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BACKGROMIPUI3IIMM-E | NVENTION Fiel d of the Invention The. PHTESAK#54 ent i on
relates to the hydrogenation of benzene to produce 5 cycl ohexane. More
particularly the invention relates to a process “wherein the hydrogenation:
of the benzene and separation of the product by distillation is carried out
simultaneously in a distillation colum reactor.. Related Information

Cycl ohexane is the nain precursor for the production of nylon products and .
as 10 such t he JdHNDROGENATIONSDF BENZENE TEhEYALOHEXANE st obt ai hed by
the direct fractional L3 B 1j L al de petroleumrefinery _
streans. Now t he maj or X GROUND OE THEINVENTION |\t 5i ned. from the direct
hydr ogenagiQn, ReBasRe. Conventionally the reaction is carried out in
vapor or m xed pehase using a fixed bed reaction. The reactor tenperature
is controll ed The beesémttineanionS6lates toOME. hydrageration]df benrpre & prodscean | ead..
to_thernodynamic limtations on henzene conversion, therral ¢racking and

i ner easedYsiphsrangy c Morpapasiadarly, feyinyention relpjgs to 23 process wWierin dhes a -

i qui d : - o
wheref n' aSEoRSaRi T el an et RRRRE e BrBucy ARG RSB 0, |
cat al yst dipaltadednsly e adizitatich dobsmarshctone outl et 20 where substantially

pure cycl ohexane is withdrawn. The tenperature differential is due to t he
change i nRelgtleddniormation ¢ heat of reaction released as | ess and' | ess benzene

Is converted ‘at | r IL.thcally the
top of the cat g?g}éﬁ&aﬁggqﬁg&é% ﬂég‘{%&f%kgérﬁgéﬁgg?a §r°gﬁ§‘1§§i$ r?%r%gﬁla%élvég cat al yst
bed. Hydraghnhe deanal reading sohgr Cydlsliexaie wastiiret bbmineddlycthe! difexane flow.
Tenperature control coils are' disposed within 25 the reactor to nmaintain

t he t enpefragtional distiflationrnfi syitable crude psireleney refinenycsircans. Noavthegnaips  not
sufficien rt ed, ] o] ' e rson
recogni zeé'0 lﬁﬁ‘ét& g’?“?ﬂ‘&h‘g ¥ '?Shgbgij eE g?ﬁﬁ:ﬂ% rgggéctt %l)gd#;;e 5}%@@“ %Fad(::éggl 5 t he
l'iquid phasgventipRally B8 rédctibh i daffeaeadift in apbr oY &l Seudihg b fired vapor i zed, -
especially near the top of the reactor_ where the enzene concentration is.
hi ghest arractiemyvEhesteactor empesghue is. controlled tpdebaiwesnsii0 toS00°F. Higher :

15 temperatures can lead to thermodynamic limitations on benzene conversion, thermal

cracking and increased by-product.

Peterson in U.S. Pat. No. 2,373,501 discloses a liquid phase process for the .
hydrogenation of benzene to cyclohexane wherein a temperature differential is
maintained between the top of the catalyst bed where benzene is fed and the outlet -

20 where substantially pure cyclohexane is withdrawn. The temperature differential is due
to. the change in the exothermic heat of reaction released as less and less benzene is
converted as the concentration of benzene decreases. Specifically the top of the catalyst
bed is at a higher temperature than the lower catalyst bed. Hydrogen is supplied counter

o élgriént to theibénzene/cyc.:ldhexane flow. _"I‘empera'ture'_'c_bntrol cmls are disposed within -

25 the reactor to maintain the temperature differential if the exothermic heat of reaction is
not sufficient or to cool the'bed if too much heat is released. Peterson recognizes that
although the bulk of his reaction takes place in the liquid phase a portion of the benzene
and cyclohexane will be vaporized, especially near the top of the reactor where the
benzene concentration is highest and conversion is highest. A reflux condenser is

30 provided to condense the condensible material and return it to the reactor. Thus, a

substantial portion of the heat of reaction is removed by condensation of the reactants



30 provided to condense the condensible material and return it to the
react or . wolhwussssa substantial portion of the heat of reacPCTUSIH405B OVed by
condensati on of the reactants WD 01/23334 PCT/ USQOQ 40574 2 vapori zed

t hroughout the reaction. Peterson maintains a liquid | evel above the
topnost catal yst bed but allows roonmpfor vapors to escape to the condenser
where the heat of reaction is renoved. Larkin, et al. in US. Pat. No.

5, 189, 233, fiotizkPPolRBuIRE rehéibih, @e&%&%ﬁﬁ@ﬁ@%&xquﬁl 1Ew abd\e thy@pasnat i on of
benzene to cycl ohexane. However, Larkin, et al utilize high pressure (2500

psi g) to catalystdied buhallowsxoosrios vapors meescapmwdhs cendenserrwhesel the heat ofar ki n, et
al disclose the use of, progressively nore active catal yst as the
concent r afPEHOTP TEBAYEhe decreases to control the tenperature and unwant ed

si de reactionsy it et 8 in BIS. PhiINd. §,189238 disthse dnoffdr IR ﬁma%ebms@ gas
phase process for the 10 hydrogenation of benzene to cycl ohexane over a

spéci fic fortthe bﬂl’roge‘ﬁhborcaf bengene tp@pidphwnet Howsiver, Larkiri, del utdup@aght ed on a

t f tit id nd,z t f
benzene | restug Ciatptie i ariafiy e ettty s foid Spter A5 RO FRBI 67
streams. G isGIRH &e@fpio@fe%sx%l?ﬁ%?@adtﬁle@htﬁ%&%% dR¥icéitiafibn ofberdbnd N U. S.

