SELECTI VE HYDROGENATI ON PROCESS AND CATALYST
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BRI RED 4 aladlerReb R Bl BHE Sy processes for
prb@U¥EIME I, 3-butadiene is co-production of various olefins by steam cracking of
petroleum fractions. The crude mixed C, stream from a steam cracker is selectively
hydrogenated to partially remove C, acetylenic compounds. The selectively
hydrogenated stream is sent to the 1,3-butadiene recovery unit where solvent
extractive distillation techniques are used to separate 1,3-butadiene from the rest of
components in the mixed stream. Solvent extractive distillation is expensive to
operate and energy consumption is intensive.

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

butadiene due to over-hydrogenation of 1,3-butadiene. Therefore, an improved
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catalysts, and a large volume of catalyst and large reactor are required. Also
because the deposition of heavy carbonaceous materials on the catalyst occurs
quickly, frequent regeneration of catalysts necessitates multiple reactors.

Ni catalysts in any form are very active catalysts for selective hydrogenation
of acetylenes and dienes. According to R. S. Mann et al. (Can. J. Chem. 46, p. 623,
1968), Ni and Ni-Cu alloy catalysts are effective for methyl acetylene hydrogenation.
The catalytic activity rapidly increases with addition of copper to nickel up to 25 wt.
% in alloy catalyst. The selectivity to propylene and extent of polymerization
increase with the increase of copper in the alloy. Nickel-based catalysts have been
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ascI_:;rgferably w.%w.%N 3-154-11Cu0-1 0.01 -
| Component Range of component Preferably
wit. % wt.%

Ni | 3-15 4-11
Cu 0-1 0.01-0.6
Pd 0.005-0.2 0.01-0.1
Ag 0-10 0-5
Group A, 0-25 0-1.5
Group 1A & B 0-25 0.1-56

Where the weight % of the active components are based on the total weight of active
components and support.

A promoting amount of Pd means an amount less than 10% of the Ni present.
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The catalyst is particularly useful for removing MAPD or acetylene in crude
mixed C, - Cg olefin streams and phenyl acetylene in crude styrene stream by
selective hydrogenation. Methyl acetylene/propadiene (MAPD) is not a compound
but covers the unstable compounds methyl acetylene and propadiene which may be

depicted as follows:
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praferally fromapeut Ecdont? gs/gaﬁ@me%gbw*t%mpétsara @unaina, silica,
be?é—lshl‘éan carbide, carbon, mixed metal oxides, ceramics, various structured

materials for column packing, etc. The preferred alumina is prepared by calcining at
a temperature from about 1000 to 1250°C. The diameter of a preferred shaped
supportis from 0.2 mmto 3 mm, preferably from 0.4 to 2.5 mm, most preferably from
0.7 mmto 1.5 mm. The preferred alumina is alpha, theta, delta-alumina or a mixture
of these, which have BET surface area, preferably from 10 to about 75 m2/g.
Additional optional elements are any elements from Group | and |l in the Periodic
Table.

A preferred support is aluminum oxide, which contains mixed oxides of
MAI,O, with spinel structures, where M is any divalent cation, such as Mg, Ca, Zn,
Ni, Co, Cu, Mn, etc. Also, up to 30% of aluminum in mixed oxides can be replaced
with Ga or In. The content of spinel in aluminum oxide support can be any amount,
but preferably from 0.1% to 50%, most preferably from 0.2% to 20%.
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hycladgdndted tolrerhove pdrmainingeasstgesic dapnpoungisiaiantixed bed reactor as
reactors, extractive distillation reactors, divided
a §REANIERCHPN ZPNBn react ors, novi ng bed reactors,

stinpe Leac L ekl t :
contglﬁngte |héol'[r%h’oft ﬁ?v\%é)[g&s% ﬁ(?lgae&lg? @tghgéaémghg@?gaﬁf ?éa\;lﬁg%'s Partially
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pri{RiRkly aroae €008 APHri g BEESRIR & 48566 GG BV ipgan (6 recover the
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etféns, rreacocarbops o diganic taashondtes mnd&etdonest suelicas aiethyl ether,
teégﬂfdrg?%ag? ffulrJfruFaq,ergamma-butyrolactone, dimethyl carbonate, ethylene
carbonate, alkyl nitriles, amides, methylpyrrolidinone, formylmorpholine, benzene,
toluene, cyclohexane, ethylene glycol dimethyl ether, diethylene glycol dimethyl
ether, dioxane, etc.

For the fixed bed operation, a solvent is fed to the reactor together with a
hydrocarbon feed stream and hydrogen. Optionally a solvent is occasionally co-fed
to the reactor with hydrocarbon feed. The solvent is recovered from the reactor
effluent stream for the recycle. Still another option is, after interrupting the

hydrocarbon feed, washing the catalyst with a solvent at temperature from about 100
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hydrogenated to renove remai ni ng acetyl eni ¢ conpounds
in a fixed bed reactor as a second reaction zone. In
w@emenadops t he catal yst deactivates sl owy whi | BCT/IS2005/025606
service. Partially deactivated catalyst is treated by
washing with a solvent from about 170 to 6000F
preferably from 200 to 4000F in the presence or ) _
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| . . ’ | H .
a5} {20 SR IR 2 13t YRGB e TmgR TR Foutp frgm ambent
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the fixed bed oi)_eration, a.solvent. is fed o the .
r eaE06r theo FadRevay oh Gatalyls odighliRdion: anerationder afig selective
r ' k j i I +
AR, SRR 1D PRI paidsbove e
catedeh\vedest 4 positibhén treantididtie ef theleatal\dicrreantidrorondwith no reflux

or PRy 64 BTG Siaineas pdiit shigaBh: he oGt i teoBiered from
theBoNERLstRark %%erﬁégrﬁwfffmﬁ@wer]é&ﬁen‘Iﬁ’%c@mﬂm for recycle.

