NI CATALYST, PROCESS FOR MAKI NG CATALYSTS AND

SELECTI VE HYDROGENATI ON PROCESS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application is a

di vi sional application of U S Patent Application

Serial No. 10/828,823, filed April 21, 2004, now U.S.
Pat ent No. 7,408,089, which clains the benefit of
NITCXTTALVRY, PO UESA! ) F@R 16{9(1&5«; CATALVST SRND SBLECTIVE

2004, the disclosure of which are her eby i ncor porat ed
by reference. BACKDRONBNATION PRQENSSON Fiel d of
the I nvention [0002] The present invention relates to
new sel ective hydrogenation catal ysts and the nethod
of making the catalysts, which are useful for

hydr 0geOROSS'REFBRENEE FO! RELATEIN APPEJEANITONS Of
acetylenic inpurities in crude olefin and diolefin
streans. particular the invention relates to

[M0dike) - baElea aﬁ@ltcatlyet%a diresiepabapnlispiénmel V on PpoooAprljation
th%e i a?@/é?@ g% RL& ARG 2%“%60@%}0%& '@.’é.elﬂcﬁeqt No. 7,408,089,
., acetylenic

prop y ene €ne,  ‘1I'sopréne
[ rrp;vtrw}t bleﬁnst}rerbeasﬁaebpmlvsnﬁlal a@ﬂhythoraé(%y# 6PE filed Migt. 19,

acet e,. et hyl 2- met hyl - ten 3-yne,
&0}5 ﬂ?/s%spleage @?Wgécﬁﬁrs‘( srebwcesmg%t?i ?Fé’é‘i? to be
rennved wth a mnimm/|loss of useful nmaterials such

as ethy|ene,jﬂA@ﬂM@ﬁﬁﬁﬂNﬁHﬁFﬁﬁﬁEINVTﬁﬁfﬁﬂﬁ, i soprene,
etc. in the feed streans. [0004] 1, 3-butadiene is an

I mportant raw material used to produce vari ous
pol yners such as but Bigikelehe{peatien copol yner. ne of
t he processes for produ0|ng 1, 3-butadiene is
rodu on_of . vari.ous efins by ste r acki. n f
L e, B SR R R D S T e
st eadtled aekRd dfSmalling ehee4dthlyek ywhicH r0¢ asetiefbr tiydrogenation,
partially remove C4 acetyl enic conpounds. The

selsé%bc py stlgctivp dieigeseantéen of pedirienis igwytitiep in gaide olefin and
%uﬁ%ﬁr?gﬁe%% iy Qef%ﬁpér Hl%'lﬁven%g EaatéQ{oVrﬁE‘Eel %)é%erdac%{a'lyys‘?s

i st I on tec niques are used to sep
butadlene fromthe rest of conponents |n the m xed
stream Sol vent extr &dateInformation

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

streams.

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

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



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

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

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

produce a prem umquality product for polyner

Pr oshi&ively- hyldeyRuSed 1h YarRilly rehlovd@s dceGAiC8bhYounds. The
i npossi bl é to conpletely rénove C4 acefylenes in

cr ustdectivelydhyiregeanted bsiresml &c séni eohihdr hgdntadiepn recovery unit

W t hout unacceptabl i .0S f.1, 3-butadiene due, t
over P pgeaorar s Gstateh edridhis oFharet dpeserdie 15
| MPB@YEEhd MEKRARN VS dVPoRESts it thednitbd BrdanfCEbIvent eritbktive
sel ective catalyst is highly desirable to produce

pr edstillatignas expgnaivato (neraiel pechenefgy erAgRmphgN isgnignsive.

penalty for high | oss of 1, 3-butadiene due to over-
ogenaji on 006] ,T referr.ed technique.for the .

e o bRt RRRe o pERbE Soh PO eClpepf iy

hy diiigh estat¢r9 1 Of3-Raediyheeid hightp aEdid bidSo BMRIEe the production cost
hydr ogenati gn catal ysts. Supported Pd, Ni, Cu and Co
cat®i 3531'?,“%11@11@( riéin PEaduGe o2 ypremgim  pealithyprode@nsan galymer

of ] en d f. ' ;
Tod PO fHoR i Hob ERERARENS iy SATIRIAIAIY SR J0 BRpletey
pr eksorve dCC ataylysdssin orydei mixedcsiraamiscbylselepived hadhogeration
of sel ective hydraogenati on qf acetylenes are X

pal VARAY pieabb i Jse o7 &chutaile%fd?uqv@/ P5r-hipdioagnagion of
Pd/ 5 bafdfns URRkFore, SHGhpASvedl iHRpRAs 6ok 88 ViPR &MLy active
catal ysts on a support such as alumna. Pd catalysts

weraadt $edective tcatatyst @5 rheghly ateairghdte 9o ppeduss epremitrh giuality 1,3-

act,i vi an upposed| uperi qr, sel iLVity co red
o (restiss il PRASE Bintel) RE A0S Pal it e iR 16 SVer-
catigldysdefat®in® Not sel ective enough to conpletely

renove C4 acetyl enes w thout an unacceptabl e anount of

1, 3-butadi ene | oss due to over-hydrogenation. Another
[0006dr ent Bheobietamedfteqhaiqusdpuithe pasifigation ipsosimyeseiel practice is
th 0 d,naratio ' 0 e .

Dok B8R0 TUFBIAA. BT BN BBy gosenaion

I eafatalds. Suppisttedt RAYNIQCut i”l Catcatalysts &elkhaws aswiséfl for the
vinyl acetylene, if the _hydrogenation is_ carried out
i n Wydegsnaioanekagstylenssydidndpeic of Commerciah ftajpits pravkds-

been 8}Jﬁ8@a1tdoF .flial%,r@f%@ Iirgk‘:s‘, ﬁ(ﬁﬁﬁ Phe RRYs ﬁgfell‘l@d 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



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

cat gl dtSis the LR 8 ¥REHHIE &f pLARERINY aﬁe Nfle k@@iion of soluble
reactor are required. Al so because of deposition of
heakd C@apbes rreowousds huthe reabidoroal PHeaterns @nytb@ catglyst surface

oot Nt aeBilme: B ARAERERS, Botlffeion LRt Bie Beleney of

anyhcﬁ@d ﬁha%é £eSuedranadgbiMeve dkél Yyt So hdhinsgd ﬁi@ﬂd)éé%f palladium
hydr ogenatl on_of acetylenes and dienes. According to

R ad regies catalysic pobymagiizatign orshilemdgcorppousds,  1968)
Ni and Ni--Cu alloy catalysts are effective for
yl ac hydro I on i+ al
TR 24 LaRE AIRIRRAH 90 (T8 S kil o
up 1®-bitadishe ffonh thealiay @bl slery hiph ceheedd Wﬁthypall@dlum-
ropyl ene_and extent of polynerizatjon incr ease W th
t hebaﬁfh criglysts: oHowspie ﬁmrcfﬁ thq ALY 9y CODRSE 67181Vats I8 overy low

eﬂ'\gltﬂ_lpalkdd[ﬁ% %[aséf,{d Qﬁﬁqsc asf%(&%%ﬂrﬁe of gﬂzﬂggtgﬁld large

6) vinyl ene an uten- 3-yne

di freacted tret n:qusedl ecAisoebgcahged Dﬁgiepemmﬁ of Theavp utagshinecsus
and i soprene, by us the. u al | adi um nickel or

c oS ETaH, YEratiTg i iyEbe ok AFcaug S e eghedalysts

us gfdcésBitatCOMURTpH 1%Lactgirsocesses for the selective

hydr ogenati on of acetylenic inpurities in mxed

steans of olefins and diolefins. SUMVARY OF THE
[Q0Q9ENT] OI\N{ GotbstsBin ethlyyfornnh erenueryl actimeakstslysts sfoanselective

copriaeng o B Erictrd fen P SUTE IO, 5 VRu Bl 1. cCon.

t _ha lmilamowerrpntszx onswso SKB aﬁt&i\l\llﬂguailldye&ﬁﬁlyﬁg%@Effé@iv@ for
Ni osited on the peri phery of the porous
sum 1l acteﬂyéﬁneuféfdrqgﬁn@m r Thepeatalgtis Actbfitystapidypincengses with

su rjSe d

i T S

catpadpyddne aadextenediipollmeribyidh dgavakivith thedsdreass of sugder in

as sel ﬁct ive hy rogenatl on of acgt}y{l eni ‘f conpounds in

ol &es gllgy. hefosdine to H. Gutmann an 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 diolefins.
SUMMARY OF THE INVENTION

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

the improvement comprises having at least 60% of said Ni deposited on the

3



streans. Preferably nickel is the major active netal
conmponent; that is nickel will conprise over 50% by
wei ght of the active netal conmponents (N, Cu, Pd
etc.) deposited on the porous support. [0011] The
active netal conponents are deposited on a porous

support, such as transition alum na obtain by .
cal pﬁrm)hﬂg' of the p@np%rsamme that 1s, pRayter B@?S\Xégﬁl OgSEdd??a"“S

1200C. Th \,

ai cotpe RSB BE AR o i B W SRAGE: pefeC
ar epd, ofe, ZhERoe Md BABi. 1 Oher@dtgysts precisefid Iﬁtbt}hyfdrmgmaﬂmuteactmn
20 ng/ g to about 150 nR/g, .and tatal nitr

2 sich eh eplectpesr by FoEeRRHOR PEATLIERIC comPoRRdS B Jefip g iolefin
C C/ eatns efP%t@ﬁlbY eﬁ]%k%lel@ ?ﬁe xﬁsiQ & %Etnyehﬁetai\'borhﬁorﬁﬁp QRAtis Eeﬂhckel

e outer ape porous support. Th
pr esfvﬂr cfcﬁ'ﬁbn%fdvek ﬁ@%sbmenghteofdhe actislanetal qyeponsntst(h@, Cuy, Pd
catala/ is fromabout 0.03 mMmmto about 0.7 nmm
pr efte) denopited PUSUPROHm t 0 about 0.6 nm The

preferred anount of nickel deposited on the outer

| ayeiy,
[(z(rﬁe er abl v éf'rﬁ%t%\]r %ﬁp%ﬁ%&e% a&@dé}*&Dié%dogI???ﬁg&iﬁ:ﬁﬁ%%ort such

th easctahalltmﬂ falirsina @btameeldoym.admmng laba tinppesataresp @yapge between

o epf%éhe gr e jr %e §1{p%lcﬂ @ltJ g yve Coa?\?‘erégé "Sor didrfleter
' n.pﬁ‘@rﬂ RBLACTOPA. toCHolPAS0 RY BETC QUFRIcE akda0sf gz‘éater than 10 m%/g,

conventional inpregnation such as incipient wet
I rrmrefsrvdviy ﬁmraahmus @9 ay!g:@aathonglﬁmr/ggmk totah nitnggen adsorption

ht rati t n
v yolBmertugin popucde Palo apbitd b Brofflpblipt GRESRE e
rchif is @epdVited 3 ﬂid’@lteﬂﬁﬁer@ loff iaGhiped] porawsefupportt oThe preferred
r enovi ng MAPD. Met hy acet%l ene pro adl e TS
oS 0 Pl eSS AU EB e 2o
C | d .
e QL Breteas, Ao, BORIFLF I 5"*}3@6@%—1 P phefered
H Hnkdunt oBRckEl d¥pSeRid-an (BN doffer Skin BRAVIE Xiegh about 0 03 to about
. 3.5 mg/m?, preferably from 0.05 to 2.5 mg/m?. Depositing Ni on the catalystis
carried out either in one step or multi steps. The preferred technique
depositing Ni in the outer layer of a support is spray-coating impregnation or
optionally a combination of conventional impregnation such as incipient wet
impregnation and spray-coating impregnation. The weight ratio of Pd to Ni on

the catalyst is less than 0.05, preferably less than about 0.04.

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



[0013] FIG 1 is a chart conparing Control Exanples |IA
and |Bwth Invention Exanple |I C for 1, 3-butadi ene
recovery vs. vinyl acetylene recovery. [0014] FIG 2
is a chart conparing Control Exanples |IA and 1B with

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

ethyl acetylene recovery. [0015] FIG 3 is a chart
conpar i ng GoR{KXP DESERIIEONOF THE DRAWIRGS Exanpl es
2B and 2C for 1, 3-butadi ene recovery vs. vinyl

acetylene recovery. [0016] FIG 4 is a chart conparing
[@Hr ol ERKhpl 6s 2Achart fvomperng ithrOEEaampbs 2B aadd1BGvith

for b adi 0 r eth ace
' edBlaph BRI e BhhdieRe ihrey oSmpili S teansscarery
Exanpl e 3A with Invention Exanples 3B and 3C for
[00 131 but adFgne; (e GO¥RIY c¥mpahdonB6R EXhAPRs EL A VB with
[0018] FIG 6 is a chart conparing Control Exanple 3A
wi tihvéntivadixaople B &l 2buBdicanttca@ry os- ethyd-abeiyladé easevery.
recovery vs. ethyl acetylene recovery. DETAILED

IPTI THE .| ENFI ON [ 9 t al .0020] .

