NI CATALYST, PROCESS FOR MAKI NG CATALYSTS AND
SELECTI VE HYDROGENATI ON PROCESS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application is a

di vi sional application of U S Patent Application
Serial No. 10/828,823, filed April 21, 2004, now U.S.
Patent No. 7,408,089, which clains the benefit of

NI QAFADYST, BROGCESS FOR MAKBNGECATAIL ESTSAND $ELECTIVE
2004, the disclosure of which are hereby incorporated
by reference. BABRGROGHENATION FROGES Field of
the I nvention [0002] The present invention relates to
new sel ective hydrogenation catal ysts and the nethod
of making the catalysts, which are useful for
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removed with a mnimum | oss of useful materials such

as ethyl ene, BAUKNGRGUNDUIOETENE INVENTEON, isoprene,
etc. in the feed streans. [0004] 1, 3-butadiene is an

i mportant raw material .used to produce various
pol ymers such as but%&ﬂéﬁgﬂ§ﬂ?W@ﬁéncopolyner. One of
the processes for producing 1, 3-butadiene is

[6602)" oductf%“? S ént\ﬁ?\fehﬁ?ﬁxgre%tg ﬂo%ﬂ?@@@ﬁé@?@@ cat@sts

pet rol eum ctions. crude m xe roma
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partially renov acetyl eni c conpounds. The

Ce1 w66 oGPl RY PutTeRETeY of AdheRe Gumitis 1 gide olefin and
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distillation techniques are used to separate 1, 3-

but adi ene fromthe rest of conponents in the m xed
stream Sol vent ext r dRelatge Information

[0003] In the manufacture of olefins such as ethylene, propylene, butadiene,
isoprene, etc., acetylenic impurities such as acetylene, methyl acetylene, vinyl
acetylene, ethyl acetylene, 2-methyl-1-buten-3-yne, etc. in various crude mixed
C,-Cs streams need to be removed with a minimum loss of useful materials
such as ethylene, propylene, butenes, butadiene, isoprene, etc. in the feed

streams.

[0004] 1,3-butadiene is an important raw material used to produce various
polymers such as butadiene-styrene copolymer. One of the processes for
producing 1,3-butadiene is co-production of various olefins by steam cracking

of petroleum fractions. The crude mixed C4 stream from a steam cracker is



distillation is expensive to operate and energy
consunption is intensive. [0005] Conplete renoval of

C4 acetyl enic conpounds in the streamwith high
recovery of 1,3-butadiene is highly desirable to

reduce the production cost of 1, 3-butadi ene and

produce a prem umquality product for polyner
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catal ysts on a support such as alum na. Pd catalysts
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catlpidyagesatame not sel ective enough to conpletely
renove C4 acetyl enes w thout an unacceptabl e anount of

~-but adj.ene |.os ue to. oyer-hydrogenati on. Another .
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commercial applications of selective hydrogenation of acetylenes are

palladium-based catalysts such as Pd, Pd/Pb, Pd/Ag or Pd/Au on a support
such as alumina and the copper catalysts on a support such as alumina. Pd
catalysts were the most preferred catalysts because of high activity and

supposedly superior selectivity compared with other metal catalysts.

[0007] Palladium-based catalysts are not selective enough to completely
remove C4 acetylenes without an unacceptable amount of 1,3-butadiene loss

due to over-hydrogenation. Another inherent problem of palladium-based



and reduce catal ytic polynerization of acetylenic
conpounds. [0008] The copper-based catal ysts are very
sel ective so that the recovery of 1, 3-butadiene from
the m xed streamis very high conpared with palladi um
base catal ysts. However, since the activity of copper
catalysts is very low conpared with pall adi um based
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reactor are required, Al so because of deposition of

healy cemplssnidmoayads huttes reacion af Peatems anythe catlyst surface

rel gtd f neration of catalysts
necanh ¥l dcB8ione; (FBUANAOERERS] Bobiifleioul B i/ Biebenep of
anyliquid phasee Svle¢ryand gol d/lave dedth s So hihinsied @@Ud%SF palladium
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Ni and Ni--Cu alloy catalysts are effective for
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6), vinyl acetylene and 2-nethyl-I-Dbuten-3-yne are
di freacgen aret tequyed.ecAlseebgcahsed pbglepatiort of lhedvy uainact®us

and_i.sonrene, by usi t he. usual al | adi um nj ckel or
coBAt! m@%togl the tcgt.af‘yﬁl{1 gaKgqlqe’tB/gE'e ﬁas& afF e ree el ogadcatalysts
us edcésBitateOmuBIpId @hctpfsocesses for the sel ective
hydr ogenati on of acetylenic inpurities in mxed
steans of ol efins and diol efins. SUMARY OF THE

[AOQ9ENT! ONNT GatabptsBin @y yformharenvery| agiveatatslysts sfoarselective

i i ' hyd t t al yst
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t hd. Chpmovenpn623; orgee), e afd Winguadllolye@sdly 89 Yee0obfr&ive for

Ni depqgsited on the 3 peri pher;i of the porous- )
su ¥ acetpiene ihydrogpnatione r I heoratal ¥iq #etivity gapidlypiversasss with
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o abn of APl A R e BB bl BLCHRERI e 10

capalpybins and extgsedfipolymerizayidn dgeeest vdth the asiéada of SeigRr in

as_selective hydrogenation of ac | eni ¢ conmpounds in

ol g}el ﬁﬁ?}’r d‘?c&szpéglilg](‘%o rﬁ Gutmann anc? tg Eﬂldfar (OTEanic Synthesis,
Chapter 6), vinyl acetylene and 2-methyl-1-buten-3-yne are difficult to
selectively hydrogenate to 1,3-butadiene and isoprene by using the usual
palladium, nickel or cobalt catalysts. Nickel-based catalysts have been used in
commercial processes for the selective hydrogenation of acetylenic impurities

in mixed steams of olefins and diolefins.
SUMMARY OF THE INVENTION

[0010] Briefly, the novel catalyst is an improvement in a selective
hydrogenation catalyst comprising Ni deposited on a porous support wherein

the improvement comprises having at least 60% of said Ni deposited on the
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streans. Preferably nickel is the major active netal
conponent; that is nickel w Il conprise over 50% by

wei ght of the active netal conmponents (N, Cu, Pd

etc.) deposited on the porous support. [00111 The

active netal conponents are deposited on a porous
support, such as transition alum na obtained by

cal Chepipheryadf thel STBES BlpHost, ithatds,! G @ateb @fioveskin ki pdrous
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preferred anount of nickel deposited on the outer
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mul t1 steps. The preferred technique depositing N in

t he 760taed 12898€C. JFheaprefeped rsuppert spl dave entavergge pore diameter
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| Mphegerably Fromd RBoSiIEM2/6 ea hbdld 150 AY Aad kel niffogen adsorption
wei ght rafio of Pd to N* on the catalyst is |less t

h
0. OPorepobiras fiohyahas 8 4dsintobout | oo/aaProfastbly st Ierd 6B of the
dif. 1. Ni . '
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not gaclkeesssithe obtdr skingyes of theecatulpdt ddbfremcabopiolifidisam to about
met hﬁl acetyl ene and propa&i grje whi ch nmay be d%ﬁ#ctefd 4
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BRI SfottfearRidkEr @L}b&ﬁeJ bl thRAVENES layer_ is from about 0.03 to about

. 3.5 mg/m? preferably from 0.05 to 2.5 mg/m?®. Depositing Ni on the catalyst is

carried out either in one step or multi steps. The preferred technique

O

. 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.

[0012] The Pd modified Ni catalyst are particularly useful for removing
MAPD. Methyl acetylene/propadiene (MAPD) is not a compound but covers
the unstable compounds methyl acetylene and propadiene which may be

depicted as follows:
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[0013] FIG | is a chart conparing Control Exanples 1A
and 1B with Invention Exanple IC for 1, 3-butadi ene
recovery vs. vinyl acetylene recovery. [0014] FIG 2
is a.chart conparing Control Exanples |A and IB with

I nventi on Exanple 1C for 1, 3-butadi ene recovery vs.

et hyl acetylene recovery. [0015] FIG 3 is a chart
conpari ng CBRIEF DESERIPEIGN OF tTHE DIRAWINGS Exanpl es
2B and 2C for 1, 3-butadi ene recovery vs. vinyl

acetyl ene recovery. [0016] FIG 4 is a chart conparing
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Exanple 3A wth I nvention Exanples 3B and 3C for
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[0018] FIG 6 is a chart conparing Control Exanple 3A

wi t vERemiExasple B dppl ddutpdicangdeameeroys. gthyl mtymeéﬁ@very
recovery vs. ethyl acetylene recovery. DETAILED
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100 A to about 450 A, BET surface area 5 from about
[6O18]2/ 9 t PIRbOYS a]-@&rff@érﬂ pardfpd Coak&l EQéﬂlf)EgﬁQ w1th Invention
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cc/lgammlesithand 3C forel, pbatadiene tecoupporst cthileetyfrne frcmoweny
alumna is transition alum na obtained by cal cining at
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the preparation of the catalysts. The preferred range
[a019G he t oCatklysts

[0020] 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>.

[0021] 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



ni ckel content on the catalyst is fromabout 1 to
about 20 weight % preferably from2 to 15 weight %
[ 0022] The catal ysts are useful for hydrogenation
reacti ons such as selective hydrogenation to renove
acetylenic inpurities in various mxed streans of C2-
Cl2 olefins, diolefins and styrene, and hydrogenation
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cru reamc renove
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- but agl ene in the present process, than prior_ art
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columms, resulting 1n sinple eaper separatl
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cata ny physical device.to
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chem cal reactions related to this invention occur,

ar dirgineatglytic reaction zone is sacrificed as a guard bed for the poisonous
impurities. The improvement made for the hydrogenation process in this
invention is higher selectivity or higher recovery of the useful materials such
as mono-olefins, diolefins, or both, than those processes based on conventional
nickel catalysts or conventional palladium-based catalysts. The Cy4 acetylenic
impurities in a mixed crude butadiene stream can be completely removed by

selective hydrogenation with higher recovery of 1,3-butadiene in the present

process, than prior art nickel catalysts. Therefore, this invention allows



any conbi nati ons of fixed bed reactor, distillation
columm reactor, solvent extractive distillation
colum reactor, boiling point reactor, trickle bed
reactor, noving bed reactor, fluidized reactor,
stirred tank reactor, divided wall reactors, divided
wall distillation colum reactors, etc. [0024] The

cat dlniskSorTBY oOBPHe Bxtiction isifftich SHRAE treéiﬂtn%uﬂﬁ%pler
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Ni d@ateabmahctﬂodrlﬁe aduw mtan@r@poneﬁtrsearel (Eiliﬁﬁlte‘él afNgorous
Cu, Pd, Zn, Mo or_Bi may be prepared b
i nCBPRSSE 45N gs tah)é’ﬂla%)pf’lbﬁﬁ i st sieuAlumina, lee charcoal, etc.

rm%l;é(ﬁ ngalﬁﬁﬂ%%ﬁﬁgxﬁeg%lp tn%é/tﬂ%qn@d %ﬁ 1Ht? (?.'élggljn'a%ﬁ%ports prior

manut act ure pre S conp
pr ed depositioal afiNina dlsclosed in this invention can be
prepared by a nunber of techniques wel |l known to

[Otof}%fe ski "Hlee (}j)reifgrret:c{1 esuggotrt que have t}?e following properties. The
preferred shaped support will have the size from about 0.2 to 7 mm. The
preferred support will have an average pore diameter from about 100 to about
450 A, more preferably about 140 to about 400 A, BET surface area from
about 20 to about 150 m%g, and total nitrogen adsorption pore volume from
about 0.4 to 1 cc/g. Alumina is one of the preferred supports. The preferred
alumina in this invention will have at least 30%, preferably at least 50% of the
pores larger than 100 A diameter, and a total pore volume from about 0.45 cc/g

to 1 cc/g and ABD (apparent bulk density) from about 0.35 to about 0.75 g/cc.



preferred alum nas disclosed in this invention can be
prepared by so-called oil dropping gelation technique
as disclosed in U S. Patent No. 2,620,314 (1952), and
U. S. Patent No. 4,273,735 (1981). The spherically
shaped alumina is prepared from al um num
hydr oxychl ori de so] prepared by digesting al um num
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boehm t e al um nas_ or, di spersed . boehm te al um nas sols
ar énglohin agyeaus hydrpghlonis Rad sphtien. Cphgdepllysshaprd @pmingesol

