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This invention relates to a process for the dcalkylation 
of alkyl aromatic compounds. More particularly the in 
vention is concerned with improvements in a process for 
dealkylating alkyl aromatic hyrdocarbons utilizing a cata 
lytic composition of matter, said process being effected 
in the presence of an excess of hydrogen. 

In recent years the necessity or need for a high grade, 
pure benzene has increased an appreciable amount. For 
example, benzene having a high technical grade purity 
is an important starting material for the production of 
alkyl aromatic sulfonates which are useful as detergents 
and surface active agents. These alkyl aromatic Suffo 
nates are prepared by alkylating benzene with a long 
chain polymer containing from about 12 to about 15 
carbon atoms or more in the chain, said polymer hav 
ing been generally prepared by polymerizing propylene 
or butene. After the benzene has been alkylated the 
resultant compound may be sulfonated by any method 
Well known in the art to produce the corresponding sul 
fonic acids. These acids may then be neutralized by 
any basic material such as sodium hydroxide, potassium 
hydroxide, etc., to form the corresponding sulfonates such 
as the sodium or potassium salt of the alkyl aryl sulfonic 
acid. In addition to the aforementioned use of a relatively 
pure aromatic hydrocarbon, such as benzene, and also 
in some instances naphthalene, as intermediates in the 
preparation of detergents, the high grade, relatively pure 
aromatic hydrocarbons may also find uses as intermediates 
in the preparation of many organic compounds such 
as insecticides, pharmaceuticals, resins, dyes, perfumes, 
etc. While it is admitted that alkyl aromatic compounds 
such as toluene, ortho-xylene, meta-xylene, para-xylene, 
ethyl benzene, methyl naphthalene, dimethyl naphthalene, 
etc., may also be useful in the preparation of chemical 
compounds this invention is concerned mainly with the 
production of unsubstituted aromatic hydrocarbons. The 
feed stocks for the process of this invention may be ob 
tained from many sources, for example, the by-products 
resulting from the processes utilized in the petroleum 
industry may contain aromatic hydrocarbons contain 
ing one or more alkyl substituents on the ring. Another 
source of feed stock for the process of this invention 
is the coal tar industry which finds that after distillation 
of coal the coal tar crudes contain a mixture of benzene, 
toluene, xylenes, naphthalene, etc. After the coal tar 
is refined and the hydrocarbons present are separated, 
from each other by fractional distillation the toluene 
and xylenes which are recovered may then be dealkylated 
according to the process of the present invention to pro 
vide a greater yield of the desired product which, in this 
instance, comprises benzene. 

According to the present process, the dealkylation of 
the alkyl substituted aromatic compounds is effected in 
the presence of an excess of hydrogen and a catalytic 
composition of matter, more fully described hereinafter, 
at elevated temperatures and pressures. When utilizing 
toluene and the xylenes or methylnaphthalene as the 
charge stock the principal reaction is, of course, demethyla 
tion of the aromatic ring to form benzene or naphthalene 
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plus methane. This reaction is strongly exothermic, the 
rate of the demethylation increasing slowly with an in 
crease in temperature. However, the temperature must 
of necessity, be controlled within a desired range in order 
to remove the large amount of reaction heat which 
might build up and have a tendency to destroy the de» 
sired product by hydrocracking the benzene, toluene, 
xylene or naphthalene to form carbon. 

It is therefore an object of this invention to provide 
a process for the production of dealkylated aromatic 
hydrocarbons. 
A further object of this invention is to provide a 

process whereby alkyl substituted aromatic compounds 
are dealkylated in the presence of hydrogen and a de 
alkylation catalyst in such a manner that the temperature 
of the reaction is closely controlled. 
Taken in its broadest aspect, one embodiment of this 

invention resides in a process for the catalytic hydrode 
alkylation of an alkyl aromatic hydrocarbon which 
comprises passing said hydrocarbon to a reaction zone 
containing a dealkylation catalyst, hydrodealkylating said 
hydrocarbon at hydrodealkylating conditions in the pres 
ence of an excess of hydrogen, passing the reactor eflluent 
to a'separation zone, separating said effluent into a hy 
drogen-rich gaseous phase and a liquid hydrocarbon 
phase, recycling said gaseous phase to combine with said 
alkyl aromatic hydrocarbon, recycling a portion of the 
liquid hydrocarbon phase to the reaction zone to effect 
a quench of the reactor etlluent prior to its withdrawal 
from said reaction zone, passing the remaining portion 
of said liquid hydrocarbon phase to another separation 
zone, separating light hydrocarbons from said liquid hy 
drocarbon phase, and recovering the desired product 
from said liquid hydrocarbon phase. 
A further embodiment of this invention is found in a 

