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COMPLETE SPECIFICATION 

Process for.Hydrogenating Aroma.tic Hydrocarbons 
We, UNIVERSAL OIL PRODUCTS CoMPANY, paint and vamish rem.over. Mono-, dh and 

a O>rporation organized under the Laws of tri-substituted cyclohexanes are highly desir-
the State of Delaware, United States of able for utilization as jet fuel components, as 50 
America, of NCJ. 30 Algonquin Road, Des well as for starting materials in various 

5 Plaines, Illinois, United States of Am~ do organic syntheses. Decalin ~ employed as an 
hereby declare the iinvention, for which we organic solvent ·for hea'\'[er fats and oils,· as a 
pray that a Patent may be granted to us, and stain remover, and as ·a substitute for turpen,;. 
the method by which it is to be perlOI!med, to tine. For the greater majority of uses,. it is 5$ 
be particularly described in and! by the follow- extremely desirable that the cyclbparaffin, for 

10 ing statement:- . · example cycl<Yhexane, o:ist in a substantially 
. The present invention relates to the hydro- pure state, and particularly uncontaminated by 

genation of aromatic hydrocarbons in the pre- the corresponding aromatic hydrooar.bon. 
sence of a noble metal catalyst at elevated! tem- In the interest of simplicity, the invention 60 
peratures not ex:ceed~ng 427° C. and at super- will be discussed 'below with particular refer-

15 atmospheric pressure t'O form the correspond- ence to the hydrogenation Qf benzene to form 
ing cyclic paraffins. The present inventiQD is substantially pure cyclohexane. It is under­
particularly advantageous when utilized! for stood, he>wever, that the process of the present 
processing aromatic hydrocarbons which are invention may be utilized to adVantage for the 
contaminated by difficultly removable smrur- hydrogenation of any aromatic hydrocarbon 

20 . ous compound~, especially thiophenic com... whlich is to be· converted to the e<>nesponding 
pounds, and . affords virtually 100% oonver- cyclk paraffin. . . . 
sion without the necessity for the absolutely Althoogh cyclic paraffins exist ill' various 

· complete removal of these sulfur compounds petroleum hydrocarbon fmctions and distillates 
from such aromatic hydrocarbons. More speci- in substantial quantities, it is very difficult to 

25 fic:ally, the present invention is directed! to a effect recovery thereof by fractionial distillation 
process for the hydrogenation Qf sulfut-con- due to the tendency of the cyclic pamflins to 
taminated benzene to form. substantially pure form azeotroptk mixtures. On the other hand, 
cyclohexane. . , a series of c:fiistilfa#on and extraction procedures 

65 .· 

75. 
The process of the present invention effects may be utilized to obtain su.bstantU!liy pure 

30 the hydrogenation, or saruration, rof various aromatic hydrocarbons.. For example, a ben-· 
,.,. aromatic hydrocarbons, such as ibe.azene and zene-containing material, such as a hydrocar-

.
/ . naphthalene, and substituted' aromatic hydro- hon naphtha boiling within the range of about 

car~ons such as toluene, the various xylenes, 65° C. to about 204° C., may ibe ~ercted to 80 
· l : C:tnylbenzene, diethylbenzene, and other mono-, a fractional distillation for the separation of a 
· 1,:- f 35 di-, and tri-substituted aromatic hydrocarbons. heart cut which contains the benzene and &ther ... 

,· 

: .-.. 
; ... · 
.. :~-

;; .. 
l 

The coi:resj>onding cyclic pa.qoaffins, resulting· hydrocarbons boiling . ~thiin the benzene. boil­
from tb.e hydrogenation of the al'IOma.tic ing range. The benzene-containing heart cut is 
nucleus, include compounds such as cyclohex:- then subjected to an extraction process which 85 
ane, mono-, di-, tri-substituted: cycldlrexanes separates the benzene from the nonnal or iso-

40 . and . decahydronaphtlmlene. Tiiese cyclo- paraffins and naphthcnes contained: . therein. 
. paraffi.nic oompounds are extensively employed The benzene is then readily separated. by dis-

·. · in·-eoinmercial industries for a wide "l'llriety. of .til1ation from the particular sol.vent emplicyed 
purposes: for example, cyclohexane is utilized in the extraction. In this manner, benzene,.and 90 
in the manufacture of nylon, and as a solvent also other aromatic hydrocarbons,. may be ob-

45 for various fats; oils, and mxes. Cyclohexane tained having a purity as high as 99.0%. 
is often emp!Oyed in the manufacture of crude · The substantially pure aromatic hydrocar­
rubber and. various resins, and is util!ized in bon, for example benzene, may be hydrogen.-
[ Price 4s. 6d.} 

·~~-. 
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though reactable with· such sulfut'ous com.­
pounds, react.s in. a manner which is tathet ·. 65 

.~ .. 
.···..; 

ated . tv form the corresponding cyclic paraffin, 
&uch as cyclohexane. Heretofore, the benzene 
hydrogenation has been elf ecred to an appre­
. ciable extent with a nickel-containing catalytic 
~pm;i&ief.I. The utilisation of nickel catalyst, 
however, is .disadvantageous in· many respects, 
and especially from the standpoint that nickel 

easily rever!ied. ·· . . ·· .. 
The catalyst. utilized. in the process of the· 

present iJivention is a catalytic composite con­
taining a platinum group metal, and, far . ex­
ample, when such platinlim · gi'oup metal is 70 
platinum, the platinum reacts with the hydro-

·.~. 

is extremely sensitive to sulful"OUS compounds 
contained in the benzene being contacted there- gen sulfide resulting from the sulfurous com.­

pounds acoording to the followtng chemical 
equation: 

(2) 

10 with. Regardless of the SQU.rce of~benzene, the 
greater portion of the contaminants therein 
comprise sulfurous compounds, and particui.. 
larly thiophene. As a result of the presence of 
these sulfurous compounds, hydrogen. su:lfick is 

15 formed via a. side reaction wiith! hydrogen, 8nd As indicated in equation (2), the formation of 

75 

the nickel catalyst becomes deactivated through .platinum; sulfide from .platinum and 'hydrogen 
an . interreaction with the hydrogen sulfide, sulfide is readily reversible. ·The indicated re­
whereby .the nickel oomponent of.the ~taliyst is act~on tends to.· reverse as the •tempeiature of 
converted to nickel sulfide. The thioplrene re- t.he reacton, whereby h~genation· is effected, 80 

20 acts to form hydrop sulfide and nickel sulfide is . increased. On the other ha.n~ an increase in 
at those catalyst locations accessible to the dllo- reaction temperatiJre. generally resullts · iin. re­
pb.Crie molecule~ and ralso to the benzene mole- actions other. than the hydrogenation of the 
cule. The resuliting nickel sulfide is fixed in that aromatic nuclei to the corresponding cyclic 
location, und tlnm effectively blocks that parti".' . paraffin. For' example, at elevated temperatures, 85 

25 cular action sire from use 'in benzene hydro- . ben.zene will be c'onverted not only to cydo­
genation. ·Sulfur which enters as hydrogen sul- hexane,• but· also tiJ methylcydopentane . and 
fide can have access to tha.t pan: of the nickel various straight'.'chain para11ink hydrocarbons. 
not accessible to thiophene, in addition to those ·Also, the .canvemoo clliciency of· benzene to 
sites restricted to the benzene moleQlle. Thus, cyckihexane tends to decrease with an increase 90 

'. 

30 the capacity for sulfur depends upon the type in temperature, and the . purity of the cyclo­
(size) of the sulfur molecule entering the ~ hexane product is lowered by the inclusion 
action zone. Some mercaptan-type sulfU'l' c.om- therein of llllteacted benzene; Therefore, a fur ... 
pounds can break down in the preheater sec- ther object o.f tl1e.present·inve:ntiQ!J.•kto pro­
tions to yield hydrogen sulfide upon entering vide a process, at part!icular conditiOlls of oper- 95 

, ;._ 

35 the reacti<>n zone, functioning therein as set atioo, whidt permits the . utllization Of elevated 
fortk · · temperatures while processing a SU'lfur-<ontam-

The inter-reaC'l'i.o0n of the nickel-containing foatecl. aromatic )ly~bon. .. · . 
ca·Wyst with hydrogen sulfide may be··· illus- · The rate· qf. ~ction, or degree of reversi:.. 
trated by the following chemical equation: bility, as illustrated· by equation· (2), may bC 100 

represented by • the following mathematical 
40 (1) 

. -• .1L 
~ . . 

·~s lindicated,.the reaction. is at. least paitiaU.y 
re'\rersible; however, even un~er th~ most favor­
able conditions, it is not ~ to the extent 
diat a sufficient qilantity of the n~ckel com... 

