NI CATALYST, PROCESS FOR MAKI NG CATALYSTS AND

SELECTI VE HYDROGENATI ON PROCESS [ 0001] This
application clains the benefit of provisional
application 60/554,627 filed 19 March 2004.
BACKGROUND OF THE I NVENTION Field of the Invention

[ 0002] The present invention relates to new sel ective
hydr ogenati on catal ysts and the_nethod of makin

I t he
cNEGATAL VAT PROCESSHOR MAKINGJeAXALYSTS AND
as sel ect ' gl jties in
crude ol éﬁ@iﬁig’fmﬁbgﬂ@m&w BQ(S& ar the
invention relates to nickel-based catal ysts. Rel ated
I nformati on [0003] In the manufacture of ol efins such
as et hyl ene, propyl ene, butadiene, isoprene, etc.,
[68@L]y| eni Thisnapplidaties sldiths athe abeiefit eof, proeisioyhl application
acetyl ene, vinyl acetgl ene, ethyl acetyl ene,
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C2-C5 streans need to be renoved with a mninum | oss
of useful nat pniEGkERGURD OF BIRINNENTRORPY! ene,

but enes, butadi ene, 1soprene, etc. in the feed
streans. [0004] 1, 3-butadiene is an inportant raw
materi al used to prodigléoftheilpvantiopol ynmers such as
but adi ene-styrene copol yner. One of the processes for

uci ng 3- but adi epe i s .co-producti.on, of vari.ous
(B0 s "B s B e e Sl b b i@t Byt
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ac efugh afiselegibrmpbydrasenatipe of splytenic, BRRUTHiZS ip 8det elgfin and
str ' - [ I '
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used to separate 1,3- 1 butadiene fromthe rest of
conmponents in the m xRelatstl ifarmatiiml vent extracti ve
distillation is expensive to operate and energy

unption_ i s intensive. [.0005] Conplete renopval, of ..
(6983 cet y1 Evine %H%%m%a of Pl’?_%flﬁ U ANV IR RTOR{ > butadicne,
{ :gg eEﬂ/e, ch.,]a’cg’t'y@ﬁicaﬁlﬂﬁﬂﬁiteb Sudd S¥tyies! fRflyeaddylene, vinyl

t he produdction cos
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
selectively hydrogenated to partially remove C4 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-



of 1, 3-butadi ene and produce a prem um quality product
for polynmer production. However, fornmerly it was
technically inpossible to conpletely renove C4
acetylenes in crude m xed streans by selective

hydr ogenati on w thout unacceptably high | oss of

1, 3-but adi ene due to over-hydrogenati on of

1, 3-but adi ene. Therefore, an inproved i nexpensive .
pr oewadieng fzorg the rest 9f eomnopents ihtheduixed strepa. c3Qlyenf sktraddive
hi g i. | e . ' Li-t.v: -
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1, 3- but adi ene due to over- hydrogenation. [0006] The
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[ 0007] Pall adi um based catal ysts are not sel ective
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very high conpared with palladi um

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 Cy4 acetylenes without an unacceptable amount of 1,3-butadiene loss
due to over-hydrogenation. Another inherent problem of palladium-based
catalysts is the loss and migration of palladium due to the formation of soluble
Pd complex compounds by the reaction of Pd atoms on the catalyst surface

with vinyl acetylene, if the hydrogenation is carried out in the presence of



base catal ysts. However, since the activity of copper
catalysts is very low conpared with pall adi um based
catal ysts, a large volune of catal yst and | arge
reactor are required. Al so because of deposition of
heavy carbonaceous materials on the catalyst is
relatively fast, frequent regeneration of catalysts
necessit at es | ti eactors. [0009]. Ni aIy ts i
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olefin or diolefin streans. Preferably nickel
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rise 50%.by ht of the, active tal
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S urpanadmm, nickel or cobalt catalysts. Nickel-based catalysts have been used in

commercial processes for the selective hydrogenation of acetylenic impurities

1n 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
periphery of the porous support, that is, on outer most skin of said porous