SFor abi Yoot & riaEOURBeL GRSt S otifbdsnton
Of Bxaghpl3ABRANGSIC ¥y ldﬁﬂﬁﬁdfeﬁ@rdcﬂvérg s. p@ﬁyl&h Rhe edtb@éry.
Iayer(s) of a shaped support in |ckness from

about 0.03 nun to about 0.7 mm preferably fromO 04
MWHolo abdGt bis aanhaﬂo@prapapsmgoﬁgntsqlplémpleﬂfe with Invention

pr
C RS A B i 1 B e ERRS g S A1 50y B Reovery:
preferably from 0.05 to 2.5 ng/n2. [0021] Exanpl es of
[001E] pr ef eFIGed pobathartSepgHring @otrdl Etdnfide 3% MWithalnvention
zirconia, talcite, silica-alum na, charcoal, or any
i nérgames SR aPcG Tai Thutadisne rRovarE W&g@}ﬁ@ﬁ@y@nﬁrﬁﬁ@&w
fromabout 100 A to about 450 A, BET surface area 5
abo %91%. 5
[q?rltg !n ogenq{gé}ggsr E)E{Z{dgcr}lltapor e n% O rlgEﬁ(&EgutﬁO%th givention
abdixtambles SBgandACufor 1E8-bwtadibee m:esmy vectisl ppaylene koevery.
preferred alumna is transition alum na obtained by

Ta00c, e ba b TESERIETIONGE e il

use for the preparation of the catalysts. The
[ooef er r edcqrapge of the total

[0020] Preferably more than about 60% of the nickel component of the
catalyst is deposited in the peripheral outer layer(s) of a shaped support in
thickness of from about 0.03 mm to about 0.7 mm, preferably from 0.04 mm to
about 0.6 mm, on a porous support. The preferred amount of nickel deposited
on the outer skin layer is from about 0.03 to about 3.5 mg/m?, preferably from

0.05 to 2.5 mg/m>.

[0021] Examples of the preferred porous supports are alumina, silica,
zirconia, talcite, silica-alumina, charcoal, or any inorganic support which has

an average pore diameter from about 100 A to about 450 A, BET surface area



ni ckel content on the catalyst is fromabout 1 to

about 20 weight % preferably from2 to 15 weight %

[ 0022] The catal ysts are useful for hydrogenation

reacti ons such as selective hydrogenation to renove
acetylenic inpurities in various mxed streans of C2-
Cl2 olefins, diolefins and styrene, and hydrogenation

of hemZaRft LB mEYCbOIMNANS) P8 ShlitdalhikbEse a&fOﬁ&ion pore
hydr ocar bon feed stream and hydrogen gas through a

cat wdlyme drone alotuit Ot toabeul calgsAhingsa of the woefera¢dasupport. The
reaction.zones .carries qut.hydragenati on. reactions

e ohrele RS Rn o B Qi S RBRT BY Sl i RRiperature
CONpEMNBEut 7500 aé abotlt i1200°€8 Gid fORLE OGN MBYutCEDt & N1 € prior
catal yst or several different catalysts. If the

sel tectsevier Hyedpisganatien of the cafalystse dlhsuprefanred rasga peheototal
t wo_.cat i.Cr ' ; opt.i.aonal |y, he al yst

i ER B o BEEe R BIRRT an 1B AB e bty
pr ofih@rtodddveigdiobi er . The poisoning effects of

organi ¢ nercaptans and organo-nercuric conpounds for

t he nickel catalysts pronoted with Cu in _the second
QA2 vt i cThegatelydh aromelnd der hydsegenation eegctionstsheh a9 yelactive

cat}ngﬁgreﬁaamtr}erﬂ@vg% ey RApARR 1T ad IR Iﬁgga@gt%sidgcz-

t he st catalyticr Ction zone IS sacCri
guatd bidinkordidlbBngpainslonouene, i apdir htdrégenaflltre of benzene to

I mpr ovenent de for the hydrogenation_process in this
i NVRIONEFNES 'ﬁ%ﬁﬁﬁ%ﬁ RRTEE (O h@r%arbﬂngﬁ@ streaiy pad Jrydgogen

t head %EH%hhmtgléi{iélr&cﬁHﬁ Boned& gé 8f &fd Oalyfld Ra&fiddSones

or bot h, an those processes based on conventiona
ni ckeiescattalhysogenatior orretons el apaid sdéativebasieggenation of

catal ysts. The acetylenic jnpurities in .a mxed

or e et A freclighatmen ) counBug Bifyst or
selsegdrhlveiffye QaaRats! OFF thé kéleRiVENSIdr6 RAGNET ¥ @fried out in a
1,3-butadiene in the present process, than prior art

ni GRE¢s ehtwp ywetebyticTisaetsmoranesyt pptionaly dhe icatalyal inots segond
el i [ 0 ex ctive distid|atjon_ . .
colrggﬁﬁgl,;] Z?)g% 3{‘% Egmi%% élﬁ\%ﬁlaeb {0%5)%% %rhcgglﬁglrﬂege pgl}eaP(?lS?ng
of effedts wiftoaghntn mefdapting Aad Gigedd-rdére@adtorhPfliAd} fohle nickel
catal ysts may be placed iin any physical device to
pePP@¥W% pEoQted ewithy Eun i tBg efreed reagAly i dedqtieni gone are

ComRoRAIiRg i e EXATRlICR. RacfitfHoncdoN b drindkihst in the

chemcal reactions refated to this invention occur,

ar dirgtneataytic 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



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

cat @infmhSorTBY 0kOBP WS Exthctiof |d3/stlﬁﬁt1@h OIS tregﬂtuk\#o irP§ighpler
one or nore elements from Cu, Pd, Re, Zn, M, or

Bi ans qheppesveparationcaftlal-hutadiens fomithy mixedsibiermt v, and
the recovery of olefins and diolefins fromthe crude

i dstr rol es of Pd and Re ar
586 or o PO Berlfodin oy el 8l o Biorm the
nodieldc€ive Hydrdgepativne of taeetfxlem@vecrrupcﬁfndgl efThé erixplesli Fngich
products The active nmetal conponents are deposited on
#98 Ingylpploehensigaieagsions talatedito iy ingentioppspw, are one or

S" a5 Fhi &faﬁ O be§ ?oc}a'dustﬁtaﬁo CA{ ‘rea% or. salvent
e umi

al KaPi he earth netal s nay I hcorpora
su mm:fab@vepdﬂstdiatloh@odﬁﬁomattbﬂ rboﬁfnngomt[@ﬁb’Z&], terk& bed reactor

preferred support wll. have the foll ow ng properties.
TheMOyRgf kg é%ﬁ%agﬁﬁdléwg BEACEOTwistired) Bk cyactel, ;@ videg rvall
abaldctOrs 2ditRled W‘Eﬂ‘dm-mﬁ%loﬁ’ t& r@&{&gp& grt will have an

average pore dianeter from a to about 450 A,
nore preferably about 140 to about 400 A, BET surface
(6024 fronT h@b&tallystﬁ@na)occahpniﬂe Nb6nlyRirga sapybrt ot Wi and one or

nitro adsor re volu from about 0.4 to 1

c c/Iam%Aﬁqﬂﬁ?rﬁa totn Ofte Pt Repen @E& P &4 Egutﬁplsmrgve g gatalyst

pr Q{cﬁff%\? &tati 1H'maﬁé thé r&d&'v@ry' OV 8RERS AWM dibleNAY €rodl the crude
| east 30% préferably at | eéast 50% of the pores

| arrgleqed tStraam&o’O" he nefj emestlesr of @n,ché andRel arp remotetsufee higher

fro ut..0, 45 cc to,l cc and. ABD are
enRInT uan T S5l%s B8alisRSlinRR vk f2RPA) o ne
Ni &@teabmhctﬁodwm @etivd ket n@)rﬂfonﬁﬁ’trsear@ cﬁdﬁ@ﬁteﬂ aimN@orous
Cu, Pd, Zn, Mo or._ Bi may be prepared b

i NGUPRISE ABGHhgs taht‘m&&pﬁlbﬁ)? i besie sifetiplimina, (taﬁ@g’e charcoal, etc.

o) t
e e TR 0 Sl MR ATH porspir
pr &b deposttioml ofiNina di scl osed in thls i nvention can be
prepared by a nunber of techniques well known to

[OtOB%Te ski 'Hlee %relfgrré esuglgc}rt wil ha\te t}?e following properties. The
preferred shaped support will have the size from about 0.2 to 7 mm. The
preferred support will have an average pore diameter from about 100 to about
450 A, more preferably about 140 to about 400 A, BET surface area from
about 20 to about 150 m%g, and total nitrogen adsorption pore volume from
about 0.4 to 1 cc/g. Alumina is one of the preferred supports. The preferred
alumina in this invention will have at least 30%, preferably at least 50% of the
pores larger than 100 A diameter, and a total pore volume from about 0.45 cc/g

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



preferred alum nas disclosed in this invention can be
prepared by so-called oil dropping gelation technique
as disclosed in U S. Patent No. 2,620,314 (1952), and
U. S. Patent No. 4,273,735 (1981). The spherically
shaped alumina is prepared from al um num

hydr oxychl ori de sol prepared by digesting al um num

[083&! 1N Wéglﬁggte gbégff%a%ﬁﬁ ioﬁ? 3ehtbre Q| é'ngnamon%c:u Pd, Zn,

Spherically um na so materials, in the form
of Migopeps Biangy belpkarirddnbp aiiocparating the cipprqpniateamount of

obt P RS GAHRSER A 5 *RiRor BRE poduergre.
at Iﬁi@fe@ilgygg&gnﬁ(ﬁﬁggr ature. Alternatively the

preferred spherically shaped alum na al so can be
55e ared by oil dropping gelation technique using the
[ Zs'/ger sedThoptefértes dnmpwedisdérsd hmitie inieoidmeanclod grepared by

di scl osed i S. Patent No. 4,179, 40 1979). T

al P WA DR S P BIFopED OBy SRSty e (14 i S of the
boejieletred aR@EHODOABEdt iR Bk iffentibh 5 B pié?@ﬂ%ﬂibtyeso&ﬁﬂed oil
pseudoboehmite alunminas in acidic water. The

ps eligeitibe Befatien tchpique as disclopedinddSe PrtgnsNar 2630.ah(1862),

by ' u I hd a . Lizhng. .
of ARUR A 180 AP EA) P o e hN® Wil e 55
as prepaded from suhiiehpdrdx phjsaidelsol piepgred Yardigsting aluminum

boehm t e al um nas_or di spersed . boehm te _ al um nas sols
ar engiohin apeeus hydrpghlons pad spitien SpReraepllysshaprd pmingesol

mr}ﬁé&ﬁé@,-in TR ﬁ{ﬁp@f&&ogﬂa& eree%feﬁéd g{jha%ﬁ’@ﬁ%d,iﬁ g!u S;?)Jgﬂoﬁaged

ose pore structure | di scl ose er el
14/W(aging, Diaspalg, Hiyire, 8304 rchlcinbhs padbt2BNGullyf gdmma-alumina in

D speral . 14(r), Deperal 40(r), Pural,h200(r), .Pura
LoopRmere] pP N ot SBelevaigd leperalre cAFRLL oo ed
us l%gherﬂ_dgﬁ%ll fghsﬁ&r hRghiah WHoN8ar %etﬂréﬁh?éd ib9Noid! &@%@g tgglation

cal ci ne in a tenperature range from about (
abdeshnigeoGing thecdinparbesi heghyaitener paividpboehkufspaluminresas as

and;-al pha. crystal | i f rdaoxt uyes, t.hereof .