45 pOiient Qf the <;atalyst . becomes: catailytically 
·active . for effecting . aqditioilal hydrogenation, 
Nitjcel c;:~tiriot, therefore, be con.sidered ·a true 
catalyst.,, ilii1.t is, a substance which propiotes a · 
i'eact!ion without being . substantially affected 

50 U,e~by, and cannot, therefore, exhibit the ex­
t~ded capability of performing its intende4 · 
funi::tion. · In other words, the nickel catalyst, 
alt}lOtigb fairly active inri.tially, does not po6Sess 
sufficient_ sta:'bility. The deactivation of the 

55 n~clcel .catalyst is sum that the process must be 
J:titermpted for the purpose of either regenerat-
1ng the catalyst, or replacing the same; obvi:­
oµSly, as a result of the rapid deactivation, 
this procedure i~ wasteful. An object of the 

60 presel).t invention.· is to provide a catalyst which 
does ~ot rapidly deactivate as a result of the 
sulfurous coinp0tinds in the benzene 0r other 
aromatic hydrocarbon Charge, and .which, 

:. ---------------- ____ .;.._. ··--··-

expre5sion: · · 

(3) 
·~=-

Pt H.1 

.where .K is tru;. reaction rate OOrui~r. Thus, it 
is seen that the ·.removal of hydrogen sulfide 105 
from the system: results. in a decrease in the; 
ratio of inactive · p1atinum sulfide to · pla'linum 
available for effecting the desired hydrogena.-
tion reaction. 'Through the utilization·· ·(jf ~the 
catalyst and: proeess · of the present inrention, 11 o-: 
thereis permitted me i.me Of sulfur-C1mtamin:.. 
ated benzene without· the attendant catalytic 
deactivation. The utilization of the platinum- _ 
containing catalyst does not indicate ~ -diff~ ·· 
. ence in the overall effect of the various suJfur ll5 · 
·00.mpounds (thlophene as rompared to hydrp,- ... -·· 
gen. sulfide) a.<1 was noted. with t:he nid:el-cOJl­
tairung atalyst. The overall result is an ex­
tended period of operation~ without the neceS-
sity for frequent shutdown to regenerate· 0r 120 
change the catalyst, while maintaining constant 
production of substantially . completely · pure 

-·. 

'· 
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·r 
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cyclohelCarie. · .. 
Thus, the · process of the present invention 

comprises effecting the substantially complete 
saturation of the aromatic hydrocarbon with 

5 hydrogen in the presence of a .catalytk compo­
site which consists of an alumina-containing 
refractory oxide carrier and minor amounts of 
a platinum group metal and of at least one 
metal of tire· group of the alkali and alkaline-

10 earth metals. 
The catalyst employed . in the present pro­

cess preferably Contains platinum: and/or pal­
ladium as the platinum group metal in an 
amount of from 0.1 % to 2.0% by !Weight of 

15 the total composite, calcul!atCd' as the element 
thereof. As hereiiiafter set forth in greater de­
tail, the catalyst is effectively made selective 
for the hydrogenation through the ad.ditiron of 
the alkali, or alkaline-earth metal component 

20 in an amount which, calculated as the element 
thereof, is generally not niore than 51% by 
weight of the catalyst and preferably less than 
the amount of the platinum group metal A 
particularly preferred catalyst contalins plati-

25 num and an alkali metal in an amount within 
the range of from 0.01·% to 0.7:% by weight 
of the catalyst. The remainder of the compo­
site is an afomina-oe>ntaining refract0ry t•xide 
carrier which preferably consists at least pre­

+ Ominantly of alumina.. Alumina containing 
~i..- ot substantially in excess of of about 3.0% 

o ,,,,J ··ca appears to be beneficial in regard to 
~,., o i- bility, Vllithout experiencing the usi.ml hydro­

cracking tendencies generally considered ~ 
ti'( 35 Jid"feli inherent in an alumina - silica base 

· material. The earrier material is hereinaiiter 
described in more detail. 

In a specific embodiment of the present in­
vention a11 aromatic hydroca!l"bon containing 

. 40 sulfurous contaminants is contacted in the pre­
sence of hydrogen in a plurality of reaction 
zones with an alumina:-platinum: catalytic .com­
posite containing from about 0.01'% to about 
0.7.% by weight of at leatt one metal from the 

45 gtlOUp of the· alkali and alkaline-earth metals 
under an imposed pressure within the range of 
from 6.8 ·· to 136 atmospheres, the inlet tem­
·i;;erature to each of the reaction zones· ·being 
within the range of from 93° C. to 427° C., 

50 >the hydrogenated aromatic hydrocarbon is re­
moved from the laist reaction zone in said plur­
ality and a portion of this hydrogenated. hydro­
carboxds recirculated to the fi:rst reaction. zone 

55 
in said plurality. · 

In another specific embodiment of the pre-
sent invention cyclohe:x:a.ne is produced from 
benzene oontaining sulfurous compounds in an 
aJl\OUnt of about O.l ppm. to about 3.0 ppm. 
(" ppm." signifying parts per million parts), 

60 calculated as elemental sulfur, by oontacring 
cyclohexane and the sulfur-containing benzene, 
in the presence of water-saturated hydrogen, in 
a plurality of reaction zones with an alumina­
platinum catalytic eomposite contain!ing from 

65 about 0.011% to about 0.7'%· by weight of lith-

ium under an imposed pre8sure witltln. t1ie raiJge 
of froni 20.4 to about 68 atmospheres; the in­
let temperature ro each of the· reaction zones 
being between 93° C. and 316° C., cyclohex-
ane which is substantially free from ~e is 70 
·removed. from the last reaction zone in said ,, 
plurality and at least a portion of this cyclo­
<hexane is .recirculated to the first reacrion. ·zone · 
in said plura1ity. . 

The utilization of a plurality of reaction 75 ·.·_ \ 
zones in the present process invo1ves a flow 
which is partially in series . and . partially 
parallel. Although any suitable nwriber of re-
action zones may be employed, the use of 
three reaction zones is preferred as it permits 80 
substantially complete conversion of the. ben-
zene to cyclohexane at temperatures . which 
avoid undesirabl'e side reactions.· To facilitate 
the operatiOn, the total volume of catalyst em-
ployed in the· process is divided :inro approxi- 85 
mately equal portions, each of which is dis-
posed ;within one of the three reaction zones. 
Similarly, the total :benzene shotild be a:dded in 
three approximately equal portions, one· each 
of said portions being supplied. to the inlet of 9o 
one of the three reaction zones.· ThUS) the· ben-
zerie passes in parallel flow through the re­
action zones, while · the hydrogen and cyclo­
hexane recycle pass in series through the re­
action zones. The temperature rise in· each re.: 95 
action zone is limited thereby to an allowable 
value, at the pressure imposed thereon . by 
restrictinµ,; the quantity of benzene in t~ re-
. a.:tant mixture introduced to ai partirular wne. 
Recycled cyclohexane is employed to increase 100 
the ratio of ·hydrogen to benzene in the ·re­
actant mixture, · and hence to increase ·the . 
hydrogen allowable in a single reaction 21C>ne. 
The use of a plurality of reaction zones in 
series reduce8 the quantiy of recycle cyclohex.:. 105 
ane required, and also reduces the total · quan-
tity of excess hydrcigen needed. In a typicil 
operation, approximately one-third of the tota1 
benzene charge is commingled with the re• 
cycled. cyclohe:ii:ane and hydrogen, and is ilO 
charged· to. the first reaction zone. Pri0r··to 
entering this reaction zone, the mi:Xture is 
heated to a temperatilre of about 204.0 c. nre 
quantity of cycfo.h.exane is approximarely equal 
to three times the· quantity of benzene charged 115 
to the first reaction zone; the hydrogen is em­
ployed in suchi an am.aunt that a mol nit.io of 
hydrogen. to cyclohexane in· the effluent ·from 
the last realCl!.ion zone in the series is not &ilb­
stantially less than about 4 : l. The total efflu- 120 
uent leaves the first reaction zone at a tempera-
fure of about 260° c.; and although. a tem­
perature profile has ~ndicated peak tempera.-
tares as high as 316° to 371'0 C., the catalyst 
utilizec;l in· accordance with the present inven- 125 
tfon has been found to- result in little or no 
hydro-cracking or formation of undesirable 
straight-chain paraffinic hydrocarbons. The 
effluent from the first reactiOD! zone is com- . 
mingled with ai portion of. benzene equal to 130 
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approximately one-third of the total benzene 
charge to the process. The resulting mixture is 
then cooled to a temperature of about 204° 
C.,. prior to entering the second reaction zone. 

S Similarly, the effluent from the second re­
aetion zone is commingled with approXi" 
mately one-third of the 11otal benzene charge 
and is subsequently oooled to a temperature 
of about 204° C. prior to entering the third 

10 re81Ction zone. The total effluent from the 
last reaction zone is passed into a high pres­
. .surt separator, maintained at a temperature 

· of about 38° c. 0r Jess, wherem it is ch"v.ided 
· into two phases. A hydrogen-rim gas phase is 

15 reoovered, and is sub6equently recirculated to 
the first reaction zone as a portion of the 
hydrogen necessary :fut the reaction; a portion 
of the hquid phase, being substantially pure 
cyclohexane, is recycled to the inlet of the 

20 first reaction zone. The remaining portion of 
the cyclohexane stream is. passed to a stabi­
lizer .. for the purpose of removing hydrogen 
therefrom, which hydrogen may · l:ave been 
adsorbed by the cyclohexane in the .high.'-pres-

25 sure separator. The ·process 'Of the present in­
ventinn, when effected ifu accordance with the 
conditions stated herein, is capable of produc­
ing a cyclohexane stream of greater than 
99.5.% purity for an extended period C!f time, 

30 and without the need for frequent, expensive 
shutdowns necessitated by a dea.Ctivaited cata­
lyst. It is not unusual for the process of the 
present ~nvention to resullt: in a cydohexane 
prodUct of as high as 99.851%1 purity, or 

35 higher. . 
The process of the present invention, for 

hydrogenating aromatic ·hydrocarbons to the 
corresponding cyclic paraffins and! parti.culaitly 
the process for hydrogenating benzene to· yield 

40 substa.ncially pure cyclohe:xane is more f'u!lly 
described. with reference to the accoinpanying 
drawing.. The invention is not limited to the 
particular embodiment illusti'ated. Miscellane­
ous valves, coolers, heaters, and instrumenta-

45 tion piping have been omitted fttlllll: the illus­
tration as not being essential to the understand­
ing . of the process .ftow described therein. 
Moreover, various simplified modifications of 
the· illustrated flow ma.y be mad'e Without 

