10

15

20

25

30

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

hydragenstiany of agetyeBigrampepngs NuRli yeEogenatiopLcaalysisene,
pro Ijl@?lglﬁcélﬂ ity S‘é’cSIIyteiggﬂld ioﬁ“&ﬁac%?;leg%c compounds rises

1, 3-but a and i sop sel ectivit
fraratthe yact that thfet lydrégendtordeust bé warred acttiorthé presence of a large

oSS o NGNS S B, S RS e LordBHs S0 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)

o5 BB LS, ML oS 30 B ben o o

ach\Yéilfcﬂﬂﬁ@ai d@@géﬁat@ﬁéf}/é@‘:ﬂen@mpndad@euduﬂeflma‘ Ath@moup VIl
drogenation of ol efinic conpounds d

nohfﬁjr@@h&ﬁt%ﬁtéfa%é‘{'ﬁ%ﬁ%" QV%oﬁﬁ}@fﬁﬁﬁg% ¢atalytic activities for

e 1 e bR IR oA LIS, BT [t o 2

cai}:ﬁystHhethméeiea:tivety\mmbmydrd)mrmtlos af anpty@enla: ocomppuads because of
olefin l.ated te

ovendstedariatbi sEalsEc cyapSyimdurino Byddafeitt of speetylenic
coH@F@H@%th doubl e bond is nuch nore difficult for the
ctive 15 hydrogenation. In the study on the

hydrTMﬁmubmobhydiogemwn aeeiylaniagrouplia genoleghig depends on
di me

thq!,qp @éboj t%‘pleg})qr&ﬁgpﬁé% Cﬂgi}lﬁg vﬁlﬁetgp g}e f|§l Xﬁfu@atlon or an

ol&RfF§RAD! r)Qn sRlAel 'tél’frﬁMal ﬁlp@ﬁ&ﬁ@@ efdiesieldeledtivelythydrogenate.
Frerdlin et al. Akad. Nauk SSSR 152 (6% 1383,
ngagatedﬂapteeaoquylth ﬁ@ulgled@nd i puighaenogendifficult for the selective

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

thpRIaG UAPTRIBNG TIPSR T RBR ST, beKfoFgeidiin ot al.

D! ﬂR%éi Vﬁaﬁ@$§$ﬁ§& @R g*@éS ! TQd%/ FHM@@%‘&\P e bradrny Ipalladium

acetylene In se (‘Catal yt'ic Hydrogenation
bladerplétimlm IthnNWthﬂlsﬁbblthiaRan&y nR;Heb?rRmey polyag{ for the terminal

demic P 67 t | 00%
aCoPRRS | T FAIAGIThe SISTREEENSY | RGKER: @I lack>Raney
odt g]ﬂgHFddluﬁw%dﬂ%PMtéfhéi‘éﬂet}ﬂéﬁ@é Yl efuth dhbariaf sulgheistreported

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

on b riu I
Riafup SRR BB oRiieiavaels B mall: woitfer p7s,
Aéw&rﬁ.gq%tssomg@?) apaidice aaslysaadhook cﬁm@marofumhyl acetylene

Catal ysts, pp. 105-138,
indicates that the product from Raney nickel catalyst contains only 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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30 Howard F. Rase, CRC Press, 2000). The nost
preferred catalysts in conmercial application of
w@edoeo1482€ hydrogenati on of acetylenes are PCT/US2003/018583
pal | adi um based catal ysts 2 WD 2004/ 014824
PCT/ US2003/ 018583 such as Pd, Pd/Pb, Pd/Ag or Pd/Au on
a support such as al um na and the copper catalyst on
sughsasgpdr PdRls P A g airifd/Ad.onPa stapart\ssich agralugmiea aodithe copper

oo ST A By BT o TR B BB Pl bt Ao ot
bevaliaé of High wstivity dhe sbpposedlytsupierier Ee@@t‘mty:‘tdjmbeﬁed with other
t hat pal |l adi um catal ysts have the highest 5

mefel eatelysts.y for the sel ectlve hydr ogenati on of

?85:1 iEovvl ng | er se Wp%lam Ckg?&j{}?ép?@?thehlghest

setautivity &bl thebi se‘rectwet IWCLregsnatldm cbfaanetylpaéis adiang Group VIl metals.
SR B0 Ay S S s
catd gét)é' e[y ?aét”BHflé 1 cétéil;@fé a"i‘éechél ce o‘FgégD’burrent commercial

tylene and net acety ene In the cru but adi ene
precessasgontie seladttved?.ydmgena‘mtn of acetylemic impwitest (sidybaeetylene,

eyl I si et RAERFhnln b Publs iR EPR Mol a g ude c,

o|éms1pé%gsses for producing 1,3- butadiene is
co- production of various olefins by steam cracking of
pet rloB-dHtadienads apinsporfant rawuartenpkionpodustioe aivarems @plymers

SERERTLFIR o SERNIRL e DRI R o 15

butedienti isety-proguttione oiitvadons relefimg Dys etdant ccrbbling of petroleum
1, 3- but_adi ene recovery_ unit mhere sol vent extractlve
fragtionsy |The dwude mied (& sbigarkiiEom, 8. slaaiui @reker g selectively

h t
gl JIRITE R Ao O SN, SR Socivoly
hydrggerte&edvsetraamﬂs 1seh biot Hai erﬁebu’sadie@llrgcojmy mtlﬂ where solvent
oS BT D 55 L bifopyh R25o80% componets
inRhe %Iﬁédl Qﬂeam"'ediﬁmfété @emeaI"tﬁSC}eﬁéé‘tWeﬁﬁi d:d’mbﬁiﬁ’ﬁ’&ssinbthé stream

to COHD et el y renove acet S Ih crude m xe
with h@arrscweryexf dci-butadigr ksgegidy desiratle Mmdtme the productlon cost

o] GaaH e At broudee aratmdncalae b e H5F pfyBéE pappuction.

HérgxB RN Sit %%sofééﬁﬂﬁ:%llyllﬁhpbtsglble)”tcﬁ@btrmﬁaté rePRO\RE O, Vletylenes in
catalysts is highly desirable to 25 produce prem um

crydamixgd streamsticselaetive hyssagepationyitioyanungcaeptably high loss
ofrT]l Byl eﬁﬁércljé)&uel OngVéagH& g?ﬂg léW?for Sﬁéq %(gl ¥dﬁ?&8ﬂ%'%mproved
mbxp&nw@atow?.swﬂa %Wat:ty\}eean@ 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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conmpounds are highly active. However, their |evel of

selectivity does not allow conplete renoval of C4
waeeuplesnes Wt hout an unacceptabl e hi gh | oss PET/LSB0BO18583

but adi ene due to over hydrogenation. Another inherent

probl em of pal |l adi um based catalysts is the |oss and

m gration of palladiumdue to the formation of sol uble
corpleX anpoodd by4Be 4e@crusbBdHtonBssBtnesipkist surpes with vinyl

b he. ' f. . Pd. ) . . .
ao e 55 RSB s Ko Bk B RS 6L R, Siver
an@lqokij Ral/BHdRIFESEE € Phininiké AHé qbémaﬁFaua%jidJmeand aeduce catalytic

gol d have been used to mninize the | oss of palladium

polymerization ©f egetiignic compeupdss iPadedivm-based salalysts are disclosed

n GRS L B9 OB oo e s 05 gofthd 7o
e AR e meros
ang rﬂpaThtﬁ'a@i@nedndnixeé-qi@féraaip@ry% ﬁ%ﬁﬁl@&n@% %fareap 6%5] 'cE‘(i and Pd

catsc\ys?g‘”s by using supported Pt and Pd catalysts. The
copper - based catalyst is very selective so that the

r ecGher yopderdysBedboatatistie viery setdutivei scethait thearacogery of 1,3-

o e e S B AR R B R rowever
sin%%rm@rﬁéﬁ\)ﬂgtd’f gtbﬁ%kmyétéfi@%ﬂﬁw ¥8iriparéd Wathdgalladium-based

vol une o ataly and 1arge reactor are required. The
catalysiera largeavglsmecolkeatalyst gud daige weetdrrarguequired. The copper

oaleliS] RS i aBisb g Bt reddorbTAET B Ye, g3l s necessary.
Such8flystadrddiSibs8a M U9 §atents B, 4406058 EI9BA) ane 40840806 (1985).

it was found that the selective h%drogenatl on of C3

and In e @mesepiveseaishdt wasiovnddratithe selectivehydreganalin of C; and

t . i 94 - .

.M LRy APRRTA AT e ot Fallpdfedbmmercia
Pd @P«tdb)Ag (Ol Not.eesetalyendedrbases ab sioe hptedebgtioh temperature
NGRS 9 eliasty FRANBISh A EndNGHFE) F-n i IHERC@NESS selective
RN o R E8RienapecEh HAPD] iy Riled Dldeam
Cheonbi ng.dJagpfaing 8t , pf 176 riP9BYWT ks seemingbwsmggbet(@dors's aftributed
o B sl SRR AN o EPE D18 R ol Bl setctve
hyBFodeh¥ion i ggﬁﬁr;ﬂ{dsé?hi_gﬁ@ﬂhyc%géh%bmmit;dgﬁﬁ@d_@@@str@ém at lower

adsor ption acetyl enic conpounds on p adi um
tempefatoee,iand tempargtuse dependeaney oadspsplion ef agrtylenic compounds

l'igpi d and ¥ talyst T C t fre :
on Sk 6010 e PEchBpSTRMRLA B g anc o
catdgst2Fhe oaethivatidhy o narogén mrtheadigeidqfhadeds Marsiisfluential on the

conpounds than the effect of activatiagn o
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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energy. According to R S. Mann et al. (Can. J. Chem

46, p. 623, 1968), N and Ni-Cu alloy catalysts are
w@bdoao148ze for nethyl 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

acqienpaiz-iptHhT- CRO IR YBRd OISy gy grogenate to 1.3

buéﬁ@dﬁr\cﬁsog@{é 8y ubihg thye O¥lial pRAaHYINSfcl&d @r cobalt catalysts. But
met hyl - ut e - ne are difficult to selectively

themajladgm satalyss sy Psoﬂ@@pa@a@wﬂ&ﬁdw@é@ freptedyyitly m%ury acetate
or cobalt catalyst But
is L[%’?i“'ﬁf’ﬁgd%%h@g% gﬂ/ggé'g%@port ed on cal ci umyia?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 arg .
hydererpation tcrféaawlqmp u@péml@%t'nv@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 afj supariordpathecka b’ﬂd}@f‘ b%egn%ﬁ‘}ﬁb’ﬁﬁe(ﬁ‘“df%r‘iﬁt@ﬁts are
disfisE RUSLPEIG S 490490 FRADSD BITERE 0TS ¢
e e
coniprisn)iar at learpma e lmeiehseIBRg ot kh P Nigag o group,
an?eagézés?gngrrﬁgﬂ Fﬁ‘?r Aul tCE’é’I SCQ' ar@"F’b gl%aﬂf @Pﬁelecﬁ\l‘@h@drogenatlon of

one neta Pb group f
acetferdt hyerdopdvayeand dmefols |natbeto}¢fefn<|: mlﬂ}ama)tpamangaleﬁns 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

oo I Mt e POpElv Pl Ao E el i out i
thé YSHe88REE Iof Csulfug dHdehitradeny cempouad ubbtain acceptable improved
selectivity. However, the patent does not suggest the selective hydrogenation of C,4
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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the presence of sulfur and nitrogen conpound to obtain

acceptabl e i nproved 25 selectivity. However, the
w@adoeni4sepes not suggest the sel ective hydr ogePelt/Us2008618583