under a pressur om anbi ent to about 350 psig
Thprastalystinwashing with sdleenircasdre eitlugr cordimalious amogoasionalor

| B85S DERES S BREFR: HERERE-BRe 38 CFURI 8 comparg
reda¥ehP Al 4 Wdshedpeiedt g6t al yisbn RXdBRCRUBI C§iv8nt ébriversion of

post-washing thermal treatnment at a tenperature from
acelytanic roonp@indsoor Bobercemvessipnoeasirery i doret geecific product

ulfiSigR REBF KA . GRS b Ro PRI 9 Bl oo e
feddstreginesid yslebivblP Bet@genaieda psopyend is thd desiestliprstiuct to be
into the colum either at_a position above th

! \ e )
reqayvessq Fenpise Ripductsdern.ohhg Wllewingmathematical fgmula defines the
I ' ion zone with no reflux or mninum
eyt o,

e overhead product stream The solvent is
r ecPrepyané recovdre (1ot MaxsitoOgadz or by si dedraw from
the | ower section ?feﬁg he col um fo[?ér ecycl it The
Nrcaf@lgs et Resieng inifesr SbeamntlpcaolRs JiRrARYICRB IR PIARMGE Stream
or : . [ f i t
e, SITENRI" ol QAR OBrOBLAE byl nycragenstion, e
recovery of propylene can be larger than 100 mole %.
Selectivity of MAPD is defined by the following formula.
Selectivity = (Np -- Ng) x 100 / (Mg -- Mp)
where M, = mole of MAPD in product stream, Mg = mole of MAPD in feed stream.
It should be noted that the selectivity of MAPD decreases with the conversion of
MAPD due to over-hydrogenation of propylene to propane.
Control Example 1 (Conventional Pd-based catalyst)
A commercial eggshell type Pd catalyst supported on alpha-alumina (2.5 mm
spheres) was used to remove MAPD in a mixed C; stream by selective

hydrogenation. 40 grams of the catalyst were loaded in a vertically mounted up-flow
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off romu 8. toSéh 6cscominyin=uridd? 38MNMsix taD reatiidF preb®)re. The feed

wher e = nol e, of MAPD i duct sirea = ol e
om0 Bede Srome 018 BheARapedicns U 1k agnyiene, ete.
Bé(%L%‘étéﬁ’é)Edfh@FmW&dtWﬁﬁé M htﬁé‘?erﬁﬁ@bé%% 80thf end of the

MAPD due to over-hydrogenatTon of propylene to
catalyplared waes highslr tiaapihe beg{r@iny ehthiearadly b drh Jdt temperatures

o e TR 120 ST BB 8L 2 pgonc sbout

r

80°F ARV JMTRY IdT tRe Baldfkt GRS tTHea@sPYest M i§istetPin Table 1. The
hydr ogenati on. "40 grans of the catalyst were | oaded In

avgregge MARID conientintbe popduydt stibedighass MARRebnyersin wasi8 wt.ppm

pREFHSinLis BShER BT Hlotiol SR oy B 1@ MRpwyiene
instal l ed toQumiiol Ekakripte REGOhIENTEHE PdRdataFst)The
catal yst was activated at 2200th?/y§{oa33| ng hydrogen at

350 Arotper cammersial eggshelhbipesca 6Bkt Yoy upported on alpha-

' PR i iLi i t :
o DS AR | R AP S 88 i e
C@%ghsl@g@mmé d\blyrm@otivé Hydeoger@tivn. %%@rfmsgf tﬁercaﬂqjiglet:jwerfe loaded
_ sig total reactor _pressure. e_feed conprised of
'”%h%igmﬁr@@ﬁfr%b'ﬁﬁ In m%@gwc?' ngi.aﬁ@,ca@@)ygt\gawgtomted Inan
: | t j t :
OBt e PSR A 143! o hoqonaton ofHaPD
impatritiey sn the dawees fdedgbeed tiléme &ontlok Bxagiplei nyasf cdriied out at a

odtisratiBly 1EE 26db T ana iy OO R S8 OB Ed tadd ! scommin
urklte 80 psig total reactor pressure. The temperatures of the hydrogenation were
about 135°F at the end of the catalyst bed and 68-70°F at the beginning of the
catalyst bed. The test result is listed in Table 1. The performance of the catalyst
was inferior to the palladium catalyst in the Control Example 1. The average MAPD
content in the product at the highest MAPD conversion was 57 wt.ppm MAPD with
34.7 mole % of the average selectivity of MAPD to propylene.
Control Example 3 (Non-Invention Ni-Based Catalyst)