Pat. No. 5,210, 348 wherein hydrogenati on of 'the benzene fraction is used
al one or Hecrédses tndzinirat thetemperhiued dog wwanted STdea'emlmggenatlon of the

sone Schenes. 1 ofite Fedly BtICE M Np- A oiracs diselb B iR doar PRLES) PR he ASTM.
gn 90% gg%qakeﬂaﬁoﬁ BPlS‘énfzéx?e% €§t%hetxaﬁé ovehs spe%ﬁﬂ:‘@%a'ly%t BREaRR %Egﬁé@d cyclic

. poly c conpounds are” precluded fromthe dgasoline “ble ool .
Thi s has lﬂmcmusenmhd sapﬂinﬁd ogagixture of titmkurh dioxidy anddesonivn di@TMbZO 90%

oint. The. re 0+ ottons ch | ar nsat ur at ed clic
nd pol yoyel i o e BABBEAHEoRLrenpghegs b ealaf rerity TR OGRS EPRBoRHEm t o
produce. | iggt sonﬁe)gtﬁanﬁabué aiﬁﬁpleemws&sé RididciRe@By PkicA%tBAAlUSS an

attractive alTernative. A typical problemwth the hydrogenation of benzene
to cycl oh@atiNe. iSsZIOBés vdemie hydrggenation oHtis. beﬁaﬁmlﬁzaatlam isyused elomeiozat i on to

rre yl cycl o ent ane upwant 5 Addi ti h er tepperatures
{i g GPTDIBNIRR HhGUTHEN, 158 hedmgeation of e bezes SHigFlstegie B A oduces.
U S. Pat. sPadardsi éfe s;@%@ﬁﬁécﬁﬁéd%é‘c?ma Iﬂﬁ&ﬁ§§§hem§ﬁﬁyt§$ redil fafr@rﬂa&é’ clic and

poI ycyclic conmpounds (particularly benzene) are ogenat e
compounds in gasoline the ASTM D-86 90% point is specified such that the aromatic
and unsaturated cyclic and polycyclic compounds are precluded from the gasoline
blending pool. This has been termed a T-90 gasoline stock having a desired ASTM

20 . 90% point. The resultant T-90+ bottoms which are largely unsaturated cyclic and
polycyclic compounds must be disposed of and hydrogenating them to produce lighter
more saturated compounds for the gasoline pool is an attractive alternative.

A typical problem with the hydrogenation of benzene to cyclohexane is the
competing reactions. Particularly isomerization to methyl cyclopentane is unwanted.

25 Additionally at higher temperatures cracking of the ring occurs producing undesirable
Cs and lighter products. -'U.S. Pat. No. 5,773,670 discloses a process wherein
unsaturated cyclic and polycyclic compounds (particularly benzene) are hydrogenated.
In the process disclosed therein the hydrogen and unsaturated cyclic and polycyclic
compounds are fed together as one stream below the catalyst bed in the distillation

30 column reactor. In addition, to achieve complete conversion of the benzene to

- cyclohexane a polishing reactor was necessitated.



In the process disclosed therein the hydrogen and unsaturated cyclic and
pol ycyclic ounds are fed together as one strean1be| Iyst bed
in the dW%PVF?g¥|on 30 colum reactor.. In addition, gwﬁ%gﬁgagﬁnplete
conversion of the benzene to cyclohexane a polishing reactor was
necessitated. WO 01/ 23334 PCT/USQOQO 40574 3 U.'S Pat. No. 5, 856, 602 )

di scl oses the hydrogenation of a seleé€ted aromatic conpound contained in a

napht ha stream by feedi gig t he napht ha st.ream and, h?%g.rogen %C{ a . L
distillation cHuRat Na W%@wewg the hydrogenation f a srlected aromatic .| ¢ has <

been found t hat I I | one in.
5 whi ch tﬁ%n%ewgﬁg%é al ni ngﬁs#%rgngféédflﬁeédﬁgt}% e cat al@%oézgne
provi des & istill@ion o@ﬂﬂfﬂﬁfeﬁttﬁﬂbelifh&he‘rhedxonmtmngIthrchatatlystn convent i onal g

reactions is nethyl cyclopentane,- which is resent the. present
reaction. SUMVARMS ‘I[i) Fh?ENﬂPmﬂ‘?Wé’afﬂbék"éﬂ uaE‘QEﬁ?ch% ‘g‘ﬁtrfﬁ’r‘?’?e@ feedi ng

be zene tQ,a cat al yst-
and a quid %édl Zgl?ér(g)gl%lgiﬁg an e %2%‘% %té()tvle% %ttadfs 58@%‘3’};’@?@/‘3’1& l:llir%’hssure of
'at | east ahifetsidh. ITiRSImajok By bRsiact ihaon@dfiopsl xaactmmeisanahyycychﬁﬁmhhan 170
psia in the range of 75 t6. 150 psia to the distillation colum reactor at
a poi nt bwlh&hlﬁnetpl’b%?@tmdh?meﬁﬁ’qﬁ@ea&tlﬂ?drogenat|on catalyst which is a
conponent of a distillatig - fe@ggnat i ng substantially all
of the benzene. 15 The hydr Tusted such that it is -
sufficient to m@p&&éntid%nnd‘mﬁbmseﬂmdmgtueeamelt@mdlwlthubnpolanmre@ocbrogen | ost

fromthe catal yst but kept below that .-which resultsgjn fl ooding of the

cailurm whethpoist abener the safa stbbﬂé‘eanflwehydé?se@ém%%n eHfreiuptineydmRERogen * as
-~ that t t@ b
it he'f cetrtptPERulH G o RBEC] b R 200 pRIcbp 2080 170, °571 TS

15:1,  20ppagf @eadpe ows {001 58lpR1atto #:distillAtien éoturnn teaeroe bi arointitelow thet i on" i s
used to descrl be the _concurrent teaction and frac}:#onatlon in a colum.
For the pbﬁcﬂ)mnmg aﬂluéf%ﬁ@ﬁlénﬁatﬁlﬁ{ﬁé’fhlﬂbﬁ“?mm@@‘ adighligtion sgucture.

