Ni HYDROGENATI ON CATALYSTS, MANUFACTURE AND USE
BACKGROUND OF THE | NVENTION Field of the invention The
w@e@sonss4 nvention relates to new sel ective  PCT/US2004/016508

hydr ogenati on catal ysts and the nmethod of naking the
catal ysts, which are useful for hydrogenation, such as
sel ective hydrogenation of acetylenic inpurities in
crude olefin and diolefin streanms. SUMWARY OF THE
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and one or nore el enents selected fromthe group
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physi cal properties: BET surface area of from30 to
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silica-alum na, charcoal referred nickel
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catal y TAI'LED DESCRI PTION OF THE | NVENTION T

em%ﬂ@éhorh@tsappp@t beybgithetpliowing poysiedl ropedies: BET surface area

of ﬁb&hé(?f’cggbgﬁt ﬁéb "2/ ﬁ?ﬂ%ﬁﬁ&%&?ﬁb@p 9@3?{@% {;J]'BHII_%@- to about 0.9

cc/gabiad pataviesages ebrd dizoneteebefrdimvabdutdiriagendso An. E>galﬂﬂples of the
atal ysts conprise N qQnly on a su ort or and one

pr (f.rr%gqép%cp n?ﬁgluml@%sdﬂj:ayﬁécoqj@ ta ﬁmm@g ahgrcoal, etc.

Th@ﬁréf@rrbﬂmi&%é@cgyh T?r{eyéét %ttlb‘ﬁ‘o?’b(abégﬁi’\/\}t Mo M £20 wt. %.
the recovery o |ns an di ol e romthe cru
m xed streamBRIEFLJIBES@RIE’T&)M@F&HE@MMNG The
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hycﬂbgghé‘ﬁbn aattaws$tcb a\t@htvbﬁfbrmﬂcbtd!?éfce at |east 30%
preferably at” | east 50% of the pores |larger than O L

di anet er, &SRIAILES RESSFHRIETVONGE FibANNENEION 4 cc/ g

Lo 7RBYicyli 8 PR ERRBLEN st S8URINRed B Toing o
conventional impregnation technique such as wet incipient impregnation. The
catalyst is useful for selective hydrogenation.

The catalysts comprise Ni only on a support or Ni and one or more elements
from Cu, Re, Pd, Zn, Mg, Mo, Ca and Bi to improve the catalyst activity, stability, and
the recovery of olefins and diolefins from the crude mixed streams.

Alumina is a preferred support. The preferred alumina is calcined in a .
temperature range from about 750° to about 1200°C. The preferred calcined
alumina in this invention will have at least 30%, preferably at least 50% of the pores
larger than 100 A diameter, and a total pore volume from about 0.4 cc/g to about 0.9
cc/g and ABD (apparent bulk density) from about 0.35 to about 0.75 g/cc. The
preferred alumina disclosed in this invention can be prepared by several techniques

well known to those skilled in the art of preparing active aluminas.
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preferred alumna disclosed in this invention can be
prepared by several techniques well known to those
waRioshesdsdi n the art of preparing active al um necT/Ubm04/016508
alum na may contain up to about 2 w % al kali netal,
preferably | ess than about 2 wt. % al kali netal. One

of th ferred j - L0 RS :
R T s
abolies Whi BugkalThetx el efthebréforedelahinas distosedjinghisrirvention
disclosed in U S. Pat. Nos. 2,620,314 (19 , and
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by HFE@&_H?@ %Lﬂegld)bepam;iatlé, mgebgabatympite @ramixtiiesnef boehmite and

al koxi des and crystall, zi ti di .
sscaohonae R R o ARl ThE RO ATt goppre v
ma %Isc%Yégﬁ%%ééﬁ%”tﬂg %ﬁfrb@%ﬁ\gbﬁﬂﬁrﬂhhﬁ\ alkeides 8nd crystallizing or

