10

15

20

25

30

WD 2004/ 014824 PCT/ US2003/ 018583 SELECTI VE
HYDROGENATI ON OF ACETYLENES BACKGROUND OF THE

WO DMERTISEN Fi el d of the Invention The present PEOW/ER1008018583
relates to the renoval of acetylenic conmpounds from 5
ol efin containing streans, in particular streans
containing diolefins. Related information The crude
streans for the commercial production of olefins and

Acotyt erbELERPLIVGE OORGGERATIONDE BEETVLENES
streans to prOdBQ‘%P@éRGS”t@@L niq-lq‘Lﬂ%“?\yERllT%Nn and di ene

products. A 10 preferre or renoving the
Fialbeofitherdneentigpuri ties is partial hydrogenation, often

or odli POFRERk EBNPSCAF (o EaIoveh g aERaISts Fompounds from

- olBhd cearitihy Qfre@m2GepiHRNIF steERRUESHainfnd/dioldfFgd t o

remove acetylenic inpurities in the crude product
Relatashinformationoduce ol efi ns such as et hyl ene,

P ol Afaod BH T R 4ROROTRERT priffuctin, bl Sfeins and dienes
cortaihyafdes cympounds ﬁéﬁhﬁﬂﬁtieﬁtm&étﬁleﬂﬂﬁmmﬂ@s need to be removed
e,

2-nmethyl -1-buten-3-yne and the like, in various crude
fromyibe sreams i prasivsenaecentablgeauality\iefiniand giemenpraducts. A

[ i . | . .
iR lechp U 1ol RemblR Ing WEBLRIE RN R is (P @) Bipenaton.
oftdrr esliesl. selbetivepnelregereatione dforithe €ofromettcied ppodudtionedfiaefins and
dilﬁg%éggéﬁ:}gélg{ip E;/grc&&t g{ll Cgtilgl;?”o ggg | eﬁblgvnme péxrnzcc)js is utilized to remove
a géﬁi@qn@hﬁﬁes iRl orabie prolifotBidaul ty in the - -

catal yti ydrogenati on of acetylenic conpounds rises

f r oml @ produgetolefirst sudheassttiylege nprapylensay butaskernisdprene and the

! b e85 o el R 5Bl 9 S o8btene, ey

aced1eas) Q-mleﬂfym-blﬁ@ﬁ-si%/@@%rw GeBIGiKE, iiMm Vdhidus! ¢fd@e mixed C,-Cq
product streans are not inert. This is especially true

strmrag needtakmirmeyashivigh miristum ossef usefsbaéyials such as ethylene,

roac iy ' in.t .
o RFERB BER BT BRI, EapAAL B i [, 352 8B streams. The
preyetrea) eactinique dor ths ghurification dongmrun@scialpradticei isgtHeheelective
| oss of olefins and dienes |s highly desirable for

hydiagenafiasy @f agetyeBigRAMRRLNGS Q)esf Yﬁiﬁogecl@ﬁ'oﬁscaé@bf?tlsene,

2 SPY SR ¥ BB RRRR s yeni compounds riss
fraratthe yact that thfet leydrégendtordelust be wamed attiorthe presence of a large
expess o olohind S HidhdSbr both. adt' RS Hidu e FonditRns, vaiiBle olefin
and diene products in the crude product streams are not inert. This is especially true
as the conversion of acetylenic compounds approaches completion, resulting in the
loss of valuable products. Therefore, during the selective hydrogenation of
acetylenic compounds, minimizing the loss of olefins and dienes is highly desirable
for the commercial production of olefins such as ethylene, propylene, and styrene
and dienes such as 1,3-butadiene and isoprene. The selectivity of a catalyst is often

the determining factor in selecting a catalyst for the production of olefins and dienes.
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WO 2004/ 014824 PCT/ US2003/ 018583 Acetyl eni ¢ conpounds

have been hydrogenated over all Goup VIII netals and
w@eoppor4seat al ysts. Specifically catal ytic partP@l/US2003/018583

hydr ogenati on of acetylenic conpounds to olefinic

conmpounds which are inportant for industrial

production of olefins, dienes and fine chemcals. All

G odgetyidnic metmjcnm@@djavlet bedrhhydtwgenateshavensyll Gaeup Nh metals

an EhPRE D6 eS8 eR e it Eartp R EEIIPIEER acetytenic

cof h}ﬁb§% %I&ﬁf@@@ﬁ@)@uﬁag wHi6H afs mﬁb#tar@f f@lcl ithshial production of
l'e netal catalysts and N cataly

ol@ms; dienes enyg fineteliepmicalsadyll quupe\é”|ff6?ta|9aﬁ°|cﬂ,|P6aRhoRU| ki and Os)

oG s 8L BERRE ML sROSEBPi il B oen frown o e

ach\Yéilfcﬂﬂﬁ@ai d@@géﬁat@ﬁéf}/é@‘:ﬂen@mpndad@euduﬂeflma‘ Ath@moup VIl
ounds .d

drogenation of olefin
noh{mm,%ahgaraéyﬁtafmauﬁéémyé%"‘%ev@osﬁa@faﬁe% FRlalytic activities for
eI 0 oSO TR AROASE 0 EATAHR ptan or o
cai}:ﬁysftHhethméeiea:tivety\mmbmydrd)mrmtlos af anpty@enla: ocomppuads because of
olefin l.ated te

ovah RSt ehaSETe SmbSummaurnoBdtoganaiot of sagstylenic
coH@F@H@%th doubl e bond is nuch nore difficult for the
ctive 15 hydrogenation. In the study on the
hy drogatificuibyobliydrogenatingan asetylanicgroupie ggnolegulg depends on

th%'!,qq;e tt@éboj;%ﬁ t%‘pleg})qr&ﬁgpﬁé% Cﬂg?lﬁg vﬁléetgp g}e f|§l Xﬁfu@atlon or an

ol SR §RPL Nh iis%llé?céﬂ 'tél’frﬁMal ﬁlp@ﬁ&ﬁ@@ efdiesieldeledtivelythydrogenate.
Frerdlin et al Akad. Nauk SSSR 152 (6% 1383,
ngagatedﬂapteeaoquylth ﬁ@ulgled@nd i puighaenogendifficult for the selective

AR, T A PR TSF Rh isvne

andl cgﬁ’ﬁtﬂfiﬂﬁmgt mégl@&‘ >(l3(,dEB@1id atian, k. mwsaw 1962) it is reported that
cobal t >r hodi

th@aqwardm%rﬁ%gmﬁw. SFipaitydp P FREREFREPSTE bekho Feeidin et al.

D! &k %éi VIQaltJI'(1 g;‘Q @RJ%S ! TQd%/ FHM@@%‘aPﬂ*:é’Brd@r%’ Ipalladium

acetyl ene |n se (‘Catal yt'ic Hydrogenation
bladerplétimlm IthnNWthﬂlsﬁbblthiaRan&y nR;Heb?rRmey polyag{ for the terminal

d P 67 t | 00%
adaBes | Ny BAAghM: SRSy T hibkek: oo dHien  hlack>Raney
odt g]ﬂgHFddluﬁw%dﬂ%PMtéfhéi‘éﬂet}ﬂéﬁ@é Yl efuth dhbariaf sulgheistreported

the butadiene (35% ‘and 23 tinmes the butane
to (tiesmpre: seleativalthdn Raney niskebindiydregenatisal ofadny acetylene in liquid

on b [ I
e uf Enpoac R QRibiaiiPRnEEs B pdl: Nyt p.75
Aéw&rﬁ.gq%tssomg@?) apaidice aaslysaadhook cﬁm@marofumhyl acetylene
Catal ysts, pp. 105-138, 30 Howard F. Rase,

indicatss. thahéher@g@dtmt &rasn IRaneyatigkeltadalyst %ﬁﬁ@ﬁ&fﬂy y about half the
butadiene (35%) and 23 times the butane (23%) compared with the product from

palladium supported on barium sulfate.

Supported Pd, Ni, Cu and Co catalysts have been known to be useful for the
hydrogenation of acetylenes (Handbook of Commercial Catalysts, pp. 105-138,
Howard F. Rase, CRC Press, 2000). The most preferred catalysts in commercial
application of selective hydrogenation of acetylenes are palladium-based catalysts
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application of selective hydrogenation of acetyl enes

are pal |l adi um based catal ysts 2 WO 2004/014824
WEMANEBRO3/ 018583 such as Pd, Pd/ Pb, Pd/ Ag orpCRU$203/018583

on a support such as alum na and the copper catalyst

on a support such as alumna. Pd catalysts are the

nost preferred catal ysts because of high activity and

sushmsd3e.dPg/Rhu s/ Ag ror SWd/Autan/a syppertsaich @svialumina Bed the copper

gt b3 St B R 1 A RS B ot

bezaliss of Hidghy ativityt A6d Sebpeséde Superiopesrictivity edmpared with other
acetyl enes anong Goup VIIl nmetals. No art has been
metedipafali$ési ng hi gher selectivity of nickel catalysts

. adi L | i ,
cat AEpHGE WGP RSoed i Batialitm BdteHBte haye the highest
sefgativity $arsthiecsel edtivesieidrog evatidmyofr agetylehes mnudng Group VIl metals.

NGBS a Aoy AT SeBr vy Bhaicke rebdiyate yes palladium
catAll &R T8 | RSkt bEMSdilrh céfélﬁltffd#'@ thE! &G of atr ?ﬁ‘r‘& | §8mercial

'S anlrrportat raw nmateri a or productlono aril ous
proceésaesrfor trruséleativebbydrogenatian gf acetytenpminypuities@uinybsicetylene,

oth BsBblis pon ety EERIEh Sadngerbly GadRRel Stepmang crude C,

ol b fractions. The crude m xed C4 streamfrom a
steam cracker is selectively 15 hydrogenated to
par th,3iBuladiensieacimpedatiranireatesalion awsluctipe of various polymers

S SE e BT RISR G A e b P s 1.5

butagienhé! ist eoprodudtiondof vasioparcléiingd 3 bteamali eraekihgooh petroleum
the rest of conmponents in the m xed stream Cogﬁpl_ete )
fracliopsal The audeceixade frc steapbrRE Anstaan seraekd 1§ selectively
j Vv . z direng. i i{abfeat :
R BT 6 bl SemevBICSTACH M Lo RRId:2 Y fe ! Selectively
hypirogkreatedrstraamm igusdnittty fhreodB:bufadienmorgeeery unit where solvent

oA ot LB st SLEEH B e EECH Sroren
inthé ARkEd Qtt{)'feéﬂh ieééhl'nlbﬁatgYQ@?QSWG%QC%@R%O@BOU nds in the stream

unaccept abl'y g 0SS f 1, 3-blUtadi ene due to over
witly bigbgenaveryof d{3-butadieneisitighly depicakie to eedune thepreduaiion cost

i nsi ve process via hiahl [ | ect | .
of Seafeniene Bf gipgutk Srutin ok Wo i BF it production.
Héereadfote, il wasPtdchdliceng imipbBsible RAXDADIGteReRMGVEe TYracetylenes in

hi gh 1 oss of 1,3- butadiene due to over hydrogenati on,

cryde nyx%ed stieamspasseleetieaydiogenationswitheutiapeunacceptably high loss
of S ORA B0 o TR ot SRR G mrovec
inekpansive process via highly active and selective catalysts is highly desirable to
produce premium quality 1,3-butadiene without paying a penalty for high loss of 1,3-
butadiene due to over hydrogenation.

The palladium-based catalysts for selective hydrogenation of C, acetylenic
compounds are highly active. However, their level of selectivity does not allow
complete removal of C, acetylenes without an unacceptable high loss of 1,3~
butadiene due to over hydrogenation. Another inherent problem of palladium-based

catalysts is the loss and migration of palladium due to the formation of soluble Pd
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conpl ete renoval of C4 acetyl enes w thout an

unacceptabl e high | oss of 1,3 30 butadi ene due to over
whyanogseat i on. Anot her i nherent probl em of PCT/US2003/018583

pal | adi um based catalysts is the |loss and mgration

of palladiumdue to the formation of soluble Pd 3 WO

2004/ 014824 PCT/ US2003/ 018583 conpl ex conpound by the
compmxt mmnpomnd’dbyethe reachion néPdaatam,ssqn the ealalysisuriace with vinyl

B R T

an8 Yok PaoR BEeedused 1 MhiRindige ttﬁ@ b5 6f péllétﬁuﬂnaéhdl meduTé catalytic
reduce catalytic polynerization of acetylenic

polyoresizatiae of Beetyienic erEworads afalladiven- aaée@l catalysfegre digclosed

in @gﬁﬁé‘ﬁ%ﬂ%@?‘gjﬁg 5@5%%3%%05@%% 8% Datent 5,677,363

(1 QQ@@%ﬁosfe&I the hﬁo@@s&‘ot theﬁsdlbﬁiiveg‘s/dmgmtloﬁ daeb’gylesmn ienpurities
r%)urltles and 1, 2-butadi ene in mxeb olefin rich
andt Yc

2hwtadipna dn gixed ;ﬂi@fm 86N fes $iFRATPY DYciRing ;ﬁélpgort%ﬁ and Pd

r-based catalyst is very selective so that the
recovery of 1,3- butadiene fromthe m xed streamis
hi giiaet bepparadbdsadi catabess ésl veay aklextive ddotatethe repovery of 1,3-

Bl bR P S, e,
singg! tH@Pa&fth fﬁf%o%ﬁbbr RBELIVHRE 9§ véﬂﬂﬁv@ CoRipRré @ Wi galladiiith-based

copper cokes up qui cKly and frequent
catalypis,en dmngerwajﬂrrlewef catebysy endilargeetsastairgre regutrad. The copper

co R R 5T B B RIL Y B i AhEg ooy

suCh c\é@élg:ﬁt@ aisldisbRiset USSR Ipaednty @, 4000 56 eres4) and a{4943906 (1 985)
C4 acetyl enic conpounds in a crude butadi ene

st r datheguresent regppehtiaves theatdhe selgetive bydipgepatign of C; and
Bt o A e P SO5GR B0 ABL VLSRR omor

M/t(%?-Ab (Ol Nw. P/@Lnaialpbw@creak@casm hwmg@gaham temperature
nmet hyl acetyl ene rop di en t)
m@{??%%?n gy eff @teﬁ#SOEHS Bati; ghain gyl Phiap sselective
{
lg%&ldr%g Kecfff mfef #&%gﬁ%ﬁ?grdp%d?éﬁé I\hﬁlﬁ@i iR hﬁxé’d C stream (J.

ect "o w activa nerg
CHeral Engl Jgpantf, 3tlhp. &3 ékﬂ9|8\) elhis gaemywhnsirange éelna\q@n ig attributed

o B B S GPEP SR b S LA TR 7B et
hyﬁﬂi#é’r%‘tlbﬂrin ﬂ&u@C;ﬂ{a\ébeﬁigﬁeﬁﬁmg@ﬁ%olubﬂltﬁm thadéddstream at lower

ace In ter nary ase reaction syst em of gas,
tempqmtdrmrmobt@mpﬁrawe siepgndemeofcaﬁmmqraof apetyienic compounds

or YRTGAEL UAEE b M RGP fraeTBR Sy U bA) i anc coic
catAYBOTAE Tohbantratich 6f hyrrbgen inabkiligaid piaseds ef@® influential on the
selective hydrogenation rate of acetylenic compounds than the effect of activation
energy.

