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1. 2 
3,304,338 Accordingly, it is a principal object of the present in 

Two-STAGE HYDRdSENAiroNoFAROMATIC vention to provide an improved process for hydrogenat 
HYDRO CARBONS ing monocyclic aromatics into the corresponding mono 

Clyde E. Parish, Houston, Tex., assignor to Signal Oil and cyclic aliphatic hydrocarbons. 
Gas Company, Los Angeles, Calif. 5 Another object is to provide an improved hydrogena 
Filed May 5, 1964, SerNo.366,220 tion process for converting monocyclic aromatics into the 

11 Claims. (Cl. 260-667) corresponding saturated hydrocarbons under moderate 
This is a continuation-in-part of my prior co-pending operating conditions, including temperature and pressure, 

United States patent application Serial No. 135,516, filed and at high feed rates, whereby catalyst fouling and loss 
September 1, 1961, now abandoned, entitled Hydrogena- 10 of product are reduced. 
ation Process. Yet another object of the present in vention is to pro 
The present invention generally relates to a process vide an improved monocyclic aromatic hydrogenation 

for hydrogenatinig aromatic hydrocarbons and more par- process which employs a minimum number of relatively 
ticularly relates to an improved process for converting simple steps, and is capable of providing high yields of 
monocyclic aromatics into the corresponding cycloali- lá monocyclic aliphatics without substantial cracking of the 
phatic hydrocarbons. feed and while preserving the activity of at least a portion 

Hydrogenation of aromatics in hydrocarbon streams of the catalyst so as to assure essentially complete hydro 
frequently has been carried out to provide saturated hy- genation of the monocyclic aromatics. 
drocarbons. For example, hydrogenation has been em- A further object is to provide a process for hydrogenat 
ployed to convert benzene into cyclohexane, toluene into 20 ing monocyclic aromatics through the use of platinum 
methyl cyclohexane and the aromatics in kerosene petro- catalysts, which process maintains maximum activity 
leum fractions into various cycloaliphatics. In addition, of at least a portion of such catalyst. 
several processes are specifically directed to the conver- These and other objects will become more apparent 
Sion of polycyclic aromatics into polycyclic aliphatics and when read in conjunction with the following detailed de 
derivatives. 25 scription, the claims and the attached drawings wherein 

Difficulties have been encountered in many known there is Schematically illustrated one embodiment of ap 
processes for converting aromatics to the corresponding paratus for carrying out the process of the present in 
completely saturated hydrocarbons. Thus, in processes vention. 
directed to conversion of polycyclic aromatics to the cor- In accordance with the present invention, the fore 
responding cycloaliphatics, relatively severe reaction con- 80 going objects are accomplished by subjecting a low boiling 
ditions are usually required. These conditions usually hydrocarbon feed stream containing monocyclic aromatics 
result in some cracking of feed and loss of product, with in a first reaction Zone to the action of dry hydrogen under 
deposition of cracked materials upon the catalyst and selected hydrogenation conditions of temperature and 
reduction in catalyst activity. Moreover, difficulties may pressure and space velocity generally characterized as 
arise separating the various desired products from unde- 85 moderate conditions, and which do not result in cracking 
sired by-products. of the feed. The hydrogenation in the first reaction Zone 

Present processes which are largely directed to con- is carried out with the feed in the liquid phase and in 
version of selected monocyclic aromatics to selected mono- the presence of a hydrogenation catalyst containing 
cyclic aliphatics usually require a relatively large num platinum to substantially hydrogenate the monocyclic 
ber of steps, selected purified catalyst poison-free feed 40 aromatics in the feed. The total product of the first 
and other special parameters. Moreover, many of such reaction Zone is then passed from that Zone and separated 
processes are also characterized by relatively low yields into liquid and gaseous phases, the liquid phase being free 
of product, and by cracking of feed and catalyst fouling of platinum catalyst poisons, while the gaseous phase 
in the absence of special precautionary measures. 45 contains the catalyst poisons, such as sulfur compounds. 
There are also aromatic hydrogenating processes which The gaseous phase, including unreacted hydrogen, is 

are of a more general nature and which attempt in a passed out of the primary system and, if desired, unre 
relatively indiscriminate manner to at least partially hy- acted hydrogen can be stripped therefrom and purified for 
drogenate both monocyclic and polycyclic aromatics. recontacting with incoming feed in the first reaction zone. 
Such processes in general result in relatively low yields of 50 The separated purified liquid phase is then hydro 
product and are mainly used for general upgrading of feed genated in the liquid phase in a separate second reac 
stocks. - tion zone with dry, platinum catalyst poison-free hy 

