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Complete removal of C, acetylenic compounds in the stream with high
recovery of 1,3-butadiene is highly desirable to reduce the production cost of 1,3-
butadiene and produce a premium quality product for polymer production. However,
formerly it was technically impossible to completely remove C, acetylenes in crude
mixed streams by selective hydrogenation without unacceptably high loss of 1,3-
butadiene due to over-hydrogenation of 1,3-butadiene. Therefore, an improved

inexpensive process via a highly active and selective catalyst is highly desirable to
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Ni catalysts in any form are very active catalysts for selective hydrogenation
of acetylenes and dienes. Accordingto 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 the increase of copper in the alloy. According to H. Gutmann and H.

2



increase with the increase of copper in the alloy.
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Depo¥king i dSr‘?‘fHeoc:é’tfaI}P@I is carried out either in one step or multi steps. The
preferred technique depositing Ni in the outer layer of a support is spray-coating
impregnation or optionally a combination of conventional impregnation such as
incipient wet impregnation and spray-coating impregnation. The weight ratio of Pd
to Ni on the catalyst is less than 0. 05, preferably less than about 0.04.

The Pd modified Ni catalyst are particularly useful for removing MAPD.
Methyl acetylene/propadiene (MAPPD) is not a compound but covers the unstable
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DETAILED DESCRIPTION OF THE INVENTION
CATALYSTS

Preferably more than about 60% of the nickel component of the catalyst is
deposited in the peripheral outer layer(s) of a shaped support in thickness of from
about 0.03 mm to about 0.7 mm, preferably from 0.04 mm to about 0.6 mm, on a
porous support. The preferred amount of nickel deposited on the outer skin layer is
from about 0.03 to about 3.5 mg/m?, preferably from 0.05 to 2.5 mg/m?.

Examples of the preferred porous supports are alumina, silica, zirconia, talcite,
silica-alumina, charcoal, or any inorganic support which has an average pore
diameter from about 100 A to about 450 A, BET surface area from about 20 m¥g to
about 150 m?%g, and total nitrogen adsorption pore volume from about 0.4 to about
1 cc/g. Alumina is the preferred support‘. The preferred alumina is transition alumina

obtained by calcining at a temperature from about 750° to about 1200°C, preferably
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hydrogenation of acetylenic compounds. The examples of such devices, in which
chemical reactions related to this invention occur, are one or any combinations of
fixed bed reactor, distillation column reactor, solvent extractive distillation column
reactor, boiling point reactor, trickle bed reactor, moving bed reactor, fluidized
reactor, stirred tank reactor, divided wall reactors, divided wall distillation column

reactors, etc.
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invention wll have at least 30 % preferably at
0.35 Oe%t%‘iUtébgléSfCCt he pores larger than 100 A dianeter, and

aNtl %é@ ‘?ﬁ@dlflé@' Ad 8Fhﬁ)@8‘é1er91é}ﬁs SFhénd @ul F‘bC/Zgl Mg, Mo

(apparent bul k density) from about
or Bi ataydne DreWrgq! by.indarpoetiagyse appdof)rlete amdmrmnéﬂmsennoélfymg

| Cu, ,Pd , ' b

comeBreni ol B FReub dhlvs i readrag Brisprees B orgpounds.
t lregeprpstirdd i AIGmirt? GRRBIRISIN Mi® iendbanédin bdupigpared by a
its manufacture, preferably as conpounds. The

numwaﬁqmw%wh&nawgctpdb@ae shlles i thevarkt Qe @étheoereferred

amBRERSE 380 13 R FREPURY cHECHE R by POt Pon cropping
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by digesting aluminum metal in aqueous hydrochloric acid solution. Spherically
shaped alumina sol materials, in the form of droplets, are gelled in basic liquid oil
phase followed by aging, washing, drying, and calcining to obtain usually gamma-
alumina in commercial production at an elevated temperature. Alternatively the
preferred spherically shaped alumina also can be prepared by oil dropping gelation
technique using the dispersed boehmite or pseudoboehmite alumina sols as

disclosed in US 4,179,408 (1979). The alumina sols are prepared by dispersing
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”HFI"ﬁ%tE %ﬁed Cg?er h cﬁ v%ﬁSqu@{t:hu% FYRBIhE V%%gsglgo Jrgpared by

preparé the pre ertcal el un na
extraumgcmarmfefareﬁ boélmm&td drepswudobbehp&treadaluhﬁdﬂdi%cussed above.

andggB&ugg aﬁgMpEerdaqe g&{:ﬁﬁ$ g[pnhégputglﬁ%g rt&,'égogtq Thgmodifiers
disclBsEd & 8inqC U, h{%schﬁlg R, %\ﬁ&@l ol OfhePE RAGKA ftha! lt*t'y‘rr%&/at least

I's transition alum calcined at I n a tenperatur
in padneg ingosporabed intd3bet alusiieu prie 6 Extrasiopr |Elnengurface area of

PR 1B P SR B s P B Bl e B iow
crysEXliZatibate nherersialsiaierpdtaidofhs. p’ﬂh%@;tﬁﬁéce%éé sikidlgeltRcelerates
preferred boehmte or pseudoboehm te al um nas

in thei RessBeR ohBtvesphelicdmeistweriripes ambgnbefsbdium in the alumina

or AP LALANE 3RS, 258l 25 SR ol fperen

prodmxédnas gaihhea aluiminaty taé Cbﬁ)?ﬂ‘iétloﬁ &t teaiger®Bres from about 550°C
incorporated into the alumna prior to extrusion. The

to 704G £ e Ah¥sicakShapes af fie Piaiersod alswian kappeaayshapg such as
0
sph@?é%stégtfw?@atgtglﬁgérlllﬁ}’%élﬁgg g[é%gﬁﬁleﬁ ﬁév?U%rﬁég?ﬁ(gﬁ than about 1/4
mc@ar pmfera@iwia/&hclneﬂ(ag@ lmdbmabbemm inchéselepgis ereferaifly less
rmunt of sodiumin the

noi sture or trac

tharh &DWEE 9:5'2){‘?{ e)UsL\?QItEF%/O%IP%e”ﬁ ¥ra support for the

calgbisshblp! Bep/abamcﬁe nickeFPBTE ORItRE hﬁtal;@i@ﬂ%%@sﬁéd in the outer

gamma al uim na by the cal cination at tenperatures from
perinhe@l regiorcof the shaped porous support, rather than within the support. The
preferred thickness of the outer skin layer of the Ni catalysts is from about 0.03 mm
to about 0.7 mm, more preferably from 0.04 mm to 0.6 mm, most preferably from
0.04 mm to 0.50 mm. No prior art or publication is known to disclose the use of a
material for the hydrogenation reaction, where nickel metal is preferably deposited

in the outer layer region of a shaped porous support. Total nickel content of the
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to 700C. The physical shapes of the preferred al um nas
can be any shape such as spheres, extrudates, pellets

wapasgeamil es whi ch have di aneter of | ess thanP@bos1005/004434
1/4 inches, preferably 1/8 inches and | ess than about
1/2 inches length, preferably less than 1/4 inches

catalysf REPHbh Kairroc & B Cll o, Boes pEeraibe fral 4 o Thut. %.

To ob@eHh grpre@@t@rrﬁh%ro%efaq?%r%ogﬁoﬁ B8 a%*é@ﬂ?ﬁ vﬂﬂ’ﬁr? ‘ésd&*i'rf&ﬁhbkn ess
her than within the support. The “preferred

of layeh coRMeaBCaty outeelﬂi@t ene ok Miltiplg enprsignatiensof pacpeysprepared

J t 3 . 0.7. [e .
solutiyia pf 8 FcRERitamo G niteR 3 kel afFafagitgy gompounas
on a $upport. OTﬁé pisfetiedGeblnigue d¥poBitingmickel nibtalpibtiedtiic®tayer is
is known to disclose the use of a material for the

Sprayrﬁﬂﬂi@@éwewtlcémfta ptabip spltian of sickebeymnmayind on a support.
WherPrhnZulE b%érag/el?@éﬂ ggﬁppﬂ n%ﬂ n Q&' I lé&‘y tenlfg ;? tah}om an

por ods sup nic
|mpre‘@@aﬂ@tﬁ)§’{dwé‘ﬂ;m‘e%ry éﬁ?@ﬁﬁidﬂi&#lb&lﬁbmema‘eé temp esature in the range

o 205, 4L SIS 2301 S st ot e e

mpre@ﬁﬁ’ﬁ@ﬁ' trherba%l@s%wevéﬂep%dwhéf lﬁ%ﬁbrs?é’pt 'rﬁmﬂ%%éps The

ayer one carry out elther one or nu
nlckei ﬂpna‘@@handr@ther cprrm@@ems pf apeatalyst mﬂwbe @ﬂepmltw by spray

coa’urﬂg'D%I §S{ué‘§ﬁgig%haémg18ﬁﬁ§ oi %6@5?8 %Ec’nlrﬁlgn&f @F@éﬁl@d the modifier
compbBAB8| atea dSRNSsArt.i ng{);ﬁldﬁéﬁ{/ o8 ahal NdépesiO4hkel BRI copper

is spray-coating inpregnation of a suitable solution
compgneniscsararaisipby ﬁafFMWQeDLE mtets of twipeat meret iippeegnations.

CRPARRILPS 5B Bsiiq ) DR ESBY pesblEl B A e

amou@ﬁbﬁﬁ’ﬂ ed thaé catalyests fesratuprte ‘IIth Yoherefeag frér-p00dBRo10025 wt. %
8 fera?_ y 250 to 500C, pri to carryin
of the %tah &rtalystnpd 8gneeresitionrgé F’cdapa| ﬁ?rset gatahyst tﬁarpgreq;&aéraed out

smulfén%'&%%ly‘vﬁﬁ?@f%éﬁ%?ﬂdﬁ b "Uélhg aﬁ#@(@a SO uhtf?an d?'l\fk@é)mgbund and Pd

kel er co ent a cata
compdepdsi tredPdgas ;h)leaieposchad wn:gsapa;ratmdshepmn afly mrdbelbut preferably

oo s BENEEL i B REALS BB PP pposic
in theXQUREE bbriPhErse e POEl of BRPShapP PHINRNEUD pORP I B! tMaHXNItr}m the

carrying out a series of two or nore’inpregnations
suppgidl | adiumis al so deposited in the outer peri pheral

t FEAR b s PRVt P B0 B Bl By pickel

metal®n & Bappoit & cadibdloysin a CORbRIEEHOR iof b@ﬁv@ft.oﬂ@qmptr@%nanon and
catal yst can be carried out simultaneousl

spraygesbisitimpregnation ingesesi xrad example.dhe senken tl@aﬁbmnf@gnatlon
such ggg%é: IFQP@I{EEBH?I%Q?I%’U&H?S E&n%@rl}ﬁpr gfegr a%frﬁﬂré&n@tlon and then

n~any orde
spry-coating impregnation is performed in the second step. The product from the

incipient wet impregnation is preferably subjected to a thermal treatment from about
200° to 800°C, more preferably from about 250° to about 500°C, prior to spray-
coating impregnation. Optionally one may carry out the spray-coating impregnation
in the first step and the conventional impregnation in the second step.