According to R. S. Mann et al. (Can. J. Chem. 46, p. 623, 1968), Ni and Ni-Cu
alloy catalysts are effective for methyl acetylene hydrogenation. The catalytic activity
rapidly increases with addition of copper to nickel up to 25 wt.% in alloy catalyst. The
selectivity to propylene and extent of polymerization increase with increasing of

copper in the alloy.
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According to R S. Mann et al. (Can. J. Chem 46, p.
623, 1968), N and Ni-Cu alloy catalysts are

wetdogot4sre for methyl acetyl ene hydrogenati on. PATES2003/018583
catalytic activity rapidly increases with addition of
copper to nickel up to 25 w.%in alloy catalyst. The
30 selectivity to propyl ene and extent of
pol Anmrdmtodrm Gutoraresandiit linilac @agamg Synthesiss fdaptar 6), vinyl

04/ 014824 P
oSt BBP AT T CRRIR YR a2 MUIOAHo Ch B grogenate to 1.3
buéﬁ@dﬁr\cﬁsoﬁ?@é 6y ubihg thvé 0¥lalasfibdiuemeniesl or cobalt catalysts. But
n-

met hyl ne are difficult to selectively

themajladgm gatalysd sy pgoﬂ@@pa@a@wﬂ&ﬁmrﬁiﬁ freatedyyithy mfgury acetate
or cobalt catal ysts. But
is L[%’?i“'ﬁf’ﬁgd%%h@g% gﬂ/ggé'g%@port ed on cal ci umycar bongt e

tr eN'icﬂ@l-W'aébd atalysty sae &hatva inithe ustfaibe feffectie for the selective

sel ective drogenation. 5 N ckel sed catal ysts ar
hydererpation tcrféaawlqmp u@péml@%tlnv@nf%f kemscE@efas: Tt is well

do rﬂéﬂ%%%’t H[Z: cﬁ%@t}s# |ﬁ;5r&efloﬁﬂ%(§btm§2%'a@ iV Rﬁ%ydrog‘](enatlon of

Feams O ocu that ni c
oledila*s anxdshazeneaBgcémmofaJea'y igihéstivity of N catalysts for hydrogenation
nat on, of .ol efins ecause

o B SEB L B Ll BB A RS By gt cens

is &!ef’érbﬁﬁallyl &?rr@& 'o%l%{/e\!leth@ﬁiéé’@ﬁﬂéé hitkePEatafRt ¥t BItAS présence of
m xtures "of dienes or olefins 10 is preferentially

maderaiinglagent fovére niskelratalysts, asdnawekisithe grigr g8t or in

22? A'I%Eqs %n ng?qummg %rl‘f] %H%:%\é(?g&woge?uatlﬁxﬁ %If '?f %lr%enes in crude
buHdieh@streamain HR mebénee bialseasoradd sioke méHl @aietyyt ienesulfided
in crude butadiene streans in the presence o

forguggoﬁsquai qfi seariordpoathecka b’ﬂd}@f‘ b%egn%ﬁ‘}ﬁb’ﬁﬁe(ﬁ‘“df%r‘iﬁt@ﬁts are
t

disfisE RUSLPEIG S 490490 FRADSD BITERE 0TS ¢

2 ggﬁsgggtefrﬁ%cﬁm a?ﬂ 533&9écrfi’é6tl’(e1®§et’2bg s&prﬁ:rté%hbmmtamo catalyst

eaches the yse of s t

comipriaRy of ot leariamaateuerV mpakseiogRe Trn i b o Niaed So grou,
S5 5 o 85 S r P GEA W roconstn o
aceianit hyerdoadbaeand dmiefofs matbeto}aéfem oikiyetamooawplefins. The
cafiis SoPiann 871 b 56 BafinbRebraBy S 08 %, 9B agungort such
as'\!llunﬂ{aefﬂ ﬁb)gyaﬁd 0 de/§ Botal Eére%ol@me?;i 'H#@@@t"alyswéﬁa _I%I@Taared in

al um na and 0.5 cc/g total ore_vol une)
two at@pwﬂﬂmcmcmgm%emceld pﬁmmmnts(% n PP befiibe sgtalyss to the Ni

d c nen 0
oo I Mt e POPElv Pl Ao E el i out i
th@y&éggm@tdf ulfup didehitfaddry cempouad teubbtain atda;eptable improved

resence of sulfur and nitrogen conPound to obta
selgativjly-dipweyerp ths/eatent does nof'suggest the selective hydrogenatlon of C,
acetylenes in mixed butadiene streams in the absence of sulfur with the activated Ni
metal catalyst.
U.S. Patent No. 3,793,388 (1974) disclosed the selective hydrogenation of
acetylene in olefin mixtures in the presence of nickel catalyst supported on alumina.

The alumina is characterized by having a substantial portion of pores having at least
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25 selectivity. However, the patent does not suggest

the sel ective hydrogenation of C4 acetylenes in m xed
whoioatisspe streans in the absence of sul fur w paT/Uk®03/018583

activated N netal catalyst. U S. Patent No.

3,793,388 (1974) disclosed the sel ective hydrogenation

of , acetylene in olefin mxtures in the géesence of

120iA Riemeter and st leags gont/e sudiaceipiea.nie nigkeluaatentan the catalyst

is tgépé%@(?}gg)t ﬁ 36 éﬁgppg ﬁﬁgpmgﬁ%ﬁ%ﬁcﬁgl QIQIHiﬁQ guﬁgce area.

PCTBA32(81802d BfHD) distfosedh asefubcatalydt fat seleative Rydridggnation of
surface area. The nickel content on the catal

acehyiRnia hydtocareonsinanaleliy mixtyersus L%@Uﬁ@tbéﬁ%ﬁn?ﬁrgﬁm The
cop il el ifortitodipdh by iReb Raiondl egtaR ot Aviohtor

th@ceppérmmpdnﬂm ondhboatalyst eaaeeﬂsetfnewverglxttcan asddhe aight of the

cafiiroceac Sppae il apbve SupspbfeBadtsnts. The gl eyt in mixed

oxifl @Bt ief r@péf@?j S?I%Bﬁz'inlﬁgrﬂoﬁﬂx&ﬂﬁe 8MokiBes %ﬂ“S%bV@t The catalyst is
exceeds t e welight of N “and the wel gh of

actm:atedeby eveclgeing thee tomipgratuts feamni 180°nin eﬁOOCandheﬂt Bydrogen-

col Al SPR YR B0 e 8 b e BT RAL bW ot e
25%bzwugﬁt dhthe efuoe Reethheorhpomeita! The rémaimingPercentdfels in the
dr ogen- contajning gas. The netallic active

fom@éeﬂv@hpgmﬁ fhe %thgt@wr@wr@tw isjcarged jophén gap phase at a
telﬁgé‘%lldxremﬁbﬁm O@‘f 5@0%5‘1&%@‘( "’}f N Oﬂ’?%tc?cle-mﬁe is about 420
m of t

nihg percen age isin roxi
holin€ sel ective hydrogenation is carried out in gas
e from 100 to, 250C and abou

ha at a er 1
DoV SThatary o 2o (188 siROSesta Mgk aorids astalyst ported on
i
alélﬂgrésﬁo?port egdﬁc#%ﬁ%élog 03%11 ngﬁg %ﬁg@!ﬁﬁg{ élzcgrﬁpg?ﬁé’é Y& nonoolefinic
coaymiwyide fReacting 6uppm1tednmcloeirm‘eana’sa wathmanbaoioblydridle compound

onpoynd. acting supported nickel arsenate with a
ac@&%ﬁ%?@@&%@mound activates the catalyst. U S.
pat Nt pateht.4L9M Q@@Q%B@’ gisties&d tﬁ@ﬁrdUe@?z ¢65a tbWb-step selective

t wo- step selectlve y rog enati on of acety eni ¢
hydm&natioasof acetyleais lﬁmtadle@na ctude Mmfadigee &ér@am ekhe acetylenic

R B0 4 S5 B oBB aRELD Bty bacod

caltdly$! isclogzdB il 79.8nd,33%T79 hend eheh ntheg remammgl @ourities are
are hydrogenated in t he COID per - base cataly
Y

hygregansied in haceppgihase eatalyabdisdosed i U- 4, mat@nwb493 906 and
4 416 688 HSk AR Gbove.

The present process has as an advantage of a greater selectivity for the
removal of acetylenic compounds from hydrocarbon streams with higher yields of the
desired olefinic compounds. In particular, the present process provides a higher
yield of 1,3-butadiene of higher purity from crude C, streams. It is a particular
feature of the present invention that it employs an inexpensive and readily available
catalyst at key points in the process which leads to a further advantage that other
sulfur or heavy metal sensitive catalysts such as the palladium and copper-based

catalysts may also be employed down stream for further improvements. These and
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The present process has as an advantage of a greater
selectivity for the 25 renoval of acetylenic

w@ospouses from hydrocarbon streans with hi ghePClHUs1003018583
of the desired olefinic conpounds. In particular, the
present process provides a higher vyield of
1, 3-but adi ene of higher purity fromcrude C4 streans.

other adyaatjges and featu refse@fttBe Pregentrieventiosesll beeoea apparent from

n i nexpensive and readily avail abl e
th%ﬁﬁ%WV@qggghﬁ%ée%oints in the process which leads to a
further advantage that other 30 sul fur or heavy netal

sensitive catal ysts such as_the Palladlun1and

copper - based cat%lIJW% MEQFJFQ% '\%E%@%ed down

L

frdneénydr@tsarbbntsktfeqmae,semlhpnsmgm:or[iactmg hytregenealag @a hgditocarbon
from foIIovmn di scl osures

. SUMVFRY OF THE.
StERJRA M Bg (496 TP With R fretalysti CompriRg @ gupported
un%gffld%@ NRGkAGe MKy lcatl t%’r’n’ﬂ&uﬁ’gﬁﬁdr énéﬁd?ﬂbﬁb(&’lﬁleﬁér@°§blect|vely

St reans, conprising co tacti ng ogen and a
hyuwyema&e bBportion ofsaid acatyleniv mnmimqa én additiomio uneilfided nickel

mf#gt the, qaggl ?Uﬁé{/ cérgt@ rt;r/]?t n%gqﬁsecfﬂﬂ@ 3{;%, é’rr%“u%e ﬂ%gulflded nickel

mé&anebinbABEs the ARIGPArieh Yof tﬂydfewefm;ﬁ)rﬂam@ bhitR8 spport.
sai d acetylenic conEounds In addition to unsul fided

ni ckel net alBRIFEE RESARIETIGNOEJHRIORAWNGS al s of
rrﬁ Q@?lcﬂ rrrtgj,ogrr\ﬂg} Qﬁ%&#%l?gq%\é“d:ifglfor\m géﬁctee Iene removal

t he RigpRes & chaﬂlcﬁﬁrﬁﬁmﬁﬁﬂ&s% ditE1 BWtNSB&détgené removal.
is a chart caonparing @ es 1 Aand 1 B for vi )X
ac ethj9eRds laeﬁ"hﬁbeompﬁf'@g amples dAand %&Fp\ﬁ'f'}"r?&et ene removal.

3 ;mgeﬁ id 4 cAaA c%nﬁa{@b&iﬂ*leé‘%%%oeﬂﬁ ylaéce y){lghg removal.

chart conpa es 1A and
ac etFyg ebds raectaratomparifg dexamples 3 artid foromnujacengene removal.

