I mproved A efin Plant Recovery System Enpl oying a
Conbi nation of Catalytic Distillation and Fi xed Bed
w@2i0al0gt58€ St eps ackground of the I nvention ThRCPUSREH001379
invention relates t o a method for 'the production of
olefins and particularly t o processing the cracking
heater ef fl yaisrdvednorefinfflaeti Retyvieego8estehe
product and process the by-products, In the production
of et hyE@ﬁEl@Vﬁwg%)raop}dmlbenéﬁbwglﬁ ¢ healytioDisitisl adfora
vari ety of feedstocks, several byproducts and
unsat ur at ed di ol ghidngial Buietaerigsicabeepseat ed. The
net effluent fromthe pyrolysis heaters, typically
referred t o as charge gas, requires processing for
t he separation of the byproducts and renoval of the
5 di Brekgnesingnal HretiMeshi@s from the primary ol efin
products. Renoval of the C2 and heavier diolefins and
acetylenics fromthe cracked gas is handl ed through a
conbi natiinenp@fs e € parerttioonrevites dios inhdtabidofvr ghd production of
reaction via hydrogenation. Specificall ,fo%
acetafirenendsearaicatarbh talrsaeeswng dheedgrcking NegtesgfifiHent to

| oss of the.ethyl ene oduct, Si t 1

et FOT @ REVER S DL T Tt G Gietp e ) rocucts.
Currently, thhepti&idildatdoniapénby dregeirapl/emet akeough the

pl ace in several distinct process steps that are

degiygoledist of separatetyarnd Hypddopehat eseweraC2byesrduaig and

C conpounds i ndependent|y. Separation of the differe
hde@@&W@éﬁ%‘ﬂ@ e ﬁ?ﬁr%ﬁ%ﬁ&gFﬁnmﬁscgﬁ?F%ntIye nél Phuent

r egp&%eqhgpg ?&ggﬁ\/ihrégté?g,t tEI CONL e rPMertd e charge gas,
hydr ogenat i K, rol ongi ng catalyst life, and enhancing

pertguireneeoc @wndifsadvanstpgaton of hivg bwipdedycts and removal
practi ced conventional technol,o IS the Iargqggge

scorfulipt | R iEtesear PeEOCHEhdf Gte Ui heP HINGHY pt u?’g ducts.
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suhsegrent §¥s tibe hapbrculiesowefh hi glrenbicatiban ofiustyearation via

Addi tional ly, the hydrogenation .

distillation and reaction via hydrogenation. Specifically for acetylene,

separation alone would result in excessive loss of the ethylene

20 product since acetylene and ethylene have very similar relative

volatility. Currently, the distillation and hydrogenation take place in

several distinct process steps that are designed to separate and

hydrogenate the C2, Cs, and Cs compounds independently.

Separation of the different hydrocarbons before hydrogenation is

25 currently required for achieving better control over the hydrogenation,
prolonging catalyst life, and enhancing performance.

One disadvantage of this. widely practiced conventional

technology is the large energy consumption necessary to generate

the high pressures and cryogenic temperatures required to separate

30 first the hydrogen from the cracked gas and then subsequently the

molecules of higher carbon number. Additionally, the hydrogenation
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ABBLUM 260st eps for each of the hydrocarbon groups
requi re an i ndependent reactor system consisting of

W@ ewensis3pi eces of equi pment driving up the capCT/ak2004/001379

investment and conplexity of the plant. The invention
outlined in the géEVIOUS U S. Patent 5,679, 241 5

pr op6BEs'¢'h gothhe BB RUHPEREIUh BPUBF | TeEY e gncindemgndent
he a t 0
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hy diegeraksnghd e e mleafolum$¢dr@g@adtajﬁ lofghag@s Br Cs olefins.
wi thout the loss of C2 or Ca olefins. The patent

rellatiesclebned spst dhix fraossibieyeith etk a8tEtiagdistifabive unit
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acetyl enes and di enes and the and heavier olefins t

100 paddifibhng. dRersbalhinkaT@Yeoe step erotessheldiydragen Capable

20
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i nproves the econ hrough a ni fi.cant | oweri
of "4 B rASEGF T P B BTSN UF Pegpiararqas of tbRet e 19ss of
andcpe)@vd eBIe‘?‘?ﬁ@pefW‘?engﬁterﬁyreTaecgyctgng ‘?erﬂyg{eiQQEndescrlbed as
partial pressure aration i1s i eved

pr essvg esapdaide vt hemeduce d 0%f lfah@edh@t’dz Q. tiipweMBbgehtin the
has been shown that such extensive hydrogenation in a
si iylPeked egasy ofiefm tantt Gesiedwiaheaenisulssparatianl by the

L°§$yo9f g{wQ%’!ar‘? ﬁ%dc@ QP! %@S&he&w cfhlerq%“s%ﬁd the Cs and

roge process as SCYIbe

5, 6‘7&:V2é1’1 desnsi gﬂl;ﬁar@ams 25 RdrAbl At idNg0%i St mdrB of the
the operation of an ethylene plant, the C2 acetylene

spetidrPean| ynareyes béer eppvedios: Hﬂrl@yaho@emamuﬁ@nnsMmyermg of
its,remval vi a xg'resr%'eln{ atg on S|es extrent I A di fctSI culcg1

requicr ity ext SRRV 83t piEnteRAT 'CherYy E6st Reavier
acelothgogems. aBpoleMn@wgzwel mmr@gtealem;axppﬂe%@nre | degBigtion is

be renoved to low | evel's, often | ess than 1-
achieved at lower pressures and with reduced refrigeration.
However, it has been shown that such extensive hydrogenation in a
single step system cannot occur without substantial loss of ethylene
and propylene to paraffins by hydrogenation.

The process as described in USP 5,679,241 has significant
limitations. First, in the operation of an ethylene plant, the C:
acetylene specifically must be removed via hydrogenation since its
removal via distillation is extremely difficult requiring extensive
equipment and energy costs. Since acetylene is a polymerization

catalyst poison, it must be removed to low levels, often less than 1-2

30 ppm. The ability to hydrogenatei'all of the Cz acetylene to that level

in a single catalytic distillation column while observing no ethylene

loss or preferably a gain was not possible at reasonable catalyst

ABBLUM/260



30 ppm The ability t o hydrogenate all of the C2
acetylene t o that level in a single catalytic

waele@®bs8dsad i on col utmm whil e observi ng no et hyl ePeI/Us=84/001379
or preferably a gain was not possible at reasonabl e

cat al yst ABBLUM 260vol unes and commercially viable
openatlsmgscendi tcioomserGelbondableai ateabtingmgc peditionsancgecond,
of the process durin eitEe a variation in carbon
nondR P ARy, P A" g‘icﬁpﬁ ttgec%rtoé?le?%td%ﬁ“tg Bith$r av@rietion in
t he nt rat.i A | C epe._ i e S

Par 08 MRREe End U G a3 S egdaor the
at comencialonschbieneMueatdleneehhodsfeeti Wasdldrdago manage and
eventual cat al ys} deactivation were |imted. Since

£ hes¥oHid PLOVRUSH IBPErataiRe RbRgTPBPICH)IsSHe  iTdrd, methods
bet wae nl.y ‘opti.ons were excessiVe.
cat a yﬂ?ﬁg'wgggggﬁ%’tag%é lglsyscfé%fg'%ggopnWteﬁee)&rme' i SHme these

col umitd hadstcaperbe faoloalgegeands theireattweder” SRIREAMANS, the
while the other section remains in operation. Wen

usi PNy Ag@nsceeed §xeessiiupetaly$t o sefaretm catmyst tones in the
necessary t operate at, |l awer tenperatures to avoid ,
over SEoURR iSRRG L BaC &P LRS PRSI PeabiEplatac while
10e9ahkeVetner i SHAGHS rdi8ir@CRNOBLES W MR LEAgSATEer catalyst
refrigeration to control operation at |ower

t enpeiatese iand/ dnoextetwtvét riecyetessaf ¢oobpbiagui dt lower
wi thin the col um. Sgeci fically pilot testing has

shoWfi AR SS Ton@P'Y Y iTRgreoRavhilgtthe eatatvist liatgtdhactive.
col e han 95% of .t.he .
AL SR R S

1% by weight opdhitn st lndesitertYeaREONE/6RIdx esBive recycles
When operating a si n%I e catalytic distillation colum,

P e AN diasiE nath BrinNefcams)- e Sipgsifiaaliyretmteaestingrhas shown
ZO%thgi.gni ficant ethylene loss is t o be expected with
presently avail able catalysts., c. In order t o achieve

m ni mal et hyl ene and propyl ene’l osses whil e operating

a single catalytic distillation
a. hen the single catalytic distillation column was

operated to remove greater than 95% of the C:
20 acetylene, the concurrent ethylene loss was above 1%
by weight. This is undesirable economically.

b. When operating a single catalytic distillation column, if
the hydrogenation of Ca olefins is greater than 20%,
significant ethylene loss is to be expected with presently

25 available catalysts.

C. In order to achieve minimal ethylene and propylene
losses while operating ‘a single catalytic distillation
column and maintaining extremely high conversions and
hydrogen removals, the design required excessive

30 catalyst as evidenoéd by low productivity and operation

at cooler temperatures requiring refrigeration.
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col um and mai ntai ning extrenmely high conversions and

hydr ogen renoval s, the design required excessfve

W@ 21084036580 as evi denced by | ow productivity andPCT/US2004/001379
operation at cooler tenperatures requiring

refrigeration. ABBLUM 260d. A significant variation in

cat al yst @cti vitsignificandd@upt'antiA sedpivat iastiyitynwilheccur with

carbon monoxi de.) [ d0e i GRE: oD VAL ALRNS bl 9880, such

. . ons
in a single step prdEess, Wi

acetyl ene removaliaef{d & enGy irnRdsiHgRS SEIL BT 0 Sy ARNCES Ut in
whi ch do not neet specification. This inpact on

per f or mance duless oftaeetyipes ofmoathl gfficosramt iand ysubisaquent
go poi soni ng i s _equival en
e

o the ippact _on . .
rf or mance du@"{6”%%f%ﬁ§été%§PﬁdﬁeéﬁSﬂegﬁﬁﬁpPPcaﬂhm Impact
variation in fgedstack dnc@ &he tst e | 98 L :
heaters w || resSFi?B:r In snl?bst%\nti awcﬁdz}ngegcﬁagggt %thvéty via
acetyl enes andC@i priesniag iwelduieaehheo hiyenogant bhaverfdsnance
the ratio of hydrogen t o reactants changes, a single
step process h@de 9 fetddshdgnBty t o fol I ow such

changes. Jhe rﬁsﬁ!i%rgﬂif\%lﬂ] \pﬁ‘ia‘ﬁio%hqh ?e?d’sq%ié%g[‘&%?%ger oe,gthylene

15 acetyl ene | ea of fspec et hyl ene

loi gh | oss of valacabige retbatsenall ardupr opYs@he gl tcHnges in
overreaction, unless the. system has substantial and

expensi ve overkidi gie ahpetasupad sBenrd leszed!ltasothe hydrogen

surmount these, process,,changes. ,0 Sunmary of the
| nvention The fp‘f?\/é/é,e%ts )lthnevcraaﬁg)l 8h *}Veq%s?%% t%/’ i§aghants changes, a

i mproved procesfgleOktd N BEOSE TN G Pfed rb%fjl?tgarhgefogl%% such
effluent fromthe pyrolysis of a variety o

f eedst ocks. Thehangesar yl 'ebjentlisvevillsbstdiliHert a hreekreugh of
significant 25 fractjion of the hydrogen in the ,
&1l dent by hy%“r%é%ﬁgtheﬁ "t EfsHpecsthyiene product or a high

loss of valuable ethylene and propylene due to over-
reaction, unless "ch'e system has substantial and
expensive overdesign which could be utilized to
surmount these process changes.
20
Summary of the Invention
The present invention relates to an improved process for the
processing of the charge gas effluent from the pyrolysis of a variety
of feedstocks. The primary objective is still to remove a significant
25 fraction of the hydrogen in the effluent by hydrogenating the C2 to Cs
diolefins and acetylenes in the feed while achieving essentially total
hydrogenation of the Cz acetylene without significant hydrogenation
of the ethylene and propylene. In the improved process, this is
achieved even with disturbances in the carbon monoxide
30 concentration, varying diene aﬁdi ‘acetylenic feed concentrations and
catalyst deactivation as well as other foreseeable processing upsets.