process for the catalytic hydrodealkylation of an alkyl 
aromatic hydrocarbon which comprises passing said hy 
drocarbon to a reaction zone containing a dealkylation 
catalyst, hydrodealkylating said hydrocarbon at a tem 
perature in the range of trom about 1000° to about 
1500” F. and at a pressure in the range of from about 
300 to about 1000 pounds per square inch, passing the 
reactor eliluent to a separation zone which is maintained 
at a pressure of from about 500 to about 600 pounds 

' per square inch, separating said eñluent into a hydrogen 
rich gaseous phase and a liquid hydrocarbon phase con 
taining dealkylated and undealkylated aromatic hydro 
carbons, recycling said gaseous phase to combine with 
said alkyl aromatic hydrocarbon, recycling a portion of 
the liquid hydrocarbon phase to the reaction zone to 
effect a quench of the reactor eñiuent prior to its with 
drawal from said reaction zone, passing the remaining 
portion of said liquid hydrocarbon phase to another 
separation zone, separating light hydrocarbons from said 
liquid hydrocarbon phase recycling a portion of said 
liquid hydrocarbon phase from said second separation 
zone to said ñrst separation zone to admix with said 
reactor effluent, and recovering the desired product from 
the remaining portion of said liquid hydrocarbon phase 
from said second separation zone. 
A specific embodiment of this invention is found in a 

process for the catalytic hydrodealkylation of toluene 
which comprises passing said toluene to a reaction zone 
containing a dealkylation catalyst, hydrodealkylating said 
toluene at a temperature in the range of from about 
1000° to about 1500" F. and at a pressure in the range 
of from about 300 to about 1000 pounds per square inch, 
passing the reactor eñluent to a separation zone which is 
maintained at a pressure of from about 500 to about 
600 pounds per square inch, separating said etiluent into 
a hydrogen-rich gaseous phase and a liquid hydrocarbon 
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phase containing a dealkylated and undealkylated toluene, 
recycling said gaseous phase to combine with said toluene, 
yrecycling a portion of the liquid hydrocarbon phase to 
the reaction zone to etfect a quench of the reactor effluent 
prior to its withdrawal from said reaction zone, passing 
the remaining portion of said liquid hydrocarbon phase to 
another separation zone, separating light hydrocarbons 
from said liquid hydrocarbon phase recycling a portion 
of said liquid hydrocarbon phase from said second sep 
aration zone to said ñrst separation zone to adrnix with 
said reactor effluent, and recovering the benzene from 
the remaining portion of said liquid hydrocarbon phase 
from said second separation zone. 

Other objects and embodiments will be found in the 
following further detailed description of this invention. 
As hereinbefore set forth, this invention is concerned 

with a process for dealkylating alkyl aromatic hydrocar 
bons in the presence of hydrogen and a hydrodealkyla 
tion catalyst of a type hereinafter set forth in more detail 
utilizing certain improvements in the process whereby 
side reactions are minimized and a lesser amount of 
make-up hydrogen is required. While the principal re 
action in the hydrodealkylation of alkyl aromatic hy 
drocarbons is the elimination of the alkyl groups from 
the aromatic nucleus, two side reactions may also occur. 
These side reactions are the decomposition‘of some of 
the aromatic nuclei to light paratfins and the condensa 
tion `of mononuclear aromatics to poly-nuclear com 
pounds. However, if the process is properly operated, 
the side reactions are held to a minimum and the ulti 
mate products of aromatic hydrocarbon and light hydro 
carbons may be over 90%. lf the feed stock also con 
tains non-aromatic hydrocarbons as well as alkyl aro 
matic hydrocarbons the former, under the conditions of 
the process may also be decomposed to light parati’ins, 
principally methane, and therefore the process will pro 
duce an aromatic hydrocarbon such as benzene of high 
purity even though the charge stock contains parañins 
which normally have a boiling range approximately the 
same as benzene. Along with the controlled tempera 
tures and pressures of the type hereinafter set forth in 
greater detail, which control the formation of undesired 
side products, it is necessary to operate the process so as 
to eliminate the decomposition of methane which is 
formed during the reaction to free carbon. If this re 
action is allowed to occur, massive carbon formation 
will result and free carbon will be deposited on the walls 
of the reactor and other pieces of apparatus, in the spaces 
surrounding the catalyst as well as on the catalyst par 
ticles, thereby rendering the catalyst in operative and 
necessitating frequent shutdowns for decoking of the cata 
lyst or changing the catalyst entirely. 
The overall reaction of dealkylation, a speciñc illustra 