I sperse lum'na”sol s are avail abl e
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av%&?%ﬁéoﬁﬁ{&%ﬁ%lﬁ h%@%gféé F%r&ﬁr&ﬁﬂagfﬂiﬁwgﬂga alavmgghe pore
struckens. asTtlisclosefldn tfeeipeaset ivengor r isperal o Qﬁ?ﬁn pigpal 11N&-80,
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o2l PSR RO B o RTEER0, oL PROPPB SRR, ot
of ﬁcgwggﬁér?ggﬁ;ﬁsﬁsﬁzdw n'géms‘e@i[. Miheo prefestdraismiteeie dfansition alumina
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el o SISTLS T (O LD & Tt R8BSR 200,
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Calvindif slpaties nizy esitaig & mingrrasheunted gaowhaialumine, if the calcination

s AT SV EbWoL SR RS AL e 40B S9BB5 603960 C. | The

The preferred alumina in various extrudates or tablet forms can also be
prepared by using the preferred boehmite or pseudoboehmite alumina discussed
above and calcining at elevated temperatures from about 750° to 1200° C. The
surface area of alumina tends to shrink by repeated exposures to elevated
temperatures due to slow crystallization to more stable crystal forms. This surface
area shrinkage accelerates in the presence of moisture in the atmosphere or trace

amounts of sodium in the alumina or both. Usually the prior art alumina support for
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surface area of alum na tends to shrink by repeated
exposures to el evated tenperatures due to sl ow
wW@eoosoudshd zati on to nore stable crystal forns. PATUS2004/016508
surface area shrinkage accelerates in the presence of
noi sture in the atnosphere or trace anmobunts of sodi um
al um na_or

' h both., Usually th rior art alum na
catefysh dFeriaol: s bty 45 dRirothel dphh doe I SHERRE at the
terAbrEtuTds Mont BBoGEESO TR 76Tt the tenperatures from

about 550 to 700 C. The physical shapes of the
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diainmetbrs giledsthahlapolit B4iincth proférlsigd/8 imeh smidess Maneobut ¥4 inch

| ength, and ef er gbl ess than 1/4 inch length for
'en@mirWa@rggeraB{yd@ﬁs that 1)ée'aelg 1anan fefrexthdaie REPelipisa

SupPpRhbsifish o?%iﬁirscgiele(% Ql%gp&t%aﬂgdeeﬁelrie%&i lﬂsﬁwag or multiple

I mpregnati ons. ution the nic conpo
immregpatiens. b4 sdiuisalof tmgnizkel cdmepowrthisquepared yrdissaieng a nickel

i ckel di, [ I t . ter. The
corgpaHit oE A Praane WELH G TaHSBURGEITIE SAVEREP" wary The efpmples
of e RickKIdombélirtlLa niekSRsks"RIH 44 fidkef KRFatE YMRRYASS metallic

such as nickel acetate, nickel formate, nickel

nickekeegnpoendmaue) aginjkkel avetaigi dickel frmatahaickel acetylacetonate,

R I I e —

in & r@fq&ﬁ@mqua@oome@réfbmmy &8aANR50Y R SEEImL i on
atal ysts contain one or nore of the elenments Cu, Re,

C ) 3
Pd, YWhen (e nussetahydrogenahondgeatalysts contein angepr dnere of the

| | i f ol Qi G =
ST 08 3 4165 B S RPN o o gy
employethinte falooting ntirtts: Ghewbodt MO0SHD abvut dbowut %6 Fe- about
0. B GHOM 51y % s ADOHE A0 0y Bt 2 o 4B A Bisbifs gt 10 wt.
%: Va-AMduBD:1 BRMEUt T PO %;Ngﬁgﬁéutb’fwo BBut7 1R e%: Mo- gptout 0.1to0

preparation of Bi contain NI catalyst, the Supp
abougt Ui ot.€habhy Bi-ngragrih®2io about Awdoleut i on of bi snut h

o RERE Bl ] kAR e8I heCERTBAT S orBerany
imsreghaiad wigh Bisoflgiot ofYisinBtPESRROERE bEffe %@@Bgmpggﬁe nickel. An

preferably mEregnat ed with a m xed solution o
exainplecf & bispuiin oamPusId ig drisrouipatiate.such as sil ver

" PR EARbI A 5eC  PERFSH e pupparh s prererably
impregheatpdavitoa neiked Belusioh\wia riokel edrtbduntendosliveR€ompound such
as gillJ\Peeonrittréte. Optionally a series of sequential impregnations may be carried out
starting from the impregﬁation of the silver compound first on the support.

The evaluation of the catalyst performance is carried out by comparing
recovery of a desired product for a given feed stock at a given conversion of
acetylenic compounds or at the conversion required to meet specific product
qualification against the prior art. For example, when C, acetylenic compounds in a
crude butadiene stream are selectively hydrogenated, 1,3-butadiene is the desired

product to be recovered from the feed stream, the following mathematical formula
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The eval uation of the catal yst performance is carried

out by conparing recovery of a desired product for a
w@ewsenidseed st ock at a given conversi on of acePgl/E81004/016508

conmpounds or at the conversion required to neet

specific product qual i fication against the prior art.