C4 acetylenes in mxed butadiene streans in the

absence of sulfur with the activated Ni netal

catalyst. U S. Patent No. 3,793,388 (1974) discl osed
12Dh‘ed§@h@f@f pod aijensb@anAgistrase aremding iskeli gongeriramihe catalyst
s B4R 0.8 10 3500 355 5y BodteEler SAIObY S SRE Bl pree

as WSI’EBE 920 (18Y0)idistiefedepussfuheatalyst far sél@&ﬁ‘ve Eydlﬁﬁgenatlon of
2004/ 014824 PCT/ US2003/ 018583 120 A dia

acetylanic byﬁmcgr%qnsr wcan gledin. mikhreRUSRES ¢y ?Z}Wad}ﬁn? [séream. The
caFrfﬂ)%sglle fh;e lelﬁ?el orOMoRR LD %a'ié?yﬁ%?bo@e&‘%npagéa@% A weight of

otal” al um na 'surface” are
thé ¢OpIr adinspd rees dmalhel safahyst eaceddssthefveeighktedfdditinddhe weight of the

coltHERegh i wien Sl oahiSiaPoaane T ol el h mice
oxide foh@ g'ﬁrbﬁéreﬁf b%%lﬁ@%oﬁfxtﬁfﬂ 8t ¥xites WRBEHEE ma Batalyst is

carrier. he wei g he copper corrponent on the
acﬁmtatiyby reﬂuee@sthewéemeegature)ffrqm Y th&0ReCgmithoa hydrogen-

oo, ThaISBRRSH 8 L el R AL S bt oot

259% preﬁ httbf thalaetine Rtetal conspofientsf T rel@siniig SS@entabfeds in the
cataly activated by reducing the tenperature

fon @Mh@o omie@o@'bevﬁdwtueHW@@@?ﬁtl%lﬁt%arﬁe% QUy i gagpbase at a

BRI 10, 07BN A R P BBE e ot

houestponent s. The remai ni ng percent age isinthe form

of their oxide The sel ectiye enat | on

oar 1-SuPatant thy 4pdSs (e ghsdos qdé@@?e{hﬁr@erq%?&yﬁbwwﬂed on
alnita fF fy@Renatoh'SP sochIEu baiblemic pmpauiad Pmonoolefinic
cobupaunhel. daead:ty'g sapppbed etckel amEnataJmmhlaaf borohydride compound

hydr ogenat of acetylenic and diolefinic conpounds
ac{% gg@l @# ¥$tc conpound. Reacting supported nickel

ar SEU‘Qt ?awﬁtm g3Po00hydse s@l@ﬁ@@wﬂéjgr&@se‘f@ﬁ @%wb]%@ep selective
catal ys U.S. patent 4,831, 200 (1989) disclosed

hygdregrnationoef acetylenia isppwitiesdni arede thyptadiges stream. the acetylenic

GBI BB B B IS LA el bacoq

cabgyéti aidcosuadingersit ach3z7Theamnlthedi the b@ﬁ\%ﬁhiﬁgt implatties are
disclosed in U S. 4,533,779 and then the renmmain

hydFeaRNatea N HIscomRalrbaserkatalis| WSEIRESH i bies - BAISBLS 4,493,006 and
4 580 3b¥Hisdlsithtodel N U S. patents 4,493,906 and

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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4,440, 956 di scussed above. The present process has as
an advantage of a greater selectivity for the 25
wo 20meads2of acetyl eni ¢ conpounds from hydr ocar BORUS2003/018583
streans with higher yields of the desired olefinic
conpounds In particular, the present process provides
her yield of 1,3-butadiene of higher purity from
otrmr a0tagas andréeatures of the paesend dnegntional! esopte eprarent from

that it enploys an inexpensive and
th‘?@ é,gg FS;'B‘? catal yst at key points in the

process which leads to a further advantage that other
30 sul fur or hea\c/é/lérret al sensitive catalysts such as

t he pal | adi um an M}B%RYQEJ&"E &VEW;@ may al so be

TN RS U s FEANSTRg on mncs

froma \rgir@egrbon retrdamas ucawmpasing rrmrﬂaetmmhydnmgent awah anvhidirocarbon

strg%mewa ﬁéﬁ%:te, ﬁé}%ﬁﬁ%@ﬁgﬁq nqg 58 ag\?ql;gc%)r%pnsmg a supported

unsOieRY! I‘Pl@télﬁc |<fkre13‘2;%§a‘1 §t°unde§'”WdrB§eﬁ§tﬁ5rV k8RdiGions to selectively

corrpoun S rom y rocar bon streans, COI’TprI Si ng
hydogeneaté agndnlycm ofgaid aceiyenioahnopeitids [neaddigi@mto unsulfided nickel

31 -G8 BB G TRBI IR At 4R pgpuinaedricka

métal abiplisas @S nizysh eraeaof ¢ ﬁ@féllddnmér@s BAltRe tsuppbit.

hydr ogenate a portion of said acet%ﬁiem c conpounds. In

addition to IEF PESERIPIK@N ORektti RRAVINGS yst may
ﬁggtﬁé aégg & C[ﬁ%o?‘n@%’rﬁ@% ﬁﬁ@g%?{%ﬁeds l?’? for \ﬂﬁ}ll acetylene removal.

por tHign24ed afchemmhﬁi»arlr@mﬁplbs 1¢>narﬁd1 ¢B§®Irp$thyl acdbtbh& removal.
DESCRI PTI ON OF THE DRAW NGS F

compd®i Bgs Belt @%mpaﬂngﬁda@pée?f oA qnqwélfora\ﬂ@t“ﬁ‘?@itbéene removal.
r e I
L8141 B e AR 1B gk Ahemova,
con‘pFagj 6gs E»«ahqrt esmpAring dExammes \'ilemd 4 faretiyyl eau:etylene removal.

na Foe8 5 cherhaomaing ERgbletoyBia 4r sREBeESehe temoval.

Charmgcorr&aé 'cﬁartl:smm*.ﬁ.nﬁ acetly I@né%rﬁdv@b’formw |8 e
r emoval Fi g. IS a chart conparl ng Exanpl es and 4

for Felghy‘BI |sac@1qrt eln@ngr&ibﬂlacetﬁE@e regmpyalgor Example 5.

L e e

5- F2§. Hiods adchdit %@ngtetﬁijlcwelts@ewe Pthodgleby ERagple 6.
renmoval for Exanple 6. B 10 is _a chart show ng

et hyl acetyl ene rerrﬁ\Eéer—E PRSHRIBTEON

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
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DETAI LED DESCRI PTION It has been found during the

devel opnent of the present invention that unsulfided
woe@kelaseat al ysts surprisingly have hi gher sel BCt/U$1003/018583

than pall adium catalyst 25 for acetyl enic conpounds.

In addition, unsulfided nickel catalysts have other

hi ghl y deS|rabIe properties for the selective

dISOdeerﬁgis’ﬁh@t thennickelemseskeatalyatin unskifisied o is parpristmobyhe more

for b e; n
orh 151 3l YpBERALELRRe B By A AR K T 7o vy
acetyidrid)sthyliseksfiéms, athstikesand wwlﬂsem@ma@y over hydrogenation
sel ective hydrogenatjon. The sel ective genatl aon
ofidienrs peehnes b§grpa§§ieﬁ@ thae the meéucwm% gifevaredzpalladium-

ba§bH Q:lfe\f'algﬁg at ?’étlﬂnf)ogte fn gf’fﬁezét'ﬁ@e ?ﬁetgH'iUh'ld?Je? P%?é@%&ta r}gst must not

I'ng on the nature o
bet ;inesulﬁudedtonmrxbémtdreemccpxrmsko the selastive WyRirpgeaatid&Pdbtain the
PCT/ US2003/ 018583 di scover d t hat ni ckel
SupSTaN PeriofmATs Jaesadr Br g ONoL At | &ithgI JokaDangR coatalyst s

prEbdifged ¥eud inthiepeRERES bf’ﬁjl\hu}‘ 96%@0%5 Qﬁe 98lective hydrogenation
! et hyl

acety entc rnpurities 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

ori o pftrh{{f Rt Fiaco STHANRARY GRPALERel aldits are quie

diﬂﬁér@ﬁtll Thé gshlladiursédisied ctéitalystseammrmref 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:cirﬁentmualﬂdybémdwcbtalyst 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

pat@disie e ccappes) ped. CH@ﬁéKré'ﬂC Sdlﬁ@r- paladiymg &gntaiging) catalysts are
t t

el@ﬁﬁ%ﬁfﬁ tﬂ%g@get K géta@g& ré!ééﬁbnoé’cﬁaen Rfélo dﬁrtl%lfconversmn

Oftdlfét}ﬂélﬁ@mpmm@ gspwawmwﬁaaﬁylen& is anathestobjsuliee odthe first

cas"cél%cl; ?éactlrc])%dzro%geetgarteldage t?enldc;ss and migration of palladium metal and the
rate of the build-up of 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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20 The poisoning effects of organic sul fur conpounds,
such as nercaptans and heavy netals such as

wo@e@anosseer curi ¢ conpounds for the catal ysts, BCUDOSHS3/018583
pal | adi um copper and copper-zinc-silver-pall adi um
containing catalysts are elimnated in the first
unsul fided Ni catalytic reaction zone. Al so parti al

present enshersupporiaineayiotints: irc exgrasndk thas esesaanyyfoy theg selective

nygBaTos s BBng Hsorieco s ficke| s defipfted with the suifur
or éThGF Wipblﬁrﬂle%f TR UridifliedTetiabrefetblyhgsed intet arhotiieof at least 5%,
-up of poi sonous carbonaceous materials on the

preff@na@lwgt deast 10%, @@r@oﬂtafhfﬁﬂlt"lﬁdr tprctheaseiectve @é(@fqg(%‘at'on in

oo IS EBESo D 5 Lo 20 E0RRE D93l gt
or édsmaérl-tié?dedmalyiat prstebbed ase thulit &ilds; faster sebactive hydmgenation

prolongs the cycle tine of the copper-based catal yst
redon e ST 1440VaTY Ohe et AP BREISHER BsdnyPIagis, diolefins

or Bgt‘ﬁ ch’ Hbe(yﬁ%’gé}l\ a‘?ﬂtlabgéré %ﬁtalg/%f‘@yélé ’Elﬁie orcﬁr@icéttlrﬁe or both.

reac |on z S ’sacri a qguar
unsid thegedsdiit prad:eﬁs;the 04sacetyWD|<2manrﬁlB$8|2a mlxed crude butadiene

strgg%%rgzrg%%@gét%gﬁ%g aﬁ"{}%ﬁ%ﬁ% AR 3§)éfpgﬁ ppgg)rl]neadﬁ'ag ra]tcx%ty'lenes (for
ex%l%ﬂfé’@é%%%éﬁ B0 d?H%'Aaérchm BFn’fE’A) 588 ebfive MRIregrdtlontWith high

contam nated with the sulfur “or other inpurities.
recﬁverwnf,m 3-butatione iis tbnsemeeaimry wiiel makes themeparaion of 1,3-

oufiiris o e eSLaieEle Kyl BRIGERARLN n ' quest i on.

