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 visional 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 provisional application 60/554,627 filed Mar. 19, 2004, the

di scl osure of which are hereby incorporated by reference. BACKGROUND OF THE
| NVENTI ON NIeCATAL YS9 PROERSSHOR OIAKRINGLCAIHYIS TS ANIDSEIECEIGEes t 0 new

sel ective hydrogenation ca t f making the catal ysts,
whi ch are useful for hydroé&é@i@n‘?ﬁgﬁﬁﬁgﬁb I ve hydrogenation of
acetylenic inpurities in crude olefin and diole fin streans. In particular

the invention relates to nickel-based catalysts. Related Information

[0003] I n the manufacture of ol efins such as ethyl ene, r%pg/l ene, but adi ene,
CROSS-REFERENCE TO RELATED APPLICATIO

[0001] This application is a divisional application of U.S. Patent Application
Serial No. 10/828,823, filed April 21, 2004, now U.S. Patent No. 7,408,089,
which claims the benefit of provisional application 60/554,627 filed Mar. 19,

2004, the disclosure of which are hereby incorporated by reference.
BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to new selective hydrogenation catalysts
and the method of making the catalysts, which are useful for hydrogenation,
such as selective hydrogenation of acetylenic impurities in crude olefin and

diolefin streams. In particular the invention relates to nickel-based catalysts.
Related 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



i soprene, etc., acetylenic inpurities such as acetyl ene, nethyl acetyl ene,
vinyl acetylene, ethyl acetylene, 2-nethyl- |-buten-3-yne, etc. in various
crude m xed C2-05 streans need to be renpbved with a mninmum | oss of usefu
material s such as ethyl ene, propyl ene, butenes, butadi ene, isoprene, etc.
in the feed streans. [0004] 1, 3-butadienc is an inportant raw material used
to produce various polyners such as butadi ene-styrene copol yner. One of the
processes for splecihety hglrbgSatedt tadhaetialyi ®nowe §ontatyldnon cahpeandsoukheol ef i ns

by steam cracking.o etrole fracti.ons. The c e.mxed C4 streamfroma
st eam cracker ® ]§9t1v§§f glgélio\g%qa?ﬁ%%ﬁ‘%éﬁé?lgdmt ﬁ‘epgg%‘%ﬁ?er BBy C':‘&l%
acetyl enic C0W%‘Q§1-Veﬂ:[h@xt?;ﬁ;'ti%:tdiﬁﬁiaﬁoﬂwéé at.ad &b e@Mdpara&nt3to the

1, 3-but adi ene recovery unit where solvent extractive distillation

t echni ques ar dutadisde fionsdpaeshoé campenehistindiconixed soean.-h8olverttexghcitusnponent s
in the m xed str.ap1 Sol vent xtractivg distillatiln i% gx}ensive to

operate and eﬁ@?‘ 1@bﬁ§§W%FP8 O PRetplg AR SPVch?ﬁﬁggfegﬁbe?'V?Ennval of 4
acetyl enic conpounds in the streamw th high recovery of 1,3-butadiene is

hi ghly desjgoasle to caper fhRvar 0ug tb@pleaRSéonfoubd3 b Wheadir@ine vaikd produce
a premum qual ity product for polyner production. However, fornerly it was

techni cal |y i fgbsietdicsy elol.2-bufsdione ishigllisipeirable waedusr dhrerrofvction 9l i xed
streans by sel @ct i)\ r.o ' Wi, t - N t [ f
1,3-butadieneogu%bﬁﬁm%%%?-%@gﬁgggﬁgtFo?g%%u ,%ﬁgﬁgagﬁgﬁgbigﬂé%giggg, an

i nproved i nexpeniictién. pHweessr, foAndlyhitghdsytealadically amgbssibleetot congpletatyal yst i s
highly desirable to produce premumaqualjty 1,3- butadi ene wthout paying a
penalty for hirghoYooSs aseiyiengs 5&%@%&&%@@%%%%%&% BIER8EBAIOT 0006] The

preferred techpifueudREbediity RUH HELEH 1, 9bulddin0 MBS br-1R/dSIehaord Sf t he
sel ective hydrogenati on of acetyl eni c conpounds over hydrogenation

cat al ysts. Suppobutedierd, Thdrefo@u ammdprOved meapapsivs pavasskniowhigdy asiefeul f or

t he hydrogenati on of .acety] enes ndbook, of Co rci al. Cat al.,yst pp. 105-
135, toward FongdeferRrenth R nebo RNl SRUFE Plhue B B P
prior comer CibatadrRp Witdhi fiisndd peii9abi Mghhydradenstth@en®uatedwrenes are
pal | adi um based catal ysts such as Pd, Pd/Pb, Pd/Ag or Pd/Au on a support

such as al umi mydiggenative. copper catal ysts on a support such as al umina. Pd
catal ysts were the nost preferred catal ysts because of high activity and

supposed! y gygRpr i o AR §ehIY) ltnSOIPRSHe PulBALRS cRhRlci RIS

the selective hydrogenation of acetylenic compounds over hydrogenation
catalysts. Supported Pd, Ni, Cu and Co catalysts are known as useful for the
hydrogenation of acetylenes (Handbook of Commercial Catalysts, pp. 105-
138, Howard F. Rase, CRC Press, 2000). The most preferred catalysts in prior
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



[ 0007] Pal | adi um based catal ysts are not selective enough to conpletely
renmove C4 acetyl enes w thout an unacceptabl e anmobunt of 1, 3-butadi ene | oss
due to over-hydrogenati on. Another inherent problem of palladi umbased
catalysts is the loss and migration of palladiumdue to the formation of
sol ubl e Pd conpl ex conpounds by the reaction of Pd atons on the catal yst
surface with vinyl acetylene, if the hydrogenation is carried out in the

presence of | icatdly@tsAaReossSind eikratiod o phithdiay dub eeihe Us@thtion ofisiubieze t he
| oss of palladium and reduce catal ytic polynerization of acetylenic

conpounds. [ 089sjomdex spppoundadudhe aeastigr o8 Par elomperop el catalysy sudfecet hat t he
recovery of 1’V\?iﬂlbyﬁpfjhfe@ﬁe%qm%hﬁycf%%e%%ﬁﬁ] & g]ln'eao\ﬁ?rn)( t}rllé pesgﬁ)crérpo ed with
ySstisS. Sl nce e a

pal | adi um base cata wever, Ctrvity of copper catal ysts
is very | ow caiqpiirpdsem Sitvepaid @i timdineedsabahinihise i Ibar @fpaladiufe of
catal yst and |l arge reactor are required. Al so because of deposition of
heavy car bona@Bdifslupmaslytis Rolgmerruiop st aespdenicgomppedsvel y fast, frequent
regeneration of catalysts necessitates nmultiple reactors. [0009] Ni

catal ysts j y for € i t r i genati on
of acetyle Ggg 8 nd di]emr?ggso.gp %ﬁ%‘?ﬁ?ﬁttn%ly%%%% @ég‘y %%%t{n‘}%estostg%t.etﬁ% &%ﬁ)v Q%’.d&ghem 46,
p. 623, 1968) l,3Nbutadiehe\fromQhe ahikey stanalisysdrg gle c@hpared iwith paradivet-hyl

acetyl ene hydrogenation. The catalytic activity rapidly increases with -
addi tion of c%ﬁ%e?atefléﬁSt?li 3{‘8’?’6"8{3 ﬁ“&yeZ e \feuvigy P%_CSPII’%W%%XS&‘% ysyery TRe
sel ectivity t@oRpapy WeihepARGiuRXbL8Y c&algpt@,l ¥ BEd ¥almeRrlcRGNRARRI Mideh the

i ncrease of copper in the alloy. According to H Gutmann and H. Lindlar
(Organi ¢ Synt Fagios arctiagtiead. 6)Alsyibegduse cdt geéposidionnel Beavet parbotacbodtsen- 3- yne

di fficul | ecti vel yv_hyd 13- but adi d j b
eing the: usud R S Fl R RR0ak Buiy il YLRRLERF RE RO, T ™

cat al ysts haveedsgntassedtiple reeearer ci al processes for the selective

hydr ogenati on of acetylenic inpurities in m xed steans of olefins and

di ol ef i ns. 8 MVARY OF THE | NVENTI ON [ 0010] Bri efly, the novel catalyst is an
i mpr ovener00PA a seMiceatglasts in any form are very active catalysts for selective

hydrogenation of acetylenes and dienes. According to R. S. Mann et al. (Can.
J. Chem. 46, p. 623, 1968), Ni and Ni--Cu alloy catalysts are effective for
methyl acetylene hydrogenation. The catalytic activity rapidly i;lcreases 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. Lindlar (Organic 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 dioleﬁné.
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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hydr ogenati on catal yst conprising N deposited on a porous support wherein
the i nprovenent conprises having at |east 60% of said Ni deposited on the
peri phery of the porous support, that is, on outer nobst skin of said porous
support. The catal ysts conprise Ni- or Ni and one or nore elenents from Cu,
Pd, Re, Zn, My, Mo or Bi. The catal ysts are useful for hydrogenation
reaction such as sel ective hydrogenati on of acetylenic conpounds in olefin
or diolefin stpagery &f efecpaoy smppbktelthatastdsreown; orostiskinved swd aprosdnponent ;

t hat kel [ 1 50%. ht of th
corrpoanntmsC(ﬁl Sl‘l’l\;mrt ﬂ@gpé{alta?gest%%ver iSFé%‘ %Wﬂg OBSI%BHEO{S% %/Sefr([r%g%i] The
active netal - 95&9@%& glllg‘srl\z g?ﬂ ﬁ@&tﬁ?st@ar@c?fsémﬁfo? WPSdpEnatidH Goactitn

transition alunm’na’o C|n|ng at a nperaturelnarane
bet ween .750 an@hch%@@é]ecfﬁfnehydreg@anexd oS agepydertic mmpomleen alefi %rchgléﬁ‘bor e

di ameter from about 100 o abaut 450 A BET surface er than
10 n@/ g, pref eftEIMS- f,r%f,fqagﬁ%mcg%ds e 1geiph 2 &b"SJ{‘é{ils‘i? rﬁ??l E&aﬂ%gls'%lt

ni trogen adsor phj %@%eov\épbmeo of WEIBhEdTaHE adtivé rﬁétélg:ohq)oabmsl(Nﬂ, Qs Pg.
Preferably at |east 60%of the Ni is deposited in the outer |layer(s) of a
shaped porous ewpdepdsited he ther pefreysgiperhi ckness of the outer skin |ayer of
the catalyst is from about 0.03 mmto about 0.7 nm preferably from about

0.04 mmto t The ferre leghcRn the
outer skin [ﬁﬁgﬂr Fgmﬁ? ta PP gntgggeu@p %‘eémnc# érogg er ablcy from
0.05 to 2.5 nymnsﬂa%ﬁ@mxhina@bwmearbytdammg ai y Binpemtwalin aemgmhetveqenher in

one step or nulti stgﬁ) The preferred technique depositi % nté[rhe outer -
| ayer of a suppdand (KbpayTb‘?)aquWq sapper il ketve Gn 4ystaes ?9‘a§’e

combi nati on offrwgn%ﬁgtti&p tol %hﬁgwkl gl@};[sgﬁﬁcegréar}glyéaqwth?@qo|ﬂ@3[rz:geegnat| on

and spray- coat regnati rat1o of
catal yst is | e@efetdw]ﬁenpﬁ;ouprzehérgaﬂolapomew mtfgrandiiotat m@rogan adsotPPThe Pd

dified N t al yst t | | t hyl
Toat vl el br oot Velamerepoou b oo g o e e oo Do ab ol ReanlBTRor M) 1Y
conpounds met hy ; %g&(fﬂ/e??ﬁtl?é G 19Rad) 8ng siHed hords sbppdiep'il"hé pﬂ:femadf 0' | ows:

HCC-CH ===
thickness of the outer skm layer of the catalyst is from about 0.03 mm to about

0.7 mm, preferably from about 0.04 mm to about 0.6 mm. 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>. Depositing Ni on the catalystis. -
cartied 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.

[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: H H

\ \ /
H-C-C=C-H === C=C=C

/ / \

H H H



4 BRI EF DESCRI PTION OF THE DRAWNGS [0013]FIG 1 is a chart conparing
Control Exanples 1A and 1B with Invention Exanple 1C for 1, 3-butadi ene
recovery vs. vinyl acetylene recovery. [0014]FIG 2 is a chart conparing
Control Exanples | A and 1B with Invention Exanple 1C for 1, 3-butadi ene
recovery vs. ethyl acetylene recovery. [0015]FIG 3 is a chart conparing
Control Exanple 2A with Invention Exanples 2B and 2C for 1, 3-butadi ene

recovery vs. Vvinyl acBRIEFBESERIPETION QPATHI DPRAWINGS a chart conpari ng
Control Exanple 2A with Invention Exanples 2B and 2C for 1, 3-but adi ene
recovery vs. ethyl acetyl ene recover

Y f0013i Y FIG. y 1s a chart comgarmg Control Examples 1A and 1B with

Invention Example 1C for 1,3-butadiene recovery vs. vinyl acetylene recovery.