-or . exa e cetylenic conpounds in a crude
de1F S tg]eé%g ?ry\é&iﬁnr%%?sel ectively hydrogenat ed,
, 3-but adi ene | Redoverest 1,8BDI(AILEL00 O (B LGNQ)’RH@@/ Ne

fromthe feed stream the follow ng mat hemati cal
Whenul adefi nes the recovery of ,3-BD. Recovery of

’13?’&%& (I\ﬂ@% Sf4%Bp i(wweﬁd @trﬁaf]rp& Wtw/‘ggei 3 @D'ln\ggmgfﬂgt stream
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st r@bmél’dwer)e@‘(ﬁ/ﬁaqetyién@ (amemtyhe@emy(almﬁjdenedndleﬂw acetylene)

nd. eth acetylene) is defined in identical
is %&Wﬁér'n "’%‘@C@bm g’?é near conplete conversion (less |
t ha‘f’h@@oﬁm‘b‘[@té%‘r"ﬁbﬁ%o :ﬁ)e@? Pé!rls ¥ thln Iﬁ'Oﬂme remains) of C,

recovery of ,3-butadie e |mnat|o one
acatylenge vélt hightriegeverysofi 1 Bd:utatnﬁleamleads to skpénatioa of one of two

t from.the mxed Th ul t
extigiiE SR b b et A5 SihGaflent et Eahixsd dream. The
resoft i@ adewer pridudtde oot et £3-hthliedB: streamtime due to
various reasons. One reason is a slow build-up of

poi $BpBagorRAMRaRiceatslyiskdeleriaraieswith na-sieaam {ime due to various
rea%BFmg a6!‘3@ ré'?%o%?%%k[]ﬁa g éﬁ’k})ﬂ&BnSﬁg L:?rb%h 2BEHYL ﬁfat%?lg on the

eavy

Catakyssmﬂﬁadehé’olpm@lbdg lﬂlp)e CaﬂaQIsde:y(tlb er peiviatirns, a solvent may be used
car bo Eceous mat er catal yst. Therefore,

to R B PHRPET SHols onahe bile ot ol tha ppisgsARS carbonaceous
maf 1€®n B ¢18! §P|T’r?é’rbfdf8dﬁéaw g)s%#&%té ld be sqluble, at least

ydr ogenati on ond| t1on suc sol'vents ate
somgdlegm amme sab\temz Iundyecthdmteme/,e ktylelmmnohajamelltmn. Examples

f , di hyl
of fusthrsnllebls R oyt BhPHARG aRt T i lopRRERanbE#1E dRlyene, alkyl

mtrﬁé@eﬂ‘@rf@r‘éP hdfReth§l rataeaiidlr amathyMisiniamidd, hﬁ1’e@ﬁ¥lpyrrolidone,
he solvent is récovered fromthe reactor efflue

for@b/lrrefarmhpwweia eayd ledhesuehas| ietiahydeduraenor meiytubes bloetedf. The

LT R R A ———

solwa’qiahéy bé bsiilub ipahé efstbaedt Wstlaﬁt-tgi §Dthléflﬂﬁlu @9¢e®tllng heavy
ol i gomeri zation and pol ynmerization during

corgppRRRte R th trash arHeh inlsuallyiresmal @layttqfd‘ee@@@dn@ also produced
by ?ggal %%lza@ﬂ \éﬂ?t%(%@m%ﬁzgﬁ& WutAgthe d8EdiVChidiBgenation in the

I'c reac
catalytic reactlon zone(s). Solvent is co-fed with the 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 proper position in the top half of the
column. Another alternative operational procedure is occasional washing of the
catalysts with solvent at a proper température in a range of from 70° F to 450° F
under a pressure from 0 to 500 psig, preferably in the presence of hydrogen.
Another alternative option is that the selective hydrogenation is carried out
intermittently in the presence of excess hydrogen in the catalytic reaction zone

greater than normally required for a given period of time, for example a few days,
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zone for the fixed bed operation. For the catalytic
distillation or extractive catalytic distillation
woep@salisen, solvent is introduced at a proper POBUS10041016508
in the top half of the colum. Another alternative
operational procedure is occasional washing of the

v B (et i 8atiowdt rébolirREs 4 3iBaaEns dursi is period.
500 psig, preferably igyhdthf ExBRfRage of hydrogen.
Anot her alternative option is that the sel ective