When a copper containing Ni catalyst is prepared with an alumina support, the
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Pd is deposited after the Ni. Preferably 100% of the
Pd on the catalyst is deposited in the outer
w@esosphanal regi on of the shaped porous supporPCT/USL00&004434
than within the support In an alternative nultiple
i npregnation techni que, the deposition of nickel

conte R eoreriat b ENRCET B e e B R08 o Fboth 10 w
%. Th@%laﬂmbfm@ ridke$ 86mnPBuNd R preparsd 1 disselvid aitkePesthpound
i npregnation such as incipient wet inpregnation is

in waigs or eécreano inickeheompegid ingrgagissaalant aprawetasn Molten liquid of

R

coatinginfprefratidr ivisiealjof at@sbuisnieké!mitratelsolui et . MEIN eka®iples of the
about 200 to 800C, nore preferably from about 250 to

nickehgRmPOBRdTare Nicke! salts BHEly as dyels! @@tratﬁppé@mq%metalhc nickel
ComeGhHQ%@L:hyaSOHﬁFQP%(%éé‘tQt;e{ ét%éi fortats pﬁi%ﬁe‘t Rkt \)Q%(t:etona e, nickel

npregnati on step and the con I ona
alkoxmiepr ejnat After itine tdoendettam df Sprpyingfersa@lutioppen a support, the

mpreSaaR Prodlsbis RS e BgouPosTRALR HETTRAG0aMORAALA lemperature

from §88LEPH0 & a%@GPQOOQI‘ hb E@féﬂa\bﬁ frb§1 hpodt 2809 Moyt 500°C,
from about 0.005 to about % The soliution of

from 1 @eninutgecio %hp@tm dlhes ptﬂfewad e/@lumye of #sel ligiuidy fcar sprei epating

oreGHRAN g a  c Ba RSS2 GRS o 6 o

the tot8INuE VIS lbf assupipelte! Fing ligaided r’@pt@@@»@tnm@egﬁaudw solution of

used for the spray coating inpregnation instead of
a mcla%lmaound:t@peﬁptmawawpatm@nmptwaék@mneg sippafemay be

prodd%::et‘ar s ﬁ@ﬂ’t‘é}qrﬁuﬂf tai' latc?fi\b(iq? ?Hgg&p&ﬁx:}!o%hlﬁ is carried out

or gano ic nic

at eithéramebieatet eleeated ite:lhpéraﬁmrel’rﬂﬂm elevatedltemperature spray-coatlng
| acet onate, nick al koxi des, etc. Aftf t he
is Car&'@ﬁpﬁ/ Wiqrod R?fro%%)ﬁﬁw pgegeé]t%ql DR t@ﬁ’pﬁ’éﬁ}\di‘?‘o rem gReut 100 to

350° ('3”@’?8@?551 %enr eFodlé‘ts%rrgfs F%dyoﬁ Ja?é(tg JS rollci)ng ina

her mal ea me t enpe ature
rotarwhmregﬁ@@@ormreeﬂaﬂrafrﬁacabl y from about 250 to about

500C, f 10 ni f d
vol une o; Otmhe |%ﬁ&?’§ﬁ\ﬁéﬁéﬁgg§%§§e P:rgr:%:u on
I St'hfal‘fé’éﬂ @&qutmr?g ééétﬂ@m&@bh‘fﬁéu%s ah@fnﬁféttttasa%uta@e@eampounds

5 vol unme % of pore vol une of a support.
is passadethrwgh @atah@lglréa@tm zctrm;(s)aghms phassl liguidrohese er a mixed

phasghf:égééaﬁgpﬁ{fﬁnq'h %Rﬁ)&ﬁ'&&uce@ﬁ%xyf %ﬁ&éq&qlﬁgﬁﬁ%{@g %Pctlon in

the cataldlcereagtiontzomiezieroneTbftie picyy impattant prScéQaF, nvafidbleidt The
at either anbi en{ or el evated tenperature.

temparadyrgriadn @ EAPRS @ %ﬁ%‘@@r Ry abawi 4P Fi B "@Eﬁrﬁpb’cﬁ%ahﬂw 55°F
to ab%g%r%uﬁ SHAPHE temBerlRAid QeferhffRESY YhE gﬁégﬁc?‘%%fylemc
compounds to be hydrogenated and the physical phase of the hydrocarbons in a
specific catalytic reaction zone. For the C, or C, acetylene in a mixed C, or C,
olefinic hydrocarbon feed, the temperature for the selective hydrogenation is in a
range of from about 55°F to 380°F. For the C, acetylenic compounds in a mixed
butadiene stream, the temperature is in a range of from about 50°F to 200°F

preferably from 55° to 180°F. For the Cg acetylenic compounds in a mixed Cy

9



350C. Preferably fine liquid droplets are sprayed on
shaped supports rolling in a rotary inpregnator or on

wa@2dobmp4438ir f ace. HYDROGENATI ON PROCESS The f eeRICT/US2005/004434
cont ai ni ng acetyl eni c conmpounds and ot her unsaturated
compounds is passed through catalytic reaction

d.ph
ST O N R A A i GRS
abouh¥B OB Fal heavieeasstylenici Hydrédbens elat C¢ a&é@Fetrie@rh aPhBavier
Is one of the nost Inportant process vaiiables. The

hydracampritsathaneCs.dhe dempesatyee isfinabsrngesoFrom amutfs&ifﬁdp about
350°P. referably from about 55F to about 380F. But the
tenperature is determ ned by the specific acetylenic
c dmpocaiteritation d‘fthdvg@mtuedPamllatélkrﬂcl: mba@ticﬂﬂlzo@é@ise adfother
hdro arbons in ific catalytic reactiao
Crtica)ymPLRGRL pIRSoEs VBHAGlS. JIRGSANSRBEHOR DY &ipaen Ib fecgmtalyti

reacti%'neicbﬁlé %!eB)éHHQ%rQ%rﬁS&dof Fhgots "fﬁ@rﬁrﬁeﬁ rhfibn totﬂ‘%\ce’cylenlc

sel ective hydrogenation is in a 'range rom abo
compBuRds dn ﬂ&ﬁ)lhcoﬁomg fdedl Seamdbid @spesificoepctiondzona) tlaze s pecific

T N T S W XN Nt

talytRY b&%r%@m%m@@ ﬁblﬁé%fﬂh'éc%t@lw@l%a@ﬁ Yl het
ca a)gfocl)”g/ 094418 PCT/ US2005/ 3?434 diolefihic (r)r(])g%r bonlge her

singlesphasgrpr friixed pihgas:, émejt@ni)@ra”tweapfraa@@clm cé abactiors zone,

catalyst 898&0 Sggoﬁ‘s'H %ﬁ d%rggg ?/ngﬁl\éée?rq]ua §1 %%qﬁnf'écr physical de vice of

the cétm@ﬁt@@@éélwmszdnbasuﬁas & figed BOY BSAVLOF & daBall/tic AisfilRNBe @blumn
from about 65F to, about 350F. The concentrati on of

reactpy dinogRiieTah the e Ameuntaidbidergenisero lessdhaabhern ole %,
prefeFef 1y 76ahbk %”B?;ﬁfg&dm&fn%%ﬁ %é?gﬂ( Fc%@?enes in the incoming

oncentration o rogen In react
strealmnto aispeuﬂs catalydic neadimn zﬁnef aﬁ'(e)mmrhlhlm amaogretrdf lhgdrcogen in

the otaBE Sedkuieiaone i B PemopBibiOn isiad BIeT 11eb 5 tdet yireRerably
no higmRaRNdsinsds, of t'Pn@ nhé]b§6?'t%@al%%@t’ﬁér%%8nﬂfou%§t ML%&\%%!, more

across a s pecif catal ytic reaction zone,
hydrdggdir scaeeded Matile cdtatytie djstilkitipni r cal‘ad,)ttlcoev(tlzamtiee distillation
whet her i-0gl hase .or m xed phase, the tenperature
operagp% tngﬁélaéf'?(%d ggﬁéﬁpf{?tbor\’ eaction zone, catalyst
COHROPIdsAfe b adcABRRICT ledcli®RGdnenisz@dermed bfi¢he following
specific physical device of the catalytic reaction

specifigsidhe speeifia hysical deyiaeef o catalyde reactivazang; whether a solvent

is usé]H 8F h{) Z[’ritgé ﬁﬁ%ﬁ é&f@%pérﬁﬁﬁ%%rf'a %‘ﬂ%nﬁ{% H%P%&Sﬁlorﬂ r%agh@n in a

ogen 1's €ss
specmc eé‘@l)abl rgaé”tﬁbnmjre &nd tHe ihtendeapterser(ghs diguief ortarixed phase

of gaé %tnglI|qu|d%tof|h?/gsoscalrt§]ortnsh|% thg%%%lgtlc reaction zone.

The flow rate of the hydrocarbons in a specific reaction zone is determi ned by
the following: catalyst composition, the specific physical device of a catalytic reaction
zone, intended conversion of acetylenic compounds across the specific catalytic
reaction zone, and the concentration of hydrogen, temperature and pressu re in a
specific catalytic reaction zone.

