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Steps 5 Baﬁb%&éf&ﬂ%fgf the I nvention Thgnpresent i nvention C&?ﬁ%@‘i‘?“&g’ﬁhe

met hod for (he production of olefins d particularly td

cracking heater effluent to nore effectively recover the product and
process the by-products. 10 In the production of ethylene and propyl ene
through the pyrolysis Bnpiovad &ilgTer PlaRbsterkéersev¥st8Moypr oduct s and
unsaturated diolefins and acetylenes are created. The net effluent fromthe
pyrol ysis heaters, Eymieaing rebermbinattonl hatgdygsDistilgtiones processing
for the separation of the byproducts and renoval 15 of the diolefins and
acetyl enes fromthe primary an@fhinegr Bgdctatalyaov@#Psf the C2 and heavier
diol efins and acetylenics fromthe cracked gas is handled through a

conmbi nation of separation via distillation and reaction via hydrogenation.

Specifically fgpr  acet .atian al one would result in excessive |oss
of the et h;r’ll er%%@%?%%ﬁogﬁhgilﬁggﬁg%t yl ene and et hyl ene have very simlar

relative volatility. Currently, the distillation and hydrogenation take
place in several distinct process steps that are designed to separate and
hydr ogenat e the C2,TiG3prasehiCaveotipoundses belepmetiedd Ifgr thSepadattion cdf t he

di fferent hydrocarbons, before hydrogenation is 25 currently required for
achi evi ng bett%?ﬁeérﬂ"}dolp%%ﬁ”agﬁemh m%&a%?%,craﬂ?'aﬂﬁh%ﬁtﬁ@ e?ﬁyam? life,

and enhanci ng %]% ' Vi ' | A | ced
conventi onal 'ﬁ?@%%ﬁa@g@%ﬁ’s e\ﬂ%rzﬁgﬁgﬁg%?ﬁégﬁlgﬁﬁﬁ %‘%Bkepcrggggﬁéy to
generate fshe high pressurgsdantosr yogetted£nped aptpsef€quhmedht ahsepar at e
30 first the hydrogen fromthe cracked gas and then subsequently the

nmol ecul es of hpgledrsicacbore nuabiery. Atldfeddshaths,, saveraly dpogedacionand

ABBLUM 260 V\D3993@9&%%381OI?(SC'II'ASUSS%%OAQ{:Q& e?’r?egs are created. The net effluent

from the pyrolysis heaters, typically referred to as charge gas,
requires processing for the separation of the byproducts and removal

s of the diolefins and acetylenes from the primary olefin products.
Removal of the Cz and heavier diolefins and acetylenics from the
cracked gas is handled through a combination of separation via
distillation angd 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 Ca 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

moiecules of higher carbon number. Additionally, the hydrogenation
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steps for each of the hydrocarbon groups require an i ndependent reactor
system consi sting of several pieces of equipnent driving up the capital
i nvest nerwoanas/o8038pl exity of the plant. The invention orCriuseahiomisvhe

previous U S. Patent 5,679,241 5 proposes the one-step conversion of al

Cz to Cs and heavi$r acetyl enes and di enes w t hout hydrogenation of the C2
or C3 ol ef i nsSteAst 195 &ACH; RN AY HfIFAPPR PRPSHI T W e rPrbrederand aiti ¢

distillation uido conahl e ofsLSaNGJhe ARbos! Sl BLLYekY QW

LRIESRUr e
charge gas be excessi ve conpression and cryogeni'c cooling S
performed. | ntHHcaddaltinopstrhéntlesd reedhplekitg ofahe paet.step process clainms to
be capable of hydrogenating the C4 olefins to paraffins again wthout the
loss of C2 or C3 ohefinNeNtiTReOWANBAtNrdleapey s & SyJtatant Haf7i%s28éscri bed

as  being Stcgp?Eog)eos%fs .rtﬁgo\éin%gstgg%c%ﬂge%%ﬁ 8¥ élggc%]%gcg 2%@&;&1@8 th%eav Gracked

gas prior required cryogeni c separatron rogenaf?on of

the C2 to C4 geetyyéenesnandefe£nashandhyie genatibd ofhgavicerorotefdidmnd.o
paraffins. Renoval of 70%or nore of the .hydrogen inproves the econonics

through a si gHi fsi elnedotkati Hys d¢ Pagsdbleneityy one A tebrisndéstilotiopepaitat i on

of the C2 and _heavj er. . copponent,s.. By, reducjng the hydr,ogen parti

pressure, sep&faf 6 geﬂgﬁggﬁfe@%‘td ré’t“'l@&el“%r%%ﬁﬁ scré%ge. ?sngf’g?fﬁced
refrigerationexckoneyetonipredasnbagd shaedidatosued BXIRR&EIMRd.  In
hydrogenation in a single step system cannot occur w thout substanti al

| oss of ethyl edditicandf gleepyd ehdstmnpamcaff step byoceydragemats dre cIpabler ocess
as described in USP 5,679, 241 I?gs s%. nifi cani{, 25 limtations. First, in
the oper ati on®6fYERCSHHRHIEhE HIant/eTiPhdo@eratfing goaiReWdhesitithedrry dfust be

remved via hydraoenahe @i SteGaibs: (AGIRVAl LA dhPthil A LRAS. £XLr errel ¥
difficult requiring extensive ‘equipnent and energy costs. Since acetyl ene
is a pol yneri paligorapelleaby senlisgn7odd andsindre bermvedyldeowih avel s,
often less than 1-2 30 ppm The ability to hydrogenate arl of the C2
acetyl ene to Effkede\ads Rripra t8i ik e recuisgd t ryodiestd | $emtdratiosolbwnmthehi | e

e man L0 UG iahO80 (O B 6 RLANK, A8 hd'BRe (1R aROTRE L SR
heavier olefins to paraffins. Removal of 70% or more of the
hydrogen improves the econdmiéé:through a significant lowering of
the energy requirements for separation of the C2 and heavier
components. By reducing the hydrogen partial pressure, separation is

20 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

25 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 hydrogenaté;aH 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
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WO 2005/ 080530 PCT/ US2004/ 001379 3 vol unes and conmercially viable
operating conditions. Second, naintaining performance of the process
during eiwbeposasvsoi ati on in carbon nonoxi de flow, whi eoTiusp@atsi3cat al yst
activity, and/or the concentration o8 diene/acetylene in the feed was hard
to manage and 5 would prove difficult to achieve at commercial scale.

Third, methodsvoleindmnaiid nepreventiadly eattad yspedeagt icoaditonsner esdddndt ed.
Since these wunits nust operate for |long periods of tinme between shutdowns,
the only optiWé”%é‘?'@ge&@z%ré?%Cecé’tfamﬁsPr%cie%eﬁaﬁﬁgee'%raﬂy%ﬂﬂaztmméni n the
reaction colu t [ ated:.an o t l.aced ile 10 the
ot her secti on@%ﬁﬁgﬁnﬁ%){ggzr@%bnﬁqﬁﬁeﬁnhgﬁﬁgé%g&%@r aéﬁ?g ysa{‘d\?@roltﬁf‘res, it
i's known that &éndentnetessardjetidacpst@ieirathd ooal wdLhper & wiasadLaayoi d
over-reaction while the catalyst is still active. This negatively inpacts
the economi‘cs WPYWeRiPY? sy fisoetor e¢hipyeradtqsnmereat spleol Toiper matbadat

| ower tenper at r Sj recy 5 of cool liquid within the
col um. Speci f?ﬂglaﬁeﬂégl%&ggélt|b%%l\ﬁs:[sgg%%\?\\ha]ﬂC{rhé’l\fgreahmmﬁgn 'He® stip‘ﬁéﬁe
catal ytic di stuhitatrhost opbuans feRsonPpeFiatietht BriePBMEe & eRLE o fhan 185% of
the C2 20 acetylene, the concurrent ethylene | oss was above 1% by weight.
This i s undesi pabl epidéemhvifire gxcgssipe omfielysbpersapargeaadalygt eonas ah yhic
distillation colum, if, th ydr ogenat i, on of olefins is greater than
200 signi 11 cHAETBDR UL TRRsc TS Mo Sl gt daf WAV B seRiNerg whe

avai | abl e gat atystSheCsedtio@88faid O iRLH KY€ m/Y n %tsm/d ‘?z{x}ge?ncdatgf’yosgyl ene
| osses while operating a single catalytic distillation “oldnm an

mai nt ai ni ng exvelemedsy Hi gh korwer shensitaisd ndugdsagenor epevales, att hewdesi gn
requi red excessive 30 catal yst as evidenced by | ow productivity and
operation at COBP¥RIYETPEr AV BiFesYpietRACtiong W ler theeFatalvst. is a@BladV260

This negatively impacts the economics by requiring some refrigeration

to control operation at lower temperature and/or excessive recycles
15 of cool liquid within the column. Specifically pilot testing has shown

that:

a. When 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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WO 2005/ 080530 PCT/ US2004/001379 4 d. A significant variation in catalyst
activity will occur with variations in the carbon nonoxide in the feed.
Such varwetz@wsoisd seen in a single step process, w || pceaiskao4iom379 oss of
acetyl ene renoval efficiency and subséquent 5 products which do not neet
specification. This inpact on performance due to the |oss of catalytic
activity via CO pofsoni dysigniteantvairaiton o catlystpactivion wikrdcoumanice  due
to catalyst aging. e. A significant variation in feedstock to the_ethyl ene
10 cracking heaters mﬁllvﬁgg PPsﬁﬂ 4} §Fg%??dW°8ﬂéﬁ§b§’ﬁ € %31 tﬁ@cp

acetyl enes and dienes aswekliods it BeeMYArPAaTY e fdi0W prdSetheWiRt-£0,9fin
hydrogen to reactants changes, a single step process has limted ability

to follow such changes. [0%%e afeggbtiend |lenbevadi effésieacpr eakt bumsegiuenft |s
j | oss .of val uabl e

acetylene | eading to offspec ethylene ,product or a hjgh,
et hyi ene ard propyl ene dlﬁ’éog‘thSv\é&”-Chr ggc'f?tomeeﬁrﬁp&%‘!‘?ﬂémsyﬂ@%'FY&%GC‘[

substantial and expensi ve Quaheshan dMl Ghigoubes be Uibljizedoligy, sypmount

t hese process changes. 20 Sunmmary of the Invention e presen ent'i on
relates to an inproved prdiZessdnirg tshequiphleecessithg ieipddiercharfgengase
effluent fromthe pyrolysis of a variety of feedstocks. The prinary
objective is still to refdfdoCaplsifOEdht 25 fraction of the hydrogen in

the effluent by hydreogen%tié]gpglcf@%{‘pzv%ﬁat% ﬁl}i qlﬁgff,:sg)s kar][(gt ﬁ@g%kg@ggﬁ: gntehe

feed whil e achi eving essentl otal ~hydroge Y “of

wi t hout significant hydregenatg oeatefs thel ethiyt eme saBetdHRPYERAS ed NNt he
i nproved process, this is achieved even with disturbances in the carbon