A Ni catalyst supported on a transition alumina was prepared. A gamma
alumina trilope extrudate (1.3 mm diameter) was calcined at about 1000°C for 3
hours in air. A solution of nickel nitrate was prepared by dissolving 183.6g
Ni(NO3),.6H,0 in 300g water. 300 grams of the calcined alumina support were
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8Q0F at the begi nning of the catal yst bed. The test
result is listed in Table 1. The average MAPD cont ent
WO noobloetops oduct at the hi ghest MAPD conver si onP@EESB05/025606
wt . ppm propyne with 43.8 nole % of the average
selectivity of MAPD to propylene. Control Exanple 2
(Conventional Pd catalyst) Another conmercial eggshell
plaged ircatratayg impeghaigr. 89d sheypthea ridgkennitrateh aalution meas Boured on

il ARG e R el Bk SPB AT eGnntbx; Aflg® T8 Tinutes cold

roh% EQ@RRRItS Athe4Btey ANPregnatdravaratdladsdt ew@nezboaﬂ 99 bldwing hot
e same reactor _used In the Control Exanple

aiciatathesotamdryart iThe dE®d progHct \M@xﬁeal@@kzdrﬁ@ﬁ@rw@r 2 h@urs Based

onoﬂ{g éﬁ{ Iuﬁi(gmlc? flnltr-gtﬁg ? EStp'réyga t‘fili%gg%g}r? C}Efaq m%cpcatalyst

I mpur esmtesama

waixldmeive 11 Wt Niarr alechitaisu@iord Meast@pieritlodia syeic properties
4.5 nm/mn and hédro gen flowrate of frome60 to 111

ofsenfifshed ripdalysidiaatgdt bitume Rl brsysfacesarea, aetal nitrogen

PP e 2y AR ARy G PO et o0 nm.

Ibeg| 4‘0;grraagn$)bf ﬂhlaea:ad:zaiyﬁﬂ weite l?eded 'H‘lttnet?mels1 reesibit uges! in the Control
| ste | a The er or na 3 cat a st was
EXSTER by The Gy San o He g a1 JS0°F 1o BAD SSpmertn flow of a gas
3, t i t
mm@mf%slvm /t‘ﬁ ANRIRUR i%rP%;r‘ 1;@75%&3‘)&@@%@%&0@3 at each

t he hi ghest D conversi O
6 8% Framp [/ 0% bsl paseingvdrge peengotaf urg hytirdgePDgas The selective

RREHEER ol WP B8 46 it 926 R0 HoeH GhUIR ORI Example
w&d bafriea ol@at BIcoRataRe flof rae B4 8l Hinitrakd hl@RRen flow rate of from
extrudate (.1 .3 mmdianeter) was cal ci ned at” about

20 09T seen/Bindider 389 psig tolal seacior presstiraniTdleelemparatures of the

g RS SR P B M R 75 o
atvige &gl bhth catbysy bedPTRgNGdtats@nb Ihed irf 1U§bl’é' TkRis nickel
nitrate solution was poured on tunbli nﬁaal um n

cadaly sl rheis %@@wkﬁblqpqmme@pawmnﬁs% tieg CatAfYcSéf?{ intige Control
=R TR 2, Dbl GoBRTARRE D Ay, TheSkieryyprarp o

prapyleneMaetJt&Brmt%ry dryer. The dried product was
cal cined at 3800C for Based on the anpunt of

ni ckel nitrate used tlé)%%'i“@rf‘af?é'”b/ﬁ%o@at al yst, the
fi ”'ﬁﬂ@%)ﬁ@‘iﬁéy&ém&ﬁ’é’t@egq}ﬁg #gﬁ‘?at & NePRideV Bt nickel-based

ort ur enent t he FCAl properti €es' &
CaTaImsisﬁTemocbed witly sopperchrehpa bhd]lBﬁ sagport&Edn sunicled epimekegntaining
a total rE R9gN
alumlna sSuppo ouble impregnation technique was used.

The gamma-alumina (1.3 mm diameter trilope extrudate) support used in the
Control Example 3 was calcined at 1100°C in air for 3 hours. The calcined alumina
had 96.6 m2/g BET surface area, a total nitrogen adsorption pore volume of 0.622
cc/g and an average pore diameter of 27.7 nm. However, this calcined alumina was
not used to prepare the nickel catalyst. To prepare the nickel spinel containing
alumina support, 1 wt.% nickel was deposited on gamma-alumina and then was

calcined at 1100°C for 3 hours in air. The spinel containing calcined alumina had 26



adsorption pore volunme of 0.669 cc/g and an average
pore dianmeter of 18.6 nm 40 grans of the catal yst
wowese/okmesled i n the same reactor used in the Q@EI/UB1005/025606
Exanple 1. The catal yst was activated at 250F in 300
sccmmn flow of a gas m xture of 33 vol % hydrogen in
%itrogen for 1.5 hours and then for 3 hours at each
mBg B, aalatal nitoegerbyorsasdimeg of 80l iccaie andian aferpge pore diameter

o A5 PP TR 8 4 RT3 AT ot
Exanplreixdd vesiuten rafedicel nittate sdsiopper friiater atas pfepared by
4.5 nl/mn and hydrogen flow rate of from éJOtg ag

digsinbyiner 106GHEN 0O Hep P Aty ekt dPbkeLIne 30§ avater. 300

o P A P QIR 365003 e Ao o i

ro’ltwgitimgie_rgﬁ\a;lu_;rb:ftwamTiﬁ\!egmtxeg?bluth;r{egﬁegiou;@% oht‘u{:l imbling extrudate

i i . :