tion being the demethylation of toluene to form ben 
zene and methane is believed to involve several free 
radical steps and is strongly exothermic in nature. While 
the specific illustration is drawn to the demethylation 
of toluene to form benzene and methane the process is 
also eifective in demethylating C8 and higher alkyl 
benzenes in a successive reaction. Therefore, when uti 
lizing a feed stock containing xylene or higher alkyl 
benzenes, a greater severity of reaction conditions is re 
quired in order to obtain the same molal yield of ben 
zene. Therefore, it is necessary to introduce some means 
whereby the temperature in the reaction zone is con 
trolled within a predetermined range. If the tempera 
ture is allowed to rise into what may be designated as 
an unsafe range there will be a tendency for the methane 
to decompose into carbon and hydrogen with the resultant 
deposit of free carbon in the system. In addition, inas 
much as the process is effected at temperatures in the 
range of from about 1000“ to about 1500° F. or more, 
certain care must be used in determining what material 
will be utilized for the reactor, the pipe lines, the heaters, 
pumps, etc. If the reactor eñluent which is discharged 
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from the reaction zone leaves at too high a temperature 
the pieces of apparatus which are required must there 
fore, of necessity, consist of high temperature resistant 
alloys which will raise the cost of the unit whereby the 
economic operation of said unit will be seriously im 
paired. 
The process of this invention may be effected by con 

tacting an alkyl aromatic feed stock such as toluene, 
xylene, methylnaphthalene, etc., with an excess of hydro 
gen in the presence of a dealkylation catalyst at dealkylat 
ing conditions, comprising a temperature in the range of 
from about l000° to about 1500° F. and a pressure in the 
range of from about 300 to about 1000 p.s.i.g., the feed 
stock being charged at a liquid hourly space velocity (the 
volume of feed per volume of catalyst per hour) in a 
range of from about 0.1 to about 20 and at a preferred 
range of from about 0.5 to about 5. The reactor effluent 
is withdrawn from the reaction zone and passed to a high 
pressure separator which is maintained at a pressure in 
the range of from about 500 to about 600 p.s.i.g. where 
in the effluent is separated into a hydrogen-rich gas frac 
tion and a liquid hydrocarbon fraction. The hydrogen 
rich gas fraction is recycled to the reaction zone. A 
major portion of the liquid hydrocarbon fraction is re 
cycledto the reaction zone where it is admixed with 
the reactor eflluent prior to discharge of said e?liuent from 
the reaction zone thereby effecting the quench of the re 
actor eñluent. The remaining portion of the liquid hydro 
carbon fraction may then, if so desired, be charged to 
an intermediate pressure separator which is maintained at 
a pressure in the range of from about 50 to about 150 
p.s.i.g. Subsequently, the liquid hydrocarbon fraction may 
be charged to a low pressure separator which is main 
tained at approximately atmospheric pressure. In the 
intermediate pressure separator or low pressure separator 
the light hydrocarbons comprising ethane, methane, etc., 
are flashed olf and passed to a gas absorber wherein the 
light hydrocarbons are separated from any aromatic com 
pound or alkyl aromatic compound which may be present 
and utilized as fuel. A portion of the bottoms from the 
low pressure separator are recycled back and admixed 
with the reactor ellluent prior to separation into the gas 
eous phase in the high pressure separator While another 
portion of the liquid bottoms are passed to clay treaters 
for puriiication and thence to fractionators whereby the 
desired aromatic compounds are separated and recovered, 
any unreacted alkyl aromatic compound also being recov 
ered and recycled back to form a portion of the feed 
stock. 
By recycling the aforementioned portion of the bottoms 