Accordingly the above-described types of hydrogenation drogen and a poison-free portion of the hydrogenation 
processes usually can be readily distinguished from one catalyst containing platinum, under conditions of pres 
another on the basis of difficulties to be overcome, types is sure, temperature and space velocity equivalent to those 
of catalyst, types of process steps, conditions and equip- of the first reaction zone. Such hydrogenation in the 
ment, and in other ways. Since the hydrogenation of second reaction Zone is preferably carried out for a time 
monocyclic aromatics to monocyclic aliphatics is becom- sufficient to fully hydrogenate the monocyclic aromatics 
ing increasingly important to the petroleum industry and to monocyclic aliphatics. Since the flow rates are high 
since current processes for the same are usually subject 60 and the conditions are mild, cracking of the feed or 
to one or more of the described difficulties and/or de- product is eliminated. Accordingly, with the second re 
ficiencies, it would be highly desirable to be able to pro- action zone isolated from catalyst poisons and free of 
vide an improved process which features a simplified pro- polymeric laydown on the catalyst, the peak efficiency 
cedure. Such process should be economical and result of hydrogenation in the second reaction zone can be 
in essentially complete conversion of monocyclic aro- 65 maintained, since the catalyst therein is kept in a state 
matics to the corresponding monocyclic aliphatic hydro- of maximum hydrogenation activity. The net result is 
carbons for maximum yield under easily controlled, mod- conversion of up to essentially 100 percent of the mono 
erate hydrogenation conditions which preserve maximum cyclic aromatics to monocyclic aliphatics and at a rela 
catalyst activity. Relatively high feed rates and conver- tively rapid rate. 
sion rates are desired, as well as adaptability of such a 70 Before a specific description of the present process is 
process to the treatment of the usual grades of mono- given, the following definitions and abbreviations will be 
cyclic aromatics without special pretreatment of the feed used for the purposes of convenience in an effort to sim 
or other complicated and/or costly steps. plify this disclosure. All temperatures are designated 
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on the Fahrenheit scale as F., pressures are given in 
pounds per square inch gauge and are abbreviated as 
p.s. i., hydrogen gas flow rates are given as standard cubic 
feet of hydrogen per barrel of hydrocarbon stream feed, 
and are abbreviated as s.c.f. per barrel, and space ve 
locity is given as liquid hourly space velocity per vol 
ume of catalyst, and is abbreviated as LHSV. 
Wherever hydrogen is referred to herein, it will be 

understood that such hydrogen is conventional hydrogen 
in that it is dry. It has been found that the yield of 
desired product usually is lowered if the hydrogen con 
tains substantial proportions of water vapor or is Saturated 
therewith. Moreover, the hydrogen which is passed into 
the second reaction zone is free of both moisture and 
platinum catalyst poisons, including nitrogen compounds 
and sulfur compounds. Preferably, the dry hydrogen 
which passes into the first reaction zone is also free of 
platinum catalyst poisons, although this is not essential, 
inasmuch as the feed to the first reaction zone usually 
contains platinum catalyst poisons. 

It will be further understood that the hydrogen re 
ferred to herein can be recycle hydrogen or hydrogen 
from any source, as long as it meets the described criteria 
so far as moisture and platinum catalyst poisons are 
concerned. Thus, for example, the waste hydrogen in 
the gaseous phase from the stripping zone between the 
first and second reaction zones can be passed to a separa 
tor and completely separated from platinum catalyst 
poisons and moisture and then can be reused, as previ 
ously described. As another example, dry hydrogen con 
taining platinum catalyst poison could be recycled from 
the stripping zone between the first and second reaction 
zone and can be recycled to the first reaction zone. More 
over, dry, poison-free hydrogen from a stripping 
zone subsequent to the second reaction zone could be 
recycled to either the first or second reaction Zone, or 
both. 

It will be further understood that the present process 
is directed to hydrogenation of monocyclic aromatics 
rather than polycyclic aromatics and that the monocyclic 
aromatics are converted to the corresponding monocyclic 
aliphatics and are not cracked to non-cyclic aliphatics. 
Such monocyclic aromatics can be present in platinum 
catalyst poison-containing, low boiling point mixed feed 
streams such as a kerosene feed stream having a top boil 
ing point not in excess of about 450 F-500 F. More 
over, platinum catalyst poison-containing monocyclic 
aromatics, for example, benzene, toluene, xylene and the 
like can be used as the feed streams to the first reac 
tion zone. Obviously, platinum catalyst poison-free feed 
streams can also be used but, from the standpoint of the 
present process, no substantial advantage is to be gained 
by employing the same. 