SupeREAR A E(EBY FBTREINEST ol &k B Cols lalli Gaptent a a rotary

im@a'?gg r%gglg)glgérﬂ FEGBPhBSUtL e t%’y ?\}éﬁp@q:l%l‘é?ﬁ iftctRePbtaMMrkbregnator.

e selectivity o o propyl ene was
ThE8dBednyoditanpd ealtin@chatdbDUn foMRi oussaApbier mixed solution of

ekl R eSS AT aR o BBl W itAls Wap pesiSarag by dissolving 60g
ngﬁgﬁ]g%%g) SUBA rdamog?%ggmizdahd W@Pd@?@%&})ﬁi 9 (42.8% Pd) in

na ‘support. A dot nFregnatlon techni gue was _
3QsgamsTifevaianmasecond imapregnation wasdiesiosmed with thispraixed solution

extrudat e) support used in.the Control anpl.e 3 was_..
org i R AR R0 AT " MRlreg o g T eheRarion. The
impredhdiRdnAEd a6t vasr@4leinBE Tat B80F @der 2hears. aBhséd@bn the amounts of
ni trogen adsorption pore volunme of 0.622 cc/%hg?d an

maigsialigesgsbinetven BnRtegnaens o prepdre Hoisesatalyst, inished catalyst
' TN & 0 h i ckel
wTh g8 0 S WToR BT R e ST R IO RICELT S, 1 Do

al urdngrapupdithis, catalst Werd [okeed eih edapos rdadoraused in the Control
gamma- al. um na and then was cal ci hed a]t 11000C fokﬁ
Exasuple - nTha qataWﬁEW%aﬁtéYate%m%m ehgcalananpidodne mrazple 4. The
. N r 3 K
S S REr Rl MER TP ARERI AP SR KR Byd 1 e Contol
Exeshpelei bwasecartise cut at gr gipan eoastaint kgt rduastzoh éesadchflgwtrate of 4.5

s.follows. A mxed sol uti of _ni ckel . nitrate and
laupend Ridipaee Taugeial e d0ug OameSBuI i des 350 Bl total resctor
pr%%édh@g'me BB BAGred- o th SRV NEB L RatforPivéfe frém30 Qo WBH eF at the end
O grans of the cal ci ned ni Ckel spinel containing
ofghaatalyst pgsoand frene7pt te83°F at the beginning of the catalyst bed. The
test result is listed in Table 1. The conversion of MAPD was 100% with 76.4 m %
selectivity of MAPD to propylene.
Example 5 (Invention)

This example demonstrates the preparation technique of a nickel-based
catalyst promoted with copper and palladium supported on a nickel spinel containing
alumina sdpport. Double impregnation technique was used.

To prepare the nickel spinel containing alumina support, 1 wt. % nickel was
deposited on the gamma-alumina used in the Control Example 3 and then was

calcined at 1125°C for 3 hours in air. The physical properties of the spinel containing
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rotary inpregnator and then the m xed sol uti on was
poured on tunbling extrudate support in the rotary

w0 pgpoegres or. After 15 minutes cold roll, the PONUSIWS/025606
in arotary inpregnator was dried at about 200 OC by
bl owi ng hot air into the rotary inpregnator. The dried
product was cal ci ned gt 3500C for 2 hours. Another

caitired abohing wareR4 di wkig Bhilt 2 dota] nEmgser adsarptier pareivolume of

0. Rﬁ%:ﬁ% mg%%@éreag\%agg{%(ﬁgﬁ’@gr 8%'236%21& d¥hls%§%la| was used to

prEg aMB hitksHBES ddt datdipsBR mixe Rt redmniokel Witk 4te- anet copper nitrate

second i npregnation was perforped with this m xed

wagpianased ey $f@l\fmg§t27+2q3lNéb}ﬁ>atz BB revdue# 19 CWNG4) a2.5H,0 in

f r r
3P GRTEe CRutetEry SRy GORB4Ened gl BFFRI ek ping alumina
suppertaneranilsced |nrm|tc>eaiwahpragma®bnandthenlthmnﬁmta$@|0n@n Wwas poured
prepare this catalyst, the finjshed catal yst woul

oma\r@blwgg@lumma/oepqtrud@tes&unmommébedﬁ‘aarm Imgzﬁqmat@rpd\ﬂetdS minutes
|
use tt?é C%Hteéoﬁft%% b rg\ﬂﬁf)?edf‘aw éc gtléa(ﬁlyts ?B‘%@Sﬂﬁ?@t&r blowing

hacdii m&t db rotaanlrmmteghamal Tiewdried groduttew&x gafrireediat IH@C for 2
sel ectiye hy enati o rit n the same .

hG e ebE Mied '@ﬁﬂr'e Obnitkelitspie. SoRber bR Bad SRISEEM nitrate

w%;%‘ ngadﬁr%f@té@éltmgse@ RERM N@ﬁ f620 . Casﬁog)fg #58,0 and 0.44g

ydrognflowra of > t'rom
Pa{®g) sk, Or{d@r8 %8 80 )pis 3§ 0g atadér. r Bsetond impregnadion Was performed

wiE RSP o e Ro gt G PTBA ot R SIS TogThgs G the fist
mﬁire?rﬁ‘@ud?ﬁ@h’éﬂtﬁb@e@rﬁatldﬁ?r@éh@t‘ Wad cAemhed BB g0estfof thbbhts Based

isted in Table 1. The conversion of MAPD was
oniherameuatsrefomsieriats Usad in tyd IMRPEDNaliopsdp yireprre thls catalyst the