The Thd\@iaigsesarefplated ir oNEBF memlyﬁ@ﬁewﬂlbh@rmes which are
conventi onal loal 'adium 5 or copper-based catal yst

paprefcary ehysical gavicess bhasxamples of seicBcdevjees, in which chemical
re%ﬁgpg%%g%%?@gpé ﬁﬂfe% i8R JcBhE arl! eér éﬁ%l Oﬁ\'b%hé%fonts'?ﬁ fixed bed

S suc as noro-ole
redxibh, distilatios Mdmmctc&nd;ol\mngaxtraatlm yisstillafioh ecolime reactor,

boﬁ%gf@ﬁ%}r&gc{%nﬁlp?[% b l,’q@cg)nrn}q?)g/ %rh()e%g atgﬁr ocggf?émg%egreactor
ﬂuﬁu‘iir%oaf@agi@%ﬂ@a W%}&t ghy 1196 lik® | ess than 30 ppm

acetylenes (for 10 exanple, less than 20
p p mTVi amtidaticn pithe EApulfiged dli-based catajyst sanded out alitemperature

i GiHose RERES A Edp 2pabH AIOEHudbr e BRI S oen prpssure o

ab%hi(eéo Pl ﬁﬁ!?o@bﬂﬁiréés@@%ﬁh fa0efo 40heurait al ysts are
aced in one or nore catalytic reaction zones,

ar e Wpenta amgiamyaqalw@. reactiorvppeds UshE, aramsulfidest mcEel based
cafagygqﬁs? §\rﬁ' F@ﬁr%é%ﬂpcﬂ}gméfegdnvgltﬁﬁ HF@C%%&F‘% ﬂ)r%rqg entering

conbl na
th@fcatamﬂﬁrés@ﬁohemie%r inttogltd as itive cetdmmwremaon oone at multiple

possﬁllo\a?snatloﬁé( Ecl'{eagetltla\lly%c%g(t:tllolnl gcgrlleon column reactor,

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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boi ling point reactor, trickle bed reactor, noving bed

reactor, ebulating bed reactor, fluidized reactor,
wa@rionnes24 ank reactor, and the |ike. The acti vee€T/082003/018583

the unsul fided Ni-based catalyst is carried out at

tenperature 20 in a range of about 250F to about

1000F under the anbi ent hydrogen pressure to about

feedrigrsd emjeingjthe patabdioreadtion zonasuer addemHiaibereatalyie reaction

a si | talyti. L i

o et Ko B2 oa0 Ee S e o
Wdﬂ'ﬂﬁ%@zlé&ivérm@ambhfbf%tmﬂb lkemporeds geinerates heat in the
entering the catalytic reaction zone or, introduced to

ca‘méI icraaetign zenesgstltiog in bakspats pLAR UpAesiralbly gpsven tangperature
t h al vt - . .
el I et oo AR, o THR fped 1 bdRadd Mifbugn catalytic

reatiionl Zondes) in gaslphlasbalidd phtisd vs b mixe@phpsembyead and liquid. The
Cu- Zn- Ag catal yst and optionally a copper.-.. baseg .

terpperatyeofisglagdiua hydiogepatien reactippdy ﬁ}%ﬁ@w'? KiaGligh 2pRes Is one

of #‘gas Hidst %ﬂgﬂ?ﬁi‘ﬁb‘c@% riabfls?! Yhé naiRafsdrRioRq8 ehat thelpresent

enteri e secon cata yt| C reaction zone
precessesad tA6 unsulfided & id thedowardempiergtunésusad fioagaygiven reaction
or one or both

cofiheied & theRroFs s g alhes BRI I OAirn S flbdithure in the
calliRH readtidh LBnBYSliPS 26RGS of a¥EURSTH 148G 420°F, preferably from
PCT/ US2003/ 018583 teed prior to enteri ng the catal ytic
e

abouh &5 briozabest 380 udRt the teveperatuneyisi detesminadohy the specific

t th [t i ti | LCe
achBAGRe oGS HhEb8. REBiboRIRsG, BRSIdEsn Bl borns 1o be
re@SRIryd ayitslySBRRUINE, 8RA tHaihmdedgihysital pleaseaftthb Wilwcarbons

reacti on zones resulting in hot spots or an

in arepesificaeatalytiasoastiareapee dr o e gz 6 Gecefyleng in mixed C, or Cq
oG oEaERFE AT, HE SR HERA BgHUn 2 rne

of ffons elbout 850 ;t@@b}mmaseoaf. Basthend, laicatylehic Tbmpounds in a mixed
tenperature of selective, hydrogenatpon reagti in
bUSIBNG Ereame R EEIPTRNES S 1 BgABGS Of rOMEANGL DS, s gt Forthe
C%%ﬁ&@?&nic‘! atdrARb&sds Thea 'Fﬁlx%ddCStdfjiBi%tﬁnRP_Hy_ardd‘é%or‘ié‘%tream, the
resent process using the unsdl fided Ni “is the | ower
tetnperetusd isrie a rasgel of frtomaahouyib0&n to abewti 3H0°Fc hopheeder acetylenic

e BSRRpaliS TN B ehAVIED a1 APV L ek age ton T Coutnprperature

is rPA98n&d ofRBHT 58It 6P FaB@bout4065F.preferably from
about 55F to about 380F. But the tenperature is

det &rhe srlective hydsogeration ever freupsfided boaplaiustsdiseloped in this
._hydr ogenat.e he di,en j : o
0 Bt B BB o ey rangoof 50
to PAYSHIC aBoThaatoref pidierabydfepardiang 70M ta $PeHE ffoc C, acetylenic

catal ytic reaction zone. For the C2 or a_%et { ene in
compaidsin grudedutadiene stream. To obtain relatively uniform temperature 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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15 ol efinic hydrocarbons, the tenperature for the

sel ective hydrogenation is in a range of from about
wGaB4po182bout 380F. For the C4 acetyl eni ¢ conpPCRtisS20031018583

a m xed butadiene stream the tenperature is in a

range of from about 55F to 180F. For the C5

acetyl eni c conpounds in a mxed C5 diolefinic -
compaundarib ding innoneingnfeet streasmipée atspesificsrepgtion zangethsrspecific

from abou F, 1,0,8b 5 Far. heayv] ' o
aosh R PRteR BT HBn MendREbon taioh el h EyBREL RS a specific
catiiicofstdiBA Szdreath&tempbaatuenpb aadpedific catalyticaenstige zone, the

of " from about 65F to about 400F. The sel ective,,
presaure g e Falaldicapactinn zena caialyst i@ $RACHIGeagtion zone, and the

e ; e iny : ) b .
o5l Bllicor R BABIRG ot L8hetln geggrale Boun v
methisutorit8iing catalysts ethermbrimuir amaainbof hyGragenlisate fess than 25

T T S e T
inCoRhil ’cr%agffﬂﬂb' NP chitythelr84dtiore ZBME! BARMRY ItRE catalysts

I's preferably carried out ina catalytic distillation ~
contcingmaGrauf Vi eaetals, the aginnwintamountefiydregas ¢angentration is

o s ABa ] e Bnbronrite B Bels % b ihe 3nPerhaifor the total
ackhiferied R thel strdaaebhiiy Fd aSspetifitalgtic rédttion@eant
process variable. The concentration o nnhﬁ/?drogen in the

cat alhe presseeecof the caialiiée raasiien #ones isinisgangeof from about 10

R e T

a ¢NEE readtiopdonbisdetermined bysivefollbiving sadificsnthemspesific physical
the specific  acetyl ene con‘pound(sé, the i ntended .
devisievek aicgiplvic Raction zese. WhPHWY & SQlyent Isi Ysedax aply fhe intended
, . . .
LA o o Siofo STREIARIGE Bl eS| AL eacton
zoneneatatyt sdryds intemded pass (Jas, liqudtdr@enmb@dephasedoftgas and liquid)
eci fi hysj cal .device of the catalytic reaction
of H&?Cﬁrﬁog%ﬁbjm c,:atg@}/lcgz IPMAAYE-5 netal s contai ni ng
cat afpsfiSw rateofthé hjarecamanatn 8fpBYifE pégdtionszome is 88&rmined by
than 25 nole % preferably 40 nole % of the _
the Jaliewingat i the anounkot catalyshdbeysnaséic phyaierl davigeoed agatalytic

streaminto.a cific cat [.C, I eact | : t o
BHIGR B Pufy AL bl B YA BIC BB 88 orfl e specitc
rebBfoz6h8LUEh@ ARG Bbneéntiatibnogelydreges Nich@derature sindngressure in a

less than 40 nole % preferably 60 nole % of the
spssificceatablic spagionzea. otal 10 acetyl enes in the

str ] ' ibfi.c i i -

o B SO0 AERER LR b ) o BREALEBN 59 v anc
dieneg eonfaihingracebgertic i purites stch abacetyidie, maethyl acetylene, ethyl

ferably f bout 30 psjg, to, 350 . Th
acgtﬁggéf\gn{ﬂfacre?y erz?e,o -methylP1S-L>8tenc-)3-yne cﬁfsﬂh%nyl agetylene 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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a catalytic reaction zone is determ ned by the
follow ng specifics; the specific physical device of
wW@2@anadsyt i ¢ reaction zone, whether a sol vent PGI/USHO3/018583
or not, the intended 15 tenperature of a selective
hydr ogenati on reaction in a specific catalytic
reaction zone, catalyst, and intended phase (gas,
catalytid teastion zoneedAlshdbe pocgas vangblesqdieaperajire, pressure, and

S0 I, B BSRoREBB R T gh roscion
zoh8 fetethersast eeribymahse of thd emhyesin ddvh reaptio zohe. An example of

catal yst, the specific physical device of a catalytic
a feed sigen to the RESSENhPEIESE I8 IS PoRUEdigne Ble@RI oM a steam
o R HPER SIS PalelicTBEEHCH Lo AT Iy f Bty TN -based
catalysteusdd. Optnally bicombirmationomof aadokel-bEsedsotalystand alpediadium-
hydr ocarbon streans for the, prqduction of o|lefjns and .
Do 1RBSa S el AP aREEL GAtEISE B PP rsbassth Cahat i a nickel-
bafEA e afiEh Palla e fichftedXoptler based eBlANRTAay be used n 2
giaereplyysica devisep adeeel thenhydrgbenatiomgeelrsawith privgthout adjustment
eaction zone or a series of t or .t hree talytic
of hdieenpt AR iafsEheln Sty ToRsials Sifldstblfh zane may
bel dnPOS&F b YRS, two6r tHASK Biffeféniti citalpéts. acitisHpom@st tfthe crude
the conpositions of the catalysts in each catal ytic

fee@ abwaysfisss pasaee thigupheareHosulfided gigkelbased catalyst bed prior to
one rati f drogen in each reaction zone is
engﬁszhig{gﬁ?_ca%y#rp& fore, the hydrogen concentration in
eacin mpaaid o erade G Hasdiend istrghsh festhesdteaim dogclatdnd drydrogen