from the low pressure separator to admix with the reactor 
effluent from the reaction zone prior to entry into the 
aforementioned high pressure separator it is possible to 
utilize a lesser amount of make-up hydrogen. The hy 
drogen to ethane and lighter hydrocarbon ratio in the 
reactor etlluent should be at least 60 mole percent to 
prevent carbon formation. There are two alternatives 
to maintain this ratio; (l) suñicient make-up hydrogen 
can be brought into the reactor system to satisfy both the 
chemical hydrogen consumption and that required to give 
the aforementioned 60 mole percent hydrogenzhydroear 
bon ratio in the reactor efñuent, or (2) supply a lesser 
quantity of hydrogen make-up gas and utilize a hydro 
gen enrichment scheme to increase the utilization of the 
hydrogen feed gas. It has now been discovered that, as 
hereinbefore set forth, by utilizing a recycle of a portion 
of the bottoms from the low pressure llash drum or sepa 
rator to the reactor effluent will allow a much greater 
quantity of alkyl aromatic feed with a correspondingly 
lesser amount of make-up hydrogen. The feed hydrogen 
utilization for the catalytic hydrodealkylation of alkyl 
aromatic hydrocarbons can be increased from 35 mole 
percent (the ratio of chemical hydrogen consumption to 
make-up hydrogen rate) to 80 mole percent by the use 
of recycle hereinbefore set forth, thus allowing the proc~ 
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ess to treat approximately 2.3 times as much alkyl aro 
matic feed with a given quantity of make-up hydrogen. 
By utilizing such a recycle step the cost of the operation 
is greatly decreased inasmuch as less make-up hydrogen is 
required and thus makes the process more commercially 
attractive to operate. 
The present invention will be further illustrated with 

reference to the accompanying drawing which is a di 
agrammatic flow diagram of the preferred embodiment 
thereof. 

Referring now to the drawing which discloses one em 
bodiment of the present invention, a feed which in this 
embodiment comprises an alkylaromatic hydrocarbon 
such as toluene is introduced into the system by means of 
line 1 and passes through heat exchanger 2 through line 
3 into heater 4 whereby the feed is heated to the desired 
operating temperature. The feed then passes through line 
5 into reaction zone 6 which may, if so desired, contain a 
dealkylation catalyst. In the reactor which is maintained 
at the proper operating conditions of temperature and 
pressure the dealkylation reaction occur. The reactor 
etiluent is withdrawn from the bottom of reactor 6 through 
line 7 where it passes through heat exchanger 2. From 
heat exchanger 2 the reactor etliuent passes through line 8 
to cooler 9 and from cooler 9 through lines 10 and 11 to 
high pressure separator 12, said high pressure separator 
or dash drum being maintained at a pressure in the range 
of from about 500 to about 600 p.s.i.g. The reactor 
effluent is separated into a hydrogen-rich gaseous phase 
Which is Withdrawn overhead through line 13 to compres 
sor 14 where it is compressed and passed through line 15 
to line 1 where it is admixed with the feed and along with 
said feed passes through heat exchanger 2 in line 3 to 
heater 4 and thence back through line 5 to reactor 6. 
In addition, make-up hydrogen, if so desired, may be ad 
mixed with the hydrogen-rich gaseous phase at >a point in 
line 15 by means not shown in the drawing, or may also 
be admixed with the combined heated feed and hydrogen 
rich gaseous phase in line 5. The bottoms from high pres 
sure separator or flash drum 12 are withdrawn through 
line 19, a portion of which then passes through line 20 
provided with valve 21 to an intermediate pressure sep 
arator 2. Another portion of the liquid hydrocarbon 
bottoms from high pressure separator 12 passes through 
pump 23 and line 24 provided With valve 25 Where it 
joins the feed in line 1. A portion of the liquid hydro 
carbon bottoms which is passed through pump 24 and 
line 24 is recycled to the reactor by means of line 26 
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provided with valve 27 into the bottom of reactor 6 where . 
it is admixed with the reactor effluent prior to withdrawal 
of said eñiuent from the reaction zone and acts as a 
quench for the eíiiuent thereby lowering the temperature 
thereof so that said temperature is within a range of from 
about 1000° to about 14Ü0° F. In intermediate pressure 
separator 22 the light hydrocarbons containing a rela 
tively small amount of aromatic hydrocarbon and alkyl 
aromatic compound are withdrawn as overhead through 
line 2S while the liquid hydrocarbon bottoms are with 
drawn through line 29 provided with valve 30 and passed 
to a low pressure separator 31. The intermediate pres 
sure separator 22 is maintained at a pressure in the range 
of from about 50 to about 150 p.s.i.g. while the low pres 
sure separator is maintained at about atmospheric pres 
sure. The light hydrocarbons comprising ethane and 
methane with a relatively minor amount of aromatic hy 
drocarbon and alkylaromatic hydrocarbon are withdrawn 
from low pressure separator 31 through line 32 and com 
pressed in compressor 33. The compressed hydrocarbons 
are withdrawn through line 34 and commingled with the 
light hydrocarbons from line 28 and passed to gas ab 
sorber 35. In this absorber the gases are contacted 
countercurrently with absorber oil or glycol and passed 
through line 36 to be utilized as fuel. The lean absorber 
oil enters absorber 35 through line 37 and is withdrawn 
through line 38 where it is passed to a stripper, not shown 
in the drawing, where the alkylaromatic hydrocarbons 
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6 
and aromatic hydrocarbons are stripped from the oil. The 
liquid hydrocarbon bottoms from low pressure separator 
31 are withdrawn through line 39 provided with pump 
40. A portion of the bottoms is recycled through line 
41 provided with valve 42 Where it is admixed with the 
reactor eltluent from reaction zone 6 prior to entry of 
said eiiluent into high pressure separator 12. 
The other portion of the bottoms from the flash drum 