[0014] FIG. 2 is a chart comparing Control Examples 1A and 1B with

Invention Example 1C for 1,3-butadiene recovery vs. ethyl acetylene recovery.

[0015] FIG. 3 is a chart comparing Control Example 2A with Invention

Examples 2B and 2C for 1,3-butadiene recovery vs. vinyl acetylene recovery.

[0016] FIG. 4 is a chart comparing Control Example 2A with Invention

Examples 2B and 2C for 1,3-butadiene recovery vs. ethyl acetylene recovery.

[0017] FIG. 5 is a chart comparing Control Example 3A with Invention

Examples 3B and 3C for 1,3-butadiene recovery vs. vinyl acetylene recovery.

[0018] FIG. 6 is a chart comparing Control Example 3A with Invention

Examples 3B and 3C for 1,3-butadiene recovery vs. ethyl acetylene recovery.
DETAILED DESCRIPTION OF THE INVENTION
[0019] Catalysts

[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

. thiékness 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



[0017]FIG 5 is a chart conparing Control Exanple 3A with Invention

Exanpl es 3B and 3C for 1, 3-butadi ene recovery vs. vinyl acetylene recovery.
[0018]FIG 6 is a chart conparing Control Exanple 3A with Invention

Exanpl es 3B and 3C for 1, 3-butadi ene recovery vs. ethyl acetylene recovery.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] Cat al ysts 100201Preferably nore
t han about 60% of the ni ckel conponent of the catalyst is deposited in the

peri pheral outferm |ahyer 26 )m’dd tcaabmap]eﬁﬂ) sfgpend total nitiogkmedsorpfiorf pora about

0.03 t b 6
porou?ﬂsugpgr?u %ﬁ‘egfﬁwm;‘}hsﬁtr‘gé?%%@%ﬁ ?g rﬁqw&a%&g%?:gaéé Roﬁt%er ski n
layer is from td QulEnd B t#RGHbn 3utnifiB bBRineR S @IRhY af ﬁ@éﬁl&rﬁﬁré 0 2.5

ng/ n2. [0021] npl es of the preferred porous supports ate alum na, silica,
zirconia, tal d‘rctr@abcsnﬁﬁa atoadhert h0°Chpreteoaily from ahoyt 8Q£2§’rtgaldﬁ@°%pmfort whi ch

2?: aan average, RRL for {h%r}%ggarratgornoo &1%00% alys?s %h reefbxge(} ran%g 0'?‘ th<,B 't:' aP Yl face

nickel content on the catalyst is from about 1 to about 20 weight %, preferably

from 2 to 15 weight %.

[0022] The catalysts are useful for hydrogenation reactions such as selective
hydrogenation to remove acetylenic impurities in various mixed streams of C,-
Ciy olefins, diolefins and styrene, and hydrogenation of benzene to
cyclohexane. Passing a mixture of a hydrocarbon feed stream and hydrogen
gas through a catalytic reaction zone or a series of two catalytic reaction zones
carries out hydrogenation reactions such as the selective hydrogenation of
acetylenic compounds. A catalytic reaction zone may contain one catalyst or
several different catalysts. If the selective hydrogenation is carried out in a
series of two- catalytic reaction zones, optionally the catalyst in the second
reaction zone may contain Cu as a promoter and modifier. The poisoning
effects of organic mercaptans and organo-mercuric compounds for the nickel
catalysts promoted with Cu in the second catalytic reaction zone are
neutralized in the first catalytic reaction zone. A portion of the catalyst in the
first catalytic 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 C4 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



from about 20 n2/g to about 150 nR/g, and total nitrogen adsorption pore
vol ume from about 0.4 to about 1 cc/g. Alumna is the preferred support.
The preferred alumna is transition alum na obtained by calcining at a
tenperature from about 7500 to about 1200C, preferably from about 800 to
'1150C prior to use for the preparation of the catalysts. The preferred
range of the total nickel content on the catalyst is fromabout 1 to about
20 wei ght % plisfetiahlof ohe @iht®o teatrddiveeiigiibtidn cdlom] Ehdticgimkipglia ar e
useful for hydrogenation reactjons sych as sel ective hydrogenation to
remove acetyl éﬂé) GARPUCPH AR ?#5%%@3%@ Q’e‘g‘eﬂl?‘%da%a C2- Cl12 ol efins,

di ol efins and styrene, and hydrogenati on of benzene to cycl ohexane. Passing
a mxture hydr r r : Y, Qughh aecatal ytic
reaction zfoﬁr(l)ggl)r a glgfr%i %s%}(’) §§%gs%ea‘fﬁg{e€?@gadﬁe§{8t@%§gd%§ee%s&garr| egheout

hydr ogenat i on selecotei byrsosametioraoftdvetysmiie coinpeurtipdr dGe rexainplesodl suwht yl eni ¢
conpounds. A cat.al ytic,reaction zone may contagi.n. one.catal yst or several

i fTerent cat Fyees in whichrBemiEaLERines Ryales da Mt MR OXpY A0 | n a

series of twoapatdhbidafiohedEIxed HANRActoQRIiARAb Yeolhllin Gadcadry Sblvem t he
second reaction zone may contain Cu as a pronoter and nodifier. The

poi soni ng ef f estractive distigamirccatens agrctmsbailies peighreectantdekle bed sappunds f or

t he ni ckel catalyst r ed Wit h Nt e d | yit. e tion zone
are neutrali zge]%wi g t% ﬁ@ r%g}f%éli’ %é\ftd %ﬁeﬁ}tq.é %ét%a%?fe?n?a%%n& %R%pgi\,t“?egn of the

cat al yst in t hecforg, dividal whly tistllstpacihiheim #acers, stcsacri ficed as a guard bed
for the poisonous inpurities. The inprovenent nmade for the hydrogenation

process in_ this invention is higher selectivity or higher _recovery of the
usef ul mat 024l s suclieaatasiomey epmpsise Qi oMbt Ph, SupPoBOF AN d0da0nct Hose
processes bas ept | | p i al s 3 t

pal | adi um basgg)rggltea ygst ggﬁl‘?ﬁg %‘14 Igéé?tnyﬁ\g%ﬁ l(k:/%i Jr)rlrsaﬁf:iqt ?gg%?ﬁ t%@%&élg%t crude
but adi ene st r eatimityastabdity,ompl gicetegoveeyron edefins sel doldfiine fagrdrtbgematei on wi t h
hi gher recovery of 1,3-butadiene int resent_process, .than prior art

ni ckel catal y§¥§ef{ AP ol MAHY §0£ﬁ\922h?3ﬁ 4@ %g@’e Bliof‘mtﬂﬁﬁ?roﬁlgh?r one of
two extractiVveadiyst hdthal/ RNweEI0lad MGifié8 S8 ikdpRerel e sfbamegr ofREmharper
separation of 1,3-butadiene fromthe m xed Stream [002 %}The catal ysts may
be placed in diepephodictnl Tdevigivet meppbchmpmertie age ldepasito@ dwy drsgevsat i on of
acetylenic CO”?OUPLES- The exar%).l 6.0 such. devi ces, in which chenical
reactions rel YR8 %ucph?ssa]iu 568> (?8%1&,“6% one: 6 any CorBinati ons of
fixed bed reagliedli orchligdlink leadth BiRt=0OMEBe iRBEIRIted 50d YRBlinSXIphaat pMer
distillation colum reactor, boiling point reactor, trickle bed reactor,
novi ng bed redtdwositipngf Mized reactor, stirred tank reactor, divided wall
reactors, divided wall distillation colum reactors, etc. [0024] The

catal ysts onpri i.conly r. N . re. el ements
from o AUOLE” "B iR By siibof, SHRDREL, B, Muckisy MooVl P
stability, angrdftrecd sepverypmirt olikfhans tlnsizelifalnefabost 0.20mm T kencrTiste m xed

streans. The mmj.or roles of, , Pd and Re are pronmpters for higher catalyst
activity as werqfersd %HPIFMQMO“?‘Y a0 AHFBYEPUR SIFREER BT ub{%iorﬁ%aﬁﬂ di ene
product s, The 43614 \iioRehater GATRBORNI £ 8f SoARRABD ACBEANSRARATAUS HIPPOT {
such as alum na, silica, basit silica-alumna, carbon, charcoal, etc.

Al kali or al kabéutOetaraboundfGihe/grayd etal nitwgpo pdtceptidmpere alolurns &osuppor t s
prior to deposjtiaon of N . [0025] The pr rred support wll - have the
fol | owi ng pr oBfé‘?litﬁ)e%% Tioe/epr e EYRRE Whiatld °8 ?Cfgﬁpf)ﬂs'h Epf’:ﬁ%rréqz_e from
about 0.2 t0 ZufiTha iH@ihERIOh QMNP fead¥izlobs, haderaBly AVELsAIERATR: di anet er
from about 100 to about 450 A, nore preferably about 140 to about 400 A
BET surface apewsfargenthiyolA0 Adliancteheud a 18d nep¢ yolumedranpabout §i45rasien

adsor ption pore,volu fy.om abou tQ cecl g. ,.na i e of the
preferred suppof t¥8 aﬁ@%?&%pé’??egéb@}(éﬁ?wé&ifrﬁn}%Ol(’%‘%'ﬁ%%?l?%uﬁ Ovi.\}/iglg/cchave at

| east 30% preferably at |east 50% of the pores |arger than 100 A di aneter,
and a total pore volune fromabout 0.45 cc/g to 1 cc/g and ABD (apparent
bul k density) from about 0.35 to about 0.75 gl ee.
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[ 0026] Ni catal yst nodified with one or nore denents anong Cu, Pd, Zn, M,
Mo or Bi nmay be prepared by incorporating the appropriate anount of these
modi fyi ng conponents into the alum na during its manufacture, preferably as
conpounds. [0027] The preferred alum na disclosed in this invention can be
prepared by a nunber of techniques well known to those skilled in the art.
One of the preferred alum nas disclosed in this invention can be prepared
by so-cal | g;b | dr onpEdiflysehadifion wiichidi uBoRSelsh&ft a:efy i, PdSzn Pat ent
No. 2,620, 14@1952), and”U. S. Patent No. 4,273,735 (198_1%. The” spherical ly
shaped al uni naVigsMor @pBi suyfheoprepiradribyuinedipeiabng ¢hel epprefriato kmgrepelr ed by
digesting alunnumnetal in aqueous .hydrochloric aci.d solution. Spherically
shaped al um ng}‘%SSI n{@{fgﬁgapg{ngp%enr%én%oﬁgﬁ oa#u%?%p?%?%g, lgs'r én%%‘??cggg’i n basic
l'iquid oil phagefefasly @v&ﬁlpwn@gi ng, washing, drying, and calcining to
obtain usually gamma-al um na in conmercial production at an el evated
tenperature. Alternatively the preferred spherically shaped al um na al so
can be pref¥Rddi by ofhe mﬁéﬁﬁﬂﬁ@l@éﬁéﬁcbﬁed acthisi iguentionicay be peeparesidst sed
boehm te or pse el t.e . ] ] i . t No.
4,179, 408 (19;1951\&8%26%%@“@159%]@@%& 6@“&%‘% §§i“§§q§it§€é‘ﬂg is%ggﬁi abl e
boehmi te, pseydéebeehaiutinardisdlosed i thiohvbaanniaheegtehapskbiyl sdodludi dile

alum nas in acjdi¢ water. The pseudgboehnite or boehmte r rials are
prepared by hﬁd@l&l@&gﬂ@ﬂ% ﬁﬁ%ﬂﬂﬁ%ﬁ@cﬁw n Th W%E\Q |2f6302534§?5§?éadi ng
sodi um al um nahg Wit Ip,aht Nd?t&[@ﬁ?ilﬁssa@m ghe ApHEHANN b PhRAR is

crystallizing. Various boehnite alumnas or dispersed boehnmte al um nas
sol s are avai Ipadpaecd fnorm dummpkdtyplagyehlogGde dadapremreahby digesthng duppiuiver s.  To

prepare the preferred spherical ,al un.na whose re structuyre is disclosed

herein, Di speﬁ%eftaelHﬁ iclah Sﬁ) drqghiqtig aci‘??\?}\-‘ﬂ\@?ﬁ'r ?Bﬁeﬂcg FH%M?%W)S?ISD sper al

HP 14(r), Depehaérif)(if the fAuhalf d26i€tE) are Bolled inl KAk MquidPoil phadd@Nowedt C.  OF

m xtures of these can be used, The preferred alumna is transition alum na

cal ci ned at i ®yagingpyeshingr &yingnged Faleiningblourbtais gsealygasyna-shoges in

conprising ga I I C { f r

m xtures ther e’@é} %Weggﬁﬁ?ﬁlg&%gg% SIE E%&igtgﬁlgeg‘lm%éﬂpﬁ' v@?@%ﬁgel XLT gg%fgﬁge(?or ne can

al so be preparspheriuyilexhapudi pligniife apoetar be drépasdinby eibdrgppéidablaghii t e

al um nas di scussed above, and cal ci ning .at el evated terrpzﬂﬁr atures from about
] l,lm}\aj, S()iﬁ)