The invention relates to catalytic distillation with improved liquid
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di ol efins and acetylenes in the feed while achieving
essentially total hydrogenation of the C2 acetyl ene
wowakosns3ei gni fi cant hydrogenati on of the ethyP@nESBENg001379
propyl ene. In the inproved process, this is achieved

evepedydib idicsinwiRaneaswitp el 584 bear ldiﬁréa(&tor systems.
concentration, varying diene and acetylenic feed

con@@ﬁﬁfaﬁ'lwn§han@9@@ﬁlalgy9@ﬂdiélaot3| Qﬁath@maégly\wgl Hisgigation are

h f bl Th
O R S L BB B SRR HOEEDSA hon of tn
| i QHEQW‘P@&@%aQ@é@&é’Bh?Wlﬂﬁ&ﬁmxﬂﬁis'socﬂ‘ Whtyherféhéﬁg P6fylene

hydr ogenati on reactor systens. Specifi cal
operati prgfeebti witnsinoéthvena gead YiiC: dcstylldamcaﬂiymimo@cﬁreation.

. ted t bt t '
yaMBRTine 3t BReTbear ERue i brBe Buto e traylenes
any ghgsgiefts et iyl ?@@%%n@%&ﬁ&k Qﬂﬁeﬂ%n@ pé'&ft@re%l Yst Wthout

an ethyl ene gain acetyl ene rogenati on

Mai itydrogergptangstthbl etHilghe Cami/eﬁrsptpmn@f Laidlerofvatﬁﬂgcgrocess
t o C5 acetyl enes and dienes with 100% conversi on of
t he C@NIHARSyISdRaTE RASEIPIpiLHBR fikgdPsgehetroagnetien system in

1§ h)c(ivl%gﬁ f?\%dré%gpwm Q’,ez) %{%}g? ?shél o Xée)tg%bzkydrogenated again

conditions i s rrade OSSI

hy droigenad $igRifeyst @mw*ua nqus}obb%n%mregegaﬁ%n
acetylene is conpletely hydrogenated again w thout

significant ethylene or propylene hydrogenation. Brief
s ri Qt' on .of. thef\lﬁﬁa@/i s Figure 1 is a flow diagram
& Sﬁis&tlpglop 9 f%‘g'r@ét alytic distillation
aI one Wit JrQeT hot 4 QrHiNr(ﬁﬁbfa(Fchﬁ‘t D pr%r ér@ﬁﬂ%ﬂxﬁﬁq Catalytic
control. Figure 2 is a flowdiagram-illustratin
I pr es@itiatinvertdron. wﬁ%]hgutrhe ddtrasgrapteuldliast f@t iteghperature

the et hrylene gain or | oss versus the diene output
| ev&PTFEF t he present invention corrpared t o the prior

art. Figweg, 4% 8 dpwisha ogm&r’am aff el re@egwneve%tlon

but- illustrating another e lment  Of Che present
i nventi oﬁlngFBgiJn:E abgiaphailltik oatidy agbaéﬂwfer@ngaﬂnt 6f Ndseversus
errbok(\jl gent of the
lene output level for the present invention compared to the prior
20 art.
Figure 4 is a flow diagram similar to Figure 2 but illustrating
another embodiment of the present invention.
Figure 5 is a flow diagram of an alternate embaodiment of the
present invention.
25 Figure 6 is a flow diagram illustrating an alternate embodiment
of the process of Figure 5.

Figure 7 is a flow diagram similar to Figure 2 but illustrating an

alternate embodiment of the present invention.

30 Description of the Preferred Embodiments
For a better understanding' of the present invention, the prior

art as represented by the process disclosed in U.S. Patent 5,679,241
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present invention. Figure 6 is a flow di agram

illustrating an alternate enbodi nent of the process of
wOo-2@angos3 Figure 7 is a flow diagram sinm | ar PCDUS2004/001379

Figure 2 but illustrating an alternate enbodi nent of

the present invention. Description of the Preferred

Enbodii neatis ey desbabé@r miades st arding Riwides BFeSRNbresent

invention, the prior art as represented by the process

di sehasen ms WsSenPahernt c6pB7d, 24diavABBL Uvh260@k |Hridsepatent

o cEtnSa D S8 et LR BB g oo
fmeJengorP“ OFhdPat&nbe S{;é@' idbed tednpdeBtif ¥n@nkad to the

t hose atures rel evant 0 the present invention. Th
shacgealgdas dklillbtoconpuessdd tand Thed coturhhe & in the present
catalytic distillation colum 156. This colum, as in
t he IpfesyEait. | FHVBREPERUSYI MATT8Re I 2 c&PFANEYC oiagion and
cat al vt c. reactjo istil i:0n. col
o A gano BB, BRELd B BE s TR B e o
r ectainfly b N@/chig@EBY/reBcBettdeafiohb068balyeyd hiee ffged containing the
containing the catalgst beds 166, 168 and 170.
Des cenaliyat bedguli @h.i $6&iatsdi din Besrendingdituieasyvithdrawn as
through the intercondensers 180 and injected bac .

D 8 TR O R SR e e HEREOPBRET Ha0 AlVele Beqchoack into
por e Afintnevieate Qbxf ARt QRthIgst RBVEd BYrideee the heat
i ntercondensers. A liquid recycle stream 260 fromthe

strigppigagtieects oamiosedelcy chede tinterchedenteran dvdrdueéddecycle
This recycle 260 na¥ be a portion 262 of the bottons
15 &shgear ABPofondrineeatiRrdng wiHI A the e FigspitAgthe column

sect iv%phea;r 68§Ni§r %%%gbef 2%? ﬁﬁég}”ﬁ‘% %F;?cfr%ﬁs%g' Bt QIae bottoms

condensers ‘1 n partially condense

1St I eaRy @k §csti6 8 8 Aticon wieglsisethelQOppihesprtosiuct C2 t
o C vapor_overhead 194, containiE%%ethylene and
pr opyl endha lesrprask érputolumy Jis egsent Rkparareoners 186

B BRI ARS8 WAL gy vesso

I nvergd.omHes ptodu00PkeIRI Yag@®verhehe 194, containing ethylene
and propylene, then passes out to subsequent separation while the

20 condensed hydrocarbons are utilized as reflux 196 for the column.
Since the objective of the invention is to completely remove the
acetylene impurities from ethylene with no loss of the ethylene
entering the column, this must be accomplished in this single step
operation {one catalytic distillation column). The overhead vapor

25  stream passes into additional fractionation (not shown) where the
individual carbon number fractions are isolated.

The hydrogenation in catalytic distillation column 156 occurs in
the liquid phase. The column is operated such that liquid phase
composition is primarily Cs components. This minimizes the liquid

30 phase concentration of the 'et.hylene and propylene and thus

minimizes their reaction. However, the concentration of these two

valuable olefins in the liquid will not be zero. The C2 acetylenes and
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acetylene inpurities fromethylene with no |l oss of the

ethyl ene entering the colum, this nust be

wa@ewsnglsseshed in this single step operation (OPET/US2004/001379
catalytic distillation columm). The overhead vapor 25
stream passes into additional fractionation (not
Shov‘”ﬂb\ev‘@?raﬁcettpr%ne di ¥ chS‘lleﬁF\@rQr%nnwgbfga{c:ft{vaecttha)nns‘chelr olefin
are isol ated ydrogenation in cata

di st iclluatérmarcol lanthel GGuidcpliass, Hrmetsheaﬂel gk@f@@ﬂ?&l@ reacted to
The colunn is operated such that |iquid phase

conp&ENY/eBR B&dpPrarYleny @p@éﬂﬁéﬁ’{enté‘bwwsr meni weessaction

f th
;ES lpropyﬁdene aﬁﬂfﬂfﬁﬁ%%n qﬁ%éa]agzes tgel S|r|%gaclﬁgﬁa &y acetylene

Howevenyeidien caneents aid oshgdr Ehﬁ§ﬂ|ftd%tV§6NMt?atlon of more
olefins in the liquid will not be zero. The

acet y¢aibe ol mw@mezamsr@@toradataylhenes m‘ra$e Under these
di ol %Ehgﬁlot S,lem%l\./ﬁe reF?%:r%ae t agortn{\]ﬁeléég garaffln) This is the

count’ér par

pr ef goeftt vdlely cti9Rashehds 9céi3r§y| ene and propyl ene
respectively. However, as the reaction noves t o

conpl et i on helreseret seveie geginsedod (e¥uCRgaaRt yiRReEvity in the
n, ther no | onger a significant

B ERTAT: BROSET dbieretictavancy Kinegianes phdietion eolumn.
the lGubgiiBhaseo HRARY {H'éeffﬁﬁ?r%%%orﬁeduecﬁlﬂ% tggﬁﬁfnperature

react t o form ethane para

wher & etrieylseptioh oissdidticultsin Fheinglearce ! FeMeEahc b@B§use the
for redu0| ng the reactivity in the catal yst beds
thisd \&‘éF'Oaéﬁfﬂma&ret'ﬁ@rﬁa@rdquqrtir@llesit Vltaelcmhumn pressure.,

col URR. d@?ﬁlso%t '5890 CtO[LRTH[] ﬁegaetntxhe ter‘%}ereafpﬁ?s&u'etwouid be

Reduci ng t tenperature in

In arejuigide cal serprebneeph kecauseliddhe difsddehk add@R st in this
tenperature iis primarily controlled by the colum

presSBPY. STBlieR. t hhis, catabedonaubbbene gpeedttonmat selectively
Iovve Idbere e A on ption is t

E\( ?%zlgégf élepe%aangqé efdrhs hé%t%u égeg%(ﬁgt@ﬁus would
Thl Sh@aﬁe&bysquw Higher desigasd,t c@taﬂ%te vﬁ?ﬁﬁc{)’}qv%lo}’umn and
hydrogenate acetyl enes and diol efins. Bot
opt i 6W§ '\N@m@ehﬁ“vﬁevekumreqmermdmgh‘er Avatiufrestioh is to utilize an
cat aI ¥ thin the colum and

ercooler as shown on the prior art.

Referring now to Figure 2 that illustrates one embodiment of
the present invention, the charge gas 10 is compressed at 12 to
between 150 and 250 psig and then fed to the catalytic distillation
column 14. The charge gas may or may not be preheated to match

25 column temperatures. The charge gas would typically pass through
one or more guard beds 15 to remove such poisons as lead (Pb),
arsenic (As) and mercury (Hg). These are known catalyst poisons
and the guard beds would be employed in a known manner to protect
the catalytic distillation catalyst. Entering the catalytic distillation

30 column, the 8% to 20% by ;Weight diene and acetylenic feed is

hydrogenated in catalyst beds 16 and 18 located in the rectification

section 20 of the column. The catalytic beds could be of the same or
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t hus increase the columm size and cost. A third option

is to utilize an intercooler as shown on the prior
W@ea05/08aserring now to Figure 2 that ill ustratBGT/U8®04/001379

enbodi nent of the present ithvention, the charge gas 10

is conpressed at 12 t o between 150 and 250 psig and

thenyifRAeht O dab@yat abykigosttici.i | | arhen eolawmis14,,..The o n

charge gas may or may not be preheated t o match

col umydrogepetian ue sy sThecotastyey gaBnavdyl df torpi @al Mpre Group

h . d bed S5 L. such
Por U SEAPAT By Phr ol CUpRGY aRdCHREUYCh H) Ad o AU
Thesg@be knawnRhal ¥sd n%@eﬁ&ﬁ RBd the.gyapd {éﬁ%&ivity and

woul d be enployed in a kno ner to protect

cat adottvity.di SIpdclifat | exaropteal WSt selentieei Agdtdenation catalysts
catalytic distillation colum, the 8%t o 20% by

Wi ghrtgHERY avitedcdey | éns csqruisd iase hjgempenatedVid. Patents
cat t S 8 %ﬁ§ i h td f 4 cation .
sec??%ﬁrég%gf %ﬁgﬁggﬁﬁﬁné’ égggtgpgtEt{ggégﬁ%ouﬁBLb%a““y“C

of téhetsare ueed ABBLUM 26Rdaf/tier antilgabal ¥éiuenn can consist of
conposi tion The catal ysts are known hydrogenati on ‘
cat afi{fetrsacongies £ pRyy Pir | drenatply sbfwishedidferemt en@ebdupadings to

. [s (N, Pd, .Pt) t /Additives such,
M TP SR e L, SRS O e e
contgokas@ et bvidittealtd MRS M:ctaYeosr?ﬁcdiifﬂe?exftX?:ggéigﬁs of the

of sel ective hydrogenation catalysts particula

sui tedufor  tHis hyelregerataore oticsed ds ethel NqWdSpRat@nhScatalytic
6,41 .7,.?.36, g 87,348, 5,698, 752 and 6,127, 588 The

cat &gty SN u NG W IPRYatwatarg Y € catayiir kadsoh6 and
col n i st,;0f. el the jn talyst, a

cat oyt o TRV PRT dne by A BkathseSRE 18 iy be anv
lact indirblyed otates diepedifrigeoenhe pogtirongnef ot RAy G HBlar plant
or m xtures of catalysts of different netals |ocated

in d'f e SRSTSofe | BHYSbIC A A SE ATIMIYTHEr Hedy dhenease onf more

L0, the | j.aui in catal ytic distillat] .
Fachioon R REagR anro e raasbRolotan el bt 28, whion
and ri8y aretrahown, pddkirsg,i sreOplovidyd WaYhOTcExaemiéh 8REtion 20.

coul d be any 15 nunber of beds depending on the
r eqi¥BHBARIS fERctinnatigdr tinéenats ptad be located between the

20 catalyst beds 16 and 18. The stripping section 26 contains
fractionation internals 28.