In any event, if a mixed feed stream containing mono 
cyclic aromatics is treated, the present process can es 
sentially completely convert the monocyclic aromatics to 
the corresponding monocyclic aliphatics, but usually does 
not result in substantial conversion of polycyclic aro 
matics to polycyclic aliphatics. This is because the hy 
drogenation conditions utilized in both reaction zones are 
relatively mild, and are optimal only for hydrogenation 
of monocyclic aromatics. Such conditions include 
a pressure of between about 300 and about 500 p.s. i., 
which is sufficient to maintain the low boiling point feed 
in the liquid phase during the hydrogenation at 
the temperatures employed within both reaction zones. 
If the hydrogenation were to be carried out with the 
monocyclic aromatics in the gaseous phase, the rate of 
conversion would be substantially lowered, and the ulti 
mate yield of desired product might be impaired. 

Relatively high feed rates can be used in the present 
process, due to liquid phase treatment of the feed, and 
such feed rates result in negligible cracking of the feed, 
with negligible polymeric laydown on the catalyst. Ac 
cordingly, catalyst activity can be more readily main 
tained. The reaction temperature in each of the two 
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reaction zones can be up to about 600 F., with excur 
sions permitted up to as high as 700' F., or slightly more, 
but bellow those temperatures at which substantial aro 
matization of aliphatics occurs, and with the qualifica 
tion that the main portion of the hydrogenation takes 
place at temperatures usually not in excess of about 600 
F. and generally within the range of between about 400 
F. and about 600 F. Within the described range, tem 
perature rises of up to 150 F. during hydrogenation 
are permissible. 
A high hydrogen flow rate into each reaction Zone is 

desirable so as to minimize the chances of any cracking 
of the feed stream. It has been found that it is desir 
able that the hydrogen flow rate into each reactor Zone 
not be below about 800 s.c.f. per barrel of hydrocarbons 
but that flow rates for the hydrogen in excess of about 
3200 s.c.f. per barrel of hydrocarbons do not provide 
any further advantages. Moreover, hydrogen flow rates 
greatly in excess of 3200 s.c.f. per barrel may so far 
reduce the residence time of the monocyclic aromatics 
in each reactor Zone as to reduce the rate of conversion 
thereof. Accordingly, hydrogen flow rates for the pres 
ent process are between about 800 s.c.f. and about 3200 
s.c.f. per barrel of hydrocarbons. 
The space velocity of hydrocarbons through the re 

actors ranges between about 0.5 and about 12 LHSV and 
can be readily adjusted within the described range. 
The temperature, pressure, space velocity, hydrogen 

flow rate and other conditions in each of the reaction 
zones are regulated to prevent substantial aromatization 
of the feed i.e. reversal of the desired hydrogenation 
process. Some temperature rise does ordinarily take 
place within each reaction zone due to the exothermic 
hydrogenation reaction, as previously described, but can 
be readily controlled by varying reaction conditions with 
in the above-indicated limits and by feed dilution with 
constituents which do not undergo hydrogenation under 
the conditions of the process, e.g. monocyclic aliphatics 
already prepared by the process. Moreover, if aromati 
zation conditions should inadvertently occur in either re 
action Zone, they act as an inherent safety check against 
a runaway reaction condition, because aromatization is 
endothermic and results in a lowering of overall temepra 
ture within the particular reaction zone affected. 
As previously indicated, the initial concentration of 

monocyclic aromatics in the feed stream can be varied 
in order to vary the rate of increase in temperature in the 
reaction zones. It has been found that optimum mono 
cyclic aromatic concentration in the initial feed stream 
for the first reaction zone is usually somewhere around 
20% by volume, although monocyclic aromatic concen 
trations of up to about 40% or 50% by volume can be 
used, depending upon the hydrogenation conditions. It 
is usually preferable to reduce the hydrogenation condi 
tions towards the minimum values when the monocyclic 
aromatic content of the initial feed of the first reaction 
Zone is substantially reduced to below about 20% by 
volume. 

In adjusting the monocyclic aromatic concentration in 
the feed to the first reaction zone, one means which can 
be employed is admixing the feed with a preselected pro 
portion of the monocyclic aromatic-free liquid phase 
product of the second reaction zone before the feed passes 
to the second reaction zone. This dilutes the monocyclic 
aromatic concentration of the feed stream to the desired. 
degree. It is also possible to adjust the concentration 
of monocyclic aromatics in the liquid feed to the second 
reaction zone in the same manner, provided that the 
diluent is moisture-free and platinum catalyst poison 
free, such as the liquid product of the second reaction 
zone. Accordingly the LHSV and/or the maximum tem 
perature rise in each reaction zone can be readily con 
trolled. 
The platinum-containing catalyst used in both reac 