[ ocuR R uT DSk B, pAPReS STk, b Btudif 38 et prepared
f oryadigRisiad SdtabR bdeheR@! ptubybRRkinitd dr Mgxtude RkBmitednd
boehm te or pseudoboehm te alum nas di scussed above,

andseilobpelimige aluminasyigtasiflic svaar akher eseudoboshmie or bpsiyuite
}\/8 ’ra\l%/g ?nga%ﬁ(lja-f%?aﬂg? (E)iréﬂa?gds lg} Sl%‘d?gl?ﬂng L Rinflnkd alB&ide§Nand
crystallizing or reacting sodium aluminate with aluminum salts such as
aluminum sulfate and crystallizing. Various boehmite aluminas or dispersed
boehmite aluminas sols are available in the marketplace. Condea is one of the
suppliers. To prepare the preferred spherical alumina whose pore structure is
disclosed herein, Disperal HP 14/2%, Dispal 11N7-80%, Dispal 23N4-20°,
Disperal HP 14®, Deperal 40®, Pural 200®, Pural 100®, Pural NG®, etc. or
mixtures of these can be used. The preferred alumina is transition alumina

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



others known in the art) may at least in part be
incorporated into the alumna prior to extrusion. The
surface area of alum na tends to shrink by repeated
exposures to el evated tenperatures due to slow
crystallization to nore stable crystal fornms. This
surface area shrinkage accel erates in the presence of

at NOSANRIALo IS MR, Ripph! RER ATRWH PfstaReH fdﬂn‘s er hiures
al um na or %oth Usual Ipy al um na support for th

cat tesesf. preparation is comercially produced as

garma al um na by the calcination at tenperatures from

t 550 Th | sh f. the
o ¢ oo THF P IRES i dty v Efbes ot t also be

eXt;Er@ﬂﬁtE&S)y SRS (RN Pre@irAAUb&HNMY 6 pEAMEbEEhAHTR! Bliminas

of 1ess than about 1/4 inches, preferably 1/ 8 inches
anddipassedt dhaiie, aawmalqnguaﬁ@}?égtefi éﬁgpﬁnaturq@rféqré raéblllty750°C to
| es n xtpudat e

ool [29028" B Sy0aBaF BisshRSR Bl (ClfoRE Fhclis? Ve e B o

t heotbé@t &nyeh Sn itlse sie)plcnsy hﬁléasmn palebeOiut @pofaesd 1ﬁ’flﬁthé|alumina
regi on of the shgf)ed por ous s%é)port rat her than
wi tIIOR 1P strugigppothe. surfage gresr o dlumpinaniepdin ks shripk by gepeated

out osc‘th'ésntol X@Jtecgteyﬁﬂéﬁtmes Gt % ¥ poh aﬂg?t)a}lhizﬁf?(gﬂ Ebbrgng}e stable

0.03'mmto nor e pre rom
t o @ydal fmmsno?hmpsmfaee aloday sliniideang© . d0del emtes anOthEQ)ramnce of

No prior art or publication is nownto | ose th
us BPSEReG BPRFS £ rTAH AR @9‘ P B ntoy c{ﬁwal.ma or both,

whey g laihe SRRk o7 1R QLR RlparRBAT mbRidlSroduced

outer layer region of a shaped porous support.
n| clsetanuoniabminafbyt the @atindtipst ati tsmpenafusesaibmn abcwm550°C to

f wt
o0 M G bR PR Rsifl shabesrh e BFELERER i 6 Beafy SRan such
catalsphérey etxltuuaatas ,GREEKefdt é}hﬁhébeﬁzﬁwﬁfhalv@)dﬁfmet&ﬂﬁ' 18gythan
carry out either one or nul tl regnatl ons of

pr GeY I/4gnehsar mrafesaiilyil (&:mhesmmdalepﬁ Rre RbeW S inrded }eng’ch
m gg‘%é’fe Me%sgtﬂﬁn Pl 1H&f?el§géqg?tpﬁ)r@gh(§e{ eesforg)%[ragunds on

eferre epo I'ng nickel
mstal in the outer layer is spray-coating

[0029] egnat Preferalily &0%dloit mbteeniskdl ihétalnorothe watksts is alepesited in
on a support. Wien nultiple spray coating
i nﬁh%@‘ﬁslt Peawhﬁ@l E219n @the shaped POTQiE SHRRAT: rzfth%mh%rhwhm the

RIS OSSR AT SOy S 08 g
800om pbaftdr.Ghhym 258bdw BDAE,, poieoprefecably from 0.04 mm to 0.6
mm, most preferably from 0.04 mm to 0.50 mm. No prior art or publication is
known to disclose the use of a material for the hydrogenation reaction, where
nickel metal is preferably deposited in the outer layer region of a shaped
porous support. Total nickel content of the catalyst is preferably from about 3
to 20 wt. %, more preferably from 4 to 15 wt. %. To obtain a predetermined
metal composition on a catalyst within a desired thickness of layer, one may

carry out either one or multiple impregnations of properly prepared solutions

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



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

ni ckel or nickel and other conponents of a catal yst
may be deposited by spray coating a solution of nickel
conmpound or a mixed solution of nickel and the

modi fier conpounds on a support. Optionally one may

dep@sippoRti cielpréfeded %@&ﬁ?u&@éﬁ%@ﬁﬁ@tﬁck%ﬁﬂ@faﬂrﬁﬂhy ol¥ér layer is
carrylng out a series two or nore | npr egnatl ons.

[ 00903y-Featipal impaeanatips oflassnithblsosdlutéen ph nidkel eempound on a

per | heral Q th Ni t he anmpunt of Pd an

Dot gt Ao Rliphd drel baggind g EpRERHI 18 kafrRa il yEproduct
to Ro@ddS aiM 1m1%efrﬂrfatibhestbpt 3l pf‘e@ér@blys titheth Grléﬁ? PaS chlcidBd Odt a
Pd on the catalyst can be carried out sinultaneously

w. tlﬁmnpra@@s@s thei rapgbfjosi0go B0/ Ceatrelsrnblit 2 ¥htoot00RE por to

CoTBRA, A% S BRI 905,308, 8 ERREIJ6L: o

depasp bechuid seps.t The thkePbEﬁﬁkalbéryi diﬁél%(mﬁpdnhﬁts dPch etalyst

the cataly deposited in t outer periph
r egéh 6#6?@?&63 I’i’éiﬁéEPY 98iBg 8 s aroe° nigke ﬂgppqqqgrpr a mixed

Wi T Q1@ dnner SRR %ﬁ& tl[lé)%aifﬁk Qoﬁ%o@t&&s%ﬂqéguﬁ%ﬁm@f)ﬁ&iaﬂy one

i mpregnation techni que, osition of

met mby dcpcaltmmmeb ed teppencompahentst separaglyc byrbamgang ont oferies
conve nti onal nation and spray-coating

i npte &ﬁé?ngﬁepﬂqg %E@S For exanple, the conventiona

i mpregnation such as incipient wet inpregnation is

[6630]1 ed Ot paliAdiubR dlddf &pobifddr @ARGbLRP paMshetd19Bgion with Ni,
spray-coating i npregnation is perfornmed in the second

st etbe amiesnipeiottlien gfer@mlmes from ‘ﬁm ont wieYo, pwﬁﬁré@}m &ronpA.005
andi o0t 06 O5aBCOLE S E st ohB, eBRGits b b B Laststyn be

ab%ﬁrl&p&@ sitpiilit@eotisdy Svﬁltthr depatitibg by Mgin@@N@lNed@Rolution of Ni
Cptlonallg one may carry out_the spray-coating
i mioateand gpd iPd copwopnd e thet B camm gy deppsited v e ﬁ%naé% jstep in

%J?@%h?al ﬂr@fe}al%ﬁr Pg g{@{b&%&f’aﬁ&%é RO38ler ﬁ'&l 180% of the

coppg nin prepared w
al umd nﬂ thes applyst is ddpesm:ahheﬂie mftelcp@gﬂerad)meglhle of the shaped

catal I S |n13 1@@3 18 rom about 0.005 to about

10 l%tr S%UPH‘PTé TRGPLAD WG YREUM%Kel conpound is

prepared by dissolving a nickel conpound in water or

[(UB19" 92NO1 L KR SARPRAURGI Bnpregnation technique, the deposition of

nickel metal on a support is carried out in a combination of conventional
impregnation and spray-coating impregnation in series. For example, the
conventional impregnation such as incipient wet impregnation is carried out in
the first impregnation and then spray-coating impregnation is performed in the
second step. The product from the incipient wet impregnation is preferably
subjected to a thermal treatment from about 200° to 800°C, more preferably
from about 250° to about 500°C, prior to spray-coating impregnation.
Optionally one may carry out the spray-coating impregnation in the first step

and the conventional impregnation in the second step.
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organi c solvent or water. Mlten liquid of a nicke

conpound such as nickel nitrate hexahydrate can be

used for the spray coating inpregnation instead of

aqueous nickel nitrate solution. The exanples of the

ni ckel conpounds are nickel salts such as nicke

nitrate or organo netallic nickel conpounds such as
ypljel ac ' : voaldl . :

[g‘?e yl ac e?\é}%gfa e?&r{% g%é?‘%‘f“%ﬁﬁ?&é‘@ﬁg?g c?rep %fefi eanﬂt1 ﬁlg alumina

C onguippdrit,che odntegarcd\copigpr @nghd cdtalgst i0im a ragp pdftom aboat 0.005

i mpregnatign prodyct is preferably subjected to a
¢ naprahout 1davhet e 0 L@ﬁﬁeqfathﬁr@0¥$oﬁdml%9&8 1S Joeparest by
aboytsoRRC ARKE BSRHRIAPHY whicP BralP ¥leada thikiel a<36(§?r¥ﬂound in

500C, from 10 mnutes to 24 .I’?our s. The preferre
volargaiofolvere driwaierd FMotktes pgaid ofcosickel gomponead)sedhi asmnickel

1 PR, 08 Pl S o
Fi nRubdiuickd nRRatetssluibn. | THY &@RaJ1é06F Sl MétePRofpodnds are

ni ckel conmpound to perform spray-coating inpregnation
on nackel ptsrsuchray niskelpriseio o draapo mstalic alokplegomnuogndsisuch as
spra [...atomzer. The. - ing is. carrnied. out
ot I Pl R gl il G By Bk Sa e
el enfdretie todmpidtRhUs B sigRyiaY -aCiitidiJoh S QRpbite theOkhiproghation
porous suppart presented to_a tenperature from about
100re@rcs spprefaridly sphiseipd ftp etherma] treatme pit & smpegature from

SPr %GRS HHE %O@"‘@,F}fl&tespr@fé#éaﬁgg gro.ing 82% 105" % about 500°C,

i npregnator or on a flat ‘sur
Hy draag d Gahinmres Ro dlebsur. 0 A3 | préfeerell eothmo of dhenliqqgd for spray
acet gl.enj c _conpounds and o

0 t.her_ unsgat ur at ed ounds
s AL RARGR TCRPRIAPPHC b0 BRE Lo bRy fadbont 25
Phaggimd AWrdhe RB@P?O% v&luHeX8 a HBs& . Of Fi@SigdRd droplets of
liquid. The tenperature of the selective

hy dmprggnationo rsotusimot obna i mckdlecompaingt ite perfurtti eprayerveting
i s.one of.the nost 1ig{ﬁort ant lgracbess.var.ithabl es.d The

t erHPRFESPRH 1 2 SHPROT BRE PeFrodicst PYagng gither highid spgjer or
pr et@hialy. y THeospraPeuidtingSls taria® it a28&fher HaVRMBI or ElRQated
11 tenperature is determ ned by the specific

ac éeppepiuee. cHiprdenairs tempprature §RIprGaEIS camigd ohEon a porous
physj f ' egi fi

Carapsf pROAIEL B o INGoNEIEREEh A00R 100 B SHPE dh€fessply fine
I N liguid dregdlefs2arespfaged brkhapied 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 liquid. 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

11



hydr ocarbon feed, the tenperature for the selective
hydrogenation is in a range of from about 55F to
380F. For the C4 acetyl enic conpounds in a m xed

but adi ene stream the tenperature is in a range of
from about 50F to 200F, preferably from55 to 180F.
For the C5 acetylenic conpounds in a m xed C5

di abgbbmtge hixdaa%m@@% tth@€aPecifibCade® Eaéé%ﬁﬁodn%s I be
a range of from about OF to about 250F. For heavier

ac diygragenated gtk manhwn@ pthh@nof(tbe hydrogdrberssin aispedifavitelytic

hydr ocar bons t ature IS

Y SRR R o BB St b GRS eBb hya istd’ & bR ifinic
C onyArdcaton e theteahpemiie | |f($f thé" %l@@ﬁv@'h&ﬁfdgeﬁﬁﬁﬁtlk @Da range
zones is another criticall r(gzortant process

vardfdinme abred Toeetrht ition ther yaeglsaie campauads in a mixed
Catb%'téﬁﬁén% 'Er%&rﬁt {h%r‘text%ﬁ&t%uﬂ‘% E’seﬂxf'a? ggﬁf%@%o&fsow 12 200°F,

factors; ncen eni c conpounds

t heprefafasbm fi@mf56€d0 $80Farmor mlﬁeacaa&pﬁemé lcémpe@atsiifa mixed Cs
zong, the specific acetyl ene conpounds(s), the

i ntcilglptc é{yﬁwaghoaﬁ sgeam othet tomppialire i §5 8 rangs ek frrmeabout
Caté@l"ly td Ehdu 3GHIE0 ”F&Pflié‘é‘mv\}1 Q&ﬂ%ﬁl &%oﬁé‘ﬁﬁ‘ﬁ & ace{ghé%

catal ytic reaction zone er SI e phase or 'm x
phas éma\tlhehydrmaﬂmmtthm Ceftha tapmamra:lsaataaiaylge of from about

eagtion zone, catalyst conposition in a specific
g #%ab?b‘ﬁgso gnd the specific physical device of the
catalytic reaction zone, such as a fixed bed reactor