. hydrogen or repnoving hydrogen to/fromthe i ncom ngn )
is passedihreigh @ §|r@é%ﬁatgw¥wq§mwg series of two or three catalytic

regg—ig&%%%ﬁ]%gg a%téfgﬁ%ﬁ{rz gﬁptﬁrﬁ?éét. P& e %uteﬁ‘géﬁe §&ams usually

process vari a Ure, pressuré, a

conjain anathybacétytene, sty acstylbrej vitgpanditerey mdpadierd, and 1,2-
for, each ca%.al ytic reaction zone for the best

bytadlieBe MERHEUST t he catal yst in each reaction zone. An

exanm&cgt%{ys@iﬁ #R0st é@t@lvti]g:%aéﬂtﬁl Eérﬂag%r&orﬁ;ﬁﬁé&séf Vl\i;hrgsrl]ﬁﬁded Ni

crude 4 t&}dl eng streamfroma steam cracker. .
orapsionglly unsulfidgd Nt and auttel @rmetmef the aelemiesisamosglMo, Re, and Bi

SRR T Sl RS e SRy e %, AT G TRe! YR preferreg
NiR@htafiohNi d225198tsGatrahy's to alsouti7ekel Yluasetdl efthbsy preferdbly from

a copper-based catal yst, or a nickel- based catal yst i
4 @0 wtSaINiatihe prefesrsicantetnies Nidde gatalystiaje 6 W% for Ni,
' Y by Ri: ' 0 t :
ol S BDA LM 574 PR 05 16 e Mermatyel, e catals
in khysifiet eatafticeeattiorpterieysiay heastnmposetbofewo Hifergnbgatelysts of a Ni

caAVeh e AP G N aEhet ISPRa rabe: (e bich iferent
caccélvgg 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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feed always first passes through an unsul fided
ni ckel -based catal yst bed prior to entering other
W@ 200al0ysse4 beds. A mixture of a crude C4 but adi BCTEUS2003/018583
stream from a steam cracker and hydrogen is passed
through a single catalytic reaction zone or a series
of two or three catalytic 15 reaction zones to renove
of agetylgnimeampapinds, tGiS@§Claﬂ}’ vyl azetylengdindhe feed stigam to minimize

thg/ﬁﬁ?c}éslrg@gfl&#gf Iggr AT @@ﬁa&éﬂb gu?ﬁé&‘t%b@g?ﬁl redficing the build-

upirateLdfithé earboﬂaeeoas Alatefials ontthe chtalyst(symtthbyextcatalytic reaction
reaction zone is cogn sed of unsul fided N

zopefs)-ohBe | Fpcanaiyl ¢ dettbwjadigne Gren he rﬂﬁ?"ec%"@bft'gerea"tw“ zone is
prétb RIB hiaiAERLY M’hl ﬁ@r tt‘?e[?‘[jagbut &P wi YR PO eﬁ‘@r%nﬂﬁley'" bout 98 wt.%.
al'u ke,

por ous support Such mna, silica,
Théhlrecoverly ef neiﬂ-butacbmﬂ emnylcncatylenabaleml acetyldneis detemnined as
about 75 wt.% of total catalyst, preferably from 4 to
folloWSam . 9% Ni . The preferred content on a Ni-M catal yst

are S tOR@Qo% @ff>@ %?\'I:mopf@i erabh x foom 5 to 45 w. %
Ni, and 1 to Iternatlvely, t he

blat=awy%t of Xin fere@l $tream, NaFaM/%l @f X smpradoist stse@mimaprene X is 1,3~

osed o differ sts of a N 25
?/sY'nXL%C%{DI Pr eé@ﬂﬁ&%@'ﬁ]? ‘%(I catal yst di scussed
abom‘nce'rbﬁ‘lyl weetlidiecantbe eahaéitsd 3o "S-BD W h?drogenatlon the
together prior to |oadi nlg{ inthe first cataly
t

reqavecy Pbh3BRds Biathemeatieailyassible te Mrggrrﬂhﬁné&oa& yyédhich means
thétn[hé Wgcé\;quﬁlﬂ)ﬁ?tﬂg& Sut:ﬂ?ﬁ 1oRfoR! i e (58 lis \ﬁbf&ﬁ/d\‘?%eﬁ%tloﬁ% 1,3-BD.

poi Son ur con‘poun

Thetdoemﬁntwtld)rlﬂ ef cahblr;edtacetylehbempﬂaneslm iecbrotuctstream from the
catal ytic reacti on zones |% neutraljzed in ]{Bhls fi

f'r%ét'tnﬂ‘ ded Nihasedsatalytic (as '89 288 1e Kloh (19§ ourt 36 wt. ppm
to %Bﬁ@:flﬁbot\m. ?Eﬁ{@éﬁ RS b &{bﬁ‘é{’ftr‘{ahoﬁ B?aé’btg@ﬁcﬁbi’pﬁrﬁles in the

I npor ves O Irst cat
feedcatreamn Itzismmsaibm bacmmpletelymewewtmﬂ the aaet)&@ﬁia/ 1Dpystids in the

USZ 3/ 01858 t, ||
foqf AFPABLYY HRERRS THUeRe TEEE RBAR SR ARG B thejpsbsence of
a lﬁékél%‘-‘s/e@c%éﬂ%t%hlﬁ'éuﬁﬁe 'I@ssl@fe\ﬁérlbﬂs %I&Hﬁ%@@:ﬁ%1 ,3-butadienes,
catal yst) and reduci ng the | d- up rate of

butendso prapytans and ethylens doe to néeﬂm@oggmqt@p may ba éoch!@lgh to justify

co§ AR 55 R R AL RS gt g seres

to hﬁaxwﬂrz%ftﬁé@édrMeﬂiatmin&bfﬁﬁdp@(ﬂlehewﬁfethyhaﬁeﬁ}mw afd 1,2-butadiene
% preferentially about 98 wt.% 5 The recovery of

toj Bbytadignene, vinyl acetylene or ethyl acetylene is
L e i
throlugK a Bemmﬂuaﬂalyﬂmrreaumombememmmm' viitfut 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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but adi ene, vinyl acetylene or ethyl acetylene. 10
Since vinyl acetylene can be converted to 1, 3-BD by
wohyanogseat i on, the recovery of 1,3-BDis PCT/US2003/018583
mat hematically possible to be |larger than 100% which
means that the recovery will be higher than 100% if
there is no hydrogenation of 1,3-BD. The
comardional pallatdiuokbasatbeatalysteet prafeiably apimproves ¢appergatalyst

d f ' L i i - b
coB G taSoPEETDIS IREV i, E0ibefe s M 57 poonent o
midttirePBYdSt drPaf BRUHhina P pott. copmprighep ahidastoma of the properties of
concentration of acetylenic inpurities in the

f eed
aveiegenore ciametessygpbian2) fonirrRRaIEYt Rk Hensitypl |ee_§ﬁ ghan about
0.7?)@?&% céh égg%raiélg?qgomﬂs@a of GE T UG tiﬁ}ﬁtaﬁéﬁé 'siBported on

ough a single ¢ Cc reacti’on’zone |
pousssIpperisuchasloiniia dresBd prarhatedsCu-@n-fg diidoseddn U.S. Serial

NOL;as&ﬁ];ﬂ W1Sﬁ9ﬁﬂ§éﬁ%@ﬁ@ﬁ§ F@%Ep%raiecf Igérg{%%ri]t%se’ntirety. Optionally
angﬁgfr&%ed‘ﬁﬂlt;i;'&oﬁﬁ%n%ﬁt P@Paz?\hﬁhcét‘él;}s‘t‘%h{ isffYy Pd, or Pd and other

nom ca I'n"commercial operation. A'so,”"the first
Groap 8lm¢ials ard et lcast tnometals selectadoiromyigriZneonBiedisclosed in U.S.

seBONG, AR e g PROHETS e™S ReopRislad AR Rirs entrety,

mdy 88 (& fith 1tRE SRonblyEdtalytieardacAdn Ze. e palladisitend nickel
t'hrough a second catalyti'c reaction zone with or

conferttointthepreiotest eenner tatalysis rrfronabai)@Oogie Rpm to 0.3 wt.% for

Crati . bl ‘

PARE0R "B el Pt MRS RERERI T 40044 18 0. Siver

or g6lconitdist i§ raae0td abbwt wi.%.[Einc ooirtentid fiodn @te 2Bl vetrfioc The use
Impurities is in a range fromO w. ppmto about

350
of gay cgmqt@gpbmjlq@mrpas% ca@q}yﬁtampay riipnabgopper-based catalyst
m Ry o FUEEDRE ablIE BELBT b SE it A cbopo of i
invemitioht i on of the second catal ytic reaction zone. The

30 recovery of 1, 3-butadi ene acro t he, second

cat & i catalvic reaRlionaene & QrEPDal T bR RO SHEasdragp thg second
coBIE R 00, ST 0 AL Phegareeot vi o
without @nt adinaimexat] floa diptimab Awdeogan apyeenirationpatesiecpinal process

co%{]giggp(ﬂo%%j Cﬁ%ﬁ\ﬁ%&gﬁgt al %c?r?e, &ﬁ%gér%éﬁ"h@(g ﬁ%iﬂ%ﬁﬁé@p %Surities are
reffio¥Ed CemplaRne Thefsford) thé prodiit StreanT fromanpthird egtadftic reaction
| east one of the properties of average pore dianeter

zoherogetaing an detentalle yanicimprritiensiheregpveryof 1idrhutadiene

abou . ' opf .
oS p At AT o 23 €l PRt Lo S Bl fRlctaeti
thé teikd estafltidireastion zendd the dmptwedd@u-Zn-Ag cdtalydtasdie iOu-Zn-Ag

U S. Serial , No. 09/827, ﬁel filed 04/06/01, i cg '\i.s
catalysirnsematesd Wig Ry As deserkedabove-eroptigaally Hasulided Nior 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 O wt.% to about 1 wt.%. Zinc content is from 0 to 10 wt.%.
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an inproved nulti conponent pall adi um cat al yst
conprising Pd, or Pd and other Goup 8 netals and at
wo eagh148n netals selected fromAg, Zn or Bi, POCBUFMeE0IS583
in US.  Serial No. 09/977, 666, filed 10/15/01, which
is incorporated herein in its entirety, 10 may be used
in the second catalytic reaction zone. The pall adi um

Arafrmpmbimﬁon of gne bwe or threermatglysteunay bedppded bnadingle geactor in
fro'ﬂ&?%ﬂf{)ngl §ﬁ% %gm teg%e%tdelﬁ}'ﬁre?@r%ﬁ’lg nq:f gea'?ﬁ%tothﬁ&gh the

untsQIfia@d\N Based tatalyticoeagtidrizemnt@ptiorialy fthefirdd thvo rehotuin zones
5w.% Zinc content is fromQ to 25 w. % The

may be sonvingd dﬂ’f@la pRgledgrair bydeadingithe fitst twp catalysts o together in
seglggvgr% oﬂ){ﬁ@ca ; co% %&Q@*@éﬂor%a%%ew@ a§e£ﬁ8”tﬁlr<§’rcatalytlc