hydrogenati on is cartG@wentionalgatalybt)lt ently in the

Dondng amtae SRR aBIANES Ve PR aRPhPaY st seRER L) Pibgove s

ac@tﬁlldnlldmnpdrﬂiesen WUGeéfeéewtr@alms bggelectihe wglrddeiations4@ grams,
slightly | ower recoveré I 3- but adi ene during this |
m

of ﬁa@rq%alystww ixeeh ity BB ml qf e diareeigr olassd |§t%”d'ﬂﬁéded ina
ver‘ﬁegﬂp | AtedVy Cfﬂ;v@'sl/élﬁle@,%%%d%é}! redetéH {;’I”H?:ﬂ)dlﬁ’ﬁ'ﬁe er x 20 inch

tested to re ve C acetylenic inpurities in a
longeed het cetatysbyiss él2ahimy @idmdieogenat+ dn. maD tglobnmextraflate. Two

h | i xed W 60 m of di
thegasobies! 2 odi PRdcCatival beRrers PStlBaHCL P TR thg eactor
terﬁéé\*a[ﬂr@3$h5'dé¢éﬁ beglas %@%bﬁéd b th@‘?ﬁaﬁ{n‘é@ﬁ}réf a¥ a%oaétﬂﬁatfbd and

l'ong). The cata yst is di aneter X
passivates f@lsmrEhi@tcetaly’&tdﬁasrﬂéeﬁomme:myatcaéameem@is of13 m¥g BET

sur?%c},.ez egt, SB§%I ea%gg{]pgt C%L;Bor%a é)?tgﬁgﬁtf bg@%ﬁ"’h gﬁ& Vs1 A average

poredidhtér Fiie a5talyst dRid reativhtan &t QGQSF 8@l ctonim gaEhﬁbw of 33
cat aIg{yst has the fol | ow ng physical properties;

volgme sy hydigesr ¢as imnitgen fﬂr 4 bPRES anrd Foere Wéf’farﬁ@r 6fhours by
oagfdRoaI e ARLal BB E0E 8RR e AT U Rfi o ambent

terﬁ;b@rwturé BRe golestive Hydnpdengtion gbacatylenehicagpurities irla brude feed
hours and ¢ for, SSIn 350 cc per, .
Stregm Was ﬁ@(rée‘ﬁ%? @Z@n in Ofﬂévc{r%%)éeﬁ fad %ﬁ&&% %&m/mm of
hy@%’gbﬁnﬁow SHRELALAE §e |T @f%é'r %c@d & 19Ns&m/min at a
ty eneni c |rrpur|t|es I a Cru treamvvas
consgtani eehaior paessaired ¢findl %oﬁsn@yﬂfhec@etionom@eeedmm widppm C,

acSGEER AOR0 AT YRR BERIARTR A 200 BRer SN cebirne, B6.60 wt

% PREBBUPEO Wt wi9h 9, 2-BIe 1leeagt Ommgi eRe 0P 86 AP Hutenes,
acetyfenes 940 ppm VA and 56

etorilgopLsa oéeyotbaenicdBab of Wdr@gemt. trgggenmergwfem thg end of the
oSt Vel BB BAPAhEEBuispn  FANESE e Breraur
of trvhpdragensatiat widie einded®fout @€ a constant temperature of 120°F. The
complete conversion of the C, acetylenes required 44 sccm/min hydrogen or more,
atwhich the recovery of 1,3-BD was 96.8 %. The test result is illustrated in the figure.
The physical properties of the commercial catalyst are listed in Table1.
Example 2
(Invention)
A nickel catalyst was prepared to demonstrate a superior catalytic
performance of this invention to the conventional Ni catalyst of Example 1 (Control).

The catalyst was prepared by carrying out two impregnations. The gamma-alumina
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catal yst bed was higher than at the beginning of the
catal yst bed. The tenperature of the hydrogenati on was
we20si0ed5put at a constant tenperature of 120 FCT/URm04/016508
conpl ete conversion of the C acetyl enes required 44
scenmon hydrogen or nore, at which the recovery of
, 3: BD was % The test result illystrated in
ussFio preare MermEKIARLRLSHTS §.EoHBM ialieseT SHlierea iR P by the of
drc%%ﬁ] Cgéihtlé‘rﬁ ﬁadh‘nﬁ{u@'ﬂh@ -Fggicﬁl pro 5?‘@6!‘3{% Aufdify 8AtIn@Bat 750°C
[

cat al ar ed 0 denonstrate a
forsdipeur & summrjaadclrpﬁabl@r hnMoée dhan Ebout P8ntaf dhe tpores in this