(W35]3 at al yfieC ci@hirhti @ bPhyBRIgeAin! BRCEALIytid r}eacﬁl%ﬂeicﬁ‘lles is
the  m ni rum anount of hydrogén is no | ess than nol e

% anpthef enitadally ib@ortaiteprogesevatide. C(Tﬂncenncentnamll @f hyythegen
s pdt e BB TPion 2o b enebs S natmbHLSt P L e dnpeamtration
of oyedtPRaIR dopPolBdS A fkYhddinihg F6dd QreafOME hRpédifi€eeaction
bed operation_ is no higher than 5 tines, preFera

no ZANGhere speilia acetiene epmppendsts)edhofinteated conversion of

o e tER oo DR coldlyREREE Ry IR et RS Fhase of
eXx theachialaicd Ir&ctlbh ardren wiRedteat singiet phaset be rhixe@dphae, the

operation. 1 Hg‘]ﬁ The pressure of a catalytic
r e SERRSH o |%Pe 4R Wéijr%yﬁ%éon?soqaitaéwt rFQmPOSIUOH in a

SP el ERacildioRBEII e sRHR! R)sicHPHdeg (gfth@ca&ayaé Yol ffon

reacti on zone, whet her "a sol IS use

i nzemy edch esrpefn@thhed refictor sretaalyiivdistillation column reactor. In
general, the minimum amount of hydrogen is no less than 50 mole %,
preferably 70 mole %, of the concentration of the total acetylenes in the
incoming stream into a specific catalytic reaction zone. The maximum amount
of hydrogen in the catalytic reaction zone in fixed bed operation is no higher
than 5 times, preferably no higher than 3 times, of the moles of total acetylenic

compounds. In general, more hydrogen is needed for the catalytic distillation

or catalytic extractive distillation operation than the fixed bed operation.
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hydr ogenati on reaction in a specific catalytic
reaction zone, and the intended phase (gas, |iquid or
a m xed phase of gas and |iquid) of hydrocarbons in
the catalytic reaction zone. [0037] The flow rate of
the hydrocarbons in a specific reaction zone is
determ ned by the follow ng: catal yst conposition, the
fic S [ VAR e '
e Tt e B o o el S rGRAPL e (Sraatka by the
acr tdwine spedcisf the spatidikc yhiysicaledeoideoof Z oatelytiameactine zone,

conc ratlo of .hydr pgen, e re and sur

i SOGBEE A1 RS ed o Miokc oM G BRY. PBUSBIC Pha Solcctive
evahuabiatiof rdddgof & ﬁls}f&,tlﬁc @ﬁﬁfyﬁ& YR8 78, %ﬁ'tﬁé’ ifttilded
by conparing recovery o desi'red product for a

g| velese égss, Bqud k)ratmawgmhew ofcgnsvead diquid) off hydesicgibens in the
?qygsepr at_the conversion required to neet

spez1? RS ual i fi cati on agai nst the prior art.

For exanple, when C4 acetylenic conpounds in a crude

[00!371d| eneThé IfRAM Ak CofS BleCRYdr¥&hbonshinds ageanfit &daction zone is
-but adi ene is the desired product to be recovered

f ‘ o@ﬁt@rn‘ened‘ ethe dollavaing: qaady st 6PMpRkiHign. tee $neridicipbakical device

];_orsé?é%)%(a%gt n%%ﬁtﬁ{h\lﬁgtﬁﬁzoﬁgr %’8 /:Rﬁ;vé 101? %f aﬁg&?en\%{ Xo%}é)mfnds

1, SadB3sithe fmetlicsdataata reattbrNgore, whd tf%d@hcéhtr&tl&Dof Rydrogen,
pr oduct strean1[0039] The recovery of vinyl acetyl ene

( vptfm@?raairﬁ% BIEsT Brresneeifls catalytigaeachion ZPpe-an
i dentical manner. Since V|nyI acetyl ene can be

@Qaﬂerted e y..of
BD is Bgf%aﬁmylcéﬁyy pos%%gﬂg Hﬂg%£EF I g%%gﬁ %ﬁ by
100%mp'ﬁhng rB&)vabs of tr dssirbd pradvet sl E(ghve'mefeed stock at a given
hydr ogenation of neth ac | ene in a crude C3
tcoé’g P&l 0 W%‘EB\%F’J’OB?‘?% g’b Bl thn %OQVF%“a reqilgeg i) gaeet
C3 spedifie tﬂr@&f@t Qﬁ@hﬁ@aﬁoﬁr&‘ﬁfnsf N pA00%. beGause M bhen C,

can be converted propyl ene by sel ective
hy chcotybanat i @mnp@m@aO]m The cradep| ettadione ngraanc omgl eekectively

conversion (t t han 30 nbi ne

CO STl fledt LapiRRit R O BRT b dier 1E BT bl rom the

1, FeblttashhgiBe following mathematical formula defines the recovery of 1,3-
BD.

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

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

product stream

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

acetylene (MA) in a crude C; cut stream. The recovery of propylene from a
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| eads to elimnation of one of two extractive
distillation units to separate 1,3- butadiene fromthe
m xed stream The result is a cheaper production cost
of 1, 3-butadi ene. [0041] When the selective
hydrogenation is carried out in a series of two

catal ytic reaction zones for a better recovery of

1, 3cBR: Ctbe: &I@aﬁa%ah 'b@'lalrg& tRdn 160 HRELARPY @ABE converted
inpurities in the product streamfromthe first

cat @ ropyene lyassidcme hydregérgtipm a range from about 100
wt. ppmto about 5000 vvt ppm  depending on the

entra on of lenic jppurities in th
PGS " Fhe CoBblshoR st Camat ittt sid delieboap i Hom ol
fi r&im&ﬁécﬁb){%béiyl%ﬁé)cdﬂ ONaceBMhek S?Vlthoﬁlgtl Qé@hkb& of 1,3-butadiene
mai nt ai ned at hi gher than about 96 . % The first

cat lgpda focelinpipatian efnoneordwal esféfagfevw@stllﬂailonmtmtcz eertaheée 1,3-
gﬁggcpg%t igﬁrgt f n‘i)lxgtp gt I :gleg}nlee resgg( h%l Ih"élgpeetr e(ﬂlctlon cost of

pOSB,B-muQidldn@. conpletely renove all the acetyl enl c
inmpurities in the feed streamby passing through a
single catalytic reaction zone. [0042] The product
[%Q‘Hgam f r Sfheprke fsplnegtevecbmpgﬁn@@m dnearigh opb e aj sgries of two
I t
W ey, Rl abiol (FE BBl lat) | 112588 HatbohRfaton of
pr cwessnabaaditérta Smphnnudsha the poadduict Stréaaa fiobn d ﬁiﬂse catalytic

second. catalytic reacfion_zo the concentration of
there%‘iﬁ‘r?ﬁi 088 1%/:21’ ade48f f[é?ﬁlca OP‘TEQQ i gt a ?lmaéopﬁn‘ﬁ'e ppm,
f T QBB ARP Bht Be RBAUN Ao RR Reet] 2RI REANRIEY iRfthd f3d stream.

f
but adi ene” across t he second ca? F‘ tic reaction zone IS
bettter redeseryabbut3-batadiene [a©ﬂ>$3]thA mst catagjities teaotiort wone is

sy, MRy Y R AORE P S8 Ber ABE o catalyti

MO dactioRt 2dBadlky sbils 16 aRAIRIR THRABLALSzARNVES %fbph&\@ne to
catalytic reaction zones where two different 4

catma¢txl acehilene| avddedtbutprisns &0 dctbutedipnadr Hgwawri Bris ppssible
oS LEUBTINAE B 620G TRRITALY, 1B KR B

r eqxatm@g’lthr(ﬁug&%/sn@giﬁbatll&hb efactbn pmes such as f| xed bed
reactor, catalytic distillation reactor, solvent
ext ﬁ]actlve cat aI ytic distillation reactor boi l'i ng

[M0d2he bl Brodudosiea Hem thedisbeatalyfipirercsien zoagdt assed
di \fhl%ﬁgh\ﬁ?é lsec%ﬁ@%ﬁtgfytlc%gctlohszoﬂgr&lth or without an adjustment of

hydrogen at optimal process conditions. In the product stream from the second
catalytic reaction zone, the concentration of the combined C4 acetylenic
impurities is in a range from 0 wppm to about 30 wppm. The recovery of 1,3-
butadiene across the second catalytic reaction zone is better than about 97 wt.

%.

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

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

t e aafe@NsleSARH! AheZORBH vk RirodddBEdH of RR1AENE %ﬁiﬁfﬂ%@ can
of a catalyst deteriorates Wwith on-streamtine due to

v arhiecnasrigdeis @nnsar1®s@ooﬁgurh@onse°asthnsea®os lzowe. bUarkrydngiput the
of poi sonous car cea terials on the cat yst

our PR oty ERBRGAEHE Ot dpaey sl R, BRed, Py Ry Bhalytic
ti NdstilRtisR rdaed, Wnb@xticb‘éﬁde &a@alzﬂ@Hlsﬁﬁitid?ﬁ@é{dforpgbﬂ’lﬁgbﬁlnt
to slow the build- up rate of poi sonous

caripastieic ﬁmglgn@sierﬁacaors flyifizadaeecieraldipdded walh eqagtoprage. is part
he sh d a t 0
oo =DM DL UM Fso 23Rl B sy

hy dﬁgglaﬁaﬁ lcolmnmredd:tbt forshe msamhBsic @éactivg rons @{Ild/@ fitksd bed
i ncl ude cyclohexane nmet hyl cycl ohexane, benzen
t olTeRSHE, f0F g fecony] eatalylie reacuw GeRg, 2 %Pf%@ﬂeactor for the firs

aceL a,g %01119 \Vﬂﬁtalwlv 3‘95 1@9 cat 1@ 36'13?1‘!’15{15’!#1 l:% rreactor for
f or nyl nor phol i ne, ers suc as tetra u an.
ThehessHcomdteactson Zcexepexe.r ed fromthe reactor ef fl uent

streamto recycle. Optionally the solvent may be
d up n th syst at the start-up of the unit,
l‘ﬁ&é“‘ eyl THPHREEPInCe ALY SRS WiLh s gidfany tige due to
S”&/Iaho&arrteas%flst hepdeeedt afd ko S0 QB@dl’bﬁﬁ&i By of poisonous

ol i gonerization and pol ynmeri zation during t
selcexbpnwotlgldvzatﬁgmtsam the datalysheurfarat aTcyproxlongetac tcamlyst cycle

S. CO- o the,catal ytic
¢ oREsice W& Pl Ry b vt BBt b aoLERHE I g% the
Cathall¥tuipC ralk Séf hhatgoNonehs @%foasddou® matialkybh Cthe catalyst.
distillation operation, solvent is introduced at a

podiherearei heatvmeoompelﬁ aheuld de Sohble git deast toaspmechdegree, in the
al tsﬁfvn&t @n{e feﬁéc%@'h@googesgf%n cbi 188&533' lples of such

Sts w ent a atar & i°h
a ralvgets thrhd@ myaleﬁeia@e ifethgd Ayclohebemea bBﬂiz&ﬁs,ufo@e‘néDﬁhkyl
0 to 500 psi referably in the presence of rogen.
De pyE1eS; %aﬁfsuaaf q% e, dimedlyyl éewwdﬁya?tla@lﬁwa@ idane,

catg drp h%ﬂﬂe d tét &E S Heasc 5&&1%!}%96} fafad. T ey sSlvent is
regenerati on as een ound t % present Ni
catedoysted feonh nltﬂ teavter yiflvent godayner redppes iQptionalgotipasobetnt
0 may be build up in the system, at the start-up of the unit, by recycling heavy
components, which is usually a small part of the feed and is also produced by
oligomerization and polymerization during the selective hydrogenation in the
catalytic reaction zone(s). Solvent is co-fed with feed to the catalytic reaction
zone for the fixed bed operation. For the catalytic distillation or extractive
catalytic distillation operation, solvent is introduced at a position in the top half

of the column. Another alternative operational procedure is occasional

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

EXAMPLE | A [0046] Conventional Catal yst [0047]