distillati gé]h%dr{)gdnldg % 0"%“‘“}@%@* Haﬂe "Qn and- any ot her process of

concurren rac distillTation in a colum regardl ess of
t hg desi gnat I OFThaF!QBtdgdn trite mMiso be IAEIJuBIEHEEc}DEﬁERi BBuffidicnt td IsEproRAINENG :

hydrogenation reaction. and replace hydrogen lost from the catalyst but kept below that

which results in ﬂoodmg of the column which is understood to be the "effectuating

amount of hydrogen " as tha‘t term is used herein. Generally the mole ratio of hydrogen

to benzene in the feed to the ﬁxed bed of the present mventlon will be about 3:1t015:1,
26 preferably up to about 10 1. '

The term "reactive dlstllldﬁon" is uéed to describe the concurrent reaction and
fractionation in a column. For the purp'oses 'ofthe present 'inVenﬁon, the term "catalytic
distillation" includes rea’jctivé 'dist_il_lation and any other process of concurrent reaction
and fractional distillaﬁon'in_a column regardlees of the designation applied thereto.

25 | BRIEF DESCRIPTION OF THE DRAWING
The figure is a ﬂow diagram of one embodiment. of the invention.
DETAILED DESCRIPTION OF THE INVENTION

To provide the d_esued degree of temperature: a_nd residence time control a -

~ process and apparatus is, prwided'wherei_n the reaction liquid is boiling within a
30 distillation column reactor. Overheads are withdrawn and condensed with some of the

condensate being returned to the distillation column reactor as reflux. The advantage -

© HARI



The figure is a flow di agramof ‘one enbodi ment of the invention. - DETAI LED
DESCRI P d‘m 4534 HE | NVENTI ON To provi-de the, desired degrepc-gﬁsgmpﬁr ature
and resi dence %I me control a process and apparatus is provided wherein the
reaction liquidis boiling within a 30 distillation colum reactor.

Over heads are w t hdrawn and condensed,w th sonme ofthe condensate being
returned to the distillation coI um reactor as reflux. The advantage WO

01/ 23334 PCI/ USOO 40574 . 4 t procesgyid.s. f i ue to.the
cont  nual otrbf pEgeent. prpiesn iR e o SRataP FEERb o s ts RePahE e
cat al yst Q%%cédﬁaensﬂ@@)me%ﬁ[ystmt@genat|on may be carried out to produce
substantially pure cycl ohexane from benzene. 5 The hydrogenat I on descri bed

herein is an eXm p@smtdlydmenatm may, be lsarrigd st thproduespehistantialy pure been
controlled gﬁ‘ gue‘r}c strategic points within a reactor by addition of
cool hydr®§ %{ﬂd' 17701 of the hydrogen also acted to naintain a nolar
exgess of hydropeRydibgdiation &cHBE&Th@EInio aPERHRGHNiE Rlbich. ANAhOHEE the
undesirable side Teactions. It is believed that in the present reaction
catal yti ctemmratmxtdlas dwem 9omrcﬂl§deby guerkh 3etrategic pointst wishinoapeastonthy ar e

boi l'i ng, r.eb cont.roll e e boiling
ot nt ot FaHEoH ShepEfoRERe Tog AR RS bR ehd oreep A pripin s Ml
distillat éﬁ&s@&@h}qﬁﬁghrnrw&nctﬁ@%ﬂcf&% |pYevefit &Jﬁné%’ﬁ?oﬂﬁﬁﬁhd&&aﬁb%ﬁdé lation
colum. The heat of reaction sinply creates nore boil up, but no increase

i n tenper sactiensatlt & lghvvml that isgbel p@semaemrlpmbemtdlstmaann ipnbeasfiti es out

t th ked | ted t t
2 Wapor  phecats,afl bErbTinobiia Hm 2OUIRE, Wikt G ErprrAE o teaan 1 O™ "
di still at ;QitrdiRH BFhé saﬁhgpoms opme ﬁrﬁitxﬁﬁ'e i thé s ﬁﬁ%%s@ur% Be8 thdRheddie

reaction mxture °is IThg in the bed of catalyst. The present process
for hydro g@dismlﬂrglohemnmnng pelcatnsstmm tbc/sameareai:tlpn ést;llateomfohsam dl“ he
distillat'on@golunn reator in ngbra gg between 20 0 and 350 %‘

pr ef er abl JeBErEeupRImp Ys‘ifﬁﬂesa@" ofl16; Bt Bpsingreasedn tempR ‘é‘fenﬁté‘sg‘Y sai d

di stillat gggg sirgaction bottoms zone in the range of 100 to 500F, preferably
280 to OF. The feed weight hourly space velocity (VWHSV), which is herein
unider st ood t o Tiepreserténvention caeriegnut tdfe mhethaol 1pearca1ab13tpwhecb¢olmgnmﬂmclr eaction

di stillation col
st Ican be applrjergzrllatg(ie to contaxtn a vapor phase and some liquid phase as in any distillation.

The distillation column reactor is operated at a pressure such that the reaction mixture
is boiling in the bed of catalyst. The present process for hydrogenating benzene -
operates at overhead pressure of said distillation column réactor in the range between
20 . 0 and 350 psig, preferably 200 or less, such as 75 to 200 psig and temperatures in said
distillation reaction bottoms zone in the range of 100 to 500°F, preferably 280 to
380°F. The feed weight hourly space velocity (WHSV), which is herein understood to
mean the unit weight of feed per hour entering the reaction distillation column per unit
weight of catalyst in the catalytic distillation structures, may vary over a very wide
25 range within the other condition perimeters, e.g. 0.1 to 35.
In the current process the temperature is controlled by operating the reactor at
a given pressure to allow partial vaporization of the reaction mixture. The exothermic
heat of reaction is thus dissipated by the latent heat of vaporization of the mixture. The
vaporized portion is taken as overheads and the condensible material condensed and
30 returned to the column as reflux.