The overhead 42 from the column is cooled in the overhead

condenser 44 with cooling water or with refrigeration as needed and

the resulting vapor and liquid are separated in the reflux drum 46.

25 The resulting liquid from reflux drum 46 is fed through line 48 back

into the column as reflux. Similar to the prior art, the overhead vapor

50 contains most of the Cs and lighfer compounds while the liquid

phase 48 is used to reflux the column. The vapor overhead 50

however does not pass into sub.ssaquent fractionation but into a fixed

30 bed reactor system consisting of one or more beds of catalyst with

provision for heating and/or cooling the vapor feed. Overhead 50 is

first exchanged against final fixed bed reactor system effluent 74 to
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or the desire t o adjust catalyst activity through the
use of nore conpl ex catal yst systens Fractionation

WO paososEBes 22 and 24, which may be trays or pa&i/ng2004/001379
are provided in the rectifi%ation section 20
Addirecoved heetcltitbeat pagsesntoehaates @@uwbetﬁeﬂh@damrature of
bet ween the 0 cat al

16 d 18 Th
sectPBnY26°c Gﬁf%ﬁr}%ﬁ?a&s ¥ SR |ﬁ?aecrtﬂgls pélJ‘fﬂrs]“qo”‘Ed In

overpead, 4@8f§(9%t61§‘rt1%9|df"%%é @zca‘%‘élt\ﬂgnér?ast\hl%ll%é%&%@dportlon
condenser 44 w th 'cool ing water or wth refrigeration

as ndeghedCarcdt lh@a\nersaté‘uyn‘upasapm cderekd tlopti Weer @ot converted
separated in the refl ux dr e resul

Pi qun dherekeher dietdRTAD ‘H@“f er& Pwm fedre the conditions
b I f i
afff%ntdgh?e 0859 Wh.as e é&@%#@o Je&FF{gg@@tg% the Ca

over head vapor cont ai ns St o
li gfﬂc%l’cyl@aﬁp&uﬂdﬁﬂpl\hﬂell\e rehe Veidq friotn pdfdlsend Sstrsarmnsed tith no
reflux the colum. The vapor overhead 50 however does )
not |passof ritbyenes8adeRiOHaRe | OVt itoh BULTY Mystem (catalytic

oS Eh 3 Blac YRl RE08) 5L hAg Ghaidl Of 18" Aixed bed

beds Wi th provision fo and/ o

1@00|r'e@9tdrhes%QWV tbeedeOurrhigad fstilsatfd S&ol@hﬂhaB%ﬁatlcaHy
agai nst final fixed bed reactor systemeffluent 74 t o

ABBLi UM 2665 duihehegaformanaehehthragss syﬁeﬁeaﬂér‘cheeablhty of

V\hergthete erature ofr@sv or enterlngthe J l

fixé aBeos\’rsé% of® 68°TRP P oIH@GSSY n VEEALPBP eH1 catalyst
n~of the C2 acetylene as well as sone

porﬁ%%rf)\)faqt r?e C3 and heavi er acetyl enes and di enes

t hat wer eThet operatiengt editeriat ier céealrgttiticdiion i kéatioronof the

colum are hy dro%enat ed. The cond|t| ons and the nunber
I8 fGatatytisedstiéa %rcé’“érﬁﬁl isyEat £o8 RIS PRATERHE wyperein the

acetJA%qerat dcm o%ta J%@Vﬁgdr%popyfédf Lhyente stE&aAMyossible

oss’ of I%ene an ene over the
ent i wehoyst em(aaﬁwgehlaoodl sffi etiatleon phdispfdpeeended This s
reactors). The addition of the'fixed bed reactor
syst@ﬁotm@“ftfﬁ»’é‘ Ratalytic distillation colum

O e D AR DB ey BB i e

Jhespond tn@n@rpcmgsSmhlratzb@nsnand cat al yst
2. Operating the catalytic distiliation column such that there are
still unconverted Cz to Cs acetylenes and diolefins remaining in

column overhead 50.

In the catalytic distillation operation of the' present invention,
25  the distillation function is designed and operated to distill essentially
all of the Cs and lighter components as overhead and essentially' all of
the Cs and heavier components as. b_ottoms. Alternately, the split
could be at the Ca carbon number where essentially all of the C4 and
lighter components go overhead and the C5 and heavier components
30 leave as bottoms. In order - to selectively hydrogenate the Ca2

acetylenes, the Ca acetylenes and dienes, and the Ca and heavier

acetylenes, dienes and olefins while leaving the ethylene and
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deactivation. The operating criteria for the _
rectification section of the catalytic distillation

w@ei0s080s86 t hat conditi ons be created wherei n PEBUS2004/001379

unsaturated hydrocarbons aneé hydrogenated t o the
extent possible w thout any hydrogenation of

et hy bLess,iand @,ﬁ.%lfg/)éﬂr@@&qatlb,i Ehé SeBRARLARLL S&%Qiow'izolis gperated

Operating the colum” such that ethylene and propyl en
i n thechitait dhphase d subtmnnazedncamdafon Qrabintngf theand Cs
catal ytic %i\/stil,lation colum such that there are

stil PY?}ﬁEB Y €2 G2 Tk dBRteyiekhEs thmdadidopeesmyvhere the
r emagnipg:y Bt ¢RL P O%ﬁ?#?o?ﬂre%@tiohno Jlﬁs.Caﬁ*ﬂlsgctﬁlnc?%gontrolled

distillati'on ope e present 1nventi

di st byl agrimtiort wfctdtarier sdudesagnedfiardraapeioatzedidveOthe desired
distill essentially all of the Cs and |ighter
conpBHBHte®dadnd et treng camPasésehtial Iy all of the Ce

and_heavi q{hecgfq&?@tetﬂffe%&glsat’%g\t quﬁ%b(:eAenlrt% ! Ig:?tggl’tm%tigﬂeco(umn as

split could be a carbon nu

esseslthal layd@pentehidcheorCd RbtAnight @il RITRONRRESHI9F both the
overhead and the C5 and heavi er conponents | eave as

bot t 6AEIPOSHIGT @érthe eslebrd tthe edositegdhn pdeehetibhereGirements

etyl engs, the acetyl enes .and di enes, and the C
gérid oeravtl(%eer %rcoecﬁ%%%'nes,%m eREdeYRE ARG PHEIWRqitions for a

| eaviypgetfaei Rl hyhiene angd.A8BlLUM %@%589%@%&%‘5@’%&@ and a

sgenated, the rectification section i s operated
suchcalzditstt hedetérsperaubsttenticah 60neadt &0 @n Similarly, the
gradient of C and Cs materials relative t o C2 and C'

mat ePT&PYeH nOPRE NG Ecadpintse faher lebréamapordalymaf will be a
t he [ r t] cur.s._ This can he

cont P%e%;‘sg%egggvyg\e/grfg?i éggjngggr é%)'gi "Tme(? ad%?vlyasgdb?%ft?werawre
rsat ebé¢ovehiBévend HS8@eEsi red over head and bottons

conmposi tion. The choi ce of operation of the catalytic
di stillation@€sitigin & epphering dépenvaaraer frectianation, the

SeUANZGEM b O AL 0PAe B0 SRR S D con
be controlled by adjusting the rates of heat removal over the column
and by recirculation of )iquid.within and/or around the catalyst beds.

20 As shown in Figure 2, trays 30 and 31 collect the descending liquid
which is withdrawn as side streams 32 and 34. These streams may
or may not pass through the intercoolers 36 and 38 and then be
reinjected back 'into the column through the distribution headers 40.
This permits a portion of the heat of reaction to be removed in the

25 intercoolers. By arranging the intercoolers in this fashion, the cooling
medium can be water while the cooling in the overhead condensers
may need to be at least partly provid.ed by mechanical refrigeration.
Hence, the use of the intercoolers can significantly reduce the portion
of the heat of reaction which nqeds to be removed by mechanical

30  refrigeration.

The hydrogenation in the column 14 occurs in the liquid phase.

The extent of the reaction is dependent upon the relative reactivity of
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iq for the products. The preferred operating

conditions for a depentanizer will be a pressure of
wheddegrs3¥5 and 350 psig and a catal yst bed t en@EUS1004/@1379

between 50 and 150 C. Simiharly, the preferred

operfbi NHRANAbEHRM2EOTand HRPUbAG 7St &0loinmewk | doBBonents

a pressure between 100 and 400 psig and a catal yst bed

t enpertat uicid pHastvweean B@aaticliaBeodt innthadek!tmon tide C:z and

controlling the overall fractionation, the t erature

and CoRFESI EPBh Prorf S BVEﬁaEHQOF%é%??Qﬂf §§8 '%ﬁ@ﬁe”e and

can B6,6RALr b Ladh BYe AdiuSLIiNG dherdRles Plohed: the relative

removal’ over the col um and by recirculation of |iquid

wi t hieBcavidiesr ofiraabinidreheproayEngstndette. @ Asdshewmier nolefins,

Figure 2, trays 30 and 3 1 col | ect thegﬁgscending C

|i quiiegnewnieed feetidensdr Aknv ey SiPde: sty 8RS t§orehfd 34ignificant

These st.r.e r - g : - i :

i rBb Ul L oe et RBARE, P eet e ebygpes without

I Nt cartyheigroficam IRsosDRtHIen6lisid bhagieme hesdeoscdAtration of

This permts a portion of the heat of reaction t o be

r enothedetihy!artrea?d prepYeoedn éhs liagyd ahpamgivy Bheninimized and

intercoolers .in.this fashion, the ol i.n di umc

IR ST R G e e

may feeddiAidhe aginkeadtis PakbkyoPrig¥i HedrdyeaBieRaptedds in a

refrigeration. Hence, the use of the intercoolers can

si gnirbcdamdtion cetluoe, tthis pontrolonanfbd echewtisbed by adjusting

reacti on which needs t o be renpved hy nechani ca

r ef rifgeP¥eNgAd rjef'wﬁeprwﬁapsgéwﬁ%w FHeCTatinFr 3 and the

occulife! DuLhf LA drBRASAe. THErhan! s@f diie deackif jiquic

i s depéndent upon the relative reactivity o

ABBL&IVHB6 6@ sV ar | ety aranpoetrspardet bencbackapt abiorin the
of these conponents in the |liquid phase at any
par tieegkige poeht thipydie ieeledshs Mhéhellapgogsreflux 48 and/or

acetyl enes .an ignes are far . moreqreactive than
et hy%éﬁeeaséeﬁgngerrggélCé)ﬁélﬁgoattﬁéta@hgg' react first and
rapi dly. JHowevestalfithedreliatibMeirmieadt itvé téegclofand pumparound

et hyl ene, Eropylene and the CU and heavier olefins, =

di eneiscuitrd havetbpeane diied ey Wleordor pif @t dbtstiatgd in Figure

2roeacli. a"lsfi\agtnipfriiogaapr shows simple intercoolers 180 and an overall
pumparound line 260. In the present invention, the system s
modified to provide the flexibility to have both uncooled and cooled
pumparounds in the catalyst zones 16 and 18 within the rectification
section 20. This improvement permits the desired temperature and

25 composition control with minimal disturbance to the overall
distillation. This is accomplished by‘drawing off pumparound liquid
immediately below the catalyst beds.as stream 52 and/or 54 from
withdrawal points 53 and 31 respectively and returning it through the
pump 56 and heat exchanger 58 to the top of the same bed as