Commercial 28 wt. % N catal yst (HTC 600-RP1. 2

obtained from Synetix) was tested to renove C4

acetylenic inpurities in a crude steam cracked

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

of 741RF C@ldal ¥iS bresRE &rdth X® o V90hhpsf O pPfer@bly3inMRe presence of

di ameter glass balls and |oaded 1n a vertically

o ultstdeekzenp - Pepwaitonaifiice vy pblyred obesdlectve hydrogenatio katalysts

di ameter x 20.inch. 1ong). .The catalyst is 1.2

i SR Bhetfvefs o S5t Hbeguiteths S ioRD i s BeehPuhibq the

endpredent ANA| W&y EO KNI QchyN 36! p8YnfeP EPOLiKBh EdBpared to

reactor tenperature. The catalyst was supplied by the

martemzeergiady asailable ¢ajaly®sl and passivated form and

recommended reactivating at 482F in hydrogen gas fl ow.
cat al j d at 250F in 300 cc/mn

[@§3§Hw om/§ v%ﬁ%ﬁg&%gﬁifrogen gas in nitrogen for

1.5 hours and then 575F for 5 hours by passing 350 cc

[@Bf6]M N Obnvatiendl\CHiAgRN gas. The reactor was cool ed

to anmbient tenperature. The selective hydrogenation

of acetylenic inpurities in a crude steam cracked
[Mt7ddi eneComesreinls2E atr edNigwatalyst (BT AAP-RPIF2 obtained from

nggﬁgﬁ{)b Qs ftgﬁgd 34 qe{%to]yg 8%46 g&ﬁgéﬁc giﬁxgur g%g] ri{? gae EgIdle OWeam

t he beginning o re
seeafidked buadizhe streant be selactivefhyldhezenation. a300gramd @i tHeQStalyst
psig total reactor fpressure. The feed was conpri sed

of ViergiXGet Withe/Dimet st Glemister gisy Ballgansh logdedyip a vertically

9 t Vi
S5 A A R Il P

Be clhgsmataby¥st ishe2 exntdimmetectrihdatexohidathy dnogbeatdconples tecach

ROt e ab MG AIEE CRR) Y e (RRere. The

t enRRIAt Was sabplidiebh i asn@tiRR A4aRtivaied had pasidetdform,
at the end of ?he catal yst bed and 88 to 99F at the

be g pergnvendet Heagtivrting ot 49X, inrlaslpegeni gas| Jow. THée vatalyst
e R Rt S e
1, 3n hittoagh €€l 5 hdile ahe Bibnt575SF fdrl isduir@be PadsthgFI56%c pbr min
an%f %ure hydrogen gas. The reactor was cooled to ambient temperature. The
selective hydrogenation of acetylenic impurities in a crude steam cracked
butadiene feed was carried out at 6 ml/min of hydrocarbon feed and at 80
sccm/min of hydrogen flow rate at the beginning of the reaction, down to 55
sccm/min toward to the end of the run, and under 108 psig total reactor
pressure. The feed was comprised of 1.071 wt. % vinyl acetylene, 0.16 wt %
ethyl acetylene and 0.22 wt % methyl acetylene, 71.33 wt % 1,3-BD, 0.18 wt
% 1,2-BD, 15.03 wt % butenes, etc. Because of the exothermic heat of
hydrogenation, the temperature at the end of the catalyst bed was higher than at

the beginning of the catalyst bed. The temperature of the hydrogenation was
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[0048] CONTROL EXAMPLE 1 B [0049] Conventiona

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

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

cat a] gesh 1has A4R &?d &‘tch-craﬁl?fEtf&@eand Q8482 98/ tHeWeinnh of

adsorption pore volunme and 8 nun average pore
di athetcetalyssbedrrasnsciafely.ndhe ctasfadmaélty peeductnfrors dhigj exherdoent

ver O LA ok afe APBP B3 AL RIS, Shedene

(1 TReRsdli AMBUGFatod BFIGENEHnd 2ng) . Two t her nocoupl es
at each end of catal yst zone were installed to

control the reactor tenperature. The catal yst was
(8041 | ed BPNTRORERAMELST BB as activated and

passivated form and recomrended reactivating at 450F

' hydr ogen S The catal yst was reactivated at
[g@ﬂ% in 38§n%c?w?ﬂ d%§y$f|OMIOf 33 vol une % hydr ogen
gas in nitrogen for 1.5 hours and then 575F for 5

[0830]s by posshdigiaB28/Cht PENiNttalpdt BUIGS6MTUI10D6BtafRE - from
The reactor was cooled to anmbient tenperature. The

sel €RDj wes testad doyemaeveohs afctyerie ymphiides inpferufe sieam gracked

th f
0 A R OB, ARG 2 g
s c cthilaberexatiddty.d Thg entafyisohas BIBemag BRI surﬁi&gJ M43 om’gftotal N,

the(éeactlon down to 30 seenf nin tomang to the end of
t herdserRtion REEsy volwme 3af d 215048 2aVPREe POTC HRESEL &0 etaqes of the

te r :
RIS AR e 418 il ik n

beg&remtmaﬁg mcburttctdeup—éloa»l ytalnldsedixed depeedditore]lyincll denweetx 20

[ it t, f t t ai d 18
Un tor) o PO iP5 gt @B i 7 el So2ohg etg HHled t
Th Gbohﬁ'ﬁpﬂhé réa@tdr hdrbisdratate dl"ﬂerbaal@wa‘s s@pplied by ¥le mBPHAdturer
EXAMPLE 1C [0052] Invention [0053] The catal yst was

pr éseacEuathy and pﬁgﬁh\ﬁi@edo@mm wod senoaymengad ireagtivating at 450°F in
Igg.% %?0%%}& 0108, “?H%b ca“?{n \gf?g?ea% &t atTg‘?PF in 300 cc/min gas

Mna used
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and then 575°F

for 5 hours by passing 350 cc per min of pure hydrogen gas. The reactor was
cooled to ambient temperature. The selective hydrogenation of acetylenic
impurities in the same feed used in the Control Example 1A was carried out at
6 ml/min of hydrocarbon feed and at 80 sccm/min of hydrogen flow rate at the
beginning of the reaction down to 50 sccm/min toward to the end of the run
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 118° to 125°F at the end of the catalyst bed and 76° to 90°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 18 ppm VA and 19 ppm EA at 95.1% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 1 and 2.

17



the nickel catalyst is 1.68 nmm di aneter spheres
prepared by the oil dropping gelation technique. The
physi cal properties of the alum na as received from

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

di aneter larger than 100 A The average pore dianeter

(065814 A pXhave Erpcna is unsuitable to use for the
preparation of t catalyst as it is, according to

the present invention. Therefore, the alum na was
[6@82i ned &tvedd®@DC for 3 hours in air to prepare a
sui table aI urri na for the catalyst preparation. After

@%?ﬁl nat| %ﬁaver age di a er of .alum na spheres .
(68300t o he acnteindty o Brogae Y THETYARS r e T r Pray-coating
di %ﬂﬁﬁ@g’na‘ﬁﬁﬁs at>88bibnt fgﬂﬁ)efélﬂ}fé' CAe ?di’x?rﬁgfafdnﬁﬁa Qbed {U Prepare

calcined alumna are listed in Tab
t hi the eadke] pasalystl iarfi.6faminn diapsterssphéres arephredi b}athm Clllhdropplng

| t ck t al d
o o Bt Gnpites“Bhe ERYEa BRoheRR S bf Aspiing B Jeceiyedgrom
mﬂﬁlelrﬁé&ﬂmrbya&agmmzea% TaHId i1 Pl Blokd a8 ML 9W% of the
with nickel nitrate sol ution as descri be& bel ow.

Tahpazes] iInABID algmirs bavgga dBEIﬁterr&arggr e, 100 M cllee Perage pore

é.r g‘%%mgntf—h aSgZ 1%9%— OZI% (%m%a a‘tglg %) g%eg%)f td}ggérregaﬁratll ef)?fe the
di agmedl @t as A1 héc(ﬂdlnﬁa@ Eh% p'&es%ﬁﬂnv@ﬂti‘cﬁl OFHeZefoBfhe allanl/nl was

67.4 Mcro Pore Area, m'/g 3.0 Total paore volu
(ccqagaquo@t b8 fos Sshepry dn airrieaprensys %Aswg?@ﬂm%luatmapf%the

ca%a&f}%{' p“&fﬁa{rét@cﬁl. PO& fe,d ICngﬁltdﬁ{)n, ﬁiesggerag"es diameter of alumina
spheres shrunk to 1.45 mm from 1.68 mm. The average pore diameter was
362 A. The physical properties of this calcined alumina are listed in Table 2.
The XRD of this calcined alumina indicates theta alumina with some delta.
Nickel metal was deposited on this calcined alumina as a peripheral layer of
about 0.38 mm thickness by carrying out multiple impregnations with nickel

nitrate solution as described below.

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

Total pore volume (cc/g) for pores less | 0.912
Than 493 A radius at P/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/Py = 0.9801
Average Pore diameter, A 362
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[ 00541 A nickel nitrate solution was prepared by

dissolving 70 g N NG3.6H20 in 36 grans of water for

the first inpregnation. 300 granms of the calcined

alum na were placed in a rotary inpregnator and then

t he above nickel nitrate solution was sprayed on the

rolling alum na spheres with an atom zer at anbient

tenperature over a period of about 10 m nutes. After
34)N9 the i HOLEIRRLIONRIRAUGE AL OisRYvi

[g(? ov]/i ng hot rg?{re into thnsé)mrot ar£§/S i re%gna]t%grcgsﬁ\gng 0 e

dr i BINQy ddhir in Mmgranalof waeat fart th8 HME ihpregaidnt. 3D0hpams of the

Anot her ni ckel solution was prepared for the second

i PR pIYAIRR, Wegs PLSEG iR 6@3& HPRRreBtalny ARs ot gpove

31. Rl 3Rt soWRHOR was! Btap&EC 87 Ghe rHHE WRhInANspHRRs with an

carried out on the calcined, first inpregnati (?n

pr cderizer at ambient sempreiatngy over ¢ heridd o€ aboutpl(egnadteon After

After. dryi ng at 200C, th cal ci |0 420C was .

car Fa 8t o Fin 5 mc ot Pl A Cory Bleaieh mol B into the
depesi RApregndifie tiR! dHBdNRo &P RAE balched aP350MC fo¥ab@s ©thours.
on the total amount of nickel nitrate used. The

catAinafher Righick selution| viak nerephigd i oal ther sgsone i bmpregmrtion by
2/ f 880 1B/, f total npitrpgen
e e A 1IN A0 T bl P
exdffipfghbtion ofas tchgiedabii die thepsadeibied, fitsidihipragnation product in
m croscope indi cates about 0.38 mm of the thi cknessé of

t hSIBB; BHEPeE o hRefirst oimmaegnatignr  aHterndryand it nd00°C, the

sp WA 0 ' t ' .

ORSGA N R PEOHE T, P s, B
| oaldpasited onftbe shmena sagroot isUB@H witn’d besed Gonhe adtal amount of
TR RN TN NI T
ni tnﬁ@? B8R T Qifade Brel 00550 BP0l Blal Rithih %preaﬂ?ultgg GhAd 317 A

750F for 3 hours by passing 350 cc per mn o ure
hy @f ayetageg asre diTheter e aldteorxamamationodfettie tcolcaredi maduct under a

tenperature. ..The sel jve h ogenat i on f . .
corroRie SndifitFr Bl i Bre S IRORRELE bR prriphsgal nickel
Conkidel laf¢as®liee ARnViBS spBats mafictotieand aboutl 6.78 M@MNi metal
hydrocar bon feed and at 65 sccnmim n of hydrogen flow

r ateadig R @ bé@i‘%]ﬁyﬁg of the reaction down to 55
seeninmn toward to the end of the run under 108 psig

OS5, <361 0SBl TO8 HAPLEY Sodd LAt 08,
t h€onabhEyahpleeld. The catalyst was activated at 250°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, 670°F for 3 hours

and then 750°F for 3 hours by passing 350 cc per min of pure hydrogen gas.