'seque |c reaction zone is thin the sco
readtidnzene. |Amcﬂhen mﬂorﬂstcbmbinmgtthe Yagtdwo eead:tlomlrzmmsenﬁoa single

reggtt | On?qqgjl E@F Irﬁgﬁluct t efas?gf r g]r {rﬂ?ed%g‘.ﬁgi] ﬂ@n@ﬁlﬁer gption is that
thl“e%ts%géfréfe r"e%@faré QBnEUhYed FedtionWohBs UThé‘Qel@Qil\lﬁéshyVﬂ?Bbenatlon

t1 mal hy rogen concentration at an op i mal
of;acety&a;c Fopudties camhe darviehbyt inatagioysiconfigaiaticoa ferdhe,reaction

2o IAEANG U SFaion Fraty, BRI of fbdebrTiESs fed bed

reé&bf' dcé%élyﬂb)&étﬁlah@ﬂ@*éa@tﬁr IOt X iaRtins c@ﬁalﬂ&i istitdtlon reactor,
acetg enic inpurities. The recovery

bailirg prinhthaster, meMirg bed H@aﬁﬂﬁilr,rfwld@?ﬁl"?@‘?"@r,r%’fﬂﬁedﬂﬁe is a part of

th@ﬁ@%ﬂf’oﬁ @r&] %)fér{?@@s%tf%%h %%n%ne(ﬂongh Ca%ﬁ%}ésﬁxééﬁbed a single

Cc reactli on zZone

catalytie d@mgmlabmmroreadn@r @anﬁgleﬁ@tﬁ@hc aixiraygthte mstllra:ttcﬁdreactor
with Pd as descri bed above or opt

thege theachbeds, twodseddird s fatata Bg,.stﬁgf}('aﬁ i%;cr%cg# %or the ?lrst catalytic
re%t?&ﬁ %ﬁfn@ With ¥ of %{!8 rﬂx%d”'bézf'%gé@rf%’r séedhtaf@&nird catalytic
e pa d copper

adiumor nic content In the pronote
reaeti@l yohes,nondics twohifixatl bad akgctiors mathica i catalytin distilation column

rebOatathe ot BBGE roadiatanne x50 B itastr Br8ig fyStigaction zone

W“M aoébl\/%rﬁ “Riradif Shtie Qﬁgﬂﬁﬁfioh Soludth Féé&%ﬁoi"@he%édbnd reaction
about w.% Zinc content is fromO to 10 wt. %

zane4/ 014824 PCT/ US2003/ 018583 Any conbi nati on of the

o B, CRHER R A1 EARE doRl ham mg ve

vdrbu@ﬁ@é@bﬁ@' Oneag Ied réassis shlowBuilthg otipsisbhogedarbonaceous
Ni - based catalytic reaction zone. Optionally the first

mﬁt%laiseﬁﬁtth@rﬁai@bi@sswfﬁﬁ? e protange calelysh cyslpdgireservice time, a
sdIéH R4y B¥ é]s%ﬁdtb%%djgfffh'e%§¥ gbg%é‘ﬁ‘ttal ﬁo&/ﬂ%yb‘?ﬁld p rate of

Series, t1on a se Séparate reactor
theqmrsz)mstcEmbbhaasebusahataﬂalmﬁ the aatalyst Tlosreforan bedmy polymers

sr&%% Isglu%?enbétnleggt Ecoh esolmaeStdegree ht ‘él S0 vezr?tnuer?dérn%he 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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reactor by loading the last two catal ysts together in
series. Still another option is that three separate
WO e@eho1834 serve as three reaction zones. The sPCBUS1008018583
hydrogenation of acetylenic inpurities can be carried
out in various configurations for the reaction zone.
Carrying out the reaction in any conbi nation of node
olignroerizasionianskpaederizatioseditring the Q@IQPWEP kydtpgenatiognin Ehe reactors.

e e

distillaticH esldnirefat insre eﬁuﬂ:tlt/éeeﬂnlok(al ofsheavyardlymérs omite catalyst. A

t Th mpl es of such i nat
S GPeraHcrLeeT e T EleGionyFd FOTAaP 4k Ped VR PHLelyg & separator

to éééﬂsét%lﬂﬁ ﬁ@i\}éﬁ]&frng a@%tgm tflﬁﬁgéé&wéfé@eﬁfédﬁ |ﬁ?ﬁé fé%dl §8Ia/ent is co-fed
withdded ta trmacalajticoedctian rorm fayrthe dxed bedfocpleraﬁtm fHor ¢he catalytic

ol G e AR SR RO, BB B, SR8 oS ot <
eﬁ@SlﬂBﬁ & tHeMop |ReRd oP 8He I GAGIMAN SANWthEr alteATANYt bSerational
Istillation colum reactor for the |ast catalytic

prcvcmkure imoceasional washing:theresialysls Wity selwentratiasproper temperature

n §F854 P S35 140 PubEb S MesBOtE50LY%: 88 B ot it

prégdice cthybifggerer f or mance of any catal yst deterl orat es
with on-streamtine due to various reasons.

t he Theaeasakysissusefighin Sus|irnansioprcasdre BrrREee meéélagscatalyst
coﬁﬁ)ttoglréb@t %nogrjéﬁgrté: a2y sk @HHuﬁ&esmEé? @éﬁf%d?‘lr%gy&{)ézc%asl,e geramic

or Service sol
méterlm$boltyﬁferb Wmmqsmr&tmmdshawmts/wm packing oyaterials for

e baryeacton ef SIUTRIOT eayTRo| SRrEbBE G RRfes Sirface area
of ?ﬁgeﬁ' thandb rJn%@ Jh@ uRRURdES i §§talys”t‘s Wloﬁ@d\éﬁ%ltléjﬁ @&i‘hnlques

ect Ive rogenat Ion condi'tion. exa

suol asumpregrlatlent spr\aymg eprayshyingof alugry, h@mﬂra@obﬁ@g, and the like
cycloh benzene,

ooy A B e S OG5 5084 5083 1 e s

Oﬂldﬂ%‘ll?%e éé&bWéfg &k bé'EtshMbmr‘éd phéldeg aterial made out of Ni, Cu, Pd-
hol'i ne, and ethers such as tetrahydrofuran.

Cepoi aliw |N| Paealioyl Wikiu @llgy Imchthey like.awhishi Ban the placed in the

art-up of the
seﬁaﬁ;:t ) 9&?@4&}%4@ Zﬁgg%gbg%g%éﬁt@&'%l ch is usually
a s depsuit thefcohgsshemts of theadatalyptsashihedsHapetisupPorts, the use
2004/ 014824 PCT/ US2003/.018583 ol i goneri zati on and

of seeyerePEa Of ¥AreHS ARBOSIHRN dqNiiqueRiniapBgesdRPWRNIGOr organic
mééa?c&ﬁpsmaéon 13 h e SRSl d R Rlas!dbhe F@@%‘knrﬁ&&ﬂé@”t%‘&iets and
pri or e

recycle p of t
thelilikel, | Il.%uauy inotganic fsaltsnabem)seﬂeﬂeonl mq)pam;osad:h ods alumina are

Ao RARSBEA TR RO P R e U regttion Bpeicing! glevated
temPRAARFLM air. The metal oxides on the 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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to separate heavy conponents in the reactor effl uent
or in the feed. Solvent is co-fed 5 with feed to the
W@ aioalysseL reacti on zone for the fixed bed opeP@El/Us2903/018583
For the catalytic distillation or extractive
catal ytic distillation operation, solvent is
introduced at a proper position of the top half of
antanuensisumixedasoiution ofl cappest Zine asksiardtiipte palbt eaua Suitably

shopef BRTTompraiag 2 e TriRbd P RiblysR BOMUER s cBination

at él@ﬁﬁfedateﬁ”fp%&éwfr@ TrepaldimiPomotéd Cprai-Aigedatalysiris phepared by
resence of hydrogen., The catalysts useful in thi

depw R CORPERFINSe SPralRcbrRliRdiwe AR ﬁpﬁ@bw&hap%ﬁuppoﬁ such as
RN ST Bl Tt AU O B g

var iApioshest ﬂeubhmuedrewﬁaﬁiyaﬂx&cs iscthad capalytic ngeta’acwnpahents are
for, fixed bed re ctors distillation co

presigifated Fogn meed s 1y @’8??%%%0%??@5’”?9 Og?‘ sypRYyfigp material
angh@\% ﬁt Icg[%{a@eg Aré hﬁaéﬁéﬂjb\fltﬂdﬁgah“ waRraoleWEd AUNANS to obtain

epos n techniques such as inpregnation, spraying,
powuile&ywmqh an@ lnﬁedstwslna}pe vaiiays ihemedivt ising varidus frehiniques such

as B oek IS g %ifeiﬁﬁri%% 8723 iy TAB bR meterial

ar& ﬁBrrﬁﬁlyaca‘-'rélhéG btlélﬁﬂa aftR&&INf Grhe f@éﬂ% tslcatdlydt i ln the small
% . daIIo Ni -Cu alloy and th
mlDer@hemlf@lfm ﬁhgélumlmwactprtqmraw Slyrees .a%prepared from the

orHRRE" T SRR RS H e bl BHHER, o, weo b
caﬁmﬂmﬂ &t elbvsted t8mpefratanss. @praWdeledfma’wrlaszan also be shaped to

deposi tion techni ques i npregnates inorganic Qqr
Proguce calahss i exBrdaiecos bt fosTp pd F@@%BM%'M the catdlysts’can be

préd?é\%ﬁ Egﬂq‘t#g@t &ﬁéggla@%%%gmgﬁﬂg diddsedi ﬁGU sU%?érltBG 337,300.

|norga pports such as alum

Trw alo%cadalqempqxepaitemi e texhoing @ase%gac@jlemmtagcmmponent from a
rreggnatlg%r! groducts at elevated tenperature in air.

