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1 Claim. (Cl. 260-672) 
This invention relates to a method for hydrodealkylat~ 

ing alkylated monocyclic aromatic hydrocarbons. More 
particularly, this invention is concerned'with increasing 
the yield of recoverable monocyclic aromatic hydrocar 
hens in the thermal hydrodealkylation processes. 
The process of subjecting hydrocarbon fractions con 

taining alkylated monocyclic aromatic hydrocarbons to 
high temperatures and pressures in the presence of hydro 
gen in a reaction zone devoid of catalytically active mate 
rial in order to hydrodealkylate the alkylated monocyclic 
aromatics to benzene has long been known. 
The instant invention is concerned with an improve 

ment to the aforementioned process whereby the yield of 
recoverable monocyclic aromatic hydrocarbons from the 
hydrodealkylation process is increased. 

It is an object of this invention to increase the yield 
of recoverable monocyclic aromatic hydrocarbons in a 
process of thermal hydrodealkylation of an alkylated 
monocyclic aromatic-containing hydrocarbon fraction. 

It is a further object of this invention to increase the 
yield of recoverable monocyclic aromatic hydrocarbons 
in a process of thermal hydrodealkylation of a toluene 
containing hydrocarbon fraction. 

It is a further object of this invention to increase the 
yield of recoverable monocyclic aromatic hydrocarbons 
in a process of thermal hydrodealkylation of toluene. 

Additional objects of this invention will be apparent 
from the description and claim that follow. 
The present invention may be described briefly as a 

method for increasing the yield of recoverable monocyclic 
aromatic hydrocarbons, particularly benzene and toluene, 
from a normally liquid hydrocarbon charge fraction con 
taining alkylatecl monocyclic aromatics in a thermal hy 
drodealkylation process. This is accomplished by sub 
jecting an alkylated monocyclic aromatic hydrocarbon 
containing fraction, together with diphenyl hydrocarbons, 
to temperatures ranging from 950° F. to l450° F. in a 
reaction zone devoid of catalytically active material, i.e. 
thermal conversion. In addition to the elevated temper 
atures, the feed hydrocarbons together with the added 
dipehnyl hydrocarbons are subjected to pressures ranging 
from 400 pounds per square inch to 10,000 pounds per 
square inch for times ranging from 1 second to 600 sec 
onds in the presence of hydrogen in amounts ranging from 
1.0 to 20.0 moles of hydrogen per mole of the normally 
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liquid hydrocarbon charge to the reactor, i.e. both feed , 
and diphenyl hydrocarbons, based on the average molec 
ular Weight of these hydrocarbons charged. The un 
consumed hydrogen is separated from the reactor e?luent 
and recycled to the reaction zone together with makeup 
hydrogen. 

It will be noted that the recycle hydrogen may contain 
small amounts of normally gaseous hydrocarbons such 
as methane, but these hydrocarbons are not included in the 
calculation of the amount of normally liquid hydrocarbon 
charge to the reactor. The amount of hydrogen consumed 
by the reaction depends to a considerable degree upon the 
particular charge hydrocarbons employed. In general, 
however, this amount will be at least 1 mole of hydrogen 
per mole of monocyclic aromatic hydrocarbon converted. 
A portion or all of the diphenyl hydrocarbons contained 
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in the etliuent from the reactor likewise may be recycled 
to the reaction zone together with any makeup diphenyl 
hydrocarbons that may be required for the purpose of this 
invention. 
The diphenyl hydrocarbons suitable for use in this in 

vention include diphenyl, methyl diphenyl, diphenyl 
methane, diphenylenemethane (?uorene), dimethyl di 
phenyl, methyl diphenyl methane, diphenyl ethane, di 
phenyl benzene and similar hydrocarbons, and including 
mixtures of two or more of these hydrocarbons. The 
amount of diphenyl hydrocarbons introduced into the 
reaction zone along with the alkylated monocyclic aro 
matic hydrocarbon-containing charge may vary between 
1 mole percent and 15 mole percent based on the total 
moles of normally liquid hydrocarbon charge to the re 
actor. 
The liquid product of the reaction after the removal of 

hydrogen is further fractionated to obtain the desired 
benzene product and separately recover the alkylated 
monocyclics which can be recycled for further conver 
sion to benzene. Thus, by recoverable monocyclic aro 
matic hydrocarbons is meant benzene and alkylated mono 
cyclic aromatic hydrocarbons which can be recycled for 
ultimate conversion to benzene. 
Although the hydrodealkylation process may be car 

ried out within the process limits set forth above, some— 
what narrower ranges of process conditions are preferred 
for optimum conversion with speci?c charge stocks. For 
example, in a preferred embodiment of this invention 
toluene is hydrodealkylated to benzene at temperatures 
ranging between 1200° F. and 1400“ F. at pressures rang 
ing between 400 p.s.i. and 800 p.s.i., in particular about 
600 p.s.i., with reaction times of from 20 to 30 seconds 
and particularly about 25 seconds utilizing hydrogen in 
an amount ranging from 2.5 moles of hydrogen per mole 
of normally liquid hydrocarbon charge to the reactor to 6 
moles of hydrogen per mole of hydrocarbon and, in par 
ticular, 4 moles of hydrogen per mole of the'normally 
liquid hydrocarbon charge. Under these conditions, it is 
preferred to employ from 2 mole percent to 7 mole per 
cent of diphenyl hydrocarbons based on the total moles of 
normally liquid hydrocarbon charge to the reactor. 
A variety of charge stocks may be employed for con 