SURRLERLIS, in tRe RIRPA cﬁoél'%% Qxfeegeﬁé& g‘ghis?g‘eﬁﬁﬁiﬁ %lh S}%Jg%{gfo'ﬂaged

ose pore structure | di scl ose
14/ aging, Bvashing, ddyiTe, 8304 rchlcirbis rabbtaBNAually pdmma-alumina in

D speral | 14(r), Deperal 40(r), Pural _ 200(r), .Pura
OO RRreia] BNy ot BB el gl lembiralir cA BRI o oed
us egheridafly Nhap&l tRhifk WHoNBar Petprepigtd ib@f“oi@'dﬂ%}g%g tgglation

calcined at in a tenperature range from about '
abdeshnipgosing thecdinparbesi heghyairenar pereidpboehidispaluminresals as

and,. ha.c tal i f,Qr r.mxtuses, t.hereof
[ oGuRORAf DS Blok B, TAPRa TR, HhE iRl §i e preparea
f orbysdigRisiad SWtadbR baehepR] ptubybrRkinitd dir gixthé dRkRhitednd

boehm te or pseudoboehm te al um nas discussed above,
andseudoppelipide alumanasigiasilic ayabar athe pudebaehmije gr bpsiyaite

}\/8 ’ra\%/é %genréa-[%saﬂg? %éﬂa?é'ds 1&11 51%1(19&9%@ e Rininkd alB%ide§MNand
crystallizing or reacting sodium aluminate with aluminum salts such as
aluminum sulfate and crystallizing. Various boehmite aluminas or dispersed
boehmite aluminas sols are available in the marketplace. Condea is one of the
suppliers. To prepare the preferred spherical alumina whose pore structure is
disclosed herein, Disperal HP 14/2®, Dispal 11N7-80% Dispal 23N4-20%,
Disperal HP 14®, Deperal 40®, Pural 200®, Pural 100®, Pural NG®, etc. or
mixtures of these can be used. The preferred alumina is transition alumina

calcined at in a temperature range from about 750° to about 1200°C,



others known in the art) may at least in part be
incorporated into the alumna prior to extrusion. The
surface area of alum na tends to shrink by repeated
exposures to el evated tenperatures due to sl ow
crystallization to nore stable crystal fornms. This
surface area shrinkage accelerates in the presence of
at MSHRRIAE gdRing ! dHIE, K)a[ppﬁ rRE@ ATAWHa PfstARM Hmn's r&r hfi€tures
alumna or bBoth.” Usually al um na support for th
cat Bieteef. preparation is conmercially produced as
ganna al um na by the calcination at tenperatures from

t 550 The h sical sh s, of. the

erred FJ%F% QHHB ﬁngﬁgpe ﬁ@ﬁm IS, i} @lso be

ext ,imugﬁwsgy eehldaies tRNPre@irRdUb&BnMRI 6 pSaMBbsHhaiIRt Aliminas
ess than about 1/4 inches, preferably 1/8 inches

an ddllscwgedt ahane.a ealcinipgiah elewated é¢1gmraturq§rfe¢re repiity750°C to
| es%{ﬂbgr eiler O qﬁfﬁ%@% IS%R)%&P hel% ﬁga%f ﬁl gr?cf %1 or

[ 00 oor Rore i

cat@hststkaowa ifl€lposi )t @dy anleaithis p@ﬂtlﬁrln@(ﬁbblﬁt&hﬁto the GlhGhina
of the Shaﬁ@d por Qus support rather than within the
supPsELo exfasipRef ey Butac arsrrfslupna; gadsotn airinkihy repeated

abo@(ﬁ)oﬁfr& R)eeINIat&f"{eﬂ{ ére%ﬁue EJ 9@@&8&51&%1?% g&“?gbpe rT%able

mm nore p era romo
rmSCtryspalefoemabl Yhisr amfabe (Meam;hrirrka@e 56cemsmteNonptﬂ1ie opresehte of

ublication js known to discl]ose the yse .o
PR Rl oh e AR Bt SlestBin (R CHEmiRy ek bpth.

met@‘ﬂ;uall? aRinghe5@Yovt B RR Va8t bRphRBoR W &fmﬂn@ﬁé%ﬂly produced
region of a shaped porous support. Total nickel

corfsegamrod afumeing dtyathy staldimation edt éclapdnytuwsoﬁpmbahuut 350t@ to

obt 052 TR RS B HRR Orft BTt uriedisen e gh shape sueh

cataalsyssérew eixfrulatas, peHEH edd tglaarmme\x‘vﬁlcpfhab@mmet@r&‘ 18RYthan
carry out either one or nultiple inpregnations of

pr Gbett 1/4 pv@par@afe&hlml{%wgheswddew thpe PbB B amhes:}ength
d
350 AL 005, O U Gl DRI 1 sopmpunds on

metal in the outer layer is spray coati ng
[G029] e g n at Frefa:raiﬂy 80%uirt rabieeniclad] uidtalronothe mh@lsets i€ depsxited in
on a i pl e spray coatin

i mslflf‘e@ﬁ sty %F@W@;?%@&}I% tfapeq Reroys SUOEt, TS fhrwithin the
GRS RSSO
8001Om pbaft éxohyn R6&bdud 0500@), mereqrrefembly 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 catalyst is preferably from about 3
to 20 wt. %, more preferably from 4 to 15 wt. %. To obtain a predetermined
metal composition on a catalyst within a desired thickness of layer, one may

carry out either one or multiple impregnations of properly prepared solutions

of a nickel compound or mixed solutions of nickel and modifier compounds on



carrying out the next inpregnation. The catal ysts can
be prepared either in one step or nmulti steps. The

ni ckel or nickel and other conponents of a catal yst
may be deposited by spray coating a solution of nickel
conmpound or a mixed solution of nickel and the
nodi fi er conpounds on a support. QOptionally one may

dep@siigpoiti GhelpréBfed %Hﬁﬁu@ QEPRMBR kS PRRIRIEMY of¥r layer is
carrylng out a series two or nore | npr egnatl ons.

[ 00SIO}RY- Watlpgl llnm¢gm1‘-lbls 0§Iasw1@ébomlutam phinidkel otunmund on a

P SfEH 2 vt Mol ol gpind iSRRI I8 barries O dhgergduct

to flo@b amt Lml%:glfatﬁ)h estePt Bl pleBrablystithelh@riste RS CAlbRBd Oft 2
Pd on the catal yst can be carried out sinultaneously

W| t WMREragEp & thej rapgpljom A 08 go 063 Geemefgmbm 2%htoofO0RE, prlor to
“&912'“% HHPI%H]EQ d
a separate gft‘eg%"? n 18% gtrh g %%tpg'S&%n gfﬁe P‘% t?‘%f none

depaep bledluﬁf Eteps t e NnckePbEflﬁkabalnyl &B&%oﬁfpdnb@ts oPd @kfalyst
the ca aI ihde posited in the outer periphera

r edPdh o R%&e ¥FBEY 98118 selypp Pt nickgh gpampauRgd pr a mixed
Wt Qioh U rteiRP %& t}{eolgﬁ&l]ﬁﬁ} @%ﬁgoﬁldts %@E@b‘én%@?&hﬁy one

i mpregnati on techni que, osi tion
metmahy depoait mqkpbmtd ¢®peacmnmﬂ1enutseparatalycbmmrr§aﬁg o Dferies

coqﬁgntional . ng natlon and spray-coating
YRAL MOFC IPIERIAI88S: For exanpl e, the conventi onal

|npregnation such as incipient wet inpregnation is

[0030]i ed OMtpallAdiuli8 afsol @podifEarig IAGHEN é}ﬂ)@lefaﬂ %&kion with Ni,
spray-coating i npregnation is perforned | secon

st épe ampentmf difuart thercatalyshis fremwiupi terlt windb, praferaigy &omo® 005
h t f
BTG P B LG drB B oh ot S Bt oty o be

abdiriddMRCsiniliagEodst wRhAji-depadiiididby TRHLANRRkE@Bolution of Ni
Cptlonalhy one may carry out the spray-coating
i msPBgARRd end P cm@owﬂ ax the tRehcandiegdaplsitasoinvee srpersiteastep in

' MhL§ %%tr'&ﬂ p%feltag 15(13 9 Jkﬂosﬁ{e%paﬁefl'glejig O%%fe\rlglﬁy 1@0% of the

copper contar ni ng prepar e

al JPi orathescqmiwttls ctebesuednhethé onfer gRPpPREraloregidieof the shaped
catahy isin. a r nge, of %ron1about 0.005 to about

10 PRECUS SYPPPRla T laﬁrd %Wl phBPRPEKel conpound s

prepared by dissolving a nickel conpound in water or
[0831PT 9aNGn HnCAiRInAQERANAPIE! ihpregnation technique, the deposition of

nickel metal on a support is carried out in a combination of conventional
impregnation and spray-coating impregnation in series. For example, the
conventional impregnation such as incipient wet impregnation is carried out in
the first impregnation and then spréy-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.
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organi c solvent or water. Mlten liquid of a nickel
conpound such as nickel nitrate hexahydrate can be

used for the spray coating inpregnation instead of
aqueous nickel nitrate solution. The exanples of the

ni ckel conpounds are nickel salts such as nickel
nitrate or organo netallic nickel conpounds such as
[0033el acelihes cHhfek @bntaBiRB NG calilysk ¥ prepared with an alumina
acet'yl acet onat e, 'nickel al koxides,” etc. "After the
conpipeoitahe obntentradycopiper andbé catakyst iomn a rangp é fitom atpait 0.005
I mpregnat i.an . pyodyct | referably, subjected .to a

t he Ou% r@a‘ﬂ‘re{?t © Of%ﬁﬁe?fgf}ﬁr %%]F?ﬁo?ﬁmpa%% 1S Zeparest by
aboditsoBAREC.a MRkE BoBpRINAPInY wafe Noradp 8kgadd Chitlel ad@ifound in
500C, from 10 mnutes to 24 hours. The preferred )
vol agenipolve ariwaipd Mettes hignid ofcbaickelgompered aath asmnickel
is f. 0 % b hout

o5 R AR fe b 6 e Ty EREIBr ko iRt of
Fi neyubdwpuhioked mipatetssludibn. | THy egngilésost helditlkedRosipoands are
ni ckel caonpound to, perform spray-coating. |inpregnation

on THckel spbriuchay niskelgrbye o e?gj%yo RSIHEC gickeletomnoyndgsuch as
SPIAYRS REtate®@HRIKLE ?(frma]-l@ hiclRi %?tg%gétbﬂge ! ﬁicﬁq;‘a{elk&ﬂd&y fetc.

at el ther anbient or elévated erature.

el eAfitretdhe tcompdatahuofesmayiay -acsdttiongon & ppoitethecimipregnation
por ou su rt. presented to a t erature from about

T ocPre o s eretasmill sHBISFpdrip rthermel JREUB B 6t Emppire from

S Praayed2 (0N tcS BERE 05 UR PABISpre YU Frond aBodt 2587 8 about 500°C,
i npregnator or on a flat surface. [0033]

Hy drag difaminvites Rp ode beurp.0 03] prefeered emtiingo nf Hienliquyd for spray

acetyl.eni ¢ _conpounds and other.,unsat ugate unds

o SRR B N R o P TR Ghe SRt e PR et 2
phaggumé i%6)Wfthe PHRAE PR velutfiexea &t OfFis@Jigaldd droplets of
liquid. The tenperature of the selective )
hy dRpEReRai T rfoRiRat Pbn? | Rickd e compeung ite PEEEE Shrayoieating

T S e N L R
pr ef@niabl. y Theosprapoodtingdls tarriab it 238Gfher Hawsateror tleeated

11 tenperature is determ ned by the specific
ac &FPPLERTEE- cHifFdeialrs tempature IR GeHHIE s SR PR a porous