750C to 1200C cepriurDHing Besdigpestadobesdmitsr @i pscpeehocgite 25 and Si
or others knowk {dicd BEU. thht No@k,l?%@% 319-795).8‘;1116 BRnliRE Q51D QK r@ﬁlaré to the
al um na prior to extrusion. e surface area’ of alumna tends to shrink by
repeat ed exposyrdsperdngbigtabledsbehmitpepsetidoteshaite ot mistuoaw of bpshralte azdat i on t o

nore stable cryst fornms.. This surface area.shrin e, accelerates in the
presence of at%ﬁgghg?k!n&”ehﬁliugﬂﬂsén&” ¢ EEanotinitSeyte g’S]EﬁHUﬁ!OF E’Of?l?f@ﬁ%l unmi na
or both. Usualhy ahdifda aﬁ@p@%ﬂalrefdorbyt hgydss({?} Ahy ShluplifRAr AlkoRMek S and

comrercially produced as gamma al umi na By the calcination at tenperatures
from about 550CstaliZiogQ®r Taetiphyedsm adimivets ofitht khingnehepalisdsedhugs nas can

be any shape such. as s res, extrudates, .pellets.an ranul es_whi ch have
di aneter of | @E@Wﬁ%sgggeu?ndl?qﬁ?ﬁ%ﬁ&, §%ﬁl(§ %e anglfnﬁt%l ]étg}nr% k%ghsgﬁr “f ess than
about 1/2 i ncheshhReghumindy feiralalildbsisn thé atarketglacdl ab@slch engidoifibe
extrudates or pellets. [0029] Preferably 60% or nore nickel nmetal aon the
catal ysts is SHpRIETS edoipienarethsreierrpd sphswisplalumay WhossiPrp 8lreiiwisddl por ous
support, ratheg i.thif rAe p roed : bl S t he
outer skin | a%%CE%?@t%&%i Béstapfggallys/@t@gﬂl/% ’f[}{olgalaggﬁ? 88 D?%E%??gggg%ﬁ 0.7 nmm
nor e pr ef er abiDisferani0. DY, epeal @08, fumal 206%, puraf 66| Burilr NG®0 e@4 orm t 0

0.50 mMmm No prior art_qr publi cat‘gn is known taﬂq dj scl gse t.he ijse. of a

material for tWSUESTHPHYBRACHDRE Msett i10F, PrakErd aneiea s fepsifiop alumige o ap| y
deposited in the.outer : ' p S Iy al

ni ckel contentcg}o%%rfé!tdhgf é}é{a%ﬁsrgpgl%ﬂgr%%%atﬁ% rgfnog%}gu%c’s%}at@% 2%0(\%@? % nore
preferably from4 to 15 wt. % To obtain a predeterm ned netal conposition
on a catalyst within a desired thickness of l|ayer, one may carry out either
one or multiple inpregnations of properly prepared solutions of a nickel
compound or m xed sol utions of nickel an8d nodi fi er conpounds on




a support. The preferred techni que depositing nickel nmetal in the outer

| ayer is spray-coating inpregnation of a suitable solution of nickel
conmpound on a support. Wen nultiple spray coating inpregnation is carried
out, the product froman inpregnation step is preferably either dried or
calcined at a tenperature in the range from 200 to 800C, preferably 250 to
500C, prior to carrying out the next inpregnation. The catalysts can be
prepared eit h%Bm'pﬁsﬁF%aﬁlhﬁapd&fa, ﬁgﬁﬁa', thtaCRR al A Pt A AE fRins ¥ Gli@hur&nd ot her
conponents of a catalyst may b eposited by spray coating a solution of
ni ckel conpourleresf. a i xed sol ution of nickel and the nodifier conpounds on
a support. Optionally one may deposit nickel and copper conponents
separately arryi out. a series of two or nore inpregnatiqgns. [0030]1f
ool i un D8 20" YeBs P e Shinde e bl GHEIGH TRGTOAR0 £ e the
anount of  Pd Qiedah®l spteiirM@ihgithe fordBatd bbéhrditdMor p¥eudobsddhiad bdinfingm 0. 005
to 0.25 wt. %of the total catalyst. The deposition of Pd on_the catalyst
can be carri edissussedjahoNe and sdsinngnittdhevfeddempsiaturemnirpg aboihgs & Grioxed
solution of Ni o] ng.pP oynd. or e Pdcan, be, de ig.ed in a
separate step lgﬁﬁaarzy%glg e?%ﬁg%t&g%%egﬂ%t ?19 @2" iﬁs?’ gglpgg‘?’tl\é%’ %ﬁ@eérl he Ni .
Preferably 10Q%enf kiidven Rdthenirt) hexycatiedsy i pdrsbel @rogiotael into threalomiey

peri pheral region of the shaped porous support, rather than within the
support [ 0031PHAT & caFisthat ﬁ%éwﬁ%ﬂet yep ot Pﬁw@@ _ﬁ%@ﬁ 6% strRin By deReatqdne
deposi tion of .njgdeels tH?etle@lateageﬁ SHRPQ! duel © FAY chRthiatioh To IndzO¥RbRAL i on of
conventional inpregnation an sBray-coatl ng I npregnation 1 n series. For
exanpl e, the corstednbironal Thisrsndgeraticorshsinkdgeascceletitgs enthanvptesénmpr egnat i on
is carried out _in the first inpregnation apd then.spray;caatin

| npr egnat i on AENGEHAGE RAUTT Phdast B DbsOUHb 1R JEERP ot P

i nci pi ent wet UsiRilEsNatinLRiphsrt Behe cablyy r@igdreid chbRnderdi utddeat ment
from about 200 to }SOOC, ryorpie) prefer.abFig f@g% about 250 toglg}:)g?l})tkjl 500C, prior
t 0 spray- coat iafgammpr algmand by thoselicaaim pt bmeporaiyres drqny abaut $HEC to
spray-coating - e Lon. kn th S e C i I

i npregnati on i@%etigg%gséc agts }éa ,eg OF B}ﬁéf%‘#gﬁ agﬂlg%%%g%n @%%@g%ﬂr?ﬁ %g“‘i{ﬁ

catal yst is pruepplicees, Wiirlidads, pEIlT Bad grippRE twhidthBaveodibebier of [@oper on the
catalyst is in a range of from about 0.005 to about 10 wt. % The sol ution

of the nickel abgHpohmebes neelershbel Sgyches sad (s thanaabqut kel inghsipstgth i n wat er
or an organ ni B I . Mlten liquid of a
ni ckel conpou:qg&?&gﬁqggsgq#c{ggﬁln%?%g@ fﬁgéﬁéﬁ{/&lﬁtreg? gﬁ%gﬁs{be used for the
spray coating inpregnation instead of aqueous nickel nitrate solution. The
exanpl es of002Bf ni cKebfecabigp6rids msre nickek eletd ahttbe satelystads demlsaéd i trate or
organo netal lic nickel K conpounds such as, nickel acetate, nickel. fornmate,

ni ckel acetyl &%@%ﬂ&e@pﬁﬁﬁnﬁw&m&f&w 8ed PYORS SYPEF FHRET SR EIP ShF of
spraying a sol o) Phe RURBN{cknd 0@ FiPE QSN aLA MY ePbOEHC ba?al@ﬁt@fiser ably
subjected to a thermal treatnent at a tenperaturefrom about 200 to about
800C, nore pr dfoar albiy OfFommatyoatiour 80 mom, abwetprédeedly froom.09 nmnatlds to 24

hours. The preferred volu f t | i qui or_spray. coating, J.npregnation is
from about 2 Wﬂogﬂ#ﬁ@g&gﬁ?ﬁ%ﬁ@%ﬁ}gﬂgﬁ Bln%tb%t%%a%oqr@%gh%&l the total
pore vol une ofknawh ¥pRRElose HieNGelof @Uhsteds10Rl EeShydlrogdefpti @ORRALTHSH) wiRkdit i on of

a nickel conmpound to perform spray-coating inpregnation on a support may be

produced by u®idkg! aictdes nrelgeably slppesited inrthetavidrzlayer mgonspf ayshepet ing i s
carried out a i Lent .or .el t ;
Cemerature sBoRiSaSiadoral nilly SR iyl SREIAS Mot Fn MEE, oy (6 a

tenperat ure fr®00akoU, nld@ ptderdbRGroriefoersatt.yof iTeolithigud phedstomliatds ar e
sprayed on shaped supports rolling in_a rotary inpregnator or on a flat
surface. [0033]9WB}FoBHeREN A Prdelysswithioilesed thigsknesy At AYST-rRcd88t vyl eni ¢

conpounds and c%{ﬂ St YRALYE L %’ultiple impregnations of properly prepared solutions

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



conpounds is passed through catalytic reaction zone(s) in gas phase, |iquid
phase or a m xed phase of gas and |iquid. The tenperature of the selective
hydr ogenati on reaction in the catalytic reaction zone is one of the nobst

i nportant process variables. The tenperature is in a range of about 50F to
about 420F, preferably from about 55F to about 380F. However, the
tenperature is determ ned by the specific acetyl enic conpounds to be
hydrogenat ed angphhie PhYsictted REASRIUE HepRBINpMHEIRE alchO RS theduter $BREIS | C

catal ytic reaction zone. For the C2 or C3 acetylene in a mxed C2 or C3

ol ef i ni ¢ hydr ceEYEAting dapreghaionedipe saitable splyton o6 nidick empeurl gk dgenat i on
is in a range f .B5F 10 QF.. For the t I ounds in
a m xed butadfeﬁgwg?gggﬁﬁﬂé%égfg% 8%%PﬁHgm%§n%%nhg§gﬁ§§i%#%ﬁ%§%ﬁ§§£ut 50F
to 200F, pref drabl ah fimproghhtido slepOls preferablie eGheradeiey | enicalcbeapaunds in a
m xed C5 diolefinic hydrocarbons stream the tenperature is in a range of

from about 60HCRBeraEL I thepmee from FYhip {0°qcrelardly ¢St {RIP Yt ss BRSO han C5
acetylenes in i : . ] oS i range
of from about Cglg%\ﬁ?ghg@ég% %%E%%%%C%taé%ﬁn%%éﬁt r gt %@%‘fqﬂﬁ%{r %begn in the

catal ytic reactdponr moltiegepss Bieotiks] oz midkiet ahd ythenmpampanntspofoe estslyvar i abl e.
The concentration or hydrogen in the catalytic.reaction zone depends on a
nunber of 1 actbpee SsrdisRerirh e diect Shet AT CORBBUNNG § RUEhe.
incom ng feed s§hukiBAMY initke]l hdSWEGhddifier @RI dRAuppdie BpB6hdliyCoRecet vl ene
conpounds(s), the intended conversion of acetyl enes across a specific

catal yti c readtdyolepeaihsickelradipprpecanponeiph separasdly bbiecatrsingl apt aseriesact i on
zone whet her %;ggégrggggglgr ghé%g phase, the tenperature of a specific
catal ytic reaction zone, éh?%ﬂys "conposition in a specific reaction zone,
and the specific physical device of the catalytic reaction zone, such as a
fixed bed [(#30]or orIfgalladiythii€ aldb Fepdsitad i theCltdirperipRaal Rgionl Witlgeneral , the
m ni nrum anount _ of hydro%pn is no less than 50 nole % referabuz 70 nole %
of the concenthapmetof Pdipn thecarlystcistfiaespdo il vt e mHesrDhEst M into a
speci fic catalyti b e I NP In the
catal ytic reaé(tyibgﬁ ‘gtgzg)frtﬁgfnﬁ%g%t%g% ggg)r&gltgqég]r@l S nooxﬁt{hS%érM}{gﬂg% lgenti nes,
preferably no chirghewnt sinartaBedusiyesith dfi depwitinl §sufg & atiatd sudetion eiNe

conpounds. | n general, e hydrogen_ is needed, for,  the catal ytic .
distillation SPPPaEE fd b Exmpat Qfetha%éﬁapﬁbﬁt#eaﬂwﬂép&;%eaﬁrafen%?p fthe fixed
bed operati On'an% B%@,@u-{_l@?efé}faﬁﬁz% ﬁ_d%f)oﬁ‘teﬁ%%f' WG, "eaetdPN 16@NR ik

determ ned by the follow ng specifics: the specific physical device of a

cat al yti c readdi antheoertglysthietdeposimd Sol the muter perigkataloregrot of theeshapedknded

tenperature of a selective hydrogenation reaction in a specific catalytic
reaction zonepogﬁﬁSF@%”?ﬁﬁ@ﬁggﬁr%ﬁggéﬁ?ﬁﬁ@?gliquid or a nixed phase of gas

and liquid) of hydrocarbons in the catalytic reaction zone. [0037] The flow
rate of thmo3yfr ocariamsalicinative RRELpleCinlpRdshtion teBRRue Sthel lepbsmiigiedr by t he

foll ow ng- catal yst conposition, the specific physical device of a
catal ytic reacidkehmegeon prtupneréds ceniedr gitoin dfcombiajivamiccawapimils across

(he specttlc SAbALMALT, BAPSPLSANE imPISpAl, FORERRL! LBt soen,
eval uati on of cbinendaiddliyptegnptord QichRaR GRipisntoRdtinekeabtiord 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 8§00°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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conparing recovery of a desired product for a given Feed stock at a given
conversion of acetylenic conpounds or at the conversion required to neet
speci fic product qualification against the prior art. For exanple, when C4
acetyl enic conpounds in a crude butadi ene stream are sel ectively

hydr ogenat ed, 1, 3-butadiene is the desired product to be recovered fromthe
feed stream the foll ow ng mat hematical formnmula defines the recovery of

1,3- BD. 9pry ofwhesa e%)cola%ni@lﬁ\ﬁ'\&)al%t 19 Qtdparedheite anNluminat . A of
1,3-BD in teed stream and =wt. %of 1,3-RD in product stream[0039] The
recovery of viSnBQOffaﬂ@t%@h@néogmpel‘o@n &e egtalyscistiy papnrge(@EAyon sbate0idYed in an

i dentical manner i hce vihyl~acetyl en n C .t D by
hydr ogenat i on,tO tahgﬁr&m'e V o he1§<§¥1§51 52?}%& g%?@%ﬁ‘\&@/dﬁo@gﬁ%ﬂeb o0 be

| arger than 1QQ%lvithi § rickedlcompbiinte id Gvatérher s&lw@gdnovricksldeagenatli ian of
met hyl acetylene (MA) in a crude C3 cut stream The recqvery of, %gopyl ene
froma crude oganiutolent enatean Meltandigyad Ofﬁawkibmp%'@ga?&%amss lcan be

converted Lo RRARYhEDR MY Sehagl i dvdgaartabhen: i 00apkthe.comiet e or

near conpl ete conversi 0 less than mtotal ‘conbined C4 acetyl ene)

of C4 acetyl engseonk tnickiel ghrateesawidory dhe Bx@nplas afliteneickeadsnioondd arei nat i on

of one of two ext{a tive di stiilation units to seqp%?r??te 1, 3-, butadi ene from
&'t

the mixed str&@ke! spifs spedsas picked niraiq,rgrggno mefal] EHTPOBS UL 45t adi ene.