R Sehad UL oA LSRR i e o

pr ongg g@n\t‘d; bhtheeaalysewdredlabt adinithess#mme Fé@slooisarl in the Control
ni ckel i nel containing alum na support. Double

Exarpplegh t*“te(ﬁ@t@ yehagaetiveéed nsastdentcal mgnias to Hee kxample 4. The
sSTPUNE! iR Bégﬁ%md?'?’o W@@ﬂn%ﬁ'm et g% ér’]gr?%%%)ﬁ%gb if@¥e Control

deposi t’ed amra-al um na use rol

Exacapiel ’E\A&samtntabemt\m$ gigbgicoadtant hgzamnﬁ@m fé’edtﬂuwsrate of 4.5
in air. The physical praoperties, of the sp

miBYR &Ndi m@ﬂéa%n oW Ete Al i Meilet2402 %?QW‘d”BEtﬂ”dsf 880 4psig total
o B BLAD P WL, A BBt 119t
ahmed 200F at the end of the catalyst bed and from about 77 to about 81°F at the
beginning of the catalyst bed. The test result is listed in Table 1. The performance
of this catalyst was superior to the catalysts in the Control Examples 1,2 and 3. The
conversion of MAPD was 100% with 64.8 m % of the selectivity of MAPD to
propylene.
Example 6 (Invention) ,

This example demonstrates the preparation technique of a nickel-based

catalyst promoted with copper and palladium supported on a nickel spinel containing

alumina support. A single impregnation was performed.

11



prepare a nickel -based catal yst. A m xed sol ution of

ni ckel nitrate and copper nitrate was prepared by
wale@solidhg 127.2g Ni (NO3) 2. 6H20 and 5. 41 g Cup®iDUS3005/025606

2.2.5H20 in 300 granms of water. 300 grans of the

cal ci ned ni ckel spinel containing alumna support were

placed in a rotary inpregnator and then the m xed

sol Ui prepaess throickel srinel GentaingdadIumina serpetidhig. % nickel was

deggg gec[ 8p' el h%m%?lélﬁqlh st%%igi‘ﬁﬁ fgl{eagéﬁfr&r E%ém?!é1 Btﬁwcd then was
oa@ihe@ﬂaﬁi@@f@lfort@ﬁ@@_ls_gu algi O'Wamgpimgt cramﬂ*almm‘g olatchﬁsddalumlna had
ry inpregnator e dried pro uct ned. at
163500k BET 2 (BLRIT0aRRBLRIPN PR KOS 61-06 CRicans) an average
oo S P O SRR A A5 ol
an@d(d’d@ tBpfa. 2T hid2Qatoril Waé%eﬁd@%pﬁra%l(eﬂﬁa&%s&’a}s follows. A
wat er. A second | (‘:ﬁlatl on per f or

m't@ﬁi §0'h¢'52@6’f gigkatnitateo RO ﬁr@f&an Hgmnﬁf?ﬁ%wmmpared by
dlésBIv?r‘w%"\ W@a‘SWO&Z?‘@a@q’\‘ Q&m@ LA AR0. 7HE)79Pd NO3),.xH,0

on produc
(4885 $2d) Basfé(?th)mvatele S0 ugrasno bf rhtme e:naicarh@d mm#@l ispineleontaining

Al PRt RiRCed B SoolayamRredtintah and BepRa aRed solution
w H&ﬁﬁ %%tﬁ’ﬁ’wbllﬁg aﬁfrﬁlﬁ‘é trubiBleSsupon! IM%troTﬁF/ﬂnliﬁéﬁ@@oﬁ Mfter 15

e sane reactor used in the Control
muoat%l goid relashacoiteat indhemotany indeieginetar Wﬁﬁ’ldﬂé@d ababkaoig 200°C by

oidiganet peinprfe Fa=Bae Padtiol B e Rutiushipg catcined atarorc

forE2ailre. 1BY¥ESd G fHeeHnRuhtsabf ndtbHeR GSHH irfhilo lmpregnatlons to
hydrocarbon feed flowrate of 4.5 m/mn and hyd

prébaw thia ealslyst.ribenfiBshes CRbEYSuaule RVmASR g s Db Wt.% Cu
antiobRisge 1A B VERE Tt Bl SB T S4EL6 3580e gtal mitrogen

ad%bﬁpti@ihdﬁ?é vbllfm@ af @logstccheshdiad aleemegire disfieted ofibo8hm. The
OF at the begi nning of the catalyst bed., The

anlaa@m efthg qa@t/%td”‘ij'ﬁafﬁéﬁh%fcl”OWI"F%C‘B@PPéEt'ﬁﬁnE%“dYt 7t 5oVis0.55 Wt.%
I $ perior to the catalysts in the Control
C@éﬁp@@@%@% d 3. The conversion of MAPD was 100%
vv| t MOnga&\m%(sfcatdﬂgstsmledOa&ed y\ thé shikRDaactqruspdlirittes Control
nonst r at