PhY§hSH pREGR&I Rf a Gl i0rah R8BS 10d @ FHPee! fIjn‘:"ﬁerabl fine
catalytic reaction Zone. For the C2 or C3 acety eney
i n ligurd dregleG2are spi@gedpefhayied supports rolling in a rotary impregnator

or on a flat surface.
[0033] Hydrogenation Process

[0034] The feed containing acetylenic compounds and other unsaturated
compounds is passed through catalytic reaction zone(s) in gas phase, liquid
phase or a mixed phase of gas and quﬁid. The temperature of the selective
hydrogenation reaction in the catalytic reaction zone is one of the most
important process variables. The temperature is in a range of about 50°F to

about 420°F, preferably from about 55°F to about 380°F. However, the
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hydr ocarbon feed, the tenperature for the selective
hydrogenation is in a range of from about 55F to
380F. For the C4 acetyl enic conpounds in a m xed
but adi ene stream the tenperature is in a range of
from about 50F to 200F, preferably from55 to 180F.
For the C5 acetylenic conpounds in a m xed C5

di ofegfpeptitgre NiddeRARRRASHP t the akPecttiRe at&PRBIALHhPolRs b be
a range of from about 60F to about 250F. For heavier

ac elydreganeter ygd dmlb’éwsl phesnoOhe ydroparbpessin 4 spe¢ifig ghialytic

17 RARB e o AIiC T S50l gae el & bFUoifinic

co nE}Qﬂbcfa@Edlﬂfee@ fthdegipeeirei for thb 8eleada hyldrspeh st ik @a range
zones i s _another crltlcall Tﬁortant process

var ¢hafipa. abpHb S8 3nted®E Et i Inr tbf: VAFEHHEIC COmPQUMs in a mixed
cat @hé{&é&e HRAGE e %H?ﬁfﬁa&}g B?WM%BOWSWF 9 200°F,

factors e cancen eni ¢ conpounds
t heprefecainy fignt ESé’doSHSOQ%mmehe G as&gkenfcl contpeands iarm mixed Cs
zon%ﬁ]d%he specific acetyl ene conpounds(s), the

i nt Blcc}éYﬂ?%?aé‘i"Hﬁ reama daey (prgerdurs o J @ 1gngsaf fiopy, about
cat gloyt, GhbGAF0PPN FAPAGidr @%et@%ﬁfﬂ%@fr@&%o@l@ w4 Of acebh@nes

catal ytic reaction zone whether single phase or m xed
phaisdieaviee hydronpborzt thee (f the tsppetafure icat akange of from about

rea tal yst conposition in a specific
rea@ Fgﬁ’] é gsoﬁad the specific physical device of the
catalytic reaction zone, such as a fixed bed reactor

[0033]at al yThe Dh&dnitraligh | T hyRbsiiNid GRC Hhlytit readRACEGHes is
t he "m ni mrum anount of hydrogen is no | ess than 50 nol e

% anothef eritipally intpomahiepvipessfvariablec chteeerncentragion off hydeogen
tot, altllae ca%%:lﬁlc ff:%? i (I)nnzotnlg %tepen%g %rrp anrgm%glrr S fgcfors %l concer}tratlon

spegl C reac one. e haXi mim amno

of dfydeghaic bdtnﬁ(hthd@@ﬂi #Meyintemir@aetd efeahd it@o iarspbtifie deaction
bed operation |s no higher than 5 tinmes, preferably
no wng,héhe 19966113 poqtdene gommeandstesthef intendgg conversion of

acef.y £ g?éf?l' o§ a%r%%@ 9#&?@ cdtglglﬂgt?% ?Bn 20, qhg]}f%ﬁgeﬁg?r% ghase of

nee he ca tic ation’ or cat
extthac¢ata/1§:t1<d| whdtlonatzomn wieghat ismglet phasd e misxedd phest, the

oper ati on. [ 0036 The]ﬂgr essure of a c%&?l tic .. .

r eéE‘E“PBrﬁ“‘Z%ﬁ’ Ei $PeHtce FHUABE rE)%F“PHezonFoF?t éomposmon mna
spepkdific seactibR zeReqhd iHe sBQMﬁ& pRYsidevbFige 6f tha cﬁt@tyﬁ'c%dcﬁon
reaction zone, whet her a solvent iIs used or not,

i ntzendesiich @mﬁmmb@i ohactar 9elce@bitigadistillation column reactor In

general, the minimum amount of hydrogen is no less than 50 mole %,
preferably 70 mole %, of the concentration of the total acetylenes in the
incoming stream into a specific catalytic reaction zone. The maximum amount
of hydrogen in the catalytic reaction zone in fixed bed operation is no higher
than 5 times, preferably no higher than 3 times, of the moles of total acetylenic
compounds. In general, more hydrogen is needed for the catalytic distillation

or catalytic extractive distillation operation than the fixed bed operation.
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hydr ogenati on reaction in a specific catalytic

reaction zone, and the intended phase (gas, liquid or

a m xed phase of gas and |iquid) of hydrocarbons in

the catalytic reaction zone. [0037] The flow rate of

the hydrocarbons in a specific reaction zone is

determ ned by the follow ng: catal yst conposition, the
ific S| [ . a -alytic re '

O T e SRR Y F Sarelic S nGRBL e (STREkARd by the

acr fdlewite sispewsf the patific yhiysicaledevideost z omalytianéeactibe zone,

concgn ratio of.hydnfgen, tenp%%gﬁgre and pressure |

in ¥ %%Erc AriotveRbihiwed OF Mokctheolitendrd tempeyalTe pher selective

evahRbiioH rdddforf it &lsy&lific BRALAL g@ﬂ:@i@ | Bn& Akl 1 ifttided

by ‘conparing recovery of a desire proguct for a

gi velrasé égxd, Bqwidlor atmixediphese ofcgas\aad diquinl) aff hydeicytbens m the

coqgﬁqqgs on.at t he conversion required to neet

spe@F 1 RO Gual i fi cati on against the prior art.

For exanple, when C4 acetylenic conpounds in a crude

[0837AdI eneTRE rRAM &t CofS BleChfdr¥&¥ons A QYEAAEL §daction zone is

1, 3-butadiene is the desired product to be recovere

f r otatermaneds seidie Soltasveing: qatedyst cbmpogdition, et spenidicipbasical device

for a_defines the recover f 1,3- BD,. Recovery of
Tt e Rl QR R e prg i & ARES A Yopaynas
1, GacBi3sithe §Reticsdataain reabibriNpore, Mhd th¥ddhcehitrdtiBPof Rydrogen,
product stream [0039] The recovery of vinyl acetylene

( VA mperapregnd pressuys wriespeeify cpiglytigapaaiien zpre- an

i dentical manner. Since vinyl acetylene can be

erted - at i t ecovery of

IPIEE s ThE: hailan ot ) ShBBERTbpBimdntf SOEREL Lo oy
10Q%mpttihg resovatys of ardesirédprdduet &@l £ glieviefeed stock at a given
hydrogenati%n of methyl acetylene (MA) in a crude C3
CUtCOBTFTEIRM OITHEM e FaRPOBIdSPIo Bl henenrversiAtareqused (i dreet
C3 . t 99[8 . . r Is n 0, P
cansgg%ﬁg g;rlvert gglghft?%u%?o%g'né{ngébg&@g Pé'c?ﬁ%ga&ﬁlpw hen C4
hy dceiybnat | ompduddd0jn The coalepl Bitaliere nseeamc oarpl etkectively

conversion (to,less.than 30 m,total  conbi ned

ac&yéro&%a SHESY ISPG IS R IGTER A 1€ gwswewf% from the

1, FeduitA@dheRe following mathematical formula defines the recovery of 1,3-
BD.

Recovery of 1,3-BD (%) = 100-(Ng-Np) x 100/Ng

where: Np = wt. % of 1,3-BD in feed stream, and Np = wt. % of 1,3-BD in

product stream

[0039] The recovery of vinyl acetylene (VA) or ethyl acetylene (EA) is
defined in an identical manner. Since vinyl acetylene can be converted to 1,3-
BD by hydrogenation, the recovery of 1,3-BD is mathematically possible to be
larger than 100%. This is also true for the selective hydrogenation of methyl

acetylene (MA) in a crude C; cut stream. The recovery of propylene from a
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| eads to elimnation of one of two extractive
distillation units to separate 1,3- butadiene fromthe

m xed stream The result is a cheaper production cost

of 1, 3-butadi ene. [0041] When the selective
hydrogenation is carried out in a series of two

catal ytic reaction zones for a better recovery of

1, el C; b6 wRAmeAL HRUAREr Bhn 16®ADLLRSEkARPY ERIKe converted
inpurities in the product streamfromthe first

cat ¥ grepxeny yaseldcie hpdregémation. a range from about 100

w. ppmto about 5000 mﬁ ppm  depending on the

entrati on of | eni c urities in the feed
BORGEN " *Phe o BhisBo AosF SartnleBh il kst Bap g pom total
fi raimmﬁécabyhc&yIEﬂ@Cdﬂ OaceBenek smdpmgﬁ %&%b& of 1,3-butadiene
mai nt ai ned, at hi gher than about % The f

cat lanqa tocelinpiaation ofrencore v @@rag@vw@stﬂdatlommxm @epama;e 1,3-
e acet
%(%la : %(gtg t?% nﬁ’;(g(? gtg%ag’gl gh(g resglg V\éV eC eap?elr (ﬂlCthl’l cost of
poshﬁbhdeMQ conpletely renove all the acetylenlc
inpurities in the feed stream by passing through a

#ﬁl | ytic reaction zone. [0042] The product
[@ am f r SeRHae selegivechydipganption anearriod omb e aj ssries of two

paﬁ;%ﬁﬂiytlct ﬁﬁﬁ%%&l@? a§e§ B8O GA E&er}/)l hfl RESH! [N o%g?n%ra ipn of

or w thout an ust nent geh at
pr @@ewl@dom:dtyﬂerm smplllmtldshﬁ the poudtict Sttrd’aﬂafﬂofrf 14,63 ﬂir@ﬁ catalytic
secon catalytic reaction zohg%}the concentration of

t heSEHRBiIZR8Y T &LEEy Lo abop M Rpa it abppt 25008 riggle PPM,
f r QRPENEP B ttRe ABALELtrARoVBP 'Ebet-ﬁ%ﬁlcr Y&EY iffthe £ stream.

but adi ene across the second ca reaction zone I s
betlher recheay adfo 13- Ortadiene [aoms]th@ fisist ccataazlu;csteamoxt wone is

e RErBop EhE B R LORE abPEr Sy Sher 1Y dies caalyic

nodeacticPtdond alldoy sérves 16 il the ai%rﬁér%zaﬁ%ﬁ Vet %%pﬁdi@ne to
catalytic reaction zones where two different 4

c afRfithd ragetylene apd dettbutrhiens & b3thuasiengd ridgeenr ib s pclissible
ac Gl LLi a out a

CoS) ISP TRHDLL 0 6Ll LD, O O

r egassingrthronghasinphaditaiatic mactdn ropdes such as fi xed bed
reactor, catalytic distillation reactor, solvent

actl cat Iytlc distillatjon reactor boi l'i ng
["ﬁéﬂw tgpdu fg the fustofatalylic resctien zpemist passed

di ‘eﬂr&ﬁ‘gil M@léecérﬁiaﬁtﬁgfuc eldetioh SoR@With or without an adjustment of
hydrogen at optimal process conditions. In the product stream from the second
catalytic reaction zone, the concentration of the combined C4 acetylenic
impurities is in a range from 0 wppm to about 30 wppm. The recovery of 1,3-

butadiene across the second catalytic reaction zone is better than about 97 wt.
%.