The evaluation of the catalysts performance is carried out by comaparing

recovery of a desired product for a given feed stock at a given conversion of
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streaminto a specific catalytic reaction zone. The

maxi mum anount of hydrogen in the catalytic reaction
waows/ 094319 | xed bed operation i s no higherthan BCT/URES5/004434

preferably no higherthan 3 tines, of the noles of

total acetylenic conpounds. In general, nore hydrogen

oy S0l by SO SRMeo F L R BS rocucr

quahﬁlféﬁfg stT@@g%PﬁﬁurF%r@cxa rfﬂét\ﬁhe\!ﬁ 0K | éﬂﬂi%rboﬁ%@unds in

m ne e foll speci Pics”

a cru@@B@ﬂaﬂlSheFﬁ’ﬂb@n‘ian‘e smdﬁﬁ/%lyﬁyo&ogéﬁﬁ'em 1,8-bragichens thendesired
whet her a solvent is used or not, the intended

pdeLtCéﬁ@é’neaﬁeGP\éer@ﬂ feorg dhe deed, stregins Hirefallowitg madhematical nfagmula

reactl on zone, and the intended
deﬂnéﬁ% %Vg ?qu or a mxed phase of gas and

Rle@uvm/ cff1 5B (% RED@TS- (N ttheN gat 'yt INe reacti on
zone. The flow rate of the hydrocarbons in a specific
r ddEreoMNzo . VsolgbBdBiiin plfeamhe f ol | owi ng:

cat al ystycanpos 5 ysi cal device of
OO {:H’% anﬁg?‘&ﬁ&%ten 2

a catal yt| c reaction ~zon conver si on of
adéiey‘eeovery@wmwadestymrteo(ys!\)tdw@tlsydacefylme:ﬁla ) igtdedin ed in an
tion zon

and .t he con entrat| of h
identicgh TBRATEE o SIREo iRy apehiane, G s MOBVERPAL 4] £3-BD by
hydrdg’é‘l%\hbﬁ NtheBBova) & QV@IB‘E'?E' rﬁQtH?efméﬁH’aW BbasivR ® be Iargefr than

erfornmance is carri e out corriparing recovery O
100% dbisiis atsogrusifoethe seleatiys Ivyginogeealtm olckwetityl acgfiyleme2 (MA) in
conversion of _10 WO 2005/ 094418 PCT/ US2005/ 004434
a cruge ot steagbnpbe FReovETY at Pianylesniiemss ewdfee%mpweﬁirqaam can

o RSO0 L B DL BR-RSELSARE P Lo

hydmgkmﬁmohutadlene stream are sel ectively hydrogenated
-but adi ene is the desired product to be recovered
frcm eaRpfata s hpabsemMmeter 6PNREING (ot lkefaihppaB0 pom total

com T Sec] g gL RERIS g oRy FRcoxEiyybho facs
to ellrWnatl%\ of ole 3f R extrdctied distiation ulits te separdie ¢f3-buiddBBne from
o R RSRe B P E 0tttk SF PG )
TR GSSEEEING IYAERCHL 8 LS A Shiafg o caa
reactivet Aemes fferahl hetipysreicbveryt of he3-Bay, gbe Qdmantr&ﬂO%Ochthmbined

aco ) SE TR BB e P B SR B o
a rafje BioPPYALRE fcmmta ppriide SBo@uE080 NeRMEAN depending on the
concentration of acetylenic impurities in the feed stream. The recovery of 1,3-
butadiene across the first catalytic reaction zone is preferably maintained at higher
than about 96 wt. %. The first catalytic reaction zone also serves to maxirmize the
isomerization of propadiene to methyl acetylene and 1,2-butadiene to 1,3-bu tadiene.
However, it is possible to completely remove all the acetylenic impurities in the feed
stream by passing through a single catalytic reaction zone.

The product stream from the first catalytic reaction zone is passed through the

second catalytic reaction zone with or without an adjustment of hydrogen at optimal
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be |l arger than 100% because MAPD can be converted to
propyl ene by sel ective hydrogenation. The conplete or
woeas/oganpl et e conversion (to | ess than 30 ppnP€DUSL005/004434
conbi ned C4 acetylene) of C4 acetylenes with high
recovery of 1,3-butadiene leads to elimnation of one

prooeps sl ice s trs BircEha il Buie el BERRAG Baptonz one,
the o R R s ng s Reolarle MEARIREIn JRERE REn Qv pom

to abbwp 30alvpbil.i The eRelERNOE AIBBufadicre Betdsertheesautridy catalytic
1,3-BD, the concentration of conbined acetylenic

reactiomzane isdetion thateabpgdifcwt.ser eam from the first
R 35 S0 ARy NSIEASTR T cor
any physioahidegiceofor @hyemﬁrgifimélgnbg@.tjr@pﬁc&mllyrtwbh@eqaﬁaté reactors
t The \ , 3- bu I ene across e
serverdy 910 Gate Mg rseeteBAan s iR mp L R EnE A aaIoatdd The
selecive My65endtltRn o Rt I&ﬁcv‘ﬁné)u%tiegh@aﬁ 'Hesgaﬁ?éoalo)lﬁ li§ various

react’i on”zone al so serves to maxim ze th
configigratiens faittherreattiqn oprali Caerying owltthglreactary Inearey eontbination

1, 2-butadi ene,to 1, 3-bu tadi gne. .. wever, it is .
of massST T 6At ERGbhER Sberelh ERAVES Sistis R} splEnt extraciive
catalytfPH[stilla®sn irBadtbe bEIRAY Fifte AsBJRT, mﬁhggoédwr@yaar,aﬂuid ized

Si %e catal ytic reaction zone. The product stream

reacter, ghvideed wall repctos; eficy isi pant ehthis divendae. iSUghaexarples are two

.t t he . [ C T i i .
serial UL, cn SECRLAFALH K01 ] BREIG G FBEs blfeacton
zone 2005 98<HBiXdTH &dSrEHEDO (004 #3d sequrRrLestalytio nehdtiongond, @ Fixed

t he product_ stream fromthe second cat al %/iti Cc reaction

bed regpier for e Wsheeaticarass Wih Aol agti catextin @filation
colun’uﬁrpéﬁdt%ﬁﬁ the sbloriti Fe%lbgsaf AR Qv ppm to about 30
wppm 1,

€ recovery o -but'adi ene across the second
c dthal perfarmanea of acatatystdeteyidrates svithtdrastredrmouim®dusta various

% ggNi Ef?{?al ¥st oy two di(fj_f er?nt.Ni cat al ysts rmg be . |
reasqiyadedf Phig SPAgN!S "&PUF UR OT D{SORRVS iCaLoNpGFoLE nggerials
on thé%&té??ﬁ%@ﬁa@@?ﬁo@?l%ng% caR)st ¥yder §€hﬁﬁéegﬁrt%% 83shehf may

serve as two catal ytiC reaction zone_s er )
be uskd temash otitheayytpolymerd tmdlow thEhbuildebeete wé the poisorous

hydr ogenat i on, of etvl.epni¢c i-npurities can _be carrjed
carbqliceRys Rt lRs ongE: GRS ond 4 g rae T BaRENaIr s sHeUIc! be
solubf@rdtiead eWond eehRRS in ¢t bolvaRyusdsrthsalduive Hydidgtitation
such as fixed bed reactor, catalytic distillation

conditieast ofhe y¥pwigs @&ﬁw%tsnlﬂeent dacyripherang siefaysiehexane,
vench St IR Byl SE5H Ry TR RIE 4R Copppnice.
methglytrblidonevioninymorpSotite exadidthsrsasdct w8 tetrahydrofuran. The
solvent is recovered from the reactor effluent stream to recycle. Optionally the
solvent may be build up in the system, at the start-up of the unit, by recycling h eavy
components, which is usually a small part of the feed and is also produced by
oligomerization and polymerization during the selective hydrogenation in the catalytic
reaction zone(s). Solvent is co-fed with feed to the catalytic reaction zone fo r the

fixed bed operation. For the catalytic distillation or extractive catalytic distillation
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serial fixed beds, a catalytic distillation colum
reactor for the first catalytic reaction zone and a

W@ ewsng4is xed bed reactor for the second cat al RET/TS2005/004434
reaction zone, a fixed bed reactor for the first
reaction zone with a solvent extractive catalytic

| t f. { {
opersisi sobit RrinSupr ok Aestion 18 the, b §EF Shinels gy dnother
alterr‘{}éttv@ peraficRAprdddR ré ié%dc@sibﬁbl @H§hm{g¢l‘f’é@é‘t%{ sERitRSolvent at
he reasons 1S sl ow buil DOI SONOUS. Car boNaceous

a temmr@frumursa ramge pefroet &) fstp 7p§@r Fzmeier acprpSsstrerngm iPeto 500 psi,

preref DR e SYSEBeE o B IER, 0 8Bno? Bh KSRl P gine

hydrdﬁeﬁéﬁlénmltﬁﬂg@ ¢an deactvita tieesstalet end ﬁécﬁ,umebéﬁeratlon It has
refore, heav¥ pol ynmers shoul d be

t
eeng?glﬂqugwata’ghq prasent Ni satslvsy) redibit yephow apalwmer |drpasition
comﬁai?@d?@'c‘éﬁjf éfl%l%fﬁ{/def\%%[}l@t a‘i’é]g t%ond' tions. The exanples

such so ven I"ohex met hyl cycl ohexane,
benzene, tol uene, @G)NSFROUEP(NMBLEﬂquraI di net hyl

acet am de, di methyl for hyl pyrrol i done,
f or myl nor phol i ne, 98”)—’3&%@’??%@113’33% t et r ahydr of ur an.
TheomaRlrvianis we %W@H@T}%ﬁj(aﬁ'f@ B’ODrF@D‘T Qfl‘ﬂtéiheﬁfﬁfdnﬁ‘g%etlx) was

streamto recycl e t1on sol vent may
tested i reimaye Cy acehtglmmurmas in merL@Iteasrteam praﬁketdrtmtamene stream

oy sl YRR PRSI Sl Pt i Gt Yo o o

diameldrafaey balr! nlcaednr et ¢aﬂl§tm@0nt@drupﬂﬂ0\§/@¢alnle$s fixed bed
sel ective hydrogenation in thé catalytic reaction

react@b.ﬁ%a@qh diganetenk 3Gsineb-lpra). wi e catalystis 1thamadiameterctrilobe

oG RO B ple o)A BABGRERA) L RIS cono

the réiacﬁdntéh'@felram re. Ih&/€ta0RHWAS 443 RiaBl thie AMUHaIfBOH e s activated
eratléaqi solvent is introduced at a gosnl on in the