tion Zones can be any conventional platinum-containing 
catalyst such as that which is ordiarily used in reforming 
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operations where saturated hydrocarobns are dehydrated 
and/or cyclized into aromatic hydrocarbons. One spe 
cific example of such catalyst is commercially available 
under the trade designation R5 from the Universal Oil 
Products Company, Des Plaines, Illinois. The catalysts 
for the present process usually contain platinum in a 
concentration of between about 0.01% and about 5.0%, 
by weight, supported on an alumina base, and may 
optionally contain from about 0% to about 8%, by 
weight, of a halogen, such as chlorine or fluorine com 
bined therewith. However, the presence of such halogen 
is not necessary for the purposes of the catalyst of the 
present invention. Thus the present process is not limited 
to any particular platinum hydrogenation catalyst but 
is suitable for use with all those hydrogenation catalysts 
which contain platinum and which are capable of effect 
ing the requisite hydrogenation under mild conditions in 
accordance with the present process. Various such plati 
num catalysts, with or without other constituents, are 
well known in the art. 
When the present process is carried out in accordance 

with the foregoing, substantially complete, that is, up to 
100% conversion of monocyclic aromatics into the cor 
responding monocyclic aliphatics can be obtained. For 
example, yields generally not less than about 97% and in 
some instances as high as 100% of cyclohexane can be 
obtained from benzene. Similar yields of methyl cyclo 
hexane can be obtained from toluene. This is also true 
of the hydrogenation of most other monocyclic aliphatics 
by the present process. In the case of mixed low boiling 
feeds, such as 450 F. B.P. kerosene, the present process 
results in equally high conversion of monocyclic aro 
matics therein and in low conversion of other materials. 
Accordingly, the present process is solely directed to max 
imum conversion of monocyclic aromatics to monocyclic 
aliphatics. 

Referring now to the accompanying drawing, one em 
bodiment of a hydrogenation system for the present proc 
ess is schematically illustrated. The apparatus contains 
two reactors 11 and 12, each containing a catalyst con 
taining platinum. A hydrocarbon feed stream containing, 
for example, 30% by volume of benzene, is supplied 
through pipe 13 under a pressure of 400 p.s. i. and is first 
passed through a heater 14, wherein it is heated to a 
suitable temperature, e.g. 425 F., whereupon it is dis 
charged through a pipe 15 into the top of reactor 11. 
Dry hydrogen gas is supplied to the reactor 11 by means 
of pipe 16 and in a suitable amount, for example 2000 
s.cf. per barrel of hydrocarbons. The hydrogen com 
mingles with the hydrocarbon feed stream and hydrogena 
tion of the monocyclic aromatics in the feed, for exam 
ple, benzene, occurs in reactor 11 at, for example, 425'- 
475 F. and 400 p.si. The sulfur-bearing materials from 
the feed are converted into gaseous derivatives such as 
hydrogen sulfide, etc. 
The total products of reactor 11 exit through pipe 7 at 

the bottom of reactor 11 and pass into a phase separator 
18 wherein they are separated into a liquid phase which 
exits therefrom through pipe 20 and a gaseous phase 
which passes out of the system through pipe 19. 
The separator 18 can be operated under any desired 

physical conditions but preferably under conditions which 
are milder than the hydrogenation conditions, with re 
spect to the temperature and pressure. If desired, an 
even more thorough separation can be obtained by pass 
ing the liquid phase via pipe 20 into a fractionating strip 
per 21 whereby the hydrocarbon stream can be further 
separated into liquid hydrocarbons and gaseous products. 
The gaseous phase is exited through pipe 22 and the liquid 
phase through pipe 23 from stripper 21. The gaseous 
phases in pipes 19 and 22 comprise unused hydrogen, 
nitrogen and gaseous hydrogen derivatives of contami 
nants, such as hydrogen sulfide. Thus platinum catalyst 
poisons of various types and quantities are removed from 
the liquid phase so that the resulting purified platinum 
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6 
catalyst poison-free stream is ready for contacting with 
the poison-free platinum catalyst in a second reactor. 
By this procedure, at least half of the platinum catalyst, 
i.e. that in the second reactor, is always fully protected 
against poisoning and reduction of activity. 
The described purified liquid phase which may con 

tain, for example, about 10%-15% benzene, in pipe 23, 
passes under a suitable pressure, e.g. 400 p.s. i., through 
a heater 24 and is heated therein to a suitable temperature, 
e.g. 437 F., then passes therefrom through pipe 25 and 
into the top of the second reactor 12 containing the 
poison-free platinum catalyst. Dry, platinum catalyst, 
poison-free hydrogen gas passes in an amount of 2000 
s.c.f. per barrel of liquid into the top of the reactor 12 via 
pipe 27 and commingles with the liquid therein under 
hydrogenation conditions, for example, 435-485 F. and 
400 p.s. i., preferably to hydrogenate essentially all of the 
remaining monocyclic aromatics in the liquid to the cor 
responding monocyclic aliphatics. For example, the 
benzene can be essentially completely converted into 
cyclohexane. The monocyclic aromatic-free or lowered 
aromatic content liquid product of reactor 12 is passed 
out of the bottom of the reactor 12, along with the diluent 
and unreacted hydrogen, by way pipe 28 to a separator 
29 and this total product is separated into a gaseous phase, 
comprising unreacted hydrogen, which exits the separator 
by pipe 30, and a liquid phase containing the monocyclic 
aliphatics, any unreacted aromatics and diluent, which 
liquid phase exits the separator by pipe 31. The sep 
arator 29 can be operated under similar or milder condi 
tions than those of the reactor 12. A further separation 
of the liquid phase can be made by use of a fractionating 
stripper 32 to provide a product liquid phase which exits 
through pipe 34 or cooler 36, etc. to suitable storage by 
means of pipe 35 and a gaseous phase which exits by 
means of pipe 33. 
The preferably monocyclic aromatic-free liquid phase 