nonoxi de 30 concentrati oROtVahyiasgtdeene aadddizoes ydenial éedde dontegtnati ons
and catalyst deactivati QS X\selt#\e a}gtigtor}el[\yé%rgeesneteoa%aaectra)lt\?sc?:ﬁgirxgegs,ugset S
single step process has limited ability to follow such
changes. The results will be either a breakthrough of
15 acetylene leading to offspec ethylene product or a high
loss of véiuable ethylene and propylene due to over-
reaction, unless fh'e systemm 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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The invention relates to catalytic distillation with inproved liquid
ABBLUM 260 WO 2005/ 080530 PCT/ US2004/ 001379 recycle in conbination with
fi xed bedwbydesogessat i on reactor systens. Specifically, pChaSemanatirng
conditions of the catalytic distillatfon are maintained or adjusted to

obtain the rrawber}.:memﬁdcfcﬂﬁem@ttio@nwwh tiked b@@ewdr@g@ﬁaﬁ@d rdh SRS AL W t hout
any | oss of ethylene and propylene 5 and preferably with an ethyl ene gain

by C2 acetyl enerdnjdedbentits onerativid moaditiong af shabt & ahitigh déaiileeiosi are of al |
of the Cz to Cs_a e.tﬁl enes ,. and gie es.wth 100%c02¥e sion of the C2
acetyl ene (sti'l'P" WY Su?r aH&V&F%% Rati iy tﬂﬂ% BUHYI R HHA I5PBBYN etfef Uinder
varying pr Oce%&etﬁl%ﬂgbtdr@n&e'nésrfﬁﬂewﬁﬁéﬂ bhe 15¥s Bh%trﬁ\%léﬁg a%ﬂ@ggpg;@rgeenat' on

systemin 10 which the remaining C2 acetylene is conpletely gl;enat ed
agai n wit houtarsi gréferdldntwahhan etleylene maipyHyefe dvedylegenaydrogenBribaf
Descri ption of the Draw n?c’%{)’:i ﬁure 1is a flowdiagramof the prior art .
i nvol vi ng cat dA9ITRINNS 83F'@Piq Nigh 6AN%E'SIRE §f el e ehbe tenss PeeTWeesat i on

for tenperaturggy G%Hersol/vitlfg@!éf% Sorher io{n' ?Wtﬂ'&aél{ @g&ﬂr(}%&r‘%t(%@ﬁiv’\)ﬁhéﬂf’

present invention. Figure is agrap | Tustratin thyl ene garn or

| oss versus thedrdgenetiogit phst etleviehef andt b pyi@sentintdey erdrypny grepased to
the prior 20 art., Figure 4 is a flowdiagramsimlar to Figure 2 but

illustrating HBtiHers énbrdieneptsible bhéhpiixsdmed hvemaenation gystensins a
f1 ow di di ment_of. th t i ion. 25
Foure o8 n PR B4aEhRl il BF PLP P Eric Fer R TovbsheRak S e ne

process of Fi guri@obt sigrgtiaht7ethyichd b0t sH 3 ARy idddatiol:0 Figure 2 but
illustrating an alternate enbodi nent of the present invention. 30
Description of the Preferred Enbodi nents For a better understanding of the

:o:]eaegt L)g;/:mérger}&ésh% rior, tﬁétorga,irr]ggr esented by the process discl osed

Figure 1 is a flow diagram of the prior art involving catalytic
15  distillation alpne with the bottoms recirculation for temperature
control.
Figure 2 is a flow diagram illustrating the present invention.
Figure 3 is a graph illustratin'g the ethylene gain or loss versus
the diene output level for the presént 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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ABBLUM 260 WO 2005/ 080530 PCT/ US2004/001379 6 will be briefly descri bed.
Figure 1 of the drawings of the present invention is essentially a copy of
a drawi ngwbroowvashssd prior patent sinplified to identifyconisgootloses
features relevant to the present invention. The charge gas 150 is
conpressed and fed to the s catalytic distillation colum.1 56. This

colum, as in Jvmebersﬁsﬂy dddry@BHI OmigreNyl ARROUSIaYviRgE rdfeshdWredent |
catal ytic reaction an distillation. The colum has a stripping section

158 bel ow t he ifieedtiomnd asvemdiailf yad regphiveattd cnawotd ifoem18ktaboee peient eed
containing the catalyst beds 166, 168 and 170. Descendin iquidis

wi t hdr awn as Fslidiest fealfentify oRAYh ﬁ?]oésq %Fé?"ifSﬁd@i%‘éar 1%0{%90?8?9} ect ed
back into the colum over.the,Bexybowen Gatabysteded MAdPILLi 85 ficthe
heat of reaction IS renoved by thése '"intercondensers. A liquid recycle
stream 260sf r ayathReicstdidtppition setmnhon! 58. r édys| edutrm, t he icothempreeest head.

This recycle 260 may be a portion 262 -of the bottons 15 and/or a portion
264 from wit hilnvensost r Fispilgpeseisty oRarMase over ReddtRlvEm cGRGHAN 158 Hasses

into condensers_186. and t | : e S

separation ve§§3ﬁﬁaﬂ@3.dyﬁg%ﬁﬁgﬂﬂgggcgiﬁhbggkgggggggcggﬁégﬁ&ggg#a3%%{aining
ethyl ene and piopyleneyiddifacpassesctiit 116D subsequeniesepanadinony whel e the
20 condensed hydrocarbons are utilized as reflux 196 for the colum. Since

the obj ective oftatysd harsehBBor 68sand IcdhplResslepdirenbyeidt isewithdes yineae
inpurities fromethylene wt o lgss of the e | ene .enterin he, col um,
LTS must B GUUBHSFERGHTTHER RS P T SSRE | et Rt rHHCORS TRGEATYA | c
distillation Cl?JeUHB'I)JmJ h& epURE head erga?r_élcfs&rw PRA$RRE0H oAbt onal
fractionation (not shown) where the individual carbon nunber fractions are
i sol ated. The &fydeagisatis arniavetiabal yHdse "ditstddrdenisers. coAulinuidiSfeocderr s in

the liquid phase. The columm is operated such that |iquid phase
conposi tion i sStpeamaritly TEcHfHoNERRI®S FRFYORI i RP2Eded e thguFaluso” phase

concentration g\;erthggdj etTr% sI ?Qc,eycqlgdZé)(s Qﬂgxlletpee aaBgrtlichSZBZ of the bottoms

15 and/or a portion 264 from within the stripping section.

The overhead frbm oqlumn 156 passes into condensers 186
and 188 and the partially Condenééd stream enters separation vessel
190. The product C2 to Cs vapor overhead 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 ‘ethylene 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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mnimzes their reaction. However, the concentration of these two valuable

olefins in the liquid will not be zero. The C2 acetyl enes and ABBLUM 260

WO 2005/ 080=2865/08GBH US2004/ 001379 7 the Ca acetyl enes amdTdiseéoafvnrsse ar e
nore reactive than their olefin counferpart. In the liquid phase, these
are preferentially reacted to ethylene and pr opyI ene respecti veI y. ;
rovever, as ! heweeRq! Loty dMUEankOd RATMILLIOMG 09840 § N deqLt eq, 100% Cz
acetyl ene 5 conversion, there is no |longer a si gm feant '€8c

nmore reactive m:raeama/rkenew phesienid iphathe théguiade mﬂaﬁeﬁ?en{aﬂéﬂﬂﬁﬁeéé‘t%%eto
conditions, ethylene can react to formethane (paraffin). This is the
poi nt where et HhEHe e Y RieavieneThesred e severaweysti arss ther readumi ng

the reactivit e, 1 s, of ..t hi n of the
catal ytic di S%/Ir?jpatglpoﬁo cgf)ﬁn(ra}:r)ng4 cy%n%l%ggt F%n ljlis es'Eeocﬁuﬁﬁ&jheefeﬁﬁ%Wé‘FWe
Reduci ng the t espefcatidhe thefe qaen@ei@hg@rn d %lg}lnfltf:é@N'c%nb@nﬁaﬁbﬂgbﬁ rﬁB &m
concept because the distillation tenperature is primarily control
the colum preggastve To dectvens raesetond Y dmmlcf)p;eln?gel .ng Uﬁ’ﬁd(g :}?i\?éént
ressure woul d requ d. A_secon tion is to utilize a di
(F:)at alyst in thi sO%dt]E%%er qgtehcyt??%% Ca?hreécgé? ﬁP{/’?t cWEMed s iEdi ghBE tsothor e
sel ectively hyshiegenade a69lan0088 oaRd,di ol efins. Both of these options
woul d however require higher volunmes of catalyst within the colum and
thus increase the collugnd srzesemedalcoptiond fohi retiuaptd otmei $eddtiwty lihzehan
i nt ercool er as shown the prior art. Referring nowto Figure 2 that

ed by -

20

i |'lustrates®oné éﬁlﬁféa%ﬁ\gﬁt"f is {URBER PRI Of Abemat o tictdiati myeohasnlo is
conpressed at IZnt QpRet Vée?cp réﬁ@cé”‘@ﬁe 22 ?ét%r@ndREz%]oc? ég%t gewtag? 8%%' ytic

distillation colum 14. The charge gas yor

mat ch 25 col umint empeveationess dTﬁ&uCth&fS}ESQﬁgSeVMIJHWH- )élé'n‘é@b’t hRasset fHoUgh

one or nore guard beds 15 to renove such poisons as lead (Pb), arsenic

(As) and ner curdSiigjion 1aieBeraikes ieneivmacit apyyuplpdibyotne calndit heeguaed beds

woul d be enpl Oylecpdbnth@s,kg%\@ao%n&ef mtnoogeratnng at a lower pressure would be

1s  required. A second option is to utilize a different catalyst in this
upper section. This cétalys_t WQ‘L:IId be designed to more selectively
. hydrogenate acetylenes and dioléf"ins. Both of these options would
however require higher volumes of catalyst within the column and
thus increase the column size and cost. A third option is to utilize an
20 intercooler 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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the catalytic distillation catalyst. Entering the catalytic distillation 30
colum, the 8% to 20% by wei ght diene and acetylenic feed is hydrogenated

i n catal yWwo 2oedB80386 and 18 | ocated in the rectificati onpCTamstooano3® of the

colum. The catalytic beds could be of the same or ABBLUM 260 WO

2005/ 080530 PCT/ US2004/ 001379 8 different catalytic conposition. The

catalysts are kpesant hyssaanat iQmssdiabysts GoRsi shidgsy i wpgi |y, gf,one or
nore Goup VIIIA netals (N, Pd, ) on a support. Additives such as Ag or