30 streams 60 and/or 62. Alternatively, the liquid can be drawn from

the bottom most catalyst bed and returned to the highest bed via

stream 62. Cooling at 58 can be used, if necessary, to provide
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quantity of the C and heavier olefins, dienes and

acetyl enes wi thout any significant |oss of ethylene
w@eas086py| ene, the concentration of the ethyl PCEUS2004/001379

propylene in the liquid phage nust be mnimzed and

the concentration and tenperature profiles fromtop t

0 beohunmadstorpositintr afibetmes; god Nkersostiagdedrvachereactive
hydr ogenati on occurs in.a fractionation c '
contbregls' c ﬁfb%X%(PBOBanvﬁlcf?eon“%ﬁ“aavdf ér?)ﬁerﬁ%o@hg;ngygtraﬁ*egar from
ref |6 PBedueelnhntheteues headcransanseradranehibbahe flow
side streamreflix fromthe intercoolers 36 and 38.
The tbi disitdboooposydteong lofwidt hybkeribe alfeligr bpy Inaiecbange the
be kept low in the reactive,zones through increases in
£ he CAIMORPBEOPef | (0B SAnd/ O AW AsHLE | 1RBF pegd™ from 31

cool dia%%ir?g{ H3\Qaqn% ?&'thlré‘uém%ﬁ% Ay td exdhahbkt 8l Moling the

uni t° e recycle and punparound circuitsS have been
modilfguedl ddomtuhengrit oo laptd alstriblutist A&t eldove the guatelyst bed
1. That prior art shows si ngl el nt_e!:]_cool ers 180 and.an .
overyi'l CB@I%%"EE\WWPH%’“?@O. rqfile PHENBY B3R!y Mient!Ngh,design
t he S i's difi t ovide: the flexi bidi:
haveﬁ%xd%ﬁ%nccgg?eégaﬁg’“?ggo%d Aﬂgﬁbntélggun%\g igHt](hgeMC\; bt the
igat a*_\bfﬁb%éﬁiﬁ\'@§n.l6 langhis8fadHibih n thbe op&ohi bif caboliy against a
section 20. This inprovenment permts the desired '

t enperEmar eoahidg coRPEN tav@iakEntrr éhe wirth #it rip napintained with
ool R i SR B T Y o Baebie 1w reve
' m%cﬁ@%l Yo REIOWM A BR: 6aLA okt s@ﬁ@%.as}:&gﬁﬁr?%@aﬁeat removed

and/ or fromw thdrawal points 53 and
r espectihesky pantbaretind nstrgaints tdanough Wthigegurpseséhemd in  the
heat exchanger 58 t o the top of the sane

bed
Str by B0 BRALIP ESUCARSFRRCATSHT P e ANFING” edieprpae of

dr awn _f t ' atal ; t
L L e

usediquif nésessarithout oafiieonngle: tABBLuMM260cootbimed separation
conposi tion adjustnent and._ intercooiing between . .
r eact§ @ HRse dF'érter%??ﬁ?%,'”\}’\h?loé/e\ﬁ‘??fgraév\ﬁ%e prior art. With

|1 SHEORLBO,EC0N 5L H0BLAN Lot B ARt nccessan

20 liquid loading over the catalyst without the need for additional reflux.
This permits operation of the catalytic distillation column at lower
reflux ratios than previously possible without the penalty in
distillation efficiency observed with the prior art. Reflux ratios in the
range of 0.5 to 1.8 by weight are satisfactory for producing the

25  necessary catalyst liquid wetting where values as high as 5 were
required with the prior art. In addition to the obvious reduction in
energy requirements, higher hydrog.eh partial pressures due to the
lower reflux ratios will be available in the present invention resulting
in lower required catalyst volumes.

30 In a catalytic distillation‘;éolumn, it is critical to keep the

catalyst wetted at all times to insure that the reaction occurs in the

liquid phase. The selectivity of a catalytic distillation system relies in
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t o distribution system4 1 will cool the liquid but

not change the 5 conposition. However, w thdraw ng the
w@a098/080560i d from 3 1, passing it via |ine 54 pdir/osmyh4/001379

punp 56 t o exchanger 58, dd&oling the |liquid and

returning it _to |jqui | styid it or, 40y % ; :

catgfgéF%bé%edﬁﬁfhgﬁéﬁggkf e cokﬁ&?@t#gﬁﬂp Q%??éWh”e certain

Wi t Bomgdreerael tham. thEhbpedesi grishbexiobrdrntin caneditedsadch as

t o maxim ze the efficiency of the 10 hydrogenation.

In ebigehastaronin thethephiBiFshf CRBANIHR Aydnnkie a/apor phase.

war ner. caol i ng medj um i | in . the.pri ted S

mai %\'Pﬁ%ﬂ'% tgan A '%%‘Y@ e@gggﬁcnpd;\)r\/\éﬂnid% r?:%qe%@éolsler%rmcal to

s edychphd hige @4RAPSE Wsttaw lIeviet Il ithdficaguireatkri than 800

t he over head szsten1 Further, the heat renoved by .

t hedle lpurpardiahdfstolams wapsBectien) ithedcelabsinherie b highly

the 15 ethyl ene pl ant to.reduce,energy _consunption.

Anot'hetted f%f’gffé'ob‘fSetl‘ﬁ%”vr@'wwélﬁr?ﬁamﬁﬁamfgﬁlene i s that

it allowsyforeJi@lad) ideeln! \argeid vigid bbovwaddiow the reflux

affecting " .t he overall colum separation

per fyortheae cthtedtvartetiawi esraboilehelusyer Inettds agay nbote catalyst

prior art. Wth the | arge quuid flows, the punparound

l8an GRcovedw A AkIrRe8BY saY VPO SIHCGUIRY o %iﬂ&”@geF phieve the

catal yst w need for additional reflux. This

perré%zreg\#éi(g}:&i%%ﬁgg?nt he catalytic distillation colum

at | ower geliliwnallal inosaddiae fpeeviboatby glassinll ®r a main feed

wi thout the penalty in distillation efficiency '

obseraiatl belaw thsesiinpdrg aeetiomedd wxillr RiOVEEe SAMehgeparation of

range of 0 .5t o 1.8 by wejght .ar ti sfact far

prodUBihﬁaYHé“ﬁng%%%gsa??eegyéﬁﬁgﬁe??$%%8ﬂ§é %%Hég both the

wher e, yglsuaseAs shi g 1188 shienetrgaregui fordhwi filst thenpaioaind. In

art. In addition t o the obvious reduction in energy

r equinie ey scirbillghes thedregen patenitiglly pioadisdr ezmpoggets over

t othe lower reflux.ratios wll, be avail.abl.e in the :

pr es‘é‘ﬁtc?tﬁvféﬁtq‘?ﬁ%'% %‘é‘gmait% ilrﬁ‘aldg\'/%?n’r]geﬁgi PURtEaPYY§dpe first

vol u{@c%iys%%e‘cﬁc@n Rt kYt FatiStd bliahi &t €RhYOWN bpedasion and
critical' t o keep the catalyst wetted at all tines t o

i nsurheist baoidt tree Ipealciemenobeewess iantalyet langul ebitead eselectivity
:;52|ei Izglsﬁ%éevrl ’Ef%les%f Io%vgraglgl\/\ytclo%dgtllosgsi.l lﬁ%ei %%tts’(}/ngtse& from the
column 14 are sent for further processing as desired.

As shown in Figure 2, the present invention includes the
addition of a fixed bed trim reactor system providing further
hydrogenation of stream 50. This system is typically two reactors

25 with an intercooler but could be a series of reactors with intercoolers
between successive reactors. The fixed bed reactor system provides
four advantages:

1. The catalytic distillation column no longer needs to operate for
high levels of hydrogenation but can be operated for the maximum

30 productivity from the catalys‘t', .a net ethylene gain with high
acetylene, methyl acetylene, and propadiene conversion while

maintaining acetylene C2 specification.
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ABBLUM 260part on the reaction taking place in the
i quid phase while certain conponents that the

W@p®sMasB80 W shes t o remai n unreacted such as BPCTIYE®N€001379

remain in the highest concahtration in the vapor
phase. Maintaining a certain liquid traffic down the

col upm i s-gL] 0 icngistingtisata) i
the Ti qui%ﬁtgllr1 % ?]lc]: tl}wg %é;tggjt@gr 'tshlantl800 Ie)kﬁﬁlgiaé({q\ﬁ%({jn/%%m#a?on of

2 of aczal/mic < rapsis déeatsi osgultimg fcatnakystly s Ideabgvhiighl yarbon
wetted and reaction selectivity mﬁll@§$ n?intained. A
secon@ary teontGs1teVar rapIe@Siould bée{AFPaKi oRNPRIE hetan  be

reflux w ciated variation in reboiler duty. In
thisa%ﬁ¥$ﬁgﬁgﬁ§§atalyst bed t enperature and

GoNpPYsi t i ERdrBYerbesrabter ean theonatmiagver teindesimeerary upsets
hydrogenation. Additionally,.a variable feed |ocatiaon
al | owidgr fositaly shrdieact eaidopar Moo thHE depiligpigngerformance

e L P AR TS SRR 2L LR, AR crogon

conpdhérit’é " pr e3en ore reaching
the gatdl isd Beskel® avulet e siddle, stHeapahidl f preddiees of the

first punparound. In this way, circulating the heavy, _
pot edowalskrgafoutistijatonpeneres avaidt keapaealepst thed required
is elimnated. In .addit ion, feed paoints above th

9 r sEURRYH it rﬁg'@eé%horbeWPH@orvﬁéY'at g*d“? &'° Wo%e}ag‘? process
tur n98¥‘é‘ts 8Ly andighEsieavoi d the problems of

excess catalyst and resultant selectivity | oss under

t hese. | owappokrawigofih tat@ahst réhendativonsy 68e fusenvt hpare fixed
colum 14 are sent for further processing . as desired. ,
As shewnrsagt@Eisgiipes 2xteRdingr O96HEM AR FORT | W@l Gdeldre entire
t he "s"dgietmi on of a fixed bed trimreactor system

provi i ng further hydrogenation of stream 50. This

system i sit ypidiabhyté WeorftesiClodr sham tebn@araturieeaedolcemposition
but could be a series of reactors with intercoolers
bet weenfilg ueves $h & ec?lBETY oitsis TAROFRREGObEACTAEECY O less than

B VTl {1 Mg car

di st PP S I'ORgEr Thes a
hi ghdlsevetisnofol e ogenafih@Robdth@ane hedopepatat §eihs can be

t he maxi mum
achieved. Further, this operation requires less catalyst than the full
20 hydrogenation of the prior art thus maximizing catalytic distillation
catalyst productivity. Operation with a fixed bed reactor system
following the column allows this to occur.
If the column were to be operated such that there is no more
than approximately 1% ethylene liquid concentration in the reactive
25  beds, hydrogenation in excess of 95% of the Cz2 to Cs and heavier
dienes can be achieved. This results in 5000-7500 ppm dienes and
acetylenics in the vapor stream 50.f'rom the reflux drum 46 and a
m;nimum ethylene loss of 1%. To make 100% acetylene conversion,
ethylene losses would even be higher. This operation coincides to a
30 hydrogen removal of approximate.l.y 30-35% depending upon the feed
composition. However, when the overall conversions of the Cz to Cs

and heavier dienes and acetylenics are reduced to between 80 and
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productivity fromthe catal yst, a net ethylene gain
wi th high acetyl ene, nethyl acetylene, and propadi ene

W@ 0v3e8@3®ON wWhi l e mai ntai ni ng acetyl ene C2 PCT/US2004/001379
speci fication. ABBLUM 260215Changes in the catal ytic

distillati r head ti f | enj d
i end8% GERHE g T 1 BrRCatal SO AEE; VAN | EedBpPm Ca to
monoxi %gearfeggﬁg%Fce'ﬁgIgﬁQQquhe Q'utfe%l%qga%lgd;r@ﬂg%n%a@eghg can be

acconmno ogen renoval can be nmarntal ne

duri aghitesporrgyrdipsiet:s pand/fohecdicaby st tteanttiatati mmm versus
or poisoning thus stabilizing performance of o
downtite ey eee raalierodt!pen 13 YREIghs PerfFeR P TqhidifttRhvyicofistillation
hydr ogen he s e r vary, ¢ ty .
Ty DB JURSRLCTLYE By Svary, ikl 8t Upgenaior

changgsiardl thecaewme sash roanFidwed, dirfwinges akiem quantity of
woul d vary. This would create process upsets and be
ver yhightesieegble. agetytys|ssr @0fi €igresr (e aeargigt unreacted in the

regeneratiaon th se_of 2 £ b t
{hos LR ng¥mhetbanebpelas (g AR ofMhERer i fiene and
syst 8 pyiBn@ddiskbON chin0 beoNiinghatfd t Weilkerpiar aua@irnd100%

conposition profile over the colum, it is inportant t
o0 opepatverswrt hf bestylemanvemipl et e conversion of the

acetyl enes, and. di enes, over the catalytic distillatign .. .
col um. B '%6%Hﬁ“g&FdeFﬁVF%ﬁbﬁﬁﬁgegr%%V]Em%(ﬁﬁ?wgccgﬁtmahon
be acghj .4 Fprt [ BN [ I
cataﬁggfxfgg% F%éhgﬁVFhﬁyg?%ggﬁgpﬁgn“gﬁg?ﬁéggPigf%g?Poo and
t hus tywixaing 20NQ00gimhyidrabitiedtCd bad ineavoatdibysd and acetylenes

productivity. eration with a fixed bed reactor .
syst 6anf ot | l@aEEd HEoFoIthPmC ARGk difiletiono cokenp. 14 typical
e col.um e.t . & - .
e ST 505,18 BEBELALRABUERNALIFE R Riercooting

concent rafeinoghd wnt tehy @agienves Heds) by dio@rnaddtpienied entering
excess of 95% of the C2 t o Cs and heavi er dienes can
be ath¢ elined Peids neastart sviskerBOGNY7 BUTOPPRPHilend$ “an®f the

combined Cas and heavier dienes and acetylenes entering the fixed
bed reactor system. This results in 2500 to 14,000 and typically

20  only 5000 ppm breakthrough of dienes and acetylenics from the
combined system. This represents approximately 97% hydrogenation
of the total C2 and heavier acetylenes and diolefins in the feed. Such
operation allows for substantial overall ethylene gains of up to 0.5%
with 70% overall acetylene selectivity toward ethylene at 100%

25  acetylene conversion. This is a substantial improvement over the
prior art.