* - Without limiting the scope of the invention it is proposed that the mechanism



wei ght of catalyst in the catalytic distillation structures, nmay vary over
a very (g 6’5? range within the other condition perinet gcyushodesrd- 1 t O
35. In }[%I 8’({ %t process the tenperature is controlled by operating the
reactor at a given pressure to allow partial vaporization of the reaction
m xture. The exothermic heat of reaction is thus dissipated by the |atent’
heat of vaporization of the m xture. The vaporized portion is taken as

over heads and %‘ch an% nsi bl e erial condensed ang 30 refurn dto the .
col unm asthRiGHpeHEes (e GRVaneR qlithg PRI DRSS 5 e soldensdtion plapotions” T
proposed 6fhﬁ1te-&agjsrmhénfeaéﬁ&%ﬁié@%ﬁ&h%am&w_t@dfdgeh ir@duces the

ef fectiveness of the present process-is the.. condensati on of a portion of
t he vaporcnidenset tiquidde bbtain thyretjaisite intimeate ecantactibetweensihehiydiogen andiiie ogen in-

t he densed ljiquid t btain t bsite.iptimte. t. b th
hydr ogen bedeee BeasaEof feast bemiEngheir RubRnange ARfongl'T o
thei 1 hydhoganathth orichd o5 a bHMMAMBRDIh Gk bftfie B%dthemlib Beitd feed
re?mves gﬁlgg stan{t?(lsha? an%%dﬁ?&g?%éggovexgt herm ¢ heat, ofereacti(;n. Since the
li qui d i sofatadtion. Bixick kregiquid istat the bokling pedustin the redpton, thegemperatuge may  be
controlled by tne' gr ssure. ARPi.ncrease I n ressu’red'encreas S thﬁ? _

t enper at ubcontglled by thg pressure. AnInCIEase 1N PresLe. INGLeasss the mMPsIaIE 4B¢R e The
downwar d ' L i et | condensation within the reactor .
10 as is %égg%a?g}#&%%éjdﬁstl i ﬁ%?flégirg&% contact ‘of the condensing |iquid
~within the col Thedovmweari ewinplinaid @nsesadditionalsosdensationwithis thelresctog ¢ he
O e e e b G i AR et
condensi ngTRE eRleliBRhAL kafié:dorditsbivin iHahyBrpeh biin G R%en] Riuiand
selectivily 0O the 1 nstant process andgal | ows operation at the | ower
hydrogen amt ¢onalirrgm emasfersf the teattionr madersito thematalviicwites M thdugha thalr t her
washi ng cHreeandeTiAS HGE Gt oPERHRT P OIS RGN REd St PR o her oby
~reduci ng pal; ! RSV Gt at i RWeR hydr@ b SarfBprydinesangr the
range of 81%2&{&'?@ @g&éﬁ?%h?\a}w [ quitgﬂja&st,t- bel owyt hg cat al ypsrt beé/vx_/t .

diisti | | at eacwi tempexataes roted.r A& furthes benkfipthef thisteattioniuyigainfrom catalytict he
production, Qf ¢ycl Qghexape from .20 hydrpgenat.i, 0 f benzene. .\Wen

cycl ohexaﬁ@t‘(l%“‘{“h‘é Aoisi @g,effgﬁéﬁaggl}&lg%gl%gﬁf ieYiges o §§§Rfs§&8wg¥act erized

as preferghly |t iblfld 8b ah®EKing iekadd BTRRRayWary BverARe Mhle ofd.Der
conmponent g&g‘%é‘g?’?m% Py 'C‘gl C6. angg C7 hydrocarbons. Since otgher_
unsat ur at e20 L/D (wt. liquid just below the catalyst bed/wt. distillate) give excellent results.:

A preferred embodiment is for the production' of cyclohexane from -the:
20 | _ hydrog_énation of benzene, When cyclohexane is the product, the benzene containing
| feed is characterized as preferably containing at least 5 wt% benzene up to 100 wt%. -
Other é,omp-onents are typically C,, C¢ and. C, hydrocarbons. Since othe_r upsaturated :
cénipounds may be hydrb_ge_natgd_, the preé_ence of these compounds are detrimental to
the process when cyclohéxane is the desire product. Pigferably othér unsaturated
25 compounds should be limited to less than 30% of the feed. Cyclohexane is the
preferred diluent, since it is the desired pr_odﬁct. Howev'_efr,-other, inerts such as other
alkanes are acceptable, such as C,'s up tb Co's. | |
The present process is also'quit'e well suited for fgimoving the benzene from
reformate streams, so thét_ they may be used as gasoline b]eﬁding stock, by selective
30 hydrogenation. The operation of the distillation column reactor to maintain a desired -

aromatic fraction in the reaction action zone is. described in U.S. Pat. No. 5,856,602,

- A



conpounds nmay be hydrogenated, ‘the presence of these conpounds are

detri rregf@bl,isgu the. process whén:eycl'ohexape is the desipeTmsonsosts

Preferably other unsaturated 25 conmpounds should be Iimted to | ess than

30% of the feed. Cyclohexane is the preferred diluent, since it is the

desired product. However, other. inergs such as other al kanes are

acceptable, such as C5'.s up to C9's. The present process is also quite

wel | suite . ' e . benzer rom reforggte streams, so that they

may be us"ggicégsrlélé%gp‘}é#e&b%%ﬁ |ﬁgé§1&§tgfk, by sel ec{%ave 30 hydrogenation. The

oper ation of tAedekicAbéd thatatalytic platerial employed intthe hpdrogemiatiomprbesssieih ar onati ¢

fraction in the reaction action zgone is,described in U S Pat. No.