Au and/or al khydrogaratenacetalygiscabhyistisgdptimaciontafobnsebechdnd troapd 5
activity. Specifi¢c ex I f. selective hydrogenation catal ysts
particularly sM”t'/gdegggt(ﬁﬁ'sgge}\f} C8 arIPFoEL| gadtivas B.US.h. patRhtad Au .
6,417, 136, 5, 5870348515698 282 4006121, 588 Hhe ARl YLl ugugt ery use
within a catal gﬁ?gﬂdialst [ lI I a%i on égrol uﬁ%‘écl&l consi st Co?' ei %%Iggt'\é&l ﬁ_@ e
catal yst, a cabatiysy. wi $pedfitf exenipieptal JetadiveghyidodOnadpnistarbdrdi ty

| ocated in different portions of the colum, or mxtures of catalysts of
di fferent metaP8iBtatedsyitedi for etldft Spofies o#ig slisalpeed ciol WrS. Pheents

hyd i i@ theghigu d phase, d L. distillatian
Fashi on Al Chough a3t e Chett v e Sar el o S beut 26 W 1Y AP SHoun,

this is only byyvaynofusxanptienandcseult es@ntickd cBUFRRT c8h bedssdependi ng
on the requirenents of any particular plant or the desire to adl ust

catal yst acti vetthet Hr slighe tdséalyse ef catahst witplddtereat atnpsal b)lf_smregns.to
Fractionation internals..22 and 24, which may be frays or packing, are
provi ded 0t hég’ﬁJéétaiCF'iV&{t%P%%teé’g%‘t F‘?@f‘r%ﬁ POIg St?{) CPiULRPi BRAVKBI €S

[ nternal s coul d haxkiggal od dietareen rhheI 20 cabal wobihads; 16,a0d. 18, The
stripping section 26 contains fractionation Internals . The overhead 42
from the col umolusncoolled fiydrolgenetien heaelrs ciandensiguidtpHeisehirc @akdipgcwat er

or with refrigeration as needed and the resulting vapor and liquid are
separated in tﬁ@t'ﬁlé\?’wﬂ&aﬂ}?'ﬁm 4B!thogairpaly dvia t9asgiVie ealiely tfor beds 8 axddr um

46 is fed throyghyld @ﬂg%,bﬁ'ﬁg is' BLS Et}evﬁa(v W;meﬁasmygl%f LUY oS Lar a;[ng the
prior art, the overhead vapor
15 number of beds depending on the requirements of any particular plant
or the desire to adjus.t catalysjtt activity through the use of more
complex catalyst systems. FractiS'nation internals 22 and 24, which L
may be trays or packing, are provided in the rectification section 20.
Additional fractionation internals could 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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50 contains nost of the C5 and |lighter conpounds while the liquid phase 48
is used to reflux the colum. The vapor overhead 50 however does not pass
i nt o subswqueesoshszact i onati on but into a fixed 30 bed reaTtuseompstiem

consi sting of one or nore beds of cat&lyst with provision for heating
and/ or cool i ngetbheevapart. fletkn Oresdfeie BAtEs 66f imterre dhehtemyee adg= nét

final fixed bed reactor systemeffluent 74 t ABBLUM,260 WO 2005/ 080530
PCTI US2004/ 001579 V3§ °F L BERPY hidSt %”ﬁl{t f‘%ﬁ%nb%‘gsf% Pro%eﬁt 8?”%‘899\§ﬁer "t he

tenperature of . the Sép‘égnﬁ‘éﬂbgftid}gﬁ hge i $etl lor@daPodkir 88GHAe BB risSn
controlled. In Treactor 68, sone portion of the C2 acetylene as well as

sone portion of thdh&€;:CGndandahieavicetylacet phendisnandhdi eras ridtatomesreedot

converted 5 in the catalytic ql‘ stil I@ti on columm are hydrggenate .. The
condi tions S an@ thfecAlamses wFRUEEICPEM T dae Yot ed  HE S XEHOPRat t he

G2 acery) ene b SREPLERELY of SRKoHLd o 8Ll kualby 8l RFa el ekoc, | oo,

of ethyl ene and’ propylene over the entrre system (catalytic stillation

plus fixed beda¢@gedry 39 .cothgleaddi tenatvead ftdve Effkathtbetded® rrelactian system
to the catalytic distillation colum dramatically increases both the
per f or mance of loshe oénethyéeny strempriRBYieRe &NEM it entire natsteystieaialstitespond

to process Var%%&@;gﬁﬁ@@g@cﬂ&?& ¥l ré’aecﬁ@égvatfhoé‘:ad?i fo O!%?rﬁ{ei Bk efa! FES” a

for the rectif i on of the atalytic distillation colum is

that conditj ong RQoFr sdReh Wher gid the|ytmnsatsunatied kydimsarharstaty
hydrogenated to the extent possible wthout any hydrogenation. of

, et hyl ene and preopysenkotiTHiespedorrmasonpl itbhedtby syster@rndatiengbtie adol um

such that ethylene and propylene in,the 20 liquid ase is nmninmzed, and
> Cperating L HPtar it o i JEEPPAYT 0 OIS s UCHIURES ¢ ABfe SAE St ||
unconverted Czngcggéﬁgﬁtylenes and diolefins remaining in columm overhead
50. In the catalytic distillation operation of the present invention,

The operating criteria for the rectification section of the

15 catalytic distillation column is that conditions be created wherein the
unsaturated hydrocarbons are hydfogenated to the extent possible
without any hydrogenation. of.lgthylene and propylene. This is
‘accomplished by: |

1. Operating the column such that ethylene and propylene in the

20 liquid phase is minimized, and

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 Cas acetyleneslahd dienes, and the Cs4 and heavier

acetylenes, dienes and olefins while leaving the ethylene and
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25 the distillation function is designed and operated to distill
essentially all of the Cs and |ighter conponents as overhead and

essent i alwp 2a0308e830 the Co and heavi er conmponents as. beCrarssoo4bbies nately,
the split could be at the Ca carbon Munber where essentially all of the C4
and lighter conponents go overhead and the C5 and heavi er conponents 30

| eave as bot toMropl il GRN f Arogehatld vekyrdiAragenaLe. 4 e : ds gsagtEnes.

the C3 acetyl enes and di enes, an heavi er "~ acet ihes
and ol ef i ns whiduehl geati tierehie etsmblsea’retiarmbncAB%H%Z@th]?QO&%@gQg@s y
PCT/ US2004/ 001379 10 propyl ene_ un-hydrogenated, the rectification section
20 is operated mEE?éﬁ(?? ﬁ%t'la?'pﬁetroec? 8nd GubSteia's an theriseid Pé*@ﬁ@mgerawdt}ﬁnt of
C4 and Cs matepbals, relati : " ial si.n the |iqgui se
where the naj g&??§ﬁ%f&tﬁt§ %5%%@8&%% ig%‘%rt'e%@tg?ékﬁras()czh?Ss(.:aprltﬁesc fro!

control l ed 5 bywantiativanobfrebeibei fety dutlyrain vefd ux dcMig d anachigye t he
desired overhead and bottons conposition. The choice of operation of the
catal ytic di st iqVe4p e orh 208 Ripliorms campegition. depent ani zer or a debutani zer

will be a function -th 0 iti;on of the.feed. and the desired
hydr ogenati on requi ?ihrré;(rﬁqg_'{eo%{ oo_rcpeﬁtggrbrocgdw& gatapptic ;Sf%tl”gartkoéhc%’é?%t?%g
condi tions for sthedeperbant@siembl b B8 RaRLESSMTIELOT, B o ﬁicﬂﬂdth?’éo
psig and a catal yst bed tenperature between 50 and 150 C. Simlarly, the

preferred oper @&dmigogbadiefi Ui féed aaddetsut asir e hydod germa tid i Ir%chlﬁr@ﬂeﬁgsgssu(rje
bet ween 10Q_and 40 Si nd a catalyst ped tenperature 15 between an
130 C. In g di '?lo(r)ngtt'% @g?'n?‘f%tisl'i nglrﬁ'ﬁe pd@%ﬁﬂq gB'é@tt!”@naW@W'oﬂﬁe for ab
tenperature andieeRRPASEET QNIBOL bR AMELF N8 JRACYIVE §e5EHons can, be
control | ed by ac?j%usti ng the rat gsbof *heat rem)vegﬁqlﬂ overgnghgéégo?sd%nan%r‘?d by
recircul ati on chtdlyguittdnitehiperandé opeaveamdd hevCcatsd ys!  bEesiarR0 Ag shown

in Figure 2, tra 30 and 31 collect the descending liquid which is
wi t hdrawn as sipdéfseé'terdeé’rﬁ)s?r%tZH%n‘EPrEMt.‘O"Mef@é 3t feiienivey colummywibtoepass

through the intercook & ik AR8 038805 3 %%Pg B&d 2 catalyst bed temperature
15 between 30 and 130 C.

In  addition to. controlling the overall fractionation, the
- temperature and composition proll“i‘]es over the reactive sections can
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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reinjected back into the colum through the distribution headers 40. This
permts a portion of the heat of reaction to be renoved in the 25

i nt er coolwo20BBoOr angi ng the intercoolers in this faskcons2akposedl i ng
medi um can be water while the coolinglin the overhead condensers nmay need

to be at 'eastt}]%a%hé!uprc%%,si@#em REhReiGrkehabtibaesti b colgfontbhe use
of the intercoolers can significantly reduce the portion of the heat of

reacti on whi chinngediqtid beaseerbveed marticeehavicaln 180 cpbfmgeriae i@nandhe
hydrogenation in the colum 14 occurs ip the |iqui hase. ,The extent of
the reaction iS®RGEHEERE ﬁ@%ﬁmFH%SFHFaEVVE“V%&%FFJVEyﬁEP eﬂ@%ﬁ@ﬁT?@% VO
2005/ 080530 P 4] Yar LousagenponesnhevandiHd e ati
concentrati oncgéo%t%hée)rgee Sggﬂr?%g%gﬁ%ireta%?ﬁﬁrﬁebfi qﬂ?ldlmghase a’E/ any egg? ?f'X?n ar
point in the calagmvitickhefCattamehe, CBrametyd emes thndCdiamkeaverf atefins; e

reactive than ethylene and propylene so that the%( react first and rapi dI'y.
However, the re@leaervand apBRCENsA BI2YCHf CNFy| dneTIfr Edy PR 2afENt e Es and

heavi er ol efins di en eV S 4 r.der react
Rey omi 11 cant | Steabl S af i ARERESRRT BB AEes Bh8Sep bR o
acetylenes wt Bﬁytsi%@Waaimg btanthyledesand mbbyleene taadc@iapitlang dihe

t

concentration of e ethylene and propylene in the |liquid phase nust be
m ni m zed and the etieyleoncedtrrapyaneaindthecipdd athase rpret Peeviirorad spdt o

bottom nust be control]ed. Sin this stage of the hydr nation occurs in
2 ract | olfat | G CBIGARLSTAD S EoRrPaP L IH Boo Des o LHeadty BeTUStiStg ¢ he
overhead refl ug.producesh by sthie QMR Beak condansgirddediithd Rrcusd dg atream
reflux fromthe intercoolers 36 and 38.” The |iquid 15 conpositions of
et hyl ene and prfepyibeatocarnlberkegts lcowtioh danebe raactnplesrohes adjustigh

increases in the flow of reflux 48 and/or increased interbed cooling at 36
"and 38. In théheavarhradcredist Pradassnbyunhe aerhess coseyere’ 4Ad2peipar ound

et ave 4o SR Led o A by od! LirLsgt e Faawre 20

15 compositions of ethylene and propylene can be kept low in the

reactive zones through increases in the flow of reflux 48 and/or
.increased interbed cooling at' 36 'an,;] 38.