1 A d1lBf th I
oS e SRl FiPtlesnh it 08 RSB Biane proval.
acetpy enﬁ.sr%ﬁéﬁlshowﬁh V|n |ac§et?|eﬁaaého¢/amwexa% le 5.
Exanples 3 and 4 for e K)ﬂ acetyl ene renvoval i g

;
| s digh&ris asthmt ﬁ@owmgyet cﬁae;«ylén@ rerspwalor Eesarr@l%\ﬁpl e

For Tilla s e ot B35kny Vid) R e iR G A <A
acetpigene isensheat showing eyl sebylendramold fos Eaaﬁfmr 5.

showi ng ethyl acetyl ene renoval for_ Exanpl e
DETAI LED DESCRI PTI ORETAILED DESCRIPTION

It has been found during the development of the present invention that
unsulfided nickel catalysts surprisingly have higher selectivity than palladium catalyst
for acetylenic compounds. In addition, unsulfided nickel catalysts have other highly
desirable properties for the selective hydrogenation of C4 acetylenes compared to
palladium catalysts for production of 1,3-butadiene. Acetylenic impurities in various
mixed streams comprising C,-C,, olefins, diolefins and styrene are removed by
selective hydrogenation. The selective hydrogenation is performed by passing the
feed through either a single catalytic reaction zone or multiple catalytic reaction
zones, depending on the nature of feed and the objective of the process. It was

7



10

15

20

25

30

It has been found during the devel opment of the

present invention that wunsulfided nickel catalysts
waeopoissengl y have higher selectivity than pal p@diuszon3/018583

catal yst 25 for acetyl enic conpounds. In addition,

unsul fided nickel catalysts have other highly

desirabl e properties for the selective hydrogenation

disgoverediihet theoniskelckagas eatalyst lnpmsuﬁuiedrfpaaﬂ%sy@mmgbfthe more

oSl e oA T A IRAR 8.0 25 v

ac@tw?érﬁa‘ iefitsy| Aiadtyidne, el thedikeeand eskuily in sied reist weer hydrogenation
rogenation, The sel ective hydrogenatio
of @ﬁeme@ﬁ faeh By béstyta@lenﬁethgo theéao%ﬁ%mgwraailhéa%red palladium-

ba%lgg %{’1 g&g at ?’étlﬂnf)ogte enéf’ﬁ‘\ezéb'ﬁ@e MetHE HidKeR P%?é@%&ta r}gst must not

I'ng on the nature o
bet ;b’lesulﬁudedtor\mnbémtdteelmc qries $o tHe selastiverhyiddogendtiai «8aktain the

PCT/ US2003/ 018583 di d t hat Kk
SUPSTIRT PETIONRATICR HCTIORIGOr G HHE 5110% bk 1 5t Iy et ager coatalyst s
pr@éﬁlﬁ&%cﬂ Yeudey |nttlji1§ R_LREE bf’ﬁjl\hu}‘ 96%@0%5 Qﬁe 9blective h¥]d rogenation

acety eni c | rrpurl i es such as vi ny acet yI ene,
hasdetl;d cardedand at higher temperatures sdlichs results e anea@trloomovery of

B A B SRR s RSB 2 A008sco botow

sufrak ﬂh‘z@ﬁﬁes Lsuadlfy fotp@rihané Hydadcdrben #6éd ¥BelRisadrel ot a serious
ni ckel - based catal yst nust not 5 be presul fided or

preblemimther preseot prswfidedNi Aatalust sxtherrergal BgERES-i on

|to$| gﬁ{ea(:?é\"-h{]& Q‘%@ﬁ‘ﬁ: r?grfs ggf’@égeg m&rb%geﬁ%a{%ts are quite

dlﬁér@wl Thé gshiladiursédised ctéitalystseamﬂtmnref activief thran the nickel-based
npounds, the sel ective hydr nat |

Caé%lyﬁsetéﬁﬁﬁﬁ opitheaghue reelap Paﬁgﬁf@adﬂﬁﬁn% tlp%é:@?qlgst, Regause the
nlélﬂ%l %F)h nt éﬁ%%l%é(ség catélggt |§U§J§il‘§/t ?ﬂﬁo affrs g‘rsﬁ]%%mtudoe higher

eactivation. wever, | scussed
thanltiie pallatpum d:orﬁentmualﬂdybémm«:btalyst Héovingnclr other rsnulIfided nickel-

oS RS L8 L s s SR L o7 B n
gl 'W@ig?tﬂ”BF Fhe | @8l 800P HvenNolRAReEf ﬂ*il@' c%@al?ﬁsﬁﬁder a similar

catalysts are quite different. The palladi untbased
hyshiogenation corgitiar.e active than the nickel - based

Che. DR BPaRmEGRR BFoRBhlesU T Lo BB SRR FErc2tans and

hdvybareslsCaicH wst or‘%n@srhéfdmlcampobn@s dofens edtalysts, such as
rmgnl tude higher than the palladiumcontent on a

padadisiBe cauwes) P, CH@ﬁéKré'ﬂC Sdlﬁ@r- paltadiymg s@niaipivg| catalysts are
eIMfﬁE{jeg‘:ﬂttﬂ%*ﬁét i gétas/gﬁ ré{éét}bnoé’oeﬁe t Ao partial conversion
pal T'adi um base rven |dﬁ of

oftdb‘étyﬂemialmﬁpm,rn(ﬁ gspwawmwﬁaaﬁylen& lsahathatobg&tdlae odi the first
sim lar  hydrogenati.on %ondl tion. 20 The

cabpb e [N D Ied e dh BistaDu At al GATsM inetal and the
raf® of 4R BRHd&Fof poisonous carbonaceous materials on the catalysts in the

second and third catalytic reaction zones. In the case of the use of a copper-based
catalyst in the second catalytic zone, the service of the first unsulfided Ni-based
catalytic reaction zone prolongs the cycle time of the copper-based catalysts. To
accomplish all of these objectives, a part of the unsulfided Ni catalyst in the first

catalytic reaction zone is sacrificed as a guard bed. The unsulfided Ni catalyst is
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heavy netal s such as organo-nercuric conmpounds for the
catal ysts, such as palladium copper and
W@ oEpe14824 nc- si | ver - pal | adi um cont ai ni ng cat al PEST/ESANF 018583
elimnated in the first unsulfided N catalytic
reacti on zone. Also partial conversion of acetylenic
conpounds, especially vinyl acetylene, is another
presbptohithe sfpponteinf amoungsirc axegss oithas acessarydies the selective

educe.the | o and.m arati f | I, adi t
RS o SR 20 P e B PR o surer
or SRERMEIrRiedN TheauralfRiedNiss preféfadly wesbindineartiotihi afct least 5%,

catal ytic reaction zones. In the case of the use of a

preferaplit abdeast 1Q%: angrer than reruirest B dtheaselegtye: hydipgenation in

t he serVi Ik ' j , .
b A SFiob oL gy R4 U My Eehvepvopal glaciur
or E6pRshdrtsechtaBtpisiessed ars thuiit fuldg| faster selectiive thydszgenation

objectives, a part of_the upsulfided N catalyst in . _
reacfien ftes hiohearsopenCofbadse il masREals sush aempRagiefis diolefins

or 4% Pt R 05 BT bR Arokg iiSor foriee time or both.

i n Antheqresent pracessthe C,dcatylersc ispuritiesfin a miked crude butadiene
StreH 4P ERBOVBY ORISR R4 Sti a3 RHRG CoUTtingRd Ca petylenes (for
exQhPR!, 1dSTHER 20GDm VAGant 5y kﬁ)ﬁﬁ@ﬁl) BV sélectivecthyRiragénatioradith high

9

I'n~an anmount of "at [east 5% . preferably at |east 10%
reqoveey bhan3butadiere in dhist invesiiormcwvhich mﬁe&@@aa&p@rﬁtw of 1,3-

uiifens FO bt et Birtiet A8 chP4E8h per - based
cat ghesdatAyoeaseqsiads® irmbhé or hidrdscatdlgic esactiehewinegswhich are

hydrogenation reaction rate, higher recovery of the i
pattseff any physicrhrsvisashThe axgnenles &f isveh devigesiinswhigh chemical

{ i ) _
B N e
re@die, distiliationnguloimin esmctar, aohiené xtraotiee liigtiidtiemecolumn reactor,
ol B ST i o 54 0. AR rsctor,
flufISB IR Rt %ﬁrr&?'ﬂﬁrﬁgﬁeé&o@ﬁhﬁﬁﬁé Mg .hydrogenation with

I'gh” recovéry o -butadiene in this invention,
whi dheremitestidrhef the pasualfided Nobaged catalyshisi canded putatteraperature

. mxed str ' I t.al
Bt SSRAPP S B GRS Bhaar i b Bloff Fpppscur
ab%U%O@?%F hidroBY preysuredbr fevLERS40 hbarexanpl es of

such devi ces, “in which chem cal 15 reactions rel ated

t o tWheniasiogle oatabdicuieactier zene isusgdy apdsulfistadopiskel-based

colly 5 BFhihel 2RGSO BfdePbrio o entering
th®@atdIyii ReiciibnrRet O introtucéd o ltiesl catyticoreactionizopebatdmultiple

reactor, ebul ati gg bed reactor, fluidized reactor,
positionsedonathe calablisreashnn Fne| i ke.

When multiple catalytic reaction zones are used, a combination of unsulfided

nickel-based catalyst, a Pd promoted Cu-Zn-Ag catalyst and optionally a copper-
based catalyst is used. The feed is first passed through the unsulfided nickel-based
catalytic reaction zone prior to entering the second catalytic reaction zone composed
of either lower activity nickel-based catalyst or one or both of the Pd promoted Cu-

Zn-Ag catalyst and a copper-based catalyst. Hydrogen is premixed with hydrocarbon
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The activation of the unsul fided N -based catalyst is

carried out at tenperature 20 in a range of about
WQ3@H014326bout 1000F under the anbi ent hydr ogePCT/US2003/018583

pressure to about 600 psi hydrogen pressure for 1

hour to 40 hours. Wien a single catalytic reaction

zone is used, an unsulfided nickel-based catalyst is

fee&h;pﬂmnytedante}mg U@e@ﬁtalytlprreaﬁ:tmuzmqsmm@ﬁegtm thercatalytic reaction

th { L
zofi%s Abtedatitey protel a1 B eI CRHRE AR o e
25 frasiselavtivedHydfsgditionasfacetyienic %@ﬁtpd@mdstgmeré/tbs meat in the
mul tiple catalytic reaction zones are used,

caladytisiraactiomzencsesultinpde ot snatxer ap &@ééslé%blawgven Hafﬁaerawfe

oI bER B GRS T ERAIE R ORI catalyi

reddiibau@held)an gas whiisdeliuld phase baaeixed aihabgtdf gas and Ilqwd The

reacti on zone prior to enterln t he second,. cat al
ternper@tyreef selestive hydoggngtionreas |pﬂéq the&ﬁg&y’%qqe\pp%g} zones isone

of E)Hréc:) @s’égﬁégﬁaﬁﬁb@c\%% VaFiaB¥s. Wh@%é‘n%sﬂrﬂfﬁoﬁqs that the present

catal yst and a copper - based
pracEssiugitg thbly@su@ielad I\ lqdheﬂnwedempteina’thyeﬂ uset flooany givereaction

2004/ 4 PCT/ US2003/ 018583, . f .
coffRereRpRTESr ek 10 SbtrE oy Sa utoeGreh e Biiaifice i the
cafa‘?fti?} 1e2Btiok 2BRE idtin htendelbf BBbEt FOH {0 Asutal2WIB, pRferably from

alytic reaction zones. The selective hydrogenat| on
abofit zﬁ@éFyUOeaboutB&@%rﬂlst ﬁmterap@rgtwals defermined by the specific

ocERUEAY, bR 3B PR BERHLLE les" BB 1o bo

re@&ieaé&tdaffalggta@ujem%eaoaﬁ@ theTh@rfd@ecbhysmapm sfthe hgbirocarbons
catal ytic reaction zone(s) hase, liquid
in prﬁamlf@rcaamlmgaméow rsth &n(gz Pr &aiagetyia @e in mixed C, or C,

oléfg{@ﬁgﬁﬁgéﬁ)&{s i R detEt R %l"tﬂ@%ﬁéc?ﬁgrhﬁggédéfﬁnbﬂ id |?1ea range

reacflon z nes 1's on | mportan
of Brave eddul 867 R b ebhouT B80MRI Fordihet Cpaceitytenis cotrgtounds in a mixed

b@%ﬁgggta%%gf@%mu@%?%a%%ﬁa.lér}éﬁslsé'9 bEomapod sephie B Forthe
E\%g@ﬁé?ﬁ@scﬁﬁ'ﬁﬂ L 118teherhl at el y&bféﬁn‘d" Hy8RSY=Rbond Rream, the

ature 1 cat ytlé reactiron“zone is in a
tem@emum‘ isdb auang® 6f irormahmtt 6@2!6&) abouetf3n03b) y-or heavier acetylenic

bout , 55F b 80F.
@B R R Cs Aeeyp0gr 1n Bty BRR Eons fidh Fauthpgopperature
is Wgrré?ﬂ@é‘éf»ﬁgm élB@JtCBES‘-’FGtéaQﬁ@MDOQ* efins to be

recovered, catalyst to be used, and the intended
physTh%elpthgrogﬁeatW\@fm%bﬂ%U'ﬁd@d Bi splabysts disclosed in this

cat.a r °
inyeng gfy egg%@i)s i%?lgﬁgnfu?ﬁt ISW@[E! (%&e%b‘éh étéﬁ %?ﬁwé frahBe of 50
tot 8pHEr 480t hivret peféiclbc tiione dbaditop@hadbi N0 fon Cq acetylenic

range of from about 55F to_about, 380F. For the
cofrRAYNASHD g%ﬁ}ﬁg@l@ge,sﬁegn}ﬂgg@tam relatively umform temperatu re over

the catalytic reaction zone, the selective hydrogenation is preferably carried out in a
catalytic distillation reactor or a fixed bed reactor with internal cooling system as heat
exchanger or a combination of these two reactor systems.