. aluﬂﬁa%ﬁ?é‘?@éﬂtﬂaﬁg(& Al aI Eﬁlﬁ%%fﬁ@%ﬁk %{B)rgfltpns material

mducrmw?mmmamﬁ@ Qﬁ\f%’ﬁmtﬁin@ﬂbﬁmﬂnm 1P0eTRfdt IWKur in air, the
ni cke atalyst is .68 nmmdi aneter spheres prepared by

averRge cfipmeten Bl G sPBeresce ik e, 118eMiny&9mal 68 mm. The

oS Rl o AL R P Sl T 488 150 o e

supmore forithe thMii 3 hal XiIRDnef taisecdleingdraltinara DadcaAesl tletataumina with
The ray diffraction (XRD) of this material indicates
SOM&HRY@al umi na. After additional calcination at 1 0
Cf O nfck¥PHftratd sdlution WA F¥EARYSYH SSBNIR 1@@ MNiNTIBH,0 in 285
spheres shr unkstglor] r%?r om fml i The ph|y5|3c T'Z "
grgmns péwatesgoonthe first maregnaéldnaBQ@ngmam the sakeihaéchalumina were

d d h he h
plafR R cardtReiisPaRRink HebirBiReket Rirele Splblion 55 PRUTEY on the
alupdIAE ileld @ta lﬁhﬁ‘i@atﬁt %ﬁt@?@gﬁ@é tHd é&htéﬁﬁmﬂhé@@ﬁaﬂd nbp’regnator

6H in 285 grams of water for th

at aﬁé&o\ﬂrﬁﬁg@gh@wm hoBaipinge thegotaTy impregnatemn e @m%dmmiuct was
calffred |3%%)e% to'? Zhdi ik aAMofhggﬁﬁ;%ﬁﬂutlcﬁ‘ﬂ& %Eﬁﬂﬁgr‘éﬁ zé)r the second

nitrate solutt on wasS ‘pour

impreigaation by egseaklving 5efg@mstyN®g-aHmo dam@&hgramstinewater. The
rotary inpregnator at about 200 C by bl ow n% hot air

Se‘FQﬂdo'”ﬂFHSgP%’ft'% YasRAragth aHbin a sinailay rfa@aopraéotu@tflrwdmpregnatlon.
TEEE SR oK AabShad SO B Ry SOTHL funt o
nickél @muﬁedhdﬂ@hemmmmsmrgls%7 wh Yatbaed dinthesiotalretnount of

nick B AR LS o P Gl Premttiep o6 i ADceBivatisn isfeofiickable 1.

was cal cined at 380 C for ggigyrs. The amount of

ni ckel deposited on the alum na support is 9.67 w. %
based on the tot SURROIRR of SMRKERThi 1180 eC{sald Conmmercial
physi cal properti7@°6fCalhi s Nl0@aT &alsNi &atalysist & atalyst
Tabl e 1. '

ABD, g/cc 0.48 0.62 0.71 0.86
BET, m%g 145.0 65.6 66.0 113
Total N, Pore Volume (cc/g) 0.925 0.713 0.626 0.438
Average Pore diameter, A 216 449 383 151

t for pores less than 493 A radius at P/P, = 0.9801
40 grams of the catalyst were mixed with 60 ml of 3 mm diameter glass balls and
loaded in a vertically mounted up-flow stainless fixed bed reactor (1 inch diameter
x 20 inch long). Two thermocouples at each end of catalyst zone were installed to

control the reactor temperature. The catalyst was activated at 250°F in 300 cc/min
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Tabl e 1 SUPPORT SUPPORT 100 C Cal. Commercial 750 C

Cal. 1100 C Cal. N Catalyst N Catalyst ABD, g/cc
w@20h8/00:86€2 0.71 0.86 BET, m/g 145.0 65.6 66. OpA1/BS2004/016508

Total N Pore Volune (cc/gf 0.925 0.713 0.626 0.438

Average Pore dianmeter, A 216 449 383 151 for pores

oo 157 0 Lt Toa Bt s 0 AP AE ol oo

atwﬂamdahdn|7Gedlédylp@sglng%l5bldé drynimefpurshio§é®Yas. The reactor
stalrless fixed bed reactor (1 inch dianeter x 20 inch

wap grgied p@mpieat fprpamtue. aheé@&%tyﬁdwy&rowalomf therasetylenic
| |
SRR Ao e a0 BGOSR gl ot o o