In the catalytic distillation urﬁt 14, the recycle and pumparound

circuits have been modified from the prior art as illustrated in Figure

20 1. That prior art 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 aﬁd returned to the highest bed via

stream 62. Cooling at 58 can be used, if necessary, to provide
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punparound line 260. In the present invention, the systemis nodified to
provide the flexibility to have both uncool ed and cool ed punparounds in

t he cat alyetzoeoses016 and 18 within the rectification ®SETSEV4D0L379hi S

i nprovenent permts the desired tenperRature and 25 conposition control with
m ni mal di sturbance to the overall distillation. This is acconplished by
drawi ng of f purpaboweddcbivgpeisttion FBEitEESl yarsk i@ cdrdingab alwyaen bedstive
stream 52 andlor 54 from wthdr I ints 53 and 3 espectiyely and
returning it ttPﬁqﬁlghE‘[’rhéxaB'W V'Xgenéi’\ﬂﬁé% We%?c'ﬂg?ﬂj@?%%% S[s(geatcrhegtgo%roa? t he
same bed as 30p§1H%ﬁ@ccﬁginﬁnﬂ{a‘?rst%m%t&cﬂﬁhbﬁﬁbﬂarﬁcﬂ"@e@drﬁmgdtlﬁeﬂfﬂlok}? drawn
from the bottom nost catalyst bed and returned to the hi ghest bed via
stream 62. Coold rijstatbusi®ncansieen ustdywill fcovkcdesdinyid totprevicdengaBBreM 260

WO 2005/ 080530 PCT/ US2004/ 001379 12 .conbi ned conposi ti on a j ust msgt1 and
intercool i Ag LRAMEESR tR¥act i VW Eh&ds WVIEN B RRpItRE AR Ce W hdRRAI =1 -

i ntercooling S;%%és‘?ﬁ; ﬁg\,\/ra{ Tl .5Qpitmtou§fln1'p&r99| EBG ot Mhaﬁd’e‘?am,i &QWQHQer 38

and returning o distribution system4l will cool the ITquid but
not change theiiGicoamosetiraimg oweliguid aiisticrtaw 41 sbleesdieecbiagystdbédom 31,
passing it via line 54 through punp 56 to exchanger 58, coolin he Iliquid
and returni ng Wil tchangguine HP@WS%%WQW%B&%”%H@ %‘&Pﬁ?r}/stﬂﬁiga‘gewpl

change t he cor’rﬂos%]i@)’ge ?rrﬁfeiblee WEM” not h&atgﬁ@y%g I %fﬂgi%i”ggn_ g# ﬁ)%bﬁ: Isi ty

can be used to' i effrciency o hydr ogenat i

fashion, the op{iayehtienc! i ng agaifashion, wa MYtidoAfi RGolirgi egumeai habl e
inthe prior art is maintained with the nodified punparound/intercool er
reduci ng the expensirveodliow Maddim gvalabhg in dhgi peer pr sherav@imeAadvdhst em

cl'seuher e in R TIBURY AR HPARD ©BF Bae o HaP 8y EGHOTRS oY ARGt ner
ﬁdva”t age of g GlifiE e &aw@ﬁ@qng SNRER Isstdat FhrtAbt ows hek: Fehativel y
arge liquid ow W t hout affecting .the overall columm separation
per f or mance dubyt chéeaviespirourtie streemheadarasbé nutileedordleewaete W tthe
15 ethylene plant to reduce energy consumption. Another advantage of
the new pumparound.scheme is that it allows for relatively large
Jiquid  flow  without affeéting.“".the overall column separation
performance due to heavies in the overhead as in the prior art. With
the large liquid flows, the pumparound can provide the necessary
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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the large liquid flows, the punparound can provide the necessary 20 liquid
| oadi ng over the catal yst without the need for additional reflux. This
perm ts openratvymns3ef the catalytic distillation colum aCcTiuseswn/oor3esd | ux
rati os than previously possible withodt the penalty in distillation

efficiency observed with the priof.art.cRef nat et 08 e 2aBag;ef 0,5
to 1 .8 by vveipgaﬁ oar}\glngaﬁascﬁg)@t lct)%n?oé a(p:)ro ug?(enéﬁlthﬁcgspiggﬁegggseary cg’?al yst

liquid wettingdmgsgenadl Hest aise Wpghatas Wisheseto requim echraatted hecpraor art.
In addition to the obvious reduction in energy requirenments, higher
hydrogen partisthymressamasn igughe dighest ceReenatipixin dhpo%an@n IPIEee:

ilable in the. t i ti ; ] in. ' : cat t
vor umes, 30 1 IVATRAFS g1 cCHTar: (P4 S bl dRaT (€ PRI GRS e

catal yst wett gdfinglthet d4maE st Qvbnsdr elftthat liddie trednt isogrexaeutisan Bahe
liquid phase. The selectivity of a catalytic distillation systemrelies in
ABBLUM 260 WO 120061080586 SCTHoUSR0027066137dionl 3thsacetdrst telllr Bachigdhy t aki ng

place in the liquid phase while certain . components that the operator

wi shes to remaMstifs ea tréﬂc%%ﬁelﬁg{‘vgYW'I“e egpr}aé%ﬁ”ﬁe 'n the highest
concentration in thg vapgiyfhassntroMabmiRk VAR HeelbAbiohi AUt teafikic
down the colum is critical to 5 keeping the catalyst wetted. If the liquid
traffic is greatier abhaciaBR0valibtion quirebdirerfd@yof Ircohisnwayr dosh sedelysn, t he
catalyst will be highly wetted and reaction selectjvity wll be

mai nt ai ned!0 A BedotdaP§rateift roid FAFTRANECHoTRY BE ¢4t i18n 2Fh'eVie thef I ux

W th associated variati in.reboiler duty. In this way, both catalyst 10
bed tenperaturge%{ﬁ%d ggﬁgoggﬁrﬁtgﬁmy be altered to achieve the desired

hydr ogenation. Addi demadhaily, aa varibalel fddeatt dtiopatlionirad fomiangairorfeadnmai n
feed point below the stripping section 22 will provide sone separation of
any heavy conppnivthelpresientstiippinaesacéion Baf wilk PFedeni stnbaeRafH DT

Ca o e 1 S8 B ARy AL BBl BREP B och et i

s catalyst bed 16 and the side stream 52 for the first pumparound. In
this way, circulating the heavy, potentially fouling components over
the catalyst bed is eliminated. ln;é‘ddition, feed points above the first
catalyst bed can be incorporated td allow for turndown operation and
thus avoid the problems of excess catalyst and resultant selectivity

20 loss under these lower flow conditions. The bottoms 63 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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the catalyst bed is elimnated. In .addition, feed points above the first

catal yst bed can be incorporated to allow for turndown operation and thus

avoi d t hewpnrot/msnssoof excess catal yst and resultant sel ecrivszaos/02(379 0SS

under these |l ower flow conditions. Thg bottons 63 fromthe colum 14 are

sent for further processing as desired. As shown in Figure 2, the present

| nvention inclydes (e addht RN o8faifid ISHIRBA_ bULMHEBAEH ety S MNor

provi di ng furthér hy rggenatl on of stream 50. This systemis typically two

reactors 25 w tbe@feninsescdalienedutsaltngdiroen aaselyisesdafctivedionorsarbth

intercoolers between successive reactors. The fixed bed reactor sy%tem
o]

provi des four mRiVafgages?NtENt THE@aReal yPf ¢ '§P4F199%at iSHRNE6I ufA"no Peonger
needs to operate g%rmo é | evel s of hydrogenation but can be operated for

t he maxi num 36C%roduc ivity fromthe catalyst, a net ethylene gain with
hi gh acetyl eneg, net hyldrageh Weansial and Ips opaidi@ned chunirer séropovdriyl epsets
mai nt ai ni ng acetyl ene C2 specification. ABBLUM 260 WO 2005/ 080530

PCT/ US2004/ 0013nd/or1dataly sCriafysly atiant ¢HeP @60 AINgt Theisds adilizing iPeAf bversead

concentration of  acetylenics.an Ien ul t f - ey
deacti vati on, 8£r%%W”Sﬁﬁﬁ'aﬁxiragﬁegﬁﬂ%ﬁtsﬁﬁ%ﬁéase'f ng {Jggﬂ&tg o%lz Ii %rr? s can be

acconmodat ed. 3;g¥n W@rcgg@&em_ermy?é AN &g, mhat planes dires Hgekergior ey
upsets and/or catal yst deactivation or poisoni n%j t hus stabilizing
performance ofdodoveistareamistdfatiogersatsitem syetlehscharfge handquit i tegubfed

hydr ogen f t he . t t. th i al f th
downstr eam!Bi SEUAPEET off §LLERAHOD! i Ahdnge Yand T PEGE: FESF20PHIERRT ty of

refrigeration woube ¥ahe JOiS M@Uidpes eat e process upsets and be very
undesi rabl e. 4. &portunity for catal yst regeneration by the use of spare

fixed bed reactors gfpstexiteridi rgtanst regemeoperrabiynidnel ue odfspahe fed re
system bed reactors thus extending onstream operating life of the entire
system.

15 In addition to control of the temperature and composition
profile over the colurﬁn, it'is important to operate with less than
complete conversion of the acety"/.l'enes and dienes over the catalytic
distillation column. By doing so, ethylene and propylene gains can be
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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15 In addition to control of the tenperature and conposition profile over
the colum, it is inportant to operate with | ess than conplete conversion
of the acwOyebdwmssssand di enes over the catalytic distillpariuseooaobismm. By
doi ng so, ethylene and propyl ene gai n$& can be achieved. Further, this
operation requires |less catalyst than_th

|1, 20 .h i f th
prior art thus 9%aki ifise|tHy 531»[1@,99{3&%?&%?@@;aﬂdoﬁ\/?lgéf\;ﬂ%g{%%tﬁlr 8@@8&2%0&_ .
Operation withca filxed Bed.{GAGLDL ¥SEEM: fobd AN 006 (R COLUITE BLh Qs thi s

to occur. If the colum be operated such that -there”is no nore

t han appr oxi matehjevkd% Pigyé enis hiptet of condemtesadti dre batlehen ppacverss 25
beds, hydrogenation in excess of 95% of the C2 to C5 and heavi er di enes can
be achi eved, Thhe atbglenesgsin SOBFES7THOY efith BE'ERBE fahd ca@bta Siteation t he

vapor stream 50 ”&22%@63["%}:‘; ux 4dEym 46 dP%S' i Rl AYM, el h%gg@eelr?%?@nof 1

