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ABSTRACT OF THE DISCLOSURE 

Alkyl aromatic compounds are dealkylated in a thermal 
reaction zone in the presence of a hydrogen donor and 
molecular hydrogen. The hydrogen donor is an aromatic 
compound that has been at least partially hydrogenated. 
For example, a pure toluene feed is demethylated at about 
one-half the rate (6—8% versus 1l—14% conversions to 
benzene) of a toluene feed containing 6% dihydrophen 
anthrene, in 13 seconds at 625° C., 48.6 atmospheres, and 
ratios of Hzztoluene in the range of 3—7, whereas an equal 
concentration of phenanthrene increased the rate some 
12% above the rate for pure toluene. 

BACKGROUND OF THE INVENTION 

This application relates to assignee’s co-pending applica 
tions Ser. Nos. 527,049 and 604,614. 
The present invention relates to a process for the de 

alkylation of alkyl substituted aromatic compounds. More 
particularly, the present invention relates to a process 
for the thermal hydrodealkylation of alkyl substituted aro 
matic hydrocarbons. 

Within recent years, thermal hydrodealkylation of alkyl 
substituted aromatic compounds has become a relatively 
well known and commercially accepted route of upgrading 
the value of hydrocarbon streams. By such processes, the 
alkyl substituents of aromatic ring compounds are removed 
from the aromatic rings. These thermal processes involve 
subjecting the alkyl substituted aromatic compounds to 
elevated temperatures in the absence of catalysts. While 
a number of these processes have reached the point of 
present day commercial usage, still there is'a need and 
a desire for a signi?cant increase in the e?iciency of such 
hydrodealkylation processes. 

It is an object of the present invention to provide a new 
and improved process for the dealkylation of alkyl substi 
tuted aromatic compounds. Another object of the present 
invention is to provide a new and improved process for 
the thermal hydrodealkylation of alkyl substituted aro 
matic compounds. An additional object of the present in 
vention is to provide a new and improved process for the 
thermal hydrodealkylation of alkyl substituted aromatic 
compounds whereby substantially improved conversion 
rates of the alkyl substituted aromatic compounds to de 
alkylated aromatic compounds are obtained. A particular 
object of the present invention is to provide a new and 
improved process whereby alkyl substituted aromatic hy 
drocarbons may be dealkylated with increased conver 
sion rates to-dealkylated aromatic hydrocarbon product. 
Additional objects will become apparent from the follow 
ing ‘description of the invention herein disclosed. 

In ful?llment of these and other objects, it has been 
found that alkyl aromatic compounds may be successfully 
dealkylated at high conversions by thermal means accord 
ing to the process of the present invention which process 
comprises subjecting a feed containing alkyl substituted 
aromatic compounds to a temperature of 400 to 850-“ C. 
and a pressure of 100 to 2,000 p.s.i.g. in a non-catalytic, 
thermal reaction zone, in the presence of molecular hydro 
gen in a mol ratio of hydrogen to alkyl substituted aromatic 

10 

15 

20 

25 

30 

35 

40 

60 

1 3,483,266 
Patented Dec. 9, 1969 

,. 

CC 

2 
compounds Within the range of 0.1:1 to 20:1, and in the 
presence of a hydrogen ‘donor, said hydrogen donor being 
a partially hydrogenated aromatic compound. The process 
of the present invention provides a method for the thermal 
dealkylation of alkyl aromatic compounds at somewhat 
lower temperatures than those conventional to other proc 
esses. Further, signi?cantly higher conversion rates are 
obtained by the present process than are obtained through 
the use of similar but different dealkylation processes. 
Another advantage of the process of the present invention 
is that alkyl substituents generally are severed from the 
alkyl aromatic compound as one molecule rather than as 
several lower molecular weight molecules, thereby pre 
serving the alkyl molecule and reducing the hydrogen con 
sumption. 
To further describe and to speci?cally illustrate the pres 

ent invention, the following examples are presented. These 
examples are not to be'construed in any manner as limit 
ing the conditions, application or objects of the present in 
vention. 