and Hﬁ?ﬁ“ﬁ&‘? . Rd reetnmendedseadivating péfaath ipdydrogen gas flow.
The BRE 'Wéhalreé{ﬁ ?\%“é? s PQE%OOEQ)mIW‘agéH Agw! BE33 volur];ne %
cat \Y e

ysts ent at ate I'naran
hydrdigemgé{@m nm’o@EGFfoumdﬁemomrs ;anelsthanéS?"FSfBrimm thoukHBy passlng 350
on of

oo PSRBT Ao TRS o a B e o 2R Erature,

The §éFécﬁ@@Q¢dec§’éeﬁ1&ttBﬁ §ﬁfaéét¥/l§m@ﬂﬁpﬁﬁt‘i’é§ i of Eﬂﬂée%%tdnﬁ’rbracked
has been found that resent N catal yst

butac@&ne feed wes garriad @ﬂl@tﬁsnllmp@fshydr@mrbomﬁw aad ab80 sccm/min

of hy@ %{eﬁ\ﬁ 6%%' a"j}\{ﬁ{a Q%@ﬁ’) ﬁ%ﬁ;{% rg?ag Ig:OéIT oW o%ccm@mm toward

to the:ah@bf/ﬂrie mmd@@@ORBblg&o@t@adf@ﬂbréémSWfbébi vms(:ompnsed
ted to renove C4 acetylenic inpurities in a

crud
of 1 9]13% & Niwb acetvians, dhto % Hthyl acetylene and 0.22 wt % methyl
acetylene, 71.33 wt % 1,3-BD, 0.18 wt % 1,2-BD, 15.03 wt % butenes, etc. Because

of the exothermic heat of hydrogenation, the temperature at the end of the catalyst
bed was higher than at the beginning of the catalyst bed. The temperature of the
hydrogenation was 118° to 124°F at the end of the catalyst bed and 88° to 99°F at
the beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 190 ppm VA and 150 ppm EA at 97.4% recovery of 1,3-
butadiene. The result is illustrated in Figs. 1 and 2.
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by sel ective hydrogenation. 50 granms of the catal yst

were mxed wwth 70 M of 3 nm dianeter glass balls
wae@slogaded in a vertically nounted up-fl ow st BETIUSRS5/004434

fixed bed reactor (1 inch dianmeter x 20 inch |ong).

The catalyst is 1.2 nmdianeter trilobe extrudate.

Two t hernocoupl es QOQ?EE)LGEQA&LPE?H@ yst zone were

installed to contr F eac enperature. The

cat al yst was suppl i e(@ohyemﬁimqamma‘]ym) urer as acti vat ed
and_ passi vated for 22 N' mrended_reacti vating
g

A8SOMMEKGIA 88En W IC@\tfé"ySt‘r(Hé%ﬁﬂaTL}ﬂs? aR4ained ffom CR') was
testé&?ﬂérﬁ@@%%r ctyter ga L??F?sti?rfé H’rJ&i 'f?%\é d@tﬁadnege stream

['ume Inn rogen ours an
by sicheiive ThErégendiidmoulrte datalyasisiiig nﬁﬁ@ametepémlobe extriidate. The

catdliiHhaat UF 8110 AL suiee: 8 oRy it Bl adaprhon pore volume and

12.8R61 N &BGE JoreWidrht®s. 5D gﬁ‘aﬁfsttﬁ%ébﬁﬁﬂﬁ w&%xed with 60 ml of

but adi ené feed was carri ed out at
3 mnydirowiebglass bals and Icadegion Qomlﬁicmllry m@inths) dpefgywsﬂainms fixed

bed Refidfi) G dfainets a8 siniBobF T el e Diied e et seep end of

catdltadonceReted InshAIRSISIY Eontrdiéhd e@@btwaﬁe )Qéﬁé'tur@aedThé’Eatalyst was
1.071 wt. % vinyl acetyl ene, 16 wt % et hyl acetyl ene

supplied by #e manyfagturesias Qfé'é!@'ﬂﬁdeﬁlﬂﬂ passiggedforyy, angl eppmmended
rea%@ﬁgyﬁt %sbre lﬁﬂgded% ?\ é’gﬂﬂb%‘%ﬂ@aﬁaly?ﬁﬁ% l?g&&}@fed 8{ 250°F

herm c ydr ogenati on era

in 360 cchmiregak fdwtdfe cwdiamesto h)knﬁdgavagablnghmfogeha‘br ?IS hdwrs and
' ture of th

theﬁeg‘%ﬂy@%ﬂo@g e@%&lglgy OP%?n%rgéﬁﬂaﬁéSgﬁog@g%gas The reactor
wascé‘éé\b&istb %lz\glémob éerLl?%F.-ﬁSﬁ] gbl;égl?@gidgrﬁbq%éﬁont Bﬁacetylenlc

cat al yst , respective rodu
impérides irhilhse sevrweiaedmﬁedcmnﬂhai Geotrd X ppphe VA avas d@ﬂepp:mt at 6

B AR o ity S o kCIA 08w e
begfffalh &%f%@ﬁ%ov%ﬁ@sc@ﬁ%ﬁ%mﬂa@d @&ﬂﬂé’@ﬁé{ 0P run under

cata yst) Commercial 28% w % N catal yst
108 (nelis 8Bal reactar wpssuraed hertpmp@wmre\aéthetfesir@@emailmmm 8° to

125 LTRSS 58 9 5 3L R Ag e ot

bed¢ ad e)eﬁt/el s The2basho@iafityeiretutt frdrahkisexpetiadre coliathed 18 ppm
@j as 113 mzq;m lgféi_l_ surface @kg cnB/g total N2 PP

VA aagaﬁfﬁprar%@.t 5545 ueovan of 155-Butesens: e rewiias Tlustiated in

50 grans of the catalyst were m xed with 60
Flgsd 1%& %3 nm di aneter gl ass balls and | oaded in a
vertically nmounted up- fEXAMSIE hCess fixed bed
reactor (1 inch dianmeter, x 29 pch long). Two
t her nocoupl es at each erﬂ]f1

The catalyst was prepared by carrying out two spray-coating impregnations
at ambient temperature. The gamma-alumina used to prepare the nickel catalyst is
1.68 mm diameter spheres prepared by the oil dropping gelation technique. The
physical properties of the alumina as received from the manufacturer are
summarized in Table 1. More than about 90 % of the pores in this alumina are larger
than 100 A diameter. The average pore diameter is 214 A. The alumina is

unsuitable to use for the preparation of the catalyst as it is, according to the present
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catal yst zone were installed to control the reactor

tenperature. The catal yst was supplied by the
worewaleaitir er as activated and passi vat ed for nPCEHOS2005/004434

recommended reactivating at 450F in hydrogen gas

flow. The catal yst was reactivated at 250F in 300

. i N | f /0l 0 i . .
invéiftdH, 0 8RFeford % o S el Nl 80707 {3 boyp in air o
prepaBianguBéHﬁlecaluplﬁng nfion thﬁb @i&l@sﬁpﬁémﬁo@asAf_lt_ﬁhealcination, the

react or s cool ed to ambient tenperature. e
avegaye dirmetery af GhEne SETES REUTK &0 A5 iMmLfPm 468 mm. The
avel e POPRIo T80 307 A PP PRy SBal rRERIeR HnikE3icipedsgumina
aredistad im Traldé 2hyideo§BD ¢fl this aadtieedblunhiea imdigatesitingtacfiumina with

t he reacti pn do to B0 sc mn.toward to the end of .
sorpd| eltin Wikl el v AgpeSial oh it E8ined SuimBe S Peripheral
layéresTRAIo 0L E8 Aimt &avRyi i ith ni

_ythe end of the C_Ilgtg gﬁ%ﬁ&ged e{hg%%lgﬁtﬁgﬂ%%@ggegt%%ggnéwh nickel

nitrategsuiieny asfdespebedbgiot bed, respectively. The best

qual ity product fromthi s)e%%ggri ment contained 18 ppm

VA and 19 ppm EA at 95.1 % avery of 1, 3-but adi ene.
ABIDhg/ccesult is illustrated in Figs. 1 gm@ 2. EXAWMPLE

1C ,(Invention) The catalyst was prepared by carrying
BEGu /B0 spray- coating i npregnations dtOahbi ent
Mick?%‘?(]-ﬁﬂrééemzl he gamma- al um na used togprepare t he

ni ckel "cataly is 1.68 nmdianeter spheres prepared
TotalyPoteeVoiumel{@yig) foy ppetatdssitharedBBiAvadiug beP/Rhy $.8801
Ogﬁ%operti es of the alum na as received fromthe

' nuf acturer are summarized in Table 1. Mre than

AverB§ePoie ffamktdrhA pores in this alum ngjg_qe | ar ger

than 100 A di aneter. The average pore dianeter is 214

A. The alumina is wunsuitable to use for the

preparation of the catal yslte'@ it is, according to the

present 14 WD 2005/094418 /2U82005/ 004434
ABDnye@ti on. Therefore, the alum na was ggxined at 1100

Cfor 3 hours in air to prepare a suitable alum na
BET.om“/Ohe catal yst preparation. After c8/&nation, the

: a i ameter of alum na spheres sh k to 1.45 mm
Mlchgr%’%?ég mm The aver age pore di arr%;b(ner was 362 A

TotahBomhYslumé (pe/gpéort paesdéss thah 498 & reliusahuRiMa= GO801
MwSt ed in Table 2. The XRD of this cal ci ned al um na
0.7 dicates theta alumna with sone delta. N ckel netal