The concentration of hydrogen in the catalytic reaction zones is another
important process variable. The concentration of hydrogen in the catalytic reaction

zones depends on a number of factors including the concentration of acetylenic
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but adi ene stream the tenperature is in a range of
from about 55F to 180F. For the C5 acetylenic
weopouses in a m xed C5 diolefinic hydrocar boPGI/US2003/018583
stream the tenperature is in a range of from about
60F to about 350F. For heavier acetylenic 20
hydr ocar bons than C5 acetyl enes in heavier
compdxudjldarlbcblﬂ% inaeamingseed istreasnipée atspesific reaction zpagdghe specific

a0ﬁ &qfr{)egg]ﬂ%&)%ﬁhdg%e %o H\Zgﬁ)c# #89\/': al-gﬁ ofsg%&ﬂeh%ég across a specific

catiallyatrd essRtiohzdnd, 3he it@vipBdtore of am;m‘omcabémlwarreaeubmzbne the
| ow hydrogenatlon tenperature in a range of 5

pr%.wne of Sarcatabrtic rpaetian 20nss iNstdRARPeRIG r&af#@'rtzwfsg and the
ifid LI fcré fﬂéol:‘&%@ﬂbr\’e%h@? zBHE2H gﬁﬁel%tl,rﬁ?'@roup VI
00 a y uni the

inre rmtenperature over
m@tatsabcyntamlmgaaatalyms ztheemintithans almecini vé hiyychgegeisata Bss than 25

malg s BFTBrER ADBRlenh o dh Coneetiptan o ot g aqelienes in the
lnc?dfﬁ ?”‘sﬁ%aﬁ?%to SXEHHIGE Calilytic ‘PQ&@Id?\atzbﬁé GfuttfoPIRe catalysts

eactor systens. The conctentration of hydrogen in
contaanmgtrau Group Yhbmetals, the misimgmaaroorirof hgdrogasoeansentration is

o BS54 0k 5, PSR B A 90 R Gplh bF e o

ackBfeesin thel stiang cbhﬁaw%mﬁ@arﬁge@mccn"atﬂ&tuée@mioﬁmme 10
2004/ 014824 PCT/ US2003/ 018583 conpounds in th

i ncd'rhawgl’efsébﬁﬁ et thenatalytioreaciipaones is @atbﬁ range eh&rom about 10

oo, SRGILA08 o By RS PR 15050y pressr o

a ¢zalytit psactioneont ieddterminedbyttiee ffllowirgpsmadifics; ﬂmwey:tfloqahysmal
reaction zone, the pressure of the catal yti

dexingeot @ fetalytia rqafptlang;e@@. whethas FolAnt risedpne %@16 intended
BRI B8 Bl YU pSa A by recion
zome] ehigtyst, and mtendedphasertyast ligdidoydr miyed phaseoof gassand liquid)

than 25 no % erabl 40 nole % of the
Of&yaé%(fﬁrpﬁw Hhﬂ’@fc"‘ﬁﬂ@t'? 5?%ﬁt enesQ in the incomng
Str flé\k‘i’al% o?l@l‘i‘éhfldr‘écéﬂio%% é%pé@’ﬂ@?éé&”tloh%ﬁ\e @blétermmed by

for e catalysts <containing no Goup VIII netals,
therfellmmngnudharmmunbof bglatyst ehecsnesHint playsmi deyicenef a catalytlc

o 78, ORI Bl SERPAReL s s tro spocic

redbtiGREbAEERG thécondespatint bhyirbgéiy ! tetneratiire @hdzgreesure in a
The pressure of the catalytic reaction zones is in the

spegifigecaialylie 6eRetifeUZONEY  psi g to about 500 psi g,
pr ef'?ﬁ@g é’oq;rfm c?g&ﬁ{?:o%cgr%gal%%ng?’r}é’arﬁé%Pﬁ{egpg)q&%tlon of olefins and

pressur ¢ reaction zone Is
dibiyes benfamlhg\adegllérmedmblmﬁes sheh ap@cletylen@hy\strwalacetylene ethyl

aqdegy\//llgggd\%y aqg%?)tllg%%é-mﬁtgﬂ bgpenz -yne or p%terll@/{ agetys/lglng are passed
through a single catalytic reaction zone or a series of two or three catalytic reaction
zones to remove acetylenic impurities. Since the objectives, the concentration of
acetylenes, and the compositions of the catalysts in each catalytic reaction zone are
different, the optimum concentration of hydrogen in each reaction zone is different.
Therefore, the hydrogen concentration in each reaction zone is accordingly adjusted

by adding hydrogen or removing hydrogen to/from the incoming feed stream to each
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15 tenperature of a selective hydrogenation reaction
in a specific catalytic reaction zone, catalyst, and
WO niogidsed phase (gas, liquid or a m xed phase PET/Ys03/018583
and liquid) of hydrocarbons in the catalytic reaction
zone. The flow rate of the hydrocarbons in a specific
reaction zone is determned by the follow ngs: the
catafytinteastionazeney Alsotthe prioces$ ivariphlesi dampgeaivess pressure, and

at al ti 20.re i,on. ' o)
B e B BB G R SRt reccton
ZOREHEr théﬂﬂas‘t perfofnanté batHeosntalyshindsapereactienpenat A example of
and pressure in a specific catalytic reaction zone.

a fepd sireaanias ihe REaseRY BRasess Ko Cda Grbutasienagtream from a steam
cratid ?W%eﬂ% ﬁr’é%%&:?feil@sﬁ rgﬁgtl;]orpicﬁ{é% e\“rﬁﬂctay?éd1 'oﬂﬂ/ uqsulflded Ni-based

acetylenic as acetyl'ene
camtyistyé . Gyitioylally %:omtémtloerm‘ a mckgﬂbwedtc:@taiymand a palladium-

baghf GIvah & Nigke zaned grtalysk R0 GarsonRay BABURESE"S nicke
bagfggid)%fﬁeggét 4y s%aﬂaa@hybrd%nét%a%p%r-béea&%atéryétemyse used in a

I C I npuril tres. Since th GOJeCtIVGS
glumnptwmaitdemeoWheae quhmregenam oh@lreowﬂbsurtvvlthwt adjustment

cat al,y t al vt t .
of By rcRErt ST SR P oA RURERNT AP o SIF CATN Gy ZREion zone may
bef@Siip é@@epbf Sfe ZMekor threb Bfftf@tticata0stEheat Bfifipdrtahbthat the crude
1:ea{{dro gen concentratl on in each reaction zone is

abvaysnfirsy paspes thioughyemuaswded midgthased caidystipd prior to
e incomng feed streamto each 11
e’\%ﬂ%%ﬁ'%éfg@%ﬁ%spguszoosl 018583 catal ytic reaction
ZONA mittae d}ﬁtecrprjem&:mtmenabtrean(ﬁ@nmteamrcwacker and hydrogen
pressure and ){drocar bon flow rate)

is pagsggstideydh g sing %@f@b/trpesea@wm%%@r@sr%w.% fhree catalytic
reé&féﬁl {cmesttg‘?e%iﬁ a‘&ggflé’rflgﬁﬂ[?@ntfgs EhGa& L Bu mr‘)é‘stﬁé’&ﬁs usually

ron zoné a feed stfeam
coptain enethyt ace’eyﬂaenes ethylrambiyl@ﬁebumbaee@lma qaopédieneaand 1,2-
crag When a single catalytic reaction zone

b‘ﬁ%&gﬁﬁl"@?% I€%nly unsul fi ded Ni-based 5 catal yst is
Usedl'he@ét‘aﬂ)%@iri ﬁheaflrépéé’tb%b'réﬁctﬁn i’orﬂé k&Impaseflof unsulfided Ni

catal yst a 'adi um” based catal yst, a
ormpntnbetauyoaeetdﬂdad allyasnd cm@branctqapfeﬁhetﬁl@@@ntﬁaamwgﬂ\/lo dre, and Bi

suPpRHER ke B i Sy SgyrBeafolfie i BB Tng preferrec

Nidonitsf onRliedRally 51 936 rPY BN ALRIT S0RCIIF totel &éta@/et preferably from
W t hout adjustnment of hydrogen at each cataly

4 t0eB@ Wtdh Niohbe preferredmginteniana WitMo catalystahe éotﬁeﬁ(hwp% for Ni,
orb A SRR Sl 908y A1 540V o eRBlngpvely, e
infihe fitst pasheie rehciinrgroremag del dondisssetl afkao- dwﬁﬁeredlt catalysts of a Ni
ca(’ia?lglgtl Ba/rsut:i ab ?r?ul irci,o?rrlpér?ent |t gerztlaﬂgt %shc%rssggtaabcy ‘I%edf’wo different
catalysts may be mixed together prior to loading in the first catalytic reaction zone or
alternatively the Ni only catalyst in the front of the other catalyst or vice versa. The
poisoning effect of sulfur compounds in the feed stream on the catalysts in the
second and third catalytic reaction zones is neutralized in this first catalytic reaction
zone by both conversion to organic thioethers and reaction with the Ni catalysts.

Other important objectives of the first catalytic reaction zone are partial conversion
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A mxture of a crude C4 butadi ene streamfroma steam
cracker and hydrogen 1is passed through a single

W@ ai0aly48e£ reacti on zone or a series of two orP€TUEM™03/018583
catalytic 15 reaction zones to renove acetyl enic
[ npuri ties. Crude C4 butadiene streans usually contain
nmet h acetyl ene, ethyl acetylene, vinyl acetylene,

of meiuémcecmﬂpau@n& ezpebigliyyinyhacetiiene; in tag fequhstream to minimize

B e L

upﬁ‘bte&ﬁdh@ Barbohaceoes Afatérils eheine Uétaly@t(em@ th’b neREcatalydc reaction
Bi 20 supported on a porous ?up ort such agﬁal um
z0Re(s)- czhearﬁeovw of kS-bytrdignesfrept doe Nirstcerleaic @RCRpH Zone s

oY i dd SRR o .Sl about 8 i

Thprreteverg df dgvbatadieme, avinyl-adetylahaloy sthyd seetylere Baleiermined as
for Ni, preferably from5 to 45 w.% N, and 1 to 40
follgwsss f or Mb. Alternatively, the catalyst in the first

catal yti | 2108\ c f two
di ffer enf{egg?grltyydg?é@? ag%l g‘% cm?z?gdmgnd a multi

e mpwh &nof Xiin faﬂobssty@amst susisBdofab v prodpige stre@m; where X is 1,3~

ferent = cat mxed together prior to
oufiicritg i SRR TN AR eact fon zone or
al t &imed VireA Yacktigerd can!be eahadnsd ton, Brm)fu;ongdm@ehbﬁon the
ot her catalyst or vice versa. The poisoning e

recayeryief tenpBis H@thﬂnﬁh@alltymsm toale rigeraap d0R%.vRich means
thét”ch{a ?g%iﬁ’ b?f}ﬁ'%r‘i& Cﬂ‘ioa}, Yif pferé?é‘%' @%‘%ﬁlo'nsof 1,3-BD.
neutr a I Ze I r ti1'on

cata’ly I'C reac
Theycdnethtratiow ef so@biried a:ofegﬁenm impudted ar thegorddu etestteiaom from the

st iwoohlToGe! N Amesh ol e bR Z6FB M e b Sbout 20 wt. ppm

to SEGHTONR. phth SDARARY S tieedrfeehty e 8Lt inburities in the

feetdw stréamd ltds rpmmbleatmcmmpiei@y CDhEGIFPdilIItbS?/CEi)QemCIImpu(ItléS in the
EEF;ﬂ'suedin.a ubse uent ca t) and reduci t he

feql sirgamy parute iR ds ol Aalat heddim i i Hig PrSsence of

a rﬁé‘l(éllbé%bﬁ%)atélystt chﬂ% rmﬁt’thé oy dft\}a‘ﬁoﬁﬁ %féfln@rsuchcﬁée{ Q)butadlenes
The recovery o but adi ene fromthe first catalytic

butenas: pmpyiemanctethpsheeeéiugts«:9Vﬁﬁwﬂr@g¢mtlommavQﬁé@o iphto justify

oo Bl i olimO T B o M el il pon senves

to ﬁiéﬂdimiz%ftﬁel|§orﬁ@ﬁ2ﬁtmnﬁﬁ¢r@§adléﬁé kowmsthyRecewsne ahd X 2-Bitadiene
=100 - (NF - NP) x 100/NF NF = wt.%of X in feed

to 413-buitadiege-= w. % of X in pr oduct stream where X is

L SRR LB Hor SR S S LM LR s
thioydhcg seedndoatatytie reaction zone with or without an adjustment for optimal
hydrogen concentration at an optimal process condition. In the product stream from
the second catalytic reaction zone, the concentration of the combined C, acetylenic
impurities is in a range from 0 wt. ppm to about 350 wt. ppm, depending on the
concentrations of acetylenic impurities in the original feed stream to the first catalytic
reaction zone and the process condition of the second catalytic reaction zone. The
recovery of 1,3-butadiene across the second catalytic reaction zone is better than

about 98 wt.%. The catalyst in the second catalytic reaction zone is any one of the
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recovery of 1,3-BD is mathematically possible to be

| arger than 100% which neans that the recovery wll
wheoohiogises than 100% if there is no hydr ogenap¢DOSmh3/018583

1,3-BD. The concentration of conbined acetylenic

inmpurities in the product streamfromthe first

unsul fided N -based catalytic reaction zone is in a

comeargiongt palladivobased eatalysts espreferabhuan FDpPMRd. capper catalyst

di th
cof BHRS 1968, e SPEBLVIC P, ouREELHLSL A, Ay gomponen or
mixQreY Befdof dHPaN aldmidblsuppertaseihprisiig at leaptiond bbthe psmperues of
the feed stream by lpaSSI ng, t hrough a single

averegetiosa diametar larghethgne2fcer %@parﬁnhb%lk@ienﬁﬁvéeﬂless than about
o ARkt s B AERAREN CLEP YRRl AUShpBarid on

potwmpom:chmum axeeyPUeprdmotdd @lhr—ZlneAg uﬂﬁcﬂdspdm U.S. Serial

NocBReys4 0. lest 4 B8/ STonbichus FRSMSaratetbheris o satirety Optionally
P ' e

an lﬁgﬂﬁ\? g{dlt‘i"&oﬂ{po‘ﬁeﬂ? %{Iﬁﬂ {'né ﬁ%ﬁ‘%&rhe gﬁga&a PAe o and other

lene to 1,3 stream
Grbup&mdarkalsf and at keastaﬂ\m inetale aelectad frome\gredn aydBipdissleged in U.S.