5, 856, 6022 forg 1o serypap disitigtion peekingsoBragtly states, b catalytic imatekigds & ed her $

fi inits g T : i | v d ter gk | oyed

i the hydTRRd U5 8 dibllesion $ya RS RIcRGting 1S B 3 el B sl

paski ng. HHcRag Ve.sd pickihg foreedistiitaiontcomrehavingboth a distillanorpfunetion afd a

distillation system functioning as both a catalyst and distillation 5

packi ng, #c#alytiafyngtipiong for a distillation col um having both a

distillation f ' -1 ' | m can be
’Tlﬁgxtehvgtfbnasggem?:aﬁgé %éﬁ%e;dtgs}ﬂ%{‘dgrgﬂousghﬁe hfeacgluggpﬁeg@ﬁse

descri bed as hétérogenods since a enmalns a entity.

Any sui t apiRtiht@aaee Maly softalllahgdrpsénatioy chralystars), bewied fsperingplEGooyp VI | |
metals of the Periodic Table of Elenents as the principal catalytic

conponent VIHanesals qE they Pepiodic hatieof Elementtiasdgiminsipgl sataltia SopppRedi unt gol d,

| adi ' : i i - _ .
S08bort stihe S8 wity DR b B Safe SNEBRANL IIRRRERE. O e
l'i ke. AnDBbaltercoBiugd, aidkemwfetablmpakﬂmﬂm@pPuﬂ sageRalinina) Rrdrick) are

platinum rhenium cobalt, nolybdenum nicke tungsten and pal | adi um
Gener al | ypummwb%mhcwewnIorrﬁledfk%at al yst use supported oxi des of these

tals. Th ide i ' it ior & ith
ot ng. agen ASTorkpt Sk ORERGE TR AL b kel e sl 1 L
al so cat al’hﬁxﬂuﬂ,tobﬁélt,rnﬁﬂﬁdeﬁﬂm, niokel | tungstéttng pdRidicn 0 GeAerilptofimereibEVat ed
y

tenperatures. Additiona t hey can pronote the reaction of olefinic
1 forms of catalyst use supported oxides of these metals. The oxide is reduced to the

active form either prior to use with a reducing agent or during use by the hydrogen in

the feed. These metals also catalyze other reactions, most notably dehydrogenation at

elevated temperatures. Additionally they can promote the reaction of olefinic

compounds with themselves or other olefins to produce dimers or oligomers as
20 residence time is increased.

The catalyst may be prepared in the form of a catalytic distillation structure.
More particularly the hydrogenation catalyst is generally a metal supported on an
alumina carrier in the form of extrudates or spheres. The extrudates or spheres are
placed in porous containers and suitably supported in the distillation column reactor to

25 allow vapor flow through the bed, yet provide a sufficient surface area for catalytic
contact.

The catalyst component may take several forms. In the case of particulate
catalytic material, generally from 60 mm to about 1 mm down through powders, is
enclosed in a porous container such as screen wire, or polymeric mesh. The material

30 used to make the container must be inert to the reactants and conditions in the reaction

system. The screen wire may -be aluminum, steel, stainless steel, and the like. The



conpounds with thensel ves or other olefins to produce diners or oligoners
as 20 residence tine is increased. The catalyst may be p 0? Lh the
form of WOOKRIPYtic distillation structure. Mre parti cé‘gﬁ%‘? ‘Wéﬂ

hydr ogenati on catalyst is generally a netal supported on an al um na
carrier in the formof extrudates or spheres. The extrudates or spheres are
pl aced in porous containers and suitaffly supported in the distillation
colum reactor to 25 allow vapor flow through the bed, yet provide a

suf fi ci enpolymef mesh may ke mylong Feflan, or the likgn (Themeslrigs threadsippsinch @ffhsnent may~

take. several.forms. |n Lhe case of . J.eulat e e Vi G Ll
gener al | y"P?%WI %ﬁwe %’85&5‘%%%%‘%5 %&%&{tﬁgéﬁéﬁﬁdg%@ t!h:érseﬂfl%n?::\%%ls ed in a
pOr ous CORbAiRSthréihtheSpeniige o thaimateridll AMBbYgIEIhe CataBystpartidles ofabeud al - 30 -
used to make the container“nmust be .inert to the:reactants and conditions in
t he react DdA mmsizeonpowders sy beused and perticlasandp abowi /4 insh diametermgyn| ess
st%el ; ang the1 I ige.- The ’itV\De01/ 23334 PCT/ US00/ 40574 7 pol ynmer mesh may be.
nyPon, TePf SMPlo¥pd e CORRIE, o osh or threads .per inch of the naterial
used to make tRepeaited datillyst Sirsdied foihele Hydfogendtidnysftbengerietdonipiiaes aher ei n
and wi Il not pass through:the openings in the material. Al thoughthe. -
catal yst peast ol pluradity aﬁggxlbleo.sqrsr-mdsrpme mseshpiyhiler slemeptspfallagswith #nd
particles u

cont ai ner §2 ‘ﬁ&‘t"% eea ﬁt g Pﬁl: @ét?lygtlc?o@oﬁ%rgﬁ%dr S%}ffg%ﬁ@%&g‘éﬁé?tﬁ’gﬁtte@? benzene
conpri ses palyciate@dHith QRS sBppor@dlityya Mrefmeshi foken’ oded iritb G shi@P@RviARSh tubul ar:

elements filled with a particulate catalytic material (catalyst conponent)
arld seal edorgitudinalaxis;said tubular elementbeingarayediatan angle ko thapngitpdivakaxis by a - -

bl ar o oRRg 4 dydn bRl Rl A 8. 28, S RERb HRRaE 7 Gy

form ng asbal-fefNepds nt8Eibilladelemede ikid with 4)particiRite chal&d, BAOrialThe
flexible, sem-rigid open:mesh: tubular elenent filed with a particulate
cat al yti c preferblyahas{a fastepeeveny |- 1Rainchest aleng: therlergth of :the tubg torfermea al ong