The specific hydrogenation reactivity of ethylene is just slightly
lower than the specific reactivity of propadiene. Thus close
observation of the Cs diene conversion provides a reliable indication

30 of the stability of the ethylene,"gain and can be used as a control
point for the system. For the catalytic distillation system alone,

when Cs diene conversion is between 40 and 60% and typically
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acetylenics in the vapor stream 50 fromthe refl ux

drum 46 and a m ninum et hyl ene | oss of 1% To neke
wAa®3wsised yl ene conversion, ethyl ene | osses woRdTUS2064001379

be higher. This operation deincides t o a hydrogen

renmoval of approxi mately 30-35 96deﬂending upon the

f eedd 2¥npediiemnh . lotkRseves ohdseved .heHovervar] when operating at

conversj.ons_of, t he C2 . C5 and heavier, dienes and,. .

acet$A P%@SQVEmFeHH%é% %egeﬁgymggﬁogdnaﬂgag@ﬁﬁ{ﬂyg@g@”aﬂon

5% resuidd NG bleBvdBn 000 4nd 38040984 apdicanpi 2abd,Ye dRiO09 gains

ppm C2 t o Cs diene and acetylene in the outlet stream

50, feotmyDeh® gai®d SarerbepesdiblevedVitiFithargre3ent iavghtddn, the

of the dienes at the outl et in.g m versus, t he eSherne )

Sai PIOPRESE IRUSTTRY GaPcoft IhorasctabapsEngaly’ while stil

di st ] ' ' alone and for a CDU plus a

fi xe@%@éhﬁ@%%g@me%g? i(‘]ogmystem As can be seen from'

Fi gure 3, Dalihgvihegnarncelr bperatiguant iany etfyldm@hinyt, variations in

reactive acetylenes and dienes t o remain unreacted in

t he G\PeFREAD MURTHR COatany©f cchargei 93satliCis Gaperanced. In

o ISR A, MLORMLGE P3P AN S LI s bhGes o

stili obtalni Si 0

everalil impbthtid xedrbedcr &agtdosisfihasaed: afft@lartbeas. For a
catal ytic distillation colum 14 ., C acetyl ene

br eafkt¢nt catfiy sii Y@IUDT: 000he aetalyScodetibatibrt gplurah) yncreases in
20, 000 ﬁgm conhi,ned Cger :CFd heavi er dli enes and ) _
acet I'BRBIMEARIHE A INE 480 PRI GatE cakt GPYE¢Rirations result in

di stjbld At QR ERAliLM A tt)ﬁgisc%li?}qé .Sr}éﬁ—ztaggéwoﬁ‘htltng\@e Hndesired
fi xed bed hydrogenation reactors with intercooling has
beerprsldowts tinto hypteagen&de 10D8mpEntdeorC2f@cedydrenasticipated

entering, . the fi bed reactor system .and .

‘ﬁppr‘?ﬁ%ﬁ?fﬁg%ﬁﬁ W?éﬁgg?e,tdhfé'cé’_W'Hgaxfgofb?goerﬁf%%fs shown in
ie ace N ~

yatan ¥t o rasuTees RoaEhe g ul0dh  SRa Y ar Ry e or

0 ondeyn=060urppmpsedkd htheughriohdinesest and aagty/| femitsnation
fromthe conbined system This represents _
approsataEt el \N 9o, HPAFOGEhatesasof inchislingt al fixpd aped reactor

nee 8 B PR L STBTP ok 2, G YT e
29ai ngalforuRybtdénO0caR%be adjusted to either increase or decrease
reactivity of the reactor system and thus follow changes in catalytic
distillation reaction activity and maintain complete C: acetylene
removal and high hydrogen removal efficiency.
Finally, a fixed bed hydrogenation reactor system is designed
25 to.include not only operating reactors but also spares. Catalyst
deactivation will occur in both the fixed bed system and the catalytic
distillation system. It is not possi.b'le to regenerate the catalytic
distillation catalyst without shutting down the process or installing a
parallel column. Both options are costly. However, a spare fixed bed
30  vapor phase reactor is a relatively' inexpensive option. By utilizing a

fixed bed reactor system with a spare instead of the single column
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with 70% overall acetylene selectivity toward ethyl ene
at 100% 5 acetyl ene conversion. This is a substanti al
w0 psosEaent over the prior art. The specific PCT/US2004/001379
hydrogenation reactiyitg oﬂ7eth¥Ieng_is just slightly
| onefORFERt tHe t8Be®iiPl c¥rlealtiNFRY dfe pPbpHE eHeCeThugan be

cl osg,9 vat i f.4he C3 diene conversion provides
ﬁ) a%ﬁ%ﬂrh.\éﬁé.ugv;brgve&

are e indication 30 of the stability of the

et hyl enq gRitheahde¢dredobydsegnasioan cpsterol thoimt dwdrhead 50

the system For the catalétic distillation system

al onEOomhide CatelviRed¢EHIEPRI RFSSes BHatomesntad eawgseloyy heat
d ically.ABB 6 % hyl ene lL.osses_are

o se%@%.n%\/\g%ar'%]u%éngé%éarra |ﬁ%40aﬂqec5lﬁsdti 'F%‘%sbe\ﬂwéeraecmr 68.

the CBeifRN@NEPIRIBEGN ST Peddier 6t gbyd tierolight iHd Rké@Boler 70
colum is between 10 and 35%and typically 20%

et hyterndegagernd rfomdobeds htydrogeBatparia possdbl7ed. Wit heries of
the present,invention, the propadiené conversion can .
be i REFEaeetr CUBSYERENal I BRI U1 PP Weichiinf rgme fashion
et hy| £0e48akd-achieNthd H%C_@staﬂ'ﬁ' h&Refrahs@R WheRYequired. The
ethyl ene unit, variations in the carbon nonoxi de

tont eMueit tloar gbedast 1@adter ekpeheengess. bhok atdbtgonhe cross
feed§t ock quality or operzati ng? severity may be changed
t hat 'RVY INSREPEC D BET SletWNeEniNCAnd aitticded Picbireneed 50 to

of chat .gﬁegiaﬁed E?Ect%rgiig( anﬁd.a!'yﬁé ek LﬂgFr\ﬁiepattulpg to the fixed

catalytic distillation colu i nCreases 1 n carbon

nmonokkdereactdnsl ein dicenaicknd chaatyl edi eithONGetehad i@N8ecrease
result in | ower conversion and thus higher releases of '
t hesth iRyt trdddh piregaeadon e shatfixednh SDreadafrenSachorentrol is

r h.anticipa I Stu es,wuld be difficult .
E/\nﬁot hﬁfggeessprr\f/o?o ar C%g g%ﬁlzlglaégﬁﬁ%v\ﬁhiaﬂgﬁ glir §21201 tmonoxide or

woul digreqsmd @cefgesagesd iddnepatatioRy PHessSHIMBaRimum adiabatic
tenperature inpacting the perfornmance of the entire

f ractéronatatore gysst o 8PAFt trdal fpr oved pedeess stable fixed bed

7! 48088, Mt R AR LR PR e o
can pecadjigstathdcted eifbhenotNEN €856 RondeCr @8 an  adiabatic
20  temperature rise of 70 to 80 and typically 80°F, handling of 35000
to 58000 and typically 43000 ppm acetylenes and dienes from the
catalytic distillation results in 9000 to 30000 and typically 10000
ppm Cs and heavier dienes and acetylenics in the final product stream
74 while maintaining 100% C2 acetylene conversion primarily to
25  ethylene.

In a similar fashion, the temperature control on the inlet to the
fixed bed reactors can provide for compensation for catalyst
deactivation providing the typical. start-of-run  and end-of-run
operating temperatures to the fixed bed system. In the prior art, this

30 could only be done by a temperature correction in the catalytic
distillation column. This requiires a pressure change in the column

and thus the fractionation conditions will be altered. With both the
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reactivity of the reactor systemand thus follow

changes in catalytic distillation reaction activity
w@eahs08i58t ai n conpl ete C2 acetyl ene renoval anPCTiU§1004/001379

hydrogen renoval efficiency8 Finally, a fixed bed

hydrogenation reactor systemis designed to include

notcaalWicopstatatiny redetndr NHufiX8fs8ed parasdor atsapystof the

deactivati.on wW.l |l gccur_.i ot f - d S

andere banaryire SR ivReto sty BRgh KRl E gt bB e o

possddtgnt fPadtRgRNRIALentEhRneadmd Ybwer diesipdrb@lideOBorrections

catal yst wi thout shutting down the process or

i nstaal thendgixedpared! bestesn| With beBBRMNIES i ohRkisaireryss| yystem

However, a spare fixed bed vapor,, ph reactor i
rel%irta;%\')gf/fqoﬁ@%‘@ﬁgf’{/ Orbgpetri[ﬁ%%?épguct%ﬁgli@?‘ng a f: ieg
bed reacgRf,syst gF@é’Mn&Q #n SRR at1séreabddphedhefskRgl Bresent

col utm ABBLUM 260concept of the prior art, onstream

| i fimvehtibhe lpistebsf catrlpéc sigidtadioni edlbynn apeidead. strgam 4.2
the fixed bed h dro%engai on, syste th ne(% over head

50 PROHTEhE cHANERE APt %”oglopé%@é?é rﬁ’rn?)u%ﬁ' theerhead
cro 0 . 1 n i

i nt gﬁte%tn %*gfﬁﬁ‘si%ggé&g%g%goagfbo%ng%\w él')ﬁ%h effl E%%t%grlgm the
1t hefikbg sied eagdtor £Btgoes Fotipeatigh thleefikad earaxbokacto?Gystem,

to the second fixed bed hydrogenation in reactor 72. A
ser fes edflupnkdel ERRI8AT Y | dhyne niediieo 48 ép% t[?an%'éﬂmn is
used in th f ashi i '

necegedey heh BT ph St d R oot g s

from thesiast theagh@im7ntdirpny 98ESHALbdnFeMabr tdhigtem still
cross flow heat exchanger 64 where heat is extracted

andcbhaifieed Bohte @ fiubefof ithed dbemnr dae topresating heapedeture of
The inlet t erature t .o the fixed bed reactors can A
be dif CRiey BRANGAETTS BT iher SPHiS ade o otr HLE% fmplote

ext enpookohy dregenatii eRahge tthe ddsx@d daeslykeactions. and space
Such control is 15 necessary t o success?,ully handl| e

changesityntcarhon stehtexpgeragiondi dive afdarsegeydfetleisf aeproach
conceptration.. Upt 0o a Xi mum adj abatic t erature . .
91 080 a0 Tiabgh 4naFor BBt hOfrt?észfJ,foaa%btoé‘bﬁggEi waly pugimize

operat i b no | . . Bt
agig a??%tp’{%glégf 28IVl 8Ne 1hRShESs PasSEIRIcRd AyldRjetabartial

20 pressure that will improve selectivity, and a higher space velocity that

wn

will both improve selectivity and decrease catalyst costs.