A I 0A58 mm ¢ hi cknese byZoarrying out'
mul tiple inpregnations with nickel

A nickel nitrate solution was prepared by dissolving 70g NiNO3.6H,0 in 36
grams of water for the first impregnation. 300 grams of the calcined alumina were
placed in a rotary impregnator and then the above nickel nitrate solution was sprayed
on the rolling alumina spheres with an atomizer at ambient temperature over a period
of about 10 minutes. After drying the impregnation product at about 200°C by
blowing hot air into the rotary impregnator, the dried product was calcined at 350°C

for about 2 hours. Another nickel solution was prepared for the second impregnation
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nitrate solution as descri bed below. Table 1 ABD, g/cc
0.48 BET, n2/g 170.2 Mcro Pore Area, nR/g O Tot al
w@0s/0%ahtime (cc/g) for pores | ess than 493 A PEOUSHOH004434
P/Po = 0.9801 0.912 Average Pore dianeter, A 214.4
Table 2 ABD, g/cc 0.62 BET, nR/g 67.4 Mcro SA, nQ/g

by RisgoldG 6Tk ot S@ﬁé‘“’éﬁ%&r‘%ﬁ?gﬁéﬁsﬁfvi wftahe: e ‘Second
oG8 Ml K2R 08 L0 28 TR RFRP Stk Dt n smiter
mahher tputheﬂrstnmpmymibbn Af898ringes200°Q, tee caltiviatied at 420°C was
corfo SbtE W T B el eerBe 3o S tipoort s
8.05 ! waaéw%ﬁﬁe%e{b%%%ttd?{m% mra%%eat 'ﬂ{@b%ﬁyst had the

tenperature over a perio m nut es
foll@iwmlgnghy81%h propegies; i 1h3 pnt/duBE Tasurfdpeuare20@C589 cm?/g of total

o B BBEE kL i A A BPalGLCK TR OB obp L0 L2, 1
cal@ned BﬁfddﬁtGhébréﬁ{lé%beﬁpévﬁ‘féjléﬁtéﬁ)%&ﬂ .98 nirh 87 ﬁn%ocﬁi%ﬂ%ess of the
| npregnation 15 05/ 094418 PCT/ US2005/ 004434

pertphesal njeka) oamiedam@oroﬂwemlmmmpm)erea wdiclsmgreassbofit 0. 78 mg Ni
regnation was carried out on the
me@?‘%{dﬁ%ﬂﬂgh rsﬁqﬁ%%))% D [ im

eghation product in simlar

margey éfothideatalysttwenpioagedtindhe sdire reddtpt ﬂlge@tm the Control
200C, the calcination at 420C was carried out for

Exarmla esl. T caipbEhwasactvates at@sook in 300 e¢mingas flawiof §3 volume
% SURRSE g i RS for 4 RESHS Bl BT AL 70 ror
homhyogipmlsmgmcc ipes miid @f pun® hgd BISEngast ade rragtor Wwad6oled to
amet ShyBpptstift Thesec e kAt AL QFeREIC iMpurities in the
san‘f@'f@baegsé’d ?ﬁgﬁu;eh%&)E\ﬁrgé?%ﬂrﬁ{)l‘ézquﬁlabngéﬁi%ﬁjeéuﬁké?Lé ml/min of
hydrécarbg]r?fged and at 65 sccm/min of hydrogen flow rate at the beginning of the
reaction down to 55 sccm/min toward to the end of the run under 108 psig total
reactor pressure. The temperature at the end of the catalyst bed was higher than
atthe beginning of the catalyst bed. The temperature of the hydrogenation was 120°
to 130°F at the end of the catalyst bed and about 74°F at the beginning of the
catalyst bed, respectively. The best quality product from this experiment contained
0 ppm VA and 6 ppm EA at 97.5% recovery of 1,3-butadiene. The present nickel
catalyst demonstrates a superior catalytic performance to those of the Control
Examples 1A and 1B.

CONTROL EXAMPLE 2A

(Conventional catalyst)
Commercial 28% wt % Ni catalyst (KL6564-TL1.2 obtained from CRI) was
tested to remove C, acetylenic impurities in a crude steam cracked butadiene stream
by selective hydrogenation. 50 grams of the catalyst were mixed with 60 ml of 3 mm

diameter glass balls and loaded in a vertically mounted up-flow stainless fixed bed
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peri pheral nickel oxide |layer on the alum na spheres
whi ch neans about 0.78 ng NI netal |oading per n2 in
wo b@sloggses . 80 g of this catal yst were | oaded POT/URE05/004434
same reactor used in the Control Exanmple 1. The
catal yst was activated at 250F in 300 cc/mn gas flow

‘ % h as I nitrogen for 1.5
reacyy £2 et Biffpgir 328 TGT IR, nES HAGRREGHnEEs e pd of the
catadgstsidie ¥efe Gfstditsd 1 BonfrolPtheerchr i ARIPeBREre. TMBe catalyst was

reactor was cqooled to anbient tenperature. The

supRliack by ithe MapwiagitFritasoactRted ang pagsivataddormt ard reapmmended

. ' t le 1 0
readtiErE AT Rt oadh, b3F 1R)T Bk kR viasifeatiVated ot 250°F
in 38€¢ c/mimga$ floydofadE mofuineev% ayéroafentdes inagirogém orof.5 hiderrs and

i do to 55 sccmm.n toward to the end of the
ther} 4 67HOE0R BE0ss Y RASING BEACoheTyNUL Sl PUre MHdrogen Gas. The

reac%t@ﬁﬁﬁé@té&fo%@ttot BfrE fgmﬁ)ﬁr%t%t. alpd s*égeg:.ti‘()@ﬁré%rgﬂgﬁation of

han at the begi nning of e catalyst b
acetytarpermipuritesin alvsudey dtazye ceacked mesditne feed wER0farded out at 6
and abaqut 7

he d of the catal yst, be AF at th
mi/ 'Qgpﬁ:hy éo%qrgpﬂefaee?a¥9ij§tt gée%C,C_”F [l W@’_P??”Tfﬁé’" getg at the
begitnihd Of th eshittionfdwh tH U REAFHIIMESWarPRt AknNaH ofthBRTh under
VA and 6 ppm EA at 97.5% recovery of 1, 3-butadi ene.

108 prigpiadale Feacior REgSSUFaL allhist fegdnvast eempesed ligbe8 ont % vinyl

ace ?eﬁgﬂéd%’(iég‘z‘ fﬂ%%ﬁ@ﬂ%ﬁl%ﬁ&%&m%éngﬁm égletylene, 72.52 wt. %

1,3-BOong et wan% 1eBal, yit.D5 Gomigrisiitahe,88c The Nemperature of the
catal yst (KL8264-TL1. 2 obtained fromCR) was tested
hydrog eves 148 elg 1 éhife at tisuend pEthe ¢atalyst bed asdfmto 99°F at

. N . oy i . '
e g O S oo Bl Pert Ay BRI GR from s
expeliramt eoniglirasd 5 ippinh ¥ Asand O ppde BA at 95.9%rrecoedyyof 1,3-butadiene.
Th m)un[tjed. ug-f%%/v ai ngess i xed bed 16 WO 2005/094418
e e (bd> BiESI a4 19Ped @G (1 i nch di aneter x 20 inch
l ong). Two thernocoupl egxahmackgend of the catal yst

zone were installed to control_ t he reactor
tenperature. The cat al yst{Invastio’uppl i ed by t he

redeoikibo Mafbh R R BORS S the B The dBanvst of the
presentwnvdritrctatthby 6f theeSongalckExarapRDR AL TRBMatalyst #8prepared by
cc/mn gas fl ow of 33 volume % hydrogen gas in

carringr 84k AWposPraysaaiings irapiggnetiens &f meke mitrates spbitioss on hot
oo PSS, 30 SgRE ool B A ROENER 0 e n e
ExasgplectC washysddoiggnapacsthedf nickel catalyst in this example.

A nickel nitrate solution was prepared by dissolving 86.5g NiNO;.6H,0 in 48
grams of water for the first impregnation. 300 grams of the calcined alumina were
preheated to about 205°C in an oven and then the hot alumina was placed in a rotary
impregnator for impregnation with the nickel nitrate solution over a period of about
20 minutes using an atomizer. During the spray coating impregnation, the rotary
impregnator was heated with hot air. The impregnation product was dried at about
200°C by blowing hot air into the rotary impregnator. The dried product was calcined

at 420°C for 3 hours. Another nickel nitrate solution of the same concentration was
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acetylenic inpurities in a crude steam cracked

but adi ene feed was carried out at 6 m/mn of
whyasogaidon feed and at 65 sccenimi n of hydr ogeeT/UBI906/004434

rate at the beginning of the reaction down to 40

sccmmn toward to the end of the run under 108 psig

prefigtefhfof i3 S<hoBiPRetutatioh, S Sl A cHeS aatied outon
the Q:aQﬁnév!I flr§b igireyhafeetprbenet, préhedfedMo a%bul 23588, inOthélsimilar
% 1,2-BD, 14.05 w. % butenes, etc.

maﬁf&éﬁi@ the ﬂf% impregationy d%@"émmcﬁi 29930112@ calcingiion aas carried
A L JrX e

wasq‘[ﬁakllwty"/@badel@bnfthem)ﬁahamompénlcke?mltramﬁté@dsdlgmhédﬂédﬂproduct
nd. O t 95 9% recoyery o 3- but adi ene
Undg e isTPRERRS InciGaes BRI oGy ey ticingss exhigpnieans about
ZOdh{Qflﬁ‘fﬁtNﬁﬂétall rﬁé’Hfﬂ@l@ gflenonstrates superior

ert ormance of e cat aly of the present invention

t o G0ganf thifs cataiyﬁmmdma@damm ﬁem@allmieunwchlug/-ﬂowmnless fixed

W M T
300 AN GaSHGR O BS- von]ﬁeS’/@ﬁ'Zxﬂigéﬁg’% |ﬁfl‘htﬁcbd‘eﬁ‘fjfo?t1 51H(Q9§and then

for 3 hours used in ﬁ C was used
for $riegyus eatt GE0 ardl3 bouss yﬂit77 iFt by passiagpde0 c;q mrcnnm of pure

hydrﬁgf@bgia%% rggct‘ggf(/\é% %ggf obémg% 3%@;%0}?&% Yhe selective

hydiogenegioatof asetybéiic impumtiad intthe samedbe s dsad iMhraCamid Example
2Av§$eheat ed to abo t 205C in an oven and then the hot

fiRRHed I giodBkenin af *aydref:alftgpn ferp Bagra d§rsocay/min of hydrogen
flow! rR& %‘aﬂ%g H)é;@ Wn'grbj‘gﬂs r h)erl dBlh 348 S%BITHHlﬁfbv?%grto he end of

period o es usi ng an atom zer
the M@Wdﬁm tatagl reap’roeg)n@sswe Thh ¢emperatyre of the hydrogenatlon

s RESEEECE 5o TPy SR S g of

the 'dé‘té]yéﬂ“@eﬂmrééﬁeétl%lfg”ﬁ‘i@rbesﬂl'ﬁmq#w ?‘F’odﬂj&dﬁfﬁq wis exgerlment

calcined at 420C for 3 hours. Anot'her nickel nitr
contadned D@protVA aed qmm i etdt 4dh recoveng of 1,3-Mdadiene. The result

SRR, SR 043 PR b PG oo

of thenCohhrel Eahmpp@QAfl rst inpregnation product preheated
to about 205C in the sinmlar_ manner to the first

i npregnation. After dryEK@WLQQ@C the cal ci nation

was carried out at 450 hours The net anount
of nickel deposited on t um na support was 10.4
wt .THhs dedtalydt imnthishexdrmple! wa:nprﬂfnareﬂ biyi azksingnotir toespray-coating

lmprueg n%tlo-rl;lg ec>f %rlclzk%? nRFaqg us%'iutions at ambient temperature.