Sh@ﬁéd PY¥ICaEYdes on the support are reduced to netals

to ‘?ﬁ ttIHé( Ed F§>rw6 hp %x&ﬁ??és)’tﬁb%l@k[el lé‘étaﬂﬁs% Qe Gl %s@ﬂi@@& ~°metal

such gen, bon nonoxi de,” anmmoni a, net hanol
and the like at EanpteaMéCom@@éatammr@cew) t he

e e e

u%@kbﬂba 'é)"r‘i‘o@-bl@t‘hlﬁa (Gesnabafadfom ATl ) Wae useli®o AsrRous Edacetylenic

r exanple, the inproved Cu-Zn-Ag catalyst disclosed
imiparifes mw;rm;ue crankeddusadione stepmdpsaatertivg hydpaanationne) grams

4/ 014824 P 1,0
o SRR T DR B PSS K3 oo
ve?t&%él@%unfé@ﬁ@ﬁﬂlo&ﬁmléééﬂ fike@ bed @at@rgMyinthali@gstirol 20 inch
foll owed by drying and cal cination
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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at elevated tenperature. The pall adi um pronoted

Cu-Zn- Ag catal yst is prepared by depositing copper,
wa@evg/014824 ver and pal | adi um on a suitably shapedI/us2003/018583

support such as high tenperature cal ci ned porous

transition alumna. 5 Another techni que frequent 'y

used is that catal ytic netal conponents ar

rateraidhebeginedng ebihereretiprsdownitoAg0 |Sﬁ0mﬂ@'rb1i0é‘é9éﬂ e thg end of the

rurip %ﬁh@%s Qnt@%%%é@rr] B\?\%@'@ r'I*I‘flﬁl feeagr%bst&ﬁngf iGsd (5’1’ J.85 §%.% vinyl
ac@’@ll@ie] 0. powd €6 Sthifliatetydere andd.20 wiliapecthyl amiylefner #R.11 wt.%

V2013 Whbe haBims h b W brtknebcan dhihaiee mesdy nerts.
Be%%es%f%ﬂrérﬁ}? hge%(te o grgg%g{e{gt%ncyét&ﬁﬁee&ur@%rmeléhd of the

tenperat ures catalysts in the smal
catalgsthesiphas hrgher thdroat thedelginning etithercadalystbash dihettemperatures

of irlpejfr{lc!ﬁrgéegéﬁorg [Igg &)d’P é%t p%tfgrgr e ﬁ%fcg?agys}z)%d and 90° F at
thé PlelfMpey B thé é&a@élpat h&d The ®e8Y qhgmyt;ﬁaaaétarr@memls experiment

Spray dried materials can al so be shaped to produce

cootainéy 94 ppm &4 andA30 epmttd e 87135k recovany oh di3-betadiene. The
1 d by th
repEsautaR T BRI e beea i U s patent

6, 337,300. The all oE)@m;ﬂémg(lmﬁemroﬁpared by reerV| ng
an extractabl e net froma_ shaped

ct FpEaraTROrHECH10 B oo ansl B nehebRacrom Syhethix mixed
wrﬁ‘é)(% o 6 3 Hifi d"r’a\ﬂwefé'??lgf% bd&ﬂ;g aﬂa‘i@r eééad&aﬂ@ laﬁlet}(}paély mounted up-

|ve Pr OCéss FEr 1Al
roRdsté@nlees ﬁke@bed&eac’wr (Varieh diadheéded x BO. ificddng). The catalyst was

oLia BB SFivRed 204 TRERPFHBRR o iiA amater af Te kAl is 1.2 mm
drgrgr@ &‘b?ﬁhﬁé‘%sswme@%o%%hﬁ%' é(teeé’c)rpI Eaﬁél%faédté’lﬂ)st zone are

gr ans e catal yst was mxed wt
installeldl toreortrolghassadtiar t&mm@tmreaﬂibd cratalﬁst W'Elﬁ a¢t0/a’t¢<§/at 235°F by

nount flow st fiXed,bed reactar.
paraities 00 O P Hince 58 vPig % ereinldfah dinbdg R hours and
thEABAYE! péSmbh 6f mﬂr@géﬁ%l 875% forBThb@RLIRIS 184886 pressure. The
Two thernocoupl es at each end of catal yst zone are

repaior avpedcededoin ragnbight teaweraiire.t Ehpeseleative hygsogenation of

oG g PO P 56 B B RBS i ot

miigii ®f Hydrédebod Geed cankiat Moo Qécmﬁmyidr@fghydr&geﬁomfrete at the
2 haurs under 15 psig pressure The reactor was cool ed
baginning siftihe Feagtion oW i 88 seea/aw &fawrrietonbe hldheaHn under

1(%4; pﬁ@ﬁé@éa c,ctorL p}éeeérghré Sﬁ“aé'%%&‘ﬁé% Eﬁnefgnarﬁr%g‘eéﬁ Lgem ih Thé Example
1Al Blercalr%e\weiﬁtheh@ﬂm&é’at d?@y’dtd@ymaﬁbﬁ,liaéaemperatu re 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 end EA at 94.9% recovery of 1,3-butadiene.

The result is illustrated in Figures 1 and 2.
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rate at the beginning of the reaction down to 100
sccmmn toward to the end of the run under 108 psig
WO edoalo148eact or pressure. The feed was conpri seRCDUSHNY®IS583
w.%vinyl acetylene, 0.14 w.%ethyl acetylene and
O 20 wt. % net hyl acetylene, 72.11 w.% 1,3-BD, 0.12
% 1, 2-BD, 14.61 wt. % butenes and_t he baI ance nostly
i nethh§ COnBé%réﬁ%Ofdheéﬁéwﬁe%rﬁBO\N@éﬁ! Figures d cogen at th@rﬁbove two

oxPAREFTPREAAE s Shohl BBl PRl ot o

patl@dﬁpﬁf-ﬁawabeatabjst.t he hydrogenatl on were 120 to 128 F
at the end of the catalyébed d 90 F at the
begi nni ng of the catal yst=%H e best quality

pr OtﬂHqﬁ.sté&@ms%?%%&ée%cws ydrcggeﬁa%ﬁe& é%c@ﬂﬁ@zn\é‘é #itf a dual

230 % recover -but adf ene.
rea@teubystem inl $erky stdemonstratgdr Eitylgrams of HIG- mm wt.% Ni on

1B. f HT 400 )
aldiTine) WeFe Ipacbing st hahase redoieraa &dalbaiyhy s8le manner
asﬁﬁlgé@ﬁﬁh@ra@irﬁﬁé 1R IRty PAMERST thd eReRTErEial é’gdgshell type Pd-Ag

vertically nounted up- flow stainless fixed

catalysit(668{)lusastin thednwaneplexi oare weded dn e sqeandtixed hed reactor

TP RN EN R T

aneddtiveidaa thd sanidaannecaptrsExdmplacthA €Ttk fekdardsihgsame feed
zone are installed to control the reactor

useeiiptheiexaraplerh. ¢ Besejaivaydmaanaiip @f acetissic igpurites in the
feddWHs"Ch g r&@ ﬁ%y il gjff Iﬁ/ﬁeé(n%ggﬁ RV HRORI ?@éctbpand at a

ni trogen ours an per mn
cohgtint hgdroge nSiTd# raterof3t hecerm/mindentil m pad of ;Hmesas(peement under
ur.e.

108 i o9 S Rgtar Beaseis-d pecrasl” ativept A SRl ecatwap directly
fed ‘?@tﬁeﬂ%célﬁﬁféé&ﬁd BuD tHd R deXG B Ge AV IS ket Mtﬁﬂ){y@kﬁgen gas at
at o mn

/'mn of hydrocarbon feed and at 100 scc _
vadbubyaies from ﬂDGWowamte Sdrscchémimprorntnienderdfg tottbe catalytic reaction
on _down to end of t

zopg 1 dhaaPCoTBEfite s Tevampesaiop! fiedlslMiroehation factor was

abta$ 120 FrRe fepRbfuRe GatdlystheoBxadabeut d4%F aetﬁattseglmfmg of the
exot herm ¢ heat of hydrogenation, the tenperature

catalystdieg. dhettrmperatuse af fhersasend \bdérqg@@élpntrﬁaﬁoawasw@out 120°
P8 R s B FECATY I8 g0 BT L P S of e

catalyel yed. Phd radtid protioct84ffomat thishsedmyl neactor efere fenalyzed to
catal yst bed. The best gual [ ty roduct

evalyaie tive PericEmERER S Toe HA fegotds SRt fgﬁ%rp t qt&targzt"@%ated in
Fl{}lﬁr‘é&?’gfjér’nggﬁlégﬁ dﬁ%ﬁ@ﬁ%ﬁ% g Ogﬁ)%g%?g%lrforﬂn%nbéldf%’éa&@ﬂ catalyst
syBEM&IE20DPEsed 85 8B 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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The conparison of the results as shown in Figures 1
and 2 of the above two experinents indicate a
waepeniases perf ormance of the unsulfided Ni cat BATES2008018583
the palladiumbased catalyst. Exanple 2 In this
exanpl e, the selective hydrogenation of C4 acetyl enes
wWth a dual 5 reactor systemin series is
cahd%bmsmw 129|m%/g gherfeedivasoonyuisedi® A8 v % vioyl acetylene,

d f | b
o B4 iR b8 SR oLSh R e oL 78 AP o0, 012
wt.Bxambe | 1804RRL. %y bafehids Hid tHie batxmnver miostlydgesseThe selectlve

typé Pd-Ag cat al yst (G681) used in the Exanple 1A a ff
hydrogenatiom of lsebdeniadmpuxities rthe &ad was qarrleﬁmt at 6 miimin of

BB | ASPGERT Bl 0 OB i an

108@)@5{;97 t@lsretabﬁ)r pxesgire. The tehperfaded aﬁsthetHydrmgﬂnatmeedactor was

|
abaaot 19" T2 R df 116 650.0f i eat B BeHRIL R Tl dhel04f  at the
begknmr{gmggnﬂs’\{eaﬁ%{%aﬁéﬁ’ﬁ el%cb%néﬁ%?” BHuthGiBRE Obf ﬂﬂ-ﬁ product

rogen ow r at sccmmn until
cohtainieg & mFmt\WA andXpppimeAtwas 860 %1G$1erresglts eraalllustrated in Fig.

6. TR eedprRanas pLfis gotal/sf Bpuberbrie BELGHLETTkbossd cafilstinthe
Exgh?pléqgctor effluent was mxed with hydrogen gas at

various rates from 100 down to 50 sccmmin prior to
entering to the catal yti cExamplei4n zone of the second

rea The tenmeratur | :

" 225% B, GRS oS bR SN BEEDRH Wi o e
red@dr §temiodemdhbirated. AdNilaglystiveg l@édéd‘la the ﬁt%hx@d bed reactor

bed. "The tenperature of the second hydrogenation
andea&iwZnvig calalyst aremaied vt Ppwas l%@(ﬁﬁbﬂaﬁ sepend fixed bed

re%&{)fal yst bed and about 85 F at the begi nning of the
dl yst bed. The reaction products fromthe second
r eadther CueZe-Agnaatahest promobech Mitht Bdt\Nas nneeparen!aamrdmg to the

t he dual reactor s stem resul t illustra "
inyetiop; @gelegurs Hhae A2l Ql%/%gzﬁﬁﬂat 4Pi 619 thiffina (1/16

dlﬁﬁéfe‘?rsgﬁeﬁ& sﬁé&%ﬁﬁba&%%}’ﬁfe oﬂsdﬁip%mq §6886h $6€hridue. The

m based cat
phyaiclahprmparbaseﬂ thasalymaiea y$1sumr‘0af®zadwlrt FﬁebB(érrﬂ'lhé glamina was

ool O e Bl Y 9 Shithe At il g forowin

R&l Brogdntidd1e6 B 4R/ HBEE udacelare, bheterdyd perediameiter of 362
ph}/@ BTOFje (I:ata | yst was activated at 250F ?%rbZ hour s