EXAMPLE I 

A series of nine runs were made using toluene as the 
alkyl substituted aromatic compound. Three of these runs 
were made in accordance with the present invention with 
both molecular hydrogen and 9, lO-dihydrophenanthrene, 
as a hydrogen donor, being added to the toluene feed. 
In three other of the runs, the hydrodealkylation reaction 
was carried out in the presence of molecular hydrogen 
only, no hydrogen donor being present. The remaining 
three runs were caried out in the presence of molecular 
hydrogen and phenanthrene, the purpose of these three 
runs being to illustrate that the advantages derived from 
adding a hydrogen donor such as the 9,10-dihydrophenan 
threne are not merely diluent effects. In all nine runs, 
the toluene and hydrogen together with the 9,10-dihydro 
phenanthrene or phenanthrene, if any, were continuously 
and concurrently passed through a reaction chamber 
having an inside diameter varying from 1%; inch at the 
entrance to 1%; inch at the exit and having a length of 
7% inches. Temperature within the recation chamber was 
625° C., the residence time of the reactants therein 13 
seconds, and the pressure was 700 p.s.i.g. The table below 
summarizes the ?ow rate of the various materials going 
into the reaction chamber, the molecular hydrogen to 
toluene ratio, and the conversion of toleuene to benzene 
for each of the nine runs. 

TABLE I 

Feed ?ow (m0les/sec.><10—4) 

Hg Toluene DHP 

Percent 
H2/ conver 

Phenan- toluene sion 
threue 

0. 033 __________ _ . 

0. 024 __________ _ _ 

From the above table, the poorest of Runs 1, 2 and 3 
carried out in accordance With the present invention, 
Run No. 1 represents a 30.6 percent increase in conversion 
over the best of Runs 4 through 9 which were not carried 
out in accordance wiht the process of the present inven 
tion. The best of the runs carried out in accordance with 
the present invention, Run 3, represents a 70.6 percent in 
crease in conversion as compared to Run 9 which was 
not carried out in accordance with the process of the 
present invention. Comparison of Run 1 with Runs 4 
and 7 which had hydrogen to toluene ratios similar to 
Run 1 further illustrates the advantages of the process of 
the present invention. 
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EXAMPLE II 
Runs 1 through 3 of Example I are substantially re 

peated with the .exeception that Tetralin is used as the 
hydrogen donor rather than 9, IO-dihydrophenanthrene. 
In each of the runs a good conversion of toluene to ben 
zene is obtained. 

EXAMPLE III 

Runs 1 through 3 of Example I above are again sub 
stantially repeated with the exception that the alkyl sub 
stituted aromatic compound is l-methylnaphthalene and 
the temperature within the reaction chamber is approxi 
mately 650° C. In each of the runs a good conversion of 
the l-methylnaphthalene to naphthalene is obtained. 

EXAMPLE IV 

Run 1 of Example I is again substantially repeated 
with the exeception that the alkyl substituted aromatic 
compound is ethylbenzene. A gOOd conversion of the 
ethylbenzene to benzene and ethane is obtained. 