st 11 an e ke el Ut dlut T RRRIBRER M leners o iy

ory4 rregulgiipe es,gﬁﬁqgmggalllﬁlys@a&qd catalytic distillation structures are. -
formed by placing at | east - one _ L :
' Bale shaped catalytic distillation structures are formed by placing at least one
tubular element on top"f'folij'. the wire mesh scre;éri;'such-as_d';:iﬁister Wire, in a diagonal
array, such that when the ::Wire mesh screen is rolled up, t'h'e-f folled structure provides a
new and ‘improved catalytlc distillation structure. Fﬁfther embodiments include
20 multiple stack arrang‘exﬁéfnts of altemating wire screen meﬁh and tubular elements that-
are rolled into a new béjé_fé_haped catalytic distillation structure The tubular elements
on alternating layers are preferably ér’rayed on the wire fmesh screen in opposite
direcﬁons such that thelr lpaths cross. Each tubular elemenﬁ ‘will define a spiral within
 the bale. . | B |
25 A most prefen_éﬁ catalyst structure for the hydroig.é:r'iati,on is described in U.S.
Pat. No. 5,730,843, l')i.';i':sclosed therein is a contact stmcfﬁre, useful as a distillation"
structure which has a ngld frame made of two substan'tj:a'l:ly vertical duplicate grids
spaced apart and held l'lgld by a plurality of s’ubstantiallly H(i)i;izontal rigid members and
a plurality of substantiéllif horizontal wire mesh tubes m’buhted to the gi'id's to forma
30 plurality of fluid pathWéiYs among the tubes. At least a portlon of the wire mesh tubes

‘containa paniculate'catéiytic material. The catalyst within::the tubes provides a reaction

il 10



tubul ar el enent on top! of the wire nesh screen, such as demister-wire, in
a di agowe) 011235342y, such that when, the wi rie:.;esh screen I POTAS0E05T, t he,
rolled structure provides a new and : i nmpr oved catal ytic distillation
structure. Further enbodi nents include 20 nmultiple stack arrangenents of
alternating wire screen mesh and tubugar elenments that are. rolled into a
new bal e shaped catalytic distillation structure. The tubular elenents on
al ter nat i3ge hakes Satdfic R @ﬁﬁ{s%h% o8dufr ANE Ihed Wirk 1Rtz r@vﬂesshtawrﬁﬁrerl n
opposite directions” such'that their paths cross.™Each tubular el enent wll
~define a su;facealto effech a fractioral istidatiars Thespasingwlements prbvidefona yariationr uct ur e

for the dro ation.j |bed Pa No. 5, 730, 843. Di scl osed
t herein |‘§té gaé?rlt’%t@F gl{erﬁbgﬁ mcuﬁélﬁteg'f‘ tillation structure which
~has a rigid frggey ﬂ%dﬁ‘ox@ftottﬁ@ f‘fgiﬁéttﬁé?é'@'shb’wﬁeﬁ HloGAtiagrhh ishEwvihgditeds

spaced apart and helld rigid by a plurality of substantially horizontal
ri§id meriyerogeaatibn ef hchml |Beylzcz1fe is fugksvia ine dlak g phiott kot the cathlyst beds h tubes

nmounted tQ t of fI i d wa

Cubes. a1 anddudipessvialin ot = print oW e caidfhiped 12 comRReAIERRATREY) ot o
catal ytic drat,ﬁtéaetor 16 hﬁdeﬁtealtuétae%ﬁétfeea Eﬁgbb‘@ﬂ’&eﬂ’mﬂﬁ'c%ﬁhécah@aﬁkéto”
11111111 WO 01/ 2 | USOO 40574 8 zone where catalytic

readtib msecamr}docslart ap dnd tmebalarlce thettﬁodﬁss i3\prajdedinsarcutating therboteursf ac es to

effect a fractjon | | p ele nts rovi
- vari ationsreéf“‘{ﬁ'é ]l?%}l:ﬁ' 6 @tttwgm% g@tﬂ%% E‘F‘maﬁf“t‘h gr| ty
a0 ogenartoanstt § Berldidtafis Ik T TispE S t“. t**ﬁ?“%{‘%%?ﬁt‘“’g Sve the
cat al yst tmnlamﬂ:g thedreaytilsro pesduct a:yblbhecaﬁe,ahnaaqned rﬁenbeﬂeomd hmresgted! yst bed

12 cont ai Stl| atlog gol urm react or % (;rilgm red the benzene
feed may azqnu éaew PG BEas QEIEARIEON q3usES MOTE e%g P§t gracupn,pyxtyge and to

Pﬁlr gﬂ;ﬁ ?g@h@ééﬁﬁéﬁzéﬁpﬁﬁl:ﬁ?ﬁﬂ |ne We bfe}%az‘%gr}gapp Hllg?ownwar |nto t he

10 bed whhydrogenxdsd exits wittethe svevhedust The gagebngoverhivadg eonthiairfgammeagtedeact i on-

m _xt ure cont ain t he re ction prodgﬁé H?‘/'Cl ohexane, unreacted benzene and
urlPeact ed CWB‘T’ Glj‘re] eXppe lightst AuRReYNds ogeDE¢ passedthrrugh capdenseroi | up of

the ¥ eact sonyfil Wb Qantitiy Mt BE MABAIAAE AnBUybloREkenB R WnddiRed O HE" 28

over heads vi a nreact e
overheads stream is then passed to receiver/separator 40 where the gas which is mostly

hydrogen is separated and the liquid collected. The gas is removed via line 9 for recycle
or use later in the process.
20 ) All of the condensed liquid is returned to the distillation column as reflux via
flow line 6 where it provides additional cooling and condensing within the column. The
. bottoms, containing a small amount of benzene and cyclohexane, are removed via flow
line 4 with a portion being recirculated through reboiler 50 and flow line 5. There isno
overheads liquids product taken. All of the product is taken as bottoms via flow line
25 8.

The present process allows for the use of much lower hydrogen partial pressures
and somewhat lower temperatures than earlier processes to obtain the same results of
about 100% benzene conversion with 100% selectivity to cyclohexane.