ml/g8n wbhyrdmc@(mwﬂmgemdgtﬁlssmam/mm D@b}aairofgeh flobv 2@¢ BBthaskginning
ft% thours e h| t 67/0 and then 770 F by passing 350
of th8 TRRFUGH fIaWRird S5l BYSHNGRLA CPRSPNL AR MRS UGS Psig

and @t apty Brt tﬁ@@ﬁ@@été‘l&@t be U‘fen%ﬁ%r%ﬁ]rbVBeP SPagéthQF}P%fheat of

the acetylenic inpurities In the sane use
hydpegienatiorEtagraraparajiere at e erd obine Gatalgisﬁbddnvas bigher than at the

oot ARE AT B ne eact i on SEMEV?L"%?”SEL%WJ 0

un e '
oo S pIAE e SR ATOLE e Rt AN Ao et
of w@bbﬂﬂmﬁm dte@hicof theydcogsyadsi 98-Bbheas ©7PErRAL W]é" t8dt result is
nd of the catal yst bed was hi gher than at the

'"Uﬂé@t?ﬁdnﬁ e digurte A SHBEQT POEIMANTE ebifst Riasepbsatystaver the
o RIS B B G0

% The test result is illustrated in the figure.
superior performance of the present catal yst over the
performance of the catalyst in the Control Exanple is
clearly denonstrated. The invention clained is: 1. A
sel ective hydrogenation catal yst conprising NN only or
Ni and one or nore el enents selected fromthe group
consisting of Cu, Re, Pd, Zn, My, Mo, Ca and B
deposited on a support having the foll ow ng physica
properties: BET surface area of from30 to about 0 m
/g, total nitrogen pore volune of fromO0.4 to about
0.9 cc/g, and an average pore dianeter of from about O
to 450 A



2. The sel ective hydrogenation catalyst according to

claim1l wherein said support is selected fromthe
w@er@aplasensi sting of alumna, silica, zirconi aPCT/US2004/016508

talcite, silica-alumna, and charcoal. 3. The

sel ecti ve hydrogenation catal yst according to claim1l

wher ei.n S8 i.d support conprises alumna. 4. The
Thgér?vg&tlp{)&%lm ! enation catal yst according to claim3

whet eif seRictivelHya ﬂﬁloﬁdﬁalpﬂdcdmpﬂslhgmeérﬂy Wr&Ni and one or
range from about 750to about 1200 C. The sel ecti ve

Mok glsnenist selaciedtfsrm dhe geoun apngjsting @f gunRe, Wse Zai, Mg, Mo, Ca

L N e
are@ dlf(fﬁ)mcﬂcgtd abalol00 M, tathbnigodeApOré apmﬁnﬁébf fror 8.4 to about

Slt from about 0.35 bout .75 . Jhe
%@nmy&r%%mﬂﬁ racpaf;fgqm bid ﬂdoﬁéocﬁxalms

meﬂe'ﬁeséélgc@/élﬂya‘ @ﬁétléﬁ cha%ﬁ a%@o/ tt@%lé?m fwherein said

| arger than 1 rre er. e se |ve
supnadt isgeelacteshfroat ey groupceansisting obatunamm SilimbeEieconia, talcite,
al um n@ g}ont ains | ess than about 2 wt. % al kal i

S'“%?g\mma e charodi ve hydrogenat| on catal yst

accer difgsslectlahidgehatich Baﬁaﬁ* RICBAAIRG t6& UEIM 5 Sherein said
transition alum na conprising the delta, kappa, theta

supiedt eprpRESes phtainki ne fornms or mixtures thereof. 9.

T1ea s stifee Lty Y AOBRRLLSY o5RhRORLRAQHS il 8 wherein said

aluaring cmctalofnetjha ac@t@arature pamge frefm Albeun 0 aBout 1260°C.
The sel ective hydrogenation

t b 10.

cat B 3@&6 ﬁ%‘@@'ﬂ\‘.ﬁ’ h@d&oaeeﬁﬁwwgta}wéra&cm g do chaim 4 g¢herein said
Al fRIRhaBE 4R qehnehtneplles e e GG Hialfeter bt a total pore
volgingi fnor® albarted. A0S aicl) taalbdwid. ng)ané ¢sBDr(appatemtbulk density)

b % 2. Th | ect hyd t
ol L S8 P A 759G at m o wher ei 1 sa dearal yst
congr 'Tgrféssélé@mélﬁwﬂo 8n8on %a?ati%ftao%o)‘&m%%@lan%:gs \A;H?e?eln said

sel ective é_@genatl on catal yst accord toclaim9
alunties baa aéé&a;st /aIOflﬁ’te p@i@pdar@es thamﬂroawod:ranmter to

ebopt Ml sleEhun horlPBe5h SEHNS ARHFEIFTE AR 5 wherein sad
alumina contains less than about 2 wt.% alkali metal.