% To make 10094 ne conversi on, ethylene | osses wou

hi gher. Thi's opekatrhonagQianchéleseh aramIghineds ograwiremavedrtaih @ppitayiort el y
30- 35% dependi ng upon the feed conposition. However, when the overall
conver si ons of higrelyCpeaadives acaideneavdnsl deetfedoamimadetylrepsies &t ethreduced

to between 80 and , ABBLUM 26Q, WO 2005/.080 PCT/ US2004/ 00137 15 95%
resulting in 1(9}@(5'0%% gr(?,na)oghgnaca??@fclgal ‘%ggﬁ%t,‘%ogﬁgun?%z tegwqf%edia@ﬁje and

acetyl ene in the,gyichet |§¢de@amm0, bet biyhenfegaiitsi e agtiibeobaehhgvebodd gure
3is aplot of the dienes at the outlet in ppmversus the ethylene gain or

| oss i n weiight querneesionfodracetelanalomearslldi stillation 5 unit (CDU) al one and
for a CDU plus. a fixe ed drogenatiqn system can,be seen from
Figure 3, allow ng awétg‘r Bé?ﬂ%ﬁ????rﬁﬁoc Tie)éhfiﬁeféﬁgt?@@lgb%tdﬂﬁtgﬁé?rhnd

di enes to renmi eagt i téh[% QX Lyt g istid] ation
col um, et hyl en%lgﬁh %’r?&y?gﬁ | oesg\égzg%gf\aﬁéeﬁ g’?l}tlﬁﬁhﬁ%'@d@\}\%i{bg’%?drld

obt ai ni ng 100%ty 3R a0 erA@E0SIcoppef cacelinddceoe odeliedier Wehlesfdrxedcbgtemeact or s
| ocated after the catalytic distillation colum 14, C2 acetylene
br eakt hr ough wiaan e, bgeratedsiopnohgngatalytic distillation column.” A typical

15 system with two fixed bed hydrogenation reactors with intercooling
has been shown to hydrogenate 100% of the C2 acetylenes entering
.the fixed bed reactor system®.and approximately 75% of 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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typically 20,000 ppm conbi ned C3 and heavi er di enes and acetyl enes can be
tolerated fromthe catalytic distillation colum. A typical 15 systemw th
two fi xedwbedodngassogenati on reactors with intercooling Poagasheéanoshown to
hydr ogenate 100% of the C2 acetyl enesléentering the fixed bed reactor
system ; and approxi mtely 75% of the conbined C3 and heavi er di enes and
acetyl enes ent é6i%g etheleppxlegsepeater ebstroedsyst@nevahi wheesupesating 2800 t o

14,000 and typically 20 onl 00 pm br eakt hr ough of di enes and., .

acetyl enics fr 8%‘?'5%’”%\6\/%‘8{%@585@%52%8 TRI'SSPEPt g&éﬁ?soaéﬁlﬁ’F'_Gxa%'_f'éT‘WQ?%
hydrogenation -gfunthes tidtdlech? 1@ndnAeayvehnachiyt ARe2080d HhPkptl %§in'sn the
feed. Such operation allows for substantial overall ethylene gaihs of up

to 0.5% with 70% dv@altio Acet¥l ereepseiota.i WVith thenaresestthiplventoat the0% 25
acetyl ene conversion. This is a substantial inprovenent over the prijor
art. The speci PIPARNDENRIG 8P T &t i RF t Yopfasétnyiubsedn @ usyhdei ghitll y -

| ower than the ifihe diRachievddiy of -propadi ene. Thus close observation
of the Ca di enﬁﬁ%&@béi .onQprgvg% de's a reliable indication 30 of the

stability of the etyrenetigainorand openatien wsesh ashaeaentinio) vapetishsfiar the
system For the catalytic distillation systemalone, when C3 diene
conversion is Bet W@éhommaﬂﬂmé@%%ﬂnﬁﬁﬁ/ ehrIge 9ABBLONE 26werianDe2005n080530

Ty L2004 0019881k AR IUARS S RALSE 1 BRI

operating at con I'ons wher ene

distillation caliumpacs thetaeeneb and dolbrandohdritc EaR%yast hybene
gains fromO0.2%to 0.5 % are possible. Wth the present invention, the 5

propadi ene convVigedianialyah vekmadnehsedatalist distillatiby aghinine, dbctdases in
mai ntai ning eth ain, Duri the n operation of an ethylene unit,

variations in C%%‘Pg’rg‘gﬁ\%ﬁtﬁ'%%mq%ed%‘ﬁt%{‘F{ng?t HUF GONGES I PHONS TéxpEriNenced.
BT o VRREELISK ekl 10T R 0 SRAEEL T B8 SHSpE o
products into stream 50. Compensation for such anticipated
15 disturbances would be difficult with the prior art alone as shown in
Figure 1. It Would'require increases in operating pressure or
temperature impacting the .perf(.)"rmance of the entire fractionation
system. In the improved process including a fixed bed reactor
system, the temperature of the vapor 50 entering the fixed bed
20 reactor system can be adjusted to either increase or decreaée
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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fixed catalyst volune in the catalytic distillation columm, increases in
carbon nonoxi de or inlet diene and acetylenic concentrations result in
| ower corwenrsesmsomnd t hus hi gher rel eases of these undegcram2o0pnosact s i nto

stream 50. Conpensation for such anti®wi pated 15 di sturbances woul d be
difficult withCCPRECREi BF HIt RIUNné as CERBRAM nliferiqjuite 1prqqesioGra requir e

i ncreases in OEQBQ{M}%HQW%’%%Q%W tenperature inpacting the perfornmance
of the entire fractionation system In the inproved process including a

fixed bed reactor gystremfixcbebéenperagem®iai siyeeriaphe 5 entefdaag stthe
fixed bed 20 reactor systemcan be adjusted to either increase or decrease
reactivity of tHaMr daetertabiiin shstHiRdionh@dssed |tbip eHuriges crasscdtoay yheat
distillatiop r ion activity an i in,. c lete Cz acetyl ene noval
and hi gh hytr ogonpangl S BhbeRlhelRrbBLS B Ff aifteoithyarons aE  on

reactor systemiire gEfidteflom2thd frstirgt el NQloeonthyo RRERRS iM@réSAeE 9ics but
al so spares. Catal yst deactivation will occur in both the fixed bed system

and the catal yttpcthaisscphfatikerh begsbgftogenationnt rpastor bl 2. t & segeneott e
the catalytic distillatign catalyst w thout shutting.do t he process or
nstalling a Adrdl Pere dBMGRED Both cGrT s Caf e Usery” THBuRVER 1oanEEar o
fixed bed 30 vapas,qrhasessiaes Qﬁe'nsec%séﬂyﬁ%bé(@lthérﬂs@@rxm' V&R, Ok BY

utilizing a fixed bed reactor systemw th a spare Instead of the single

col um ABBLUMeZ680eMD {20 5/H@8 53 0 e P UB200wh00 483 Dack7tloongaptheotrddwe
prior art, onstreamlife of the process can be substantially inproved. In
the fixed bed HRHW dyRHa® OHGpEt¥mWiHe et svertkaai@dsend fthenieeRebPatal vt i ¢

distillation pagses,Jdiauoh s Clossabhonrigahie: Sepirhanaer o4, anddl et

heater 66 into irst fixed bed reactor uent fromt irst

reactor 68 goesddhrgatghrd hani Bé efteiol ethafyedt @ tdiecsaaershski sedickeshse
hydr ogenation in reactor 72. A series of fixed beds followed by

intercoo' | ers dhA axdensel hivaragr adigmenftaghiieet bea repei@rst Sunthiteveot ke

necessary h?at nterc%rslggzr%/r tghgtI}ccgees%lfltlJl{yec#\'anyﬂee changes in carbon monoxide or

diene and acetylene feed concentration. Up to a maximum adiabatic
temperature rise of 80°F t_otal_for both beds, a stable fixed bed
‘operation with no ethylene loss is:y‘jossible. A typical adiabatic rise of
35°F is expected for normal operation. With 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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|0 effluent fromthe |ast reactor 72 then goes back through the cross flow
heat exchanger 64 where heat is extracted and the feed 50 to the fixed bed
react ors we 2hezisess0 The inlet tenperature to the fixed phedSc@amdmrs can be
qui ckly changed to either increase ori8decrease the extent of hydrogenation
inthe fixed bed reactors. Such control is 15 necessary to successfully
handl e changesaiaiyidar distillpbnoxreeny el dhedampdaceegicsnaysiesy of the

concentration. Up to.a naxi adi L[ C il ri se of tqtal for
both beds, a S{%iieé 1% gﬁ'oﬁgﬁ%oﬁgﬁzﬁ%ndl\?\ffﬁpcﬁ{)aéeﬁhﬁ]nencg 0 seglgge pagssi bl e.
A typical adi ahatifirirgetiohatid®odrsivxeahadichosr tanpatatopeicaticationd th an
adi abatic 20 tenperature rise of 70 to 80 and %‘%pi cal ly 80F, handling of .

35000 to 58000 ahd tiygd dedd ysy48000Wihricadedyirethes Taid Idipepess favsieThe

catalytic distillation results in 9000 to 30000 and typically 10000 ppm Ca
and heavi et dPEHESYaA Y 2UEWA %Hi’EEEQ?rn“fteh%f 15 ?ta?vsq

product stream 74 while

mai nt ai ni ng 100% CZiaget vl ees&aRvahskRBritte MBRidadik@nt 26f ey leagentd n a
simlar fashion, the tenperature control on the inlet to the i xed bed
reactors can pmoaritien.f drsteedpdmsdtlycie diovllatatabykimn dyachéadsireanpridvi di ng

the typical start-of-run and end-of-run  operati tenperatures to the
fixed bed syst@FsNGn tPhEXpRFME af A $he @od?ﬂgéngg/”rﬂe%'é'onBVBV’eé’d

temperature cquiechionid ol GRLENY b orofl Sl Lakhano£obumhd TbsHequi r s

a pressure change int and thus the fractionation conditions wll
be alteredo Witdedbott rtehetorABRitENL2600!10MIN200% GB@E3DePCEALGR06M41201379 18
catalytic distillation colum and fixed bed reactor systemof the present

i nvention t he tbat aifjuens g sepladasétt ofd candinhec i BpetGitferathe cohdpants

fractionation condi.ti 883;569231% al‘rﬁzévgaertlseerg)ﬁ(éﬁg%§a%gr[reggér{eggﬁ }k{eoéolhrﬁ‘?nfi xed

bed system wi 1€ PR P [ pr oves system y-and al | ows
for longer life of dihee ceakysbm Ringbhieg 4hRr aseat Sed@neabifr Bpd@nendzadi ment

of the present invention. Instead of catalytic distillation colum
over head streamdans all of the reflux for the column, the operating temperature of
15 the fixed bed reactors will be somewhat higher to insure complete
vapor flow. This will 4change the design catalyst activity and space
.velocity to insure stable oper’atioh\' The advantage of this approach
will be a higher mass flow of hydrocarbon that will minimize
temperature rise across the fixed beds, a reduced hydrogen partial
20 pressure that will improve selectivity, and a higher space velocity that
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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passi ng to exchanger 44 and then to reflux drum 44, overhead stream42 is
passed directly to cross-fl ow exchanger 64 and into the 10 fixed bed
react or swet2esnoshzshl owi ng the fixed bed reactor system PCrlus2@ifobisent s
cooled at 65 and the reflux 48 for the® colum is separated at 67 as a
condensed liquid 69 and returned to the colum. Since the streamentering
the fixed bed teaptoreaist.ethstliguid/vepnt anhéuil Icanf be helthesf axrt ftor thée
colum, the operati n%.tegeerature of . 15 t he fixEddbed reactors wll be
somewhat hi ghefo'HB AEGFEY ctindl BU8SY B8P 91 SAPOFATS Wi 7 1°SPREAYR" tHE "Hesi gn
catal yst activity RBGiSRAGRd Y& ACtdd sbParafayr® BicabbriroRer ahé QBstelhe
advant age of this approach wll be a higher mass fl ow of hydrocarbon that
will mnimze piee¢aped ainre any sdigonassfarired inktte beds!, hadreatunedidnhydit ogen
partial 20 pressure that will inprove selgectjvity, . and hi gher space

vel ocity tHat b&iiDl tHot WUSRIARE S80eCENv ?y#ea?lnaxdgber ecéjg‘ém@atbgﬁci/@t tost s:
Figure 5 ill us('gartgyy% b%%saéhhgrr[%ﬁbgin‘gq%%iin ent of the present invention

i ncorporating a pre-reactor. I's arrangénment is advantageous for bulk
sel ective hydrogenap¢darmaing eeesixddybednhddegesadbnance facettyleeneslytic