EXAMPLE 1
30 A three inch diameter distillation column reactor was used. The rigid catalyst

structure was filled with 6.77 pounds of Crosfield HTC-400 catalyst (12% nickel on



hydrogen al so exits with the overheads. The gaseous overheads contai ni ng
unr eact ﬁzaﬁgpzene cycl ohexane, |ighter conpounds and guyosipans7ar e
passed through condenser 30 where substantially all of the benzene and
cycl ohexane are condensed. The overheads streamis then passed to

recei ver/separator 40 where the gas which is nostly hydrogen is separat ed
and the liquid collected. The gas is renoved via line 9 for recycle or use
later in the. gﬁnﬁl o the .
distill atqlgwlr@ﬁ)gggnﬁ%lgg&eﬁ* Ux Vi gﬁ‘é?(f I nméé \?hcrg%t(ejof: t'?ler§rgaE)(!\ﬂltlslJc"ili(f.‘gthgdd| tionaf
cool i ng aRkingnaddesbed i UIS. Pat. No. 5,080,843. Thebothoh 50 fiect weenfiledwvity a snal |

amount of benzene and cycl ohexane, are renoved via flow line 4 with a

portion bty gistilation-packingd -t hr ough reboi | er 50 and flow line 5. " There is no
overheads liq k ar lowS taken as bottons via
flow line U'Eﬂﬁﬁ‘ﬁ &qggfgg%?’l&g%g%ﬁeﬁssegﬁ 1Jﬁﬁ'teouse of much | ower '

hyglr ogen partl al pressures and sommail I ovver terrperatures than earlier -

‘processes to obtain the sane results of bout 10%{%benzene conversion with

100% sel eEmeon sireas, Biic| ohexahé EXAVPLEA 30 A tRlbe inch di ameter
di still atPressucnipsign react or w0 used. TE rigid cd®lyst structure -was
filled wi Reachiod TeppufEls of Crosfield HTC 400 catal yst (12%'nickel on WO

01/ 23334 34@574 9 al ugpgha) as da8kribed aBg¥e and.placed in the
‘mygdl e 9 f Bde reactor 3| the pagsyng as deseribed in U.S. Pat. No.
- 5, 730 843 Ql&‘i’fu& f etoygre fillegiwith impest distillation packing.
Typi cal na

on strea%é 00 Reaction Tenp.,F

%atg S resul tsyqre showng pn Tabl egg%bel ow. 5 TABLE 1: Tine
5

314 P sure, %5 200 20
Top Cat SF §f5383 10 Ezf’a». 351 34

l nter naI Ref | ux
~Rat| o (L/Hy/Beymgleratiq 15 ]

Benzene in feed, wt% -+ 99,93 99.93 99.93
H2 pp, psia 755 76 799
Benzene in btms., wt. ‘8ppm <250ppm  6.1%
Bottoms analysis, wt % '
Cyclohexane 99.9 99.6 93.1

20




Feed Rate, Ibs/hr lig. 5.1. 6.0 8.1 H2 Rate scfh, gas 151 151 151 H2Bz
mol e 1 alg@ohadsd 2 3-8 |' 15 Benzene in feed, wt % .99. 58r/@8ddsHO. 93 H2
pp, psia 75 5 77.6 79.9 [ Benzene in btns., w. 8ppm <250ppm 6. 1% Bot t orrs
anal ysis, w % Cycl ohexane 99.9 99.6 93.1 20 H M WO 01/23334

PCT/ US00/ 40574 10 The invention cl gliomsd is; . 1. In a process "for the
production of cyclohexarie by the hydrogenation of benzene conprising the

st eps of i:£.St stream conprising benzene to a distillation
col um regﬁ%mt’g&gingcgaﬁ e|Brlé ng a bed of hydrogenation catalyst ; (b) feeding

a second stream dmrimrbeesag“ommdrprgmmtlbn of alycdlotexsdrie | Hyathe drydrogenation ofact or at
a point bel ow said bed; (czwcont acting the benzene and hydrogen at a
hydr ogen WF‘P%‘FO‘W@S%@ES spfom 0.1 to 200 psia, in-the presence of a

hydrogenati on Eﬂt%&‘lﬁé tfpse(r gdm cb ﬁxﬁahkfﬁg tenfielid QisttiiBh chidfnielagne W th a

portion of the*hydrog eaction mxture containing cyclohexane
ang, unr eggitsiding)atiedad hydrogenstioazatabdt penzene; (d) maintai ning the pressure
in the distillation colum reactor such that a portjon of the reaction

m xture is. boi (Mnfpeding) seeonslstiegmucpsasisingohydrogends saidshigillatinp solumym t he

reaction p_x ragen fromthe distillation colum reactor; (f)
condensi néeagttop z}ﬁcgﬂt% g‘?’%ﬂggg’r heads fromthe distillation colum react or;

and (g) returnig)Gontdeang ihebenient Brd byirogmaed hodephiepdtaltppessine of fidir | | ation
colum reactor as reflux,
0.1 to 200 psia, in the presence of a hydrogenation catalyst thereby reacting a portion
10 of the benzene with a portion of the hydrogen to form a reaction mixture containing
cyclohexane and, unreacted hydrogen and unreacted benzene;.
(d) maintaining the pressure in the distillation column reactor such that a
portion of the reaction mixture is boiling;
(e) removing gaseous overheads, components from the reaction mixture and
15 hydrogen from the distillation column reactor;
(f) condensing a portion of the overheads from the distillation column reactor;
and
(g) returning a portion of the condensed overheads to the distillation column
reactor as reflux,
20 wherein the improvement comprises feeding said first stream at a point above
said bed of hydrogenation catalyst.
2. The process according to claim 1 wherein the overhead pressure of the
distillation column reactor is between 0 and 350 psig.
3. The process according to claim 1 wherein the hydrogen partial pressure is
25 between 0.1 and 170 psia.
4. The process according to claim 3 wherein the hydrogen partial pressure is
between 75 and 150 psia.
5. The process according to claim 1 wherein the overhead pressure of the
distillation column reactor is between 0 and 350 psig.
30 6. The process according to claim 1 wherein the total pressure is about 200 psig,

the reaction temperature in said bed is about 346-383 °F and over 90% of the benzene