A nickel nitrate solution was prepared by dissolving 86.5g NiNO5.6H,0 in
25.95 grams of water for the first impregnation. 300 grams of the same calcined
alumina used in the Example 1C were placed in a rotary impregnator and the
impregnation was carried out by spraying the nickel nitrate solution on the alumina
spheres rolling inside the rotary impregnator with an atomizer over a period of about

10 minutes. After drying the impregnation product at about 200°C by blowing hot air
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under the mcroscope indicates 0.32 mmof the |ayer
t hi ckness, which neans about 2.09 ng/n2 N netal

wo oadiomg1s n the | ayer. 60g of this catal yst weP€T/Uszd&0h4434
in a vertically nounted up-flow stainless fixed bed
reactor (1 inch dianmeter x 20 inch Iong). The catal yst

5 36 e o R T b heor s
hout's!"em\ndtﬁér AidIBIT Solatio® APhs Prdpardiomsistd séé8hd ti?ﬁhpregnatlon by

passi ng 350 cc per mn of pure hydrogen gas.
dissobarng a7 3vegsarnrolof dNINO a6bli,Onin tldntiergramse of Mer The second
sel ective hydrogenation of acetylenic inpurities in
impgagnadiafiwassaitiad syt Ph theealcined st impiagnatiorpprogest in the similar

marﬁf’err etﬂeqfhl gﬁ%%ﬁétm gvfﬁve:?éﬁglﬂg ttb%e beetig'ﬁ ﬂgoak’f\g%gnatlon

prodlmb WEES&IH]G:IMEG chiv%(r’@ #%b ZSmurémTll’netam\audt ct)met;lk@ o@p@s@éd on the

the run der 108 psig.tota reac pressur e.
aluriBi, SHBRAIT e S8 A oo Ranae On thaitals amasnt safniskel nitrate

t
hoxpRIBLRI (1e FRIsHoI ey SRR owHe Rl ¢ Bropstps: 64.7
2/quEW swfapeadeat 31 oém\tdrage erpedianeter acd 0t684nad®/§ tatphmitrogen

@ and O ppm EA at 97.4%recovery of 1, 3-butadiene.
porel’H%uF’FSUIt is illustrated in Figs. 3 and 4 to show a

SU%@'db"seﬂ/%hb@fdeﬂéﬁni@ﬁeBBbfal;@t% bﬁaé%dé?%ﬁﬁlchd%fcobgﬁdlcates
Control Exanple 2A I nventi on

thatdhers gretthrae ml@n@%aﬁgcle cw@éyqsrs@ ar@darbgu'r@adamrngneulayer and

o TR I8 AP o A RS o0
mm$®J4!5tmmf\aﬂﬁnma39[§h@r@ di¥m@tery.oT Mé rgo R tHadtohhl NigkePéRal loading

ams waj er for the first I mpregnati on.
in th@d@y%éﬁ@bw 1464 @aﬁa QRARYPIRS. HIeiAlies Meddayal hasa thickness

of frgP‘naé%lﬁ 01255 §bBLAE §95nim@ t'l'flﬁet Slter |dyérr g&{éﬂéégé’ﬁeg(b I thB%econd

regnation was carried out by sprayin
spray—d:cva;ting ispiregy hation.n Noheickélude positiospihehe svhitel doregenter region is

de.th t j t o i an atom zer over
obs%rg/,sebogl’r@(gfggcguﬂ{g rﬁj@ﬁg{ IE)%BE‘QOI% ,ch\%téghg W,tg{dnpﬁgayer and the inner
Iaye'r"?h’ﬂ?élﬂ%*t'lrﬁg @%18 it is U82005?004§)% Oyl Hd QCM lrﬁ(;rregnatlon

18 WD 2005/ |ntot e rot
deppsitgdegrst mg/m?he tbm%tﬂelplayeudlesuhmgclalabméd %! n&@@ﬁthe net Ni

corpPEpBP Rl ThentRFS SRR T Bl o g ol Gian loged n the

outethost wy@ﬁan@f‘li\lmlc%\%?r%adbd% th8 ighanmyef. water. The
second regnati on was carried out on the cal ci ned

fi PO qfﬁlws egtRlysioversrlernrd injavertiealyy mouated up-flow stainless fixed
bed reactor (1 inch diameter x 20 inch long). The catalyst was activated at 250°F in

300 cc/min gas flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, and then
for 3 hours at 670°F and for 3 hours at 770°F by passing 350 cc per min of pure
hydrogen gas. The reactor was cooled to ambient temperature. The selective
hydrogenation of acetylenic impurities in a crude steam cracked butadiene feed was
carried out at 6 ml/min of hydrocarbon feed and at 52 sccm/min of hydrogen flow rate
at the beginning of the reaction down to 44 sccm/min toward to the end of the run

under 108 psig total reactor pressure. The feed was comprised of 1.06 wt % vinyl
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manner to the first inpregnation. After drying at

200C, the dried inpregnation product was cal ci ned at
w@2@S094n8 2 hours. The anount of nickel deposiPEDUSIV05/004434

the alum na support was 8.26 wt. % based on the total

amount of nickel nitrate hexahydrate used. The

'c I o
ccoha 5 oL B AL 09000 P oy, 4 .
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mn toward tQ un under 108 psig
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0n but enes, etc. The tenperature of
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catal yst bed and 76 to BRANMDLES

(Invention)

The catalyst in this example was prepared by performing regular wet
impregnation in the first step and spray-coating impregnation in the second step.
The same calcined alumina (1100°C) used in the Example 1C was used to prepare
the nickel catalyst in this example.

A nickel nitrate solution was prepared by dissolving 94g NiNO3.6H,0 in 285
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begi nni ng of the catal yst bed, respectively. The best
quality product fromthis experinent contained O ppm
wWW200a/0044@8 ppm EA at 97. 7% recovery of 1, 3- but aPCEN82005/004434
The result is illustrated in Figs. 3 and 4 to show a
superior performance of this exanple to those of the
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calcinepprigductirertipe flaﬁ@mrwtmmw FmeI@ rmcroe%amlh@lbates that nickel
met?PWgél W[é‘f)’e(;};%dufl‘rg%gt or é/%s]sJ ﬁ;ﬁ@‘mlge%&ww{ot}]e alurﬁlna spheres.
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waterios the secenddginipgmafiasy: {he Se68D8 i BIPraeliarLwes carrled out by
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both VA and EA. The results are illustrated
the glustiga esupprANPLiEe 3BCONd fmpragration sTepm&Qﬁswt F%nbadmdson the

am R AR TR B T SBHL i e et procuc

wasi 81g4 egt1a¥%l. OBak8d tdte ah assuRivAIARP madefh é%@pé?éiecéﬂ?é}lment the
alum na (1100C) used in the Exanple 1 C was used

secqjikpRiAY-Coaithingrennater dgposited nigkel mesakina laxzemmtmm 0.26

o WkEEGeat e SRt HB S t0sy tsiia” BbTR200% obtmssptal N

load@dajrstmzf ca@lyslt if @epdeﬂt@dfdm tHe duter &gyt Whlth RBAng1 BBmg/m? Ni
Ioadlng lnht?\esgmn%r Iacyaelr%lnla 0.94 mg)mrEaNl loading in the inner core region of the
alumina spheres.

60 g of this catalyst were loaded in a vertically mounted up-flow stainless fixed
bed reactor (1 inch diameter x 20 inch long). The catalyst was activated at 250°F in
300 cc/min gas flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, and then
for 3 hours at 670°F and for 3 hours at 770°F by passing 350 cc per minute of pure
hydrogen gas. The reactor was cooled to ambient temperature. The selective
hydrogenation of acetylenic impurities in the same feed stream used in the Control
Example 3A was carried out at 6 ml/min of hydrocarbon feed and at 55 sccm/min of
hydrogen flow rate at the beginning of the reaction down to 37 sccm/min toward to

the end of the run under 110 psig total reactor pressure. The temperature of the
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used in Exanple 1 C were placed in a rotary
i npregnator and the above nickel nitrate solution was
w@owsegt4o t he al um na support in the rotati ngPCT/US2005/004434
i mpregnator. After cold rolling for 10 m nutes,
drying at about 200C was carried out by bl ow ng hot
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% Based,.on an se [ on in separat e i
ave%&?rﬁéilﬁmef‘q{e?ﬂ?éim&é Qﬁﬁg@gg’o%nd ﬁgﬁq W BhAveeeR diameter of
alurfipB&phepss. ni ckel netal in a layer of about 0.26 nm

t hi ckness on the al um na spheres. Therefore, about

82 Adniekedhittdte sbhttish Whs pfamd@di\?zrdiéshﬂviﬁgﬂ 80YNING,.6H,0 in 285

deposited on the outer |ayer, ich means 1.62 ng/ n
grarng of|veziar fiey the fiskirppregnatioper 38Adyransdoftjienliusiina calcined at

b ' j ' .cqr egion of the um,na . .
a0, 280l % BEA 152L b 55h a8l BpehEHeRRe i it
solutientwasapduretmmntheclupihh @uppbeiinlties sothting dmpk&shator. After cold