8. The selective hydrogenation catalyst according to claim 3 wherein said
alumina comprises transition alumina comprising the delta, kappa, theta and alpha
crystalline forms or mixtures thereof.

9. The selective hydrogenation catalyst according to claim 1, 2, 3,4, 5,6, 7
or 8 wherein said nickel content of the catalyst comprises from about 4 wt. % to
about 20 wt. %.

10. The selective hydrogenation catalyst according to claim 9 wherein said
catalyst comprises from about 0.005 wt. % to about 10 wt. % Cu.

11. The selective hydrogenation catalyst according to claim 9 wherein said
catalyst comprises from about 0.1 to about 5 wt. % Re.

12. The selective hydrogenation catalyst according to claim 9 wherein said

8



catal yst conprises fromabout 0.1 to about 7 wt. % Ca.

. The sel ective hydrogenation catal yst according to
web@s@swherein sai d catalyst conprises from BGDUS2004/016508

to about 7 wt. % My. . The sel ective hydrogenation

catal yst according to claim9 wherein sai d catal yst

coSRRRELAGTSRE ABASR Gt SRR e 1o TS

whet @i rrheasesle@taﬁeahmbg@mwm @eﬁglytef chﬁamgtto%% YQherein said
% Bi . process of Ereparl ng a

Cat?@ﬁﬁﬁ?”‘@é'sﬁ§896@€h%‘ﬂtl%ﬁ t@@{bauyée VdobpLNsi ng .
Sj,C o
o DREITRE SRRt oo St A AINS FRHTY $ierein said
Catags,t comarisas froayeboytd. etaelbouegorﬂ P4 Can Of 4f to abgutt .
aneter o r om abou _
Lo W TiesRroltn Gieddietar Grehi Bsreraino WS avhsrein said
catéﬂysﬂ@érﬂpﬁ!s@m%aﬁ@\n@q g afobgfﬁitvﬂe K/ﬁ‘p consi sting of
Cl, Re, Pd, Zn, D, rom one or nore
sol 18+ ohbetselaativennaer ngaégnaataﬂysilappom]ng to dlhien 9 wherein said

ca B e e PR Ao o7 LGB B B or ot ec

su rtThes alectpd ylto @héﬁldﬁa@btét sBatEBFARAbWHIAN 8 wHfein said
pb?; fromS 200 toﬁly(;dcl)[og Thy process ggf preparing

Cat%“’% FUBPTIFRS HoAY AR L: @@ﬁp éh@bﬂ@y\ﬂ %cBiording to claim

d.and -
\gheggalt ZE% rrg(t;éure 8?%.%‘?9 ange '(/er%ﬁlgg@% tlgacya@ysgfompnsmg
lmpTe@ﬂatmgmduppoﬁs erhaamtg ﬂ@l fpllbwihageysiddl Peopsaéy BT Gurface area
co S|2 tactl ng a feed contai ni g
of BT BhfnSROTi TS 1GRh nitasen Reteataivmecd fcumbanasbout 0.
cc/g\"érﬁi e’rh 6Rélgesors ‘Eﬁ‘ﬁ?ﬁet%? Bgfr%%l}‘[ 1970 Y45 mﬁtﬂ%o‘ﬂ;ble salts of

nore el enent’s selected fromt group con3|st| n
Ni anly ordli apd, orgnor Myre Mem@atsasrediecﬁed depoghé gdoumc@nsstmg of Cu,

t he |OWI ng si cal erties:  BET
Re. P RAL MR B o e abra 59uibhg o fastman impregnated
suppbttr ogen pore volunme of fromO0.4 to about 0.9 cc/g,
and an_average pore dianeter of fromabout 0 to 450 A

undéx B lér@tCﬁﬁ%Oﬁlyr@lpégégataedﬁﬁtweMdmgﬁmtland:atalyst accordlng to
clalﬁﬁ G Salr%ﬂfe%é(g rﬂ%@ﬁeﬁ%\/ %Z%r%@ee%iggllg&c a temperature
in they chragefitamni 2@ °aoeB0pieni ¢ conpounds accor di ng

20. The process of preparing a selective hydrogenation catalyst according to
claim 18 wherein said impregnated support is dried and calcined at a temperature
in the range from 250° to 500°C.