[0041] Wien t he;gel a6ddneniiidr RagRR! hRRell Sccbidet@ftedWickeD aogRIeh,e&tc Of tWwo
catalytic reaction zones for a better recovery of 1,3-BD, the concentration

of conbi ned addteyltbnicomplepiaon iofispraying e iselutippduce syppBhrthe ABRTCEARI r st

ormi ! o h
. ppm depoftihg: B Eibt B FLE g gL REH R Hremfafiagaioy | 20%0

feed stream THhsut BO0EbuOROIPC3 it akfenelyattomssbouh st its aboutai0aP@s i c

reaction zone is preferably maintained at_ higher thg aﬂ,out 6 wt. % The
first catalytifont ddoningies 2078 hauso dbe wedlerred yalimes olethe Elui%?)(ﬁesrpl’f%’ati on of

propadi ene {0 gtk AGeLYLEAG: ARG, B40AMEREE Brckedniys Bdbgtiers Hovever
it is possibleto cor‘trzp ely renove all the acetylenic ifpurities in the
feed stream bwohassVaoftthe tatghparesvaighe afad abpiare fesctigod droplets of
impregnation solution of a nickel compound to perform  spray-coating
impregnation on a support may be produced by using either liquid sprayer or
atomizer. The spray-coating is carried out at either ambient or elevated
temperature. The elevated temperature spray-coating is carried out on a porous
support presented to a temperature from about 100 to 350°C. Preferably fine

liquid droplets are sprayed on shaped 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 liqﬁid. 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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[ 0042] The product streamfromthe first catalytic reaction zone is passed

t hrough the second catal ytic reaction zone with or w thout an adjustnent or
hydrogen at optiml process conditions. In the product stream Fromthe
second catal ytic reaction zone, the concentration of the conbined C4
acetylenic inpurities is in a range fromO wpmto about 30 wopm The
recovery of 1,3- butadi ene across the second catalytic reaction zone is

better than ahgyber@lrdMis JbterhBR4BIH be cpdciY HeelentMRofhpbfngisetd 1Y

catal ysts may be loaded in a singlé reactor in any physical_ device for any
oper ati onal nogdrogematedan thy physica phase af ¢herlydeacerbons by & gpegHicrotaldiet al yti ¢

reaction zones where two differeant atal ysts.are |loaded. The | ective
hydr ogenat i on '8¥USB A¥Fent & ; ﬁ? iolri(g’sa%eé e%eenbélrrrnilxeeg gﬁtorid?? \(/)gér%ingcus

confi gurat i ongyliRjcaltls féatiel top&anes focdid ylRbvonydrbi@atie@tin@tange any

conbi nati on of nodes such as fixed bed reactor, catalytic distillation
reactor, sol vertiranxtbewtIVE te 8Kt iFer dhesti pechtlpwa coBROHRtS, INbdMiXHY poi nt
reactor, novi r o] i.di . VA r or, etc.
o part of "t hitgulfiesfiRah e nBuUEER SAGLEY or ol Ak 0 ARELOT

catal yti c di stpréfemblyofiom @56 ma 1 8C&C tHok tHeoTs ddetyldnic sdmpmindb yit 2 mixeelaCs i on zone

and a fixed bed reactor, for the second catal ytic reaction ne, .a fi xed bed
reactor for tKeolgiipigihydeocashons, sheme (e (iHMBCIaBFS Entn %)‘E?nrggccffizfg‘ém(?é’f)ﬁﬁ ytic

distillation GRPHRMERRSEHT. P Heics SE&PNEhIE BIHLABoALMEN (§lgtetyk@OA41The
performance of a catalyst deteriorates with on-streamtine due to various
reasons. One ofinthhevierlzgsbomrhgs showChuhe tengerafirepsiis errenge ehfrporeboubus
materials on t at.al surface. To prolong the catal yst cycle or service
time, a sol verﬁggﬂg@abé’élygéoe "to wash off heavy polyners to slow the build-up
rate of the poi sonous carbonaceous materials on the catal yst. Therefore,
heavy pol y[gg3s]shoul thd@os@hiitidh ofthyliRagh ihOths OFmal g reRtion Nvohbe isol vent
under the selective hydrogenation conditions. Exanples of such solvents

i ncl ude cycl oagdrrcripeliympeyeniaresesh & atiddnz die copenifaien bk trites,
furfural, di m:";ﬁ Itﬁzeyclata ctr%gét%%’zog%ﬁ%erﬂ%ﬂ rﬁQhﬂﬁg&d&fa&g}shwe%ﬁ{e%ﬂag&pe’

f or nyl nor phol i'ne,” and et’hers suc Steth a ydrof uran. tho solvent is

recovered fromftabetylearRcéodtipahlld tethe iséongiamfeal stemycing a Gptdifieadacyiord he
solvent may be build up inp the system at the start-u %fff the unit, by
recycling headheofori@ptic shddns sopeaunds(s)a t@‘?mlmeng {CoB¥eERB Phed” and

Is also pr Oducaﬁgyt ePh QB Lz Atd Qfy3Rd PekiY Sﬁﬂe;%e' 1B GArB NG a8 (CZI)F\?V: ?ﬁti ve

hydr ogenation 1n e catal ytic reaction zone Sol vent is co-fe
feed to the cahaloatdlytic eeadttionn zawnevlictiert bieglei ybasebed mpedapham, tRor t he

catalytic distillation gr extractive.catal.ytic distillation eration,
sol ve%t i s i nt'PORUEREF 8? aaSpp?ng‘l’t paYiiGy r?ar‘fé‘x? FBFrafaialgyt ‘Eorl?%poélgi%ﬂrfﬁl. 4 Anot her

alternative Ogﬁé@iﬁé aRlioPL AR MY BielsPe@RE BB RRARHMESHI tRE chthtic adaativst S Wi th
solvent at a tenperature in a range of from 70F to
zone, such as a fixed bed reactor or catalytic distillation 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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750F under a pressure fromO to 500 psi, preferably in the presence of

hydr ogen. Deposition of heavy pol yner on sel ective hydrogenation catal ysts
can deactivate the catalyst and require regeneration. It has been found
that the present Ni catal ysts exhibit very | ow pol ymer deposition conpared
to commercially avail abl e catal ysts. [0045] CONTROL EXAMPLE | A

[ 0046] Conventional Catal yst [0047] Conmercial 28 w. % N catalyst (11 TC
600- RP1. 2 fned f i X . Ne s enj.c
inpurities i r?%L cr udg%r:tp %égnﬁ%ragcﬁ\é%%%%ﬁgig%%ys%@ggﬁ %y sej‘gd(::%qugle

hydr ogenat i on.foll®vigp apsecifits: the saifel piskicakbderica «fea calalytic Aaationafond, nun

di aneter gl ass ba}ils and | oaded in a vertical I% nmount ed up-fl ow stainl ess
fixed bed reactisihef 2 SOREPLSAEE T ROt 0N HHIER HGTPCrRRES Chtaspeetites 1.2 mm
di ameter tril @hgrdeXhdidtabsotion iR af PREFRCAURI R SeAltioRd e S @b if@h@ldyst zone
were installed’to control the reactor tenperature. The catal yst was

suppl i ed by t Ipbasen@as)flmoidiors masedapitabey af gab anddipad)siftgdeataftonmin éred
reconmended reacb,i vating at 482F in hydrogen gas flow The catal yst was
reactivated at™®% é‘ﬁr?ar?tlg’ééol?:ecl nmn gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours and then 575F for 5 hours by passing 350 cc per mn
of pure hy gen gasthelTHBw! RAC LPIthIVRTdRAbEEk LD addRLEw! rehiReLaidlie. The
sel ective hydrogenation of acetylenie inpurities in a_ crude steam cracked
but adi ene f eedeigasined by iteaifodlgwing: caalysy pnpositionytlie spesififophysebdames at 80
sccm mn of hydro . rat e 1.nni o) Ctl own to 55
scenmn towa)r6 gﬁ elL gﬁécf tfc%)%l %0%%’ irﬁuﬁndgggdg ﬂg‘%\rg%?l %0%(%%%%18%&8%“ %I%u?(gsact or
pressure. The at®eedthsapecifiopaiaBeid rodctibn Céie, whd the vormeyhtramatofisdenged, 16 W %
ethyl acetylene and 0.22 wt % nmet hyl acetylene, 71.33 wt %1,3-BD, 0.18 wt
% 1, 2- BD, 15. CIPRapEariddiessuredh @ SPistiaerdly s rPHONECher ni ¢ heat of

hydr ogenation, the tenperature at the end of the catal yst bed was higher
than at th i nni of - cat al yst T, - Of

hydr ogenat gﬁg&as 2%? te\égﬂt% 140% té’? tiﬁﬁe%g%gs%f t%otéﬁggﬁ%;t{aﬁ éead Ogggoy% to 99F
at the begi nnicogpefing heovatyadtys tdetied, prode@elot iavegivyn fSidesthdsat quavént y
product fromthis experinent contained 190 p@m VA and 150 ?%m[ EA at 97.4%
recovery of 1CUYRRIAYO&MACC AR FRBRAPYNAS OT) 4t S PRV IHOP FORYIES. 0 Mgy 2.

[ 0048] CONTROL JFPAPLF LB EOAARKEAN ¥eAhiomalprichlzal  Thr [AGRAkOwHRIC] al - 28%
W % N catal yst (KL6564-TL1.2 obtarned fromCM was tested to renove C4
acetyl eni ¢ i mpestylehies dompmusdudin sa eamder duledenbutstidimnerrst seagtively

sel ective hydrogenation., Jhe catalyst is.1,2 nmmdjanreter trilobe extrudate.
The cataryst Hagorti b BB it dgirds POl BY oKL BT S on por e

vol une and 12 f&drifcame HRoPlIp@iny hhtleBhetal f50mds AeEndftht RecovaityadfyEs- wer e
mxed with 60 Ml of 3 mmdianeter glass balls and | oaded in a vertically
nount ed up-fl &#-stainl ess fixed bed reactor (1 inch dianeter x 20 inch

| ong). Two thernocoupl es at each end of catalyst 701le were installed to
control the reactor t . o5at R sMPpRLI ed by the

manuf acturer as acti vgi’geeg{]%%%ggs%?\e/té@ed@%ﬁnﬁ gnd rec'l(:)mrended reactivating
at 450F in hydrogen gas flow. The catalyst was reactivated at 250F in 300
cc/min gas _f iwhereaN33 wiolurt 1%-Bidinofgedh sgeesn,i andniNt Fogk o fadrl,3-BD lrour s and
t hen 575F for SC{glours by passing 350 cc per mn of pure hydrogen gas. The
reactor was c&bi ﬁtit’&?aggrbi ent tenperature. The sel ective hydrogenation of
acetylenic inpurities in the same feed used in the Control Exanple | A was
carried OU[f()()%DLG n /T_Henre‘éf)vé}%'%ﬂ)@iﬁ&p@&til@ﬁ@ éﬁm @t et 86tyTERE (ERY ihydrogen
flow rate at the beginning of the reaction down to 50 seemimn toward to
the end of theehngd nrraddentpgl menrpr: Singe viwd eedylepe 68t be eonvered tehper at ur e

of the hydrog ion.was 118 to 125F at..t nd t i d and 76
20 90F at tnoThEby AlBendR k8 Rbnalr LRBI RanShabBafif bRLIR 108 G000y
product from tdpe @APEOOWENLhiS WNilsd Brael fdSthp peleMiveatndird@npfisn EAmRthydS. 1%

recovery of 1,3- butadiene. The result is illustrated in FIGS. 1 and 2.
acetylene (MA) in a crude C; cut stream. The recovery of propylene from a
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[ 0051] EXAMPLE 1C [ 0052] I nvention [0053] The catal yst was prepared by
carrying out two spray-coating inpregnations at anbient tenperature. The
gama- al um na used to prepare the nickel catalyst is 1.68 nm di anmeter
spheres prepared by the oil dropping gelation technique. The physical
properties of the alum na as received fromthe manufacturer are sunmari zed
in Table 1. More than about 90% of the pores in this alum na have a .

di anet er | ar gefudt @ rulddfzam cahhhe 1@ YT B&E 1 (0% oS @BV APDI n dd4ofivertthe al um na
is unsuitable to use for the preparation of the catalyst as it is,

accordi ng to fheropyleseby sdlepjizphydmeeptienef ore, the al umina was cal ci ned at
1100C for 3 hours in air to prepare a suitable alumna for the catal yst

preparati ter l.cination, the average dianeter of alum na her es
ok 1o D48l Lo ¢ B E Bkt nded So RIS PR lentlhaf WA The
physi cal propeshbigsd ¢f, acétyRnepdCCNasbtyAtneRIWIieh RigR rbdove8dof N3 HaRldEnd. The XRD

of this calcined alum pa indicates theta alunmina wth sone delta. N cke
metal was depdfls Byelgpingtionsotaneoia eytiasiivradisdllatioparits e separatayie of about

i trate sol ut Panse feaulfeRell Bl Rag R MRSERET) o 170 2
M cro Pore Aréa;butligne.