[0043] A Ni catalyst or two different Ni catalysts may be loaded in a single
reactor in any physical device for any operational mode. Optionally two

separate reactors serve as two catalytic reaction zones where two different
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of this invention. Such exanples are two serial fixed
beds, a catalytic distillation colum reactor for the
first catalytic reaction zone and a fixed bed reactor
for the second catalytic reaction zone, a fixed bed
reactor for the first reaction zone with a sol vent
extractive catalytic distillation colum reactor for

t hecaglgandrerieaddd. OrhezenRtive hgdrop&Mida o BectplehilcamPaAEEs can
of a catalyst deteriorates with on-streamtine due to
var PotATIPGaEdR Yarioweconfigiialionstos dhistepetion) zme b (Rrmyingput the
of L,.SQN Qus er. al C ysS .
our PACR B ny SORRARARE UTHERGCHA &) BRed B GRRY huaiyic
t i ndistiléat®alrvaindr, sohyend extiseide catalyais il fhatidwe fedytof Moy Y Soint
to slow the. bui]d-up rate of the pQisonous .
carGBHAE SRYnGRReierePs fhridizsbreagionidpeided well apastqsy eic. is part

heayy 120} VERkignsh glﬁlﬁfj ngrnE%'s ubl et'woats?ljiaff aked BeROP catalytic

degree, in the solvent unhder the selective
hy diisigtiah icohinmoredttor fersthe Exstrmptadgicafactiontvons ahd erfixed bed

i ncl ude ohexane t hyl cycl ohexane, . benzene

t o1 Gt TR FecoRt euialbli FaqBh GPaR- @ LG, feacior Tor the first
ac geadtionSond it DydlvdiR BRI cafBftiRYdiRV [2ti8h IcIRAS: reactor for
fornyl mor phol i ne, and ethers such as tetrahydrofuran.
Thethe egopadreacton ransogter ed from the reactor ef fl uent
streamto recycle. Optionally the solvent nmay be

ihd up in the syste at the start-up.of the unit,
(GACcve T PR T i St el P huctPay Bl aue o
shalatiop@rieagist heodeast ad ressons S© BloMdURBA-BY of poisonous
ol i goneri zati on and pol yneri zation during the
s el @HONIeEOHy MatRgiataen dif Jatplyvisurfees: aT‘ywcgom&ﬁthatﬁlD’S‘i cycle
zo : ' = | e Lyt
Fearerticc ISR A% pE L IR e PR G oS the
catbalilgtupc rate sof Ithatpasonous ecetbomatdone magkialsybhCthe catalyst.
dizﬁillatiﬁn operation, saolvent is introduced at a
po

heredore; Reaviieralgpemahpulddie saieblecitpast innepmdeerce, in the

al tsg1RAL hﬁ@eroﬁl%r?e;l/éc?i@él hREQEEAHEE oRdiP6RaS! BORples of such

washing the catal ysts wi'th Solvent at a tenperature
a ralvgetsohclude my?lokexane, 1fethid 0fyclohdranea bpnzemsutdudnepmikyl

0 to .500,.psi referably in the presence. of ro .
e pOEFe BREBH: RERUP Aordmuds. vl SEERGE R e B EHER e
C atf@iny3indrphofie,d8AE t dtNat esuche af abahiRo ARG, I €Ol r'Blvent is
regeneration. It has been found that the present N
catedoysted feomhitlyi reagier giflusnt paotapnir regeglesiQutionaldy tsasodeent
to may be build up in the system, at the start-up of the unit, by recycling heavy
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 for the fixed bed operation. For the catalytic distillation or extractive
catalytic distillation operation, solvent is introduced at a position in the top half
of the column. Another alternative operational procedure is occasional

washing the catalysts with solvent at a temperature in a range of from 70°F to
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commercially avail abl e catal ysts. [0045] CONTRCL

EXAMPLE | A [0046] Conventional Catal yst [0047]
Commercial 28 wt. % N catal yst (HTC 600-RP1. 2

obtained from Synetix) was tested to renove C4
acetylenic inpurities in a crude steam cracked

but adi ene stream by sel ective hydrogenati on. 50 grans

of yHEFCadddr V6 reswe efrdth X@ do V00N psi0 phdfe@bly3idMe presence of
di ameter glass balls and |oaded In a vertically
nouRYd&egwh- Pepssitianaeinheasy pplyest avew¢lectine hpdroganatian Isatalysts

di apet ' : yst i 2

i o ety sy f Bl regut R Rh AT B Bech P g e
endprefent aNal gasdlystonsxhibiy eetyndbal pelinied aepakitioh th@pared to
reactor tenperature. The catalyst was supplied by the
mantAaReiGtadly ayallaple rafaly s and passivated form  and
recommended reactivating at 482F in hydrogen gas fl ow.

[6§¢5Fa1al(ﬁﬁggwgﬁfﬁggﬁggﬁiggd at 250F in 300 cc/mn

gas fl ow of vol ume ogen gas in nitrogen for
1.5 hours and then 575F for 5 hours by passing 350 cc
[@@46]m n  QbnpenmtientlyChtdgen gas. The reactor was cool ed
to anmbient tenperature. The selective hydrogenation

cetylenic inpurities in a crude steam cracked,
[@Eﬂﬁdi ene%P@é‘%Fr%]s% artr e dVipertalygt @ oRPRIJs2 obtained from

hy f i .n: r:0g 0
P SREACD O 80 Ak D, SERLIT Ay TSP Bl M
s eeamtakicd butadeene streart g seledtiaf hytdnegemation. aftigianderf tHeO&italyst

b ers Tt SEG R PP LEER JiBitiet 2isa Gl s loaday & vertically
ac %Mﬁrﬁé@uﬁ-‘é‘ﬁm\z\fs’tgﬁléﬁ ﬁ%d‘ﬁ&?%éagt%?&} Yic@NBamdtdr 330%hcfong).

1,3-BD, 0. 1€ % 1, 2-BD, % but enes, etc.
Be cEpsaatadyst ish b2 exwtdimmetbitrihelet expfudatey dveygdameeconples hecach

te r I t_the end of.the catalyst bed was higher
et Uizl SR dodien B CRE &S g8l GRete T e
t erqaeilyt W bplideb Yy baenatiuen westivild bh8 passiviadddform,
at the end of the catal yst bed and 88 to 99F at the

bedinf irsryugendedisagiviating &t 4BEd, iny kdsegan; gas| Jow.THerailyst
o gk i .

oo Gt A0 DSy gAL TR S A0S AR s

1, 3nittcapdh dorel .5 hétus aneé shdnt S7ASSF ifdd Ubdurabe passingF B¢ pkr min

an%f 2p5ure 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 80
sccm/min of hydrogen flow rate at the beginning of the reaction, down to 55
sccm/min toward to the end of the run, and under 108 psig total reactor
pressure. The feed was comprised of 1.071 wt. % vinyl acetylene, 0.16 wt %
ethyl 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
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[0048] CONTROL EXAMPLE 1B [0049] Conventi onal

Catal yst [0050] Commercial 28% w % N catal yst
(KL6564-TL1. 2 obtained from CRI) was tested to renpve
CA acetylenic inpurities in a crude steam cracked

but adi ene stream by sel ective hydrogenation. The
catalyst is 1.2 mmdianeter trilobe extrudate. The

cat ai8rsb 10aF ke &l & tBREJatglyiiRE and 884® 99¥B/af tHeWeginnig of

adsorption pore volune and 12.8 nm average pore )
di athetcatalyssbedjrrasasciavely.hdhe bgstaquatity preductnfrors dhigiexherggent

m ' t I ded | .
ver frealpT 40 BTR oA a8 159 pPRLER £ 8247 REB et T s wpgione
(1 Theksat arigterated idFIGENCAnd ®Ng) . Two t her nocoupl es

at each end of catal yst zone were installed to
control the reactor tenperature. The catal yst was

[ i ed BPNHRORERAMPLEE  as activated and

passivated form and recomrended reactivating at 450F

' hydr o I he catal yst was reactivated at
(O " SBGRARdna Gyt 3

n 3 flow of 33 vol une % hydr ogen
gas in nitrogen for 1.5 hours and then 575F for 5

[6880]s by QassieigalB280Ccwt PeNindamlpht (KUW666451U13YebtaRE . from
The _reactor was cooled to anhient tenperature. The
sel €RDiWes wtad &yEsmaaveom afetdens ympwities infperpfle sleam; gracked

th f i . . .
car i RS Gt BRARRhOh, FAEERAG S 1208m diaggicr
s c arilaberexofiddty.d Thg eatafylsohasr dBen3g BETesurfreg) 4 om’/gftotal N,
the reaction do to? gccmmntovvar tothg end of

t hedsQrRToR HB@rV%@)@e g8 82 IR AVFTREE PR Pimeletyr &0 et of the
t eTREN Rt Webe Rfixdd \&ith ¥0 PGS R hIn? Qian¥@s didS Halls 18P Foatd in a
the end of the catalyst bed and 76 to 90F at the

begieririaly roduntdieup-dlioa siginldse fixed bep eeactordl yinchr Hmnipesg tx 20

qual it oduct . fromthis . experinent contained 18 pp
Uaitton8) oS ealRautlea SR Shd (P el kR it iR o
 Theohgsluht rdagtor kdrbisdritaiee dTHeltatal febwad s@fitied by e hEMFAdturer
EXAMPLE I C [0052] Invention [0053] The catal yst was

pr épacvptey andppsi viaedotorms arel sqspmynengdad repgtivating at 450°F in
L}gﬁ#g%@% :%9%2108’2 egﬁgtj gﬁ%&set;\gégéx%%@twé'ie% atTfS%°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and then 575°F
for 5 hours by passing 350 cc per min of pure hydrogen gas. The reactor was
cooled to ambient temperature. The selective hydrogenation of acetylenic
impurities in the same feed used in the Control Example 1A was carried out at
6 ml/min of hydrocarbon feed and at 80 sccm/min of hydrogen flow rate at the
beginning of the reaction down to 50 sccm/min toward to the end of the run
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 118° to 125°F at the end of the catalyst bed and 76° to 90°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 18 ppm VA and 19 ppm EA at 95.1% recovery of 1,3-

butadiene. The result is illustrated in FIGS. 1 and 2.
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the nickel catalyst is 1.68 nmm di aneter spheres
prepared by the oil dropping gelation technique. The
physi cal properties of the alum na as received from

t he manufacturer are summarized in Table 1. Mre than
about 90% of the pores in this alumna have a

di aneter larger than 100 A The average pore dianeter

[0051314 A EXhAe@lmircna is unsuitable to use for the
preparation of the catalyst as it is, according to

the present invention. Therefore, the alum na was
[Q0824i ned Tawvertk®OC for 3 hours in air to prepare a
suitable alum na for the catalyst preparation. After

i i [ f.alum h .
R Bl L T S
di appthatl@s at 3bidht dRpeBRYS| qak %ﬁfe@%eémhrlﬁlzd g?(%gttg'fp?epare

calcined alumna are listed in Tab . _
t hitke aigkel qaeadysdlisi ri68amimndiamatee sphdnest preparadiiby ghevitl iropping

SO [ta. . N ckgl tal, was deposited on this .
caleiEh Grpintha e BTl BRBrARE BT Byfind g Feciyed gom
MMthd 2K BRESIrd?Yar€ AufylaRige®ih TaVlet 1. pINoreNBARL BRIt IS of the
with nickel nitrate solution as described bel ow
Tatpoees1in A algpive fvag dipmyter dgrgergthar d 09 A.MThegaveeage pore

0. ST T 8274 36" he B B MIRARE (Bl (B o PR ghe
di aamtyst as iAis2dekodling abthe pRséBnvegption. Thé2for8HNe alimfigh was
(el o 1307 s S dicuty oy i Fhlrenrom 2 Aorale aumRapiopohe
= Qa@BRL pPYBFAQR. PHRr dAMRLRn, the 3RLragd Bdiameter of alumina
spheres shrunk to 1.45 mm from 1.68 mm. The average pore diameter was
362 A. The physical properties of this calcined alumina are listed in Table 2.
The XRD of this calcined alumina indicates theta alumina with some delta.
Nickel metal was deposited on this calcined alumina as a peripheral layer of
about 0.38 mm thickness by carrying out multiple impregnations with nickel

nitrate solution as described below.