.reactor (1 .inch dianmeter x 20 inch long). The catal yst
rO”'%ngé& mistey dying=sirabout Z@@GCdﬁaWﬁerowu ynblefvirgghot air into

e MBI 97T0 S BN i ol B s for

3 hopies sl oagliRGof mckelaeg eltrmnwm@@rnthisofti;'SEimmtgnag@m\/Tvﬁeﬁ.s TWe % based
t . . a I en e erat ur e. e

on g ARIng B Ficial uliea heaAnui el begRee Py akanus ihe calcined
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was carried out a ocar bon
wassgispersetinmharedr l¢sgduoiermily| tvoughiceit dhetdiemireysphéereg. oAnother

ok o628 Ty e BY S Td B kG B B 8% vt
for thergeebad hpretinaltibR. PAe second impregnation was carried out by spray-
coating the nickel nitrate solution on the calcined product from the first impregnation
in the rotary impregnator at ambient temperature over the period of about 15
minutes. After drying the impregnation product at about 200°C, the calcination was
carried out at 350°C for 2 hours. The amount of nickel deposited on the alumina
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WD 2005/ 094418 PCT/ US2005/ 004434 hydrogenati on was

119 to 121 'Fat the end of the catalyst bed and 81 to
w@wsav44the begi nning of the catal yst bed, PCT/US2005/004434

respectively. The best quality product fromthis

experiment contained O ppm VA and 0 ppm EA at 97. 3%

1, 3- but ene., The r illustr ted
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catal ysts in the Control Example 3A. EXAMPLE
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of pﬂodz lhydﬁclsgewagaBOUTﬁd rea ctdrewak ugbdled &bp@mlbiedtftehgﬁrature The
i mpregnator. After cold_ rolling f
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selemlyﬁjh %ggp91i|%ofaqce§)ﬂgmc ipeiRitingdn Ehe sawe fead siigam used in the

t t
ConffoP BBMOI® 5 s, dirfled (1R 408 Hhiim|BF S8R oI eed ang at 51
scerhiminsof hydeodjend|ovf rate akthe lme‘glghlmglddime reatr?tlbﬁ diowrrsto ?}7 sccm/min
6. % t nt o
o REPSS) bR e PR, TSt
of thif d&?ééﬁéﬁ@ﬁ wa¥ P@J@H 21 %tgHé eﬂwao?&hiﬁga@gﬂ ﬁ%ﬂ%‘ﬁd 81° to 89°F

er a mcroscope indicated that nic
at th@l bagnried ofrtireccatalysidasd unsispectively.t Mhedgisbqualithg@roduct from this

oo BI BB YA B a0p ARy RASHED 4 ROQUETY of Tpdiacione.
Thefresult kRallsaensd in FlRkeszid @r\lrvhl&'lli‘ghé\%%nﬁméﬂ%rr%@%?mgﬂce of this
was carried out by spray- coating the nickel nitrate

exargple i thase of thﬁacwe@’u@ml pidkeleatatystsrin the €ppel Example 3A.
tenperature over the perreiMbFEdbout 15 i nutes.
Af ter drying the inpregn@hverstigmoduct at about 200C,
ThENS RBUREDGH TP Ry e BRATHORF Q1A% I Segnstiied I this example.
A catalyst was prepared in the identical manner described in the Example 2C. A
feed containing a low concentration of C, acetylenes in a mixed butadiene stream
was tested over this catalyst as a second catalytic reaction zone in a fixed bed
40 grams of catalyst were loaded in a vertically mounted up-flow stainless
fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was activated in the
identical manner described in the Example 2C. The reactor was cooled to ambient
temperature. The feed was comprised of 280 ppm wt vinyl acetylene, 120 ppm wt

23



22 WD 2005/ 094418 PCT/ US2005/ 004434 support in the
second i npregnation step was 4.25 w. % based on the

wa@eman4408 ni ckel nitrate used. The cal cul at ePICTEB2005/004434
ni ckel content in the final product was 10.05 w. %
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oo} BEpSRSRINFOY R 258yl SBLERI B TR ORY LA, 290 pom

1,2-BD, 280 Zawti G bateapbeetes Thersslettive hyateienatn Zvé)é) &drribB®ut at 6
catal yst is deposited on the

| oade
m'/fﬁ'ﬁigﬂ“yy anmfﬁ ghen SS@WHS'%@?WFWGH‘ Bawirate updemtos psig
totapr‘étaéfor ur§n¢h% tél%?e@ﬁfgzoﬁ' Bgaéfbi %Soﬂ?ﬁi af the end

core r on of um na eres
of thﬂatnailab;/st bee:asd I7<7§Ee1dthmbegmmntg ohiHeycatakth leeld Uespeotively. The

anafysfn it St el Wgeoddpldle mnara sbel fie swstylenic
confpRURLS i e fée@Wﬂfe %%OVQNW %—BWQQ@@ 095 i n

nitrogen for 1.5 hours, ‘and 'then for hours at 670 F
and for 3 hours at 770F Ebgar’p[dﬁsﬁng 350 CC per mnute

i1 o PAABEYSPAPB el deEREEP AR pEReina e miked

olefmcsitadnewas mm@dtbye@IEﬁl\ldTWcﬁl@@néﬂ@ﬂ ThréaPatestsi(a
Cont r ol rEEWSAwas carried out at 6 ml/mn of
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enati on vva at the end of the
stre%%\[s 3@% C%@(Hn%fﬁ dgqchog@ipr(apyl@ﬁg begi nni ng of the
cat al ySba‘&ﬂ?stA?é&%‘ﬁhh%ﬁ)y The best quality product
fromthis @experinent contained 5 ppm VA and 10 ppm EA

at T9g. OQ%IV@M%EWOMmQrCBI lﬁgi (éﬁliBeMt%) catalyst sapportes on alpha-

aluﬁbh%f %ﬁ%ygﬁhﬂ@ggs@! a}f‘%‘ & 3&0\?@‘% t{%ﬁ\:gg% é mm alumina

extr@dﬁt\ég ntlihenghothtodfelatsl tajs)é‘éit Walsi0 hrark®, ntI'h@I caEé@gpwﬁs loaded
EXAMPLE 4 (Invention) The concept

in a ébﬁt”élre?% fixed @adtre@ﬁozﬂn@@h Higrotasne20 mqtulong) t Whe catalyst was
actn%?f@(‘i"@ g0o° Po‘lng%%‘ X&?mﬁ\@ﬁ&g%@%ﬁ% QR}&pe i denti cal

manner descri feed contai ning

a | ow cGatstystrBtNiaatallst@roareeyl witeSu (nveriorgd
stream was fested over this catalyst as a

iﬁ%b% Y$HWAS rep@ERd Inoorsled fswaé( lmnfe@n@w rphgicues A
o L B ISR i NEEADSA T B g 00
g NléNQg))ZJGrITQﬁ) anth@)s g ThENER) A2 pbt, Quirs 26cgramtcﬁd/vau@rh‘dﬂethe first
impregnation. 300 grams of the 1100°C calcined alumina used in the Example IC
was placed in a rotary impregnator, and the mixed solution was sprayed on the
rolling alumina spheres with an atomizer at ambient temperature over a period of
about 10 minutes. After drying the impregnation product at about 200°C by
blowing hot air into the rotary impregnator, the dried product was calcined at
350°C for about 2 hours. Another mixed solution of nickel nitrate and copper
nitrate was prepared for the second impregnation by dissolving 65 grains

Ni(NO;),.6H,0 and 1.8 grams Cu(NO,),.2.5H,0 in 19.5 grams of water. The
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I dentical manner described in the Exanple 2C. The
reactor was cooled to anbient tenperature. The feed
worwsoeaps | sed of 280 ppm wt vinyl acetyl ene, RCODURINSF/004434
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Pal | adi um based catal ysts are wi dely used to renove
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solsfop Bl AT Baab Bl B AL Bl By S GiS0 oo
Nl(Ni(DQErBH’eO dine4 G ajuy©@(N@92 OFI$IBIih 30BRFaRY bﬁ%t&ﬁfor the first

e osition on 2. nm al um na ‘extradates. The anount

impesonalioay 4 gi?éré'ijOfAté@ WP Capricinmeskalymiag ysediashe Eexample IC
v faf KP4 B8 Ko 08 THB3RA A0 el GBS o uBoing

alumioaispjhleréﬂ.?a’gaabfelnd)mrﬁperaml’erla th€&abtdry shpRsgiito€ aindl teh the
with Cu (I nventi The catal yst was prepared
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sbogh88 Ot bolha 18k of e B0 AFpREIIoL B yogst ves
calcogdNa33 30 Z: BH200uh2 BOugs. aAsotiier waixed soutidrhef rhuclksltmtrate
con RIS Pal S (e e bdNen i Sorsih Fnifiaion by
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secOHd higed Q&u’u@%ggﬂéﬁb & ?&Hr?é A mﬁﬁ%oéghezrgocf:rorx the first

impregnation product in a rotary impregnator with an atomizer at ambient
temperature over a period of about 10 minutes. After drying at 200°C, calcination
at 380°C was carried out for 2 hours. The amounts of nickel, copper and
palladium deposited on the alumina support are 9.98 wt. % Ni, 0.57 wt. % Cu and
0.09 wt.% Pd based on total amount of nickel nitrate, copper nitrate and palladium
nitrate used. 50 grams of catalyst were loaded in a stainless fixed bed reactor (|
inch diameter x 20 inch long). The catalyst was activated in the identical manner
described in the Example IC.