[0041] When the selective hydrogenation is carried out in a series of two
catalytic reaction zones for a better recovery of 1,3-BD, the concentration of
combined acetylenic impurities in the product stream from the first catalytic
reaction zone is in a range from about 100 wt. ppm to about 5000 wt. ppm,
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 maximize the isomerization of propadiene to
methyl acetylene and 1,2-butadiene to 1,3-butadiene. However, it is possible
to completely remove all the acetylenic impurities in the feed stream by

passing through a single catalytic reaction zone..

[0042] 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 process conditions. In the product stream from the second
batalytic reaction zone, the concentration of the combined Cj4 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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O Total pore volunme (cc/g) for pores |less Than 493 A radius at P/ Po =
0.9801 0.912 Average Pore dianeter, A 214.4 Table 2 ABD, We 0.62 BET,
n2-ig---

catalysts are loaded. The selective hydrogenation of acetylenic impurities can
be carried out in various configurations for the reaction zone. Carrying out the
reaction in any combination of modes such as fixed bed reactor, catalytic
distillation reactor, solvent extractive catalytic distillation reactor, boﬂing point
reactor, moving bed reactor, fluidized reactor, divided wall reactor, etc. is part
of this invention. Such examples are two serial fixed beds, a catalytic
distillation column 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 solvent extractive catalytic distillation column reactor for

the second reaction zone, etc.

[0044] The performance of a catalyst deteriorates with on-stream time due to
various reasons. One of the reasons is slow build-up of poisonous
carbonaceous materials on the catalyst surface. To prolong the catalyst cycle
or service time, a solvent may be used to wash off heavy polymers to slow the
build-up rate of the poisonous carbonaceous materials on the catalyst.
Therefore, heavy polymers should be soluble, at least to some degree, in the
solvent under the selective hydrogenation conditions. Examples of such
solvents include cyclohexane, methyl cyclohexane, benzene, toluene, alkyl
nitrites, furfural, dimethyl acetamide, dimethyl formamide, methylpyrrolidone,
formylmorpholine, and ethers such as tetrahydrofuran. The solvént 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 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

15



67.4 Mcro Pore Area, n2/Lt 3.0 Total pore volunme (cc/g) for pores |ess
Than 493 A radius at P/Po = 0.9801 0.701 Average Pore dianeter, A 362

[ 0054] A nickel nitrate solution was prepared by dissolving 70 g N NOG3: 6H20
in 36 grans of water for the first inpregnation. 300 granms of the cal cined
~alumna were placed in a rotary inpregnator and then the above nickel
nitrate solution was sprayed on the rolling alum na spheres with an

atom zer at anBhgnndSMPHrALUECHOUED t8 FVBr % dppiferablQUin 4 pPlesdtcesof After
drying the inpregnation product at about 200C by blomnng hot air into the

rotary i npreghadrogen.t B@pwmmommmwlm O@aaﬁekﬂch‘e@jhﬁdm%@@m eatabut 2
hours. Another nlckggﬁe%}utl %%gg?%ﬁé t?%as &m‘o ggpatlon by

di ssol vi ng 60 e second

i npregnation yasemanii edalQutt &ﬂnﬁlheveﬁ}aU@Wn@dLyrﬂdrr&épolsﬂibheg&ﬁparedﬂ for oduct in
simlar manner to the first inpregnation. After drying at 200C the

cal ci nati on arompgGiglsavedable ealysts- for 2 hours. The anpunt of nickel
deposited on the alum na support is 8.05 w. % based on the total anount of

ni ckel nit@@%g£used(X&Q%Rﬁﬁ}%kéggqgg the follow ng physical properties:

70.3 n2/g urface area /'g of total nitrogen pore volume and
317 A of average pore dianeter. The exam nation of the cal cined product
under a mi[@0d6Fope iGuhiveaicdal @elyst 0. 38 nm of the thickness of the

peri pheral nickel oxide |ayer on the alum na spheres which nmeans about 0.78

M N et R g e Tl et E 0N Latalyst (HTC 600-RP1.2 obtained from
Synetix) 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 70 ml of 3 mm diameter glass balls and loaded in a vertically
mQuﬁted up-flow stainless ﬁxed bed reactor (1 inch diameter x 20 inch long).
The catalyst is 1.2 mm diameter trilobe extrudate. Two thermocouples at each
end of catalyst zone were installed to control the reactor temperature. The
catalyst was sup'pliéd by the manufacturer as activated and passivated form,
and recommended reactivating at 482°F in hydrogen gas flow. The catalyst
was reactivated at 250°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 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
scem/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

16



[ 0055] 80 g of this catalyst were |oaded in the sane reactor used in the
Control Exanple 1. The catal yst was activated at 250F in 300 cc/mn gas

fl ow of 33 volune % hydrogen gas in nitrogen for 1.5 hours, 670F for 3
hours and then 750F for 3 hours by passing 350 cc per nmm of pure hydrogen
gas. The reactor was cooled to anbient tenperature. The sel ective

hydr ogenation or acetylenic inpurities in the sane feed used in the Control
Exanpl e 1A was jgafy i 2dF QiheRhd 6f the/chialysObedindrase &t OB 4 @Rtbepithid of65
sccmmin of hydrogen flow rate at the beginning of the reaction down to 55
scent mi n t owartble taalykiebagdn cespéctivhly. rThe bast gvalitn grqskicgiromt this expadment

pressure. The tenper re at,.th d of _t,h alyst be i.gher than at
t he begi nni ng 08161{;?1}?8%?@@&}%,&& ‘H@df% PPRREA %r‘rc%gé/gt%croé’elgfgft]\fl'l\%'%ﬁgag%gaenati on
was 120 to 130fmeatsultneilRRfated id PR3 ataaipst bed and about 74F at the

begi nni ng of the catal yst bed, respectively. The best quality product from
this experinent contained O m VA and 6 ppm EA at 97.5% recovery of

1, 3- but adi E{48] The dﬁ@ggﬁﬁlngglééﬂl)]eﬁﬂgl yst denmpnstrates a superi or

catal ytic performance to those of the Control Exanples I A and 1B.

[ 0056] CONT MPLE 2A [.00 entional Catalyst [0058] Comrercial 28%
w % N cafﬁang?g@( Kll:(g%rgﬂ{]‘f}f&?ao Egi ned fromCRI) was tested to renove (4
acetylenic inpurities in a crude steam cracked but adi ene stream by

sel ective [p0B0pgenatConmerial MBHBN0% NheatBial(lE6564eTk] .o obeansd flon50 M of
3 mm di arreterégl{ass balls and | oaded in a vertjcally nounted U%-R%Idow
stainl ess fi xéRDemsriased by rempve fermcgivimg Brpuitisg 1p g CRrdeotigam cragsed

t her mocoupl es yaf,i8achyend %gfsek%ec@d%%gaﬁ&p NN Aydt RS 8lrh&diiResPnt T ol
the reactor tenperature. e catal yst s supplied %y t he manufacturer as
activated and tphbsiexatduk.f G catalyst e d dBmerBE Trseafotd, Vi3 ong /atotdB9E i n

hydrogen gas flow. .The cat al yst reactivated at 250F in 300 mn gas
flow of 33 VO@QW%%W(F&@M@%WSM%Q&% RYF %ia.t%é‘ﬁméoggrgﬂﬁ (ﬁﬁéeh at 670F
for 5 hours by.paasiWeet RPRIGHIPEH nBIOf mBHARMRE 088 BalPsnd [BaGed RACt OF was
cooled to anbient” tenperature. The sel ective hydrogenati on of acetylenic

i mpurities in vartalidenanesnieflavkseinless G¢khed fase@r whindadipmer sul at 6

m/m f hydr. b d 65 m m h
begi nni ng of (G Pagk: | 5h gl o SEERFR R PR e MRS, B 107

under 108 psi goh@blahe FRBGE WmRaeRUMRe cAlayst aadsuplicd byt mathifaftu@r 98 W %
vinyl acetylene, 0.12 wt. %ethyl acetylene and O

) € .08 wt. % nethyl .
acet yl ene, ~ 72.352ciyatedpnd gagspyatad, prmypnd sgeommepged fopchivatifg, at%SQgE dhes, etc.
The t enper at ur, f i 24 hort t he
catal yst bed a{ﬁg%%h [égs g%lq! g?ﬁ{g%mggg\%o%?ﬁe%é%gg&t %eﬁgaptmgf éggc @En%s
respectivel y. fldveob@3tvolugneatd hydrpgemdgsstin fnitosgehfos 1 Sxipenrs amhtheo YA ned 5

VA and 0O .99 - i . [
ip|p|must r 2? ed i E‘cong]'?' @qr%%y%%as%g{% 5356 ¢ %ély mgI ofl 1’)136 %gél%gler? ggs. I?eere%gt%y Ivvtas 'S

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 scem/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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[ 0059] EXAMPLE 2B [ 0060] I nvention [0061] The foll ow ng denonstrates superior
performance of the catalyst of the present invention to that of the Control
Exanpl e 2A. The catal yst was prepared by carrying out two spray-coating

i npregnations of nickel nitrate solutions on hot alum na supports. The same
al um na cal cined at 1100C for 3 hours used in the Exanple 1C was used to
prepare the nickel catalyst in this exanple. [0062] A nickel nitrate

sol ution r epar i | ving 86.5 g Ni NO3. 6H20 in 48 grans of water
for the fﬂ?g§ﬂinpre§%%?%ggE%§80 grans of the calcined al um na were
preheated to about 205C in an oven and then the hot alum na was placed in a
rotary i nd0@82jat or fwrentiopr egnati on with the nickel nitrate solution over a
period of about 20 m nutes using an atom zer. During the spray coating

i npregnation, the rotary inpregnator was, heated with hot air. The
inpregnatﬂﬁﬂs%hoducghﬁagﬂﬁyﬂedwﬁtPﬁB@ﬁ? bt B Bihi WP HIFEFUNRt o t he
rotary 1mpr egpﬂﬁr.g natibRe a@%ﬂﬁ‘émp{eﬁgﬁ urb@STHed ol eI Ming 404d {OpreparBOUr s.

Anot her ni ckel ‘nitrate solution of the sanme concentration was prepared for
t he second i nfheeyckad icamlystTisel .6% oomdidnmperepheres prepasd hyatheiadlddionpingn t he

calcined first i npregnhation._product preheate 0 abaout 205C.i he simlar
nmanner to thegﬁlf‘t?gg’t tegﬂtﬂﬂ‘éegngg?é’ YSIGR {PLYPCESSi %gﬁlgta?%@ﬁas trﬁcee“f:egl f%ﬁ)rﬁati on was
carried out athedaiuth@ires aROsiSmarlAG METaRMUNIoS tHahCARlLt defost thed on t he

al um na support was 10.4 wt. % based on the total agount of nickel nitrate
used. The dri perepinbthie plunrinehatene didresierslaegse thand] @adesTle 3veragh Boret he | ayer

thi ckness, mh]%ﬂule{gf‘ ik léfig(.) ul‘he%ih?x%inqqé E%M%itﬁﬁgttg‘ lysd ﬁ)?glilf{]ereh%a{i&? 8f fheer .