(I nventi on Th S exa e.d s the

5 T A AC PSR R IBPISSR Bop i 3p i ExSmple 4. The

se@c%@@tkﬁ/ardg]érfbtfbﬂpmf/lﬁ\wlrﬁéhrllt%' HEhe W2 F&H Q8edin the Control
ni ckel containin

Example 1 was carried out at a given constant hydrocarbon feed flow rate of 4.5
ml/min and hydrogen flow rate of from 20 to 105 sccm/min under 380 psig total
reactor pressure. The temperatures of the hydrogenation were from 118 to 133°F at
the end of the catalyst bed and from 70° to 80°F at the beginning of the catalyst bed.
The test result is listed in Table 1. The performance of this catalyst was superior to
the catalysts in the Control Examples 1, 2 and 3. The average MAPD content in the
product at the highest MAPD conversion was 5 wt. ppm prdpylene with 53.6 mole %
of the average selectivity of MAPD to propylene.

Example 7 (Invention)
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al um na support. A single inpregnation was

perforned. To prepare the nickel spinel containing
Wa@bkwwiom@osupport, 1 wt. % ni ckel was deposited POT/URE05/025606

ganma- al um na used in the Control Exanple 3 and then

was cal cined at 1150C for 3 hours in air. The spinel

contai ning cal cined alum na had 16.8 nR2/g BET, a total

ni t ridgerexadsge pléroangisates\ibeuprepsratiproeahniqyeantl aanickel-based

oA BB R ARl el TR BRLFaoRBgtrsoine
alifatreyi al was used to prepare a nickel catalyst as

follows. A mixed solution of nickel nitrate, cop
ni t raseherieal gammaraluming (64 MRSHNespss WiHose phySlcal properties

org 33 dteh el D S sl iy P Splme Sy 21.0 o

av@r@g@ gdret darmeles) vegh niseldelto swepefe qnagaemung;pmeurralnmma A
port were placed in a rotarg{ npreﬁg%tor

m@wwrﬁerutrgtﬂ LRUHAD Was PERRATeE Py Hlisaahig Rgramsm ﬂ@g(NOB» 2.6H20
xne\?gd é‘t@Po?ﬁt)O 'g{ﬂﬁﬁsré’ft shrm 48l lﬂ@t\ﬁére ﬁﬁﬁl%"gnéﬁad with this

mnuescodro content in the rot
magmesigmativaterssiution.eAftat damwthémm@gbatebﬂ admnmga lababout 200°C

foL 41 i (46 AS0BIHYC! HehoEhIcineH Ao 1O & R SrBlite S then
115 @fo@'?h&ﬁr%qn'aﬁ foV\fS’r EFHﬁ%‘ﬁ‘\tdg%&ufrﬁlsﬁfn%ﬂéru‘?mhg's%(pport The

cat al yst fini she cat al yst "woul d have
sulmupprtmesiﬁﬁnﬂ 5 /0BBRhdudac®drea, a%ﬂadnltrogenfpoma Schlelme ofO 548 cclg

taI st had 9. a total nitrogen adsorption
b S oY iiaghaou? Gadaist dry-3ha an aver age por o i anet er
of Ix.Aed §Blﬁtléﬂ3¢f}’ﬁicﬁepfnlt¥d16 &id Qiobgbr'm@ét‘éat/\/%\% bheg)ared by
fol |l ow n%q/con'pom tion; % Ni 55 wt. % Cu an

digsahving Qo 8% gramsaof @KH% 316H2m and 4t geamewef Su(NEdA 2.5H20 in

A0yl S R aer et S et s oA AR F e oo in o

ro@f?ifﬁbfég%atd’ﬁ@cﬁtﬁbﬁ@hé wexdy sblatendas poueéd Mﬁ\lﬂié support. After 10
rrpurltles in the sane feed used in the Cont

m@eéﬁﬁpp@ d1rouﬁ@ ke epaignbin tha I@p@wawrmﬂaﬁd at about 200°C by
OB bl T8 50% Frp oMb b aso-c
fot mcahourgadtrmtherraxedrselutibmeo ftrdcket natate e ppler hrmeate and palladlum
iGN Ea S TBRATeAnGY FlsShhRS D4 %éo%ﬁé?o'?mi‘@@e,%%gﬁ 3p Grams of
Cﬁwgb%ﬁ%?ﬁgﬁcg&g&%ﬁl s c ﬁE’j *ﬁ é qu%t'r%oe_@)ttlh%oo grams
oftvh&stecatSﬂcpsdsnipmegrlmilo@ouft thel flrE’lx anmegsaﬁon Z)FGdIlﬂthIVlthTH’EB second
mlxegr %JetloMAvﬁ)/gscp%n oer}rWed in SImﬁar manner. The dried impregnation product
was calcined at 380°C for 2 hours. Based on materials used to prepare this catalyst,
the active metal compositions on the support are 9.96 wt% Ni, 0.57 wt % Cu and
0.09 wt% Pd. The finished catalyst had 59.3 m/g BET surface area, a total nitrogen
pore volume of 0.457 cc/g and an average pore diameter of 31.8 nm.