Table 1
ABD, g/cc 0.48
BET, m”/g 170.2
Micro Pore Area, m”/g 0

Total pore volume (cc/g) for pores less | 0.912
Than 493 A radius at P/Po = 0.9801

Average Pore diameter, A 214 .4
Table 2
ABD, g/cc 0.62
BET, m*/g 67.4
Micro Pore Area, m*/g 3.0

Total pore volume (cc/g) for pores less | 0.701
Than 493 A radius at P/Py = 0.9801
Average Pore diameter, A 362
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[0054] A nickel nitrate solution was prepared by
dissolving 70 g N NG3.6H20 in 36 grans of water for
the first inpregnation. 300 granms of the calcined
alum na were placed in a rotary inpregnator and then
t he above nickel nitrate solution was sprayed on the
rolling alum na spheres with an atom zer at anbient
tenperature over a period of about 10 m nutes. After
90349 th@\'fﬁ@!&&g%ﬁt@” Clradl 0 i

[ ovvlpng hot air into Sd}ﬁt‘r?%ya‘tfvasa pr@]regnag)g &S?ﬁ\émg 70 g
d ri BaN QE 6le@ tln dagraoes o:f weeel fat t}i&ﬁﬁﬁ ihpregnbtiort. 200hgrams of the
Anot sol ution was prepared for the_ second

i onag IB§/ WA Jl¥iedi g2 gotagy Ampregnatsy jed-thppthg above
31. ﬁxcEélalﬂﬁa@f sOMRIGR wad REra§&F %Bdthe'rgﬂfn geﬂéﬁﬁrﬁn (ﬁ@@f&s with an
carried out on the calcined, first regnati

pr odfaizer rat agibignit demperatues over & Iperlbdi rof tabommt(égmauuemn After

After.dr at _200C,_ the J 420

Car(? : 1en(§ %18 tlglpéelgnitl%moguct-rﬂe%gﬁt gﬁ(ﬁ ngy ﬁcm/(l@g %ot air into the
depesdry @epeanitbe td diddoduti? Rfstcalcthed a9 350MC for/oajeé\?t@dhours
on the total anmount of ~ nickel nitrate used.

catangtber migket Helution ows nprepirpdi &l ther speond| enpregma,t@m by

por S5O T s B R Gy S %, Bl b vl | R fecona

exaimpmegnation ofastdaericdiabati oreehepeaiciued, ﬂi&@ﬂﬁﬁpx@% nation product in
m crogcope i ndi cat es about 0.38 mm of the thickness of
t heSUBER SPnST 1R teefirst oimpregnatigar  dhterndryangrtnd00°C, the

oS5 oAb O, ot the ) e
| oattpdsited dnhthe shmeing esappi(mt isU& 88l witn% based Carthé Cdtal amount of

Th ted at 250F 300
o TN Gzt Pty She Saly Gnsb s v sgapmgRal prpertics: 70.3
ni trﬁ%ﬂg BET Qirfake ardd00590 cBPRFoff ©Bfal Rithpeh %oréaﬂqultng QHd 317 A

750F or 3 hours by passing 350 cc per
hy o syeragg pere dimmeter, eéﬂtemxamsatmocbfetbe tcalcawkllmndiuct under a
ve h
nodrsT kot gl BRAT 1Y BV URERR Bt (bl pintgeal ickel
Cora)b;rda:l lafzaopltee 2AniBS spB&es lwﬂﬂclpﬁieafﬁ about! 4.78 GanNl metal
?r ocar bon feed and at 65 seemmi n of hydrogen | ow
rat%adé‘%glfqlién HB#isay#g of the reacti on down to 55

sccnmin toward to the end of the run under 108 psig
[qoﬁgfllcatr :?83);? %fg%%\?\g%&ﬁ?tgﬁ%r% ]{ an aa{}?er G @etarﬁ]tr%fr ﬁlﬁe‘gfm the
t h€onabhEyahpleeld. The catalyst was activated at 250°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, 670°F for 3 hours
and then 750°F for 3 hours by passing 350 cc per min of pure hydrogen gas.
The reactor was cooled to ambient temperature. The selective hydrogenation
of acetylenic impurities in the same feed used in the Control Example 1A was
carried out at 6 ml/min of hydrocarbon feed 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 at the beginning of the catalyst bed.
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19 The tenperature of the hydrogenation was 120 to

130F at the end of the «catalyst bed and about 74F at
the beginning of the catalyst bed, respectively. The
best quality product fromthis experinment contained O
ppm VA and 6 ppm EA at 97.5% recovery of

1, 3-but adi ene. The present nickel cat ?I yst "
denDRs idnide@suit SUBRI hRfogeRh@dry Was 1967 fONABICE: IR dHi05Che
of the Cng%trol Exa %Q!ésgeiﬁA@%ndalB. [OOSg? C(Jt\ITR(i &°th
ExAsAtalpstrd and @bagt %ﬁ\ﬁé thei kagannigGaohithesita] B30 58], respectively.

ial 28%wt. %N catal yst (KL6564-TL1.2 ohtained
£ o B Mt B 35 S GRS F B OB S o
| NPBAI ki €37.3% gecovéige oSt E3Butddasiked TRULREHEN il e@Mlyst

by sel ective hydrogenation. 50 grans of the catal yst
vver‘iemcﬁiskétés vit tHPEEOicatelytis  peafernzanee eto ghass sobahd sControl

an ' ertically nounted up-flow stainless
fi g%wfg%dlr%g% (I)P? (1 inch diameter x 20 inch |ong).
Two t hernocoupl es at each end of the catalyst zone

[0@56d | nst @ONIROD BoOAMIPDE 24 he reactor tenperature.
The catal yst was supplied by the manuf acturerdas
ivat ed _and passivated form and recomende

[(ﬁgjdtivatg%veﬁ opad §atalyst hydrogen gas flow. The
catal yst was reactivated at 250F in 300 cc/mn gas

f 3 0 p . [ for 1.
(08 O o mtlet JpUA PORA (AR IKTSEEIED 2 e from
perCRi) wesftegied ® feptiveg@nacggdenid hepurtiastiffa ovade stéaRlcRtked
to,anhi ent tenperature. e sel ective hydrogenation of

T
ac AHALSRE Strepmfy: §6‘El?q§1§’e!ha(ﬂg>g@pql}u>@. st@grny elclecratalyst were
butygide@RatH 66 InIVES 3 GRAY higfheR! l}ﬁ'étsb@llmeélﬁ] lgadegf in g vertically
hydrocarbon feed and at 65 sc m n of hydrogen tlow

r atieousted: Yreflowetdinasniixal badheactendt inoln dibovatert:020H theh long).

,n toward to the end. of the run under 8 psig
t o d1® PRabtbfs e streerdiafuB saifiheousoipr bl Boobsol
W 116 ré&bﬂ@y|terﬂpﬁhﬁﬁlr@n@he%a@a@ys’t\ﬁwas%\g)bhéﬂ b?ctﬁé YhEREcARE: as
0.08 wt. % methyl acetylene, 72.52°wt. %1,3-BD, 0.01
wt actigatedy amh pagsqvapesl fprm, ogndy raspmsended reafhimating at 450°F in

h tion. £.0. 124F at .
t D BeRbE R R e SEIREIE' LR0BR & B i i eas
begionnifiig alluh&i® hpdragatsgashe ditrdees BECL. 5 Weh and BRNRESY0F

for 5 hours 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 65 sccm/min of hydrogen flow rate at the
beginning of the reaction down to 40 sccm/min toward to the end of the run
under 108 psig total reactor pressure. The feed was comprised of 0.98 wt %
vinyl acetylene, 0.12 wt. % ethyl acetylene and 0.08 wt. % methyl acetylene,
72.52 wt. % 1,3-BD, 0.01 wt. % 1,2-BD, 14.05 wt. % butenes, etc. The
temperature of the hydrogenation was 120° to 124°F at the end of the catalyst
bed and 90° to 99°F at the beginning of the catalyst bed, respectively. The best
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20 quality product fromthis experinment contained 5
ppm VA and O ppm EA at 95. 9% recovery of
1, 3-butadi ene. The result is illustrated in FIGS. 3
and 4. [0059] EXAMPLE 2B [0060] Invention [0061] The
foll owm ng denonstrates superior performance of the
catal yst of the present invention to that of the
Contyidlity Bxaill GorYthisT&efitiedt Y&taied 5 gphERA 884 @xppnt( ErA at
carrying out two spray-coating inpregnations of
ni t Pé@% regyely Pohd-taadiene. dhantsul isillstoated in FIGS. Sane 4.
al um na caIC|ned at 1100C for 3 hours used in the

l e to prepare the nickel catalyst in
[§ﬁ§gp exanp PF§8§§1 A nickel nitrate solution was
prepared by dlssoIV|ng 86.5 g N NOGB6H20 in 48 grans

[0060%at er frentibhe first inpregnation. 300 grans of the
cal cined alum na were preheated to about 205C in an

oven and then the hot alumna was placed in a rotary
[00@tlegnat he folfowing r@gmstraies wptehon perforinaked of Hiet catetlpst of

ot oty iR ive RSl 8% B 5ot BT} 2B arhBatys wes
r ot;aeyareme@ﬂ@ﬁﬁg ouB swh 8ptagctondind iiptegdtions oﬁ'&ﬁckel nitrate
roduct was dried at about 200C b

t
bI owiﬂgo%ﬁ Iegnafﬂumaosum@rts r Bheasagne; akypiagsalcined aﬂh £00°C for 3
dr '%r@ﬁ&ql@tt{l%§a&gieq@ s Hsed &)Oﬁ E)%rg tg% ﬁ%%lscmalyst in this

Anot her nic nitrate solution o
conempleat i on was prepared for the second
i npregnation. The second i npregnati on was carried out

t he | cined f.jrst regnatlon product preheat ed
(08521 bgur Boseeteh Tikes sohan Wi Whelikorges. 565 ¢

| MNBANAGHLNin A d8hns A a9 f(ﬁithgﬁ%%mfnlé%‘% eﬁ)'nc '3@@%@8% of the

was carried out at 450C for 3 hours het a
of qalcgred| al@tep@swtred)rdwateﬂeo abbwrd58Csnmporvien\vead théh the hot
obased n t,h unt. of. nickel nitrate

‘us edumlfﬁ %Cc?dﬁPoad{?é?ry (REETRRE Top GHEEFEHEn MHth brmidkel

0. ﬁtrﬁms@lhtlbllﬂ Qvérdy Fénod Off SH6RE 3G mikes BsiAB AN ARBEL Durmg
2.09 ng/m2 N netal loading in the layer. 21 [0063] 60

g dhe smpsCeating ippregnRitan, ﬂ@ara@w ioppragnegon wasdieatedrvotnha dir.
u p"ﬁﬂeqmpregnatlon 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 prepared for the
second impregnation. The second impregnation was carried out on the
calcined first impregnation product preheated to about 205°C in the similar
manner to the first impregnation. After drying at 200°C, the calcination was
carried out at 450°C for 3 hours. The net amount of nickel deposited on the
alumina support was 10.4 wt. % based on the total amount of nickel nitrate
used. The dried product under the microscope indicates 0.32 mm of the layer

thickness, which means about 2.09 mg/m” Ni metal loading in the layer.
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stainless fixed bed reactor (1 inch dianmeter x 20 inch
long). The catal yst was activated at 250F in 300
cc/mn gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours and then for 3 hours at 670F
and 3 hours at 770F by passing 350 cc per mn of pure
hydr ogen gas. The reactor was cooled to anbient

[b@e3IET at UBE.o IP&is haRkt Werd YeHiegenat {Qacaly Athihe-Sow
Inmpurities in the sarfe feed used Iin the ntr ol
Ex astphles Axedabedcaetpetl owh demdendt 2orinchdbng)hyldreomisal youd rwas

feed .and.a oS CC 1 n_of hydroge | ow r the .
bodtcineg 3t 90 Tl g A BaRoREs 4 St derhtodsicgay in
t o Aifeg@Nfdrafs h&ifs hHA thédaNMEB KRS atfs09F had 3 hoi@ARLTIOF by
pressure. The tenperature of the hydrogenation was 118

t 0 pasSIBE 330 achperemih of putre hpdiogéry gas. bddie anertetbvias cgoled to

at the i nni of..th cat.al yst bed espect.ively.. .
e GoleRe o Tibec FRORHea el RABRFIL WEbides in
conhaisiael fédrred MAthRTChitrop BRumAlealA Nés 4Hric@ @Y 8f ¢/ nfiimin of
1, 3-butadiene. The result is illustrated in FIGS. 3

anduairecgrbgndgechand pler s¢cnyern of hidieecfloyHite atdhe hpgianing
t - t L
[ OHae foablion ST dsRpech AT o 2 dhd b BN fd 108

waspsiy @A redttdrypresanrtey i Tig tombpetande spthayhyde@ehativgh was 118° to
i mpregnations of nickel nitrat ol utions at anbi ent

t enlagrggtab fhe endy @fb%?] cafelt ed i oput &0 Tt B SREVRE of the
or . ng . : L on _

gr SO%EJI%? l;\%’t gérsﬁégir%%ynhe If%i@r Eet:sgiqyr%ﬂr}{gé%gtk@% nfr@rgotgnsg?é%%nment
of contaeeddhppru M Aiané @ ppinukiAna ATs8d réqovetyeofHx3rbpladiehe.CThe
were placed in a.r y, immregnator and the .
FroralndongspeCin I SendB Byheprhyfingot Aertmapsp of tis
ni te&ﬁﬁx?le&@'tlﬁﬂs%@ﬂt}fémdrﬂﬁ)l aktipra spheres rolling inside
the rotary inpregnator wth an atom zer over a period

of about 10 m nutes. After drying the inpregnation
[Mt6ddiuct aEXABBRIE 260C by bl owing hot air into the

rotary inpregnator. The dried product was cal ci ned at

"7"%% for about 3 hours. Another nickel solution was
[pr gar ed ]1?’ ?nl{{oﬁle second i npregnation by 22 dissolving

47.3 grans of N NO3.6H20 in 14.19 granms of water. The
[056PNd  The catalyst in this example was prepared by carrying out two spray-

coating impregnations of nickel nitrate solutions at ambient temperature.