Sewa Elg BQZ‘BfliEﬁ%dlﬁ ?&)Mg ¢ Mer\a}ﬁlailso%?aﬁa%gﬁrem in its entirety,

éépﬁﬁe@éécﬁ% QRe HecdNdOPitaliic RIRE68 SzaHNdTHd %IIadil[lrrt B@d nickel
roduct streamfromthe second catal ytic reactio

contemds intthe promotar eenries satalysts are e akautehd vafc@pm t@rﬂ g wt.% for
qu\ixnr?éj é:&%@ﬁ@b‘%ﬁg}jh@ fgﬂen&ﬁ)et;e{r%?ﬁgeeﬁrﬁlsr f ﬁgﬁﬁgut@g Y5 3%% %. Silver

or 6RE adredhtds Friaptl0 itd BBSUT Fwt.Pe Zind gomteht fsdfrain Sito @it %. The use
the first catalgatl c reaction zone and the process
of gayiaenvesiopal paladivpdiased sakalystiar crpyRRtial cepRer-baged catalyst

%ﬁ&{m@w ﬁfbs%gaewt&qélgﬂg r@?&t@&? bh& is &G dhe scope of this

iC Teactlon zone an about
ianmeionat alyst in the second catalytic reactl on zone S
any e of the 13 WD 2004/014824_PCT/ U /01
con tfﬁ&ﬁéﬁ'%rqaﬁﬁ? uARRRSAPteeh T5§P§ ffs?@r m@esecond

ca%lyﬁd%a%‘ﬁ%ﬂ FIHPRI p£s3kal thidugCofal fird é&a@hc'r@é&brpﬁ@ne with or

VIT'T netal conponent, "a Ag, Au conponent or
withiout naaneadjuahm@ntffoo opiimaiinyaroegens g@rp@mtrai@:mpaﬁ an iptigal process

co g i SR8 i Y BA BAETles ar

ren%'@ﬁé& cobhpl&@iye ﬂﬁer@l’éfé" tﬁé pPodLith 8trgain feormiithe sisiet @éta@ﬂlc reaction
n, and opti onal It)p/ A:? ported on 5 porous suppaort
zogamnsmnanqmt@pta le %Y'@ﬁ@t”@@udleiﬂ}@g"e@i)w&iéeﬁ butadiene

CHPﬁ: iihggbgﬁ gat%lgt %/clﬁ%r? szn’r;f& ésnl{)éﬂrtééﬁhgﬁ %@{1%9 V\?‘f‘% C"C'hé Tatalyst in

the lmﬂl‘d)tsl@td (}mulrtaacmnmmenstthe &Hnbm!lﬂeaim:aﬁraﬁ\g s:btalystmﬂtlse Qu-Zn-Ag
or Pd and ot her 8 netal s t Ie

caﬁ@ygﬂ progwited Witk R4 gaedager @povs; or gp ¥ &gsy ?{dﬁﬂg)l or both or

a conventional copper catalyst as disclosed in U.S. Patents 4,440,956 and
4,494 ,906. The palladium or nickel content in the promoted copper catalyst in this
third catalytic reaction zone is from 10 wt. ppm to 0.3 wt.% Pd and 0.1 to about 10
wt.% Ni. The copper content is from about 0.3 to 10 wt.%. Silver and gold content is
from 0 wt.% to about 1 wt.%. Zinc content is from 0 to 10 wt.%.
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Serial No. 09/977, 666, filed 10/15/01, which is
i ncorporated herein inits entirety, 10 may be used in
wo be4pesond catal ytic reaction zone. The pal | aPCT/DS2031018583
ni ckel contents in the pronoted copper catalysts are
fromabout 20 wt. ppmto 0.3 wt.%for Pd and O to 15
% for Ni. The copper content is fromabout 0.4 to
Arsrocqmbmat@w lof ghe twe ogmreecczaﬁalmts may pedapded & aisdigle seactor in

angrr??/ s l/ qr‘éﬁﬁrﬁ%g{jé % ée;eg dé}r{é’feira/ﬁly-gé%saﬁEhrstotfnrough the

ungardedtNidsdedcodtaBtic bééelﬁbrczdm?é @ptn&ﬁallynhé fiest ¢woavdction zones
subsequent catal ytic reaction zone i in the sc

may be igoanbineq éHpicLsinglk ReRcal bddt)awg.tbe?Aé?ééwpcﬁ@t%%%g%ether in
I

soBBbL 0 cp FHBNP OSSR (RS IR SEies o t ey

reaetionl ydnes Arestér mtlomsee:omttlmngrthe \adt iwatreactiondiarsisisiota single

f .
retoE Bk oo et ot CatAvERm OoekeRn e, Sibangthes gption is tat
t
O Ay 0. 1o 48 STt
oftaaetybbmaurapytliles cambeicanried onkina@tiods wonfiguiddions fermthe reaction
t Th
zofes Liibdad S R aelors Reann P b TRE of odegsycgyas fixed bed

reé@t@? d:é?ca?ﬂ&t@ﬁtlllbhéﬂ rébetat, SShvamt. Setrabige @étaﬂ'tltﬁﬂlstlmatlon reactor,
he third catal ytic reaction zone is the i npr oved

qungzmomgretaaxt@l, yaaving bed geaptoprfluidized reagtar, )ﬁs”ld ihedikstiz@ part of
th’é“rlﬁ%%dj ﬂ) asl'h%eég%rﬁéjgg o?%% cgfnb‘?ﬁéﬁo‘?'rsaéijeya ?Hgfél fit&lfled a single

entl ona copper cata

celalgtd distilation tolamrPedaatdrs adsingle, éIﬂélyaﬁ(éxtréchBﬂﬂiatlon reactor,
The pal |l adi um or nickel content jn, the

theaa trepsbeds, g fixed; beds aceatalje idistillatien ?éé)fcr{g%ﬁ%é thg fist catalytic
re W{:t‘?cg/ﬂo kﬁp\éﬁsﬁltﬁ@ﬁé Br fwd f¥ed”péd r?é’&o% forl Qecﬁ)t?ﬂuén&thrd catalytic

e copper content is from about
reattiéh zGnes,conand tgol fiketbbedmeactors ‘Mthfacmtalym d%irtlatlon column

re3gi oy i et pele sl rsenss fxa e ssdtantel Bie e iaglion zone

wit'g sBlven? %ﬁﬁ‘a&lﬁi@éé’téiyﬁc st Bor eariath féhc%ﬁbﬂﬁ@second reaction
reactor in any formor operational node. But the feed

zare. preferabl y passed first through the wunsulfided

two Taceronehre o F balhet MfanidBlor B d-bifa iR due o
vafrl%@l%tr@ésbb{s | 0RgioTahé headdrissie Slaw matialpy 6t poibonetd earbonaceous
series, and optionally a_second separate reactor may

metarials as thaecatalysiautics. Yo prophg e p@h@')@éﬁéclem&%pe time, a
so‘?\pér{t(?ﬂay Be (Y tB'WQﬁH f He %§¥ RO \Wnér@qgits'ldw dégﬁx\{a;ﬂlﬁle -Up rate of

Sihgle™ reactor oadi n cat

theqaiddreusi @rbena@a)ussmténmm iees catatlystnTherefdrat heavy polymers
three separate reactors serve as thr

shawd dg seluples aly\gasl o soms, degree, in fhe scﬁ\a}gr%tl Undér the: selective
hydrogenation condition. The examples of such solvent is C,~C,, paraffinic
hydrocarbons, cyclohexane, methyl cyclohexane, benzene, toluene, alkyl nitriles,
furfural, dimethyl acetamide, dimethyl formamide, methylpyrrolidone,
formylmorpholine, and ethers such as tetrahydrofuran. Optionally the solvent may
be build up in the catalytic distillation system, at the start-up of the unit, by recycling
heavy components, which is usually a small part of feed and is also produced by
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of acetylenic inpurities can be carried out in various
configurations for the reaction zone. Carrying out
W0 b@4oemes i on in any conbi nati on of nbdes suchPEBEUS10RE0IS583
bed 10 reactor, catalytic distillation reactor,
sol vent extractive catalytic distillation reactor,
boi | i_;ﬁg point reactor, noving bed reactor, fluidi zed
oligaraetizationand nqlwnen&ailq@tﬁmsgh@ selectivaindrogeratiqnin the reactors.
r [
Onglfiaf $OREGRafthe Tty ERMHdRER! P BirEof iAok of e cataiytic
distillgtigrotslupat fr wiore effdotiae rémevel sithiddvgtpolymersaci e catalyst. A

th fi xed bed t fi beds, tal yt .
Sing{Bs Operatarsan Baimblenaites i the fiked bagystans By ising a separator
to é%&%ﬂlﬁ) déﬂbrﬂé‘ AE r&¥Qof LHBEnPSn RSl Sofv%ht is co-fed

cata ytic reaction zones, one or two
withifeed td &k cmmtloweamlamzme:mahqflxed bedtqplelr@nom fdror the catalytic
t he t,.catal ction .zo

disflatian e Ecye caravis AsTEE oPekitidh, sohan: 18 fffuced at a

prosd%lrvﬁaélt@%téﬁﬂ{é Y& Gl by the &blgihl | RidtRer %\ﬁbtﬁmlve operational
reactor for the second reaction zone. 20 T

propaduse rmo«wsmnai M&a&tlmga’lhﬁsﬂatdyﬂé ity %@Ité%ntvattawpmper temperature

355 BT 1 BB AR B8, Bfraoyn e

prégdrRiel oFl Hy qa@?érhe catal yst surface To prolong the
cat al yst ¢ e or service tinme, sol vent may be

o vdercatalys I;jawﬁéra\sent@nsqa&\b%wpqr% Mlﬂqp@sgﬁg catalyst
co@tozlle%st .oﬂﬁepééﬁé)% G8'hg §°§mc f]BcﬁisS (g{ér&g‘ﬁ ceramic

ore, heavy po ﬁers
matetials| polyaters carst vardnmtmcﬁa@defeatenalsi $uechsad packinginmbderials for

e D dRasiars Or LN CoUNEE: dPEIeAEY o REa HEARSurace area
of g?%tghﬁéﬁr)f@ m*B dthe ﬁ%hlﬁﬂ@dﬁﬁ@ata‘ﬂ&?ﬁ Wtou%@i'e\fb@@iﬁon techniques

nitriles, fur ural, dinmeth cet am de,
sudh aenmpregrtamansmreylngespwmmg|0|f abumy, vapor deposmon and the like

cales 15ae YA HSSeo i GRicRieR, 250 WD Tl T RS U the arts.
O;ﬁﬁin%'llyihé?céibﬁfstd da b@a sﬁﬁéﬁﬁé‘d patkihd thaibiddlimatie ot dfim Cu, Pd-
unit, by recycling heavy conponents, which is usually

CiaAgnaliay, gdirPd calloy e 8li-Gih @llpy. ax1ds thep ke wlishn gan e mbced in the

B e
t he Teedgpsitsthe dongparsnt piithe- datalyststdretheeshapedasuppoets) the use

prior to recycle to the top of .the catalytic
of gneten mare QﬁVEWHﬁrﬁeP%'t‘%? haiques: ‘W%fefé%@v?alﬂo'iﬂemc or organic

S PBINTE G 5 ot e e bt nd

the dikax atLdHuallymnsegmmats‘alﬂae@e@oerdponesupports sheh rasaatwmina are
ef fluent, or in the ol ve i.S cofquvvl

h, feed
deppMASe APt X et By GG theimArandtipg padicts SESlevated
teMRRFALHOM aif Thelrh&taf 8%iBbY bh $he support are reduced to metals to activate

the catalysts by using reducing agents such as hydrogen, carbon monoxide,

ammonia, methanol, and the like at a suitable temperature. If the catalysts need
activation at low temperature, low temperature reducing agents such as hydrazine,
aluminum alkyls, formaldehyde, and the like are used. For example, the improved
Cu-Zn-Ag catalyst disclosed in 09/827,411, noted above is prepared by impregnating
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distillation or extractive catalytic distillation

operation, solvent is introduced at a proper position
w@boothesseop hal f of the col um. Anot her alter nBECT/U82003/018583

operational procedure is occasional washing the

catal ysts wth solvent at a proper tenperature in a

range from50 F to 750 F under a pressure fromO to )
anSsiueusis, mprest eplatipy afrcanper, zincpansk sivas jirate, galbyen. a suitably

Th t al ful i.n this | ' . C
o e R e e BE e B AL g nasor
at 8levHidRtenfidratie. THs paiRmiuraiomoted CasZdmgcatalyst is prepared by

mat eri al s, polynmers, and varjous structured nateri al

depositing soppekizits, shyerransd raliasiumgna guitably ﬁéae%rsgpesarst such as
i St ' Rr : t h
nic| BBl Ralp e BErou SR Mghfif > PO 07
uns WnbtlskrdiebhnicareafrygtentlyVased iss thixt wadalylio metak borinposents are
oS R e P P lpaptng et
anfl! the! PREGlRED %5? i‘iﬁ;a:']salﬁoim)t{@' tlekRoNBtdr FollbREas 15K dhifd to obtain

I'n the arts. e catal ysts can bea _
posidens hichoaneaudadchtp sisape valiousafdemsihy wsingivarious teaiiniques such

Cu-Ag. al l oy, .Ni-Pd, all o Ni -Cu. allo i .
as AR Ba RS leiaRieiS i eronss SR A ilihg dfggtibed materils
aré RBfhAIRICAGIABd bi's @bl @lnideraturégVf & ndsugitrestdlysth i the small

conmponents of the catal ysts on the shaped supports,

micreesphare form ferdhe fluidized wacteransaiatien sdyTies gie prepared from the

t echni qu ' ates i Cc..0 ani G 1
orbGFReae sh THESSRaRE sl AR JoChiobdCBul A followed by
cafidtivhedtesievitalilteiperataces. iISpray-dkied rolaterials/camalsgare shaped to

salts deposited on supports such aﬁhal umi

C

Prodkias BRIEBELS ) AEIHIaIE kel I, 0Fm CRIGHEIVElY. e cataiysts can be
pr%eﬁe%;b%tﬁgé’t%%b?%a@ianEaYrﬂhﬁg di QA 5 Pﬁ&rg:e;:ss?,soo.

e support are reduce
THeoalkyt datalyst istprepaiidaby sinsoving asi exjractahle inmgfabgempsenent from a
sucgﬂ:ﬂs h%%rgogen, carbon nonoxi de, ammpni a, nethanol,
shapgd@iey cAkaYSlt a suitable tenperature. If the

cat af ¥i§d folloRhity eR8HIpYE theMiétkel lcRraIyRTReE all Wndulfidew metal.
tenperature reduci ng agents such as hydrazine, 30

al uni num al kyl s, Examplel thGampasaiive processle are used.