[ 0063] 60 g of S cCatal yst  were T oad a vertic unted up-fl ow
stainl ess fixeslalpadislitciacicosrd{nl tbniedpdsauiiivention. Zlherefote, theragyminiiveascat al yst
was activated at, %gOF in030$ cc/mn gas flow of 33 ¥§#un§l%)h drqgen gas in
nitrogen for @lengbat J1YRG ta5eh hepws 18 Holh Brerpresy SEady A3 HB/ AL 770F by

passing 350 CGathggt H}e? RfioRur & Ay WRASHHAhe A0GafEWdRteMRE f0AlRd tO
anbi ent tenperature ﬁe sel ective hydrogenation of Etcetylenic inmpurities

in the same fgedrasssdiikntot hés Gontfroh IBtmpi.c TRA anesige Pord didmster vwas 6 i / mi n

of hydrocarbo ed_and at 55 scem m.p.of hyd en flow rat.e the

begi nni ng of ?@é‘%\r ceigketliﬂé' {caﬁwe 155 g%&é%‘&arwlﬁ?%%g%ar %re}tlyg{et%ﬁg ﬁaﬁﬂf‘ g‘f t he
run, under 108hPSIHD ARl daRACIIOAURIRS BdicAtes Thaa laairpie alidi odb dehe :
hydr ogenati on was 118 to 123F at the end of the catal yst bed and about 80F

at the begi nnNigkebnetahavasateapsiter dnethis eadeipet eluyana as Fipsripeesel lgyien oft y
product from thi per i t cont aj ned Y/ - 9. 4%
recovery of 1?@3%&€§%?ghgﬁa?ﬁ%9$%§% angufﬁﬂﬁgﬁ?g@gﬁgPﬁﬂg%géﬂ?éwgéd 4 to

show a super i gitrapedol@iomaR des@ibed btlowexanpl e to those of the Control Exanple
2A. [0064] EXAMPLE 2C [ 0065] I nventi on

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/Py = 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/Pg = 0.9801
Average Pore diameter, A 362
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[ 0066] The catalyst in this exanple was prepared by can-ying out two spray-
coating inpregnations of nickel nitrate solutions at anbient tenperature.

[ 0067] A nickel nitrate solution was prepared by dissolving 86.5 ¢

Ni NO3- 6H20 in 25.95 granms of water for the first inpregnation. 300 grans of
the sane cal cined alum na used in the Exanple 1C. were placed in a rotary
i npregnator and the inpregnation was carried out by spraying the nickel
nitrate solution on the alum na spheres rolling inside the rotary

i npregnato i4h an atom zer . r i o] t..10 .m S.nAf T er
drying thetqdr%‘:] egnat?oﬁ{gggg ﬁ@%tgatsglggg%t&gf)o%e%%gﬁl B%II ﬁggﬂg{n%aﬂro ifnto the
rotary i npregmNiNg;:6HLeEn @6 ggsmpodanet fonase sl @iprethadbn. 350 e fars ofligut 3
hours. Anot her nickel solution was prepared for the second inpregnation by
di ssol vi ng 47.°8lcgednduginanprresplaeero 1 g rplary gopregratopfandaihen therghoecond

i npregnation vas ] t | c E ]qg;gg[ ﬁ%@é' AL product in
the simlar manngir:%'gtf)alt(fE %191;1%? gfhsi %g?@gn‘g{ ?%ﬂr.ofug %lP ry|g g agtg’ggo% t he
dri ed i npr egnatiminepatogtukienwesmpeedtwe nedr atpeBbA®f arou 10 cuimsites Thaftarmount  of
ni ckel deposited on the alumna s ort, was, 8, .. % based on the total
Armount of i GRENNA e i CHERARy AP oL abn 200 By IanEe Bl 96 Bad ¢ e
fol I owi ng phys@al in%fr@%ﬁfotr,' @8 'dri@dfg)?od'ﬁ@t_/ WaBhalcifdd £1336°@H6Baboddd hbudVer age
pore dianeter, and 0.694 cnB/g total nitrogen pore volune. 100681The
observat i on ofAnoterf nigkeheeluden awgs tprefahst der thelevecendyi igpoeaneien i ndi cat es
~that there are.tht .ons kR I t al sphere: an o r_layer, inner
| ayer and a C(;%l%sgglgen%t é(r?%lraenésl 8?\&1%%5%9 lélg)éf?hgr% %eogfsw% r'tlﬁtél%osuef%%datvm

| ayers is abouinpegd@iomvasd cdbiedroudfonaght réaltinedlp figdt enthrepiatien prodlibetef or e,

the total nickel netal |loading in the layers is about 1.61 rr%/er on
average. The GURHnBSINajerthhddsh ippreRAeds offier dhvigoat 90195 tho about
0- 145 mm . The Quhffion &Y oY@ &f eatied Y 02 RAGONITRPLAYUACEE nlel

i npregnation. No nickel deposition in the white core center region is
observed. Therdepasited onhbe naiucked stppadi ik@.ANwhbbasdibomn theetotalmatouhayer and
the inner layer in the first .inpregnation i.s. about 1.0 /2. But_ the
second i npr egRLF Hltrﬁtfp‘b'?fijt eqt‘f‘egpa’fggﬁaﬁﬂtﬁ? ﬁg]%%n%@p@w;id%g}’?m?se%r?’[i ng in
about 1.74 g B fetacdhredePIsd EmPelofitedl niTﬂBgé@f)Weevohﬁﬁe Whq 39 @&f total
Ni on the catal yst was | oaded in the outernost [ayer and 12 wt. % was

1 oaded in theof arieegd agerdiapeEe9[lbe arawinatinh 9fche shlped pseduct vadedh i n a

vertically nounted up-.fl.ow stainl fix d, react.or (1.inch diapeter x
%0 1 noh | ong) snsedBint e HEuR UER i 8Es Fuh@® A e bl 8L Fow o
33 vol ume % hydidedeerdas thd) alintin® §peréDwvhichdmany sbordnil78 hen Niohetdl hour s at
670F and for 3 hours at, 770F by passing 350 cc per min of pure hydrogen
gas. The reactendingper epdn &g lexfranbi ent tenperature. The sel ective
hydrogenation of acetylenic inpurities in a crude steam cracked butadiene
feed vas cgapd outgat & il kA, OFOLTRRAT BOT &8 ARt R R8T M N Of
hydrogen flow tate at thé Dbegi nning -

Control Example 1. 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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of the reaction, dowm to 44 sccmmn toward to the end of the run, under
108 psig total reactor pressure. The feed was conprised of 1.06 wt % vinyl
acetylene, 0.15 wt. %ethyl acetylene and 0.16 wt. % net hyl acetyl ene,
71.34 w. %1,3-BD, 0.19 wt % 1,2-BD, 14.59 wt. % butenes, etc. The
tenperature of the hydrogenation was 119 to 122F at the end of the catalyst
bed and 76 to 83F at the begi nning of the catal yst bed, respectively. The

best quality Raduhehlfol Mhe heABELLIBR WS Hoalgadod BPMAVE A PRM EA

at 97. 7% recovery o - but adi ene is il us?r ate I GS. 3
and 4 to showecatabypbked ard gheuf 34 Featake bégitihg o€ ¥enqatadydt ded hesectitely he

Control Exanpl A. 10070 %NIRO_ MPLE 3A [0071] Four djfferent

comerci al ni crf%ﬁl%’egéﬁ‘éﬁt}'é%r% %fr@mgﬁ%eqlrﬁelgtmogf%é}p%MA DO PPPThe

catal ysts wer gl 69804 28%6y) o TG~ AR ERO Y0 Nhd 1pr&e€a§%cﬁ<§8gat5'y%t and
KL6560 (18% Ni ). These catalysts are all trilobe extrudates of 1”2 mm

di anet er. The dembnstyatass aweurerioupgitalett performeanmantf dbower ef sthasCastrolvat ed and

passi vat ed foIrE”ns. 0(}7?{611@01 rans of each catalyst were tested for the
SHERI R g

sel ective hyd acetylenic inpurities in a crude butadiene
stream froma steam cracker. The tests were carried out in a simlar way to

Control Exmosbg 1A JbRTRegIEXAMEIEPAI sed of 1.07 wt. % vinyl acetyl ene,
0.16 wt. % ethyl acetylene and 0.16 w. % nmethyl acetylene, 71.40 wt. %

1,3-BD, 0.19 wt. % 1,2-BD, 14.59 w. % butenes, etc. The selective
hydr ogenat I088<] wer e cuventeanabtetalyst 6 nl /min of hydrocarbon feed and at 85
sccmmn of hydrogen flow rate at the beginning of the reaction, down to 50

seemmn t to t . 0f5ob F oMy s [ ig {0t .r tor
pressure. @rqggferrper a?ngﬁ%‘éb 2t8t{‘2%ﬁyégglg§%% |Sto V\%S,gf 1’%01'?6)%liaé%e%a%?n]t he end
of the catal y§RIpeds tand @ahotbv88, tadet9RHicainpubitied 80h BAIdB Gt thckddat al yst

beds, respectively. The best performance was 95.3% recovery of 1,3-BD at
100% conver si SHagFENG SteANYRY A5tectve hydresenssiont 90aerams|qf jBe cafelyat WereF| Gs. 5

and 6. [0074] EXAMPLWER3IPmI of 3 mm diameter glass balls and loaded in a vertically
mounted up-flow stainless fixed bed reactor (1 inch diameter x 20 inch long).
Two thermocouples at each end of the catalyst zone were installed to control
the reactor temperature. The Gcatalyst was supplied by the manufacturer as
activated and passivated form, and recommended reactivating at 450°F in
hydrogen gas flow. The catalyst was reactivated at 250°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and then at 670°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 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

20



[ 0075] I nvention [0076] The catalyst in this exanple was prepared by

perform ng regular wet inpregnation in the first step and spray-coating

i npregnation in the second step. The sanme Cal ci ned alum na (1100C) used in

the Exanple 1C was used to prepare the nickel catalyst in this exanple.

[0077] A nickel nitrate solution was prepared by dissolving 94 g Ni NO3. 61120

in 285 grans of water for the first inpregnation. 300 grans of the sane

cal ci ned al um,pa; ' : : ' r @ Yor nat or and

t he above ni g]@g?ltgﬁj?&éftcgfr%%% {Aﬁngl\séﬁ%goﬁlrmel%&%ﬁp ﬁle@{axl um nip}srﬂ%%%?t in the

rotating inpr@§9& eeovety b, 3 dokadianel Thegeshilois illostraterlindd GSdB yndhd. at about

200C was carried out by blowng hot air into the rotary inpregnator. The
dried inpr ion u s calcined at 350C for 3 hours. Loading of

- ni ckel on @ggﬁf na |$>€ME1E| t inpregnation was 5.95 w. % based on the

anount of nickel nitrate hexahydrate used. The observation of the calcined

product fregsbpe finsientiBpregnation under a mcroscope indicates that

ni ckel netal was di spersed nore or |ess unifornly throughout the alum na

spheres. Anot her nickel nitrate solution was prepared by dissolving 50 g

Ni NO3- 6H20[0061115 g widiedblldwingt demmsicgesd sipeppe gerftrivonee O thesedadpmed of

i ti i.ed out b - ing the njck i | ut i
on't ho eal of nil pESEhRPEhE Hat R G SRR L Erie s Tppcap i Ry 1 O
i mpregnat or  aprepaRUERt cAeyTRe ot Uie PVBLcdatife RRPI@datdfnsadfositkd Sniffufeut es.

After drying the inpregnation product at about 200C the calcination was
carried out asolBBQE dndiot 2luming BUPPYHe Ahotame Prmiadaldinedetsd409°5dfo8R t he

al um na suppo i i Lon _ % ed on the
arount of i orarr st iy 38G8A TRESRERLLRT, BB AS e e DY e
final product exaspl8. 84 wt. % Based on an observation nmade in a separate
experinent, the second spray-coating inpregnation deposited nickel netal in
a |layer of t 0 26 mm thickness, on the alumn heres.. Therefore, about
82. 8% of tlﬂggfﬁt al N Mekienilsie (RBioa: wwsPreP%regcﬁgs YU VISR gﬁg 8ut er

| ayer, which RgROS6l,6%2n H@{g%%f vlfé?é}%f‘ﬂlﬁiﬂ}stlti rQb@6n.| PELraMRDf the94 MO/ NP