40 grams of this catalyst were loaded in the same reactor used in the Control
Example 1. The catélyst was activated in identical manner to the Control Example
3. The selective hydrogenation of MAPD impurities in the same feed used in the

Control Example 1 was carried out at a given constant hydrocarbon feed flow rate
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product at the highest MAPD conversion was 5 wt. ppm
propylene with 53.6 nole % of the average selectivity
W@R0oMbRD0: 0 propyl ene. Exanpl e 7 (I nventi on) ThPGT/US2005/025606
exanpl e denonstrates the preparation technique of a
ni ckel - based catal yst pronoted with copper and
pal | adi um supported on magnesi um spi nel alumna. A .
of & Ehet/imtabnd dydeganitiweaté of fro6ubertn 8phecragin utes S80 psig total

redilboncgenlp-« Dharemperien are et mnuathn e Tifizo o 125°F

at HCERG BT BY BaBlRIBESTand'RSMIEEH 92°ELIRS Ee%inning of the catalyst
magnesi un-spi nel alumna. A magrne3| umnitrate sol ution
r

bedasThe dpat ezbullyisdistedliviTraple 1gridies peffowpanes b teispeatalyst was

320 . 30 - gl wnj :
suRelo i T Mo O TARL AARTIRS 3 8 /i conversion o
MAD belagn §ONOwlR 62 SRr BTahe Sefdctivity af RIARID &b bradiiferdC

for 2 hours, the dried product was cal cined at 1100 0C

for 3 hours and then at 11500C for 2 hours in air to

prepare the nmagnesi um spi nel /al unm na support. The

support had 60.4 n2 /g BET surface area, a total

ni trogen pore volunme of 0. 548 cc/g and an average

pore diameter of 37.3 nm A m xed sol ution of nickel

nitrate and copper ni t r dePleds prepared by dissol ving

9681 grans of N ( )2.6 d 411 lectivityt

Cu( NCB) 2. 2. 5H23|'2ir%g3300 éﬁg%@&of*mteﬁ%gg%r@éfans Splectivity

t he magnesi umSgimalin al MARER wWeAe pl ace@;Hp (@ Y%odt ar y(m %)

I npr egnat or .and en the m xed gol ution pour ed on
qu}ﬁ@'@%ﬁﬁlfﬁ%ﬁ Aft‘u]o 10 mi futes c& d rol IiHg? the 43.8

&G he i egnatgy was ogri ed atiggbgut 200 0C 347
C(ﬁg%l ovmmr%e?ot aﬁUi nto the rotary inpregnator. The
CahticdExpnudedt was7Cal ci néd at 380 0C f d0Mt4wo hours. 48.3

Anot her m xed sol usion of, ni ckel nitrat opper
EXamilede and pal | & um ni Gate \/\gs pr epa@gdfby 764
Ex@ings8lsvi ng 54. 8 gr@ms of gNi (NOB)2. 6H201(R.82 grams of 64.8
Cu('NOB) 2. 2. 5H20 and 0. 66 grans of Pd(NO3)2.xH20 (42.8
Exampled) in 300 §P%2ns of Sat er.dSecond idipp egnati on 0f53.6
the fiyst inpregngtion prpduct mith th egond m xed
EXZMRIBi%on was per foF med ir?osi i I(gnr rranngqusl'ﬁ'he dried 028
| npreggipran product was cal cined at 380 0C for 2
hours. Based on materials used to prepare this
cat &l ydased @ canversionef MARBAD BEPRYIMR on the support
are 9.96 wt% N, 0.57 vt % Cu and
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0.09 wt % Pd. The finished catalyst had 59.3 Mg BET
surface area, a total nitrogen pore volune of 0.457

W@ edog/oatnos an aver age pore dianeter of 3 1.8 nnmPCHOS2005/025606
grans of this catalyst were | oaded in the sane reactor
used in the Control Exanple 1. The catal yst was
activated in identical manner to the Control Exanple

Tis invhetisrckimiedds:hydr ogenati on of MAPD i npurities in
the same feed used in the Control Exanple 1 was
carried out at a given constant hydrocarbon feed fl ow
ratepf 4.8 dﬁté|§rstnfoar§élébt%qwo?é@a\ﬁdrabe E W0 Eanpﬁsmg Ni
80 sccm min under 380 psig total reactor preéssure.

dapasped avith espremating ew@ﬂa ehald en amablmm@m qmdet&upp@st which

oyaith ah B8 ek, of WA: Bon BB SRR Wil W2 civatent

cationldret pbndsteddylrd.1. The perfor mance of this catalyst
was superior to the catalysts in the Control Exanples

1, 2 and 3. The conversi on of MAPD was 100% wi th 62.8

in %of t bR 4t I
B Ak IR St YT g AR B ouce
arwmﬁmlébbuwd}lﬁo(lﬁﬂwzlgm% Cont r ol Exanpl e 1 110 8 8

10 1.2 43.8 Control Exan'pl e 2 110 57 26 101 .0 34.7

Control Exanple 3 70 0 0 101 4483Exarrp|e46700

102.2 76. ﬁh@&‘eﬂ%@éﬁ crbo?&’ingtggl%\% 3"&6 rﬁhggéﬁngﬁ Vﬁ%_«spﬁﬁr surface

55101 .5 53

arbabaseadbont t2hw&bsndg. of MAPD t o propyl eneThe
invention clainmed is: 1. A catalyst for selective
hydrogenation of acetylenes conprising Ni deposited

Witha promeichidynastdiding 8dcRiman vﬁhé’r@]d"ﬂf@ %ﬁbﬂ@rt comprises
support, which contains nixed oxides of MAl2

algpineeprapared bycelsining et @ thipsratuye foomakeit 9>Q£t tmiﬂ@f@
pronoted by Pd. 2. The catal yst according to claim
lwherein the support has BET surface

5. The catalyst according to claim 4 wherein the support comprises

gamma or eta-alumina.

i

6. The catalyst according to claim 1 comprising 3-15 wt. % Ni promoted
with 0.005 - 0.2 wt.% Pd.

7. The catalyst according to claim 6 wherein the support has BET surface

area from about 10 to 100 m2/g,

8. The catalyst according to claim 7 wherein the support has BET surface

area from about 12 to 75 m2/g.