Suitable feed stock 

The alkyl substituted aromatic compounds which may 
be dealkylated in accordance with the hydrodealkylation 
process of the present invention include practically any 
aromatic compound containing alkyl substituents of one 
or more carbon atoms per alkyl substituent. These aro 
matic compounds may be mono-nuclear or poly-nuclear 
and may contain one or more alkyl substituents. For ex 
ample, the feeds to the process of the present invention 
may be mono-, di-, tri—, or tetra-alkyl substituted aromatic 
hydrocarbons, such as dimethyl benzenes, trimethyl ben— 
zenes, dimethyl naphthalenes, tirmethyl naphthalenes, tet 
ramethyl naphthalenes, diethyl benzenes, toluene, ethyl 
benzene, methyl naphthalene, diethyl naphthalenes, me 
thyl phenanthrene, dimethyl anthracenes, dimethyl py 
renes, tetraethyl phenanthrenes, dimethyl chrysenes, 
tetraethyl pyrenes, trimethyl anthracenes, diethyl- dimeth 
yl phenanthrenes, methylethyl benzene, methylethyl 
naphthalene, and the like. The alkyl substituents of the 
aromatic compounds which may be dealkylated in ac 
cordance with the present process may be either straight 
chain or branched-chain alkyl substituents and may con 
tan 1 to 20 carbon atoms and higher. The process of the 
present invention is equally applicable to the dealkylation 
of alkyl benzenes and/ or alkyl naphthalenes and/ or alkyl 
phenanthrenes and/ or alkyl anthracenes and/ or alkyl 
pyrenes and/or alkyl chrysenes and the like. In addition, 
such alkyl aromatic compounds as acenaphthenes, ace 
naphthenes, alkyl ?uorenes, alkyl indans, alkyl indenes, 
and the like may be dealkylated in accordance with the 
present process. In addition, the present invention ?nds 
application in the dealkylation of alkyl aromatic com 
pound containing substituents other than alkyl groups. 
For example, the alkyl aromatic compounds may contain 
hydroxyl, alkoXy, alkoxycarbonyl, halogen, sul?de, sul 
fate, nitrate, amino, nitrile, nitro and other such radicals 
as substituents in addition to alkyl substituents. Also, the 
aromatic compound may contain elements other than 
carbon in the aromatic nucleus. For example, the present 
invention may be utilized in the dealkylation of alkyl 
pyridines, alkyl pyrans, alkyl furans, and alkyl substituted 
thiophenes. Also, the present invention is useful in the 
dealkylation of complex mixtures of the above alkyl 
aromatic compounds as well as the pure compounds. In 
the preferred practice of the process of the present in 
vention, the alkyl aromatic compounds are alkyl aromatic 
hydrocarbons having no greater than two carbon atoms in 
the alkyl substituents. 
The hydrogen donors which are used in the process of 

the present invention are aromatic‘ hydrocarbons which 
have been at least partially hydrogenated. Generally, these 
hydrocarbons are di-nuclear or poly-nuclear aromatics 
having one or more of the nuclei partially or totally sat 
urated. Several non-limiting examples of such compounds 
are Tetralin, dihydronaphthalenes, di- and tetra-hydroal 
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4 
kylnaphthalenes, dihydrophenanthrenes, tetrahydrophen 
anthrenes, octahydrophenanthrenes, tetrahydrophenyl 
naphthalenes, dihydrochrysenes, tetrahydrochrysenes, octa 
hydrochrysenes, tetrahydropyrenes, octahydropyrenes, 
tetrahydro?uorenthenes, octahydro?uorenthenes, and the 
like. A particularly useful group of these hydrogen donor 
compounds are the hydrophenanthrenes and hydronaph 
thalenes. The source of the hydrogen donor used in car 
rying out the process of the present invention is immate 
rial. These hydrogen donors may be obtained by separat 
ing hydrocarbon fractions to obtain the aromatics which 
have been at least partially hydrogenated or may be ob 
tained by hydrogenating speci?c aromatic hydrocarbons 
by conventional hydrogenation means. The present inven 
tion is not, however, to be limited to any particular source 
or method for obtaining the hydrogen donors. 
The mol ratio of the hydrogen donor to the alkyl aro 

matic compounds in the thermal delakylation zone is most 
often within the range of from 0.01:1 to 10:1. However, 
in a preferred method of practicing the process of the 
present invention wherein the herein below de?ned pre 
ferred amounts of molecular hydrogen are used, the mol 
ratio of hydrogen donor to alkyl aromatic compounds in 
the dealkylation zone is usually within the range of from 
about 0.05:1 to 4:1. The molecular hydrogen which is 
used with the hydrogen donor is generally present in a 
molar ratio of the alkyl aromatic compounds within the 
range of 0.1:1 to 20:1. Preferably, however, the mol ratio 
of hydrogen to alkyl aromatic compound is within the 
range of 2:1 to 10:1. 
The temperatures at which the present process is most 

often operated generally are within the range of from 
approximately 400 to 850° C. At temperatures below the 
lower temperature, the desired dealkylation reaction falls 
to a rate too low for practical utilization. At temperatures 
above 850° C., the aromatic nucleus of the various alkyl 
aromatic compounds as well as the hydrogen donors will 
begin to rupture excessively causing loss of aromatic 
product and severe carbon formation and coating of the 
reaction chamber. A particular preferred range of tem 
peratures for operating the present invention are those 
within the range of from approximately 550 to 750° C. 