. 50 departing from the scope Of the invention as 
defined by the appended claims. The ill'ustra­
tion is given for the plll'JXl6C' of indicating a 
preferred mode of · apeTation, and one which 
yields the desired end result in a most ad.van-

. SS tageOtis manrier. . 
A stream of the· aromatiic hychtocarbon, 

which in the ·present illustration is benzene, is 
passed from a Suitable. storage tank 1 through 
lme. 2 and is admixed with recycled hydrogen 

60 and · cyclohexane in line 3 prior to bding intro­
duced into heater 4. The cyclohexane is pre­
sent in an amount to provide a mol ratio, with 
respect m the total quantity of benzene pass-­
ing in pal'alilel Bow to reactors 6, 1'2 and 18, 

65 within the range of about 0.5: 1 to about 5: 

1. The_ source of the hydrogen and cyclohex:-
ane m line 3 is hereinafter described. The re­
action of benzene to cyclohexane is exother-
mi<: and, once initiated at elevated tempera­
ture, is self-sustaining; heater 4 is, therefore, 70 
employed to 'increase the temperature of the 
benzene - cyclohexane - hydrogen mixture to 
the level desired at the inlet to the first of the 
series. of reaction zones, namely reactor 6. 
Thus, t.'le heated charge passes from heater 4 75 
through line 5 into reactor 6. Reactoo 6 is 
maintained under an imposed pressure within 
the range of from 6.8 to 136 atmo­
spheres and preferably in the range 
of from 20.4 to 68 atmospheres. A 80 
higher pressure not only favors hyd'rogenatiion, 
but also tends to increase the degree of hydi'o­
cracking with attendant coke f0111I1ation. The 
effluent from reactor 6 passes through line 7, 
is ·combined in line 8 with a fresh benzene 85 
charge portion, whic!h is appl1oocim:ately equal 
to the amount, initially introdux:ed to reaictor 
6, and the mixture passes through line 9 into 
cooler 1-0. As hereinbefore stated, the hydro­
genation reaction is exothermiic, and therefore, 90 
the cliQrge to the seoond reactor in the series, 
reactor 12, must necessarily be cooled to the 
desired infot temperature prior to being con­
tacted iwith the catalyst disposed! in the. next 
succeeding zone~ reactor 12. The cooled m!ix- 95 
ture is passed through line l1 into reactor 12. 
The t•tal effluent from the latter passes 
through line 12 and is mixed with a quantity 

·Of.fresh benzene approximately equal to ~t 
initially introduced to reactor 6; the resultant 
mixture is passed through line 15, cooler 16, 
and ine 1:7 into the third reactor in the series, 
reactor 18. 

As indicated. in the drawing,, coolers 10 and 
16 are integral segments of a main intereooler 
25. The illustrated Bow of the intercooler sys­
tem iS employed to facilitate the ~ con-
trol of the inlet temperatures to reael'Ots 1!2 and 
18. The miscellaneous flow CQntrol valves are 
not indicated in the drawing since these, as 
well as other intercooler systems woqld be 
obvious. to ~ne possessing sufficient knowledge 
of the utilization of these temperature control:-· 
ling methods. Suffice is to say that a suitable 
heat exchange medium, such as water, passes 
from intercooler 25 t'hrough a comm:on · J:ine 
26 and is distributed, in accord8nce with teriii.. 
perature controlling restrictions, through line 
29 into cooler 10, and through line 27 !into 
cooler 16. The cooling medium is then re­
directed to intercooler 25 through lines 28 and 
30 :i,-espectively. ·· 

The .product effluent from. reacroi' 18 is re­
moved through line 19 and introduced into a 
high"-pressure separator 20. Separator 20 is 
operated at a pressure level sl'ightly below that 
of reactor 18, which in turn is at 'Ii pressure 
slightly below that of reactor 1!2. The slight 
pressure drop through the reactor system, in­
cluding separator 20, is an inherent result of 
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the flow therethrough. In au cases, :hOW'ever, 
the reacror system will operate at the preferred 
pressure in the range of from 20,4 to 68 atmo­
r.pheres and still more preferably at the lower 

5 limits thereof. Separator 20 is operated at 
approximately room temperature, or below, in 
order to provide an equilibrium, low-tempera~ 
ture flash chambet :whereby normally gaseous 
components may be removed through line 22, 

10 while the liquid product effluent is removed 
through line 21. A portion of the liqUid pr~ 
duct in line 21 is recycled through line 3 to 
commingle with fresh benzene charge from 
line 2. P1ior to being commingled with ben-

15 zene, the cydohexane Iii.quid product is ad­
mixed with compressed recycle hYdrogen in 
line 52; the source of the latter is ~einafter 
described in greater detail. The hydrogen i~ 
introdu1..-ed into the system via line 52, iin such 

. 20 an amount that a mo~ ratio of hydrogen to 
C0-hydrocarbons in excess of iabout 4: 1 is 
mainta-ined in the effluent from reacror 18. 

The remainder of the cyclohe.Kane liquid 
product is introduced via line 53 into stabilizer 

25 54. Stabilizer 54 is operated at conditions 
which enable the withdrawad of substantially 
pure cyclohexane from the bottom portion 
thereof, through line 55. Wben present, light 
paraffinic hydrocarbons, includling pentanes, 

30 butanes and propane, and .adsorbed hydrogen 
are removed from ·the upper portion of stabi­
lizer 54 through liine 56 and are introduced 
into receiver 57 for the purpose of providing 
a light hydrocarbon reflux through line 58 

35 into 11tabilizer 54. The excess light hydrocar­
bons are removed from receiver 57 through. 
line 59 for use as fuel or other pUl'poses. 11re 
uncondensed hydrogen and! lighter paraffins, 
consii;ting of methane and ethane are removed 

40 from receiver 57 through line 60, and! mia.y 
either be vented to the annosphere, or subse­
quently employed as fuel. 

The normally gaseous material separated in 

45
. high pressure separator 20 is removed through 

line 22 and 1ine 32 into caustic wash column 
45. In order to control the quantity of methane 
and eth~me being mamtained within the system 
and· c-0ntinuously recycled, line 22 is provided 
with vent line 23 containii.ng a pressure control 

50 valve 24. 'The overall operation of the hydro­
genation process of the present invention is 
facilitated by venting a sufficient quantity of 
gas through line 23 to maiintain the concentraw. 
tion of methane and ethane within the recycle 

55 gas at the level at which these substances are 
introduc~d to the process, thereby preventing 
an abnormal build-up of these gaseous oonsri­
tuents. Control valve 24 also serves to control 
the pressure ron the reaction zones at the de-

60 sired level. 
Sinee the hydrogenation of aromatic hydro­

car.boos to the corresponding cyclic pairaffins 
involves the consumption of three mols of 
hydrogen per mol of aromatic hydrocarbon, 

65 make-up hydrogen is introduced to the system 

from any suitable source thereof. Catalytic re­
forming processes prodtice.~ge .quantities ·of r 
a highly concentra.ted, · hydrogen:-ric~ stream, 
and thus are one of the more smtabre sources 
Of make-up hydrogen for use in the instant 70 
process, the hydrogen concentration thereOf 
being in excess of about 80% by volume. 
Such hydrogen-rich stream is introduced to the 
present process by way of line 33 into amine 
scrubber 34. The amine scrubber is employed 75 
for the purpose of removing hydrogen sulfide 
and at least a portion of the l~ght paraffinic 
hydrocarbons, contaminating the make-up 
hydrogen supplied through line 33. Any mit-
able liquid adSC>rbent may be employed in 80 
amine scrubber 34. Diethanolamine is a pre­
ferred liquid adsorbent from: the standpoint 
of its ability to remove the hydrogen· sulfide, 
and the relative ease with whiCh the adsorbed 
gases may be subsequently removed therefrom 85 
to permit the regeneration thereof. The hydro• 
gen su:lfide-containing diethanolamine is re­
moved through line 36 to ai suitable amine re­
covery system. The " clean " amine is subse­
quently returned to the upper portion of amine 90 
scrubber 34 through line 35. 

The scrubbed hydrogeri stream, substan­
tially reduced in hydrogen sulfide concentra-
tion, enters the bottom portion of a lean oil 
absorber 38-, via line 37. At approximately 95 
midway m lean oil absorber 38 there is a 
centerwell 61 below which lean oil, being a 
suitable hydl'locarbon fraction boiling within 
the range of about 149° C. to about 260° C., 
enters the absorber via line 39, In the bottom: 100 
portion of absorber 38, that is, the sectfton be-
low ceuterwell 61, the hydrogen stream is 
countercurrently contacted by the lean oil enter-
ing through line 39, and the latter absorbs 
light paraffinic hydrocarbons from the hydro- 105 
gen stream, leaving the absorber via line 40 
and entering the upper portion of lean oil 
stcipper 43. The lean oil stripper is operated 
i.uch that the hydrocarbon oil, containing light 
paraffinic hydrocarbons, is effectively distilled 110 
as it passes downward through the column. 
The bottoms product leaving through line 39, 
being substantially free from the .light paraf­
finic. hydrocarbons (metlmne, ethane and pro­
pane) w.hich are removed from the top1 of the 115 
column through line 44, is passed to absorber 
38, being introduced just below centerwell 61. 
Above centerwell 61, a stream of benzene is 
employed to strip any of the heavy hydrocar-
bon fraction, employed as the lean-WI absor- 120 
bent, which ·might be entrained 'by the hydro-
gen passing upward through absorber 38. The . 
benzene is introduced via Jiine 41, and the ben-
zene plus absorbed lean oil is removed via line 
42. The lean oil-containing benzene may be 125 
sent to a lean di! recxyvery unit from which the 
benzene and the lean: oil are separ-
ately recovered with retum of the 1~ oil to 
the absotber 38 via line 39. The hydrogen 
stream lea'Ving absorber 3 8 via line 21~ being 130 
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substantially free from hydrogen sulfide and 
the · liigbt paraffinic hydrocarbons, is oom.1:>'ined 
in line 22 with the gas from the 21igh pressure 
separator 20 arid the resulting mixture enters 