G U R SR 67 I 730
sui)glovf@d %ﬂ%%ﬁ&;@%@%&%&@ﬁf&ﬁ O waslisBE YE PatRove BgEcetylenic

ution of copp zinc and silver nitrate salts on a

impuiitiedina credaseatkeaiviadienesiiaambysalentvehydrgengian 0 grams
fol | owed by dryi .an [,Ci eJe! :
of sSSP BaloSHBAE 8l apg gaced n
vercdlfyepouAtdMp-fIOAD Stintle S fired RK, realctist, (1Sinth eliarstér x 20 inch
pal | adi um on a suitably shaped support such as
long). The average size of the catalyst is 2.5 mm diameter x 6 mm long extrudate.
Two thermocouples at each end of catalyst zone are installed to control the reactor
temperature. The catalyst was activated at 235°F by passing 300 cc per min of 33
volume % hydrogen gas in nitrogen for 2.5 hours and then 300 cc per min of
hydrogen at 400°F for 2 hours under 15 psig pressure. The reactor was cooled to
ambient temperature. The selective hydrogenation of acetylenic impurities was

carried out at 6 ml/min of hydrocarbon feed and at 165 sccm/min of hydrogen flow
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hi gh tenperature calcined porous transition alum na. 5
Anot her technique frequently used is that catalytic
woredalo148ohponent s are preci pitated from m xedPCT/US2003/018583
solutions in the presence or absence of a supporting
material and the precipitates are washed with cl ean

water followed by drying to obtain powders which are
ratesaidhe beginaing obineoigactian dewnjo 48P sgemaninigyard to the end of the

o R o B BB i OB AR St vy
ac@fyﬁbedmiorl]m l\m.t% laitlm}"l mtwﬂ]@ ant albﬂz@ m%mtayUaMylfehé, 8241 wt.%
needas e catal ysts e .
155D 2w A B W o Pt S (i (RelAgeS mostly inerts
_ or 1 :
L5088 L LANTHE ook oF Bl ton I, KtERreasne ond o he
catalystibealt was highee tharaatdte begpraing of the.catplysibett. iTde temperatures

of B RirReEnafon B 20 ot 26 af e Oaty o Caleat P oo F a

thé %ﬁ%iﬂé PR RSy Sybéd ﬁ@%tsvahamy?r@aaéﬂ f6m this experiment
techni que disclosed in U S. Patent 6,337,300. The

coatdingd d4dapy8 VA angdi2afaprra B at 8kl igceversof az-batadiene. The

al..cqnm nt. fr aped alloy catalyst. In the
re?@f Sl Lgairﬁjp:llgégg%nﬂ:ar}ﬂsgkel catal ysts are all
unsul fided netal. Bexaphpsle I8 (Gamihyti ve process) 20

Commerci al eggshell type Pd-Ag catalyst (0.2 wt.%Pd . |
and Oty OramSpd] C-AAHI6ryich NiRnalumis Aktaitissiiom Synethix mixed

wiﬁﬁ) ‘9&(? ﬁfgfé hﬂﬂ‘d%éte‘é@ﬁas%%ﬂg gﬂgﬁgﬁfao% iﬁ%ﬁ}&ﬂicg{/n&/?nounted up-

res In a crudé crac I ene stream
flovebtaiilés<efikgdbedepattooril ifkh dieamater pR20tiheh dangl Yhe catadyst was

otaaad pRivAISq anltBen Pyclet ok (e faiier ol e setvst s 1.2 mm
diérr;r]]é?éjr 5k ERRGHSTes! FwdHerfgeeR %{ssétz@%cH%ﬁg_cﬁ%e{tté’I?Qt) zone are

€ average size of the catalys . i amet ef x
ingtalied Loognteslithe deactor temperatisembbe watalystavasaciivatedtiab235°F by

cat al zone are jnstalled, ontrol_t.he .reactor
PRIrLR0) 6 o B et i, ge RufiBeshias bS8 ff 3 hours and
thBASBONE FEOmAToPydrehen et 538°F %t 3IRBuY dwyrq_@e;ssig @Peddre. The
nitrogen for 2.5 hours and then 300_cc per mn o

repgioroyen eeoladoi faspbignhdemperaides. Thepselgclivedudregenation of

T AL i ent Tk
acefighELyER By RSk T S e | B RAFABE A HES ool outato
mipin iof chydlwbcarboh fekdnand et 1opdscemaimhinnoft Bedrogied fidw Yéte at the

sccmmn of hydrogen flow 17 WD _2004/0148

:CI . 4
beuinming b dae tadHivn dowr &o 48 &Cﬁ@/%@;itwrﬁgm&ﬁeﬁﬁ’@ of the run under
L C ' t
10150 101 Erelil o (D LSSl e B84 TRTh O Examoe
1 AviBe causprof exdthefrmic BEatwtf hydrdgeplation, the temperature at the end of the
catalyst bed was higher than at the beginning of the catalyst bed. The temperatures
of the hydrogenation were 120°F to 124°F at the end of the catalyst bed and 77°F

to 84°F at the beginning of the catalyst bed. The best quality product from this

experiment contained 0 ppm for both VA gnd EA at 94.9% recovery of 1,3-butadiene.

The result is illustrated in Figures 1 and 2.
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acetylene, 0.14 wt.%ethyl acetylene and 0.20 wm.%

nmet hyl acetylene, 72.11 wt.% 1,3-BD, 0.12 wt.%
wa@4Bms244. 61 w . % but enes and t he bal ance noBRCT/¥S2003/018583

inerts. Because of exotherm c heat of hydrogenati on,

the tenperature at the end of the 5 catal yst bed vvas

hi gher than at the beginning of the catalyst bed

t engdepamparisat ot the rageioas fROWVEHN Tigusea 2 @nd? Qﬁ@embove two

exgér@%ﬁltsﬁ@%o%t?h%ggg%@yééﬁ%@ggn%gf gr% ﬁn@ﬁlﬁ?é@?\h catalyst to the

pahadiducbadedoatdiyst. experi ment  cont ai ned 114 ppm VA and
230 ppm EA at 87.3% recov'g( of521, 3- but adi ene. The
result is illustrated in %’U'@ 1 and 2. 10 Exanple

B (4 @Hl@%%&'?;}le': oﬁ% ¥eRIcRUE Brédenatied 6r1€ %efglé\’\eso\'ﬂmh a dual

alumna) obt al ne rom Synet'hi X’ mxed w
re@ctmsybtanemsermassdmabhstratad iftyegraomdetiHT£-400 (16 wt.% Ni on

alfBiney e lodactin e ik ired B etctor 4ot i Bladdap apgmanner
as‘@fb%cn@@@ e tﬁ@‘E)&aﬁ‘fnﬁétﬂB/Woﬁ‘?/ gaamstdwe eaaiidreid! dgqysell T}hﬁe Pd-Ag
di aneter of the catalyst is 1.2 mm 15 di aneter tro

catalyst(GH6Euserhin ﬂwa&m@adﬁeg@badad in girisegonshiveg I@,@d reactor

(1 hc:ﬁpdé%%tﬁﬁé{fdrﬁgh i&hg&l ys %xnﬂb \Ah{ﬂlel \%Oﬁggéf?{ m%%ll'grrbeter glass balls

andasstivatd3fthe Saﬁ%’ méhnepPis ﬂ‘iﬁ I’Zﬁémp*@ TA. hMﬂﬂffe@derel game feed
ni trogen for hours and  then 300 ¢cc per mn of

usRyid BEsRxamplsy SR 155 selariue Syaiaasnation BE PgolenksimRurities in the
fedd fvas’ &AL ﬁ é}re%gen /.lnﬁﬂ otf%ygg@éa?ﬂ n YEIPES B it rgékﬁor and at a

Selective Ion acetylenic npurit
cohbtand alydro‘wdﬂow edtel of 4 scdinamipl until fhenvand ohthis @ckpeument under
mn of hydro bonfee

m .
1Btosiy I SeROPT U SEHie e ToRGior SEYPHRT oI5 (B TrslgSactor was directly
fed 88 6id S8ctI o3 Bus ﬂféﬁé@dﬁbﬁéﬁ’}@éﬂ Wés hﬂﬁecﬁﬂﬁhﬂfygféé(;gén gas at

run under 108 psig total reactor pressure i _
vaviaus rates frone 106 eiowmlée@()u sechiimirERaaibentaring Bdbagatalyic reaction

exotherm c h dr.0 natlon . 1 rature at
o SBroRh 80 I g Pepet L HERR RGN Eforegotor was
aHéfé‘JﬂHQO? FthtQhe e dFahalcutdlydiarbd dieabeniss # st ee be@innmg of the
t he hydrogenati on were 120F to 124F at the end of th

ca@amn Best Thedeaperature of theggeoad hyReoganationiragcter W@ﬁ@bout 120°
o A PR SRl B G et 1 ALY Begripg o e

catgigsivbey. The redchion qutbdnets frdinetheesetdnd seadtbusteratarthlyzed to

in Fi es 1 and 2. 18 WO 2004/014824
evalipiedno perioTmenss of fae deapreactysYsiernEhe eegylissargdllustrated in

PR 4] ARG SR ent SRR RGN EN R YA e
systedras gemnpriset fod Ni catalyst and palladium-based catalyst to palladium-based
catalyst alone in the Example 1A.
Example 3

Fifty grams of a Ni catalyst (28 wt.% Ni; KL6564) obtained from CRI were
loaded in a fixed bed reactor in the same manner as described in the Example 1B.
The catalyst was activated at 250°F for 2 hours by passing a mixture of 200
sccm/min N, and 100 sccm/min N, and then 670°F for 4 hours with 300 sccm/min H,.

The catalyst was 1.2 mm diameter trilope extrudate. The BET surface area of the
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pal | adi um based catal yst. Exanple 2 In this exanple,
the sel ective hydrogenation of C4 acetylenes with a
waeleak/014824 eact or systemin series i s denonstr aP@rUsS2003/018583
Fifty grans of HTC-400 (16 wt.% N on alumna) were
| oaded in the first fixed bed reactor and activated in
the sane manner as described in the Exanple |
catiityst wagrahosit dR0trh%g.c Shedeed wasaggrprisad afithe8 Md%&gnyl acetylene,

oSSR ot 350 0 R et A9Es, | 0. 0.12

wt. %1 g BNl 4 8t v %WTbiter@svaid tHO Bancel mdstim udeameﬂae selective
lass balls 10 and activated in the same manner as

hydregepation af aneé/lw@dmnaﬁtlew Hhareadugs cEgd iyt } Mimin of
f
Ry 8 RS YA AR PSS 0BB14D @b anc

108)ﬁé[gt)tmeiilhﬁagfoe@de$?1réh'éhé tempcfarraﬁaretmfrtﬁ;a@dedgmlatlon reactor was
const an rogen ow r 4

abewi 19° fon 7&%&#"%% %ﬂaépgtab@% bs§C 4“%@%‘*%&&12?% Fatthe
beg@ggﬁ‘o of- thEhEafa??ﬁ‘{ (%qu, ?’ﬁgu%bvélé/omtm’;%lﬁéﬂléhe of tBhe product

rwas dire to t second react or.
cohtaining &cpm \Mfahd@pmeAmvase%m Yoh Tiedresykés aaitiustrated in Fig.

6. $hie obftaymance RElriarar & Suosdor BREC Bek Phrgie kgt in the
Ex‘é\?rg)géQA The tenperature of the first hydrogenation

tor was about 120 F at the end of the catal yst
bed and about 84F at the B¥@nplei4g of the catal yst

bed he te f e i .
reaé’ﬂl IS r@glgu%helgg%fg %‘%y@%@%ﬁ%{lgﬁd&f@ g%{[ypeﬁ]es with a dual
re&ctbPs s mbhs demonsahtudl AN chtadist Wae Ibagpdinithg fiest fikébed reactor
catal’'yst bed. The reaction products fromthe second
andea @bZnvig satalwstypremated M@thaweSt%d%m Hengreend fixed bed
re%&Srd.ual reactor system The results are illustrated
‘Figures 3 and 4 and denonstrate a superior

per fihiengocZn-¢fg thalydtgpromated yith Pdywas psepanepr aseudiop to the
B LB BbAC R  FLY Se B i s (11
dlﬁfg@g ﬁ)hég&éll)’ ¥Igj§ééﬂgﬁﬁr@ al%d'\i')y ﬁ\%t@ﬂ dﬁipp(r?ggg%tl% Il*@eohnlque The

tai’ne | oaded inm a fixed
physizat propertlekn@fstheealmmﬂans asnmamzaomeahlet ﬁeTmaaulprmna was

P, A ETECEES U eSS, SN i RS oo

p%ﬁﬁf Hﬂdbe'meé‘ng gh@gg @@Efugléacéfafézéu BA aé\fetégfﬁﬁret dlalmeter of 362
. s

A eand o&wecc/gnétcwwﬁmrea/@wraeeih@fappwgéerllt%&?w%nSl{Iés of aluminas

be%gr%d'/cgllclna%lﬂénp Ugﬁgro%/am%% were about 0.48 g/cc and 0.62 g/cc,

respectively. More than about 90 % of the pores were larger than 100 A diameter.