Figure 5 illustrates an alternate embodiment of the present
invention incorporating a pre-reactor. This arrangement is
advantageous for bulk selective hydrogenation of feeds high in dienes

25 and acetylenes. Following compression at 12 and possible treatment
in a guard bed (not shown), the vapor phase feedstock is admixed
with recirculation liquid 76 from the pump 56 of column 14 and the
two phase mixture passed co-currently through a fixed bed reactor
78. Hydrogenation occurs and the presence of liquid serves to

30 control the temperature rise th,rjough vaporization. Hydrogenation
reactor 78 can be designed as an operating reactor plus a spare to

allow for extending the onstream operation of the system. Following
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35 0 Fis expected for normal operation. Wth an

adi abatic O tenperature rise of 70 to 80 and typically
w@apE/estsandl i ng of 35000 t o 58000 and typi cal PET/USHOO001379

pptn acetyl enes and dienes1fromthe catal ytic

distillation results in 9000 to 30000 and typically

100@0e pprer@3ctard thealineid/dérrresinide ae@t Weemitteri serttheo the

final product stream 74 while nmaintainjng. 100% C2 .
a_ce_t%ﬂ“ﬁﬁ@ @6‘?1‘?/“ t $°f rﬂ')‘f’fe\r{&r??‘{/ﬁl sgeg?rgﬁqylmeﬁe?%?%raé'on drum
Sl maln@rﬂieaﬁathignancﬁ R&plo® TRET AT SrehPRb Bk @lukhe IMHElatter is

t o the tixed bed reactors can provide for
conpeaatddopinterammabdbystersdacneddniton ipittalittidiggehation will
typi cal start-of-run and end-of-run operatin
t empér 4t théshﬂu'éi PE‘@S’Fi 84U B bseygtegrr?o Itﬁet ﬁgl'“lé??o?elow the
art ’catc{u/gt ggdé:(?lﬁ\hg r O, m?.qog%‘g. by a tenperature

ytic di

correction In the cata C tillation colum. This
require' Pafq@reasgutte Cilkadgeed hytdregendtions drdotehdlse tdealytic
fractionation conditions wl | be altered. Wthtaaﬁoth L

t he digBlaviae0 ureatldl il @larsian petsiy Rehemfakhgst utilization -
fixed bed, re VSt e e, pr.es Lovent. h .
cat é’wg%t di%%%ﬁ%%@l}%n g%o%%iéqcéﬁgsopgéuat léﬁ]é;[t Egﬁ&in%f the

b1 agtidPpath&iore el ttbomise aBFhd awRbuttePEpadfdfenhtially absorbed
corrections for the fixed bed systemw || be required.

Thi sliengs enescsyyeras of Abaher \eaghivitsl dv@igbleotor| vifgegenation.

life of the cata t. Figure resen n alternate

bt s crtalyeds blipdto, dafietn Eat AR s Wouid be
cat gl yleisCa @ Stiaklrf | e ColdiMsOvREReast HIRR™M. 4 2A catalyti
pas§4| ncéastarg/I exgha%er 449and tshen to refl uxI drum 44,Ca YHE
overdigaltbtgir earit 42 issillpasgeidedi faloMipgt @ gressaticowto reach

exchanger 64 and into the fixed bed reactor system .
IFol I’bﬁ%ﬁge‘f“ﬁ%orfi%P@&'fb%q}'orrbgacﬁ&'ss%ﬁ”‘éﬁ?teﬂwéh% £ Jegfimum of

|'s cgobed iane, the rafl ux 48 fordhensqbH Mt b
sepasf(g oeda@l{% g@”as%a condzonsed ﬁéquli% r6g gng ﬁeturzegan ©
t o ddrenedldived. inShreceretieacsim eam entering the fixed
bed reactor systemstill contains all of the refl ux

for the cOneifier adv@ndpes &f itnfxeemseratdipecartiphacrsipsfefore

gggp%gﬁéégtgfy%ic%’sltillgﬁoﬁodmm%t1Hii9ktﬁ5t thO rLASHE & an be used as
20 a guard bed for catalyst poisons. The catalyst could either be nickel

or palladium. Nickel catalyst for example would be able to catalyze

the reaction of the sulfur compound thiophene with butadiene to

form a heavy mercaptan. This mercaptan would then be removed in

the stripping section 22 of column 14 and thus never contact the

25  palladium catalyst. A still further advantage is that the external pre-

reactor system could have a spare and thus allow for regeneration

without the requirement for shgtti.ng the entire plant down for
catalyst replacement.

Alternately, as shown in Figure 6, the liquid 76 from pump 56

30 can flow downwards through th,é'fixed bed 78 and the vapor stream

from the compressor 12 can flow upwards. Liquid from the bottom of

the fixed bed reactor 78 then flows-to a lower portion of column 14
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vapor flow. This will change the design catal yst
activity and space velocity to insure stable

wo@p®sasisan; The advant age of this approach w | PCDESH04/001379
hi gher mass flow of hydroc&bon that will m nimze
tenperature rise across the fixed beds, a reduced
hydeodenapar tii@alvsptessui@ arhantni pbiritnprbve advantage of this
selectivity, and a higher space velocity that will .
bot ROMRPHovE T8RT UPPETY yeqHA tRCFe sy £HPAIMPST 'EsEtg from
Fi gg%ﬁyrﬁehkéﬂﬂéﬁf%%i@r& abt erpat §, RO BB R otfBons  are
present 1 nvention Incorporating a pre-reactor. This

ar r angevent frosn ady anttalgeobsdf as fbuhkd seldkdbi vet pass over the

hydrogenation of feeds high jn dienes and acetyl enes.

Fol FremieHyneoRprEsidntt cdelysy pedsifie W%dt(ﬁ’é‘ﬁt‘si gent to

a guard bed,{nqt sho the va phase. t i :
admcfﬁlfn\?vi t%ér eatct:i facul}gg%ﬁron P)(;ui}ag{r% ?ﬁg}#?ﬁ_&spgﬁ% g%tem'al
of celhuamidsiandf the chvwyphaseoioit ude passed

co-currently through a fixed bed reactor 78,
Hydr ogend®ii@rmetsc udcarrd@nt frl pgiheseri@dy ot distiigtignsertipdgst are

by Rk St ok STB BB S EE SR I AN RO ELAR ke the

can” be designe an

operathingtr ¢acther, Rkus ahSRA-Butrept FHIWWohOEN LXRENSHNG actor
t he onstream operation of the system Foll ow ng

ABBIldaNEIRE0tHEsl prB- h@ertaospatehealldvyuigd ferapegendration evhile the

can be either sent .t o the coi unm _gi rectlé. as a m xed .

f eededt 05 sparHF N i h ORCER I A 1DAPHRIAY &Ra!Y ARIFTYaITon-line
and vap t t e t |
oot APl STRREL to Aot TR Ll 5 1 1o
hydrieigenatkpactdd to babe the hidteesltifquiidg pit@se and can be

fed t o the colum bel ow the catal yst beds thus o
Ipeduci ng FOUNIMGizepdetigttimgthendixefxBed pg-reactor, liquid flow

cor SARFABMAPTD UPEIEIIGERUTI T GhaEchPly R o e v

ut i IHezat bpmyirb hondtiexper encivaghethy| @rprh@ssféefied off the
that portion of the |1 O hydrogenation due t o the |arge
anowatalyst.pridfee et #1400 yofaiBes bl dl dhelredppbly in the vapor

ﬁ;gﬁ%@gﬁ@ﬁ@fZohrﬁh%%rhcg%%egi%%g?gg% :tﬁ?% exh®it extreme fouling

n. Pzation, °T Ower
26at abygbnvek uBBE MY i@ #R liquid continuous zone is also possible.

Figure 7 illustrates a further embodiment of the present
invention which incorporates fixed bed reactors within the liquid
pumparound or intercooler streams that are withdrawn from the
column 14. The fixed bed hydrogenation reactors 82 and 84 are

25  placed in the side stream from collecting tray 30 and the side stream
from collecting tray 31, respectively. These fixed beds 82 and 84
are in addition to the reactive hydrogenation sections 16 and 18 in
the hydrogenation sections 16 and 18 in the catalytic distillation
column 14. A mass transfer zone 85 in the form of structured

30 packing or trays is also added abip‘ve the withdrawal point and below

the catalyst bed. This zone allows for hydrogen to be saturated into
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necessary maki ng the process nore economcal. A
catalytic distillation unit is still required

WO 200508458y a pre-reactor t o reach !'5 hydr ogene€T/082004/001379
specifications. It is anti@ipated that a nmaxi num of
50% and typically 20 % of the hydrogenation duty can
be assanplid spessd nartchehpe eprasddd othe Ayotbgen advaikdgéor the
of a fixed bed hydrogenation reactor hefore

th o
cat Avgtagendition ¢f Hg éﬁefddﬁnﬁ%aq%dle@eﬁﬁatfhﬁh\@ithgéacwar“qwd :
b d . f. | i Theo
can be “Srggu;bjngyi ?Jfgt%%ggrel%gq&euﬁ\gerﬂ%r@t%ergeinBc?\n'/eS%bsl C;E%lb@/o of

cat al yst her ni c or pal

cat ghy iy df 9ge %Al @ b @ ebgaablier ttoocieiBingl ¥&e ddirliensation
reaction of the sul fur conpound thi ophene with

but athpenwers fror anardveao)swBPHaptE raHicesneaRibYtaest. The

woul d. then he renoved i e stripping,section 22.0of

col B attn RS ey 9Bl RePBuZEE) ZapERIoE of the
cat abMsdn rAosbkide EsRtdIaradsty antRge: ismyvt @atot MY olefin losses
external prereactor systemcould have a spare and thus

al | ovad owtregerikieatiion the trout atthe Treguwioremieat fixed bed and
shutting the entire plant down for _caﬁ al yst _

¢ epFaEHIALD SWITET LR Pradds RYRATIPR NGRS &, Sysiem upsets
iquid 7 6. N pUnm 86 I ugh

e R B R RReFAR B [RIBYBN o S efrogen
conpegsar, 12 can flow upwards. Liquid fromthe bottom

of tho fixed bed reactor 78 then flows t o a | ower

portion dfollewtingn alel ABBEURK2BWARR vApor flueVigta ghg present
hi gher entry point.. The agvglnta e of tohi Sared to the prior art
count ¥ T Fents prib0&sse'EEeqHERt S 87t Hat'PEi G gorer S P '
resutdd RAIAYIRE PAbIYITELEZALdOR theaskd @asn Y sitibe used for all the
unsat urat ed hydrocarbons are renoved fromthe catal yst

ibed exsnfoesed ane 2distsghepassitoyer eadle of dhmieiantples.
portion of the catal yst bed. A%Iso this liquid is sent

t o colum 26 at a | ower entm‘ﬁo] nt, mnimzing any

potential ¢ontam nagi,pfyMHekhe catalyst ingolum 14
A igoners which can foul the catalytic distillation
cat al yst ar ¢iyeasgky separated and do|not rils@7in the
colum t olcontam-nate-the
Lights 18.22
Total C2 24.21
C2 acetylene 0.22
Total C3 25.62
C3 diene and acetylenics 1.70
Total C4 13.96
C4 dienes 5.27
Total C5 . 4.83
Cb diene 2.10
C6+ 12.09
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cat al yst.

Furt her,

the pre-reactor catalyst bed can have a spare,
w@bdosmsasgo f or regeneration while the rest of tPEI/BEy®D€mM1379
is operating. The ability 22 easily regenerate on-line

as in the co-current flow option,

will increase systemcycle |lengths as the catal yst

zone at the feed inlet is expggted t o have the

hi ghest fouling rate. To mnimze fouling in the fixed

bed pre-reactor, liquid flow rates need t o be

suf fircremt—t—o M ni m Ze [TQEAL NOExSROE S| €Wsmfle § ER&mple | Example

hi gh heat of hydrogenation and t o w a-gh any

olidomers fornmed off the catalyist. The operaatl dn of* 5

t heseceds Pi(ssiqir ef er abl) I mog he vapy contigwoqs zmlse 195

For lcracked—gas—feeds—that—exhibit—extrere—fouling

t endeh@ ¢ Cagiﬂ\é?gt(llﬂg in tﬁgé\ i qui ont i ntious |zonei 228

al sg q:m/ﬁsurbduecmdi'-%gure 7|ilbustrates.sa furtboer 0.3 0.6

enbod pt-esett—i ent-o it h—ncoripotates

fi xed¢ %St 0’“"2 t'é’Ps Wi t hiln hé I qklﬁ'agpunpéjr'%%ndporﬂf ©.09

i nt er cbohere @an@am that are withdrawn fromthe coI um

14 . J)i(la?iéld_)ﬁﬁlgt bed) Tydrggenat T ofr Teactors 82 and 8¢ 140

are placed in e side streamfromcollecting tray 30

and tﬂi@dsﬁediéi%&vr eam from cotlecfing tray 31, 1800 2000

r espeEldVRIYs (A1€S€e fTXed beds B2 and 8f are Tn

addiltion to the reactijive hgj/drngqnati on_sections._16_and

18 i|n t he2 psAdY'efenat i on [sedd ons 16%and{ 188Pn the 100 100

cat A yUi G2 dbiklsldn@l 10N GO TN IA " Aomass thansfier zgne 31

85 ijnthe formof structured packing orltrays ils also

addeld abo¥ethyiiee apiisf adal Boi nt (ARdote| owlthe 0.1 0.7

cat al ystcbppyldhy §ait/RE | al laomws for shydr 39€B4I o bes.s 4.8

sa+u r—aLefl—f—nh—e—ABBI:HP 60t .he H-gu-d—phase—and—thus

provi de th&8°HYAPBGEH Y equi Ped fpr Pre h ggena oh % '8

t he affmty-btme@t )anck! di enesmm@ he wes4mr a\madseaqu d.36?irhe 7740

abi | § t’é acetcle ICDCIIL Y IUI t "EIIJVC4qn tH—o040% 0

of the hydf ogen from the chargél gas prior t o chilling

and condehsedtviom st eps |lowEt09 t he @98r gy SGASunNpt | &P 840

and reduEEy FAPT tal— COSU 35 api idoy U0 43pHT OJEN3LE 4000

100%.0of the acetylene irrespective of the carb

monoxi deCdiseent rati on Wi thBRR Any’08® of &R/ eff i n150 1500

| 0OSSES™C5 diene 1500 600 3300 290 1400
Example 1:

This example represents prior art outlined in the previous U.S.