21.  The method of selectively hydrogenating acetylenic compounds
comprising contacting a feed containing acetylenic compounds and other
unsaturated compounds with a catalyst comprising Ni only or Ni and one or more
elements selected from the group consisting of Cu, Re, Pd, Zn, Mg, Mo, Ca and Bi
deposited on a support having the following physical properties: BET surface area
of from 30 to about 100 m?g, total nitrogen pore volume of from 0.4 to about 0.9
cc/g, and an average pore diameter of from about 110 to 450 A under selective

hydrogenation conditions and recovering a product having less acetylenic

9



to claim21 wherein said support is selected fromthe
group consisting of alumna, silica, zirconia,
W@ 2008016854 si | i ca- al umi na, and charcoal. 23. TheCTE$1904016508
of selectively hydrogenating acetyl eni c conmpounds
accordi ng to claim 21 wherein said support conprises
um na met hod of selectively hydrogenating

CO'HB@PW%H?EH‘ %%H’E ghds according to claim21 wherein

sai g af WarhfadhdFofealeetingy hiyarc?ér%‘ﬁ'ﬁg Labtfchié @&ﬁﬁouﬁdﬁ‘éccordlng
about 750 to about 1200° C . The"net hod of

to glaine &fli wieergimgaid syiopattiis gelasted from thecaioppuassisting of alumina,

S OB B B A G o3 Reol00 L "G amst or . and
a t28. aTh@m@o@bﬁmdnwemmﬁ&?er@m@%c@gﬂ@ut @ombcuﬁd@a&ordmg
cc/ g _and ABD (apparent bul k density) from about 0.35

to Q'B'“&@éd”(h@eﬁsﬁﬂ@éppgﬁ CompisestHeaNIRG- sel ectivel y
hde@ %HQH&HO@SF#G\@&IQ&& hg/a Fﬂg?e%l%ﬂﬁ ?8@8@?&%@5’0&%@ dBcording

wherelrn sard alum na ores
to dlalngéi whereit @aideldimemeisexalcildd infheempetadureatinge from about 750°

sel ectively hydrogenating acetyl enic conpounds
to %%@@db&to claim 26 wherein said al um na contains

| esgst 'hﬁ@ nResd of%e‘féoh%l?'hlyérldgeﬁ%{lﬁé ac@t?&en%rﬁﬁém &cording

sel ectively hydrogenatihg acetyl eni ¢ conpounds
to elaitni2di whetedn saidi alumimaihas it teasiid® Yaloi thenporssnigrgardban 100 A

el S T By PR L% R4 b SBBIEp 9 55 B e
(apm%mmn@eaélt@a‘fcﬁﬁtalbmat 9. Swrmml T@g/o@C etyl enic
ngoun s according to claimz2 , 24, 25, 26,

. 28 mem@thogaoa Sﬁlerssrtléﬁlycbmi@gtenaﬂn@ HecetyeRioy sompounds

acc%‘?{fﬁg (58 %&1 ke vctﬁ seﬁg]\ﬁﬁélr pgan é%bé%%aﬁgo of the p%(?es I-QFSerthan

acetyf eni ¢
10©¢n®annﬂeraccord|ng to cla|n121 mhereln a solvent is

with th The hod of sel ectivel .
BT LAY (S AL AT ae%me@;q@mwcﬁa agcording
to &Qm‘i"%r\ﬁr‘ué}eﬁ?éﬁdﬁmrﬁ%t cdrﬁaﬁ%‘lﬁ% ttzh\ﬁt 9 Q¥BIi metal.
consi sti ng o CycCl onexane cyc exane
ben2&nEhe methmhef sebdckiyely hiyd rogeelatmg acényreamc c@npemm@s according

to GERhaP MRS OISR SRS BOREY S8 HATRIRD HWB A G agfsing the delta
kappa, theta and alpha crystalline forms or mixtures thereof.

29. The method of selectively hydrogenating acetylenic compounds according
to claim 21, 22, 23, 24, 25, 26, 27 or 28 wherein said nickel content of the catalyst
comprises from about 4 wt. % to about 20 wt. %.

30. The method of selectively hydrogenating acetylenic compounds according
to claim 21 wherein a solvent is co-fed with the feed.

31. The method of selectively hydrogenating acetylenic compounds according
to claim 30 wherein said solvent is selected from the group consisting of
cyclohexane, methyl cyclohexane, benzene, toluene, alkyl nitriles, furfural, dimethyl
acetamide, dimethyl formamide, methylpyrrolidone, formylmorpholine, and ethers

and mixtures thereof.
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