XRD of the calcined alumina showed mostly theta-alumina with some delta. This

“calcined alumina is used to prepare catalyst. The Cu-Zn-Ag catalyst promoted with

palladium was prepared by using a two-step impregnation technique. The mixed
solution was prepared by dissolving 28.8g Cu(NO,),.2.5H,0, 10g Zn(NO,),. 6H,0 and
0.5g AgNO; in 285 ml water. For the first impregnation, the mixed salt solution was
poured over 300g calcined alumina in a rotary impregnator and then dried at about

200°C by blowing in hot air. The dried product was calcined at 450°C for 2 hours.
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catal yst was about 120 n2/g. The feed was conprised of
0.98 w % vinyl acetylene, 0.12 w.% ethyl acetyl ene

wW@eah4014834 Wt . % nmet hyl acetyl ene, 72.52 w. % 1, BcBDS2003/018583
0.12 w.%1,2-BD, 14.04 wt.% butenes and t he bal ance
nostly inerts. The selective hydrogenation of

acetylenic inpurities in the feed was carried out at 6
Thertalculated matglonammsmf\ or 8L alimning svpperdRasey aﬂé@%ﬁompounds

oA P4 0% 20558 %, P g 568 oo v

prebﬁ%&%?%bScﬂOln@egQVG @aNO A hoBH, DL A 895@%@0@2 tﬂhgo 0.25¢
t he catal yst bed and about 90 to

Agfs@gua«ndu @@SprallﬁéufatnétrqtgtSO!}é@n (fi9ewt. ‘é’xceeiﬁ‘qw@f Srate ' 10 wt.%
iy g SBEAE b A RUBE F F VER, REYA ihon vas
spraed orbthelfirst dagregmatiore prafduchiirs tivaradayy impeegnaber bynusing an
et oo T s D o o
by B%Wug% ‘i’r”TﬂE Lﬁ'gﬁdé' @88edbt B5@ iR hduf ﬂ?él@rMost of the

syst em)ns rat A N catal yst was | oaded
metdikc f:ommbnénteefdomdbe rseaondmtepamj'aa nmr&na&gmomrg@wpsﬁed ina

thit PR g ot e bl Smdg 8k ity e BRRORRRA hikHH iflpagtion on

th&ﬁr?é?%r@&’u&%e@' Mtﬁé’cén’ﬁﬁouhd‘s\/ a8éd wasP.¥ Q'vﬁs%f@u i M84 wt.% Zn,
serial no. 411, noted above using al um na

0.16wh %" Ag@ndr%ﬂ@r\l\/tsétfédrl cal |y shaped) prepared by the

or of b AL PR RE A BaCLtRl 020, e Gl 4 were loaded

in fHeefidt Fifed dedaadfdren) desridedtin 1hO Exanaple 3 Brandsadtivated in the
air. This cal cined alum na had the follow ng

sapedperneras theoempled. Bifty ssamsaf dhebuxin-a9 %ﬁ%‘gg@g%ted with
Pdg)oééal%'daége&égcpﬁfed 3Bbve @as%% idhe %Bé@n@flxé@fé‘elct&‘?after mixing

ar ent densiti es of
100 ehlaxfe3 avah dlameueoglasd)adiémd arzlivatedaat 260 Wefioe 2atmuis by passing

o e 5000 i 5 100 S PEEAK He VBD B ¥br 4 hours wit
306 s%Hth/ in H25rRéD@e@fwé§ 6019\%%@ %@' 1a17u\m %\vmppa&i IBREL M2 wt.%

aau na wth some his cal ci ned um na
ethyﬂs aoetghbrta;arpi eddrwet. %analWlsacetylleaecfm 28 \Mtg%c*aB—rﬂ%Q 08 wt.% 1,2-

ST ST T e I e——
of %&K&nﬁgﬁﬁ%g% alﬁ gﬁé @ééSU W%SSJ %@n%ééﬂ@hﬂmng? ?:"lﬁg)d focebon feed

to theeﬁrst mcwrmcb@ﬁﬁaﬁomﬁtamtm@rm%ﬂowme %fcﬂ%ci%wnwasmwhe end

of B S8 AEN RS 04 PRRF A 4BL08 B oS Yeacor sfpuent rom
thik firdtabasior wabhdirabtiyddd (o tribusécomsreaatari la’dtlm reéﬁfdﬁeﬁh.rent was
m|>2<e(5] (\)l\lljl{hs hydrogen gas at various rates from 25 down to 5 sccm/min prior to
entering the second catalytic reaction zone. The temperature of the first
hydrogenation reactor was about 120°F at the end of the catalyst bed and about
99°F to 119°F at the beginning of the catalyst bed. The temperature of the second
hydrogenation reactor was about 115°F to 123°F at the end of the catalyst bed and
about 80°F to 85°F at the beginning of the catalyst bed. The reaction products from

the second reactor were analyzed to evaiuate the performance of the dual reactor
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20 WD 2004/ 014824 PCT/ US2003/018583 The cal cul at ed
nmetal conposition on the alum na support based on the
weeopouseds used was 2.5 wt. % Cu, 0.7 wt.% Zn BemUS2023/018583
wt. % Ag. Anot her m xed solution was prepared by
di ssol ving 2.275g Cu(NO03)2.2.5H20, 1.895g Zn( NO3) 2.
6H20, 0.25g AgNO3 and 6.95¢g palladiumnitrate
systemutTi h@rre@smemof% %z!nwtechermepﬁ he prosluchcartaiingd apng MAgand 16

oEEA T8 85, THEGUBRER AL )il 0obAonscto

supé?ﬁfrﬁﬁ?ﬁirn@hcerreﬁﬂt@f tha dUbBcatalyar systeamroagmmisw df\Ni catalyst and

atom_zer over a per,jod of
thead BIoBFPaM: i ZaAg ol DABRT thergadisy DG GRAYSE in the
50C for 2 hour
Exlgﬁ'}pg?';lk%ggg Ngf ggt meta |hc‘ﬂ(_;j Iggérjr%grr?e%ts fromthe
second step spray inpregnation were deposited in a
thin layer of fronhaﬁ%f% 0.04 mmto 0.06 nm The
cal cul ated netal c ftion on 10 the final product

Aé@%ﬁ gz on the conpounds used was 2.72 wt. % Cg 48. 84
Y Z 0.15 wt.% Ag and 0.10 w.% Pd. Fift rans
Smglemme‘lts&lifﬁ mF/gcat al yst (KL6564) in the Exarﬁﬁ% 3 were

l,oaded e.first fixed bed reactor as d bed in
M IW@ érﬁtpl? I'r\ngand activated in the sane mer as
Még(},ep@@apmgg n&/%Flfty grans of the Cu-Zn-Ag clgoad yst

pr onot ed W|th 5 Pd prepared as descri bed above was
MicroaRete Area, e’ /gecond fixed reactor after mi¥ng 100

| s and acti vat 250F
C%li”gg %ours%&rﬁ%@@%‘i’g a’ W ture of 200 scgl(r?{z?nén N2

Totdl PAr@0/slanm (ecfy)N2 and then 670F for 4 hours with

fordftes ¢64Y than 443 ATadiuser®P/Pas= 098P sed of 1.9T2wt .
vinyl acetylene, 0.12 w.% ethyl acetylene and O. 14

Cumulegivie Aeppratios Roenéolume 89 wt . % 1, 3-BD, 0.08 wt. %
for_lpoafeSQ2BB 300 Agadius. % byt enes and t he bal aaneSﬁ%st ly
r

Cq neIall O{St?qel% gkaf%ogena_tlgn of acgtyl eni ¢ f
o R M S oG o S

A ??épgpeamﬁ@@emflow rate of 40 sccmmn ym4 4 the
en this experinent under 108 psig total reactor

pressure The reactor effEx¥amplg Pom this first

tr ﬁ: IJ’@ %é{i’% tl\&r t'éftﬁéé%n%\t]g)g\ étglh,? eéc@gﬁggﬂ/ theag(?%élgﬁagtﬁ system in a

seYias i®dsmonkaatdd. AINPEatdlyshwiae |Gadetinthe l‘ﬁlr$1lflxed tied reactor and a
entering the second catal ytic reaction zone.

Cy-énphe getrl¥sioprommeied; wik PaH%HHgé’ﬁﬁﬂpéﬂe‘F é%é'ﬂ% rseﬁa@d fixed bed
regggpt 120F at the end of the catal yst bed and about
to 119F at the beginning of the catal yst bed. The

t enprlteaCur £n-0Xg tbmlmmotéwmmg%@mamprermed @cc«mkmg to U.S.
se?ig?ﬁg. &91/357t401 11r%(§tgdatbotvge he %a%fe éa Giné ta ur¥1ma used lanlxampIe 4
was used to prepare the Cu-Zn-Ag catalyst promoted with Pd. The Cu-Zn-Ag-Pd
catalyst was prepared by using a two-step impregnation technique. The mixed salt
solution was prepared by dissolving 28.8g Cu(NO;),.2.5H,0, 10g Zn(NO,),. 6H,0 and
0.5g AgNO, in 285 ml deionized water. The mixed solution was poured over 300g
calcined alumina in a rotary impregnator and then dried at about 200°C by blowing

in hot air. The dried product was calcined at 450°C for 2 hours. The calculated metal
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30 about 80F to 85F at the beginning of the catalyst

bed. The reaction products from the second reactor
wowene/oatsad yzed to eval uate the performance of P¢EUM083/018583

reactor 21 WO 2004/014824 PCT/ US2003/018583 system

The recovery of 1, 3-butadiene of the product

containing O ppm VA and 16 pé)m EA was 97.8% The
compogitionian the aluming seppart based gn dhg cerpoupds ysed was 2.53 wt.%

d i .
CUSPRIILIEE g 80 ML AL SR AGEYL ol ) Bhsivin
4. ABPCUING,,)i2: 50N .78y AnND ,},06E,Ohand thé7g AgNO, in 40g water. A
pall SIS SEtoT e RBIaBaH) Pl OB soR el brida paHgRuile (42.8%
Pd%gﬁr?o%gy gq@%@gn %.%‘ﬁﬁric g%ircgs&lét?oé TR il SsiRif%ind palladium

Meso e Area, nk/g 170.2 Mcro
nitfade eolutiea, wer/ pixed tQuethieat Theecamibimedt mixed Swldtinrewas eprayed on

tne! it a5 emaf8h Piad Gt pfie el 1§t 8h o 05183 ar&iBmizer over a
peﬁ\lﬂawg _@\bb\ﬁﬂ?ﬁ'\g@gf&é Ay firediéd 8R00W faraRut A2%bur BO®lowing in

radius ) O. Cunul atj ve Desorption Pore Vol une
hot @ir. Jbeedrigd praiuct 3¢5 galeinedual) 3T ¢3lor Ahereyie #sr dMost of the

iaret er ) 0 i . .
meto B EEBinaest e e hiig oAbt Buere geposited in 2
thif Y4y Bf fldnRabset (.82 nrp t6 TG &im AlTeéd. cafcUlhtedahatay sbmpasition on

|l oaded in the first fixed bed reactor and a Cu-Zn-Al

the fipal grodugt bagrdan e RORROURHS WFPAIAS B&Aewt-‘.’/vaheb?gM-% Zn,
: | d actor 25 The Cu-Zn-Ag catal yst
Oﬁgﬁgéam%cﬁ\ﬁad: prepared according to U S.
ser iRty geam9 of 8i/sdrhé Niatatalyst(eL.6564hin SenExammpls hactre loaded

in the i e et RTEVGHesHa B SAT B e M I RE R Bty grams of
the Cu-Zn-Ag catalyst promoted with Pd as described above were loaded in the
second reactor and activated at 250°F for 3 hours by passing a mixture of 200
scem/min N, and 100 sccm/min N, and then 575°F for 3 hours with 300 sccm/min H,
The feed was the same feed used in the Example 3. The selective hydrogenation of
acetylenic impurities in the feed was carried out at 6 ml/min of hydrocarbon feed to
the first reactor and at a constant hydrogen flow rate of 40 sccm/min until the end of
this experiment under 108 psig total reactor pressure. The reactor effluent from this
first reactor was directly fed to the second reactor. But the reactor effluent was mixed
with hydrogen gas at various rates from 24 down to 6 sccm/min prior to entering to
the catalytic reaction zone of the second reactor. The temperature of the first
hydrogenation reactor was about 120°F at the end of the catalyst bed and about
76°F to 119°F at the beginning of the catalyst bed. The temperature of the second
hydrogenation reactor was about 118°F to 124°F at the end of the catalyst bed and
about 90°F to 118°F at the beginning of the catalyst bed. The reaction products from
the second reactor were analyzed to evaluate the performance of the dual reactor
system. The recovery of 1,3-butadiene of the product containing O ppm VA and 14
ppm EA was 97.5%. The result is illustrated in Figures 7 and 8 and demonstrates a
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catal yst was prepared by using a two-step inpregnation
techni que. The m xed salt solution was prepared by

waele@solaseyg 28. 8g Cu(NO3) 2. 2. 5H20, | Og Zn( NO3per/usidao18583
and 30 0.5g AgNC3 in 285 ml deionized water. The m xed
sol uti on was poured over 300g calcined alumna in a

rotary inpregnator and then dried at about 200C gﬁiy
supriswi pegformangetofdhe duah@af@msééyﬁeaug@mw\lﬁ@d ©hNijcatalysdtand Pd

o 25 AR ARG O L B g ctaystin e

Ex@ﬂnpm A cFuhe Wi lcalzypst dlome Irhﬁe@(mplecﬁs used was 2.53
.% Cu, 0.71 wt.% Zn an% FéO%Ag A m xed salt
soI uti on was prepared by Ef@RIPA ng 4. 55¢
) - i |
o 03 GRS or AN EfrTO WA, RGPy SiddaORNER were
Ioaﬂedpaae‘d(dniybe;d s=ctor indghd samg pahhadas deacntre;.t i th&fo@%ple 1B.