Patent 5,679,241 (Figure 1) based on a one step catalytic distillation

column operating with a reflux ratio of 4.4. With a typical front end

acetylene hydrogenation catalyst containing palladium levels below

2000 ppm and operating at pressure of 195 psig and average

with 0% ethylene loss/gain.
ppm of Ca2

acetylenics.

acetylene

Total

and

a total

of

acetylene/diene conversion

catalyst temperature of 230 °F Cz acetylene conversion reached 84 %
At the reactor outlet there were 370
19070 ppm dienes and

is 79.5%. This

example represents the case where the single column is operated for
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was not possible with the prior art. The conbi ned

fixed bed and catalytic distillation steps provide
WGEaensws0 handl i ng of system upsets | O while PCT/US2004/001379
mai nt ai ni ng st abl e di ene/ acdétyl ene hydrogenati on and
hydrogen renoval . Following are some exanpl es which

il Hgtéta\tyeerteh&)spresenéam rﬂ)\éemérgntheme li¢ Suatdrals breakthrough
enbodi nents as conpared t o the prior art. The

f ol PbWizraseTelsne. 11 Wateotlgrpioduse dfésace mibuienei wadused

for all the 15 exanples. Table 2 lists the results for
each of the exanples. Table 1 ABBLUM 260Table 2

Exagpg,e,plé oThi s exanple represents prior art outlined

in the previous U S. Patent 5,679,241 (Figure 1) based

on a oneT$\t'se|®><@athby@|'SQ dirgeséritat poar cmtuamﬂ operagdachgpn the

with a reflux . ra 44 ‘W' t f t d

e PGB RS ERIAT)ST BB nty oI aH drtalyst
levels, gP’thWa 200Q BRIy aBA LREFAL Aboals @ﬁeswwmro@%ﬁamn
psi g an average catal yst tenperature of

acetyleny adnweerssigea cebohedc8dYowi trh:r@%e&i hty)l eaech low Ca2
| oss/gain. At the_reactor outlet there were 370 ppm of

C2 aeetyeenéevehtl dhis eapde BFCADOTO PhRY dirksie tamgerature or
(?Cet]r}/c!rggé %?}_plcg%tlzgt %‘E%K/E{gene'/ﬂqé e}qghwﬁer gﬁ[?énr%ﬂ)rles o%%réﬂ%n is

exa presen t he

col iendsdoperatied §aityABRL UMK 26ANMEthys %@uémspe%canon
can be seen, there is substantial breakthrough of C2
aceﬁymﬁﬁee Iﬁ@@“%@uldﬂpﬂ@duc@a%ﬁfa%péheeﬂhyﬁeﬁﬁﬂj acetylenic
product 5 This ex resen

D PRSP S BhBE F OB THE & T BPa aRYIEYer there is also
di sti blesdi OfhyTH By s0f ARXRRPIR cloMbliflehtighier wedd A hpm of
tenperature and slightly lower reflux ratio of 4.1.

| The Chyahredglenatdrgha gevaraft Y28fOpmhmjbeecehdmretaienbes. Total

SR R B WP BB O Ly

. acetylene conversion is accompamed by increased ethylene loss that

i's can
increased C2

is economically undesirable. Further, the ethylene product still does
not meet the specification limits of 1-2 ppm.
20
Example 3
This example represents prior art and is based on the single
catalytic distillation column of Example 1 with higher carbon
monoxide levels in the feed. Carbon monoxide acts as a catalyst
25 poison and therefore diene and acetylenic conversions were
substantially reduced. At carbon monoxide levels of 0.1 mol% in the
feed {(0.6% carbon monoxide to hydré'gen ratio) the product had 460
ppm of acetylene and 33860 ppm of total dienes and acetylenics.
The lower catalyst activity resulting from the CO is reflected on the
30 loss of catalyst productivity (O..'12 to 0.09 Ibmol/hr-ft3 catalyst
structure) and the lower overall acetylene/diene conversion (63.6%

versus 79.5% for the base case).
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| O increasing catalyst activity. The higher

tenperature operation is intended to reduce acetyl ene
w@oovsesis3@nd t hus achi eve specification ethyl eP@r/US2004/001379

product. In this case all the diene and acetylenic

conversions are higher conpared t o Exanple 1, however

there is Talesoespdns®@¥@tthis epdudaaksctifttyt Woulddet dp raise the

outlet there were 240 ppm of 15 g% acetyl ene and .a

Lot APMEFTa8a (P lp B PATIUS! AHATRCERY GRS Fistiption column.

acetyl | j is 86.29 : ol

o SLE 05 AR e B e e S R e Ppgtical in

I NnCapaseetatihigylisine Tassoptiats its eoapemdatalfloy CO increases are

undesirabl e. Further, the ethylene product still does

hot limeead foethepridtidation limts of 1-2 ppm O

Exanpl e 3 This exanple represents prior art and is

based on the single catalytic distillation colum of

Examglaendievd t h hi gher carbon nonoxide levels in the

feed. Carbon nonoxi de acts as a catal yst 25 poi son and
t her ef or &/ Hdf erx@naie gpetsHNERI © ec oRv@vedoagmidrad operation of

1 ToPobd A e BELACD sl BOR moRBIHe" o6 Ry dlogaR=d "
16 at ifpdureh®. PresiGlo e e 465 B FLAS isaﬁgéé/s!s%lrﬂ@ iANgr 33880 realize

ppm of total dienes and acetylenics. The | ower
cat aityglenaatdivs with 0% Gigateendheoissonr ehtew@ ¥dto 95%

on the 30 . 1oss of catal yst productijvit 0..12t o .

0. o@owwﬁba'svw—ffaﬁlsorﬁw&l*% agtjrftﬁ?ttlﬁ’reé’? PPHRIS o fgireration of
over.all Ldi.ene rsi 63.. 6% ye 9

oo 10r FRSRIst, SREUILE ERINET SLOMS hig DAY Chpiaof patalyst
r edueeGheagtuir ¥ ictfy2 30UF dinbel 85 pdi@ipsesdune reenped at ur2e000 ppm

the catalyst within the catalytic distillation colum.
IThi $EIEh T diguies ergharplyteasein Hhopratdvrie deyiprwayerhead

5 AL 2 4002 BB VBl TN R Ry Bt

art. Exanpb&afion of the fixed bed hydrogenation reactors at gas
hourly space velocity {(GHSV) of 1800 h™' and inlet bed temperatures
of 129°F was successful in converting 100% of the Cz2 acetylene

20 and provide enough additional hydrogenation resulting in 50% overall
Cs diene conversion (both catalytic and fixed bed hydrogenation), as
well as 96.1% overall conversion of the dienes and acetylenes in the
feed to the combined system. This resulted in O ppm of C2 acetylene
and 3640 ppm Cs and heavier diene and acetylenes in the outlet.

25 Specification ethylene product can be produced with very high overall

conversion of the highly unsaturated species.

Example b
This example represents the improved combined operation of
30 the catalytic distillation column and a fixed bed reactor at high carbon
monoxide levels in the feed. At carbon monoxide levels of 0.1 mol%

in the feed with constant operating conditions for the catalytic
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Thi s exanpl e represents the inproved conbi ned

operation of the catalytic distillation colum and a

w0 poosaisdsed react or described in Figure 2. Thi sP€cDORioN€E1379
operation is necessary in @fder t o realize ethylene

gains with 100% C2 acetyl ene conversion and 50%t o

95% oMVl eBIuphn abhiyotRerixdh eng gnst %Qﬁﬁé/rja?ﬁ% needed to be
conmpounds. QOperation of the catalytlc distillation
coIunmuamdlgﬁcpgegtandunwummgmodataJyﬁﬂnﬂemnﬁmatuSse©mmaHy,

230 0. F and 195 psig pressure resulted in 12,
by \mitgh?”dﬂéﬁﬁe HUCQE%Q'WB%%XW freer &bPal §‘/?|%1 mol%, an

di Sthblakkon eelhieaduhinly fer%gré@ foh P2bNG Gt \yas
grogenatlon reactor sys ﬁ\ eration o

ﬁl xedjfbenmﬁnlnytd)r ogémain aher@aotosionabf gae OowickyylspaceFurther,

velocity (GHSV) of 1800 h 1. and inlet bed tenperatures

of 1bs nanwa*éeas/u%rc%@@feman%a@@m@m Weere0ovsher tdsogenated

acet, %Sl?l%g‘%ﬂ%f’ era qgggdﬁggétaln naaclet %rﬁg?lﬁg?ﬁ product

resul'ting i éne “Converé

catal yti cTidpfdpeedd bﬂﬁphcy\ﬁérﬂgﬁﬂabf Ofhe @r%s\é’ﬁ“ iRen®®n  will
1% overal |l conversion of the dienes and acetyl enes in

t he Festm  6O0PRe @errmclqéxdesysﬂwmoqenaslqreswnmedstahleo 90% +

p acetyl ene 3 and . heavi er di ene
BRe R esrr a7 B G e, CERE B orpst g hBRe 90% +
pr oiiGtro§ematheh prfoducssy e s hjlt\!r@éé/ bhghsgvgraldonversion of Cs
conversion of the highly unsaturated species. Exanp?e
5 Thﬁl@nsexrampf®dr epeesemtithdthehydmpgenetngommki 6edind Cs olefins.

oper.ati on Fe cat al tlc distillation colum and a
fixe @ﬁ“ M?“&F”h GPO R BBR thErygrert inpatien; will remain

the r [ f % in
t he f%%%’ V\ﬁ h@oﬁgglﬁg@%e{{iég c%%gp tclPe e%d@ th 1he feed
Icat @loytpasiABBLUM 260di stil |l ation col um, onIy the

fixed bed inlet tenperature needed t o be adjusted in
order to maintain product specifications.

Specifically, with an increase:in carbon nonoxi de from
0.05t 00 .1 nmol% an increase in the inlet fixed bed
tenperature from 129 to 140 O F was sufficient to

mai ntain the conversion of the C2 acetyl ene. Further,
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the C3 and heavi er dienes and acetyl enes were further
hydr ogenated resulting in 7740 ppmw. totaM ene and
w@e@spswsaes i n the product. The proposed i npr ORENES1000601379
the present invention will 2perform 100% C2 acetyl ene
hydr ogenati on with stable 90% + hydrogenation of the
C3 0 C5 and heavi er acetyl enes, 90% + hydrogenati on
8R§° Cs di enes, and 50% + conversion of C3 di ene
' n f feed Sheeam Wil hovteduyly Osgeﬂiﬁrhﬂﬂlyt Q@a%@%e@ stream
ol efins. The resulting hydrogen renoval with
pr esankiningenhiydrogein, | etdvkEne, st BWIMe 30 abeo/lé@e,andnethyl

typi cal 30% de endln 0 os tio
A)éFB)iW %{ci)olﬁ;gglefe N MQHSH%d (Sﬁ"oéég’g‘l nbe%wgr unsaturated
st heg r@']oclérl%r?s?kﬁ% gfd‘?g%é{aﬁ@agheo%Bﬁb@ftn%slg}éqleIginall of said

et hy ene, propy etyl-ene, nethyl acetyle

pr opastyeme andhigh hﬁép@tgoncso efhaledeheayiteidrogeadter at éshst a
5 hydrocarbons t o hy droqenate and convert essentiall

al IDW‘%PHTB@éP?Vé’h@CPhY ﬁﬂ@hpmﬁﬁmq 8Rdthet Kyl &rve Co and

and [ n Iy o

rcel 91 ORe PRSP af REE e PR bt MMefles N N MRy feeume
unsat geaied by dHneanhengeh aviehedi n@&agehaﬁnghgf@pyne and
consune a portion of said hydrogen w thout

| ohy dip irgpevthentd ngrrmrhyrlngaﬁee atrbsl @:propyl ene conprising the

t f f t to
catalyti & d stTTTSGh Sarunro kot ng @ 1 oagtehtie

hydrogenatlondrs%m%wﬁt bedand croonsw gentéty egask one

sel ectively hydrogenating a portion o

acetyl ene t ohf/drapeetahiphersabysd ble;ddarmgenat:ungnmarti ons
of said net hyI acetyl ene, propadiene and C 1 C Ce and
heavi er unsat Ht at eée'WHV%'é’a'i’\Efgﬁ@eaﬁﬁnﬁéhP?ﬁlqu Af t he

1S said acetylene to form ethylene and
hyd.rogenating.‘ portions of said
methyl acetyle.n‘;e, propadiene and Ca,
Cs, Cs and heavier unsaturated
hydrocarbons and controlling the