Fol | owi ng conpression at 12 and possible treatnent. in a guard bed (not
shown), the vapsti!ipher eofweast bkl dloxyipxeassiiivt higheeicatelvat LeHzplieni d 76

fromthe punp SGtSf?gjﬁcgé)gﬁ@ie%%ion@dretégn@tegéqu?gpasfgr mtﬁ%%'repoqﬁéﬁedof the

co-currently thY Xed Hydr ogénation occurs and the

presence of, | i GG ReEYEs HOe 3 aPBt IHhet ARoLUBIPET 3rifetentisiey tdysaupbd
vapori zation. Hydrogenation reactor 78 can be desihg;ed as an operating

reactor plus adepasendoaceil|ecowsfof higheenerd atlyithevaledte éanhyperganiadivrof t he
system Fol |l ow ng, . ABBLUM 260 WD. 2005/ 080530 PC‘{/ |US%004 001379 i[ci f}he
pre-reactor, tA& NYGE dFEEPST HUEGNE cal? Vb AP sERE Y t WEYLoPBim

directly as a %é@&aﬁ@f%eﬂ&n?e@ﬁé%‘?&éé& aropPaLabhoRic um andatderiki quid

and vapor fed separately to the colum. The latter Is preferred since any
ol i goner s fornedtilatibheunii i3 astilhydmogedatfoldewind |a Spiwerdagtohetol irgacd phase
and can belsf edh%/dorotgg%a%iglnugnp‘]eg ilcg%,ivort\sh.e It is anticipated that a maximum of
50% and typically 20 % of the hydrogenation duty can be
_accomplished in the pre-reactor. Y
Another advantage of a fixed bed hydrogenation reactor before
the catalytic distillation column 14 is that the reactor can 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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catal yst beds thus reducing fouling. Performng the fixed bed

*hydrogenati ons before the catalytic distillation colum 14 will allow for
possi bl y Woghevosembal yst utilization - w thout experienecmgsSetwdpbsne | oss
for that portion of the to hydrogenatioon due to the | arge anount of
preferentially absorbed dienes and acetyl enes of higher reactivity

avai | abl e for dnddnagenatibers. toAs higghererdat algist. uffhki advdronagel ohethis

catal yst vol umes woul d be necessary mnakin tge process nore econpm cal. A
catal ytic di SSAYNEECHA EOA Prqc§s§t?‘¥quer”é‘f&u?5ré at ANOFHG LEPHEF eHOrdr to
reach 15 hydr i speci fi LONS. i L ci-pat L rum of
50% and typi cgﬁq;{f@%&%}@? tﬂﬁgkﬁ§g§ ogﬁna%h}eonéaﬁa'g{y%gﬁ bﬁwggggb$ﬁﬁ2?i n

t he pre-react gemd\d heym atheaddtagest dfeda abi foechcaledn tytr ogenatsisoov erealcé or
before the catalytic distillation colum 14 is that the reactor can be
used as 20 a 'GERAHITePFEPN cat dN§staForEongd. Thisochial YavidcbuIerei ther be
ni ckel or palladium Ni.ckel ca t L I | e |l e alyze
t he reaction o?quW@ s%l:Gf uE(r]at C%n%o%%ﬁ ?ﬁ?gpﬁge%ﬁgpw W@ﬁ?%@l eang/ t%&% gfatrln a
heavy ner capt agonthhhisallBhGARharcawelykdint berurbe reemoved in  the stripping
section 22 of colum 14 and thus never contact the 25 palladiumcatalyst. A
still further advanPigeniesstlicht g éxtlelmalcapalgticrégiiaiorsgetdptautd have
a spare and thus .allow for re eratjon_ wthout the requirenent. for
shutting the ehii'Ie SpPaAY e%lo%ﬁje@&nocé%sael 'fs‘t;th?ecpqlﬁg‘@né%?c.onﬁfne'?antaet gﬁ“f/ as
shown i n Fggur ga@yydtherdrtigh ths? 6 frhenteupred® 18R edhich! owedpwnyedds

t hrough the fixed bed 78 and the vapor stream fromthe conpressor 12 can
fl ow upwards. taglysd bednoarhdaboetd amaoé, atlheidg Xed rbgdnerdiconowi® then
flows-to a | ower porz%i on of colum 14 BL#I_YI 260 WD, 2005/ 080530

PCT/ US2004/ 0017888 O 3§ ey toRpSroRa BRI 1 6N& 2R GHeP A Yyegsnptate msline

advantage of tfjys i, CAUDL &L GULT EDLIePLAGASS -SCOHERGEI)S: LOAL 4! haoTe

resulting from ”E(')rll(glr(r%erlgza?/tsi on rgagt ieoﬁso tﬂ".eé Gnsaf ur af ed ﬂyé%gcar%ons

are inlet is expected to have the highest fouling rate. 4
15 To minimize fouling in the fixed bed pre-reactor, liquid flow

rates need to be sufficient to minimize local hot spots due to the high
.heat of hydrogenation and to Wé,sh any oligomers formed off the
catalyst. The operation of these beds is preferably in the vapor
continuous zone. For cracked gas feeds that exhibit extreme fouling

20 tendencies, operating in the 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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removed fromthe catal yst bed as forned and do not pass over the 5

remai ni ng portion of the catalyst bed. Also this liquid is sent to colum
26 at a |woenossbsdy point, mninmzing any potential corCardse@uioors7of the
catalyst in colum 14. digoners whictl can foul the catalytic distillation
catalyst are easily separated and do not rise in the colum to contam nate
the 10 catal ytgk. lifuidt peaseasnd ntHuse pcovidar tienthfdrogeoptequced Her the
pre-reactor catalyst bed can have a spare, allow ng for regeneration while
the rest of thwsregeratien of dperseiignesrrRBd £h¢1¢s {0 e A9 Wet@riEr at e

on-line wll incregse system gycl o t.he y. oneoat 1 he
feed inlet is expe eeagkf%y h%fv Ptﬁee%]e?]ghlégtﬁnﬁgﬂltlt%négr?’gt@!é.’othiSt%Tg'%n?nloﬁﬁ z
fouling in thentixefoBed RERT HEAEHRFge lgagUirbf towhilligg esdneeddémsditbn
sufficient to mnimze |ocal hot spots due to the high heat of

hydr ogenat ison sinps towees iharsnesty gomsp 8 Atmmaad gefue pe capdehrgst.. e
operation of these beds is prefer i he vapo conti nuous zeng. For
cracked gas feEUEYt ft h‘é%ﬂ%%i”@"exf&é%"e qqo&]ﬁ]? n%cgéf’epgngé%scqeec ',Veoﬁgrgﬁ ng in
the liquid contjpugus c#@Rtdd SorkeRtBASET Bitout FAgur®, bricl usématiessas
further enbodi ment of the present invention which incorporates fixed bed
reactors w t hiwatheotl ipgukithle puitpatheupdoorart.nt €heowdrebirstd éxrd bedtarat e

wi t hdrawn fromthe colum 14. The fixed bed hydrog ,nati1pn reactors 82 and

84 are 25 pl acedeiviicr AstdpHRN SYERAMPYIGM TRAEE 13 INEay’ SBSERY YPRE1Si de
stream fraomc LNg. r I T fixed d 84
are in add@ti O\&Hwilg%h@%lbéﬁf@%lﬁﬁ%ééﬁ&%ﬁe gégﬁgger?salh?g %ﬁg‘ﬁ,?g$| mt he
hydr ogenati on seedyons 16 and 18 in the catalytic distillation colum 14.
A mass transfer zone 85 in the formof structured 30 packing or trays is
al so added above t heolldiwindr satal spoientexd@marBel sick hé'%‘é’taé?yg’ﬁe bRi@seThi s
zone allows for hxdrogen. to be saturatded i[{]to ABBLUM%G% \Qp ZOPOSr/ gr8(0530
PCT/ US2004/ 00187871197 PhES| YR SHERATIFE T Hifs CBFRA S he hyiFSgeh
required for thﬁe FOYSRREenabion s thanaget leanesmapsitidnenass Fat sihene

e

wi t hdrawn | i qui d.
s examples. Table 2 lists the results for each of the examples.

Ta_ble 1

Componeﬁt " wt%
Hydrogen 1.07
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 Cb . 4.83
Cb diene 2.10
C6+ 12.09
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The ability of the present invention to renove 30 to 40% of the hydrogen
fromthe charge gas prior to chilling and condensation 5 steps |lowers the
ener gy comeurnpdasassoand reduces capital cost. The abili PgTius20maoBgenat e
100% of the acetylene irrespective of22the carbon nonoxi de concentration
w thout any C2 or C3 olefin | osses was not possible with the prior art.
The conbined fixed bed and catalytic diglis|ation steps provide superior
handl i ng of system upsets 10 whil e naintal ning stable dienel/acetyl ene
hydrogenation and hydrogen rermval Fol | owi ng are sonme exanpl es which

il[lustrate therpresent TTVemtTon B J1% VablRe ¢HRaHhRENS:ADCOMHaLeH 1 0
the prior art.| The foll ow ng Table 1 set$ forth the feed| conposition used
for all the 1|5 exanples. Table 2 lists {he fesullts for pach*of the °
exanpl es. Tabl ,c&uggrpg@ag)gif\i\/lt%ml—ogr?gen 1. @ﬁi LI 9?:295’&72 ‘%Flaggiqilj (71:{8;5
Total CI 1. 06| A8 GHEE"Sl B7 Tdt o265 4. 83°2 0ol 1720 00| o2l end 2298
ABBLUM 260 WO 76654@83@53901%/ U820'04/02)®1379 022 Tabl ®.2 Exanpl®e Exanpl.e
Exarrpl € Exarrpl Cataﬂ/stUtcllzatlonL S bu12u”” PO.(1E§Di E) &%g W95 a_ngg
{lomole H2/ft3/hr}
Fixed Bed Inlet T (°F) - - - 129 140
Fixed Bed GHSV - - - 1800 2000
Conversions {%)
C2 acetylene 84 89 80 100 100
H2 conversions 28 30 20 34 31
C2 ethylene gain/loss 0 (0.6) loss 0.6 0.1 0.7
C3 propylene gain/loss 4.7 5.1 3.4 5.8 4.8
C4 olefin conversion 0.7 0.8 0.4 2.0 1.8
Ppm outlet {wt) Total - 19070 12340 33860 3640 7740
C2 acetylene , 370 | 240 460 0 0
C3 acetylene 2300 1600 3900 300 840
C3 diene 3400 2900 4500 2900 4000
C4 diene 11500 7000 21700 150 1500
C5 diene 1500 600 3300 290 1400
Example 1:
S 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
10 catalyst temperature of 230 °F Cz acetylene conversion reached 84 %
with 0% ethylene loss/gain. At the reactor outlet there were 370
ppm of C2 acetylene and a_'.t'otal of 19070 ppm dienes and
acetylenics.  Total acetylene/diene conversion is 79.5%. This

example represents the case where the single column is operated for
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Average Catalyst T (F) 230 232 228 231 228 COH2 ratio (nol% 0.3 0.3 0.6
0.3 0.6 Catalyst Uilization 0.12 0.13 0.09 0.12 0.09 (lbnole H2/ft3/hr)
Fi xed BedwOnbetosis3pF) - - - 129 140 Fixed Bed GHSV - - PCTABR@®4A0009