version by thermal hydrodealkylation in accordance with 
the instant invention. It is necessary, however, that such 
charge stocks contain alkylated monocyclic aromatic 
hydrocarbons in order that the purposes of the invention 
may be realized, namely, increasing the yield of recover 
able monocyclic aromatic hydrocarbons in a thermal hy 
drodealkylation process. 
Charge stocks which contain these compounds and 

which may be utilized in the process of this invention in 
clude virgin or straight-run hydrocarbon distillate frac 
tions, furnace oil fractions boiling between about 300° F. 
and 650° F. resulting from the catalytic cracking or" a 
petroleum gas oil fraction, fractions obtained by the cat 
alytic reforming of hydrocarbons, coal tar aromatic frac~ 
tions and alkylated benzene hydrocarbons obtained as a 
result of the alkylation of benzene to produce a starting 
material for alkyl aryl sulfonate production. The alkyl 
ated monocyclic aromatic hydrocarbons include toluene, 
the Xylenes, ethyl benzene, trimethyl benzene such as 
mesitylene, higher alkylated benzenes wherein the alkyl 
group may contain from 6 to 12 carbon atoms or more 
and wherein the benzene ring may have additional alkyl 
side chains. It will be understood, of course, that with 
certain types of higher alkylated monocyclic aromatics 
wherein there are several side chains on the ring or where 
the side chain may be long it may not be possible to con 
vert the alkylated monocyclic into benzene in a single 
pass. In accordance with this invention, however, the 
yield of recoverable monocyclic aromatics is increased 
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with the result that the ultimate conversion to benzene is 
increased, since the alkylated product from any single pass 
may be recycled. ' 

The following example is provided to illustrate a spe 
ci?c embodiment of the invention. 

EXAMPLE 
Two continuous alkylation runs were carried out in a 

tubular reactor which was devoidrof catalytically active 
material. The charge composition, reaction conditions, 
and products obtained are set forth in the table. 

Table 

Run _________________________________ __ 1st 2d 

Charge ______________________________ ._ Toluene-100 Toluene-96.9 
mole percent mole percent; 

Diphenyl 
3.1 mole per 
cent 

Reaction conditions: 
Temperature, ° F_. 1, 296 1, 290 
Pressure, p.s.i ______ __ 600 000 
Reaction time, seen“ - 21. 2 21. 2 
Mole ratio, H22 Hydrocarbon.._._ 4. 0 4.1 

Monocyclic aromatics recovered in the 
product, mole percent: 
Benzene _________________________ __ 73. 3 £37. 1 
Toluene _________________________ _ _ 22. 2 28. 9 

It will be seen that in the run where no diphenyl was 
employed 95.5 mole percent recovery of benzene and 
toluene was obtained, showing that 4.5 mole percent 
monocyclic ring compounds were lost. In the second run 
wherein diphenyl was used the charge contained 96.9 per 
cent toluene and a recovery of benzene and toluene of 
96.0 mole percent was obtained showing that apparently 
only 0.9 mole percent of monocyclic ring compounds were 
lost. However, it was found by analysis that 0.45 mole 
percent of the diphenyl was lost which would correspond 
to a production of 0.9 mole percent benzene so that the 
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corrected value of monocyclic aromatics lost amounted 
to 1.8 percent. Thus, by comparing the runs it is ap 
parent that by introducing diphenyl into the reaction zone 
an increase of 2.7 mole percent of recoverable monocyclic 
aromatic compounds was obtained. Since toluene is re 
cycled to extinction in a commercial process it will be 
seen quite readily that in a recycle operation if an in 
crease of 2. percent of recoverable aromatics is obtained 
per pass, the instant invention provides a method of 
markedly increasing the total recovery of benzene in a 
hydrodealkylation process. 
We claim: 
In a process for hydrodealkylating alkylated monocyclic 

aromatic hydrocarbons in an alkylated monocyclic aro 
matic-containing hydrocarbon fraction wherein such frac 
tion is subjected to thermal conversion in a reaction zone 
devoid of catalytically active material in the presence of 
hydrogen at a temperature ranging from 950° F. to 
1450° F. at a pressure ranging from 400 pounds per 
square inch to 10,000 pounds per square inch for a time 
ranging from 1 second to 600 seconds with the amount 
of hydrogen ranging from 1.0 to 20.0 moles of hydrogen 
per mole of the normally liquid hydrocarbon charge, the 
improvement which comprises increasing the yield of re 
coverable monocyclic aromatic hydrocarbons by intro 
ducing diphenyl into the reaction zone together with the 
alkylated monocyclic aromatic-containing hydrocarbon 
fraction, said diphenyl being in an amount ranging from 
1 mole percent to 15 mole percent based on the total moles 
of normally liquid hydrocarbon charge to the reaction 
zone, and recovering the monocyclic aromatic hydrocar 
bons. 
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