[0067] A nickel nitrate solution was prepared by dissolving 86.5 g
NiNO3-6H,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 into the rotary
impregnator. The dried product was calcined at 350°C for about 3 hours.

Another nickel solution was prepared for the second impregnation by
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I mpregnation was carried out on the calcined first

i npregnation product in the simlar manner to the
first inpregnation. After drying at 200C, the dried

i mpregnati on product was cal ci ned at 350C for 2 hours.
The amount of nickel deposited on the al um na support
was 8 26 wt. % based on the total amount of nicke

r hediSoing a7 e tprty of ShR b0y i B FO glans omiBhetRe second
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a Ghtlel @epdsied r(ﬁ]gfh@rblur-ﬁhﬁ @g@bﬁgﬁast 3126 ke 96 basedt Hie the total
outer two |ayers is about 32 Mm (1.45 mm of al um na

s prasr@ing oA el \nitratg chexplydsatet pred. t dheylfinishe cqatabest djad the

| oafg 18\91 g[}ﬁlé{lsji%alllﬁ%e{ferrﬁeg B4 é}'%"}é Ilwsé%’sﬁ r{gg 2319 3 fverage pore

aver ag Ia er ness 0]

abcﬂiam&eﬂ,aﬁd 0B94kaiite tatalﬂﬁrolgml pdieeohané.er | ayer was
created by the second spray-coating inpregnation. No
ni ckel de osition in the white core center region is

(Y1984 ved. Thoebssrwstien of e fipished catﬁldafoﬁnhsreﬁ ﬁmé%rt%nxlﬁ@scom
OUi&; IR thak WEL 2 ﬂlréé']?e&z&ﬂei?l nﬂa@bf %’étaﬁﬁh%ﬂ‘feré 'JnSButer layer,

i npregnation 1s about e secon
| manegriaydrand dieqms icergelr re@oho T aterage ﬂlhﬂmesstcffrthé ayer two

resulting.in .74 f the net N. depaqsi er
ﬁaﬁq&%}sgﬂaswe@ ?ig 11%/@? ? Fpminagphghe qigraete térﬁls ore, the

WasolaPARRE thBial nﬁdm@LihQﬁéTl%@Ers 1§3é35utaf‘€’1 /iR on % ¥@ge. The
| oaded in the inner |ayer. "[ 0069] this

cataalteysiostleye Hasadbigkness @f Vrom nabcaltl(),d?tﬁdmﬂbedt Up4F oy The

stalnl €SS fixed bed reactor (| di anete

b s s el et o, B eRind b P e S R nafaf N ke
CC/dabbksi@as i tewikife SZe \CohtdiBegloisdsiResBd Jdhetdlore, the nickel
nitrogen for 1.5 hours, and then for 3 hours at 670F

andogddrg 3nhbeths thet O‘FtFOFmOEiy laygs sandg tss0neeE  Joger g nthef first

pur e The8act i
a0 O, i SO B

| nmmo figas’ inrth@outer la@er sésaamgcmaabbetdl Bunadifehe nét@éddeposn

was caryried out at n of ocar pon fe
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23 outermost layer and 12 wt. % was loaded in the inner layer.

[0069] 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 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
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of the reaction, down to 44 sccmimn toward to the end
of the run, under 108 prig total reactor pressure.
The feed was conprised of 1.06 wt % vinyl acetyl ene,
0.15 wt. %ethyl acetylene and 0.16 wt. % net hyl
acetylene, 71.34 w. %1,3-BD, 0.19 vt % 1, 2- BD,
14.59 wt. % butenes, etc. The tenperature of the

hydr ogenati.on s 119 to 122F at the .end .of. t he
cat el ‘33 FEagHER. Ay ‘?‘i %fcgé@lrafowé % Ei Qfdﬁ%fu% Hader 108
? ?g%i%’ $btab %&ctdr?;%@?s%l’ré. v eﬁh)é_- febl vResEmp&dl &4 1.08" K lé/gtvinyl

hi s experinent contained O ppm VA and 0 ppm
at @etylane, Pdovtely eyl aceByleng andi @he wtThHemediylibdetylene, 71.34

per Vb hareaDh P10 okl 3 wh o8 fnef S Y fegpperature
Ex agfhe hdogers00% Was G ROL EXANRAERPo 00 2thly5ObEd and 76°

different comrerci al ni ckel cat al %/sts were tested in

t hite 838K rtherbaginning oizthe Thialyshbad.yresreciiels. Hile: Boo quality
28% N ), - %N . 4 89 Ni )
K GABOR il iy Sl cobugi S 0 B VALY bpfEA at 7.7

extrecwatest B-buladien@m TheadRilEei illudnatedah HIGS! 3 amét € show a
supplied by the manufacturers as activated and

pas¥perarastiogparce of toy syample ¢ Hivge of the Sontrebxanmle 2A.
were tested for the selective hydrogenation of C4

yl eni g Eﬁ)@' tE“iF ’?Mltp rude but adi ene stream from
[(gf‘g]eam c?ac er.L e gs]::?ssf&v\ere carried out in a
simlar way to Control Exanple A The feed was
[@pr i sedFefr Hiffefeit comerdiyll nivkel Waeiyests Ovek6 wakted %n  this
et hyl acetylene and 0.16 w. % nethyl acetyl ene,
71.¥penppenty, 1,3-BD, 0.19 wt. % 1,2-BD, 14.59 w. %
butenes, etc. The sel ective hydrogenations were

(072 ‘ fnqnogl?e ﬁ%}%}?stwem T@éom@@@ﬁ@%méw 0%‘%)2?@%@64

ogen flow rate at t egl nni ng
t h€28%aldi)iand, Kldah@ (18%6N1)s dbedendatalyosvaredalt oilobeexandates of

th un under 1 psig total reacto ressure.. The

¢ oriperttin BT, hd DR GUth Ao PRAG PYoTEoaHCers as
t heceidePind Pisivakakysls. beds and about 88 to 99F at

the beginning of the catal yst beds, respectively. The

best performance was 95.3% 24 recovery of 1,3-BD at
[0098%6 conv} glams offeagueaialyyt vaerd t@red foh éher ssinglive hydregenation

of C4 acetylenic impurities in a crude butadiene stream from a steam cracker.
The tests were carried out in a similar way to Control Example 1A. The feed
was comprised of 1.07 wt. % vinyl acetylene, 0.16 wt. % ethyl acetylene and
0.16 wt. % methyl acetylene, 71.40 wt. % 1,3-BD, 0.19 wt. % 1,2-BD, 14.59
wt. % butenes, etc. The selective hydrogenations were carried out at 6 ml/min
of hydrocarbon feed and at 85 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 50 sccm/min toward to the end of the run,
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 120 to 128°F at the end of the catalyst beds and about 88 to 99°F at the

beginning of the catalyst beds, respectively. The best performance was 95.3%
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illustrated in FIGS. 5 and 6. [0074] EXAMPLE 3B
[0075] Invention [0076] The catalyst in this exanple
was prepared by perform ng regular wet inpregnation
in the first step and spray-coating inpregnation in
the second step. The sane cal cined al um na (1100C)
used in the Exanple 1C was used to prepare t he ni ckel

Col vy B 5Bk P onee 45 g O nd RecBgapes are

N 285 rAERFERIOS. \g@hgg'for the fi rst [ npr egnatr on. 300
grans of the sane cal cined alum na used in Exanple 1C

were placed in a rotary inpregnator and the above
[00THel ni EX&MPEBBB i on was poured on the al unmina
support in the rotating inpregnator. After cold

i ng f 10 mnutes, drying at about 200C was
[@@grll ed o BS‘/OIbI owing hot air into the rotary
i mpregnator. The dried inpr egnatr on pr oduct was
[6676]i ned @b @éQl?stflﬁfthé eQQrH‘JI% wisQ Q%peﬂfbr‘ﬁlﬁﬁé réblar wet
alumna in this first inp =gnat|on vvas
basigwregnatiore in gheolirst st fmdcﬁmh}’-noettmat impiregratiypn rlattbe second

heten I PR E R Bnttng 0 ot isPE s A Ss wsed

t hab phépakethe niREBdatlps iklitspeisfe.nore or | ess
uni formy throughout the alum na spheres. Another

nickel nitrate solution was prepared by dissolving 50
Nu] NCB. 6A|2@1clqeh 1115ra§ watusionf gyast [pecpsesdorty  dissolving 94 g
o) rr
oy OO A5 pRES TP BREf? BubRBnasf, L BB of
calthe rsahe peadel ket ahfnﬁlﬁm usbé ihi Egsdmplaplie ongt | gliicednint Berotary
rotary |npregnator at anbi ent tenperature over the
perlrrwaegaﬁtoaea%r e12POYE Atitked nitiets gqlutapn, wag ppyred on the alumina

:Na”%g it | e rQi!'aﬂfs%l %ﬁérgl%%n?tép oﬂi’telzgﬁg:'rolﬁlﬂg fglano(ls:,r inf?ﬁlt%%? Yrying

out or 2 hours
ni ckeboud €00% twad camiet lvat by bluiwiag boippoirto the rolaey sepephtor.

of " ERER iPreEat o AaRct 7S cilsingd Pas B CHBE 3 sk dpading of
Confi&Rt ofNaltiehal inais @i‘%ﬁdi%ﬁireg%ﬁﬁoﬁ Vit 35 W "/53&1@&1 QH the

an observation 25 nmade in a separate experinent,
secomwyns pf aickelositiateghgxapydrgisatsedn The observation of the calcmed

product from the first impregnation under a microscope indicates that nickel

metal was dispersed more or less uniformly throughout the alumina spheres.
Another nickel nitrate solution was prepared by dissolving 50 g NiNOs-6H,0
in 15 g water for the second impregnation. The 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 support in the second impregnation step
was 3.26 wt. % based on the amount of nickel nitrate used. The calculated net

nickel content on the final product was 8.84 wt. %. Based on an observation
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deposited nickel netal in a |layer of about 0.26 mm

t hi ckness on the alum na spheres. Therefore, about
82.8% of the total N |oaded on the catalyst is
deposited on the outer |ayer, which neans 1.62 ny/nz

Ni loading in the outer |layer and 0.94 ng/n2 Ni

| oadi ng in the inner core region of the alum na

spheres.. [ 007 of this.catalyst were |loaded in
vorErSiiny Aol dpfimbl “o arapld it e tipregnation
r eaddpakitddlnitket indlalaine! RieXo28bou 026l @ROthickhB® Gath! algthina
was activated at 250F in 300 cc/mn gas flow of 33

vol thkeresy hiprefgesn agast 82 8%niof itheysatalf Bf ldadsd rasuths, cagalpist is

the n h todd OF;
&po%egsca]h@lg ﬁte?tlar%%giqg}g@%?nesgsr é%% n?# é\? 18% ling llnh@% outer

r ealeyc&r antiag. %Omg&ﬁiz NO loaiid emtthd elmerc@w k€aion D€ the alumina

sel ective hydrogenati on of acetylenic inpurities in

t he’P8&li¥e feed streamused in the Control Exanple 3A

was carried out at 6 m/mn of hydrocarbon feed and

5 see . LAN| I
(78 o7 ot O e BUERRORES AR B 2 FhSTS 60T Ut
of sltzh&less,lﬁlxed h)ﬂddeactdrlﬁ insh glahmteilx 2@achdong)r dhswatlyst was
of _the hydrog nat i on mas 119 to 121F

The te

at ACHEABR A GR0Frie 0 G Pt etetowrf B1velsmgde hydragsa gas in

beghﬁ‘@gé%l”opfl StHRrS ah@ kkatfoP § DoufseR B ¥ %r 3T}g>%6sb§[3';70°F

qual ity product fromthis experinent contalne ppm

VA bafmﬁs@ng) ph EApertmidte3sHopuecbydrpgenodasl The rénutaadvaseoled to
show a

Th FIGS. 5 and

Dl Ehsrre e lsttye PuGogsinsin W GerulsSis it figs in

comq@ Birh@W&dd dtteaiehse@ahahy KohtloD EHxBRpleCORtWA! caEef@dehteat 6
[007%% EXAMPLE 3C [0080; Inventlon 0081] The

catrallflym ofi hydreasboaxtand red was pmlymi@@f bydnogerf Howi nate at the
re i the flr and

Q)légi%lmgféf thé pé% frfcgrg ?gtkv%gtﬁ 3|n7 scgﬁnémln 0 l%(f &P 1ihs FSand ﬁ§ éhe run,
aI wmpteral L(Bpﬁg t@talpfeeaaf prdsh&e C &Tha| t¥@iperaturé B $heelt fﬁlatlon
was the alunina cal cined ower tenperature

t he¥asr B\A Bud2bskappthes endripd t§§r€@tal}236 hed rard- &1 Uta |$8°Ej§édhe
| N pe BRI YR Ecatity Waid CRL SRy 2trn8 4Rk c{ugfltyzprggwtsfr i this

experiment contained 0 ppm VA and 0 ppm EA at 97.3% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 to show a superior
performance of this example to those of the conventional nickel catalysts in the

Control Example 3A.