or low pressure separator 31 which is not recycled to 
the reactor elliuent passes through line 43, through heat 
exchanger 44 and from thence through line 45 provided 
with preheatcr 46 to line 47 provided with valves 48 and 
49 to clay treating towers 50 and 51 wherein the effluent 
is treated to remove any impurities which may be present. 
From clay treating towers 50 and 51 the purified eñiuent 
passes through line 52 provided with valves 53 and 54 
through heat exchanger 44. From heat exchanger 44 
the effluent passes through line 55 provided with valve 
56 to fractionation zone 57. In fractionation zone 57 
the desired aromatic compound is separated from any un 
reacted alkyl aromatic hydrocarbon and bottoms com 
prising higher boiling materials which may be present. 
The overhead from fractionation zone 57 is withdrawn 
through line 58 provided with condenser 59 to receiving 

. drum 60. The overhead from this receiving drum con 
taining a small portion of light hydrocarbons passes 
through line 61 back to low pressure separator 31 While 
the bottoms from the receiving drum passes through line 
62 provided with pump 63 and valve 64 back to the frac 
tionation zone. The desired aromatic hydrocarbon such 
as benzene is withdrawn from the fractionation zone or 
column through line 65 provided with pump 66, cooler 
67 and valve 68 to storage. The bottoms from the frac 
tionation zone are withdrawn through line 69, a portion 
of which is recycled to the fractionation zone through line 
7G provided with heater 7l. The remainder of the bot 
toms passes through line 69 provided with pump 72 and 
valve 73 to another fractionation zone or column 76. 
The overhead from this column is withdrawn through line 
77 provided with condenser 78 to receiving drum 79. 
The overhead from receiving drum 79 is discharged 
through line 80 While the bottoms pass through line 81 to 
pump 82. A portion of these bottoms then pass through 
line 83 provided with valve 84 back to column 86 while 
another portion is Withdrawn through line 85. A portion 
of this latter comprising unreacted alkyl aromatic hydro 
carbon may be withdrawn to storage through line 86 while 
another portion passes through line S7 provided with valve 
88 and is recycled to line 1 wherein it is admixed with 
fresh alkyl aromatic feed and passed to the reactor through 
a means hereinbefore set forth. The bottoms from frac 
tionation 76 are withdrawn through line 89 and provided 
with pump 90. A portion of these bottoms is recycled 
to fractionation zone 76 through line 91 provided with 
heater 92 while another portion passes through cooler 74 
and is withdrawn as bottoms through line 93. 
Although the drawing has shown the use of three sepa 

rators or ñash drums, i.e., a high pressure separator which 
is maintained at a pressure in the range of from about 
50() to about 600 p.s.i.g., an intermediate pressure sep 
arator which is maintained at a pressure in the range of 
from about 50 to about 150 p.s.i.g. and a low pressure sep 
arator which is maintained at approximately atmospheric 
pressure it is also contemplated within the scope of the in 
vention that only two separators or flash drums may be 
used. In the event that only two separators are used, one 
will be maintained at a high pressure in the range hereinbe 
fore set forth while the second one is maintained at ap 
proximately atmospheric pressure thus eliminating the 
necessity for the intermediate pressure separator. 
As hereinbefore set forth, the drawing represents one 