The reactor was cooled to ambient temperature. The selective hydrogenation

of acetylenic impurities in the same feed used in the Control Example 1A was
carried out at 6 ml/min of hydrocarbon feed and at 65 sccm/min of hydrogen
flow rate at the beginning of the reaction down to 55 sccm/min toward to the

end of the run under 108 psig total reactor pressure. The temperature at the

end of the catalyst bed was higher than at the beginning of the catalyst bed.
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19 The tenperature of the hydrogenation was 120 to
130F at the end of the «catalyst bed and about 74F at
t he begi nning of the catal yst bed, respectively. The
best quality product fromthis experinment contained O
ppm VA and 6 ppm EA at 97.5% recovery of

1, 3-but adi ene. The present nickel catalyst

denpmstenifetfue SUREHydfogeaitalny W& 1067 tONBBIFCE: {he dndostethe
of the Contr ol Examgl es A and 113. [0056] CONTROL

ExApilst bad apdebmyt Tdoh vk Hiei keghmirgaeiathy satalysbbst respectivgly.
. Lo e “TL1 .
COTR b By ) S GRS T O S

| MPBAT b €9.3% fecovéifieost Eaubutidiaked THaUtpackesn ericdel eqiflyst
by sel ective hydrogenation. 50 granms of the catalyst
werdemopstales \i tSHPEEPIncatglytis Rerformenes de §rosg soldh¢ sControl

an ' ertically nounted up-flow stainless
ands | gaed 4

reactor (1 inch dianmeter x 20 inch |ong).
Two t hernocoupl es at each end of the catalyst zone
[66556¢ | nst @ONER @lo ECOYVIPDE 24 he reactor tenperature.
The catal yst was supplied by the manufacturer as
ctivated and passivated form and recomended
[@gtivatﬁ%"eﬁgmﬁgé‘@tqlwt hydrogen gas flow. The
catal yst was reactivated at 250F in 300 cc/mn gas

of 0 ] ' ' A Af :
g IR RN PORR ARSyct AKTSEOIEN2 Sgathed from
perCRi) wasfteperd ® feypdvedenacgtdenid hepuritiestiora cvade stearnlceatked
to.,anblient tenperature. .The sel ecti hydr ogenati gn of
SRR SRR TS P EEREE o} 6 gHeY Qe Byt ere
butadb@RatH 6¢IMES 3CafT HRfheRWlolAL KAl i1 1Bad@f in a vertically

hydrocarbon feed and at 65 seem’ m n of hydrogen flow
r atneounted: wrefloyestainesnixesk badsaetenclh ingh dirmgtert 026 @nch long).

sC .n toward to the end. of t run__ under 108, psi

© ot B SRbles b8 ebplCerife &b califiel 2ohe HBRTosAfic) B bdyo!
W the rebctdy lterdap&bitr@nehelcaladym wasediplivd baC@k th@ifadi@r as
0.08 wt. % nethyl acetyl ene 72.52 . %1,3-BD, 0.01
wt actyated app pagsAvased \iprm,ognsl recqaunended reagigwating at 450°F in

CIPREAHLE, A PO UARORSOR AR 420050 48 P
bediomnofidf wfluinb@s badabyspashaditrogeafect .5 \heliys. andhRerb&si70°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
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20 quality product fromthis experinment contained 5
ppm VA and O ppm EA at 95. 9% recovery of

1, 3-butadi ene. The result is illustrated in FIGS. 3
and 4. [0059] EXAMPLE 2B [0060] Invention [0061] The
foll owm ng denonstrates superior performance of the
catal yst of the present invention to that of the

CondBiky BXRANRY BordAhis [ PeRRER YthaiBss ngfnepﬁr% @xi[pla(gf\ at

carrying out two spray-coating inpregnations of
ni t 9229% regolett dfon$-botadient. Fhendsnk isilipgomtedsin FIGS. $and4.
alunina cal cined at 1100C for 3 hours used in the

to prepare the nickel catalyst in
exawp%’%g%] A nickel nitrate solution was
prepared by dissolving 86.5 g N NO3.6H20 in 48 grans

[@d60jat er fiRenifle first inpregnation. 300 grams of the
cal cined alum na were preheated to about 205C in an

oven and then the hot alumna was placed in a rotary
[Wﬁir]egnat bhe fadlowing rdeglnaﬁram sipehort perfarimaked of thiet qagetlgst of

2t ot 2R e R B BF 55 ERbedt TRl @3 Pl vos

I Ot FEYaredBY CGHASAY oMRENd 8BlaP Lo 1rﬁﬁrteg§dtfons o-ﬁ}ﬁckel nitrate
I mpregnation product was dried at about 200C b

bl cRiHipnpen hai alurnm&ﬁupn@‘ts rheaagne; alrpn@gr@alrcmed atrthO°C for 3
dri ebh Joﬁs%ﬂ‘iﬁtﬂp f[eclld]%r% %ecﬁ &) pre{)%rre tge mcﬂel catalyst in this

nrc e solutron o
conﬁﬁﬂ@kﬁtlon mas prepared for the second
i npregnation. The second i npregnation was carried out
regnati on product preheated

cal cined first
[Q‘lﬂibout Aogickeh %lﬁ@tesﬁdvnP% wamiierared, helissobdng 86.5 g
B e i e A
of qalomeell alwkﬁpxaswdzred)reheateheo abbun205aCsinppasvenwad théh the hot
% based an t.he total .anpunt of nj ckel nitrate

usé‘d‘mkﬁﬁé"’aﬁr BEIPP Stoary dFBETEREIRE Tof IEhrsesgpen iith therickel

0. %trﬁ@s@[futlbﬁ‘ Sty ?émo& bt eSS 'ml\%‘ﬂe§ RsiBANSUARQEL During
2.09 nmg/n2 N nmetal loading in the layer. 21 [0063] 60

g dhe st capting [ipptegnatian, theadesdy impragnesort wasdicateditinh@ gir.
up "Ithe impregnation product was dried at about 200°C by blowing hot air into the
rotary impregnator. The dried product was calcined at 420°C for 3 hours.
Another nickel nitrate solution of the same concentration was prepared for the
second impregnation. The second impregnation was carried out on the
calcined first impregnation product preheated to about 205°C in the similar
manner to the first impregnation. After drying at 200°C, the calcination was
carried out at 450°C for 3 hours. The net amount of nickel deposited on the
alumina support was 10.4 wt. % based on the total amount of nickel nitrate
used. The dried product under the microscope indicates 0.32 mm of the layer

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

er at ugg. : i tq i i
T 1 ood e, 3T L ARG Ve NERera |ty RoGhitt U flow
Ex astphlesofixedalsedozactped ook dameterm 20rinchdéng)hyltheaatal 3o was

feed .and,a cC i n_of hydrog | ow r at t the .
peg T & 370nE TULY mOh e ERR WospuStbiisrie i adsticiag i
t 0 AitegNfdr of5 hdiRs bk theToELE hbAB at RIOF bt 3IhotiRBGI7AD°F by
pressure. The tenperature of the hydrogenation was 118

t o passigg 33 acheeremin of puteehydiogdny gas. bddle apartarbwas cded to

at the i.nni of-.th cat.al,yst bhed, respectively.. .
e eR HBRHRRE. o F b PRt of RRRRF s n
conhekage fdddmeed MAiha ThnboPBRaffle @A Hés 83aie@OVATG/mPnin of
1, 3-butadiene. The result is illustrated in FIGS. 3

andwaracarbondaehand pe?y sronpmit of hedregeroflowpis at dheahggiening
t - t .

[ o8 feadiort R IRg s Gpermt R Fattho, P R b BN 108
wapsiy e rextd presaurey iThg taperhtvee sfthahydogatdtiog was 118° to

Pt BB AT BT B e e

Pr eRRRE oY, Hsp&@iviiynd T8E - sl _qﬁn%rh%%rgggt%nifr&g 2 \?xap%iment

grans of water for the first i 00 g

of contamed Anppne MAcamdd pphubi e 9l 86 ricoverieof BxdabyuhdiehdC The
were placed inar i jpr.egpat or _and t he .
st e B & ¥ 6 SR ApRtor e frmepey of his
Ni tekahBleO kndsk Nt TInhe] BkaApleaaspheres rol ling inside
the rotary inpregnator wth an atom zer over a period

of about 10 m nutes. After drying the inpregnation
[096dbiuct FHXANBRKE 200C by bl owing hot air into the
rotary inpregnator. The dried product was cal ci ned at
for aboyt 3 hours. Another nickel solution was
[Og)r%g ared L B?H%toﬁe second i npregnation by 22 dissolving
47.3 grans of N NO3.6H20 in 14.19 granms of water. The

[0966PNd  The catalyst in this example was prepared by carrying out two spray-

coating impregnations of nickel nitrate solutions at ambient temperature.

[0067] A nickel nitrate solution was prepared by dissolving 86.5 g
NiNO3:6H,0 in 25.95 grams of water for the first impregnation. 300 grams of
the same calcined alumina used in the Example 1C were placed in a rotary
impregnator and the impregnation was carried out by spraying the nickel
nitrate solution on the alumina spheres rolling inside the rotary impregnator
with an atomizer over a period of about 10 minutes. After drying the
impregnation product at about 200°C by blowing hot air into the rotary
impregnator. The dried product was calcined at 350°C for about 3 hours.

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

i npregnation product in the simlar manner to the

first inpregnation. After drying at 200C, the dried

i mpregnati on product was cal ci ned at 350C for 2 hours.
The amount of nickel deposited on the al um na support
was 8.26 wt. % based on the total anmount of nicke

ni t @Rt@vingXal By sianiseofUSRD; YD {H M. 39 abplet. Nad second
the, follow ng physical properties: 64.7 n2/g BET )
sur frapregeation wag carrkdaps padec paeiaed Grsaimprsenatimmeprodgdan the
cnBl.q.. i trQae une. 00681 Th o .
o odbyhP oot < BRI pHRP RN U 2, o i
m cimgegpeion i prddwates tdehed RERSOAT ot DrigRird. edil@NEmbUNt of
each catal yst sphere: an outer layer, inner |ayer and

a chickeldeppaitedr aiythenaluming gpppEguas hizékiess besed: pr the total

out Ay ar S;. | 3 . 0 '
priy ol bRA g AAOMbade ool Lhe b Rt
| oaftillogingphybieal @yperties: S4abmtry BEBdurfagé aRaodl lak avagge pore
The,. out er t |layer has a thicknes? of from about

0. 1@3@@“&‘%‘8&69&.%@ ofA! DEFRSEN BRSSO Y ESGer was creat ed

by the second spray-coating inpregnation. No nicke

OB e, T Spp SR e PR hEP Okl FRRR snfle  miroscope
outiedicatss tthdt dheae aan chred gegionsein ¢agly e:tatailys:] tspleeré:i arsbuter layer,
i mpregnation .is about 1.04 ny . But the seco
| PBg T RS ST o R Tt THKISE rihe gyer ovo
r eslbii'rér'b Rhbott @B Wim 11,49 nifl oPhluli®: §hkreMiafl8ROS Mherdl&E, the
n2. Therefore, 88 w. %of total NI on the catal yst

wastotad atrkel mgatal radinguinghenbayers| iaypbputahll T/mf ongverage. The

cardryeto bV 1 dahin S ot el Ry Sk bl G gy The

st ajundrdager fwasadediedi by eacieddnd prayrebatHigairmirednatior O Nonsibkel
l ong). .The catal yst was activated at 250F 1 n 300 )
cc/dePAsiar it thswwiife sare\esPighEcaipthipartsgeRd gddieraiore, the nickel

it : . , fior, 3 - r B67QF
B R T
purimphsgiiroge s gasit 1Thenrgdatt Butvhs seall eehprepnatiomidepdsited

te ature. The sel ective hydrogenatjon of_ acetyl enic .
| molf Pl infhe ouigy e gf%lé%rﬂygdp QUi - e np@ideposi
WaSHeE Y | ?Her@fbtre,a%S QMg BT Bt N BY qﬁ@%@{ageﬂ vfagqgac@aqn the

at ‘52 sccrn/mn of hydrogen flow rate at "t he begi nni ng
23 outermost layer and 12 wt. % was loaded in the inner layer.