The performance of three catalysts was carried out with a feed composed
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bl owi ng hot air into the rotary inpregnator, the dried
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for about 2 hours. Another mnmi xed solution of nickel

ni MAPR, Seleetprityrto (i3hiGifia %ah@4pal | adi uditrate wag

codt orpa et B, oSRITRERD. 2. st@na o ¥4 g
Pd(NO03) 2. x H20 (42.8 wERarRgle 6n 20. 3 grans of water

for the second jnpregnation. The second nm xed
soll i3 AxaRp!e Jhagiercsiion of Neayy Rrlymes epriceatalyshof the
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predd b on oS BSATRGEIM R Sl chalBEdcd, A caias
(Catalygst Iy weas prepaoéd abiwd-step sprayirapreghfition techningieadccording to
t
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A nickel nitrate solution was prepared by dissolving 86.5 g Ni(NOj),.6H,0
in 26 grams water for the first impregnation. 300 grams of the 1100°C calcined
alumina used in the Example |C was placed in a rotary impregnator, and the
solution was sprayed on the rolling alumina spheres with an atomizer at ambient
temperature over a period of about 10 minutes. After drying the impregnation
product at about 200°C by blowing hot air into the rotary impregnator, the dried
product was calcined at 350°C for about 2 hours. Another nickel nitrate solution
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pal | adi um deposited on the al um na support are 9.98
w. %N, 0.57 wt. % Cu and 0.09 wt.% Pd based on
wao oaoalooamdunt of nickel nitrate, copper nitratBCHOS2005/004434
pall adium nitrate used. 50 grans of catal yst were
Ioaded in a stainless fixed bed reactor (I inch

wad AR i80PSR gl e 1SN 0

14. Z’bmmgi‘off Wat@n CEhebeddicitnrab aatic Wab@aria 6L €68naHé calcined
with a feed conposed 25 WD 2005/094418

firstpgapregnaliesy Redusuin smasues sifilagdo thanfjist irapreg rmatian. obfter
oy R208:cF Pelindl BB EMeisg 4 10y 0olel. Yo Hnoun
of nidkehddpositad amthef aluhded sdppomard BEa wst% Nidsasgt bh aval
amqutd 4t S StBtGushl dhedaimari of hesrbisHveRanohunder a
ricRSEB TS ot o Bk R Loy Pifpa T gos

IayeIZElthHCalm@ﬁtﬂﬂde}‘eSn”i/mn 4.5 4. 5 4 5 H2 Rate,

| d
(] SPefhs' ol Wi 050 s a5 v RR <
dlar%te@'% 20 %hﬁ&ng)M“ﬂ{é tatakyso s tactivhtediR the tHeHMREIP ndeaivier

npl e In this exanple, the deposition of heavy
desg@b%m@eo&%wmle t&talyst of the present invention

RS eSilo BonigE B AR RS £31.9¢2) g ot

Exaimype G@W%renkbaded hmiagotherctginidss ﬂxé@ betilreattee f(n Irﬂ;lhﬁj iameter x
dIS g_lnthlsmventlon as follows. A nic

20 iy foried. SeLaatelsties gebyaleadn e @regmwnﬁ@n@edssglbed in the
Examr%mrgrogsgg(gn%%@e grams water for the first
|

regnati on. grans of the 1100C cal ci ned
Deposition of heavy polymers on both catalysts was investigated on both

catalysts by carrying out selective hydrogenation Of C4 acetylenic compounds in
crude butadiene streams under various conditions for over 4000 hours. Carbon
contents on both spent catalysts were analyzed. The resultis listed in Table 4.
The carbon content on Catalyst D is extremely low compared with K-L6564.

Table 4
Catalyst Catalyst D KL6564
Total ran hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5
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alumna used in the Exanple I1C was placed in a rotary
i npregnator, and the solution was sprayed on the

wo edosiopg1&l um na spheres with an atom zer at aP@i/E81005/004434
tenperature over a period of about 10 m nutes. After
drying the inpregnation product at about 200C by

Th%'rnglghﬂ?n&ga@m?g{%' nto the rotary i npregnator, the dried

ined at 350C for about 2 hours.
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total anou nitraté use e exam nati on
of the cal ci ned product under a m cr oscope i ndi cated
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surfagbadrys o oréd t@rtmﬂﬁﬂm% a st a| nl ess fixed bed reactor
(1 inch gl aneter x 20 inch long). The catal yst was

activated in the identical manner described in the

(KL65§i’eTE%a'yéZl? R68%nd, IR Sl Cir pbloufiEslpbSh has an

averagslpdrd diaarséhfomsiiut108<A fd éBdutbtﬂib Aeactor (I inch
dianeter x 20 inch long). The catal yst was activated

in the identical manner described in the Exanple

ggtrﬂﬁ r *ggcta %%t%&o%nn%&élrﬁ {1;\8h§r’;§1¢;gﬁéfo@g%§@5@s@ E?/s a total

nitregen gdsngfptlon poed aohmfefrblymm&m icoly tofabiotit dcet/yl eni c
conpounds in crude butadi ene streans under vari ous
conditions for over 4000 hours. Carbon contents on

botd) $ﬁ§r¢btélg§t3édb%¥'cﬁr_l1%% lAnal ¥ARFkin THE t5&F Hléliél %ongnt of the

listed in Ta carbon content on Ca

catalystds fiosmraboul dip 28ivpaled with K-L6564. Table 4
Catal yst Catal yst D KL6564 Total ran hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5 27

7. The catalyst according to claim 1 wherein the porous support has a BET
surface area from about 20 m%g to about 150 m%g, an average pore diameter from
about 100 A to about 450 A and a total nitrogen adsorption pore volume from about

0.4 cc/g to about 1 cc/g.

8. The catalyst according to claim 7 comprising one or more elements

selected from the group consisting of Cu, Pd, Re, Zn, Mg, Mo or Bi.

9. A process of selectively hydrogenating acetylenic compounds comprising
contacting said acetylenic compounds with a catalyst according to claim 1 in a
reaction zone in the presence of hydrogen under conditions of temperature and
pressure to at least partially hydrogenate said acetylenic compounds to the
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WO 2005/ 094418 PCT/ US2005/ 004434 The invention
clainmed is: 1. In a selective hydrogenation catal yst

W@ 0o50%4418 on conprising Ni deposited on a porPUBUS2005/004434
support wherein the inprovenent conprises having nore
than about 60% of said Ni deposited on the outer

B o LS A GRS BRR g FRGUEE) il aounce

selected fromthe group consisting of Cu, Pd, Re, Zn,
My, 0g/b %r Bi. 3. The catalyst according to claim1l
whet®i dNeHIOpBsS asCAiHKLIA Clrie Shwhetein agetderi G eempeunds are

pregéﬁ%ﬁ\ixé redhd B @; - F%r&%tr%)ﬁ(%t according to

claim erern the pordds’suppo as an average

pore diameter from about 100 A to about 450 A. 5. The
catgly according to clajm1.wherein the porous

suppor tsII N BroLesst g?COFHI“th 8#'%?@%‘?@8}9 Fofenifgymamount of

hydr6§eR pPedEntGsdnd édhs tiarfBOURole ©F/ & thg- cJﬁlﬁeerﬁ?ét‘?érY %ﬁ‘tthe total

according to claim1l wherein the total nic conten
acegyleniggompaundggaresentt r om about 3 to 20 wt. % 7. The

catal yst according to claim1 wherein the porous

support has a BET surface area from about 20 nR/g to

abol. T protfegs adBorigg &OElanr® Whaeh! §4id lcatiNysBRPtbsent in at
100 A to_ about 450 A and a total nitrogen adsorption

leagidpve reartipbzenesm about 0.4 cc/g to about 1 cc/g. 8.

The catal yst according to claim7 conprising one or

nore elements selected fromthe group consisting of

Cu, 13Pd preeesZof selctividy lydr@yen&ingfadetyiesis sorfpounds comprising

el ecti \l§| g%gdr.og{(e}nat i@gi acigrt&yl eni ¢ conpounds _ )

congRiER S8 FoeBURRIA CoMTRp isdvile & SAtalist aEeRHBEnde Clilim2 in the
prederidd 8f WFHraReFOnfdd e it BY %em%%turreeé‘ﬁcﬁ PPeséift®td Bt least

the presence of hydrogen under cohditions o
partiaiyjeidsegenratasaid acatyleniccaropatndststhepartdsablngding compounds

hydr nate sai d,acetylenic conpounds to the 28 WO
hav 'Egggﬂfﬁ rRICF) ?@ﬁﬁﬁ@l"c BMPLYBERdi ng conpounds
havi ng | ess unsaturation than said acetyl enic
conpounds. 10. The process according to claim9
whéldei hhePeesassnmacocdingdastrimatl @ whereiseanetylanid geaipounds are

- hydr o 1. The process
preg%rggtﬁ‘gr;ﬁﬁ%’é fsgg% g'l%gfn 0 %éﬁgﬁﬁ%gﬁ?ﬁrfﬁnum amount of
hydrogen present is no less than 50 nole % of the
con%entrrati on of the total . . .
15. The process according to claim 14 wherein a minimum amount of
hydrogen present is no less than 50 mole % of the concentration of the total

acetylenic compounds present.

16. The process according to claim 14 wherein said catalyst is present in at

teast two reaction zones.
17. The method of preparing a selective hydrogenation catalyst composition

comprising spraying an atomized nickel compound solution on to a porous support

and drying said solution.
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acetyl eni c conmpounds present. 12. The process
according to claim 10 wherein said catalyst is present
WO pooamo44ieast two reacti on zones. 13. A procesBCDS2005/004434
sel ectively hydrogenati ng acetyl eni c conpounds
conprising contacting said acetyl enic conpounds wth

{ di ng. t i in the. \ f
hy o liE brdese abiRinadnSln 1 Awbeeln GiokBLES  Hidadinus suppor
is driedait tbepstatupRint thal higd fiehPgenas gosatd acetyl enic

compounds to the correspondi ng conpounds having | ess
unsaturation than said acetyl enic conpounds. 14. The

pr [ .c| aj . erein. acetyl enic .

ComSoue PERes ek fafo o R 7 S RuBinEBGtotlsoSlars comrises
alutmprtlr.ocar bons. 15. The process according to claim 14

wherein a m ni nrum anount of hydrogen present is no

| ess than 50 nole % of the concentration of the total

ac | -Ey 0 ; ent.: g pr

o P GREHAETGRE RS oim o whBE R RITBUS, suprayt s BET
surfacearealod gseatewthared@ tign zones. 17. The net hod of

preparing a sel ective hydrogenati on catal yst

conmposition conprising spraying an atom zed ni cke

co i [ :

ol o B R By PO etains one
or mere glregnts dess CacPdr BRengnt Mge Ma, or BI. wher ei n ni ckel

beari ng porous support is dried at tenperature in the

range from 200 to 800C. 19. The process according to

claim 17 wherein porous support conprises alum na.

20. The process according to claim 17 wherein porous

support has BET surface area of greater than 10 n2/g.

21. The process according to claim20 wherein porous

support contains one or nore elenents fromCu, Pd,

Re, Zn, My, Mo, or Bi. 30
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