Pressures at which the hydrodealkylation process of the 
present invention is usually operated are most often with 
in the range of from approximately 100 to 2,000 p.s.i.g. 
Preferably, however, the pressure at which the present 
thermal hydrodealkylation process is operated will be 
within the range of from about 500 to 1500 p.s.i.g. 
The residence time of the reactants within the thermal 

hydrodealkylation zone most often is within the range of 
from about 1 second to about 60 minutes and longer. If 
longer residence times are used, there is a likelihood of 
destruction of a part of the feed material, products and 
hydrogen donor compounds resulting in poor ef?ciency 
and in the formation of undesirable carbon and coke. At 
lower residence times, the conversions and yields are far 
too low for practical application of the present invention. 
Residence time, of course, is dependent to a large extent 
upon the temperature and to a lesser extent upon the 
other variables of the process. If higher temperatures are 
used, lower residence times are required and vice versa. 
The present invention may be operated as either a batch 
operation or as a continuous ?ow system. Temperatures 
are usually somewhat lower in the former, thus requiring 
longer residence time. Conversely, in the continuous ?ow 
systems, higher temperatures with shorter residence times 
are used. In batch operations, the residence time is usu 
ally within the range of 10 seconds to 60 minutes while 
the preferred residence times for continuous flow opera 
tions are usually within the range of from about 1 second 
to 20 minutes, preferably 1 to 100 seconds. From a prac 
tical standpoint, it is generally preferred that the present 
process be operated as a continuous ?ow system. 
The particular individual equipment used in carrying 

out the process of the present invention is not critical as 
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long as it conforms to good engineering principles and 
will allow e?icient operation under the conditions set forth 
herein. 
What is claimed is: 
1. In a process for the hydrodealkylation of alkyl sub 

stituted aromatic hydrocarbons by subjecting alkyl sub 
stituted aromatic hydrocarbons to a temperature of 400 
850° C. and a pressure of 100-2000 p.s.i.g. in a non-cat 
alytic, thermal reaction zone in the presence of molecu 
lar hydrogen in a mol ratio of molecular hydrogen to 
alkyl substituted aromatic hydrocarbons of 0.1:1 to 20:1, 
the improvement which comprises carrying out said sub 
jecting in the presence of an aromatic hydrocarbon hy 
drogen donor which is a phenanthrene hydrocarbon that 
has been at least partially hydrogenated in a mol ratio 
of hydrogen donor to alkyl substituted aromatic hydro 
carbons of 0.05:1 to 4:1. 

2. The process of claim 1 wherein the residence time 
of the reactants within the non-catalytic, thermal reaction 
zone is within the range of 1 second to 60 minutes. 

3. The process of claim 1 wherein the temperature is 
within the range of 550 to 750° C. 

4. The process of claim 1 wherein the pressure is with 
in the range of 500 to 1500 p.s.i.g. 

5. In a process for the hydrodealkylation of alkyl sub 
stituted aromatic hydrocarbons by subjecting a feed stock 
consisting essentially of alkyl aromatic hydrocarbons to 
a temperature of 400-850" C. and a pressure of 100-2000 
p.s.i.g. in a non-catalytic, thermal reaction zone in the 
presence of molecular hydrogen in a mol ratio of molec 
ular hydrogen to alkyl substituted aromatic hydrocarbons 
of 2:1 to 10:1, the improvement which comprises carry 
ing out said subjecting on a mixture of dihydrophenan 
threne with the alkyl aromatic hydrocarbon in a mol 
ratio of dihydrophenanthrene to alkyl aromatic hydrocar 
bon in the range of 0.05:1 to 4:1. 

6. The process of claim 1 wherein the alkyl substituted 
aromatic hydrocarbons are alkyl aromatic hydrocarbons 
selected from the group consisting of alkyl benzenes, alkyl 
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naphthalenes, alkyl phenanthrenes, alkyl anthracenes, al 
kyl pyrenes, alkyl chrysenes, and mixtures thereof. 

7. The process of claim 1 wherein the mol ratio of hy 
drogen to alkyl substituted aromatic hydrocarbons is with 
in the range of 2:1 to 10:1. ~ 

8. The process of claim 1 wherein the alkyl substituted 
aromatic hydrocarbon is an alkyl aromatic hydrocarbon 
wherein the alkyl group contains no greater than two car 
bon atoms. 

9. The process of claim 7 wherein the hydrogen donor 
is a dihydrophenanthrene hydrocarbon. 
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