Conversions 1% C2 acetylene 84 89 8®3100 100 H2 conversions 28 30 20 34
31 C2 ethylene gain/loss 0 (0.6) loss 0.6 0.1 0.7 C3 propylene gain/loss

4.7 5.1 3.4 5. % 4udletd |od=f iAs eanvies skon, Oharelisbsubsdartifl BrdidbpouyH | et
(wt) Total 19070 12340 33860 3640 7740 C2 acetylene 370 240 460 0 0 C3

acetyl ene 2300 f1606c Y300 B4 o UEB Pee e SHOT 29GD VABTOP XOH 14000

C4di ene 11500 7000 21700 150 1500 Csdiene 1500 600 3300 290 1400 Exanple
1: 5 This exanple represents prior art outlined in the previous U S.

Patent 5,679, 24L(fkgure 1) based on a one step catalytic distillation
columm operating with a reflux ratio of 4.4. Wth a typical front end

acet yl ene hydr ogenathisnexatpley stsocoapraisanty mquar| adi and| isveksedhedowhe2000
ppm and operating at pressyre of 195 psig d average 10 catal yst

t enper ature ofS'»36 Cf—f’tég/tgc W‘I'@H%”c%\}@tnsf’g%xtag&gﬁ:ﬁ Vé'%f‘%h'ﬁf‘?rhcé%lé%yl ene
| oss/ gain. At A p and a
, total of lgggg{%p%rgnagigg{\nggyynﬁty ygg?ﬁ%ﬁ%ﬁ‘ﬁgi gfl'magi}wtﬁgﬁgﬁj%eeﬁgﬁw
conversion is sé9ebty dhis sieyenpodumeproaserties itdreasas etaheraeht hewsi @gl e
columm is operated for ABBLUM 260 WO 2005/ 080530 PCT/ US2004/001379 23 no
et hyl ene | oss.ac&dyleas |Beel§eelis 1976y ke jagceunyishAt ity raisiBgkieRtRrIgkdre or

10 increasing catalyst activity. The higher temperature operation is
intended to reduce acetylene content and thus achieve specification
ethylene product. In this case all the diene and acetylenic
conversions are higher compared to Example 1, however there is also
a 0.6% ethylene loss. At the reactor outlet there were 240 ppm of

15  C2 acetylene and a total of 12340 ppm dienes and acetylenics. Total
acetylene/diene convefsion is 86.7%. As can be seen, increased C2

. acetylene cénversion is accofnpan"i‘ed by increased ethylene loss that
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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of C2 acetylene. This would produce off-spec ethylene product. Exanple 2 5
This exanple al so represents prior art and is based on the single

cat al yti cwoizeavdsbsvi on col unmm of Exanple 1 with higher eatralSget/001379
tenperature and slightly |ower reflux4ratio of 4.1. The hydrogenation
severity of a single columm can be increased to reach |low Cz acetyl ene

| evel s. This can beTlaecespbinshdd thys rradsced danger atoulé be 100 raiser dasi ng

catal yst activity. The higher tenperature o erati?n,is, ihtended to reduce
acetyl ene cont'&AIPAEENA tg&h‘?%t\? s& peehin GBFi‘éﬁ’ita Vét%ﬂ'%HG’“ﬁPoHGB{m”I n this
case all the dj ;| eni | ' - GO

Beampie 1. hoveierPRg B AL oA g EEh Rl BEFpRL0RY, FITRRIEELYE,
outl et there werep2édimpunmal TbuCpacelylebemprasatd edraCOofnct2d4ds ppan

di enes and acetylenics. Total acetylene/diene conversion is 86.7% As can
be seen, i fAcrédbBsiéadEer g @f'Yl 8ie conversion is acconpani ed by increased -
ethylene loss that is economcally undesirable. Further, the ethylene
product still does not neet the specification limts of 1-2 ppm 20
Exanpl e 3 Thi sc.exapRl ¢ represents prior art and is based on the single
catalytic distillation colum of Exanple 1 with higher carbon nonoxide

| evel s in the feed. Thar bormpisnosdrdecaist rasmarewdlopstbipgd pavgyetioandf

t herefore di ene and acetyl eni c. conversion re ubstantially reduced. At
car bon_ monox! 40 EORTEToRIGTE 8 S RED Fobtpd BEREERIBoN SRHGR! de i o
hydrogen rati Oﬁighﬂ? Profiyet chrad 80 o pRRM A i2GRLYLENS ANE 33860 RRM Of
total dienes and acetylenics. The |ower catalyst activity resulting from

the CO is reflettyetheogainkewBd 108% 6F xcat@keystcovedsiotianid $O000.to 92% o 0. 09

| brol /hr-ft3 catal yst st ryct ure) and the | ower overall acetyl ene/di ene
conversion (63BYET TN 91BY, Figherane! perly ¢t eyPABBLEM 9BEraNsn Of

2005/ 080530 queu?s,%{)gé{igo&i%?iﬁatigﬁl column at 195 psig and average catalyst

temperature of 230°F and 195 psig pressure resulted in 12,000 ppm

15 by weight dienes and acetylenes in the catalytic distillation overhead
which was then fed to .the fixed bed hydrogenation reactor system.

Operation of the fixed b‘e:d 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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The response to this reduced activity would be to raise the tenperature of
the catalyst within the catalytic distillation colum. This would require
an i ncrease 2005/q80B8sure beyond what is practical in anprPoparsat4ngi3ani t .
Thus options to conpensate for CO inc2Seases are 5 limted for the prior
art. Exanple 4 This exanple represents the inproved conbi ned operation of
Lhe catalytic distliblibAldinGoldsm iadiddl baedhBedompaciare desgrlhedain 10
Figure 2. This conbi ned operation is necessary In order to reallze e?hylene
gai ns with 10080jCzteatenybeive tomuansaionpastlG0%pedfi®stionconBeresifainiQf al |

ot her diene and,ﬁtylene con;ﬁ)ounds. Qperation of the catalytic
distillation cHlitmiNatncie8sHdi LURAN aVENRFE e dtANyRt00 tienPet atet %, o8N 230F

and 195 psig pr e l; N b i,ght . di.enes-and
acetylenes in lpﬁiéécisraeté 35?&5'3?5{’{2’1% g??g%nﬁg%ﬁggd%oﬁﬂgﬁ \t/\(/gs1 ﬁeﬁl Ved to
the fixed bed hyfdicogenat iraint@acther copsésion dPperat,oncaflidne fivressbed .
hydr ogenati on reactors at gas hourly space velocity (GHSV) of 1800 h'' and
inlet bed tenpéreataray hepViepoenggsasdcEeessPuEs ive@ofvéne hgd taBIteoédt he Cz

acetylene 20 i n i,t.i onal  hydrogenation resultjng in 50%
overal | Ca di e%g%!:@{n@ﬁ{r 2?8’? é)ﬁgrgpﬁ?'catta“ §'tei%((:a r_r};aga?' S 55ed WP éjé‘r‘?_gti on),
as well as 96. 1% oveealproseyuterisigavediie ofi enes passkbacetvdangs Wt he
feed to the conmbi ned system This resulted in O ppmof C2 acetylene and

3640 ppm Ca aneefiesni ef0Qfcerfe: arrktitoetey | yirogenatitve outh estat2d 90% +
Speci fication ethyl ene .product, can be produced wi th ver i gh overall
conver si on "of ?}ﬂ%%ﬁieaﬁf'g”uﬁgabﬁ a@%dtospééi @’%& BRAVWEI e@ gt‘?‘tr]ﬁ%esexg@ﬁf"e“
represents thenjaRigenetososbicednares agicfls Ofana38 doie. cal A ftich of c,
distillation colum and a fixed bed reactor at high carbon nonoxide | evel s
in the feed. Adiecaribon feethoxichen [venebst bfydfodermmirtp tha hend eadoMifin .

const ant oper a.gi ng 5(égndi tions for the catal %/ti c ABBLUM 260 WO 2005/ 080530
PCT/ US2004/ 001379 Tesudting hydrogen removal with the present invention will remain

steady at 30 to 40 and typically 30% depending on the feed

1S composition.
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distillation colum, only the fixed bed inlet tenperature needed to be
adjusted in order to maintain product specifications. Specifically, wth
an i ncreaso 2005/e33bon nmonoxi de from0.05 to 0.1 nol % amCTiusesoeass79 n t he
inlet fixed bed tenperature from 129 260 140F was 5 sufficient to maintain
the conversion of the C2 acetylene. Further, the C3 and heavi er dienes and
acetyl enes wer.e further hydrogenated resulting in 7740 ppmw . total, diene
and acetyl enes'#'H'Yhe product. The proposed inprovenent of the present

invention wilk perf owﬁ@@%%@%whgna hYERIRNAL daBReM FdL St abL §,90%
to hydrogenation of the C3 to and heavi er acetyl enes, 90% hydrogenati on

of Ch and Cs dberesingandysbégeconedrdensn ofpr@3yledeeneadaty@nkeedmstinglam
wi t hout hydrogenating the and | ef Lns he resul ting hydrogen
removal with ERBVPFREERICOR %Wﬁi%ﬁsﬂ?\ﬁ]elr ¢“érr§f"n&s%‘gzvaé{ter%”%%‘iﬁ%e&nd
typically 30% i on t f st o M. 26 :
2005/ 08053% pﬁ?@%}gﬁﬁgo%@?@g@%ﬁ%%ﬁo T, é%ﬁsoﬁ%gbypfﬁcggg%]'g a
thermal |y craeked |&eednsiigkeapiopoetid@itni ey agenhy@ldighate atpeapylene,

acetyl ene, nethyl acetylene, propadi ene and other C4, C5, Cc and heavi er
unsat urat ed 5PRYdRDEArhenS ety geftygefareortdiceomist pthassent fal Fy aald  of