[0079] EXAMPLE 3C
[0080] Invention
[0081] 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 alumina used to prepare the catalyst in this example was the alumina

calcined at a lower temperature than the previous examples. The same
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air. This calcined alumna had 128 nR2/g BET surface
area, 0.88 cnB/g total N2 pore volune, and 230 A of
average pore dianeter. It had 0.55 g/cc ABD and 1.60
mm of average di anmeter of alum na spheres. [0082] A

ni ckel nitrate solution was prepared by dissolving 100
g N NGB.6H20 in 285 grans of water for the first

i mpregnation. 300, gr of .t al um na .c h@' t .
sooe g < Ao, B B rmaly 16 s iRy 5 i Sefoa Bgpours n
andait h&hizkaienediabilBina Mhd 128 &> HOBET is@iTadBited) 01888 Atotal N,
the alum na support,  in the rotating inpregnator

Af t Boreolung, and 239 4 of avetagei neue diametry ilhbadad. Salgtet ABD and

200?60%0 Q‘Hr%?eddigrﬂ%xﬁlbgf q{l%\f'\'ian hgr% . al r into the
rotary 1 npregnator. e T Ie npregnati on product
was cal ci ned at 350C for 3 hours. Loading of nickel on

[6082]i na i@ tditlel f hitste isONItRENaasOBrepaedd b9l ditkolvils 100 g
based on the ampunt of nickel nitrate hexahydrate

us et INQreHAp dvPdnerass of wathefadhe fing dmpragaaiéan. f 3@hgrams of
t heg Li - ' I ' Lndi cat e

t o ey CREEORA MRS oA Ve B34S I egnator
uni dralr thié ybdermcighh aittatd Sedutddriuiwa powpd on @se aldmiial®@pport in the

ni ckel . ni.trate sol éion mas,prgpared_b di ssol ving 66 .
g NONEBE smpEsenpion gAfecolgdgellipg fo5, 1 G minudese dryang at about 200°C
| Mg egpatil Theol | 41P§ i hed TRutyy;
py” SROSHiEOTut P IGEEASL IPRAONAL 1Mt A0 T dried
cal impneghapon grecitictf wasmatdimed 4ti3681C iford sgnat Leadingofitieke] on

rotary.inmpregnator. at ambient t erature over the
er Wi Mo BEL Orst SmRicsRGY. WAS et iy VnGReR@n the Amount of
| NDiigE alth@nhdAMEate 1BEd. alPRsbbsetPfifon Jffie EMiREDALURR from
was carried out at 350C for 2 hours. The anmpunt” of

ni dkelfirgfeirarregnation nundie aamigrpseaps ipgioated ithattHeked auetald was
i . [ . . W .. % ed on the anmouynt
or SRR Bt B T RS e B ot

contiekel nitratd Sdutidnnahs prepated by \Wasolihddss WINING;-6BBoed 1915 g
observatfion nade in a separate experinent, the second

s pr#yfercOa ey COMpIBRIRERASR.  ThemserndelnnipEielpn s &Rrricd out
Gl B GSR LA
on firkteingaegiayien in she theqrg Sirtpecknator tah ambikne terhporatiure over the
AN AT XTI AR TN
r egio0?C Ohe chRirRliWAR carried out at 350°C for 2 hours. The amount of
nickel deposited on the alumina support in the second impregnation step was
4.25 wt. % based on the amount of nickel nitrate used. The calculated net
nickel content in the final product was 10.05 wt. %. Based on observation
made in a separate experiment, the second spray-coating impregnation
deposited nickel metal in a layer of about 0.335 mm thickness on the alumina
spheres. Therefore, about 88.2% of the total Ni loaded on the catalyst is

deposited on the outer layer, which means 0.958 mg/m” Ni loading in the outer
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spheres. [0083] 60 grans of this catal yst were | oaded
in a vertically nounted up-flow stainless fixed bed
reactor (1 inch diameter x 20 inch Iong). The catal yst
was activated at 250F in 300 cc/mn gas flow of 33
vol ume % hydrogen gas in nitrogen for 1.5 hours, and
then for 3 hours at 670F and for 3 hours at 770F by

P eal B R0 2B oREm T B e Hecinglr O et the lumina
sel gikiege hydrogenation of acetylenic inpurities in

the sane feed streamused in the Control Exanple 3A
was carried out at 6 m/mn of hydrocarbon feed and

[80831 scchf sramosf thishatsdish Wereolnedest io 2atertidadly niewitadnipafiow

of I | wn to 37.seem MR .t rd the en f
Cncn i RERLER w80 Bef GaFTTRD deRPhl. PR SRR ves
t enueivatedrae 260°R he30y dé/agepas ot of8® vallithel @ Hykbpedt gas in
the end of the catalyst bed and 81 to 89F at the

beghiHRABHYI0s - rurs g the fop dchovrseal Y vied for Srhrurpast70°F
i S A Ly S RS B SO 8 B

Theamsisnt! ttmperature.u The atlectiverhydrégsnatoraotiadztydric impitirigs in
as anple_to those of
th

: P
B SHR7E st nekorn Bt YA EARRAHEA e EmBEd out at 6
ExafDingn 8fhyd:B0868dn EEAMREE: 41 EQARRh Jf rhéfﬁfel?e)? glo[wp&%eﬁlt the

The concept” of two catalytic reaction z
derhsgimirg efithenreatticn, dewantpl ¥ sddnvaimtiosdrd was epd @ dlie chin,

in the identical  manper descrijed in the le 2C. .
w10 LERPE PRl R G Rreoibe e erBidire oF (e By Gpriiation
I N vaas Mxes Utk @RS ehll FsFadie BSalj R SERJaY 81° tHIP°F at the
catal yst as a second catalytic reaction zone in a

f i >osginpEng ¢iobevatalyst bpdaraspestivelat alheshesiwuadity padeet fram his

vert ] - fl.qw inle fi bed

" eebERb MRS Wl VAo 3 LR 978 38 ovem g 13-
wasbutadfenac t Theatesdlt ii)iltlgated &M FIGS] 5 raad reeivhibBshbivoe Supetior
t he anpl e 2C.. The reactor was cool ed to anbi ent

t erSEPERYICE of thig cxamerle inthoscoridhs senyeatonanickphsalalysts in the
Control Example 3A.

[0084] EXAMPLE 4
[0085] Invention
[0086] The concept of two catalytic reaction zones is demonstrated in this

example. A catalyst was prepared in the identical manner described in the
Example 2C. A feed containing a low concentration of C4 acetylenes in a
mixed butadiene stream was tested over this catalyst as a second catalytic

reaction zone in a fixed bed

[0087] 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
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vi nyl acetyl ene, 120 ppmw ethyl acetylene and 97 ppm
wt % nethyl acetylene, 49.18 wt % 1, 3-BD, 190 ppm wt
1,2-BD, 28.05 wt % butenes, etc. The selective

hydr ogenati on was carried out at 6 m/mn of
hydrocarbon feed and at 7 seemlm n of hydrogen flow
rate under 108 psig total reactor pressure. The

te rat ydro ati. 9F at e..end
"Rl 6 B e GRS T BoY HE Ssgmith glor TpR gesctor

cat why 8dolQE R arﬁ&@@le@tﬂp\éﬁwe e feaphis b&npﬁgeqddmo ppm wt

streamindi cated the conplete renoval of all th

acevipVleacatylearpblthdsm iwi ¢thel featyleneTlaad r ¥t ppar yVTo% methyl

S Wo [ E 5,008 n tohi, S
oxeEARTADES Mooty B, PR T RPo sk A Grep hiengs. e
m XElek §edective hiydrogtfigm m&ahedmw@ fémnﬁmhresf hycﬁocarbon feed

hydrogenatlon Three catalysts (a comercial Pd
cat 3t/ sser/mine Ny deogen fpst r@tepwr@u%ﬂ%pmgttqfale@acéﬂrdpressure

Cu/ ﬂ‘fje;)te E2nkE3F AL l’ﬁﬂ{(gg%g%}ﬂ%t VA& f d"F% 91% mcceatacgrst bed

this 1nv ntlon agai sed ca
Pal drald ¥ 17 ftathe dbepinirihy of sharcatalyistl ®ky, mzsmétltfdyr ey @nalysis

MAPD |n crude streans in the co i al ductlon
of RSPOEY FEsEn l%@s‘] ﬁ@a?rap Eetremotf&?}?aﬁﬁh%%ﬁ@ yl¢mpgapounds
ThenGRd aby SThé"@%o@er? er}ﬁb%as% 100-3 wt 9 catal yst

supported on al pha-al uina. The catal yst had eggshel
type pall adi um deposition on 2.6 nm al um na
[@088]udat eEXAMIRLIAfOUNt of catal yst used was 40 grans.
The catalyst was |loaded in a stainless fixed bed

BT Ve, TaltS AR 0 TAPD, et e ReCtang nipdinga i

f1 owixt@rcL ole'f‘ihsstre[agrp%e?a]s fetAty B g BledMve cﬁbg'e?ltation. Three
Pronoted with Cu (I nvention) 0093] The cat al yst

vvas:apaﬂﬁtsdna@dmmﬁrmb% c@giygpméywo ﬂﬁ; rcetgbatsu sompted withgGe and

A of ni c itrate and er nitrate.
R, SRty Gloepfiite ol kR GE onBt i fins
2. Pdgbdsed N@ﬁﬂ)%z 5P@Qadhdin%§se@lr aarBlyok arvalvRlely @ked B® remove
|npr2$nat|on 300 grans of the 1100C cal ci ned al um na

us MATR incrideagiuprnes meheeamiperead gradycion of pippylene.
I mpregnator, and the m xed sol ution
[0090] Catalyst A (Comparison)
[0091] The catalyst was a commercial Pd (0.3 wt %) catalyst supported on

alpha-alumina. The catalyst had eggshell type palladium deposition on 2.6
mm alumina extrudates. The amount of catalyst used was 40 grams. The
catalyst was loaded in a stainless fixed bed reactor (1 inch diameter x 20 inch
long). The catalyst was activated at 400°F in 300 sccm/min H; gas flow for 2
hrs.