20 hydrogenation conditions whereby
said ethylene and propylene are not
hydrogenated; and

(ii) separating by fractional distillation

said feed stream into lighter
25 hydrocarbons and | heavier
hydrocarbons;
b. removing substantially ail-of the remaining portion

of said hydrogen and said lighter hydrocarbons as
a vapor phase overhead and substantially all of
30 said heavier hydrocérbons as bottoms from said

catalytic distillation column;
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0 hydrogenati on conditions whereby said ethyl ene and
propyl ene are not hydrogenated; and (ii) separating by

wo easnswseml distillation said feed stream i nt oPCT/yk10e4/001379

25 hydrocarbons and heavi e27hydr ocarbons; b. renoving
substantially all of the remaining portion of said
hydrogencand sairddutight &r leagdrropartonsf asid waBPlphase
phase overhead and substantially all of 30 said

heavi er hydr o®¥epoad d8thct tGRET f Poass aixect dredl yepetor
distillation colum; ABBLUM 260c i ntroducing at | east
a portion of ssglsgerva‘ﬁ%'%%wgéego]i?/%?rﬁggalaﬁﬂf‘ogﬁta{i/\ésﬁoﬁnd
phase fixed befdiegedRinsyHeMERRIANY Mbron of said
hydr ogenati on catal yst and hydrogenating the remaining
portion of saiageSylapet yteneferro f durthturt htrylendyl end
and hydrogenating further portions aof said nethyl
acet yl ene, prgwgg?%‘?{éatgﬁgd %r{heée,poét'gﬂﬁl REa§pigy ‘methy!l
unsat ur at ed hydeeganbops sl ORMEOLL | 8, heand heavi
hydr ogenati on coggi ti oEs wher eby said ethyl e%ré ch%aglnecﬁ

propyl ene ar e unsiatimptedgendtadrbans dndenmantnglingxete
product from zgjigd fi xed bed reactor system 2 A net hod

h
of claim1 whéVEregeRAtayROSdHRG J¥ARISEN Ealtsieshylens
f C and lighter I n [
B o200, STl B BN ORI

ydr ocar bon consists ‘'of C and
met hod od. cl airembwier eised dplddyht efrdidrs@ear hRed bed

consists of Cs and lighter hydrocarbons and said heavy
hydr ocar bon céRg¢ior $ystem. :

20

25

30

2. A method of claim 1 where said lighter hydrocarbon consists
of Ca and lighter hydrocarbons and said heavy hydrocarbon consists

of Cs and heavier hydrocarbons.

3. A method of claim 1 where said lighter hydrocarbon consists
of Cs and lighter hydrocarbons and said heavy hydrocarbon consists

of Cs and heavier hydrocarbons.

4. A method as recited in claim 1 and further comprising the
steps of condensing a portion of said vapor phase overhead and
returning said condensed portion to said catalytic distillation column

as reflux.

5. A method as recited in claim i'wherein essentially all of said
vapor phase overhead is introduced into said vapor phase fixed bed
reactor system and further comprising the step of returning a portion
of said product from said fixed b_éd reactor system to said catalytic

distillation column as reflux.
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0 of Ce and heavier hydrocarbons 4 A nethod as recited
in claiml and further conprising the steps of
W@ ondesissng a portion of said vapor phase overPEHUSHENH001379
returning said condensed p@8tiont o said catalytic
distillation colum 25 as reflux 5 A nethod as recited
in d-ai mA raperest as é8siged imac|aymal |Wberesaisaids afser oplkaserolling
over head i s int i nt id..vap hase fixed ped, ..
Feactsr uyd: ah STy DY SRR RN PSP Ethation
ret Wolime andontdad @@ opfphsde dixprdduetrebbedh sivhdd ¥ed steps
bed reactor systemto said catalytic distillation

col wircegreléng ke ABTIEN RGO G oMenideheid. as recited in
claim1 wherein said step of controlling said step of

del ecti vel y hydrogenating in said catalytic

di st || ath Qe GRIMBD raéfttd th sriidd §apRE RhRaR Eeorrds ReHrolling
reactor includes the steps of controlling the

t enpeeatampeeptofd peofileeireisaid Satalyihc mistibatias aodainhethcludes
in claim®6 wherein said step of controlling the, _

t enp Pa%tapév%vb crewing satieatad VAid SSENPINg Inopaid column
col Lol Bokutss Adif: LR Qfdath (el aoBEng PAE EAsAham and
liquid descending in said colum at a serected polnt
@S dnjgcdegt ssidnrocledl sidgsisaach badedhtearmidand|don at or above
injecting said cool ed sidestream back into said colum

at orihpe¢etehiP@indel ected point. 8. A method as

recited in claim7 and further including the step of

hydr ogenati ng said sidestream 15 9. A nethod as

recig.ed i mkaidd Gsweenretnnsahlin St e dofueeet rlihdiRg the step
the tenperature profile in said catalytic distillation

col wimydiepadesng ls@idsigigsteami-t hdr awi ng a punpar ound
streamfroma point in said colum bel ow said

ydr ogenati on catal yst beds, cooling said O punparound

stream and heiiRed ko Jesidéd it erliRds RUAPAIOURMA StdE8Mcontrolling
.the temperature profile in said C.étalytic distillation column includes
the step of withdrawing a pumparound stream from a point in said
column below said hydrogenation catalyst beds, cooling said
20 pumparound stream and injecting said cooled pumparound stream

back into said column above said hydrogenation catalyst beds.

10. A method as recited in claim 1 wherein said vapor phase fixed
bed reactor system comprises at least one reactor and wherein said
25  step of controlling the temperature therein comprises the step of

controlling the temperature in heat exchangers prior to said reactor.

11. A method as recited in claim 1 wherein said vapor phase fixed
bed reactor system comprises two or more reactors in series' and
30 wherein said step of Controlling.fche temperature therein comprises
the steps of controlling the temperature in heat exchangers prior to

each of said reactors.
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back into said colum above said hydrogenation

catal yst beds. 10 . A nethod as recited in claiml
wob@seses3cai d vapor phase fixed bed reactor sSyRBCEDS2004/001379

conprises at | east one reac@for and wherein said 5 step

of controlling the tenperature therein conprises the

step of controlling the tenperature in heat exchangers

pri t S acjsor A d r ed .

cla?ﬁil &heﬁgﬁnggal VQS%% ghaggkﬁgxégﬁ e%?%%ag?kjkmecnvmy

sy shednogemptinge scdnstster offottiee r etagt 006 bpeseinigessadd c30alytic
wherein said step of control|ing the tenperature
theﬁj'éi“HaE@ﬁ'pFP'é;'é%”t%@hstﬂéi)Ts tBe eoMaBIItIY ctfh@thylene in the

de at o ac f sald

S N A G RS A et

step of sel ectively hydroge -patipg consists of the

step of operating said catalytic distillation colum

suc 3t hat® t methe Céﬁtr@PW@n1Of“éﬁﬁ9léW@jlWTEMGCB SMGcﬂvmv
atal IS ess t han 2%,

h h
el D RER RO BB 26 T T Rtherb "GP iE e catalytic

sel §i%ft1'll¥ﬁbbf ByF@9enAl] NEacans| §é§1d0fﬂowed§\§v%pt9% column is
operating said catalytic distillation colum suc %

IQhegkﬁm@ndhémdM@@dhﬁwﬁh%oéahaﬂnseshbﬁh@eaﬁienthbaneaoafthe
Ib/hrlg cross-sectional area in the area of the
cat afyeitst © 14. A nethod as recited in claim1l

mhereln said step of introducing said feed streaminto
said catalytic distillation colum includes the I5

st ep4of M piefigos aisdebired iistcram W hbren aky 61e® bf Mttdbucing
fromsaid catalytic distillation colunm and

i nt $¥dutaeny siged il gaidesatayiiedisiirtiorapivmn irquucdjes the
' nt Se f b Xgﬁx?\%d s%{odrf%g?ng‘{regr%l R/V?h\rl\ﬁzlc;:t o;;lé)rléqgulr)(ii Hﬁm said

sald atal di'’s ion’"co

of &mlmcgmlémmw dbRIneS dNaiacadRang 48d hyaienessd edream
and the vapor and liquid O streans are introduced into

sai @lﬂ@aﬁawﬁu lkqulilS0t9 laatixesh bedluydrogebatiannwehedcts prior to
rec t ere rogenation ca

pec7 Gary G B PRC G et B oS i ocue apha g highly
cat ghystirated hydrocarbons is hydrogenated and the vapor and liquid

20 streams are introduced into said catalytic distillation column.

15. A method as recited in claim 1 wherein said hydrogenation
catalyst bed in said catalytic distillation column contains a catalyst
consisting of a group VIIIA metal on a support.

25
16. A method as recited in claim 12 wherein said catalyst

comprises palladium on alumina.
17. A method as recited in claim *13 wherein said catalyst also

30 includes an additive selected from,.'the group consisting of gold, silver

and alkali metals.
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consisting of a group VIII A netal on a support. 25 16.

A nethod as recited in claim12 wherein said catalyst
w@ovposses pal | adi um on al umina. 17. A net hod BGI/US2004/001379

recited in claim 13 whereid0said catal yst also 30

I ncl lédes an additive sel ected Tromthe roup

condPst i Ay BETYS £ SBEVRS Ang'aimkdi4 eis catalysts having

ABBLIM 26018, 2A\if1BL h%d Bl abifh ‘?}‘{‘ feBnClaBL ]q%g%ﬁ]er elselected

catal ysts having different uant| ies o

t hepeotoray ef Isecht echiyitit dneitxéetnerﬁi cpdirhhons of said
catalytic distillation colum. 5 19. A nethod as
recited in claim15 wherein different catal ysts are

ocC edln ren to f ai,d catalytic
U eror af) BiEthb el h a1 5 e 8 ettt eptgvats are
19 ivered M sl eredhit fifoefiens o€ 3kl M§ia$yt¢@a¥sant%n6hf&%%t
netals. 102 1. Anethod as recited in claim1l

wherein said different catalysts have dlfferent net al

I 22. A method as recited in_claim15 wherein
sgiag (r:]gfaA] y@teth%drrgg?rgﬁ Ztéag HPCI?EEI””iJn g é’{ﬁ*b‘ﬁ@frt s3d Idﬁfferent

et beGas s @G thRAdifferenChaitlls15 wherein said catal yst
conpri ses a conbination of palladiumon a support and

Ihi ckel on a support in dlfferent port| ons of said

catalytic distillation col um. A net hod as
rec b (Ii‘n 'E‘FH“?‘F% 13hErcEied dAi &'arﬁ%lrl)%eﬁﬁﬁréw ceridl géferent

i n §&'aﬂ/§c’cb)?%Q/ebcﬁﬁgferrgﬁtcﬁw%rtaﬁéﬁgg@scOnpr' ses a group

VIII A netal on a su A method as recited
in claim24 wherein said hydrogenation catalyst in

sai d_fixed bed reactor system conprises palladium on
al ufifna. A method as recifed in claim 15 wherein said catalyst

s comprises nickel on a support.

.23. A method as recited in ‘claim 15 wherein said catalyst
comprises a combination of palladium on a support and nickel on a
support in different portions of said catalytic distillation column.

20
24. A method as recited in claim 1 wherein said hydrogenation
catalyst in said fixed bed reactor system comprises a group VIIA

metal on a support.

25 25. A method as recited in claim 24 wherein said hydrogenation
catalyst in said fixed bed reactor system comprises palladium on

alumina.

26. A method as recited in claim 24 wherein said hydrogenation
30 catalyst in said fixed bed reactéf system comprises palladium on

alumina with a promoter consisting of gold, silver, an alkali metal or

combinations.
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26. A nethod as recited in claim24 wherein said
hydr ogenation 30 catalyst in said fixed bed reactor

W@ ymsesnseonpri ses pal | adi um on alum na with a peDO®1004/001379
consi sting of gold, silver3dtan alkali netal or
conbi nati ons. ABBLUM 26027 . A nethod as recited in
claim 14 wherein said fixed bed hydrogenati on
pre-reactor contains a nickel catalyst and said
prepgact &v matses dheeciadt irorciein sulf whaemosndsfikes bed
renpval . 28. A method as recited in claim1l and

. furhh@rrogc%mshoms.pﬁ@;r@w%tféwém ampidley eatebisysend said pre-

t t
ot el FAM oS LERdotLd STt hebrReh dBore sy aim.
29. A nethod as recited in cla|n128 wher.ein sai d

catal yst poisons are |ead, arsenic and nercury.
ABBEBM 260method as recited in claim 1 and further comprising the step

of removing catalyst poisons from said feed stream prior to the

introduction into said catalytic distillation column.

10 29. A method as recited in claim 28 wherein said catalyst poisons

are lead, arsenic and mercury.
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