Ni loading in the inner core region of the alumna spheres. [0078] 60 g of
thi s cat al yst caleined hbvaded wiere prefieated tahbopt 2036t edarupvdén awl Benithd beis fi xed

bed react i nch di ameter x 20 inch | The catal yst tivated at
250F i n 300 CEPI 345 PO a9, BTRRE Y6 BGER G T i PBGEN for 1.5

hours, and thgfratdsolidONe adlerBd OF aBhEt T0minhtd O & atbhlrerbYDRaRSI ng 350
cc per mnute of pure hydrogen gas. The reactor was cool ed to anbi ent

t enperat ure. Teespel wetingenpigeradigenie rearyompseeapipr 8p deatap withthoesiri n t he

sane feed streamused in the ntral ampl Lri . 6 mM/mn
of hydrocar bo?ﬁ? é%%reg%%logtpr%m &¢ %%o%%t?%gg%#%ln rh§ %&)a to '?i]ee
begi nni ng of dheyr@asti@tor. 0N dtied Plodiee Wagidalcipdeatdd 205Ct fog ehowef t he

run, under 110 psig total reactor pressure. The tenperature of the
hydr ogenat i onArathen nigkelgitraie sokyiion |9 thensgmer copprntiahion Wes trrenserdalta 1 t o 89F

at the begi nnj f. |y r Lvel Thebe algid y
product from %%?g@el)@g%ncégéﬁ cgﬁ% %l%g%n(f glﬁg%%h%%aﬁv S0 pﬁm éktg# 97. 3%
recovery of 1cdeinbditfast ieneegnbtien rpesduct preheated us tabatte205°Q #al B8. sifhiland 6 to

show a superior performance of this ex lle.to those of the conventional
ni ckel cataly ?rrfotthg%& HWFﬂgn%mﬁgtgg%y“ﬁ)@7%%‘?@’@“0“ was
[0080] I nvent i @hried 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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[ 0081] The catalyst in this exanple was prepared by perform ng regul ar wet
inpregnation in the first step and spray-coating inpregnation in the second
step. The alum na used to prepare the catalyst in this exanple was the
alum na calcined at a | ower tenperature than the previous exanples. The
same gamme-al um na used in the Exanple 1C was cal cined at 800C for 2 hours
inair. This calcined alum na had 128 n2/g BET surface area, 0.88 cnB/g

total N2 p ol u 30 r r.e.di; ) .55 g/cc
ABD and 1.@88?1% of n?%?%ge‘g‘ icgné}&ier‘%\é‘fgla gcrlnmr?laa g%ﬂgérlﬁéﬁ{org%%ﬁﬁ%\?ckel

ni trate sol ut staimlevagixpd dpdreadtobyl dichskidmetergx 20@nad lotyr)NCBhetdd2ydtrwa85 gr anms
of water for the first inppregnation. 300 grang of the alumna cal cined at
800C for 2 hoa?“sva\ttﬁ'@raé Qélog]‘cpé‘a%p& Cg/HB 1245 %Oi‘” Halﬂlg_fe %nﬁﬂ#ﬂ%@nagﬁ?v‘@ ni ckel
nitrate sol utionWR%POSHSHORd G R YRR HUPROE bnd B HJiGs AOFALE B

i npregnator. A tgr cold rolling for 10 mnnutes, drying at about 200C was

carried out byadsiewiycheer aiin dfrguee hipdrogent @py i Therregetat was cPhisddoi ed

i mpregnation produ was  cal ci.ned. at 350C for..3 heurs. Loading.of. nickel on
it ma it hREORTE rher gy e i P raeigpon of BieluemE AP AR Subunt  of

ni ckel nitrat ench@nRMue aded iHIRACOIIRE FRRSIVAA ivaR cafriddnfit aab ehlngth ¢ oduct

fromthe first inpregnation under Et m croscope indicated that nickel netal
was di sper sedhyidipearben fasdsnd it H8saety/nrinrof bAngen dlowr wiun the bspneings.

AnOt her ni Ckelof tr%?c%%n,s(%v% {Ohs Vs Rl E Po%a?&j t#ﬁmedénasoqlt%é A4 gﬁd& 1'8!8'\'03' 6H20
in 19.5 g water ‘tor e’ second 1 npregnati on. € second I npregnation was
carried out bysigpstayreacta pregsuidleThd Rigleratirt rodtlee salroganatiorowat he8<cial ci ned
product fromthe first inpregnation in the rotary inpregnator af anbient
tenperature ovét It ?fetif)épil &d ﬂgﬁf caplys beflsang ?’hﬂlégOFAF‘{T&eelﬁﬁgW P%gle

| mpregnat i on pLOAUCHedlre QH{reli.OOf:he HBg (?Pa',li?j RRfdueN RMAS 168 dpBGmet at 350C
for 2 hours. The anmobunt of nickel deposited on the alum na support in the
second i npr egoaitthioad Stppm Wasangl, @ppwtEA % asdBdecmverhel hidmtadiefe. nitekel

nitrate used. The.cal cul ated i cke] . content in.the final product was

10 05wt 56 BB SheUREED A SN Sl 1 E A supdics Bk e Second
spray-coati ngekdm%gmbgé)&tg@g@ﬁ{r@ﬂ@(aﬂhﬁgg}\, nmetal in a layer of about 0.335
nm t hi ckness on t'he al um na spheres. Therefore, about 88.2% of the total N

| oaded on the catalyst is deposited on the outer |ayer, which nmeans 0.958
nmg/ m2Ni | d8@phh i n tHAMELE2C | ayer and 0.526 ng/n2 Ni | oading in the inner
core region of the alum na spheres.

[0065] Invention

[0066] 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
NiNO;: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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[ 0083] 60 grans of this catalyst were |oaded in a vertically nmounted up-flow
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 volune % hydrogen gas in
nitrogen for 1.5 hours, and then for 3 hours at 670F and for 3 hours at
770F by passing 350 cc per minute of pure hydrogen gas. The reactor was
cooled to anbient tenperature. The sel ective hydrogenation of acetylenic

‘inpurities in the sang feed streamused |n Control Exanple 3A . ,was
carried out afliseolMingM’e WWWrW@#%} }é’eb‘{-g??&raé‘is W t@&chﬁ'? ﬁe‘iﬂ’Pdhydr ogen
flowrate at ?}rﬁﬁrgg%gfoﬂ%%gzaﬂiedt&ﬁ oﬁﬁﬂ@f‘:dl&ﬁed ARMInbReBAiongRHAUR I fieward the

end of the run, r 110 psig total reactor pressure. The tenperature of
t he hydr ogenasintifar vasmngd @ tle fisl Fmateghiteonendfiof diyieg eat2803(st thoeltiednd 81 to

89F at the begi nning. of the catalyst bed, ectiyvely. .The best ality
product from IHP@g'é%%’rﬁ’érPr it %%F?ﬁflﬁﬁ‘g ag 38@?@% glrhfui% EROUHt (83 5%
recovery of 1,81 .butRAdik&Nsn tENSluRfSH ppoft Whd BSBNAL 84 Hahed bSBie Botand 6
whi ch show a superior performance of this exa&l e to those of the

a8

conventional pinokel of atckbl siteitd hexahgd@tenvses) nigighed AcatglpesuadeshaVPLE 4

100851l nvent i 0086] The. concept. of-t tl eact | i's
denonstrat ed ?ﬂlﬁfl%@?é%?fé’? elile%a@az rf?@ %%?%%%ﬁ%ﬁﬁﬁ%ﬁg@%@%ﬁ cal
manner descri BRghdid?, 4. E4eeml/gtaddl nitfodeagdreasitiabni ng a | ow concentrati on
of C4 acetylenes in a m xed butadi ene streamwas tested over this catal yst
as a second catalytic reaction zone in _a fixed bed 10087140 grans of

cat al yst w0E8] oadedherpbactyatiqn elatheyinided catalish Sphesty WidsT AIRELSEIBEed bed

reactor (1 inghy:di [ : € | MBLreNaS ouRtstihweat ed in
the identi cal ?Ar?%%lﬁ%%%ﬁglgé %rgc}hflé%r}?%lgﬂ )na%%dlﬂecag%?ﬁT%e rreeacto(l)lr wa})sé%cool ed to
anbi ent t enpetmatetitayer Tk afoerdeentes reginpr iThe civerfag? 8dclppss vk thei qupér tavet yl ene,

120 ppmw ethyl acetyl and _97 m % net hyl .ace e 9,18 Wt %
1,3-BD, 190 pHeGs i’?%—@%& 8 (S Ao e éél?h%‘f dia %%i'ggﬁ‘ééﬁ%f%ihe i
hydr ogenat i on (wasniciadi b4l 184in@tn thehi et & MoubY &1068MFsh hresbeantheat 7

sccm min of hydrogen flow rate under 108 psig total reactor pressure. The
t enper at ur e obutehrmostairco genathicmennef fiomrbatt 0A3S énabott O S war alliest bed

and TF 2L L, REn0L 0 O BBl bELoERAEALIELY, NDR,AtRIveT
conpounds in BsosiiRpdin (hBEvHiIRCRYE Eté regiod-iBOby@se® I Thfefot€)0B8 hEXAMPLE 5
loading in both the outer most layer and the inner layer in the first
impregnation is about 1.04 mg/m”. But the second impregnation deposited
0.70 mg/m? in the outer layer, resulting in about 1.74 mg of the net Ni deposit
per m®. Therefore, 88 wt. % of total Ni on the catalyst was loaded in the

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 scem/min of hydrogen flow rate at the beginning
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[0089] I n this exanple, MAPD (nethyl acetyl ene and propadiene) in a mxed C3
olefin streamwas renoved by sel ective hydrogenation. Three catalysts (a
comercial Pd catalyst and two Ni catalysts pronoted with Cu and Cu/ Pd)
were tested to denonstrate the perfoinmance of this invention against

Pd- based catal yst. Pall adium based catal ysts are widely used to renove MAPD
in crude C3streans in the commercial production of propylene.

[ 0090] Cat al yst A (Conparison) 100911The catal yst was a commercial Pd (0.3
W 9% cat al ystof eppartioaddemn & fhaccar/ovin trvard e theangd| gf dhe Fie vadrgsifél | t ype

pal | adi um deposi tion on 2.6 mm al um n Xtru T t,, Qf:  gat al yst

used was 40 gpg’ﬁs{ ah{gacé%rt Bﬁeys/ssu(re'wau@el geéege‘éfasl g&éséiegi Qfég)gnw{égn@gd react or
(1 inch di ametesyng®.1516%h % aG) acdtiiens aidb ¥ 6 twinwsis matiyl uatgengt714@0F in 300
secnimn H2 gas flow for hrs. [0092] Catal yst B; N Ca I%;st Pronmoted with

2 t
Qu (I nvent | onpt: ODSFERHLI Lt % §2rBRab 59 Bpardatsnsssio. Siefasraye
i npregnati on I . M Lyt f1. 0] i per
i Crate was proganaat B dLaR) RE 22 At kREet 0B AR AP
Cu( NGB) 2- 2. 5H2® SBTF 26tlgr aginnig wAther cdiadysttied, raspectiyalat | Be b&OQughtans of t he
1100C cal cined aJumna ysed in the Exa 1C was ced | ry
i npregnat or, RFRFVFHEOR G@STIH’FPB?PI\R%EPJS&@%WOH&{ ﬁéjpf“b:E%i %gég%ﬁm na
spheres with an.at9mfael bahdRhdi e rSERRETati& RVEGSA3Raa4ad shbwabout 10
m nutes. After drying the inpregnation product at about 200C by bl owi ng hot

air into the wsupenoyperfpregoacbihis examptertodlapsp odthedtoniigs Feamplieddd at 350C f or
about 2 hours. Another nmxed solution of nickel nitrate and copper nitrate

was prepar r th i i,on by dissolving 65 grains
Ni (NO3) 2.6 abgnd 1%&%%@55 5H20 in 19.5 grans of water. The
second i npregnation was carried out on the calcined first inpregnation

product i n[goe] si M I@yur NEARRAt t @nihiercial I Sitkdl Npitggnat werk. tAtdderin dihjs ng at
200C, the calcination at 380C was carried out for 2 hours. The anounts of
ni ckel and cogpedingEbosited on the al um na support are 9.22 wt. % N and
0.35 wt. % Cu based on total anpunt of nickel nitrate and copper nitrate

0755 o o1} P12 e d ORI PEARb AT T OSRRRI0IN CRE ESAPOL

0. 33 mm of “'thé't hi ckness peri phera nmet al” oxi des [ayer on the
al um na spher ¢38%30) gh@KE.6560 ¢ 88%| Y5t These ealabadede iatl teildbeaixnudses 6§ xed bed
reactor (1 inch dianeter x 20 inch |l ong). was .activated in the

X 2 ). The cat al yst
i denti cal mander TMBsEAMBEE | hhe [ratabssinpice IS@PPl{egOg‘ﬂ]t%tl’é?%fiC“é?rsf\Ps Cat al yst
Pronmoted wit ha%a@é@a@ﬂaa@i%@d‘f&fﬁ@) [ 0095] The catal yst was prepared in two
chni A '

step inpregnation te que.