AR R




20 wherein the inprovenent conprises feeding said first streamat a point

above said bed of hydrogenation catalyst. 2. The process,z: ' to

clai m 1 WRRKVERH t he overhead pressure of the distillati (S)% ?@%h&qeactor

is between 0 and 350 psig. 3. The process according to claim1l wherein the :
hydrogen partial pressure is 25 betvie;en 0.1 and 170 psia. 4. The process - i
according to claim3 wherein the hydrioggen partial pressure is between 75

and 150 psia. 5. The (i)roc_ess according to claim| wherein the overhead 5
pressur e isfreactad wigh Bydrpgen todarme 6YdeheXRact or i S between 0 and 350 psig. '30° |
6. The process,aggordi ng. | Al m rEhddat.ne.t r i s-about .200 . |
psig, the rea?:'t icfglgp %%gseé%f) gdrlgé Fﬂnélgiafflfg ﬁ%ﬁe@?ﬂg%ﬁ}?@%ﬁ%@?@gégﬁg over 90%
of the bepsreas feed is@Bout 3.0ite 15\®@101/ 23334 PCT/ US00/ 40574 11 is. reacted with
hydrogen to form cycl ohexane, 7. The process . ‘according to claim1 wherein
the. nole rati® Breproenssgeordiag tmwénwhﬂs’@&aadsovsﬁtsags ogmprisgbanzene, 8. The

precess accondi Al . ej Mol ea & ne, 5 ..
cycl ohexale ogggg}%yéf%gg%?%%éﬁ@?‘ho?p%lﬁ?%&%}éﬁgegsg%gﬁa%gﬁgcan5;2%{%{;0hexane
i s condegsiidnsd@nd eétuimed to the diswdlatiors tolulmatreavoresirefax. r eact or as reflux. 9.

The process according to claim@8 wherein. a_liquid:bottons prodyct
conpri si ng benZen&hepeoceye pesording doi daim Sndbatrn o ignid hottgms: produgti on

col um 1 Cash Hsing BRI ORSER: S bR ANIELI ARG, ghohayape [rom

y—rd
-,

t he hydroge nzene conpri si ng. eeding a
first stream coppld é'ﬁmedséf&zma@rochetim of siclohkdnedrons tHettydrogenstion of;
containing a bed of hydrogenation catalyst; (b) feeding a second stream .
cdft ai ni ngemm@gewamg@sistfpﬁlpﬁ;ti I'l ati on colum ‘reactor at a point below"
said bed, said [ n fei at a. ; Q.1 ( bet ween .
3.0 and 10.0; E@%’%@ﬁ%ﬁ%ﬁ%‘??ﬁ‘ %ﬂg geg%\égg'ﬁégﬁgggéggfcog 'gtr%ﬁ]c over head
pressure gghthidfhg a bed of hydrogenation catalyst; - h L -

(b) feeding a second stream containing hydrogen to said distillation column - -
reactor at a point below'.:s'_aid bed, said hydrogen being at a mole ratio to benzene of .
15 | between 3.0 and 10.0;

(c) contacting the benzene and hydrogen at a total overhead pressure in the -

range of about 75 to ZOO-psig, a hydrogen partial pressure in the range of 75 to 150 psia™
and a reaction temperature of between 280-380 °F, in the presence of a hydrogenation
catalyst prepared in the form of a catalytic distillation structure thereby reacting:”
20 substantially all of the j:b'enzene with a portion of the hydrogen to form a reaction -
mixture containing cyclohexane and unreacted hydrogen;
(d) maintaining the pressure in the distillation column reactor such that a -
portion of the reaction mixture is boiling at the temperature .of reaction in said bed;
(e) removing gét_sé_ous benzene, cyclohexane and hydrogen as overheads from "
25 ‘the distillation column r.ééctor;
® condensing:-sﬁbstantially all of the benzene and 'cyc.lohexane removed as "
overheads from the distillation column reactor; '
(g) returning a 's:ubstantially all of the condensed benzene and cyclohexane to
the distillation column reactor as reflux; and
30 ~ (h) withdrawing. .a bottoms liquid product containing cyclohexane from the

distillation column,

A
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range of about 75 to 200 psi.g, a hydrogen partial pressure in the range of
75 to 15&omi2a334and a reaction tenperature-of between 280pgdoo/désist he
presence of a hydrogenation catalyst prepared in the. formof a catalytic
distillation structure thereby reacting: ' 20 substantially all of the
benzene with a portion of the hydrogepto forma reaction mxture
cont ai ni ng cycl ohexane and unreacted hydrogen;. (d) maintaining the pressure

in the distill afliessin o) ikiphovearest Oomprieh ftdddls Sid ARL LEQH, %fanﬁenlg&t {bg))%t I on

M xture is boiling at the tenperature of redcti on*fn sal removi ng
gaseous béﬁﬂ@épfgwpmﬁbﬁeﬁtah&- hydrogen as overheads from' 25 the
distillation colum reactor; (f) condensing: substantially all of the
benzene and cycl ohexane renoved as overheads fromthe distillation colum
reactor; (g) returning a substantially all of the condensed benzene and
cycl ohexane to the distillation colum reactor as reflux; and 30 (h)

w thdrawi ng a bottons |iquid product containing cycl ohexane fromthe
distillation colum, 212'f01 tt00 0 10ttt nttll *CLMSITALLLL WO
01/ 23334 PCT/ USO0/ 40574 12 wherein the inprovenent conprises feeding said
first'streamat a point above said bed of hydrogenation eatal yst. |
treerer reerer reerr et et CLMS
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