from the product of reactor 12 and pipe 34 can be ad 
mixed with the hydrocarbon stream in line 13 and the 
liquid phase of the products of the first reactor 11 in 
pipe 23 in order to control the monocyclic aromatic con 
centration supplied to each reactor. For example, if 
benzene is to be hydrogenated, the amount of benzene in 
such feeds can thus be controlled to prevent an undue in 
crease in the reactor temperature as a result of the 
exothermic hydrogenation reaction. The flow of the 
liquid in line 34 to the lines 13 and 23 by way of the pipes 
37 and 38 can be controlled by valves 40 and 39. As an 
example, the admixing of the described liquid phases can 
be adjusted readily to provide a suitable hydrocarbon 
stream feed rate, e.g. an LHSV of 2.4, and a suitable 
aromatic-free liquid phase recycle rate e.g. an LHSV of 5.6 
to the reactor 11, and to provide a liquid phase feed rate 
in pipe 23 of e.g. an LHSV of 6.0, with no monocyclic 
aromatic-free liquid phase recycle to pipe 23 from line 37. 
The various gaseous phases in pipes 19, 22, 30 and 33 

containing hydrogen can be reclaimed by conventional 
methods to provide dry, platinum catalyst poison-free 
hydrogen for reuse in the reactors 1 and 2. Various 
pumps, controllers, heat exchangers, etc. which can be 
used in the present system are not illustrated in the draw 
ing, for purposes of simplicity, but their arrangement, 
placement and construction will be obvious to those 
skilled in the art. 

Because the liquid phase of the product of the first re 
actor A is platinum catalyst poison-free before it is 
charged to the second reactor 12 and because dry, plat 
inum catalyst poison-free hydrogen is used exclusively 
in the second reactor 12, essentially complete conversion 
of the monocyclic aromatics can be obtained in the sec 
ond reactor 12 without any depreciation of the activity 
of the platinum catalyst therein, and without cracking 
and polymer formation therein and deposition on such 
catalyst. Moreover, 10 percent less catalyst can be used 
than is ordinarily required in conventional catalytic hydro 
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genation processes. Furthermore, the moderate operat 
ing conditions of the present process promote a long 
catalyst life, with at least one-half of the total platinum 
catalyst always being completely protected against poison 
ing and reduction of activity. 
The catalyst in the first reaction Zone (reactor ) is, 

of course, exposed to poisoning and suffers some loss of 
activity during the process, but can be regenerated by 
known regeneration techniques, such as steam and the 
like. Accordingly, it is not irreparably damaged. The 
present process employs the same or a substantially 
identical platinum-containing catalyst in both the first 
and the second reaction zones in order to allow standardi 
zation of process parameters. It will be appreciated that 
in commercial operation, the process has improved sim 
plicity by reason of substantially the same parameters for 
both reaction zones. Accordingly, a simplified control 
system can be employed during such commercial use of 
the process. 

Moreover, should an accident occur wherein the cata 
lyst in the second reaction Zone does become contaminated 
to some degree or loses its reactivity to some small ex 
tent, such catalyst can be readily transferred to the first 
reaction zone and can be used as the catalyst therein in 
addition to or in replacement of catalyst of the first re 
action Zone. In addition, the regeneration technique for 
the catalyst, in such event, is advantageously standardized 
through the use of the single type of catalyst in both re 
action Zones. 
The following examples further illustrate certain fea 

tures of the present invention: 
Example I 

A hydrocarbon feed stream consisting of 30% by voi 
ume of benzene containing about 50 p.p.m. sulfur-bearing 
contaminants, calculated as Sulfur, and 70% by volume 
of cyclohexane was hydrogenated in a first reaction zone, 
substantially as indicated in the accompanying drawing, 
in the presence of platinum-containing (R-5) catalyst 
and with dry, platinum catalyst poison-free hydrogen 
entering the reaction zone at 200 s.c.f. per barrel of 
hydrocarbon. A pressure of about 400 p.s. i. and a tem 
perature of about 425 F. were substantially maintained 
in the first reaction zone with a maximum exothermically 
caused temperature rise of about 60 F., for a maximum 
temperature in the first reaction zone of 460 F. The 
benzene was hydrogenated to cyclohexane in the first re 
action zone under liquid phase conditions, and the total 
product of the first reaction zone was passed therefrom 
and separated into liquid and gaseous phases. 
The liquid phase contained only poison-free benzene 