[0069] 60 g of this catalyst were loaded in a vertically mounted up-flow
stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was
activated at 250°F in 300 cc/min gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours, and then for 3 hours at 670°F and for 3 hours at 770°F
by passing 350 cc per min of pure hydrogen gas. The reactor was cooled to
ambient temperature. The selective hydrogenation of acetylenic impurities in a
crude steam cracked butadiene feed was carried out at 6 ml/min of

hydrocarbon feed and at 52 sccm/min of hydrogen flow rate at the beginning
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of the reaction, down to 44 sccmimn toward to the end
of the run, under 108 psig total reactor pressure.
The feed was conprised of 1.06 wt % vinyl acetyl ene,
0.15 wt. %ethyl acetylene and 0.16 wt. % net hyl
acetylene, 7134 w. %1,3-BD, 0.19 wt %1, 2-BD, 14.59
wt. % butenes, etc. The tenperature of the

hy dsome Redction, W bl t@miaftoard fetRNAIAT thdRin, under 108
catal yst bed and 76 to 83F at the beglnnlqgl%g t he
Lpr

cat Big dotabsepctar ayypeseird. v elhg. fegih ewase somppiseldi @ wtlfetvinyl
f ' ' i ned V, EA
¢ B B3B3, 75Oy PRUAALTEA P RO DR Dy BRI 7134

recovery O

i 11 wet% dt3BDi, 0.101W8% B2810, ¥.5Dws MeWutenes WRET TR temperature
performance of this exanple to those of the Contro

Ex atiphe hydrogenagion ayasAdRT ROL2EX mvtheemshof| the vatplysidhad and 76°
di f o j t in
by DEER RISt 1 SR B L0, PR R

( 288fodirck , frddT @i @Rp{rAnéat Niohtai€ld6H 6pm VA82MmdND ppanBA at 97.7%
KL6560 (18% Ni.). These catalysts are all tri]ob

extPHIE %8 b -Bifad e e dr s .Iﬁqqﬁr@teéafl 5#&5&%2%&1 do show a
su ;

S i A
were tested for the selective hydrogenation of C4

[eE#]y| eni CONHROL EXeSMPRESBAr ude but adi ene stream from
a steamcracker. The tests were carried out in a

L N
et hbed@ehty! ene and 0.16 wt. % net hyl acetyl ene,

71.40 . %1,3-BD, 0.19 wt. % 1,2-BD, 14.59 w. %

but enes, etc. The selective hydrogenations were
[M2]i ed olie eatalgstsrivens HT CofOn(28P 0N B -5 @R AN aKI$564

a2 b 2o KRR S 0N BR et e o ot of

thel.Z uiim dlankesr. 108e PdatGydtOtvidre RPFIET bPr @8 SbRufadiliRrs as
tenperature of the hydrogenation was 120 to 128F at

t hachymedand prssivated fQras. beds and about 88 to 99F at
the - beginning of the catal yst beds, respectively. The

B, P08 ARS8, it RPN Bl 5 i
of C,4 acetylenic impurities in a crude butadiene stream from a steam cracker.
The tests were carried out in a similar way to Control Example 1A. The feed
was comprised of 1.07 wt. % vinyl acetylene, 0.16 wt. % ethyl acetylene and
0.16 wt. % methyl acetylene, 71.40 wt. % 1,3-BD, 0.19 wt. % 1,2-BD, 14.59
wt. % butenes, etc. The selective hydrogenations were carried out at 6 ml/min
of hydrocarbon feed and at 85 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 50 sccm/min toward to the end of the run,
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 120 to 128°F at the end of the catalyst beds and about 88 to 99°F at the
beginning of the catalyst beds, respectively. The best performance was 95.3%
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illustrated in FIGS. 5 and 6. [0074] EXAMPLE 3B
[0075] Invention [0076] The catalyst in this exanple
was prepared by perform ng regular wet inpregnation
in the first step and spray-coating inpregnation in
the second step. The sane cal cined al um na (1100C)
used in the Exanple I1C was used to prepare the nickel

cat RlcYwdry iofl 11NBDH XIS BonveBIh bf BothiveA@hd AL T @h@ results are
solution was prepared by dissolving 94 g N NO3. 6H20

i n 2@stragedimsFI6FS. @mnéﬁ for the first inpregnation. 300
grans of the sane cal cined alum na used in Exanple 1C

pl ac ary inpregnator and the above
[W‘Z‘E}el ﬁ?iéﬁl\zﬂ’ﬁgﬁﬁ, on was poured on the al um na
support in the rotating inpregnator. After cold
[0073]i ng f Bfvehfonn NUtes, drying at about 200C was
carried out by blowing hot air into the rotary
regnator. The dried inpregnation product was
A

@i ned dhe s@alpst iorthis exewpls. Wasprgparegd by perfpmkleg r@g’ular wet
alumna in thi t nation.was 5.
s B Gt Th Yo R s T E ARV <R it dhudlyin the second
usedlep. TiiRe e calaihie®blugdind (6 00eC LhdRadn iy Biele fICOWAS used
the first i npr egnati on under a m croscope indicates
t hafP PAgRAkthe irkebsatalys infhiperaarlenore or |ess

uni form y t hroughout the al um na spheres. Anot her

[gﬂmel hzgﬁa(éobglta'te SO ‘r:‘onp rv@:%ar ?%)ak?é/d dlﬁcf S&Ls‘éihﬂﬂg 564 g

for e 'sec
[ nﬁﬂegnmmm in T8 gmomfdwatapfceghaﬁm mmmnataﬁar r3(ﬁ)dg1@mts of

pray-coatin he ni ckel. nitrate solutio
cal ?rﬁéﬂlep?ﬁ ‘frPlé‘?n ‘Esﬁg i EXamplgn}Ge gHete| ﬁch mc ﬁerotary

r ot i@ ¥edridR: @R AEOhbRle AL §itkatd @5‘1’355@%@ %ou&\ﬂ%n fhB&lumina

period of about 15 mnutes. After dryi
i Mupporain the motatidg cmpaﬂgnatabomﬁeﬁ 0ala, roﬂhng foa[l @ iningteyrirying

[ t at 3 2 h .. T t. of
s POl s Soeiedo b e S D e S BRI mfsmpptor
| MPrIRARRUI iRPréheion YRGuG W lcincaR35EW £ 31a8rsaMdding of
of ni ckel ni t rate used The cal cul ated net nickel

corntieliel opnaluménd imghis gireidinenregnetios. 8z WO> Wb “Babaser on the
an ?1? \6? 1c%l nﬁ atenﬁgxahygra?e s%earﬁeeogs)ép\%{ibrq%rfuthe tcetﬂgined

secon spr ay-coa npregnati on
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 NiNO3-6H,0
in 15 g water for the second impregnation. The second impregnation was
carried out by spray-coating the nickel nitrate solution on the calcined product
from the first impregnation in the rotary impregnator at ambient temperature
over the period of about 15 minutes. After drying the impregnation product at
about 200°C, the calcination was carried out at 350°C for 2 hours. The amount
of nickel deposited on the alumina support in the second impregnation step
was 3.26 wt. % based on the amount of nickel nitrate used. The calculated net

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

t hi ckness on the alum na spheres. Therefore, about
82.8% of the total N |oaded on the catalyst is
deposited on the outer |ayer, which neans 1.62 ny/ng
Ni loading in the outer |layer and 0.94 ng/n2 Ni

| oading in the inner core region of the alum na

SPhRERS -in [ # %ﬁha@o eréﬁm&rﬁ' $hé 3§e@$1¥<§ ts W&)a{lﬁgdﬁ%rééhaﬁon

vertically nmounted up-flow stainless flxe
r ealeposited|nichet megdl dmat leyerof2boing A6 Irmmgt)nckmtse ocnatha Iaixmnma

Volth%‘é%/c') V@’&F gﬁreeh é‘g‘g: %gj% O{)F}ggé)ﬁalpg’? d%é r%luﬁ% cafglyst is

t heRpbdited nhBe bEtetlaydr Whiethehiy 1.82 s I\ﬁlloaaﬂ%':m tBY outer
paSS|ng 350 cc per m nute of pure hydrogen gas. The

r edetesranga@ 9¢ gegar Nb loaging enthe swgecareiregionhd the ‘alumina
segsﬁé%ye hydr ogenati on of acetylenic inpurities in
the"sane feed streamused in the Control Exanple 3A

was carried out at 6 m/mn of hydrocarbon feed and
[78P5 scca gidf s be}tﬂ@@tgﬁeref logded ai @ ’itidalle mb@ged b THw
of the reaction, down to 37 sccminmin toward to the end

of Siadess fixed hgAdeactor(d ipch diamstear Fheiaeh dmedr ds gptglyst was
Th of if d t
at SRERRELPIIR 181300 I ERIRNE o] vt A by it epf el in
begmtmgen domof.Sthoersc ahdthes tfoh® Hourns es pBETH arell fipr 3'Hoerskn?;$7t70°F
|It¥ uct framthis experinment gntalned 0
oL %r?%agih EAPE MIGHLeRIP o8pPnges- e rggion e sadled to
Th QbR hdmpeFatuld. Uk Rlelivd Rydr b@ratlén %@QCQKEHICSI rlﬁes in

superior performance of this exanple to those o
cothvesanofretl sicetnetsed dn dhy SostrohExdreple Cohtwas| caﬁx@nq»iteat 6

007 VPLE 08 | t 0081}, Th
e A B AN EoR b b e BT af By hBes e =t the
r egaglaﬁmw thd FRRE@REH) AblvANo 37 Scbi@/rhin'tdivafkt ®Ph@RAd of the run,
Hﬁ&ﬁcoatlng i npregnation in the second step. The

al 19skség tosalpieagian prepsvee. c dbaltgmperpiyre pf Shedwaltggeaation

wa u c eRes At 1 §odfha
e3PPI LA Sl SRR 5
i nbtglﬂmﬁg @ﬁ‘rﬂeecakalfst\baﬁ, regjeciingdyg. he B@ﬁ@uﬁﬁmy pod\ @t fidrd this
experiment contained 0 ppm VA and 0 ppm EA at 97.3% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 to show a superior

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

Control Example 3A.
[0079] EXAMPLE 3C
[0080] Invention
[0081] The catalyst in this example was prepared by performing regular wet

impregnation in the first step and spray-coating impregnation in the second
step. The alumina used to prepare the catalyst in this example was the alumina

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

ni ckel nitrate solution was prepared by dissolving 100
g N NGBy6H2O in 285 grams of water for the first

| NpERgRahhDiina JEKA ﬂlrtﬁé“Ex@xﬁlplet e wak uaciad 68860 Tefr athours in
800C for 2 hours were placed,in a rotary inpregnator

andaif-hEhigsalgmed jabjoaina had 128 & edBlf PeifaaResedy 8 dSam (ntotal N,

t he { [ e

Af t%‘rﬂk 3121 g‘?ef 3 ?E% bfqa‘}fgaegm 1{09% & aHtls y?ﬁ%adgq 35 %é:ﬁtABD and

2001:60msoﬁa«dragecﬂlﬂuétebyfdihmmarsghé‘rei air into the

rotary inpregnator. The dried 1 npregnation product

&ﬁs cal cined at 350C for_ 3 hours. Loadln% of nickel on

[9937} na i A migks!l fniftste isppionnatas oprenarsde b1 digsolviig 100 g
f dr

oo NPT RETRS Blank of B Rl (1L HEE ApRHANE RiParams of
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that njckel netal was i spersed nore or Iess

uni gt qvm%ekfk Biitate ﬁg ¥RHEOWheR B alumarmupport in the
Ni Glsgkinp! '1ﬁ|3|[2)1%'g§at§9 | Aﬁ’thloéblmhﬁé ?d}airOerglrﬂYesd& H1aBGut®R0°C
g NI NOC3.6 5 g water for the seco

i mpwasgeratiedout P dalswmgnh;btl apirggribt [rcoiaryv\asprcgmatmedTbejtdned

by .sp coat | t he n I L ol uti n t

oy iah A iR et L at PbiC Fof Syt Ek Sl on
I Otaiirink AT @GO ﬁmﬁiegﬁﬁﬁﬁne%s 6SPRA. a%uba%e@\b?lr the@nount of
perlod of about 15 minutes. After drying t

| mﬂi@@h attlia@mhqmabﬁmte uged. aEb@pbsezwgn of fifee Qﬁé¢lc¢d'1m0d@¢1 from
ni CE qur%e%%)rgéﬁag \ﬁ}%% IfcrgscoséJ r11’§'d1<:a (? tﬁaqo {81 9 metﬁl was

Um na suppor In t e seco

i naliggrsad indre SdrelBsSNaﬁlforﬂiljZ Shdtughdiet hhs atlingina tsbﬁerasm) Wiother
of nicke] nitrate used. The cal cul ated net

corigkel nitrate spdutiqnawes prepaied by wissolvemesd &NN%? 6@a@éa 19 &
ObSGRMAE Bt sebBHE eﬁ}n%%a?fgn ﬁglteeses&ﬁe%ﬂﬂf@%{guf)ﬁ metsz:?ﬁﬁ:ﬁdout

spray- coatlng I npr eposite

a Ibarysprayefoatibg ube 6103815n1matet sluhﬁlomecsrs thencdl¢direcdaproductafrom the
QEres Ther.ef or about. 88. 2% of the.total N | oaded

on Fﬁeml?é‘?gé’laﬁ}%‘i‘ i fhe EPé?IéSs‘P’tpéecgnGWrtaﬁé‘ {RVE tetppgrature over the