et oot Pl Bl PO PB BB SRFEN XS AIENR oRluiRd® 2

portion of the acetylen propadi ené

heavi er unsat ur afdoRYdf 06 AL ORSIrd §erP! RthdSit ARt dAeIHGDY 1R PIRSEMRA A
portion of said hydrogen w thout hydrogenating ethylene and 10 propyl ene
conpri si ngot herspdpse gfomprisingtthediiepshgfsai d feed streaminto a catalytic

distillation colum contaj ni ng at le sg one . hydragenati on clat.al yst bed and
concurrently: (i) §e|ecﬂ?V8p9'H§dF@5gn 5 gsﬁe%FrU th 8f c218Y85i d acetyl ene

to formethylene and  gistillation column containing at least one
hydrogenation catalyst bed and concurrently:
(i) selectively hydrogenating a portion of
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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hydrogenating portions of said nethyl acetylene, propadiene and C4, Cc,
Cs and heavi er unsaturated hydrocarbons and controlling the 20

hydr ogenawocenosasozsnt i ons whereby said ethyl ene and propgiraseocanel3not

hydr ogenated; and (ii) separating by ¥ractional distillation said feed
streaminto lighter 25 hydrocarbons and heavier hydrocarbons; b. renoving
substantially all aof. thentemRicid@t pedsti ®porobn & ehibydngepand said

| i ghter hydrocarbons as a vapor phase overhead and substantially all of 30
sai d heavi er hydrocar bon@ve&i§epdt téfsa f YorR's@h@seclxal ybed diastod | ati on

col um; ABBLUM 260 WO 2005/,.080530. PCT/ US2004/ 001379 27 c. |ntroduci ng at
|l east a portion of said VABSH ﬁﬁggegﬂ{gvgr ﬁgéaogerﬂa&no& \?ﬁﬁéysbr@sdg fi xed bed

reactor system contai ni pgdgBNdfiRgenati aBnaAtiRbyStoansh bydrggenating the
remai ning portion of said 5 acetylene to formfurther ethylene and

hydr ogenatisng further poaddtgleseof toai donet hyfurthtecet \dtbplenepr apadi ene and
4, C5, C6 and heavi er un aturat.ed h\yg%ocar bons anog controll En t he
hydr ogenati on condit i ons Y{HEPEBF LG {eP Ry I RYEIONE0 HUnF 3 opiAtEHE are not

Systom 2 A method of ol e ML Wiar B a1 Gt e Ry COar Be Gons! sts 15
of C4 and |ighter hydrocansmdnsatadd s@irdcirbawyg hydt ocanbolingongiest s
hydrogenation conditions whereby said ethylene
10 and propylene are not hydrogenated; and
d. removing mixed product from said fixed bed

reactor system.

2. A method of claim 1 where said lighter hydrocarbon consists
15 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

20 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

25 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
30 of said product from said fixed b_éd reactor system to said catalytic

distillation column as reflux.
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of C5 and heavi er hydrocarbons. 3. A nethod of claim1l where said lighter
hydr ocarbon consists of C5 and |ighter hydrocarbons and said heavy

hydr ocar bwo 20e803bs 20 of Ce and heavi er hydr ocar bons PC#/US2oambd 13021 as
recited in claim1 and further conpri28ing the steps of condensing a
portion of said vapor phase overhead and returning said condensed portion
to said catal ybic dPstiethed asestedrin 128 dswWhef¢inxsaid step métdmsdrallngeci t ed
inclaiml *wher.ein essentially all i.d:. vapor_.phase ,over he S

i nt roduced int%msafgxbégo?e%ﬁgﬁgﬁ?ﬁQ@goﬁggﬂwF%g@té@lsﬁgﬁﬂﬁ?%nﬁmgﬂF%ﬂ@r
conpri sing thecsiuemh @hdr et Héiﬂl\_&‘%ﬁcﬁ Posdd ARedMhedf retitdr PEQdYES thedvepai d
fixed bed reactor systemto said catalytic distillation colum as refl ux.
ABELUM 260 WO 20051080530t RORNUS2004700 30thagire. A nethod as recited in
claiml1l wherein said step of controlling said step of selectively

hydr ogenati’ng in said catalytic distillation colum and in said vapor

phase fixed bed reagtofothf@laddesithensiars 6 RhefARtd Pl kB9 Jihe iemeEat ure
profile therein. 5 7. A nmethod as recited in claim®6 wherein sald step of

control ling ttie temperatue eorpfitf iih esaid) cdialgticcdtsalligtipo colstid limatliudascol um
i ncl udes the teg of w tm:ldr avvi,ng a gorti op of liquid descending in said
colutm at a s Ee@dogn&f' 3¢9 ReStY e S E PG IR iSaEs EPREAR and 10

injecting said ol Lde am back i ai | .umm: at_; e aid
sel ected point ap% s%\%rrcg,taﬁo?iggg ggec?t%%égl}ﬁé)% éi%og}'%gn {‘Oﬁrst'(ﬁéesrt?%laﬁﬁl aalang t he
step of hydroggratigngakiicdofddeiiaseammn Hacf. indo netibogblagm egidredbblec! ai m
6 wherein said step of controlling the tenperature profile in said

catal ytic distfdifaEianicédUih i ncludes the step of withdrawing a
punparound streamfroma point in said

8. A method as recited in claim 7 and further including the step

of hydrogenating said sidestream.

9. A method as reclited in claim 6 wherein said step of controlling
.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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col um bel ow sai d hydrogenati on catal yst beds, cooling said 20 punparound
stream and injecting said cool ed punparound stream back into said colum

above sai d hydrogenati on catal yst beds. 10. A nmethod as j j aim1l
wherein sé{Y%XQf]éfﬂ%P”phase fixed bed regctor system conpr?gigfsg@440@324t one

reactor and wherein said 25 step of coOntrolling the tenperature therein
conprises the step of controlling the tenperature in heat exchangers prior
to said reactor. 11. A nethod as recited in claim1 wherein said vapor
phase fixed b&d.redct grethpst emi coldpni skes vihwreorsaidr estepaceor selientisehvi es and

30 wherein said $tep of, controlling thﬁ ten%)era ure therein conprises the
steps of contrBYPIGEENARES PPRTEBUrY i*RChELEP eRENARGEFEDr S8 tFPTABAh of

sai d reactors. ARRIAL200 V5, 2005/ QROS30PEILLBZADALO0L 180 29,42, @ et hod

of claiml wheg'e ep of Selective dfo g consists o % he

step of opeyat iRGidSathasLat ey Ehtalyisdd is!lébé@ﬁaﬁcﬁ_%”@Y]Wéiaht.hat the
concentration of ethylene in the 5 liquid phase in the catalyst bed is |ess

than 2% by weight. 13. A nethod of claimwhere said step of selectively
hydr ogenat i ng nsi sts of tlaes e ting said catal {ic distjllation

f
col urm such that’ -t hé | E"_Eﬁ}m fl19 5’\('/){}? ? gr‘@aﬁ”ﬁrms?'g 1928 2t ereleraiNeB00
| DIhr /L2 0f CLOSRRERINAoAIER 14t LRE Ateg of herfalalypt badydd. A

nmet hod as reci erein said st'ep of Tintrodicing sai eed

stream into saidiigRtishy cofurdhskith atHa@ntreolidimy i ehudesyvih hee Eonshepiof

m xing said feed streamwith a recycle liquid fromsaid catal ytic
distillationh caoreatar ahdni BDOloJbi/fté Facssiseadidreddirstrigathe anea redcyiod e
liquid into a fixed bed, . hydrogenation pre-reactor prior to said catalytic
distillation cGPtAYSWREYeby a portion of the highly unsaturated

hydr ocarbons is hydrogenated and the vapor and liquid 20 streans are
introduced into said catalytic distillation colum. 15. A nethod as recited

in claim1l whenain sangkiydr &9eRtddOn claim 1 wherein said step of introducing
said feed stream into said catalytic distillation column includes the

s step of mixing said feed stream with a recycle liquid from said

catalytic distillation coiumn and introducing said mixed feed stream

.and recycle liquid into a fixed bedihydrogenation pre-reactor prior to

said catalytic distillation column whereby a portion of the highly

unsaturated 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

comprising 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 cansisting of gold, silver

and alkall metals.
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catal yst bed in said catalytic distillation colum contains a catal yst
conprising a group VIIIA netal on a support. 25 16. A nethod as recited in
cl ai m 12 wbere/ososai d catal yst conprises pall adi um on &Cunisea@4/04i379 A

met hod as recited in claim13 wherei Bosaid catal yst also 30 includes an

additive selected fromthe group consisting of gold, silver and alkal
metal s. ABBLUM®60 Wg8¢08®5%6't9 IUSHO0/ bb19hgreigo cagly snbeNtny as

recited in C'Qﬁﬂb%ﬁﬂMﬂﬁf%&@' atal ysisyihavi | fferent antities o
pal | adi um t hereon are 5%a&§% iﬁ geleétedtﬂggyﬂ%d%g g?c@%ﬁd'%af%F§{ﬁi
distillation gairtions & said® cafalpet kicxtilasionesditigth.i n ¢l ai m 15. wherein .
different catalysts are located in different portions of said catalytic

distillation colum. 20. A nethod as recited in claim19 wherein said

difTerent ccatal yste ol 5 OLLIAT SPLATR h 30, d D 2hi A M0, 26 reci ted

in clain11§ wherein said eren cat

| oadi ngs. 22. |dcaretihadiiaferd@chs@dnisivcdAd Matiywhesisiimia dogatal yst 15
conprises nickel on a support. .23. A nethod as recited I1n claim15 wherein

said catal yst conprises a conbination.of palladiumon a support and nickel

on a support 4 different portions of.said catalytic disti]lation colum.
20 24. A nethégﬂas'%eE?%Badiﬁscfg?§$§ (et i §§id” Gefibgéanist i ghfereat al yst

in said fixedcheslyEeashQfais sk EMEORPises a group VIIIA netal on a

support. 25 25. A nethod as recited in claim24 wherein said hydrogenation

catal yst i'h said fixed bed reactor system conprises palladiumon alum na.
21. A method as recited in claim 19 wherein said different

catalysts have different metal loadings.

22. A method as recited 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 hydrogenation 30 catalyst
in said fixed bed reactor system conprises palladiumon alumna with a
pronot er wonsexsdszg of gold, silver, an alkali netal orpCctarsRioradbizons.
ABBLUM 260 WD 2005/ 080530 PCT/ US2004/301379 31 27. A nethod as recited in
claim 14 wherein said fixed bed hydrogenation pre-reactor contains a

ni ckel catalyst and said pre- reactor causes the reaction of sulfur
conpounds for renoval. 5 28. A nmethod as recited in claim1l and further

conpri sing thexteps ofethedodsngedat@daliystiapei senswhephsabid fieed Ldpam
prior to the introduction into said catalytic distillation colum. 10 29.
A nethod as r&vidiedenatien fprgrrescigiefentaingial akell gstalyei ¢ods saiar ereead,

arseni ¢ and WES&JJ'CEA’%@@%Q’%%gQ&ion of sulfur compounds for removal.

5
28. A method 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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