
through a conduit heated to a temperature 
of approximately 450° C. to approximately 
700 C., and splitting off hydrogen from 
the ethyl benzol to form styrol. 

13. A process for making styrol which comprises passing a stream of vaporized 
ethylbenzol through a conduit heated to a temperature of approximately 700 Cat a 
rate of flow of hydrocarbon and with a 
volume of conduit such that Kfalls within 
the limits .8-1.2 in the formula 

064 VIR +TK 
633 - a 

where W is the volume of the heated portion 
of the tube in cubic centimeters, R the rate 
of flow of material into the tube in grams 
per minute, T the temperature of the in 
terior of the tube at the middle point in de 
grees centigrade, and K the parameter de 
rived there from. 
Signed at New York, New York, this 30 

day of April, 1924. 
IWAN OSTROMISIENSKY. 
MORRIS G. SHEPARD. 

Certificate of Correction. 

upon the application of Iwan Ostromislensky and Morris G. 
It is hereby certified that in Letters Patent No. 1541,175, 

S 
anted June 9, 1925, 
epard, of New York, 

N.Y., for an improvement in "Processes for Producing Styrol and its Homologues 
from Aromatic ydrocarbons,” an error appears in the printeds ification requir 
ing correction as follows: Page 3, in the first column of the table, under the lette sw try 8. 

heading “I,' strike out the word “styrol' and insert the same in the second collinn 
of the table opposite the same heading “I”; 
formulae and insert instead 

same page, line 108, strike out the 

Ile-(D-gen-chite -CRCE; 
&n. & 

and that the said Ietters Patent should be read with this correction therein that 
the same may conform to the record of the case in the Patent Office. 
Signed and sealed this 22d day of June, A. D. 1926. 

SEAL. M. J. MOORE, 
Acting Commissioner of Patents. 
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the same nav conform to the record of the case in the Patent Office. 
Signed and sealed this 22d day of June, A. D. 1926. 

M.J. MOORE, sEAI.) Acting Commissioner of Patents. 