A b@ﬂtbagﬂ%@/g ofifotalNepare vebomeo The @pparentiliadensities of aluminas

ccnm mn an r 3
o EneHlcihaton™ 3 A8 SAHA G, bR ekt 4 e e ape 982 oice
reSpédtvent el\/lo?@&difgb@urg(}i%ﬁof&heqao@és tleee larger than 100 A dlameter
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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19 WD 2004/ 014824 PCT/ US2003/ 018583 cat al yst was about
120 n2/g. The feed was conprised of 0.98 w % vi nyl
waeeuplesne, 0.12 w. % ethyl acetyl ene and 0. OBCTWS2403/018583
nmet hyl acetylene, 72.52 wt.% 1,3-BD, 0.12 w.%
1,2-BD, 14.04 wt. % butenes and the bal ance nostly
inerts. The selective hydrogenation of acetylenic
The n@lcuiatecémetal admepdsiten eahealumiag sunmorébase%pn @ cempounds

GRS SR P 7t B DA g Bpon v

preﬁéﬁ-&ﬁ%gedlsgcblembem(ﬂi t@ﬂ(‘-N@J) LRI5H oy dr. BQSQEEH(N®3DZe£H2®r 0.25¢g
out 119 to 127 F at e end of th dcatal F
Al anelO59Paligditmm nitraje SlOHélonb(é& whu/m@a@ IR rate 10 wt.%

PGl b e RBHEAN B P AR E ol vas

sprﬁtﬂ@? rags thd ﬁrapmtprégmmtm'apmdiuch irFitie roi@ry Tihpregnator l]';)y using an
erf ormance o

at%@fﬁﬁ/%%l%%%ﬁ% iites ans BRR s %t%obﬁéim%w 1 hour

by bleMﬁ i r?d‘:%'?p*rﬁe gtraﬁuatfﬁ\}a%‘%fdld{ﬁe@é%m PAbUPEN & Most of the

acet enes wmt reactor syst emils
emﬂmnsmpanedts ffomithe aseabgdstamspnaymecegnatlpnewerermposﬁed ina

il S5 B S50 0 B0 P AR b HERL¥postion on

thel i (P6ductsased s tROcoRbaliNGs u@é@mtsezi 72iit6ROu V@84 wt.% Zn,
prepared according to the invention disclosure in

0. 1§em%iAg@nddbﬂ9N %Pd. noted above using al um na

(A o A5 P08 5o TREBSED BTGBl 4 B once

in Pieomet hk@@ b@f:i rfeb@tcﬂ|a§1déta:rllb@d8imthérﬁxm®blem Brahbeactivated in the
The al um na was 20 cal ci ned at

100 3 h
sagermanmeasiiedhrRsarlasy iy Hrang qf e fgarf%\ﬁgrrg?‘?g'&g&érpmted with

Pd rgég{? %s?:?ﬂgéd %?893 i}':a-g Ié%ﬂéoc?@echérsé x&d f zﬁ%ﬁ@r after mixing

100®mle)f\83hmmalarﬁélter glgssrbails dndl dctivatesi af :é@)°6ffoa2mnunaby passing
o L B B 90 ek SAtBb TR nowrs wi
309*%%%1/@\% ?4’ oI‘Ehé fé%dﬂﬁé@éomﬁf@edj %f QQT? \Fv’ﬂ%“wihgpaéétylene 0.12 wt.%

di aneter. D of the cal ci ned al um na showed” nost |
ethWaCetyhinﬂmthW&mt %dnethybm@tylemm 61.80atcYoribd- I%D,lﬂrf)&wt % 1,2-

ot g5 e PRS8BTy A 598 Fcrogenation

of h&&yﬁrﬁplmw t%ﬂﬁt’ch@ fedPwBS iclktad diitcat8 Pfﬂ?’%m%@hyﬂrdaarbon feed
pr epar ed di ssol ving 28.8g Cu(NO03)2.2.5H20,1
to me(ﬁmstgr)ezact qtrﬁjconstant 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 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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0.59g AgNO3 in 285 m water. For the first

i npregnation, the m xed salt solution was 30 poured
w@@r/0880yg cal cined alumna in a rotary i npregP@r/vs2085¢i18583

then dried at about 200C by blowing in hot air. The

dri ed product was cal cined at 450C for 2 hours. 20 WO

2004/ 014824 PCT/ US2003/ 018583 The cal cul at ed net al
systerpddietresavery aftle3-hutadiane of froprodygteentaining 8 ppm VA and 16

ogRoun e RYY S v Qs %oz
ppﬁ} E&‘ﬁﬁg%%%h@%a%@& %s'%%t@tgﬁ "\}\%s',g %’?anr 'dégg dembnstrate a
supérisrqlerionthahcad feguitoithe dual atalygDsysterd Togn pfsead NI catalyst and

6H20, O. 258 (’A\%NGS and 6. 95g _ﬁ]al | adi uaT gi tr(rk%t e .
thes Bouprogieted (Curlned\@ Aatalvstuim #ifar dhe Ratlagyimbaged gatalyst in the

j | Ut ; ' in 70 mM water.

Exfiele TR & he A1 Rng AL, 0 (7 o

i mpregnation product in the rotary inpregnator by

using an atom zeréﬁ@%@r a period of about 15 m nutes

and then dried at for about 1 hour by blow ng in
AB'TIEtg/é‘ti;r- The product was cal ci ned at 350C f @r48 hour

inTair. Mdst of the netallic conmponents fromthe
Single-pointBED, ®Pgay i npregnati on were deposit d®7ih a

thin |a f fromabout 0.04 mmto 0.06 nm
M%%?'@iﬁoéﬁt%fiﬁe%)l’g conposition on 10 the fi naI17 r‘oduct

Me¥xsSRareOArdd) enggnpounds used was 2. 72 wt. % Cu,7002 84
W.%2Zn, 0.15 wt.%Ag and 0.10 wt.% Pd. Fifty grans
Miero Peke Aeass Mi/dcat al yst (KL6564) in the Exafble 3 were

[ fdr Lxed d reactor as d kbed in
C%rﬁ@g@g%ﬁﬁgggmﬁﬁg %%@é%%%'i)é\%éte in the sane errltsa?ﬁz;}éer as
TotdlePdrsargiime3(cckg)f ty grams of the Cu-Zn-Ag catal yst

folpsreBless tManMddARedivsena /Py 26.980scr i bed al9¢2 was
l'oaded in the second fixed reactor after m xing 100
Cumulgtive AdsomtipnelPeie YPlHB® bal | s and activated at 250F

forfpores (A0ur 30O naditisi ng )a nixture of 200 scdhBBZn N2

an 00 sccm. m n en 670F for 4 hours with
C%gla ‘é%é@ﬁoépth% Pg%eeggjgﬁfgwas conpri sed of ]Oaﬁgowt . %
forperes (2éexyo8 éz\ Y8 wt .o ethyl acetyl ene 0.14
Av\éﬁ-wzgo/é pBtdMlarAsRt YAene, 71.89 wt.% 1, 3-BD, O0.P@ .. %

1,220 BD, 14.42 wt. % butenes and the bal ance nostly

inerts. The selective hydE¥aewt Pon of acetylenic

I mpukiti A , ' at ] f :
nyarer BER R o SRR €. b o lnpb il o fudl BbBr Blstem ina

sefies s asimongtratge M Ni eatalyat waefloddbdinahe first fixet idedtrbactor and a
end of this experinent under. 108 psig total reactor

CysZasAarcatalysfepiomeied will peliadiunt was lopded in ithe ;second fixed bed

re%ﬁgptor was directly fed to the second reactor. But
e reactor effluent was 25 m xed with hydrogen gas at
var iThes CusZieAd catalydh plonotad withsitd was prgpaired acoording to U.S.

serial no. 09/827,411 noted above. The same calcined alumina used in Example 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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entering the second catal ytic reaction zone. The

tenperature of the first hydrogenation reactor was
W@bowuh14B20F at the end of the catal yst bed andPEbus1003/018583

99F to 119F at the begi nning of the catal yst bed. The

tenperature of the second hydrogenation reactor was

about 115F to 123F at the end of the catal yst bed and
coppositiontorshe albwsmpqmba%pﬂﬁh%(gomwnés H8EdIWas 2.53 wt.%

t
CupBiTA W% 752 G0k AELA! Rl Wit SAIRHIERARDréGAEHY dissolving
4, 5’5@CU€NOZ)% ZWH;DCmaFQQWMODgTSngoaBd Ol18FB AgBALin 40y water. A
N R T T
sz ‘?r?%é of Sqlibbis i Mlss hithi a'(::ic?solétu%‘ drHd ﬂ‘rlxeféi éd?utlon and palladlum
frate a superior performance result of
nitce abyrtrbnsyereermmdrtpgemed Tdie ¢dmbinesll mmedaawuuomgapdprayed on
st ,to.either

th%ﬁr%lt B’BP@W‘@HQB (ﬂ)r%cg{ iy b{e roﬁartyﬁlé\prmq @y ysingan gfgmiger over a

peﬁé& ¥ ‘ébbuﬂh@ﬂﬁmhfbsté}ﬂj Redfiel 8t 20690 forabBP1 e ey Hi8wing in
Si ngl e- poi nt BET, n2/gl57.5 Miltipl e-poi nt BET,

hohrgirg The. dried produist avas ealcines/at13%0°E farc? bopey 8 AredVost of the

Bl RoRRG1S ha WE R SR B NER fomsod o

thlﬁlé)ﬁﬁldﬂiﬁrom abBbi0. 320986 1. Wmﬂwamh\ee:akﬂﬂ@ﬂeatm@tral E’@rl‘n©03|t|on on
Vol une 0.852 for pores (20 - 300 A radius ative
thepfisal poryst based oB thereomPesnds &Seﬁd%“s?@ﬂ%% Cgo@ K Wt.% Zn,

0.3G%' AP &nd 0.20 wt.% Pd.