5 the bottom Of caustic wash column 45 via line 
line 32. The caustic wash column contains a 
ct:nterwell 62, bel<>W whlich sodium hydroxide, 
or other suitable alkaline material, enters 
through .. line 46 for the purprose of. further 

10 removing any residual hydrogen sulfide, light 
para.ffinic hydrocarbons, and · diethanolamine 
It should be noted that the hydrogen - . rich 
gas stream from high pressure separator 20, 
in line 22, is a portion of the total gas stream 

15 being introduced to caustic wash colunm 45. As 
hereinbef ore stated, ~ utiliza.tion of the plati­
num-containing catalyst permits the 'lise of 
elevated temperatures in reactfon zones 6, 12 
and 18, whereby hydrogen sulfide is produced 

20 by the reversibility of the ·chemical reaction: 

Pt+H2S~PtS,,+H2 (2) 

This hydrogen sulfide, in addition to hydrogen, 
forms foe greater portion of the gaseous phase 
leaving separator 20. The rer:noval of the hydro-

25 gen sulfide· from this gas phase, in caustic wash 
column 45, constitutes an important feature of 
the present invention, whereby the hydrogena­
tion reaction may be effected in the presence 
of· only that hydrogen sulfide whkh results 

30 from the sulfurous compotmdS entering the 
process from benzene storage 1 via lines 2~ 8 
and 14. As the caustic becomes "spent" or 
incapable of effectively washing the hydrogen­
rich gas . stream, it may be removed from the 

35 system via line 4 7. Above centerwell 62, caus- · 
tic wash column 45 is provided with water in­
let 48 and water outlet 49; the water setves to 
remove entrained sodium hydroxide or ether 
caustic material from the hydrogen .passing up-

40 wardly through centerwell 62. The resulting 
water-saturated, hydrogen 6tream is removed 
from column 45 via line 50 to the suction side 
of compressor 51. Compressor 51 discharges 
the hydrogen stream at a pressure iOf from 6.8 

45 to 136 atmospheres and a· tempentture of 
about 38° C. or less via line 5Z, into the cyclo­
hexane-recycle line 3 and is . ultimately com­
miirtgled with fresh benzene in line 2 prior to 
l:eing heated to the desired inlet temperature 

50 of reacti'On zone 6. The hydrogen to hydrocar­
bon m.01 ratio is cal'cu:lated on the basis of the 
quantity of C6 hydrocarbons in the product 
effluent from reactor 18; that is, the hydrogen 
is recycled via compressor 51 at a rate to pro-

55 vide a mol ratio not substan1!ially . less then 
four mols df hydrogen to one mol of C6-hydro­
carbons .in the product effluent from reactor 
18. The excessive quantity of hydrogen assu:res 
an adequate supply of hydrogen ro effect the 

60 hydrogenation of the benzene, facilitates. the 
control of the inlet temperature to reactor 6, 
and inhibits, or significantly reduces, the ten­
dency for coke and other carbonaceous material 

·to be furined in the· reaction zones. 
Sin·ce all of the hydrogen-rich gas stream, 65 ·~ 

passing through the plurality of reaction Z!Oiles 
in series flow, being. a mixture of makeup 
hydrogen from a suitable ou'l:Sfde sotlrce and 
excess hydrogen from the high-pressure separa-
tor, is subjected to a caustic-washmg treatment 70 
(to remove substantiaUy all of the hydrogen 
sulfide therefrom) fulloWed by a water-washing 
treatment (to remove entrained caustic), the 
hydrogen. is necessarily saturated with water 
as it leaves the ca.ustic-!Wash column. Through 75 
the utilization of the cata~yst and process flow 
of the present invention, at the operafuig con­
ditions stated herein, there is no need to re­
move the water from .the hydrogen-rich gas 
stream. Thus, with reference again to the 80 
accompanying drawing, the water - r.aturated, 
hydrogen-rich ga!l Stream leaving caustic wash 
colwnn 45 vii.a line 50, passes directly through 
¢on1pressor 5 l into line 52. Without interrop-

. tion, this '11<1lter-saturated gas stream mixes with 85 
recycle cyclohexane in· line 3 and is transmitted 
directly through heater 4 after being mixed 
with fresh benzene clla1·ge in line 2. Compres-
sor 51 normally operates at · ai temperature 
within the range of about 15,6° C. to a level 90 
not substantially in excess of 38° C. Compres-
sor 51 is further operated to ·discharge at a 
pressure slightly . above the operating pressure 
mainta·ined on reaction zones 6, 12 and 18. 
This slightly increased pressure takes into 95 
account the inherent pressure drop through the 
plurality of reaction mnes, the higb pressure 
separator, and the caustic wash column. At 
these conditions, the hydrogen·-rich gas stream 
entering the reaction zones in series flow, may 100 
be water-saturated to a level of as great as· 
about 0.2 mol per cent. In addition to the • 
water entering the plurality of reacriJon zones as 
a resultof the subjection of the hydrogen to a 
caustic washing treatment (followed by water 105 
washing to remove entrained caustic), a sig­
nifi.cant quantity o'.f water is often eiicountered 
in the aromatic hydrocarbon stream being 
clm.rged. Therefore, the tl()tal quantity of water 
present during the hydrogenation to produce 110 
the cyclic paraffin, may range as high· as -LO 
mol per cent, based upon the totd quantity of 
aromatic hydrocarbon. As hereinafter indicated,-
the process, and catalyst, of this · invention 
appears to be unaffected iby -unusua!Jy large 115 
concentrations of sulfur iwhen effected in the 
prer.ence of water up to a level of abOut 1.0 

·~. 

·.:. 

..... 

mol per cent. Th.is rather unexpected result _., .• 
indicates .the distinct advantage of providing a .. 
successful.. hydrogenation process without. the 120 ·· *. 
necessity of removing those components (sul- · · 
fur and water), which are generally ~dered 
to be effective deactivating agents of noble 
metal-containing catalysts. . . 

As above set forth, hydrogen sulfide is sub- 125 
stantially completely removed from the Jl!fdro-
gen re<..-ycle stream in Otd'er that the catalyst 
disposed in the various reaction zones . is· con-
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tacted only With that hydrogen sulfide .resulting :from the reaction of the sulfurous compound contaminating the freS'h benZene charge. The hydrogenation of benzene to cyclohexane is, therefore, effected in the presence of not Jll!Ote than abcut 3.0 ppm. of sulfur, calculated as the element thereof. As the stated operating con­ditions, and in the presence of tire water-satur­ated hydrogen ID!S stream, the noble metal-10 containing catalyst of the present invention is sulfur tolerant; the catalyst of the present in­vention will not, therefore, rapidly deactivate as a direct result of sulfur with!in. the range of about 0.1 ppm. to about 3.0 ppm. 15 The process of the present invention makes use of an alumina-contaiclng refractory in­organic oxide carrier material with which is composited ai platinum gr0up metal compon~t and an alkali metal and/or alkaline - earth 20 metal component. It lis understood that the · platinum group metal and/or other metal com~ ponent may be present either as the element, or as a: chemical compound, or in physical asso-­ciation with the other catalytic components. 25 The platinum group metal may be present as such, or as a chemical compound or in physi­cal assooiation with the refraCt!Ory inorgrc111ic ··oxide, Qr with the alkali metti, for example, or in combination with both. Similarly, the 30 alkali metal may be present as such, or as a chemical compound, or in physical assodiatioil with the refractory inorganic oxide, the noble metal or in combinatlon with: both, Under certain processing cond!.itions peculiar to the 35 hydrogenation of a: particular aromatic com­pound, or 1of a particular mixture of aromatic compounds, the catalyst of the present inven­tion may contain .hafogen. When employed, the· halogen, selected from the group of fluorine and chlorine, ~s thought to be present in a par­ticular chemical combination with the refrac­tory inorganic oxide, the platinum, and/or the alkali metal. The platinum group metal may 
···45 

be, for example, pla1!inum, palladium, ruthen­ium or rhodium. It appears that the utilization of either platinum and/or palladium· yields more advantageous results, and these platinum group metals are, therefore, preferred. In .general, the platinum group metal component will be utilized in a concentration of from· about 0.1 % to about· Z% by weight of the final catalyst, calculated as the element there­of, and preferably is not more than 11%· by weight. The alkali metal and/or alkaline­earth metal component, such as for example cesium, lithium, rubidiwn:, sodium, caloium, barium ar:.d/-or strontium, !Will be employed in a concentration of generally not more than 5.0% by weight of the catalyst; in order· to 60 achieve the proper balance between inhibiting .the . ()CCUrrence ·of side reactions, and impart­ing the desired degree of stabiMty to the noble metal-containing catalyst, it is preferred to employ. the alkali and alkaline-earth metals in 65 significantly lower concentrations. Therefore, 