and cyclohexane, while the gaseous phase contained 
unused hydrogen, hydrogen sulfide, nitrogen and other 
platinum catalyst poisons. The gaseous phase was passed 
out of the system and into a separator wherein the unused 
hydrogen was completely separated from the other gas 
eous constituents and saved for reuse. 
The liquid phase was passed into a second reaction Zone, 

along with dry hydrogen which contained no platinum 
catalyst poisons, and the benzene therein was hydro 
genated in that second reaction Zone at a hydrogen flow 
rate of 2000 s.c.f. per barrel of hydrocarbon, at a pressure 
of 400 p.s. i. and a temperature of 437 F. in the presence 
of a platinum-containing catalyst (R-5). The reaction 
exhibited an exothermically caused temperature Eise of 
29 F. to a maximum temperature of 466 F. 
The product of the second reaction zone was passed 

therefrom and was then separated into liquid and gaseous 
phase, unused hydrogen being stripped therefron. The 
remaining liquid phase was found to be aromatic-free and 
was admixed with the incoming hydrocarbon stream feed 
to the first reaction zone to provide a feed LHSV of 2.4 
and liquid phase recycle of 5.6. The liquid phase in the 
first reaction zone provided feed to the second reaction 
zone in amounts such that the feed was 6.0 LHSV and no 
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liquid phase recycle was added to the feed to the second 
reaction zone. Conversion of the benzene to cyclohex 
ane in the first reaction zone was approximately 6 per 
cent and the overal conversion of benzene to cyclohexane 
in the process was 99 percent. 

Example II 
A hydrocarbon feed stream consisting of 40% toluene 

containing about 40 p.p.m. sulfur-bearing contaminants, 
calculated as sulfur, and 60% methyl cyclohexane by 
volume was passed into a first reaction zone, and con 
tacted with dry hydrogen and subjected to hydrogenation 
therein at 400 p.s. i., 600 F. and a hydrogen flow rate 
of 1072 s.c. f. barrel of hydrocarbon in the presence of a 
platinum-containing R-5 catalyst. The products of the 
first reaction Zone were separated into liquid and gaseous 
phases in a liquid-gaseous phase separator, and the re 
sulting platinum catalyst poison-free liquid phase was 
then passed into a second reaction zone and contacted 
with dry platinum catalyst poison-free hydrogen entering 
the reaction zone at a rate of 2403 s.c.f. per barrel of 
hydrocarbon. The reaction Zone was maintained at a 
pressure of 400 p.s. i. and a temperature of 575 F. in the 
presence of poison-free platinum-containing catalyst. 
Both the first reaction zone conditions and the second 
reaction Zone conditions were liquid phase for the mono 
cyclic aromatic being hydrogenated. 
The products of the second reaction zone were then 

separated into liquid and gaseous phases and the aromatic 
free liquid phase was admixed with the hydrocarbon feed 
stream passing to the first reaction zone so as to pro 
vide a feed LHSV of 3.2 and a liquid phase recycle of 4.8. 
The liquid phase of the second reaction zone was ad 
mixed with the liquid phase of the first reaction zone 
to provide a feed to the second reaction zone at an LHSV 
of 0.6 and a liquid phase recycle of 5.4. The conversion 
of toluene to methyl cyclohexane in the first reaction zone 
was about 50 percent and the overall conversion between 
the two reaction zones of the present process was 100 
percent conversion of toluene to methyl cyclohexane. 

Example III 

A hydrocarbon feed stream comprising kerosene con 
taining about 50 p.p.m. of sulfur-bearing contaminants, 
calculated as sulfur, and having a boiling range between 
344 F. and 520 F. was passed into a first reaction zone. 
The kerosene consisted predominantly of monocyclic 
aromatics and contained only a minor proportion of poly 
cyclic aromatics, approximately 3% by weight. It was 
subjected in the first reaction zone to hydrogenation con 
ditions for converting the monocyclic aromatics therein 
to the corresponding monocyclic aliphatics. Those condi 
tions comprised 2000 s.c.f. of dry hydrogen per barrel of 
hydrocarbon, a pressure of 400 p.s. i., and a temperature of 
590. F., R-5 platinum catalyst being present as a fixed 
bed in the reaction zone. 
The tota product of the first reaction zone was then 