embodiment of the present invention in which an -alkyl 
aromatic hydrocarbon such -as toluene is hydrodealkylat 
ed to form benzene. In another modification of the -pres 
ent invention an alkyl aromatic hydrocarbon such as 
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methyl naphthalene may be hydrodealkylated to form 
naphthalene. In the event that the aforesaid methyl 
naphthalene is used as a feed stock, the flow diagram will 
undergo some modifications. For example, the reactor 
e?lluent is charged to a high pressure separator or flash 
drum which is maintained at a pressure in the range of 
from about 500 to 550 pounds per square inch. The hy 
-drogen-rich gaseous fraction is withdrawn as overhead 
and recycled to the reactor while the liquid hydrocarbon 
fraction is withdrawn and passed through heat exchanger 
to a stripper. The bottoms from the stripper are with 
drawn and charged to a prefractionator wherein the ben 
zene, which may have formed during the hydrodealkyla 
tion reaction as a result of the cracking of Some indane 
which may have been present in the feed stock, is With 
drawn as overhead and recycled to the reactor where it is 
admixed with the reactor etiiuent, thereby quenching said 
etlluent. The ybottoms from the prefractionator compris 
ing toluene, xylenes and naphthalene are withdrawn, and 
the desired products are separated and 4recovered by 
conventional means well known in the art, while any un 
Wanted products formed by side Ireactions or unreacted 
feed stock may be separated and recycled if so desired. 
The catalyst which is utilized in the reaction zone may 

comprise metal composited on a solid support or carrier, 
the metal being selected from the platinum group of the 
Periodic Table; in addition, other metals which may be 
used include cesium, tungsten, silver, rhenium, and 
chromium. A particularly preferred catalyst which may 
be utilized in the present invention comprises chromium 
composited on a suitable refractory inorganic oxide such 
as alumina, and more particularly a high surface alumina 
such as gamma, eta- or theta-alumina, said chromia being 
present in the catalyst in lan amount of approximately 10 
to 20% by weight of chromium oxide based on the 
alumina. 
The following example is given to illustrate the proc 

ess of the present invention which, however, is not in 
tended to limit the generally broad scope of the present 
invention in strict accordance therewith. 