they preferably will be preSent in· a· concenrra..:. tion within the range of from about 0.01'% to a:bout 0.7% by weight., caleulated as the element thereof. The refractory inorganic oxide, fo1· use as the carrier material .. · for the 70 catalytically active ·metallic components, colll":' prises au alumina-containing materiaL.. The utilization of other refractory inorganiC oxides, in conjunction with the alwninW, ·is generally dependent upon. the desire to impart thereto 75 desired physical and/or. chemical characteJ.is.. tics. Thus, min'Ol' quantities of silica, tit.ania, zirconia or boria may be utilized in combiila,.. tion with the alumina without removing the resulting catalytic composite from the scope ·~. of the oresent invention. 
The A catalyst for use in the present process may be prepared in any suitable nmnner. In general, alumina will be prepared by reacting a suitable alkaline reagent such as~ for example, 85 ammonium hydroxide .or ammonium carl>ona.te with a salt of aluminum such as, for example, aluminum· chloride, aluminum sulfate, alum­inum I'.!l.tra•te. The subst1lnces are ·intimately· admixed under conditions which· form ahun'- 90 inum hydroxide whic:h, upon subsequent heat-ing and drying, will form alumina .. In those instances where it is desired to incorporate one or m-0re other refractory iniorganic oxides with . the alumina, the same may . be accom- . 95 plisbPd through any suitable · means including ~parate, successive or co-precipita.t!ion methods. Similarly, a halogen compound may be introduced into the catalyst, and this may be done either before oc after the formation of 100 the ·alumina; the halogen preferably is added in the form of an aQueous solution of the hydrogen haMde, or as -a . vola:tile salt thereof, soch as ammonium chloride and/or ammonium fluoride. The manufacturing . ~ure is 105 facilita~d when the halogen. and: Cither. com .. ponents are ci>mbined prior to the addition thereto of the platinum group metal compon-ent, such as platinum. The plat'imm compion-ent. is t.'f:'mposited in any suitable mailner, ~d 110 generally by way of an impregnating p(Oeedure wherein a water:-soluble platinum coinpaund is employed. Suitable platinum compi:>unds -are, for example, cb:loroplatinic. acid, platinic chloride, and platinous chloride. The alkali 115 metail, or alkaline-earth. metal, component is added as an aqueous solution of a suitable salt thereof, and thm may comprise a chloride, sulfate, or nitrate, of lithium., sodium, calcium, rubidium, magnesium, .strontium, and/or 120 cesium. It is understood timt the halogen, plati .. -num, alkali metal and/or alkaliIJ.e-earth metal component may ·be added to the aluminum hydroxide· or alumina . in any mannet, and at any step of the catalyst preparation as desired. 125 It is generally adVisable to introduce the plati-num Qr other platinum group metal at a later step of the catalyst preparation in order· that this relatively . expensi\ie m.etallii.c ·component will riot be lost due to subsequent processing 130 · 



in the washing and. purification treannents. 
.· After all. of· the catalytic oomponents have 

been composited, the catalyst. will generally 
be dried at a temperature w'1thin the range df 

5 about 38° to about 149° C., .fo.t a: pieriod of 
from about '2 to about 24 hours. Rapid drying 
is to be avoided since the sudden . evolution of 
gas will cause the catalyst particles to rupture 
and otherwise become strained. Following the 

10 drying of the catalyst, it is subjected t:o a cal­
cination treatment at a temperature of from 
about 427° C. to about 593° C., for a period 
of from about 2 to about 12 hours, and in an 
atmosphere of air. 

15 During the hydrogenation in a plurality of 
reaction zones the inlet temperature to e.i.ch 
reaction zone will generally be at least 93 ° G 
and such that the outl~ temperature is within 
the range of from 204-° C. to 427° C. and 

20 preferably does not exceed 371° C. The pre­
sent process may be .effected in reaction zones 
so designed that little or no temperature in­
crease takes place and the outlet temperature 
will . be effectively the same ae the inlet tem-

25 perature. To further. fadilitate the control of 
the hydrogenation. reaction, we have fotmd it 
beneficial to maintain the inlet temperatures 
of the reaction zones at a relatively high, but 
intennediate level. as at least ·about 149° C. 

30 The utilization of these relatively high tem .. 
peratures, as hereinbefore r.et forth, !favors re­
versal of the reaction which ties up platinum 
through the formation of platintim sulfide, and 
the resulting hydrogen sulfide is readily re-

35 moved from the system. The utiliza:tiilon of 
cyclohexane recycle simplifies the control of 
the outlet temperature, ais well as the « peak " 
temperature within the catalyst disposed with!-­
in the reaction zone. 

40 . Although .the pressure imposed on t:he re­
action zones is. generally Within the range df 
aboilt 6.8 to 136 atllllospherel;, it is advantage­
ous to utilize pressures · in the · intennediate 
range rlf from ·about 20.4 to about 68 aitmoi-

45 spheres. Higher· pressures promote the hydro:.. 
genation of the aromatic nuclei, bUt l!ikewise 
increase the degree of bydrocracking and ring­
opening whereby low ·molecular weight, 
straight-chain· paraffiuic hydrocarbons ate 

50 formed, The formation <1f &Uch light hydro­
carbons necessarily results in a decrease of the 
liquid volumetric yield of cyclohexane. The 
utilization of the intermediate pressure, from 
about 20.4 to about 68 atm!osph.eres, when con-

55 sidered in conjunction iWith the various other 
preferred eonditions hereinbefore and herein­
after set forth, tends to increase: the overall 
efficiency of the hydrogenation process in pro­
ducing large volumetric yields of substantially 

60 pure · cydopa.raffinic hydi'ocarbons. 
The liquid hourly space velocity, in regard 

to the fresh benzene charge, at which this 
process is operated, is within the range of 
from about 1.0 to about 5.0. Llqwd hourly 

65 . space velocity is herein defined as the volumes 

o.f. total oenzene charged per hour per volume 
of total catalyst; this quantity of catalyst is 
considered as if it were disposed in a single 
reaction· zone and as if the total benzene charge 
were passed therethrough. Substantially pure 70 
cyclohexane is recycled in an amount which 
provides a mol ratio of cycloh~ane, passing t'O' 
the inlet of the first reaction zone in the plur ... 
aJity of reaction zones, to the total fresh ben­
zene· charge which: passes ~n parallel :flow to 75 
said reaction zones:, within the range of aboot 
0.5: 1. to about 5 : 1~ As . rereinbefore stated, 
through the utilization of the catalyst and 
operating conditions of the present inventfon, 
this process will produce large volumetric 80 
yields of cyclohexane of at least 99.5% purity, 
and will continue to do so over an extended 
period of time, thereby el!iminating the need 
for ·a frequent shutdown due to a required 
change and/or regeneration of the catalyst. It 85 
is not unusual for the process of the · present 
invention to constantly produce a cyclohexane 
stream of 99.85 % purity. 

The following example is given to illus-
trate further the novelty and utility of the 90 
present invention, and also to indicate the bene-
fits to be afforded through the utilization 
thereof. It is not intended that the illustrative 
example be considered as Jilniting the present 
invention. to the oonce:ntratioos, reagents, and/ 95 
or conditions employed therein. The catalyst 
employed within the example made use of a 
halogen-free alumina carrier material. Plati-
num was mcorporated as the platinum group 
metail in an amount of 0.75:% by weight> and 100 
lithium was added thereto in an amQUllt of 
0.274% by weight. The carrier ma.terial was 
prepared by the reaction 10.fammonium hydrox-
ide with aluminum cliOl'ide to: form aluminum 
hydroxide. Following formation into spherical 105 
particles, the alumin111 was dried, and calcined 
at an elevated temperature df about 482° C. 
The incorporation of the platinum and lithium 
involved the simultaneous impregnation of the 
resulting spheres of activated alumina with a 110 
i:ingle aqueous impregnating solution of l!ithium 
hydroxide and chloro-platinic acid in. amounts 
sufficient to yield the indicated quantities of 
the ~tals, namely 0.274% lithium and O. 75 % 
platinum- by weig~t of th~ final catalyst. 1J:re US 
impregnated spherical partJ.cles were then dried 
over a water bath at about 99° C,, and subSe ... 
quently calcined for a period of 5 hours· at a 
temperature of about 500° G_, and in an 
atmosphere of air. 12() 

EXAMPLE 
The operation herein described covets a 

total period of about 840 hours, and. was con­
ducted, in its entirety, utilizing 21 mngte re­
action zone fabricated from Type 3l6 stain-.. 125 
less steel. The reaction zone . foterior \ivas ·c1e­
signed to permit a l0adiing of the alutniM­
platinum-Jithium catalyst which might ·vary, 
from operati'on to operation, in an amount !from 
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904,732 
.9 about 25 cc. to about 100 cc. The reactQ'l" was equipped with a centrally located thermocouple well, to facilitate a temperature record!ing at the inlet, cutlet and various intermediate points 5 within the catalyst bed. Spiral inner-heaters were employed above. the catalyst in order to obtam the even distribution of heat which was supplied over the entire length of the reactor by means of bronze block heaters insulated 10 against the atmosphere. The total effluent, from the reaction zone, was passed into a high - pressure separator maintained at essentially 13° C., from which the cyclohexane liquid product was withdrawn 15 to a ddbutanizing column. The debutanizer re­moved any light para.ffinic hydrocarbons which may have been introdw:ed into the system along with make-up hydrogen. from the outside source, and produced a substantially pure 20 cyclohexane stream upon which analyses could be made, and which would approx'imate very closely the product which might be expected from a commercial size operation. The hydro­gen make-up was obtained from Standard high-25 pressure cyll:inders, and was mixed with the hydrogen-rich gas removed from- the high­pres$ure product sepanitor. The unit was pro­vided with scrubbers for removing hydrogen sulfide and water from the hydrogen-ric:h gas 30 stream. The liquid charge to the rea'Ctor was a mixture of 25% by volume benzene and 75-% by volume cyclohexane. The liquid charge was passed through a 6Uitable drier, contain­ing silica gel, and was combined with the 35 hydrogt.'tl - sulfide free gas stream prior to entering the reaction 7JO'Jle. For the purposes cJf observing the effect of !hydrogen sulfide and/fYt water upon rhe platlnum: . - lithium catalyst, and upon the reaction promoted 40 thereby, provisions were made whereby the scrubbers and driers could be by-passed. In this manner, thiophenic compounds, metcap• tans, a'lld compO'llllds which formed water under the reaction zone conditions, coultl be 45 added to the cyclohexane - benzene liquid charge in any desired, controlled quantities. The conditions relevant tQ the hydrogena­tion being effected within the reaction zone were, a liqulid hourly space velocity (defined 'aS 50 y.olumes of liquid charge per hour, per volume ·of catalyst disposed within the reaction zone) of 1.75, based upon fresh benzene charge · · Only. Cyclohexane w.as admixed with the benzene in a mola1" amount of 3 : 1~ thereby 55 yielding an overall liquid hourly space velocity of 7.0. The catalyst was loaded in a bed of 35 cc., and maintained 1.!Ilder an imposed hydrogen pressure of 27.2 atmospheres; lcydro-· ··gen, being a mixture of make-up hydrogen and 60 hydrogen-rich gas from the high-pressure pro­duct separator, was circulated by a compressor in ·an amount of about 269 not.ma! l~ters per hour, or at ai hydrogen to h!Ydrocarbon mol ratio of 5 : 1~ based upon the total Jiquid feed 6S to the reactor. The benzene - cyclkl!b.exane 