removed from the first reaction zone and separated into 
liquid and gaseous phases, the liquid phase being totally 
free of catalyst poison. This liquid phase was then passed 
to a second reaction Zone for completion of hydrogena 
tion of monocyclic aromatics therein. In the second re 
action Zone the liquid phase was subjected to liquid phase 
hydrogenation in the presence of a poison-free platinum 
containing R-5 catalyst and dry platinum catalyst poison 
free hydrogen at 2000 s.c.f. per barrel of hydrocarbons, 
at a pressure of 400 p.s. i. and a temperature of 550 F. 
The total product of the second reaction zone was then 
passed from the second reaction zone, and separated into 
liquid and gaseous phases to remove unreacted hydrogen. 
The substantially aromatic-free liquid phase of the sec 
ond reaction Zone was then admixed with the hydrocarbon 
feed to the first reaction zone to provide a feed rate LHSV 
of 2.4, with a liquid phase recycle rate LHSV of 2.0. The 

75 liquid phase of the second reaction zone was also re 
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cycled to the liquid phase product from the first reaction 
zone to provide a feed for the second reaction zone at 
a feed rate LHSV of 2.0, with a liquid phase recycle rate 
LHSV of 2.0. The monocyclic aromatic content of the 
feed in the first reaction zone was reduced from about 20 
percent to about 13 percent, and was reduced from about . 
13 percent to about 3-4 percent in the second reaction 
ZOI16, 

The preceding examples clearly illustrate that substan 
tially complete conversion of monocyclic aromatics can 
be accomplished in accordance with the process of the 
present invention utilizing a two reactor system, with the 
second reactor completely isolated, catalyst poisonwise, 
from the first reactor. Liquid phase hydrogenation is 
carried out at moderate temperature and pressure and at 
relatively high hydrogen flow rates, by passing the feed 
and hydrogen through a fixed bed of platinum-containing 
catalyst in each of two separate reaction zones employing 
corresponding reaction conditions. The process is sim 
ple, effective and economical and is capable of batch, 
semi-continuous or continuous operation. The process 
can provide essentially complete conversion of monocyclic 
aromatics to monocyclic aliphatics without substantial 
cracking of the feed product or aromatization of the 
product. 

It is completely unnecessary to employ more than 
two reactors in the present process in order to accom 
plish complete hydrogenation of all monocyclic aromatics 
in the hydrocarbon feed stream. However, it will be 
understood that the present process can be modified to 
employ more than two reaction zones. It will be fur 
ther noted that no special pretreatment of the feed stream 
need be carried out before passage of the feed stream 
into the first reactor zone. Thus, usual refinery feed 
streams containing monocyclic aromatics and which nor 
mally contain platinum catalyst poisons, Such as Sulfur 
compounds in concentrations of as much as 50 parts per 
million or more can be used without prior separation 
of the sulfur compounds therefrom. Thus it is wholly 
unnecessary to first desulfurize the feed stream before 
hydrogenation in the present process. This obviously 
results in substantial savings in processing time, labor 
and equipment. Moreover, inasmuch as substantially 
complete conversion of the monocyclic aromatics can 
take place by the present process, separation of the 
desired product may be facilitated, especially for feeds 
which initially contain only a selected monocyclic aro 
matic such as benzene, together with usual contaminants. 
From the foregoing it will be seen that the present in 

vention is one which is adapted to attain all of the ends 
and objects hereinbefore set forth, together with other 
advantages which are obvious and which are inherent to 
the system and which can be implied from the foregoing. 

Various changes, alterations, additions and modifica 
tions can be made in the present process, and its steps 
and conditions, and all such changes, alterations, addi 
tions and modifications which are within the scope of 
the appended claims form a part of the present inven 
tion. 
What is claimed is: 
1. A process for hydrogenating monocyclic aromatics 

in a hydrocarbon stream comprising the steps of Subject 
ing a platinum catalyst contaminant-containing hydro 
carbon stream, the aromatic content thereof containing a 
major proportion of monocyclic aromatics, in a first 
reaction zone to the action of hydrogen in an amount 
above 800 s.c.f. per barrel of hydrocarbons, a pressure 
from about 300 p.s.i. to about 500 p.s. i., a temperature 
from about 400 F. to just below the temperature at 
which reforming of the non-aromatic hydrocarbons oc 
curs, in the presence of a hydrogenation catalyst con 
taining platinum and at a LHSV of hydrocarbons be 
tween about 0.5 and 12, regulated to provide hydrogena 
tion of cyclic aromatics without cracking, separating the 
products of said first reaction zone into liquid and 
gaseous phases, and subjecting only the liquid phase 
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in a second isolated reaction zone to the action of con 
taminant-free hydrogen under conditions equivalent to 
those of the first reaction zone, including hydrogen in 
an amount above 800 s.c.f. per barrel of hydrocarbons, 
a pressure from about 300 p.s.i. to about 500 p.s. i., a 
temperature from just below 400° F. to about the tem 
perature at which reforming of the non-aromatic hydro 
carbons occurs, in the presence of a contaminant-free 
hydrogenation catalyst containing platinum and a LHSV 
of hydrocarbons between about 0.3 and 12, regulated to 
provide essentially complete hydrogenation of mono 
cyclic aromatics without cracking thereof. 