Example 1 

In this example a feed containing 197.1 moles of fresh 
toluene and 1.7 moles of a non-aromatic C7 naphthene is 
charged to a reactor containing a chroma-alumina cata 
lyst and maintained at a pressure of about 550 p.s.i.g. and 
an inlet temperature of 1200° F. The fresh feed is com 
bined with 29.6 moles of recycle toluene before entry into 
said reactor. A ystream of hydrogen containing 1737.8 
moles of hydrogen, 893.2 moles of methane, 54.5 moles 
of ethane, 17.6 moles of benzene and 1.1 moles of tolu 
ene is admixed with combined feed. In addition, a make 
up hydrogen stream contained `315.7 moles of hydrogen, 
19.3 moles of methane, 6.0 moles of ethane and 1.0 
moles of propane is admixed with the recycle hydrogen. 
The toluene undergoes dealkylation in the reactor and the 
reactor eñluent leaves the reaction zone at a temperature 
of about l350° F. The reactor effluent is passed to a 
high pressure separator maintained in a range of from 
about 500 to about 600 p.s.i.g. A hydrogen-rich gas 
stream is flashed off from this separator and is recycled 
-to the reactor, said stream containing 1737.8 moles of 
hydrogen, 893.2 moles of methane, 54.5 moles of ethane, 
17.6 moles of benzene and 1.1 moles of toluene. The 
liquid bottoms from the high pressure -separator are with 
drawn, said liquid separator containing 64.4 moles of 
hydrogen, 217.3 moles of methane, 75.2 moles of ethane, 
7158.1 moles of benzene, 1154.1 moles of toluene and 
81.9 moles of Cyl-_ A portion of these bottoms are 
recycled and divided into two parts, the one portion being 
admixed with the fresh feed containing 0.1 moles of 
hydrogen, 0.2 moles of methane, 0.1 moles of ethane, 
8.2 moles of benzene, 1.3 moles of toluene and 0.1 moles 
of C8-|. The other part of this recycle is admixed with 
the reactor eilluent and acts as a quench, said liquid 
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8 
quench containing 0.9 moles `of hydrogen, 3.0 moles of 
methane, 1.0 moles of ethane, 100.2 moles of benzene, 
16.2 moles of toluene and 1.2 moles of C8l-. The other 
portion of the liquid hydrocarbon bottoms from the high 
pressure separator are passed to an intermediate pressure 
separator which is maintained at a pressure in the range 
of from about 50 to about 150 p.s.i.g., the net liquid hy 
drocarbons going to the intermediate pressure separator 
containing 63.4 moles of hydrogen, 214.1 moles of meth 
ane, 74.1 moles of ethane, 7049.7 moles of benzene, 
1136.6 moles of toluene and 80.6 moles of high boiling 
bottoms. The liquid hydrocarbon mixture is ñashed in 
this separator and the gases containing light hydrocar 
bons are passed overhead to a flash gas absorber, said gas 
stream containing 55.5 moles of hydrogen, 106.5 moles 
of methane, 10.1 moles of ethane, 3.10 mole-s of benzene 
and 0.2 moles of toluene. The liquid hydrocarbon bot 
toms from this intermediate pressure separator contain 
ing 7.9 moles of hydrogen, 107.6 moles of methane, 64.0 
moles of ethane, 7046.7 moles of benzene, 1136.4 moles 
of toluene yand 80.6 moles of high boiling materials are 
Withdrawn and passed to a low pressure separator which 
is maintained at atmospheric pressure. In this 10W pres 
sure separator or flash drum the gases are also Withdrawn 
to the ñash gas adsorber, said gas stream containing 7.8 
moles of hydrogen, 97.6 moles of methane, 39.5 moles 
of ethane, 32.5 moles of benzene and 1.8 moles of tol 
uene. The liquid hydrocarbon bottoms are withdrawn 
from the atmospheric separator, said liquid hydrocar 
bons containing 0.1 moles of hydrogen, 10.5 moles of 
methane, 25.9 moles of ethane, 7050.6 moles of benzene, 
1136.6 moles of toluene and 80.6 moles of high boiling 
bottoms. This stream is split into two portions, one por 
tion of the stream containing 0.3 moles of methane, 0.7 
moles of ethane, 183.6 moles of benzene, 29.6 moles of 
toluene and 2.1 moles of high boiling bottoms is passed 
to clay treating towers, the remainder of the stream con 
taining 0.‘1 mole of hydrogen, \10.2 moles of methane. 
25.2 moles of ethane, 6867.0 moles of benzene, 1107.0 
moles of toluene and 78.5 moles of high boiling bottoms 
being recycled to join the reactor efñuent stream prior to 
entry into said high pressure separator. The flash gases 
from the intermediate pressure separator and low pres 
sure separator are combined and are passed to a flash gas 
adsorber wherein the hydrogen and light hydrocarbons 
comprising 63.3 moles of hydrogen, 203.9 moles of meth 
ane vand 48.9 moles of ethane are recovered and utilized 
as fuel. After passing through the clay treating towers 
the liquid stream containing 0.3 moles of methane, 10.7 
moles of ethane, 183.6 moles of benzene, 29.6 moles of 
toluene and 2.1 moles of high boiling bottoms are passed 
to a benzene column fractionator wherein fractional dis 
tillation is effected. The gaseous portion of the mixture 
along with a very small portion of benzene, said Agaseous 
mixture containing 0.3 moles of methane, 0.7 moles of 
ethane and 0.9 moles of benzene is recycled back to the 
low pressure separator which is maintained at atmos 
pheric pressure. A side cut containing 182.7 moles of 
benzene is withdrawn and passed to storage. The bot 
toms containing 29.6 moles of toluene and 2.1 moles of 
high boiling bottoms is passed to a toluene column frac 
tionator wherein the unreacted toluene -is fractionated and 
recycled to form a portion of the feed stock while the 
bottoms are withdrawn. 
We claim as our invention: 
1. A process for the catalytic hydrodealkylati-on of an 

alkyl aromatic hydrocarbon which comprises passing said 
hydrocarbon to a reaction zone containing a dealkylation 
catalyst, hydrodealkylating said hydrocarbon at hydrode 
alkylating conditions in the presence of an excess of 
hydrogen, passing the reactor eñiluent to a separation 
zone, separating said effluent into a hydrogen-rich gase 
ous phase and a liquid hydrocarbon phase, recycling said 
gaseous phase to combine with said alkyl aromatic hy 
drocarbon, recycling a portion of the liquid hydrocarbon 
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phase to the outlet end portion of the reaction zone to 
eiîect a quench of the reactor eiiiuent prior to its With 
drawal from said reaction zone, passing the remaining 
portion of said liquid hydrocarbon phase -to another 
separation zone, separating light hydrocarbons from said 
liquid hydrocarbon phase, and recovering the desired 
product from said liquid hydrocarbon phase. 