i d ]
This dasalvebmias BRIAIE0ah 7ot 1oros edarsy Babsindon istdeor 200
scefXEH N Ooﬁﬁ)tﬂﬁj sccﬁ‘i}’%lﬁ NIRhaeKe B XETF BP BHIUPSIWIBB00 sccm/min H,.

sprayed on first i npregnation product in the
The catalysti was ég?hm digmetes trlgpaextiudatez ethefaad was ke same feed

us%(im %Eﬁém%g u‘"lﬁéc’ s%@%ug? ﬁgd%dg?\g ?ré 8%%%é:taﬁéﬁlc %gb’ﬁtlé]s in the

fectPlvas RaFiat o3RG MYmiR ofaydidcarbdr feed\rsd atofaridi® hydrogen flow
nmetal lic conponents fromthe second step spray

ratpanef dignatOSrdaws & §8Fesm/etn @ﬁda1%P$'E|tﬁtq| awt%preﬁsarﬁ The
terﬂgg?ég%r%to]fgi}] Y &8{3% &ﬁa r{nréﬁacgc?o ﬁ@;?gg%ﬁ%ﬁ atthe end of the

ca’@WQﬁ @gd@&a@t\mdﬁaﬂmfev%eg}mﬁng diiftlﬁ)é’ ﬁmalyﬁt bed. The2@¥overy of
and 0.20 wt, %P t ns t he me N
14 wiRdjane pidbisbogntainin,d PR YA ands | 4oPE FAdHa3193i4% 1 Fhe result
s ol B Pl O R A R T TR Supetior o that
of theoRdtededi datalipst indhe és@nifded Aabove were | oaded in the
second reactor and activated at 250F for 3 hours by
passing a mxture of 200 sccninmn N2 and 100 sccninin
N2 and then 575F for 3 hours with 300 sccm min H2.
The feed was the sanme feed used in the Exanple 3. The
sel ective hydrogenation of acetylenic inpurities in
the feed was carried out at 6 m/m n of hydrocarbon
feed to 20 the first reactor and at a constant
hydrogen flow rate of 40 sccmimn until the end of
this experinent under 108 psig total reactor pressure.
The reactor effluent fromthis first reactor was
directly fed to the second reactor. But the reactor
effluent was m xed wth hydrogen gas at various rates
from24 down to 6 sccmimn prior to entering to the
catal ytic reaction zone of the second reactor. The
tenperature of the first
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25 hydrogenation reactor was about 120F at the end of

the catal yst bed and about 76F to 119F at the
wheginonisey of the catal yst bed. The tenperat ureCDiS100#018583

second hydrogenation reactor was about 118F to 124F

at the end of the catalyst bed and about 90F to 118F

at the beginning of the catal yst bed. The reaction
Thprinekrdion ¢laiomed:t he second reactor were anal yzed to

eval uate the performance of the dual reactor 30

system The recovery of 1, 3-butadi ene of the product

conyai AR shdielfoviitiadetylenrRyBompavirisTrorh Hydovarbon streams,
result is illustrated I n Figures and 8 and

corwising Fapigstiag siregencuw 81ydrecadpnuisash spotainigg acetylenic
cof RS AEH AR ESp e o 53 Bhaod il kel uncer

hydrigaingtion comditiosd tooselettvely thyarquainateliaupetimsedf said acetylenic
catalyst in the Exanple 1A or the N catalyst alone
COMPOURESExanpl e 3. Exanple 6 Fifty grans of a Ni
catalyst (70 wt.% N ; KL65271) obtained fromCRl were
5 loaded in a fixed bed reactor in the sane manner as
des & i TrezlproceshacEredipd to tlaBn 1 Wheraimsaildygnsulfided metallic nickel

tivated. at 250F for 3 houtrs assin m xture of
ot 1 i itp rae s ML R, BY aPRBRUIE PeBettoor for
5 hours with 300 sccmimin H2. The catalyst was 1.2 mm
di ameter trilope extrudate. The feed was the sane feed
used. i Aprdeeseternrpmeoval ofgeetdeniecompounda ffogehdrpearben streams
acetvlenic inpurities in the 10 feed was carried out
CORPTE/ mi n of hydr ocarbon feed and at various

hy diceggfttihgahydratam ol febdaonidiindoavirst coBoesatidmohacetylenic
and 108 psig total reactor pressure. The tenperature

cogtpaundsiangrdgentawith A firesatay steomprising auprortest unsitfigad metallic
: end. of a d:.and -

G it oS e HooB T 88 S8E Gl Ronaions o

terhp@rdiuteadne peegsune @od hyandgemcomncahtabion\favenity the ipyhrogenation
EA wies_93.4% The result 15 is illustrated in Figures

of goghylenie COMpOURdE @M% mnce of this catalyst is superior

tot i . .
o2 HRSmes I AR GRS kgt b ik recetyenl

coohpnunels: lower thar said disstfapncesatratiomg acet yl eni ¢
conmpounds from hydrocarbon streans, conprising
contacti ng hydrogen and a hydrocarbon feed contai ni ng

acety| PRé GroceysPRibdAginYitd BlaAmCRivilkbysih sarMansufidet metallic nickel
supported unsul fided netal lic nickel under
catalyst is modified with metals of Mo, Re, Bi or mixtures thereof.

5. The process according to claim 3 wherein a second catalyst which is
selective for hydrogenation of acetylenic compounds is positioned in said reaction

zone after said first catalyst.

6. The process according to claim 5 wherein said second catalyst comprises
supported unsulfided metallic Ni.
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hydr ogenati on conditions to selectively hydrogenate a

portion of said acetylenic conpounds. 2. The process
wa@emendiseyg to claiml1l wherein said unsul fided Per/Eb1008018583

nickel catalyst is nodified with netals of M, Re, Bi

or m xtures thereof. 3. A process for renoval of

acetyl eni ¢ conpounds from hydrocarbon streans

conpr |Tsherwocesmaamrdm te digior ®whetsin sa@eaec@@dt@taiyﬁgsoanpnses

o3 SORERR kB RS i FERREBET, 398 o micures

thatesgll fided netallic nickel in the presence of
hydrogen in a reaction zone under conditions of
tenperature and pressure and hydrogen concentration

faveriig Ligeny gﬁgﬁ'ﬁﬁ@‘d oo@amg V\ﬁ'%?élﬁ s%ﬂi §e&%ﬁ%‘f§‘lg§t gomprises

and "t ecovVering sai rocar aving a secon
Pacloasentatatyisbn of acetyl enic conpounds | ower than said

first concentration. 4. The process according to claim

3 wherein said unsul fided netallic nickel catalyst is

modigf g @‘o'bgﬁg%[:@érﬂlﬁ to'\@amBS whereif IEsaﬂ?l $dYrRicatalyst comprises

t hereof . e process according to claim3 wheréin a

Cwsbasetticatalyst.yst which is selective for hydrogenation
of acetyl enic conpounds is positioned in said reaction
zone after said first catalyst. 6. The process

accoipdimhg greceshdBordinges BlaimBaliKerefradld seadrid dé?ctalyst comprises
conprises supported unsulfided netallic N.

a sivencomyepenPCT/ US2003/ 018583 7. The process accor d| ng
to claim6 wherein said second catal yst conprises
unsul fided metallic nickel catalyst nodified with

met al1s Te ﬂfbce&acd@rdmg tﬁbbdimraaﬁhelbh%ai@éeccﬂld d'eitalyst comprises
P(gr ocess according to claim5 wherein said secon

art Bd yped Qibﬁbﬁr%lé% Vllbmqsal§@!1dc%ttlaa§ﬁ§w0 @etdﬁaelspt?@é‘w Ag, Zn
or i cor ¢ ding to claim5 wherein said second cat al yst

conprises Cu-based catalyst. 10. The process

according to claim8 vvher e| n sai d second cat al yst

OO i B o RS e el 255 gaivt comprises
copPBPchEflYst containing at Ieast one Group VIII metal component, a Ag, Au
component or mixtures thereof on an alumina support comprising at least one of the
properties of average pore diameter larger than 200A or apparent bulk density of less
than about 0.7Og/cm3.

13. The process according to claim 12 wherein said second catalyst

comprises copper, zinc, silver promoted with Pd.

14. The process according to claim 3 comprising a first reaction zone
containing said first catalyst and a second reaction zone containing a second catalyst

which is selective for hydrogenation of acetylenic compounds.

15. The process according to claim 14 wherein said second catalyst
comprises supported unsulfided metallic Ni.
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Pd or Pd and other G oup VIIl netals and at |east two

nmetals selected fromAg, Zn or Bi. 12. The process
wa@emendiseyg to claim9 wherein said second cat ab@gBUS2003/018583

conprises copper catalyst containing at |east one

Goup VIII netal conponent, a Ag, Au conponent or

m xtures thereof on an alum na support conprising

I ea% ombeopradess acasding s clFimaddr wherqinraidi %ﬁﬁﬂn&' catalyst

h I
col RERSSubAMAE8Y Bl 150l BBl o885 ik FRAIESF o, Ro. Bior
mielisthéreofher ei n sai d second catal yst conprises

copper, zinc, silver pronmoted with Pd. 14. The process
according to claim3 conpri sing a first reaction zone

conjai mT?‘l ﬁ%@es“s' éééorﬁgfgz‘ %( Stflalﬁ'f‘q4amﬁ1%9éiﬂdsélﬁa§éédi‘la catalyst

zone cton I Ng a secon which 1s selec

compriséy Bddgsseat catalyst. acetyl eni ¢ conpounds. 15. The
process according to claim 14 wherein said second

cat al yst conprises supported unsulfided netallic Ni.

Y6 2§94/ gil&f’e%é BEdSHPAP 83/ $ifP33 whereihhgailr 8665R1 catalyst
clai

accor d| ng t m 14 whérein said second catal yst
compnipes Seisbasexlicatatystt netal | i ¢ nickel catal yst nodified

with netals of Mo, Re, Bi or mxtures thereof. 17.

The process according to claim 14 wherein said second

cat abystrhet phtddsseactstdis esl diagipl vstwhek8in $hid pecoes atalyst
according to claim 14 wherein said second catal yst

commpesgalveucga@@aeabt alyst. 19. The process according
to claim 17 wherein said second catal yst conprises a
silver component. 20. The process according to claim

17 eper giHe processeacoordiey dbydaim cimwherein saigolsdcond catalyst
conponent. 21. The process according to claim17
coppsises @ GQlfl FOSRBIN T at al yst conprises Pd or Pd and

other G oup VIIl netals and at |east two netals
selected fromAg, Zn or Bi. 22. The process according
to @1ai MHe pﬁbeess racsald[hgséoocidlmatblvﬁmrelmem |seeend catalyst

co‘ﬁﬂﬁg%gﬁﬁbké cf gthe t a| roug \?I I s aR t%asuc Rwd metaIs selected
from Ag, Zn or Bi.

22. The process according to claim 18 wherein said second catalyst
comprises copper catalyst containing at least one Group VIII metal component, a
Ag, Au component or mixtures thereof on an alumina support comprising at least one
of the properties of average pore diameter larger than 200A or apparent bulk density
of less than about 0.709/cm3.

23. The process according to claim 22 wherein said second catalyst

comprises copper, zinc, and silver promoted with Pd.

24. The process according to claim 14 wherein conditions of temperature
and pressure and hydrogen concentration favoring the hydrogenation of acetylenic

compounds are separately adjusted for each reaction zone.
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Ag, Au conponent or mxtures thereof on an al um na

support conprising at | east one of the properties of
warenags2pore di aneter |arger than 200A or appBCENE2003/018583

bul k density of |ess than about 0.70g/cnB. 23. The

process according to claim?22 wherein said second

catal yst _ conprises copper, zinc, and silver pronoted

wi t B5Pd. The. pisesprascertinade sdldima wheeeini said shyshiesarpan feed

ndi : r r .
cofiehbpBRigle S STBFRRL HReo Ml B EREHRgR AR R § Ao tne
rediGRONSSs a €hes RRfeadfelytoatlfafst.ed for each reaction

zone. 27 WD 2004/ 014824 PCT/ US2003/ 018583 25. The

process according to claim3 wherein said hydrocarbon

f eedgComiheiRBcoul Aldrifgad GIANPINERIRIR Whsiided Ni catalyst is

conpounds a e tenperdture in the reaction zone is
present lod thengepmpdrt 70 anwouit®fn eX6esT o tatoresessanc fordhagselective

to clajm3 wherein the unsulfided Ni catalyst is
hyﬁ?é@@ﬁboBﬂ the support in amounts in excess of that

necessary for the selective hydrogenation. 27. The

process according to claim 12 wherein the surface area ]
of 2% d Thepprocess aicgeksting:to clain 12owherein tixs surface area of said

support is greater than 40 m2/g.
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