2. The process of claim 1 wherein the products of the 
Second reaction Zone are separated into liquid and gaseous 
phases and wherein said second reaction zone's liquid 
phase products are admixed in such amounts with the 
hydrocarbon stream passing to said first reaction zone 
that an exothermic reaction-caused temperature rise in 
said first reaction zone does not exceed about 150 F. 

3. A process for hydrogenating monocyclic aromatics 
to monocycloaliphatics, without cracking, in a hydro 
carbon stream having an end boiling point of not more 
than about 500 F., which process comprises passing a 
hydrocarbon stream having an end boiling point of up 
to about 500 F. to a first reaction zone, the aromatics 
of said stream containing predominantly monocyclic 
aromatics and also containing substantial concentrations 
of catalyst poisons, hydrogenating said stream in said 
first reaction zone in the liquid phase in the presence of 
dry hydrogen and a poison-sensitive hydrogenation cata 
lyst containing platinum and under hydrogenation condi 
tions of pressure, temperature and space velocity insuf 
ficient to effect cracking or aromatization of said hydro 
carbons for a time sufficient to substantially hydrogenate 
said monocyclic aromatics, separating the total products 
of said first reaction Zone into a liquid phase free of said 
catalyst poisons and a gaseous phase containing said 
catalyst poisons and passing only said separated liquid 
phase to and hydrogenating only said separated liquid 
phase in a separate isolated second reaction zone in the 
liquid phase with dry platinum catalyst poison-free hydro 
gen and poison-free platinum hydrogenation catalyst 
under conditions of pressure, temperature and space 
velocity equivalent to those conditions of said first reac 
tion Zone, and continuing said hydrogenation in said 
second reaction Zone for a time sufficient to essentially 
fully hydrogenate said monocyclic aromatics to mono 
cyclic aliphatics without cracking thereof, while main 
taining the activity of said catalyst in said second reac 
tion Zone by keeping it in a deposit-free, poison-free 
condition. 

4. The process of claim 3 wherein said hydrogenation 
conditions comprise a pressure of from about 300 p.s.i. 
to about 500 p.s. i., a temperature of from about 400' F. 
to less than that temperature at which substantial aro 
matization occurs, a feed LHSV below about 12 but suf 
ficiently high to inhibit cracking, and a hydrogen flow 
Trate of between about 800 s.c.f. and about 3200 s.c.f. 
per barrel of hydrocarbons. 

5. The process of claim 4 wherein the hydrogen utilized 
in said first reaction zone is platinum catalyst poison-free, 
wherein the maximum temperature rise in each of said 
reaction zones is 150 F. and the main proportion of said 
hydrogenation is effected at a temperature not in excess 
of about 600 F., and wherein the monocyclic aromatic 
concentration of said stream passing to said first reactor 
zone does not exceed about 40 percent by volume of said 
hydrocarbons. 

6. The process of claim 3 wherein the total product of 
said second reaction zone is separated into a liquid phase 
and a gaseous phase, and a proportion of the liquid phase 
product of said second reaction zone is recycled to said 
stream passing to said first reaction zone, whereby the 
concentration of monocyclic aromatics in said stream 
passing to said first reaction zone is maintained at a pre 
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determined value for improved temperature control in 
said first reaction zone. 

7. The process of claim 6 wherein a proportion of 
said liquid phase product of said second reaction Zone 
is recycled to said liquid phase passing into said second 
reaction zone, whereby the concentration of monocyclic 
aromatics passing into said second reaction Zone is main 
tained at a predetermined level for improved temperature 
control in said second reaction Zone. 

8. The process of claim 3 wherein said stream passing 
to said first reaction zone consists essentially of Sulfur 
bearing benzene diluted with cyclohexane. 

9. The process of claim 4 wherein said stream passing 
to said first reaction zone consists essentially of Sulfur 
bearing benzene diluted with cyclohexane and wherein 
said benzene is essentially completely converted to cyclo 
hexane without substantial production of cracked cyclo 
aliphatic products. 

10. The process of claim 3 wherein said stream passing 
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1. The process of claim 4 wherein said stream passing 

to said first reaction zone consists essentially of sulfur 
bearing toluene diluted with methylcyclohexane and 
wherein said toluene is essentially completely converted 
to methylcyclohexane without substantial production of 
cracked cycloaliphatic products. 
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