2. A process for the catalytic hydrodealkylation of an 
alkyl .aromatic hydrocarbon which comprises passing said 
hydrocarbon to a reaction zone containing a dealkylation 
catalyst, hydrodealkylating said hydrocarbon at a tem 
perature in the range of from about 1000° to about 1500° 
F. and at a pressure in the range of from ̀ about 300 to 
about 1000 pounds per square inch, passing the reactor 
effluent to a separation zone, separating said eflluent into 
a hydrogen-rich gaseous phase and a liquid hydrocarbon 
phase, recycling said gaseous phase to combine with »said 
alkyl aromatic hydrocarbon, recycling a portion of the 
liquid hydrocarbon phase to the outlet end portion of the 
reaction zone to effect a quench of the reactor etiluent 
prior to its Withdrawal from said reaction zone, passing 
the remaining portion of said liquid hydrocarbon phase 
to another separation zone, separating light hydrocarbons 
from said liquid hydrocarbon phase, and recovering the 
desired product from said liquid hydrocarbon phase. 

3. A process for the catalytic hydrodealkylation of 
an alkyl aromatic hydrocarbon which comprises passing 
Said hydrocarbon to a reaction zone containing a de 
alkylation catalyst, hydrodealkylating said hydrocarbon 
at at temperature in the range of from about 1000° to 
about 1500° F. and at a pressure in the range of from 
about 300 to about 1000 pounds per square inch, passing 
the reactor eñluent to a separation zone which is main 
tained at a pressure of from about 500 to about 600 
pounds per square inch, separating ysaid eîlluent into a 
hydrogen-rich gaseous phase yand a liquid hydrocarbon 
phase containing dealkylated and undealkylated aromatic 
hydrocarbons, recycling said gaseous phase to combine 
with said alkyl aromatic hydrocarbon, recycling a por 
tion of the liquid hydrocarbon phase to the outlet end 
portion of the reaction Zone to eiîect a quench of the 
reactor eñiuent prior to its withdrawal from said reaction 
zone, passing the remaining portion of said liquid hydro 
carbon phase to `another separation zone, separating light 
hydrocarbons from said liquid hydrocarbon phase, and 
recovering the desired product from said liquid hydro 
carbon phase. 

4. A process for the _catalytic hydrodealkylation of 
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an alkyl aromatic hydrocarbon which comprises passing 
said hydrocarbon to a reaction zone containing a de 
alkylation catalyst, hydrodealkylating said hydrocarbon 
at a temperature in the range of from about 1000° to 
about 1500” F. and at a pressure in the range of from 
about 300 to about 1000 pounds per square inch, passing 
the reactor etñuent to a separation zone which is main 
tained at a pressure of from about 500 to about 600 
pounds per square inch, separating said eñluent into a 
hydrogen-rich gaseous phase and a liquid hydrocarbon 
phase containing dealkylated and undealkylated‘aromatic 
hydrocarbons, recycling said gaseous phase to combine 
with said alkyl aromatic hydrocarbon, recycling a portion 
of the liquid hydrocarbon phase to the outlet end portion 
of the reaction zone to effect a quench of the reactor 
eñiuent prior to its withdrawal from said reaction zone, 
passing the remaining portion of said liquid hydrocarbon 
phase to another separation zone, separating light hydro 
carbons from said liquid hydrocarbon phase, recycling a 
portion of said liquid hydrocarbon phase from said second 
separation zone to said ñrst separation zone to admix 
with said reactor effluent, and recovering the desired 
product from the remaining portion of said liquid hydro 
carbon phase from said second separation zone. 

5. A process as set forth in claim 4 further character 
ized in that a major portion of said liquid hydrocarbon 
phase from the ñrst separation zone is recycled into said 
reaction zone. 

6. A process as set forth in claim 4 further characterized 
in that a major portion of said liquid hydrocarbon phase 
from said second separation zone is recycled to admix 
With said reactor eiiluent. 

7. The process of claim 1 further characterized in 
that said alkyl aromatic hydrocarbon is toluene. 

8. The process of claim 1 further characterized in that 
said alkyl aromatic hydrocarbon is Xylene. 

9. The process of claim 1 further characterized in 
that said alkyl aromatic hydrocarbon is methylnaph 
thalene. 
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