WhipgHodB8RBoE - BPRinHETR AN b fi¢ 1'Irﬂ3r&§}%t18h'tp%du023t about

| ayer and 0.526 ng/r2 N loading in the inner core
r eglBH-.dhe chleingtiomrweg carried out at 350°C for 2 hours. The amount of

nickel deposited on the alumina support in the second impregnation step was
4.25 wt. % based on the amount of nickel nitrate used. The calculated net
nickel content in the final product was 10.05 wt. %. Based on observation
made in a separate experiment, the second spray-coating impregnation
deposited nickel metal in a layer of about 0.335 mm thickness on the alumina
spheres. Therefore, about 88.2% of the total Ni loaded on the catalyst is

deposited on the outer layer, which means 0.958 mg/m? Ni loading in the outer
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spheres. [0083] 60 grans of this catal yst were | oaded

in a vertically nounted up-flow stainless fixed bed
reactor (1 inch diameter x 20 inch Iong). The catal yst
was activated at 250F in 300 cc/mn gas flow of 33

vol ume % hydrogen gas in nitrogen for 1.5 hours, and
then for 3 hours at 670F and for 3 hours at 770F by
pasiaydtthndS0.526 np@in’ N Walingf inPtheeinhdtdése @8gigASf thE&lumina
reactor was cooled to anbient tenperature. The
sel®¥Beeye hydrogenation of acetylenic inpurities in

the sane feed streamused in the Control Exanple 3A

carri t . /M n qf drocar.bon. f eed. and
038 B e o S Blya e R SRRy AP
of sidiflessefedd d, reskann( 1tiack diaged 2 Midcaviedd. the @ndysevas
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VA and 10 m EA at. 97.5% recqvery of 1, 3- butadiene, .
Th @m%@mt?rg?egaﬁum- A5k HEane ﬁl@ﬁtgsnatsma#oacety i¢ KRB in
A SHOSAhOTeedPSIhRY TRAGH BE ddiid] E&Miee31§%§sﬂ€a?§fcpgut at 6

the conventional nickel catalysts in"the Co
Exaniyhin Grhydroagon fexdrriE 81 s¢@8dh of hydmgenfov0R86jt the

The concept. of two. catal yti c,reacti on, zon [

derPSRRIE Qe Je3hion: Ao 137 SCATYIIIERd Jh nt of el
I N uhBe& 11depdig eathl FROBE predQger IMRGemPelaife oEXRTRIBogration
A feed containin | ow concentration of C4 acetyl enes

g a
i nvwas hi%ed 1BLTEadt diee erd rod dhe vaatalyse ieddangly 81° thi89°F at the

catal: a N reagtion zone i.n .
£ bRt (B ORA0 etk ay, TR ARaAB oy o gpis
vekkp&rithdry cobtafiicdds ppmfVavandst@ppmeBA d4tigresds Regbvery of 1,3-
reactor (1.inch dianmeter x 20_inch long). The catalyst,
mz’utaésma-ctﬂ\?arﬁaat Isnillupfeatedigh E1C2d 5 gadh %eWhJ&BsS@PWb?é&lHeﬁor

RSAREoP e TP ) N o

Control Example 3A.

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

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

reaction zone in a fixed bed

[0087] 40 grams of catalyst were loaded in a vertically mounted up-flow

stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was
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vi nyl acetyl ene, 120 ppmw ethyl acetylene and 97 ppm
wt % nethyl acetylene, 49.18 wt % 1, 3-BD, 190 ppm wt
1,2-BD, 28.05 wt % butenes, etc. The selective

hydr ogenati on was carried out at 6 m/mn of

hydrocarbon feed and at 7 sccmimn of hydrogen flow
rate under 108 psig total reactor pressure. The

t enpgivatedrie thé ideRBc HADQL dadckiBBd Washel BRAm@AL Adhe Tﬁé‘ Geactor
of the catalyst bed and 77F at the begi nn| of the

cat WPy eQolesblp arpbispletemportyre. Tike fa%w& p@mpm c280 ppm wt

5ot ARRERL "ot B APGARL pLETRNE an o7 couf B 96 methy1
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MAPD ( met acet ene an ropadl ene In a
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h T
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Cu/ Hmt:)tempemture of dat }tymlr@nmrmt waast El Rt gerdndrofalncentadfst bed

this i nt| ain - bas at al yst .. .
bl T Ly BB EaNg of dhe ARl Ry roReH ey, oy analysis
NAP;QOH&t Qﬁéé?ﬁ? 1r%tédecﬁ@’éoﬂ1ﬂeteh‘ém%9maﬁ' thd ad%’iﬁéﬁi@ Eérﬁﬁounds
él ene. [0090] Catalyst A (Conparison)
Thelncﬂm Bﬁj/sThmoaerEOﬁﬁérEDawaS@@ 106.3 wt % cat aI yst
supported on al pha-al um na. The catal yst had eggshell
pal | osition on 2.6 nm al um na
udat e@%ggﬁount of catalyst used was 40 grans.
The catal yst was |oaded in a stainless fixed bed
[0083Gt or (fh i€ RexBinpREINMAPD 28eihPF RcethRAG)and Th®padiene) in a

catal yst was acti vat ed at 400F in 300 sccmmn H2 gas
f | gwixpdrCp olafins strqappowds ©atAEY sy Belemvecbyctxpgmatlon Three

Pr %@&‘i}%gs eéglm%ll%lgf Py ?ﬁ&t&&%d t%g I‘&l ccc)ttg an%s ;%ﬁm?)ec H n¥hs bu and

was’ prepa p’sSpray ique.

A Gukd) seteutcstod toidemoadtelte thet p@fdi’maﬁld: eOemvehtidrh@inst

vvas epared_ b d| ssol ving 86.5 Ni (NOB) 2. 6H20 and
CG aeef1 Peléadivm-pgsegy SHalYEE aaWidely gped fig remove

ugﬁg@ﬁﬁihl Plte (%,g{?e éﬁ‘iﬁh@émhﬁlﬁ%ace%%u%a},g bp@%g@gﬁ na

I mpregnator, and the m xed sol ution
[0090] Catalyst A (Comparison)

[0091] The catalyst was a commercial Pd (0.3 wt %) catalyst supported on
alpha-alumina. The catalyst had eggshell type palladium deposition on 2.6
mm alumina extrudates. The amount of catalyst used was 40 grams. The
catalyst was loaded in a stainless fixed bed reactor (1 inch diameter x 20 inch
long). The catalyst was activated at 400°F in 300 sccm/min H, gas flow for 2
hrs.

[0092] Catalyst B; Ni Catalyst Promoted with Cu (Invention)
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was sprayed on the rolling alum na spheres with an
atom zer at anbient tenperature over a period of
~about 10 minutes. After drying the inpregnation
product at about 200C by blowing hot air into the
rotary inpregnator, the dried product was cal ci ned at
350C for about 2 hours, Another m xed solution of
[009%e! ni %@%ﬁa@@ﬁwﬁ@ﬁﬁ%&_e&'iﬁ RS Btepa ra?riﬁﬁ)@é'g%gti&pfecmﬁue.
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[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(NOs),: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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2.54 g Cu(N03)22.5H20 and 0.74 g Pd(NG3)2-xH20 (42.8
w %Pd) in 20.3 grans of water for the second

i mpregnation. The second m xed sol ution was sprayed
on rolling alum na spheres fromthe first inpregnation
product in a rotary inpregnator with an atom zer at
anbi ent tenperature over a period of about 10
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10% %0 l\{{Aﬁljl)ong%l c\éltalyst Gofhs %é#@ated/?n é’le 1den%1cgl manner described

in the Example 1C.

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

conventional palladium catalyst A.
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MAPD in product, wt. ppm54.9 MAPD 12 MA 0 [0097]
EXAMPLE 6 [0098] In this exanple, the deposition of
heavy polymers on a Ni catal yst of the present
invention and a comrercial N catalyst was
investigated. A catalyst (Catalyst D) was prepared in
two-step spray inpregnation technique according to
the techni que di scl osed ima#lei3s i nvention as foll ows.
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carried But on the cal cined first inpregnation product
ar to the first inpregnation. After
dﬂb rng atgg%@fﬁcgl cination was carried out for 2
hours at 380C. The anount of nickel deposited on the
[G098)1 na sluppBrxambte, thelfepvkitiofoRhedvggRilyidts bataali catalyst of
amount of nickel nitrate used. The exam nation of the
caltBe meepeRl w&e@om ﬁaé ra gommerealc D ecatalvit cre dnvastigated. A
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ey el Dol PRSP it Wy Sl fgltEo i G tddifique
c ataabg&ﬂtng twel'reeteﬂnmi&oﬂlsqho@dsm thisinesigticni asfolldved r eact or
inch dianeter x 20 inch |ong). The cat aI yst was

B SR e s
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wer e d’in another stainless fixed bed reac
i ndHOO‘iﬂ a:aietn@d alummal ned inothy) Exargle cldt avagsplasgdsin a rotary

aCtlm\ﬁ?letg%gtor and fe éo utlgn w.gilsI sprayergi 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(NOs3),:6H,O in 142 grams of water. The second
impregnation was carried out on the calcined first impregnation product in a
manner similar to the first impregnation. After drying at 200°C, calcination
was carried out for 2 hours at 380°C. The amount of nickel deposited on the
alumina support are 8.26 wt. % Ni based on total amount of nickel nitrate used.

The examination of the calcined product under a microscope indicated about
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described in the Exanple Control Exanple 1 B. [00102]
Deposition of heavy polyners on both catal ysts was
i nvestigated on both catalysts by carrying out
sel ecti ve hydrogenati on of C4 acetylenic conpounds in
crude but adi ene streans under various conditions for
over 4000 hours. Carbon contents on both spent
cat@Byshs oferhe Bikhyszest thihfixe@SHéthl bLided i6EL€Enithe alumina
Table 4. The carbon content on Catalyst Dis extrenely
| ovdpheishpar ed with KL6564. Table 4 Catal yst Catal yst D
KL6564 Total run hours 4046 4094 Carbon wt. % on

cat t 1. 9. 3, CLA| .1 .
PR, P bbbl W st b Rt Ry RE (1 et
coriggeter Rr20Ciasp 1drp).NT'hs RaaYsO a8 Rcidadd metie Rd@kiehl manner
conpound solution on to a porous support and drying
saidgsgiedtn dis Exglelq- nore than about 60% of said Ni
is deposited on the outer periphery of said porous

re. t LG j wher @i .
IFHAT i ofo Rl AR HE0 SERRGARTH RaRAANR Ao aIT S dodin
t enpanal Exemple Becrelogdedf iharoedsthimld80€0&ed Bed rEhetor (1 inch
nmet hod accqrding.to claim1l, wherein the poroqus .
suppERetecy @Brlpg&on@-uﬁﬁ satalyst Wep acttod BE e%%tpﬂgm%raﬂer
Cl QjeQriheWhis iR Fk ahi}fe £8h &SE)QH%@%[B has a BET surface
areg érgafer Jﬁ%n f% nd?g. 5. "The nethod according to
claim1 wherein porous support contains one or nore
[0102¢nt s Demrsition, ofFtaviReplyzrers My botibeataystBiwas 6uveFtigated on
methgd according to.claiml1l wherein the total. pnickel .
CoreOh A 4 T SeBats vl SRSy chao BaRsh 2y G acetylenic
COBAPolh® in! Pude’ UM BERUiredmb AndG Wikioudeortitions 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 | KL6564
Total run hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5
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CLAIMS
1. A method of preparing a selective hydrogenation catalyst composition comprising
spraying an atomized nickel compound solution on to a porous support and
drying said solution, wherein more than about 60% of said Ni is deposited on the

outer periphery of said porous support.

2. The method according to claim 1, wherein the nickel bearing porous support is

dried at a temperature in the range from 200 to 800°C.
3. The method according to claim 1, wherein the porous support comprises alumina.

4. The method according to claim 1 wherein the porous support has a BET surface

area greater than 10 m*/g.

5. The method according to claim 1 wherein porous support contains one or more
elements from Cu, Pd, Re, Zn, Mg, Mo, or Bi.

6. The method according to claim 1 wherein the total nickel content of the selective

hydrogenation catalyst composition is from about 3 to 20 wt. %.
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