[0092] Catalyst B; Ni Catalyst Promoted with Cu (Invention)
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was sprayed on the rolling alum na spheres with an
atom zer at anbient tenperature over a period of
about 10 minutes. After drying the inpregnation
product at about 200C by blowing hot air into the
rotary inpregnator, the dried product was cal ci ned at
350C for about 2 hours. Another m xed solution of

jckel nitrate and copper nitrate was prepared for the
l@@‘@ﬁnd | F EgAGE B Bippeedde FYPigP 6Brag iHIPERgNation fechnique.
NI ( NORide 0 EBIGHSN DL nRKEI Afffate %&6“@%2-&&2@ Wik %J?@p%red by
gnhat'i ried

grans of water. The second i npre on was ca
out dissolvtihg 864 £ Nn@D$)i-61810 iang 2Sgm &N pR2S1EX ini 26 ghams of

i i | er to the first i jon . After . ,
SIS e e e e Atgr L
Out thE WxampO U SwasTHEcRIMAUNESta9f inﬁir@é‘iﬁtor,aélgi fh@p;ﬁﬁ/;red i solution

deposited on the alum na support are 9.22 wt. %N
andwas 3prayigd oo e todlied abwminatspheranvtitit apfatomizekal ambient

ni trat nd copper. nitrate ed. Exam.nation. of.the .
cal EPRERRF iR Y G BB HE Sl PP A B ofk impHSgpation
mm gbdiidiert ttbob@kZmsE ©f bidvEngeiot plieihal thHel poetly iftahator, the
oxi des | ayer on the_ alum na ?Zgheres. 50 grans of

cat#fefs profiaste ven gakinednat 35Eaifon akapt(] Yeursbedogse pied
(1 dong ndbfaﬂfc%ﬁl; nﬁr(?zeo ah8 S ph(%nggtrate-r%s Cﬁ%@é&? aforxt/\ﬁtge second

activated in entl ca nner descri
Exampregnhtion [ B0 9diksoBaing! ¥St gfaindNi NiQd0g),363L OPrandotledd grams

Wi t d Pd (I nvention 0095] The catal yst was,
pr e%é(m%%g& i8¢ .%P%@% apst tﬂ@hf'ﬁca[‘fse Impregpationy was
SOl Yl QN fongh& K«ﬁl&n_@a Eﬁ"rﬁtilglg?égﬂat?&oﬁ%au&'iﬁ f Sm8Smanner to

prepared by dissolving 1 g NI(NO3) 2. 6H20 and 4.5
g Ch¢ NE8)ithpPedhr2@. i ABOSIrgingms 260°Wathe calicoration e 380G vas

D30 2R Rt RS RS B e
| Ml@aRats@pportldre omxed %5 Nli Bhd 08 5WRASY ERBARE ofRotah@nount of
rolling alum na spheres at anbient tenperature in the

r otraekel nityggr agopper, nigAkg uskénExdpingliomphtdecgleisd groduct by
r ol 10 ) (YA t . .

o bl Aol i A1 K8 ol o M perperpiced
I NntrpethineXxidedtigyey on gl et spheres. NS0 giahBdREtADYCHerddSaded in
cal cined at 350C for about 2 hours. _Another m xed
solaiaplssoiixed; hedapacipr(l dpeh diggpisex 2AiipGhdpag)anide catalyst was

pal ' | ced nd
e RgnATiht [heel MR SRS T EATY e o,
[0094] Catalyst C; Ni Catalyst Promoted with Cu and Pd (Invention)

[0095] The catalyst was prepared in two step impregnation technique. A
mixed solution of nickel nitrate and copper nitrate was prepared by dissolving
106.5 g Ni(NO3),-6H,0 and 4.5 g Cu(NOs),-2.5H,0 in 305 grams of water for
the first impregnation. 300 grams of the 1100°C calcined alumina used in the
Example IC was placed in a rotary impregnator. The mixed solution was
poured on the rolling alumina spheres at ambient temperature in the rotary

impregnator, and then the alumina is cold rolled for 10 minutes. After drying
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2.54 g Cu(N3B)2-2.5H20 and 0.74 g Pd(NO3)2xH20 (42.8
w %Pd) in 20.3 grans of water for the second

i mpregnation. The second m xed sol ution was sprayed
on rolling alum na spheres fromthe first inpregnation
product in a rotary inpregnator with an atom zer at
anbi ent tenperature over a period of about 10

mnytes. After drying a o cnatlo 80C was
car HiceBpngtinatipn oA af aodtpoa iy bigBine By e A0 e tary
co pﬁﬁﬁreg&(@o@ qhd aglicy B@&i&m Swwhedajeheli N 3 ﬁj°€n'fdi aab%kip ROhburs.
are % Ni , 57 wt. % Cu and 0.09 w

b s Adotar mikstbdolutinuef nickel miteatel copperr Bitrate @dméladlum nitrate

nitrate and ad umnitrate.used...50, .qar

Ot S BreRliga 8 8 St Mol iy BY i Bplyisl QLB N lugppptzo.
(1 2Bghy du@meher.SHXO2Rdi 07h ol FRITEIDS), KM 4208 Y& 1% WIS in 20.3
activated 1n the identical nanner described in the

Exagigms of V@terll‘@o@eq seppied pepegRatignc el hst seepndemixegdt selupippswas

125 R 6P e o 6L, oSAHRSE: Rt pofic i
acetoyirg nﬁlp(d@ﬁ)it,or vith at ato%lwrcun adibene téﬂ?@)ratuﬂe @%r@Zpa'md of
| ow direction of gd duri

0.2 w %C4-C5S.  Th
© et & A AR 20BN celeahian et SEE Vs fatried ou
Tabfse Bpoythe TFPI% F NG niRkelt ngﬁé?gg? %}%H%défﬁgla&go&édson the

superl or to the convent i onal
Tabzltlemihmlpamyate QOBWE %Pie8 Shrve, %pEir gn&8@9380‘%88<ﬂ)based on

rature In 71 137 140 CQut 13 123 Feed
e B it ofynisRel Gicgieg oqer aitdite A0 pRTRIE fHlgagg 50
V\Hséfaﬁls 4f2atblydt WereAbsddl i8 rﬂtestéfhﬁlséjﬁxéﬁ)/ﬁelpr%a&orlﬁlmgh diameter

1021 MAPD Seél ectivity to C3H6, % 34.7
X 20 inch long). The catalyst was activated in the 1dentlca1 manner described

in the Example 1C.

[0096] The performance of three catalysts was carried out with a feed
composed of 94.6 wt. % propylene, 1.0 wt. % propane, 2.3 wt. % of methyl
acetylene (MA), 0.9 wt. % propadiene (PD), 1.0% C, and 0.2 wt % C4-CsS.
The flow direction of feed during the tests was up-flow. The results are listed
in Table 3. The performance of the catalysts B and C is superior to the

conventional palladium catalyst A.
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MAPD in product, wt. ppm54.9 MAPD 12 MA 0 [0097]
EXAMPLE 6 [0098] In this exanple, the deposition of
heavy polymers on a Ni catal yst of the present
invention and a comrercial N catalyst was
investigated. A catalyst (Catalyst D) was prepared in
two-step spray inpregnation technique according to

the technique disclosed i ﬁ} t.hi,s i nvention as foll ows.
[0099] A-ni-ckel—npi-trate—s bl |3nn was—nrenare 2V

di ssoljving 86 Eaﬁllysﬁ (NCB) 2 6H2OA 0 2¢ grans et for
the filrst i nBresgHaips®. 300 lgr ardSOof the380110@§:0
cal ci ned al drinparaiged’l n t hel Exanpl e 1C was pl acedl in
a rotary inpreghator, and the s®lutign Mgs |[sgrnayed on
t he rcI ing alump@a spheres w thzsan at omozer 1ad
anbi e USRI RAE AV @ PET Ol 50T aboy 10 Jinpt es.
A TV A Lot o gyt ﬁtogfgﬁfgfoc

y bl(v‘lllly TTOUTU S O L ) [ I_y Ilpl LI} he
dri ed MM-&%ZU* ho rs.
Anot her__niteepylens Yield %ol utli onlWaQ prie Hr-3d kqgr he
second MABPeiplestivisn thG3H6i ¥siol vidhd 47.]3 #B (N0d2. BH2O
i n 14,2 MARDsingfroduat,ext. piine [SECOMAPDnERedAat i 6n was

carri ed out on the calcined first inpregnation product
manner simlar to the first inpregnation. After

[Qﬂ%ﬂng at EX00MPLBAl ci nation was carried out for 2
hours at 380C. The anount of nickel deposited on the

1 na sypport _ar 2 bhased on t ot
(ST, 12 o HARR dafief, Pacdontitnian oF e S R Vi carqiyg of
calthé gﬁ@keﬁf aeliation REIAT a &oMintdrGial O EcatdlfétCAhe dnablgtied. A
32 0. mm of the thickness of the m xed metal oxides

| ayetalysh (Eafalyst Doivvas prepased éfStW(E“@@RG@!LaM’@ﬁRj?%OH technique
cat r eact or
(1 Rrifibd SHAORIRI o Rush BEhRdcd AFIIRE " ae
activated in the identical manner described in the
[(D99)pl e 1L n[dk@]l&ilﬂratéOs@uﬁm whe I&a;ﬁmectohnmaﬁszsioaling\li 86.5 g

t al KL TL1. 2) Control Ex
oD DB O R 2 St Valon IES B ARB BT tha%mS( qf the
i ngh oot RARIRA Husbhd N lnoﬁﬂ‘) Exg;ﬂfﬂecﬁtl al¥%Shla¥@B in a rotary

activated in the i1dentical manner
impregnator, and the solution was sprayed on the rolling alumina spheres with

(
==y

19°]

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 was prepared for the second impregnation by
dissolving 47.3 Ni(NO3),6H,O in 14.2 grams of water. The second
impregnation was carried out on the calcined first impregnation product in a
manner similar to the first impregnation. After drying at 200°C, calcination
was carried out for 2 hours at 380°C. The amount of nickel deposited on the
alumina support are 8.26 wt. % Ni based on total amount of nickel nitrate used.

The examination of the calcined product under a microscope indicated about
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described in the Exanple Control Exanple 113. [001021
Deposition of heavy polyners on both catal ysts was

i nvestigated on both catalysts by carrying out

sel ecti ve hydrogenati on of C4 acetylenic conpounds in
crude but adi ene streans under various conditions for
over 4000 hours. Carbon contents on both spent

cat al,ysts e anal yzed, . The.result.is., listed i )
Tabd? AnnriE e, BickntSso0f the miied et vRidet 1Ryt & g alypina
| owsphemyapared with KL6564. Table 4 Catal yst Catal yst D
KL6§%4 Total run hours 4046 4094 Carbon wt. % on

spent catalyst 1.78 29.5 33 CLAIMS 1. A selective
B0 gonadd Sranataidlysis wewripaisidin erstadasr skrhgd actor (1 inch

anoing ooty BsRIoRY” HOER b SRR B b R ey

of &atfbdionosEsdtppenC. 2. The catal yst according to
claim1 conprising one or nore elenents selected from

t he group consisting of Cu, Pd, Re, Zn, NE, M or Bi.
(80104 e cat@iejases hecem sunerciel Mi watalysh kb 304 Hel.2) used in
por r I

o Ol ARGl N2 BT OB 385 e A HEF e o
t hedipperts Xuippidng)asTharcatlest 3Ge aptivated & tratiertichl manner
about 100 Ato abo%t 450 The catal yst according

to S%‘i‘bﬁdﬂnm?e@’@r???ﬁ?@nBBﬁ%’ﬁ?gﬁ@%lb%ort has a tot al

nitrogen adsorption pore volune fromabout 0.4 cc/g

[BPLERIOLY | Peffichn S hds R Sh BAPEHANIE R i Mifhdd on
f r dmtiabatalysds thy 28rying 86t Feleclive bylragenatiomoafoCdi acptylenic
claim 1l wherein, the porous su rt has a BET surface
o R RO AB PR T D StrOM F P hop G P A 4000
POrRue. a0BBH bhRMsalPbdth sHOR AtdRiARemt arﬂf}@ke)d\ tq‘Eg résult is

total nitrogen adsorption pore volunme from'abou
listed in Table 4. The carbon content on Catalyst D is extremely low

‘compared with KL6564.

Table 4
Catalyst Catalyst D | KL6564
Total run hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5
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0.4 cc/g to about 1 cc/g. 8. The catalyst according to
claim?7 conprising one or nore elenents selected from
the group consisting of Cu, Pd, Re, Zn, My, Mo or Bi.

34

CLAIMS

1. A selective hydrogenation catalyst composition comprising Ni deposited on a
porous support comprising more than about 60% of said Ni deposited on the

outer periphery of said porous support.

2. The catalyst according to claim 1 comprising one or more elements selected from

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

3. The catalyst according to claim 1 wherein the porous support has a BET surface

area of greater than 10 m?/g.

4. The catalyst according to claim 1 wherein the porous support has an average pore

diameter from about 100 A to about 450 A.

5. The catalyst according to claim 1 wherein the porous support has a total nitrogen

adsorption pore volume from about 0.4 cc/g to about 1 cc/g.

6. The catalyst according to claim 1 wherein the total nickel content of the catalyst is

from about 3 to 20 wt. %.

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.
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