charge was maintained at about 245 cc,/hour,_ and a vent gas stream was constantly removed, via a pressµre OC>ntrol ·· valve, to control and inhibit the !build up of nitrogen,. carbon di­oxide and Mght paraffinic hydrocarbons which 70 may have been present within the make·· up._ hydrogen stream. The vent gas averaged slightly more than 14.16 nOl"Jll.ial liters .per hour over the entire period of the operation. Unless otherwise hereinafter stated, the foregoing cJon- 75 ditions were maintliiined at the indicated levels thwughout the entire period of operation. During virtually all of the operation, . the recycle gas, inclusive of fresh make~up hydro-gen, was passed through a high-surface sodium 80 bed under pressure, in order to remove hydro-gen sulfide, and to maintain a . comparatively dry recycle gas system. In those portions of tire operation where it was desirable to either simulate a "wet", oi' water-saturated condi- 85 tion, characteristic of the caustic-wash column employed commercially, or 1lO approximate the effect of a water - saturated fresh benzene charge, charaicteriStk of the indicated commer-cial benzene :.:. cyclohexane feed ratio, a water- 90 saturator was employed downstream of the high-surface sodimn bed. The temperatute of the water-saturator was varied in order to achieve a designated water input to the re­act~on zone; the saturator operated at full re- 95 action zone pressure On. the tx>tal recycle System. . Perhaps the most pertinent period of oper­ation, . from the .. standpoint of illustrating the benefits afforded through the utilization of 100 the process of the present invention, is that portion effected from 508 to. 557 hours of on­stream time. This porti:on of the operation was effected with 1.9 ppm .. (by weight) of "total . sulfut· in the benzene portion of the feed. Other 105 conditions of operation were maintained at the levels alrell'dy indicated above; the .inlet tem­perature to·. the catalyst was maintained at 225° C. by contr<>lling the ·bronze block heater at a temperature sufficient to yield thiis cata- 110 lyst inlet temperature. The outlet temperature was virtually constant at 258° C., 'lllld the " peak " catalyst temperature was found to be 320°C. 
The benzene charge was an exttact:iJon-grade 115 'benzene having a freeZe PQ-int of 5.4Q° C., indka.ting a benzene purity of 99.89 mol per cent. The sulfur c~ntent of the benzene charge, as determined by the nickel ~on method~ was 0.9 ppm. The thiophene content was de- 120 termined at 0.3 ~; sulfur was ad.Cled, as tertiary butyl mercaptan and thioplrene sulfur, to raise the total sulfu:r level to 1.9 ppm.. The water co11tent of the benzene was 0.2 mol per cent, a value clial'.!!-cteristic o.f satiJtatiJOn at 21° 125 C. By operating·' the water-saturator for the hydrogen at 10° C., the total water content of the reactor feed was· increased to a level of 0.27 mol per cent based· on the total benzene­cyclohex~e charge to the reactor. This value 130 



is slightly in :excess of the 0~20 ·mol per eent 
which is. expected as a result .of the utilization 
of the· caustic-wash column described further 
above. This increased JWater content is not 

5 thOught to mtect the reliability Of the .data 
obtained: on· the contrary, it illustrates the 
Un.expectedness of the extremely.·beneficial re-­
suits obtained through the :use of the present 
proctiss. ·Genera:lly, water fa amounts even as 

10 high as 0.05 mol per cent is considered as a 
bydrocracking 0prom.oter. As .such, its inclusion 
in the reaction zone atttlosphere of the present 
process. wotild ·have been expected to effect. the 
highly undesirable hydrocracking and ring-

15 opening .reactions which would effectivel!y de­
feat the ·object of this invention to produce 
large volumetric Yields of substanti'8Jly pure 

cyclohexane. 
The results ·obtamed dUr.ing the foregoing 

period ·of :operation, SOS to S 57 hours, are 20 
indicated iin .the following Table I. The results 
are given :for .both ·the .total product effluent, 
minus, of 'COU!Se, the hydrogen-rich: gas, and 
for the· debutanized ;product effluent. Debuta­
nization was effected for the purpose of re- 25 
jecting approxim.atelly 0.3 volume per cent 
butane which was present ;as ·a result of charge 
stock c:ontamination in .pressure tanks.; the 
butanes were oot produced., as ·such, within the 
process. The· indicated trtlce quantity of pen­
tane · was .probably .from the $1llne SOUl'CC, as 
other product .analyses failed to show·pentanes 

30 

in the liquid product effluent. 

TABLE l 

35 

Product Composition * 
. As-,produced Debutanized 

'Benz~ . COntent, ·weight_.;.%** 0.022 .0.021 

. Hydrocarbon Composition, vol. % *** 
. Isobutane 0.003 

'0.307 Normal Butane 

.Isopentane 

. Normal Pentane 

Normal Hexane 

Methylc;yclopentane 

Gyclohexane +.Benzene 

Total 

Freeze Point, °C. 

Cyclohexane Purity, yol. % · 

By Analysis 

-By Freeze Po~t Determination 

·0 .. 002 

0.007 

;0.045 

0.016 

99.962 

100.0 

5.57 

99:60 

'99.59 

0~007 

0~046 

.0.016 

99.931 

100 .• ·o 

·6.15 

·99.91 

.99.83 

* . Sample taken during the period of .operation "betWeen 518 ·to 557 
hours on stream. 

** As determined by Ultra-Violet analy8is. 

***As determined by Gas-Liquid Chromato~phy. 

At tbe outset of .the operation .(0 to 32 
ho'urs), the ·unit was operated with l.9 ppm. 
total sulfur in ·the benzene ch-arge at ll1li ·inlet 
temperau:ire of :about 15(}'>. C. A rapid deacti;. 
vation ·rate. was observed over tb!is period, as 
indicated. by .a ·constantly decreasing ":peak" 

catalyst :temperature ·and ·a :steadily iincreasing 
concentration of benzene fa ·die liquid 'J)l'O~uct 
effluent. Taken ·together, these items ·indicate 
a loss -in catalytic ·activity and selectivity rfor 
effecting. the 'hydrogenation of· be:nzene'.to1 tjdo- 45 
hexane~ During ~the 1period Of 32 ·.to ·80 hotm!, , .. 

\ 

1 "·· 

. .,, 
{ ; 

..r--,.· 
.1 

~-

. ~. 

' .. 
' 

"' ... 

..... 
\ ... 

·"' .. 

'· ,_ 

.,, 

'\... 

' 
. 
..... 

\_ 

... 
" .......... 

....... 

;)-

:r-· 

-~. 

.... 

r· 

. ..ri 
; 

L. 

f 



'@l•."l")? . 1-
•• :-: _J 

& 
0~ ;~r~ . . 904;732 

<~·11 

-: 
\ ::s· 

with the continued use of 1.9 ppm. of total be noted that :the totat .sW.fur cimtent ·d • 

srilfur, the inlet catalyst temperature was in- benzene - .cyclohexane charge was ~intained 

creased to about 178° C.. The benzene con- at the high level c;f \J.,;9 ppm; .At 317 h9w:S, 

centration in the liquid product effluent ap- 1!he benzene concentration .Of the liquid product 

5 peared to line out at ai ·level of 0.02 mol pet effluent ,had a:lready deaea~ to a level . di,. 70 

cent, and the "peak •• catalyst temperature 0.0012 mot per 'cent. At 366 :hours and 386. 

remained effectively constant at aboot 327° C. hours, the ·benzene concentration' ·in the ,Pfo-; 

This indicates a .cessation of the rapid catalyst duct effluent had returned ·.fio the more ·desir­

actiVity decline which was observed during the able level of 0,0010 ·;(ppm.) and '0;0007 mol 

10 initial 32 hours of operation. From 80 to 175 per cent (7 .ppm.:) respectively •. ·· · ... · ·. . 75 

• hours, the. sulfur content iwas decreased tc . a . During the period of 391 to 4S8 :hours, ·the 

\. "'~- level of 1.2 ppm.., and water was present m inlet cata1ysr temperature was decreased .to a: 