Fifty grams of the same Ni catalyst (KL6564) in the Example 3 were loaded
in the first reactor and activated in the same manner as in Example 4. Fifty 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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15

Average Pore dianeter, A214.4 20 Exanple 5 The
sel ective hydrogenation of C4 acetylenes with a dual
WO e@gho2eystemin a series i s denonstrated. PCIMUS2003/018583
catal yst was | oaded in the first fixed bed reactor and
a Cu-Zn-Ag catalyst pronoted with palladi um was
| oaded in the second fixed bed reactor 25 The
supgriarrpestprovngeyeftthe domb calalyst syistemn aarpppeshaf & catalyst and Pd

L o T e
Examphy mafréthélh&c@tai)?siam\e:mmb@tamplerﬁ)t ed with Pd. The

Cu- Zn- Ag- Pd catal yst was rWgared by using a two-step
i mpregnat i on techni que. IEH% I®H salt solution was

T B DNt o8 A S0 R A RESD22 P PPiginc i CR were
loadetién a fikeel b&d(EHiac_ixm mtthemanmsr_npnueeds deecrilg@Dip the Example 1B.
T Gataat VRS RPORIOR By 28 Bulotyd TRy RAFangnd g of 200
sccf?ﬁﬁﬁlHN ARB1 P EriyBtin L, afdUert 8704 09 8durs Weth 300 sccm/min H,.

cal cul ated metal 22 WD?2004/ 014824 PCT/ US2003/ 018583
The cataysttwas 1 ¢hmnh diaheiter rope pptivdateastie taed was the same feed

oo FREERaNHRL e 8BRS gl b Rl Hilrtes in e
feédj waglcwm odt: étfwrr@u{uwmdrbcam fe'éd7éh]:1 FnR)shydrogen flow
H20, and 1.47g in 40g water. pal | adi um

rate of 108" §@I5Lﬁ!QthtQ\§9 q&cayawéanayﬂlﬁ @glsnotahgeqct@rzeressure The
oA oo e AR 2P0 i frorne

catalyst beataawdsatbwtifm‘f et ‘¢1erbegmin|hg gaéttihne catalyst bedanheer@covery of
nm xed sol ution was spra

1,3:pytmsiang prodyet mtam}ng A SPEE A ST b9 Phdt Fo s 98d0h e resu
is @%%%\t?d nﬁ’FLdLﬁ‘Qs aricbt byﬁ’é‘ﬁ)éﬁdﬁﬂﬁﬁ:@dﬂhk%‘ﬂalﬁt' i€ duérior to that

or a owng In hot air

of thd Bd-hasedwztalysisindhé Gxaetplatt A350C for 2 hours |n air.
Most of the netallic conponents fromthe second step
spray inpregnation were deposited in a 10 thin | ayer
of fromabout 0.12 mmto 0.16 mm The cal cul ated net al
conposition on the final product based on the
conpounds used was 2.91 w.% Cu, 0.97 wt.% Zn, 0.20%
Ag and 0.20 wt.% Pd. Fifty grans of the same N
catal yst (KL6564) in the Exanple 3 were |oaded in the
first reactor and activated in the same manner as in
Exanple 4. Fifty grans of 15 the Cu-Zn-Ag catal yst
pronmoted with Pd as descri bed above were | oaded in the
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second reactor and activated at 250F for 3 hours by

passing a mxture of 200 sccmmn N2 and 100 sccm mn
woORo0andisehen 575F for 3 hours with 300 sccnl m PCHES2003/018583

The feed was the sane feed used in the Exanple 3. The

sel ective hydrogenation of acetylenic inpurities in

the feed was carried out at 6 mM/ mn of hydrocarbon
Thedmvertionxdaintesd:f i rst reactor and at a constant

hydrogen flow rate of 40 sccmimn until the end of

this experinment under 108 psig total reactor pressure.

The 11 eRplsUess bl repitivifd &sBtyiBhk cdnpatindsersth @y dmszarbon streams,

directly fed to the second reactor. But the reactor i
cogprisingntonigsting agirogen ransy ar Bydrecgerpnafessh coptaining agetylenic
colpBh G vt S caRist SOREISITD #phPlorte e aiuadmidtail Ritkel under
hytiegesatibnrconaitidnsetd selettivly ydramgade izoportivactisaideacetylenic

about 120F at the end of the catal yst bed and about
COMPOUNES119F at the beginning of the catal yst bed. The

tenperature of the second hydrogenation reactor was

about 118F to 124F at the end of the catal yst bed and

abo@t HtEpraressecatding éo blaghrinvhgraif saideunsatfidedsmetallic nickel

d., .The reaction products £ro t he .second reactor

calpiyst s madtinig FaSlaR e, Re”Bhet BPelRERE T he. dua

reactor 30 system The recovery of 1, 3-butadi ene of

the product containing O ppm VA and 14 ppm EA was

97. S%A pracesa e remayal ofiagstylenisgompauingsifiesn rydineargon streams

and. denonstrates a 23 WD 2004/ 014824 PCT/ US2003/ 018583
COEIPFFE'M%r performance of the dual catal yst system

comebh&rtingfa Nydreshflorsfeedrsbnbsining @ firdtednCeniatiddgof acetylenic

catal yst conpared_to either the pall adi um based . )
copmasingstandrplelins with afissteatalyghconrrising sprariad unguwided metallic

Ay the i ft a, N e
iy U R, R ) L Yo SO Bhenuller congions o
tefmpeestdadand peedsuxe dinddtydregert conéentatienFaverimptieehydregenation

descrihed in the %ﬂpl e 1 B. The catal yst was
of geetenie goIPoMBIE a5k 3 hours by passing a mixture of

200 reSGrding ééisd(;%yd%earjogﬂ rl:éelgg A&RhY a¥ecand cOheshtiatidh 2dff rQrm(:etylenic

5 hours w th sccmm The catal yst was 1.
codipowidsriower tharesaid tiirsidmneentration.eed was t he sane feed
used in the Exanple 3. The sel ective hydrogenati on of
acetylenic inpurities in the 10 feed was carried out

at @ nfpa Fo@é‘ssfa&b@diﬁ?b@&laﬁm@wheaeiﬁtsaicaumnﬁded metallic nickel
hydrogen flow rates of from 105 down to 80 sccmmn

cagalystis gnqrified withanetaismet Mo, fee 8i or emixtyres these®fer at ur e
of the hydrogenation reactorwas about 120F to 124F at
the end of the catalyst bed and about 80 F at the
begiginiMhe pfocebs awebaling tto etaim Bhehemtowesgcaid 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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1, 3- but adi ene product containing O ppm VA and 14 ppm

EA was 93.4% The result 15 is illustrated in Figures
wO2@ae14824 The performance of this catal yst i SPGUPS2009018583

to that of the Pd-based catalyst in the Exanple | A

24 WD 2004/ 014824 PCT/ US2003/ 018583 The i nventi on

clainmed: 1. A process for renoving acetylenic

conpoUidsprocess ageprding tostaiat ¢ whersin sat osidregtalyst comprises

or I8 SO RS0 RALERaN ORISR FETG 8 Bomivures
th&ggported unsul fided netal lic nickel under

hydr ogenati on conditions to selectively hydrogenate a
portion of said acetylenic conmpounds. 2. The process

NCCor di . ‘ ey . : . _
o ool MechrbRpa Aottt} cath §lrertisdid SeERgE st Gmprises
PdobasadktataBst.t hereof . 3. A process for renoval of
acetyl eni ¢ conmpounds from hydrocarbon streans

conprising: contacting a hydrocarbon feed containing a

firg Wﬁ%g@ cE8rdig RCGAN §WHereif RBRPSEEEhdHalyst comprises

ol efins Irst catalyst conprising supported
Cusbased caiatiystet al 1ic  nickel in the presence of

hydrogen in a reaction zone under conditions of

tenperature and pressure and hydrogen concentration

favapi ﬂ%éd?_@c@é@'éé&ﬁd‘iﬂgit@ Blairff3 vil§&rel S41d §e66MPOAtANSt comprises
and recovering said hydrocarbon feed having a second

a glyec eompanedh of acetyl enic conpounds |ower than said
first concentration. 4. The process according to claim
3 wherein said unsul fided nmetallic nickel catalyst is

modifii, qthevprbbe sesedording td/elaiRs wikkretir saidl secorebcatalyst comprises

thereof. 5. The process according to claim3 vvhereifn a
PdecBe @ndathey Srown Vehmedals andsatiiead tvermaials selestad fiem Ag, Zn
orgi acetyl enic conmpounds is positioned in said reaction

zone after said first catalyst. 6. The process

according to claim5 wherein said second catal yst

S oBR5 ks E s &R et Tt cqrorises
copPef lcatdy& YdIRaRiny 8idhsteeABIGFRIR VYIS m&AMBbMPRRent, 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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unsul fided netallic nickel catalyst nodified with

metals of Mo, Re, Bi or mxtures thereof. 8. The
w@e@sess2according to claimb5b wherein sai d secPemUS2003/018583

catal yst conprises Pd-based catalyst. 9. The process

according to claim5 wherein said second catal yst

conprises Cu-based catalyst. 10. The process

accdBdi mhet pragess nagariivgetn ciaiind 14ewbgtrie agaif ysecond catalyst

CONpri ses . il ver. _ T :
oo SREREL G i SR B st P 008 BB of o Re, Bior
mixaQray thegsof. Pd or Pd and other Group VIII netals and at

| east two nmetals selected fromAg, Zn or Bi. 12. The

process according to claim9 wherein said second

cat alys 0 1, SES i

C2L 31 STLRCPRELASTprSABE (3ay ol WARigLaR Sboond catals
compripes Pdtbagedcatblysts t hereof on an al um na support

conprising at |east one of the properties of average

pore diameter |argerthan 200A or apparent bul k density

of HQ.SSTh'éth%cf’egguécébraM T laitd 14T MM PEIACESE second catalyst

according t im12 wherein said second catal yst
compnipes Seisbasgpeatalyst.nc, silver pronoted with Pd. 14.

The process according to claim3 conprising a first

reaction zone containing said first catalyst and a

secqnd MPRC brévbsE0BEcEAHE A digimd 15eaditeinataldy second catalyst
which is selective for hydrogenation of acetylenic

compriges adilvensomppeept.ocess according to clai m 14
wherein said second catal yst conprises supported
unsul fided netallic Ni. 26 WO 2004/ 014824

PCTRUS200% 18683 aGcorbiey o ocleiss B avhiateing shinl sbedmd catalyst

14 wherein said second catal yst conprises unsulfided
comprises il RBIPQ@M] yst nodified with metals of M,

Re, Bi or mxtures thereof. 17. The process accordi ng

to claim14 wherein said second catal yst conprises

Pd- 2dsed eatpabysds at8ordiing tpr daiss s1Avdwerdimgatdo setamadn catalyst
co%%ri\gg(serPe 3r %I e(\jn 8 %r} r%%tpa\lll)(lsrtnetals and at least two metals 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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conpri ses Cu-based catal yst. 19. The process according

to claim 17 wherein said second catal yst conprises a
wa@Rior4seonmponent . 20. The process accordi hg tPRCT/US2003/018583

17 wherein said second catal yst conprises a gold

conmponent. 21. The process according to claim 17

wherein said second catalyst conprises Pd or Pd and

ot hdb. & dhe MocesaeacgpEdiag do Llaine s whegginngdid| kydrocarbon feed

oo HERA Bk Aoy R o BBy AT mne
redvbibASlonedt ah W3 rareet ¢fi 70 fog1#20°H.east one Group VI |

nmetal conponent, a Ag, Au conponent or m xtures
t hereof on an al um na support conprising at |east one

of e p j r j :

T I i b U
présend @nctie: s@porTlire apnacds Sn &xcessl iof ghatonedesisary2for the selective

wherei n said second catal yst conprises copper, zinc,
hydrge8aiiQRr pronoted with Pd. 24. The process according

to claim 14 wherein conditions of tenperature and

pressure and hydrogen concentration favoring the ]

hy d2@gendiheaprosesa@ecqiding to claimpduwberein éhe speaee erga of said

adj usted for., each reaction zone. 27 W) 2004/ 014824
SUB@#%HB%%E%?HT@&é@’@BQ-The process according to claim3

wherei n sai d hydrocarbon feed conprises butadi ene and

ot her C4 acetyl enic conpounds and the tenperature in

the reaction zone is in the range of 70 to 170F. 26.

The process according to claim3 wherein the

unsul fided Ni catalyst is present on the support in

anmounts in excess of that necessary for the selective

hydr ogenati on. 27. The process according to claim 12

wherein the surface area of said support is greater
than 40 n2/g. 28
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