[0073] 50 grams of each catalyst were tested for the selective hydrogenation
of C, 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 hydrocarboﬁ 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 temperaturé 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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m xed sol ution of nickel nitrate and copper nitrate was prepared by

di ssolving 106.5 g N (NG)2-6H20 and 4.5 g Cu(NG3)2-2.5H20 in 305 grans of
water for the first inpregnation. 300 grans of the 1100C cal ci ned al um na
used in the Exanple IC was placed in a rotary inpregnator. The m xed
solution was poured on the rolling alum na spheres at anbient tenperature
inthe rotary inpregnator, and then the alumna is cold rolled for 10

m nutes. After drying the inpregnation product at about 200C by bl ow ng
hot air into téwevenytalrly3-Bipatelfl9dé oonvetshen eff hasll Vok etliEA. whke tespléd sred at 350C
for about 2 h S.. Ano solution of nickel nitrate, copper nitrate
and pal | adi um! Sfrﬁtéfién\%/\ggér@géged for the second inpregnation B)F/)

di ssolving 60 g Ni (NGB)2.61-120, 2.54 g Cu(NO3)2-2.5H20 and 0.74 ¢
PA(NCB) 2. x{de@4{ 42. 8 mtafpPE) 3 n 20. 3 grams of water for the second

i npregnation. The second m xed solution was sprayed on rolling alum na
spheres fromthe first inpregnation product in a rotary inpregnator with an
atom zer af003fbi ent Inesmienat ure over a period of about 10 minutes. After
drying at 200C, cal ci nation at 380C was carried out for 2 hours. The

anount s of i el, and pal | ad| m deposi I upport
are 9.98 V\l j( ' a\ﬁtlySt%%ff 853 epar&g %Ef pg’asgﬁm r%'@ (%%%Vétarmunt of
ni ckel nitrat gmp ﬁﬁﬁfn m fhe st aBgl aﬁ@lsbﬁghd@mmg ﬁlﬁpﬁegnalﬁ)ﬁdin the sgeams of

catal yst were Io ed.in stainless fix tor (1 inch dianeter x 20

inch 1ong). Th&pcdihglspae %@eécaﬂ‘im@ﬂéblqoncf H%edl lé}éh? IEEE%‘Pplﬁelr?n@ﬁas 4eeri bed in

t he Ex le 1 e, tal yst d out
Wih afbed couBeoay g g BsBIAS b e o5 &yscyfp?’iﬁaﬁ‘é”'zes o %

of net hyl acetyl ene (MA), 0.9 w. %propadl ene (PD), 1.0% C2 and 0.2 wt %
C4- 05S. Th@of77pw di rechickel afitrdteedoldtion ngas herepasd sbyvadissmvimgo@él Bhe

results are listed in Table 3. Th erforpmance of the.cat sts Band Cis
superior to tREN %r@%@tmﬁélgrﬂgﬁ Pgﬂ‘ra{%f%rafthﬁqu@tmﬁregnﬂﬁ? e?é(yw t ABC

the same calcined alumina used in Example 1C were placed in a rotary
impregnator and the above nickel nitrate solution was poured on the alumina
| support in the rotating impregnator. After cold rolling for 10 minutes, drying
at about 200°C was carried out by blowing hot air into the rotary impregnator.
The dried impregnation product was calcined at 350°C for 3 hours. Loading of
nickel on alumina in this first impregnation was 5.95 wt. % based on the
amount of nickel nitrate hexahydrate used. The observation of the calcined
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 NiNO3-6HO
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 fotary 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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Pressure, psig 380 380 380 Tenperature, F In 71 137

made in a separate experiment, the second spray-coating impregnation
deposited nickel metal in a layer of about 0.26 mm thickness on the alumina
spheres. Therefore, about 82.8% of the total Ni loaded on the catalyst is
deposited on the outer layer, which means 1.62 mg/m” Ni loading in the outer
layer and 0.94 mg/m* Ni loading in the inner core region of the alumina

spheres.

[0078] 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 hydrogenation
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the
beginning of the catalyst bed, respectively. The best quality product from 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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gamma-alumina used in the Example 1C was calcined at 800°C for 2 hours in
air. This calcined alumina had 128 mz/g BET surface area, 0.88 cm’/ g total Ny
pore volume, and 230 A of average pore diameter. It had 0.55 g/cc ABD and

1.60 mm of average diameter of alumina spheres.

- [0082] A nickel nitrate solution was prepared by dissolving 100 g
NiNO;-6H,0 in 285 grams of water for the first impregnation. 300 grams of
the alumina calcined at 800°C for 2 hours were placed in a rotary impregnator
and the above nickel nitrate solution was poured on the alumina support in the
rotating impregnator. After cold rolling for 10 minutes, drying at about 200°C
was carried out by blowing hot air into the rotary impregnator. The dried
impregnation product was calcined at 350°C for 3 hours. Loading of nickel on
alumina in this first impregnation was 6.31 wt. % based on the amount of
nickel nitrate hexahydrate used. The observation of the calcined product from
the first impregnation under a microscopé indicated that nickel metal was
dispersed more or less uniformly throughout the alumina spheres. Another
nickel nitrate solution was prepared by dissolving 66 g NiNO;-6H,0 in 19.5 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
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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layer and 0.526 mg/m* Ni loading in the inner core region of the alumina

spheres.

[0083] 60 grams 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 51 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 37 sccm/min toward the end of the run,
under 110 psig total reactor pressure. The temperature of the hydrogenation
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 5 ppm VA and 10 ppm EA at 97.5% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 which show a superior

performance of this example to those of the conventional nickel catalysts in the

Control Example 3A.
[0084] EXAMPLE 4
[0085] Invention
[0086] The concept of two cataiytic 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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34.7 43 67 MAPD in product, w. ppm54.9 MAPD 12 MA 0 100971EXAMPLE 6
100981In this exanple, the deposition of heavy polyners on a Ni catal yst of
the present invention and a conmercial N catalyst was investigated. A
catal yst (Catalyst D) was prepared in two-step spray inpregnation technique
according to the technique disclosed in this invention as foll ows.

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 ethyl acetylene and 97 ppm wt % methyl
acetylene, 49.18 wt % 1,3-BD, 190 ppm wt 1,2-BD, 28.05 wt % butenes, etc.
The selective hydrogenation was carried out at 6 ml/min of hydrocarbon feed
and at 7 scem/min of hydrogen flow rate under 108 psig total reactor pressure.
The temperature of the hydrogenation was 119°F at the end of the catalyst bed
and 77°F at the beginning of the catalyst bed, respectively. The analysis
product stream indicated the complete removal of all the acetylenic compounds

in the feed. The recovery of 1,3-BD was 99.1%.
[0088] EXAMPLE 5

[0089] In this example, MAPD (methyl acetylene and propadiene) in a
mixed C; olefin stream was removed by selective hydrogenation. Three
catalysts (a commercial Pd catalyst and two Ni catalysts promoted with Cu and
Cu/Pd) were tested to demonstrate the performance of this invention against

' Pd-based catalyst. Palladium-based catalysts are widely used to remove

MAPD in crude Csstreams in the commercial production of propylene.
[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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[ 0099] A nickel nitrate solution was prepared by dissolving 86.5 g

Ni (NO3)2.6H20 in 26 grans water for the first inpregnation. 300 grains of
the 1100C cal ci ned alum na used in the Exanple I1C was placed in a rotary

i npregnator, and the 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 drying the inpregnation product at about 200C by blow ng hot air into
the rotary inpregnator, the dried product was cal cined at 350C for about 2
hours. Anof(898] ni c ké]”hem'ataiyst evas @apaiednn was-sfpespedyeidhpregnatibe t@hn'mud

i npregnation b djs 2.61-120 in 14.2 grans wat er. The
second i nmpr egriat™Eh V\%’utho rPfYé’éc}%Ltm%# 2?‘\'21 CORST UtatE; Y"ég Hr?ﬁ'ﬁr 3t i on
product in a RRBRngS g%aﬁeg)tlla (f)lahatzsgm&g %'205}{200‘{5% ofind G at
200C, cal cination was Carried out for 2 hours at 380C.  The amount of nickel
deposited on twaterdbuthe Mapsgpasont 3Q0gr@0%tmll@%°ﬂlca1§a@écﬁlmlm®md 11’larmunt of
ni ckel nitratg}iluged. 1TBlghexam'1 naél on o%‘ t he cal q%l nedd@?oductd a

ni croscope i ndicatEIP Soout'?s §1%85% M 3P PHE RGP e 829 61° THE mRl! rret al

oxi des | ayer Qustdifa Huéﬂrtfﬁ’e$<§1ﬁlﬁg3§umﬁﬁ0§b@@ﬂe§%%Qi@isat@ﬁﬁiﬁry&tanmme | oaded
in a stainless fixed bed reactor (1 inch dianmeter x 20 inch long). The

catal yst was aempsyaiteegoven atpgaod abpque AP miawser Afesdyingethe |1TﬁplteﬁéatE3¥]arrpl e 1C.

[ 00101] 40 gra hCi t ggd in
Control Exanple O%Fatsmt g%@b&nﬂgwg{ghfeﬁ? %éﬁé\lt&ég& ngfl&%%@react or (1
inch di amet er dxie@Grodeh wangicinddet cfﬁt)%ltyfst abast Achdwat edinothert hdxdddent i cal
manner described in the gi | e Co trol |l e 1B. L 81&)2] geposm on of
heavy pol ymer $CHHOB R hnig a’i‘lnggﬁesa QOH’WéETtr‘igga‘f’%gdpf?ﬁ? 156t 19T GE oGt
carrying out %ﬁh@%ﬁéﬁ/&l hydragenatd ofs Ofraitd RE@IVH LA CORPOURUSrdnil CT ude

but adi ene strea under various conditions for over 4000 hours. Carbon
contents on béluﬁI\IQQ)aﬁtﬂbélm)thSsgmseOﬁN@m]zeEhe ‘Sh@nﬂemwgna@onl‘wed in

lﬁggg 4_4' ngle ecar b %on }%néalggedcf‘ rs? 1xXpregrBt1loxsl pro X&uc%3 n t 51m1 ar m% d with

the first impregnation. After drying at 200°C, the calcination at 380°C was
carried out for 2 hours. The amounts of nickel and copper deposited on the
alumina support are 9.22 wt. % Ni and 0.35 wt. % Cu based on total amount of
nickel nitrate and cdpper nitrate used. Examination of the calcined product by
microscope indicated about 0.33 mm of the thickness of the peripheral mixed
metal oxides layer on the alumina spheres. 50 grams of catalyst were loaded in
a stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was

activated in the identical manner described in the Example IC.
[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(NO3),-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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Cat al yst Catal yst D KL6564 Total run hours 4046 4094 Carbon wt. % on spent
catalyst 1.78 29.5 dains

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, copper nitrate and palladium nitrate
was prepared for the second impregnation by dissolving 60 g Ni(NO3),-6H,0,
2.54 g Cu(NO3),-2.5H,0 and 0.74 g PA(NO3),'xH20 (42.8 wt % Pd) in 20.3
grams of water for the second impregnation. The second mixed solution was
sprayed on rolling alumina spheres from 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 (1 inch diameter
x 20 inch long). The catalyst was activated in the identical 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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1. A supporfed ni ckel sel ective hydrogenation catal yst conposition

conprising 3to 20 wt. % N and a pronoting or

nodi fyi ng anount of one or

nore el ements selected fromthe group consisting of Cu, Pd, Re, Zn, My, M
and Bi deposited on a porous support conprising nore than about 60% of said
Ni deposited on the outer periphery of said porous support. 2. The

catal yst according to claim1l wherein the porous support has a BET surface
area of greater than 10 nR/g. 3. The catalyst according to claim1l wherein
t he porous support has an average p@uaeedi aneter from about 100 A to about

450 A. 4, The catfal yst aceRiMyfg to clai m1anherei nBhe parops support has a
total nit rogen agsorpt 'P?&sﬁx% Bsi ol ume romgabout Cigh clchgpt p about 1 cc/g.
5. The cat al yst abbUIUWI t,uabunl wherei m the [porous| suppprt has a BET
surface area fromabe uyfg t-o—abopt 1§? e, AN avgna e pore dianeter
from about 100 A ot-al n'ffuﬂgﬂ ’DP I on pore vol une
from about 0.4 cc/g to abaB¥t1 cc/g 135 120 1123
HC Feed Rate, ml/min 4.5 4.5 4.5
H2 rate, sccm/min 110 105 90
WHSV 3.4 2.7 2.7
Propylene Yield, m% 101.0 101.3 | 102.1
MAPD Selectivity to C3H6, % 34.7 43 67
" MAPD in product, wt. ppm | 549 MAPD | 1I2MA | 0

[0097] EXAMPLE 6

[0098] In this example, the deposition of heavy polymers on a Ni catalyst of

the present invention and a commercial Ni catalyst was investigated. A
catalyst (Catalyst D) was prepared in two-step spray impregnation technique

according to the technique disclosed in this invention as follows.

[0099] A nickel nitrate solution was prepared by dissolving 86.5 g

Ni(NO3),:6H,0 in 26 grams water for the first impregnation. 300 grams of the
1100°C calcined alumina used in the Example 1C 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 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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0.33 mm of the thickness of the mixed metal oxides layer on the alumina

spheres.

[00100] 40 grams catalysts were loaded in a stainless fixed bed reactor (1 inch
diameter x 20 inch long). The catalyst was activated in the identical manner

described in the Example 1C.

[00101] 40 grams the same commercial Ni catalyst (KL6564-TL1.2) used in
Control Example 1B were loaded in another stainless fixed bed reactor (1 inch
diameter x 20 inch long). The catalyst was activated in the identical manner

described in the Example Control Example 1B.

[00102] 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 result is
listed in Table 4. The carbon content on Catalyst D is extremely low

‘compared with KL6564.

Table 4
Catalyst Catalyst D | KL.6564
Total run hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5
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Claims

1. A supported nickel selective hydrogenation catalyst composition ‘comprising 3to
20 wt. % Ni and a promoting or modifying amount of one or more elements selected
from the group consisting of Cu, Pd, Re, Zn, Mg, Mo and Bi 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 wherein the porous support has a BET surface
area of greater than 10 m%/g.

3. The catalyst according to claim 1 wherein the porous support has an average
pore diameter from about 100 A to about 450 A.

4. 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.
5. 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
R to about 450 A and a total nitrogen adsorption pore volume from about 0.4 cc/g to

~about 1 cc/qg.
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