) an amount -of 0.02 moil per cent. The-' level of 160° :C. At the same timc;,-:tbe. water 

catldyst temperature was incmisc:d to .a concentration . was increa~ · 1Xll a> · l~l of 

·. ' 15 level of about 200° C., dunng this about 0:95 mol per_ ·cent, .while 1:he sulfur .. con- 80 

. . \. ·~ . ' period. Unexpectedly, however, the "peak" .centration was maintaiined at t-;9 ppm. · The 

'l'· ·'- catadyst temperature remained constant at almost ill1ll1Cdiate result was: a .decrease .in .the 

i;. ' about 323° C.,. not substantially changing "peak"' catalyst ·bed ·temperature 1lo ,a 'level of 

; ' from the previous leveL The benzene about 300° C. Of greater significance was the 

·~~ 20 content of the liquid product effluent, as fact that the 'benzene ·Concentration in :the SS 

· · · , . detemlined by Ultra-Violet analysis, appeared cyclohexanc product increued. to ,a ·level of 

. _qi,; · to line ·out at ·the oomparatively low level of 0.13 m.ol ·per cent (1300 ·ppm.); This value .is 

' v 0.0002 11iol per cent ·(2.0·ppm.). During the !fi.gnificantly in :excess of t'hat'which am '.be 

't period of 1:.75 to 208 hours, the sulfur con- tolerated by .presenNlay .processes utilizing sub-

F 25 centration -was increased to 1.6 ppm., the water stantially pure cydoparaffinic bydrocarl»ns, 90 

,'"'i to a level of 0.04 mol per cent, and the inlet and ·especially substantiany pure Cyclohexane. 

·'-.J· . catalyst temperature was raised to about 2100 From 458 hours to 508 ~.of :on.;stream 

~ C. The overall effect of this change in condi- operation, the catalyst inlet temperature was 

trons was virtually nil; the " peak •• catalyst increased to a level.of 225 ° ie.,. ai1d was accom ... 

30 temperature remained all: 323° C., and ·the panied by an increase lin the "·peak or ·catalyst 95 

benzene content of ·the liquid prod.Utt was con- temperature to a ·level of a:bout 322° C. Ii· is 

tinually within ·the range r:Jf .Q.0002 (2.0 ppm~ significant that during this period Of ope.mtion, 

to 0.0004 mol per cent (4.0 ppm.). Up to this the sulfur level was maintained at 1.9 ppm. 

point .in .the operation, the hydtogen sulfide and the water concentration at the elevate'd 

35 Was constantly being removed from the hydro- level of. 0.95 . mc>l per cent. These relatively 

gen .. rich recycle gas stream. large quantities of contaminants ,cfid: not appear 

A demonstration t:>f the effect of removlll.g . to effect the overall operation iJf the process, 

the recycle gas scrubber was obtained during for the benzene concentration in the cy.clohex-

the .period of operation from about 209 to 302 ane _produet virtually immed!ately decreased .to 

40 hours. During this period, the sulfur concen- a level .of about 0.038 mol per cent -at_477 

tration was again increased to a level of 1.9 ·hours, and further decreased to a level of 

ppm; This was acoomplished through the addi- about 0.030 at 508 hours. Tire operating con-

tion of ·bOth thioplrenlc sulfur and tertiary ditions, and the results of ·the analyses ~per-

butyl mercaptan to the benzene-cyclohexane formed upon the liquid product efiluent, dur-

45 ·charge. A slow, but continued. deactivation .fog the ·period of opemtion::from 508 ~s to 

appeared to be the net result, as indicated by 557 hours have been set forth above and indi-

the following: at 205 hours, the benzene C'.011- oeated in Table I. . , . 

tent of the product effluent had been 0.004 . During the period of operation encompassed· 

IOOl pe~ .cent; at .220 hours, ;tile benzene con- ·by 55.7 hours to 622 hours, the ~ was 

/ . 50 q:ntration had increased to a level Gf 0.0006 operated utilizing a substantlallly dry · liquid· 

···• .· .~· ·m.o1 per cent; at .22S hours, the benzene con- charge as well as a. substa~y dry .<recycle 

~tration_was 0.0009 m.ol per cent; a benzene hydrogen stream, the sulfur dontamination in­

concentration of 0.0019 mol per cent was ob- creasing to 3.0 ppm. A $low .but.,stea~y in­

served at 2S2 hours; at about 2n hours of crease in the benzene concentration in · the 

;;.: · 55 operation, the benzene concentration ·had in- cyclohexane product was observed; from. the 

.? .... 

• - creased t<> a level of 0 .. 0039 mol per cent; at previous level of about 0,02 mol per t.ent., the 

292 hours and 296 ·hours te$peCl:ively, the ben- :benzene .concentration ·steadily iin~ .to a 

.: ?CDC'. concentration had increased to a level of level of about 0.16 1l1IOl per cent at 622 hours. 

0.016 and 0.025 mol per cent. A special two At tbis stage of the.operati~ the liquid charge 

60 .. hour sample taken between 300 and 302 hours was removed from the :prod:ss, and the catalyl;t 

.. of.operation, indicated a benzene roncentration treated .with a relatively dty hydrogen:~ 

· · in the liquid product effluent of 0.031 mol per at a temperature C'Jf. 500° C. . Following this 

cent. A .reintroduct!ion.of the recycle gas scrub- :hydrogen treatment, the ~ was ~pblced 

bet, .at 302 hours .on stream, resulted .in a .back on stream, and five hours .thereafter a 

6S reversal of this deactivatiQD. ~d. It should -sa~le Qf ·the cycl~ product was taken 

100 

105 

110 . 

115 

120 

12S 

130 
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for benzene determination. The benzene con- It should be noted that the latter period of 
centtati.0n was found to be 0.005 inol per cent. operation, from 557 hours to 820 hours, was 
However, ten houn later a second sample of effected with a substantially dry system. The 
the cyclohexari.e product indicated a substantial obvious effect, that of a substantial increase in 
increase in the benzene concentration to a level the benzene concentration •C>f the cyclohexane 

,35 v 
5 

<>f 0.027 mol per -cent. This relatively high .product, is immediately ascertained as the sul-
level, or inerea8e in benzene concentratiC>n !in fur concentration is inereased from 1.5 ppm. 
the cyclchexane product was observed during to a level of 3.0 ppm., and subsequently de- 40 
the entire period ro 675 hours of operation. At creased to a level of 1.5 ppm. Operating with 

10 675 hours,. the sulfur concentration .was de- a relan:ively high sulphur concentrati.on, and in 
creased from 3.0 ppm. to 1.5 ppm. There was the absence of the water - saturated recycle 
n'oticed an almost immediate decrease in the hydrogen, has indica~ the necessity. of ca:ta­
benzene concentration of the cyclohexane prcr- dyst regeneration, as illustrated by the hydro- 45 · 
duct to a level of ab<>ut 0.008 mol per cent. gen treatment. Of greater significance, is the 

15 At 725 hours of opemtlon, lllld at the same fact that such catadyst regeneration appears to 
operation conditions, the benzene ooncentra- be a temporary ex.pediency, and dQes not affect 
tion was found to be 0.0079 mol per cent. Significantly the stability of the catalyst. It is 
This apparently steady operation continued, at apparent that the catalyst for utilization in the 50 
the elevated catalyst inlet temperature up· to a process of the present invention, may be sulfur 

20 period of 770 hours. At this stage of the tolerant as long as the operating conditions 
operation, a decrease in'the inlet ca.talyst tem- hereinbefore set forth are adhet'ed to, and as 
perature, effected a 0orrespon.ding decrease in long as the proper balance is struck between 
the " peak " catalyst bed temperature ac.com- the sulfur concentratfon and the water content. 
pBlrled . by a substantial inaease in the hen- This is substantiated by the observation that no 

25 zene concentration within the cyclohexan«:- pro-· noticeable increase in the benzene concentra­
duct. At 795 hours, the inl'et ca.talyst tempera- tion occurred during t:he next 20 hours of 
ture. was increased. to a level of about 3 lil ° C, operation, or up to a• period of 840 hours, dur­
with the result that the " peak " catalyst tem- ing which time the water saturator was re­
perature increased to a level of 345° C. This introduced into the system to yield a water-

30 was accompanied by & substantial decrease in saturated hydrogen recycle gas stream.. 
the benzene concentration within the cyclo- The foregoing discussion is conveniently 
hexane to a l~el of about 0.~14 mot per cent. illustrated in the following Table II. 

-, 

Sulfur, 
H110 wt. 

Hom ppm. M01% 

'135 •.. 1.2 0.02 
195. 1.6 0.04 

385 1.9 0.06 

450 ··1.9 0.95 

500 1.9 0.95 

545 1.9 0.27 

'620 3.0 None 

H 11 treatment at 500° C. 

670 3.0 None 

765 1.5 None 

. 785 1.5 None 

820 1.5 None 

840 1.5 0.15 

Block 

165 
165 

165 

165 

200 

200 

200 

200 

200 

180 

220 

220 

TABLE II 
Temperatures, 0c. 

Catalyst 

Inlet Peak 

207 324 
210 327 

208 327 

157 300 

222 321 

225 320 

228 324 

·219 321 

221 321 

194 292 

255 345 

255 340 

. * steadily increasing benzene concentratimL 

Outlet 

216 
220 

223 

239 

259 

256 

204 

260 

260 

238 

279 

275 

Cyclohexane produ~ 

Benzene 
Mol% 

0.0002 
0.0004 

0.0007 

0.11 

0.034 

0.022 

0.16 

0.031* 

0.0080 

0.055 

0.014 

0.013 

Freeze 
Point, oc. 