9. The catalyst according to claim 6 wherein the support comprises

alumina prepared by calcining at a temperature from about 900 to 1250°C.
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area fromabout 10 to 100 nR2/g, 3. The catal yst
according to claim2 wherein the support has BET
wa@arobaewonr ea from about 12 to 75 nR2/g. 4 . ThRCT/US2005/025606
catal yst according to claim 1l wherein the support
conprises alum na prepared by calcining at a
tenperature from about 900 to 12500C. 5. The catal yst )
acc®0di ngheocatalysrascondéreitar daien Supperain dbapsy comprises
r%amm 0{ elt a-.al um na. 6. The catalyst according to
gatima A $'&WPM'Qing 3-15 wt. % N pronmpoted with 0.005 -
0.2 wt.% Pd. 7. The catal yst according to claim®é
wherein the support has BET surface area from about 10

to 160 nhgcaglystaasordingItg staimct sei@cif fremcihg) growp consisting
i ET sylf f
of F3BEL e N7 DUBRY 2 r¥Ps 0] RYHRER, e G BT GREMA A0 - 1.5

of whRy=Rt BnthaeFiep of IGroapPA s 0a0-25 wa%pot phtedt lome member of
calcining at a tenperature from about 900 to 1250C. 10
Groughé %Qi?HByst according to claim9 wherein the
support conprises ganma or eta-alumna. 11. The
catal yst according to claim1 selected fromthe group
congPst i Mpeofatdlyst acedrdifg kb ,cl@in0d3 wherein Rievsupgort has BET

0.0-1 wt,%copper, 0.0-1 @ w.%Ag, 0 - 1.5 of at
SUITGR Bres BOREAA 1&tOdQQ9116‘ {% and 0.0-25 wt.% of at
| east one nmenber of Group HA and HB. 12. The catal yst

according to claim 1l wherein the support has BET
sur flace dheacdtatyst alsoarding te ccldiop 12pwgereia. theheupport has BET

at al yst _accordi t | @, m 12 wherein the support has
sugRSS gl oD A 1 G SBblE 12 to 75 nelg 14 The
catal yst according to claim 11 wherein the support

conprises alumna prepared by calcining at a )
t enpér at Uhe ¢atelystibecerdgmnta slaimsbb@hersin theeseppet womprises

alugﬁiﬁ%;oqigggrg%dg@g{:%m%aw iibBrdtie FORRYJut 98BRE 58%-C.

15.  The catalyst according to claim 14 wherein the support comprises

gamma or eta-alumina.

16.  The catalyst according to claim 1 1 selected from the group consisting
of 4-11 wt. % Ni, 0.01 - 0.1 Pd wt.%, 0.01-0.6 wt.% copper, 0.0-5 wt.% Ag, 0.0 - 1.5
of at least one member of Group IA and 0.1-5 wt.% of at least one member of Group
l1A and 1I1B deposited on a support.

17.  The catalyst according to claim 16 wherein the support has BET

surface area from about 10 to 100 m2/g,

18.  The catalyst according to claim 17 wherein the support has BET

surface area from about 12 to 75 m2/g.
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16. The catal yst according to claim1 selected from

the group consisting of 4-1 1 w. %N, 0.01 - 0.1 Pd
WOR0H0449091- 0. 6 Wt . % copper, 0.0-5 wt. % Ag, 0.BCF/U$2085/025606

of at |east one nenber of Goup A and 0.1-5 wt. % of

at | east one nenber of G oup HA and HB deposited on a

support. 17. The catal yst according to claim 16

wheri@i n {The satppst achaxiBETo slaimde winerair thensappaott cinprises

to. 100 n/ 18., The catal yst accordi ng t | ai 7o
AP RPRTE B 6 ke s Pl sy o R D er iR e,

to 75 n2/g.19. The catal yst according to claim 16

wherei n the support conprises alum na prepared by

cal &0ni ngd hat catah@ma@ca%m@ to raibima b8 uvheein the sEBPOKE.comprises

20. Thetca al yst according to claim19 wherein the
ga§UBﬁ6Vfa%5MﬁP%§es gamma or eta-alumna. 2 1. A process

of selectively hydrogenating acetyl eni c conmpounds

conprising contacting said acetyl enic conmpounds with a

cat &lyst Ancriecashgot osaleetivelyl, hyslroganafingl cagatylenis compounds

coBfRSTE Su e SRR IARE BRI NS NoL ABTRES AL o clim

1, B¢ etlybens on chepessstecd of hidrogenrasiee udnditictengfotentserature and
having | ess unsatu, ration than said acet¥lenic

pressysouied@t least partially hydrogenate said acetylenic compounds to the

corresponding compounds having less unsaturation than said acetylenic compounds.
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