5.74 

5.57 

5.85 

5.94 
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mols of hydrogen per mol of normally liquid 
·c In the interest of simplicity and clarity, the table has necessarily been abbreviated to illus- hydrocarbon. trate only the more pertinent periods of opera- 4. Process attording to any of the claims 1 < 

5 
tion, and the changes in operating conditions to 3, cha'l'acterized thereby that the sa,turation effected therein. It is significant that the entire of the aromatic hydrocarbon is effected in the 60 
840 hours was conducted utilizing a single presence or a catalyst which consists largely batch of catalyst in a continuous operation. of alumina and contains from 0.1 to ll% by ··---· 

J'. The foregoing example, and specification, weight of platinum and from 0.01 to 0.7% . ·.· 
10 

clearly indicate the process of the present in- by weight of alkali metal. venticn nnd the advantages to be afforded 5. Process according to cl.aim 4, character- 65 thl'ough the utilization thereof. The catalyst ized thereby that the saturation of the aromatic employed in the p'l'ocess 9f the present inven- hydrocarbon is effected in the p'l'esenc:e of a tion has been shown to be extremely active for catalyst in which the alkali metal :is lithium 15 
an extended period of time at the operaring and is present in a· smaller amount than the conditions employed herein. platinum. 

70 6. Process according to any of the claims 1 WHAT WE CLAIM IS: - to S, characterized thereby that a benzene 1. Process for hydrogenating aromatic hydrocarbon containing sulphur compolDlds in hydrocarbons with hydrogen in the presence an amount of substantially from 0.1: to 3 pans of a noble metal catalyst at elevated tempera- by weight (calculated ais elemental &ulfur) per 7S 
tures not exceeding 427° C. and at super- million parts by weight of the benzene hydro-atmospheric pressure, characterized thereby carbon is supplied to the reaction dming the that the substantial1y complete saturation of supply thereto of the corresponding cyclo-the aromatic hydrocarbon with hydrogen is paraffin in an amount of from 0.5 to 5 mols effected in the presence of a catalyst which per mol of benzene hydrocarbon and is con- 80 
consists of an alumina-containing refractory tacted with the catalyst at a temperature of at oxide ~ and minor amounts of a plati- least 149° C. and not exceeding 371° C. and num group metM. and of at least one metal of at a pressure. between 6.8 and 68 atmospheres the group · of the alkali and alkaline - earth in the presence of hydrogen whichJ is supplied metals. 

to the reaction in substantiaolly sulfur - free 2. Process according to cl8im 1, character- state and with a water ~ concentration which ized thereby that the saturation of an aromatic corresponds to saturation of hydrogen with hydrocarbon CQiltaminated by sulfur com- water at a pressure of from 6.8 to 136 atm.o-
··· .. pounds is effected in the presence of water in spheres and a temperature of not more than 

35 an amount not exceeding l mol per 100 mols 38° C. 
90 

of aromatic hydrocarbon and in the presence 7. Process according to any of the daiJns 1 of a catalyst which contains from ·o.l to 2% to 6, characterized thereby that the aromatic 
.-:· by weight of platinum grout> metal, not more hydrocarbon is saturated with hydrogen during than S % by weight of merit of the group of contact with the catalyst at a pressure in the 40 the alkali and alkaline-earth metals, and a range of ·from 20-4 to 68 atmospheres, at a 95 

carrier consisting at least predominantly of spaice velocity in the range of from 1 to 5 
alumina. · liquid volumes of aromatic hydrocarbon per 3. Process according to claim 1 or ~ char- hour per volume Qf catalyst substantially in acterized thereby that the saturation of an the absence of normally liquid hydrocarbons <- 45 aromatic hydrocarbon cQntaining sulfur com- other than the cycloparaffin corresponding to 100 ;;)ii'.::;~;;;;t pounds in an amount of substantially from 0,1 said aromatic hydrocarbon and at a tempera-to 3 parts by weight (calculated as elemental ture at which the resultant cycloparaffin pro-sulphur) per million parts by weight of the duct contains less than 0.1. mol % aromatic i hydrocarbon is effected in the p'l'esence of the hydrocarbon. 50 catalyst and of hydrogen which contains water 8. The process for hydrogenating aromatic 105 

. :.· in an amount corresponding to saturation of hydrocarbons substantially as described with the hydrogen with water at a temperature of · reference to the accompanying drawing. 
.·., not more than 38° C. and which ~s supplied J. Y. & G. W. JOHNSON, to the reaction in such an amount that the 47, Lincoln's Inn Fields, London, W.C.2. 55 reaction product mixture contains less than 4 Chartered Patent Agents. tw· Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press.-1962. Published by The Patent Office, 25, Southampton Buildings, London. W.C.2, from which copies may be obtained. 
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In the interest of simplicity and clarity, the mols of hydrogen per mot of nommlly M.quid 
table has necessarily been abbreviated 1lO illus- hydrocarbon. 
trate only the more pertinent periods of opera- 4. Process according to any of the claims 1 
tion, and the changes in operating conditions to 3, cluvracterized thereby that the sa.turatjon 

5 effected therein. It is significant that the entire of the aromatic hydrocarbon is effected in the 60 
840 hours was conducted utilizing a single presence of a catalyst which consists largely 
batch of catalyst in a• continuous operation. of alumina and contains from 0.1 to ll% by 

The foregoing example, and spedfication, weight· of platinum and from 0.01 to 0.7%. 
clearly indicate the process of the present in- by weight of alkaM metal. 

IO venticn and the advantages to be afforded S. Process according to cl9im 4, character- 65 
thl'Ough the utilization thereof. The catalyst ized thereby that the saturation of the aromatic 
employed in the process r;>f the present inven- hydrocarbon is effected in the presence of a 
tion has been shown to be extremely active for · catalyst in which the '8Jkali metal li.s lithium 
an extended period of time at the operat!ing and is present in a: snlaller amount than the 

15 oonditions employed herein. platinum. 70 
6. Process according to any of the claims 1 

WHATWE CLAIM IS:- to S, characterized thereby that a. ~ene 
1. Process for hydrogenating aromatic hydrocarbon containing sulphur compounds in 

hydrocarbons with hydrogen in the presenoe an amowit of substantially from 0.1 to 3 parts 
20 of a noble metal catalyst at elevated tempera- by weight (calculated as elementa~ &ulfur) per ·75 

tures not exceeding 427° C. and at super- million parts by weight of the benzene hydro­
atmospheric pressure, characterized thereby carbon is supplied to the reaction during the 
that the substantially complete saturation of supply thereto of the . corresponding cyclo-

·~,~-: . .J 
. 1·#' --~ /_: 30 

the aromatic hydrocarbon with hydrogen is paraffin in an amount of from 0.5 to S mols 
effected in the presence of a catalyst which per mol of benzene hydrocaTbon and is con- 80 
consists of an a_lumina-containing re:fra.Ctory tacted with the catalyst at a temperature of at 
oxide ~ and minor amounts of a plati- least 1.49° C. and not exceeding ~71° C. and 
num group metld and of at least one metal of at a preesure between 6.~ and 68 atmospheres 
the group of the alkali and alkaline - earth in the presence of hydrogen which is supplied 
metals. to the rca~on in substantially sulfur - free .::\. .. 

-:-: .... 

, . 
.......... . 

2. Process according to claim l, character- state and with a water / concentration· which 
ized thereby that the saturation of an aromatic corresponds to saturation ·of hydrogen with _ 
hydrocarbon contaminated by sulfur com- wa:ter at a pressure of from 6.8 to 136 atmo- . 
pounds is effected in the presence of watt..-r in spheres and a temperature of not more than 

35 an amount not exceeding l mol per 100 mols 38° C. . 90 
of aromatic hydrocarbon and in the presence 7. Process according to any of the claims 1 
of a catalyst which contains from 0)1 1io 2% to 6, characterized thereby that the aromatic 
by weight of platinum group metal, not more hydrocarbon is saturated with hydrogen during 
than. S-% by weight of metal of the group of contact with the catalyst at a pressure in the 

40 the alkali and alkaline-earth metals, and a ran~ of from 20 .. 4 to 68 atmospheres, -at a 95 
carrier consisting at least predominantly of space velocity in the range of from 1 . to 5 
alumina. liquid volumes of aromatic hydrocarbon per 

3. Process a'C'COrding to claim 1 or 2, char- hour per volume of catalyst substantially in 
acterized thercl>y that the saturation of an the absence of normally Iriquid hydrocal'bons 

45 aromatic hydrocarbon cootaining stllfur com- other than the cycloparaffin corresponding to 100 
pounds in an -amount of substantially from 0.1 said aromatic hydrocarbon and at a tempera-
to 3 pans by weight (i;alculated as elemental ture at which the resultant cycloparaffin i?ro-

- sulphur) per million pans by weight of the dUct 'COntains less than 0.11. m<tl % aromatic 
_/"hydrocarbon is effected in the presence of the hydrocarbon. 

·-·.· · 50 catalyst and of hydrogen which contains water 8. The process for hydrogenating aromatic 105. 
: -. in an amount corresponding to saturation of hydrocarbons substantially as described with 
· t:he hydrogen with water at a temperature of reference. to the acc:ompanying drawing. 

not more than 38° C. and whic'h is supp.l!ied. J. Y. & G. W; JOHNSON, 
to the reaction in such an amollllt that the 47, Lincoln's Inn Fields, London, W.C.2. 

-'ss. reaction product mixture c_on_tam_· _s_l_ess_tha_n_4 _____ Charte __ .11_ed Patent Agents. /!(. 
Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press.-1962. 
Published by The Patent Office, 25, Southampton Buildings, London. W.C.2, from which 

copies may be obtained. 
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