support. The catalysts comprise Ni or Ni and one or more elements from Cu,



10011] The active netal conponents are deposited on a
por ous support, such as transition alum na obtained
by calcining at a tenperature in a range between 750
and 1200C. The preferred support will have an average
pore dianmeter from about 100 A to about 450 A, BET
surface area of greater than 10 n2/g, preferably from

about 20 n2/g to about_150 n2/g, and il taI ni trogen
ads-gtes & M?&@P@ Yol qaée}wsaw@tusefu R rgsnapeaction

cc/ I
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prefierp 1 BHHNe foudistfssdrt, deposi ted on the outer
skin Faﬁg)ﬁl S frorIr):éaobodgtis}g(l 03 to about 3.5 ng/nk,
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mul ti ef er,r ed {cechn
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r emovi ng MAPD. Met hyl acetyl ene/ propadi ene (MAPD) is
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R
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I nvention anpl é 1C for 1, 3-but adi ene recovery vs.
et hylm@lc oty legher irecmeestyp or[ 001d%] stesG. Thei prederedsiatechnique

o i 5t [P SRl S ot dp SR g B RRion or

ac Qip&’lbﬁ&l!%f 5 @6R¥RIakon of @BAGINtibhAR inthréghatio BadH as incipient wet
conparing Control Exanple 2A with |Invention
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:

BRIEF DESCRIPTION OF THE DRAWINGS



Exanpl es 2B and 2C for 1, 3-butadi ene recovery vs.

et hyl acetylene recovery. [0017] FIG 5 is a chart
conmparing Control Exanple 3A with Invention Exanples
3B and 3C for 1, 3-butadiene recovery vs. Vinyl

acetyl ene recovery. [0018] FIG 6 is a chart
conparing Control Exanple 3A with I nventi on Exarrpl es

3B and 3C for 1, 3-butadi ene recover)l/ )1/
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deposited in the peripheral outer |ayer(s) of a shaped
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silica-alum na, charcoal, or any inorganic support
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ol'ume from about™ 0.4 to out "1 ¢ umna I s
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hydr ogenati on reacti ons such as sel ective

hydr ogen &‘Ziﬁ’ bﬁ ] I N
vari ous %Si%ggﬁ‘grﬁeéﬁg 33 @? ﬁ{efl ns Ehgiéﬂefi ns
and styrene, and hydrogenation of benzene to

[@019] ohexagsatalyP@ssi ng a mi xture of a hydrocarbon feed

st ream and hydrogen gas through a catalytic reaction
ne or a series of two catalytic reaction zones

[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

from about 20 m?%g to about 150 m%g, and total nitrogen adsorption pore



carries out hydrogenation reactions such as the

sel ective hydrogenation of acetylenic conpounds. A
catal ytic reaction zone nmay contain one catal yst or
several different catalysts. If the selective
hydrogenation is carried out in a series of two

catal ytic reaction zones, optionally the catalyst in
the second reaction zone may contain Cu as a pronoter
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chemi cal reactlons related to this i nvention ogc
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it
di stlé{atlon col um reactor, g ?lng poi nt reactor,
tr |e:fﬁcs dfedgmam@captammmﬂmggmmelmemant eompbindsdior de nickel

react 3 stirred tank reactqr, divi,ded Il reactors,
i G SIPIg1ed: Pt Gt D cieu SR SacaiBREe BALIOY G9Bg] are

The,pahReishIhdByst AARKIL $8clibn 90hY, Rg)&tl&iigpﬂ% tcaﬁ[ys{\lln the
and one or nore elenénts from Cu Zn

or Bist t@alytiprreaationheone ais aﬂay@flceda@t avguayd bed b Ithet pmsonous
2?3&1&)@%‘053‘3 Cof/}ler}{m?r%vgrheegtl M3dé %jr gleoil}g rbgesnaaon pr(t)cegs 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
elimination of one of two extractive distillation columns, resulting in simpler

and cheaper separation of 1,3-butadiene from the mixed stream.



m xed streans. The major roles of Cu, Pd and Re are
pronoters for higher catalyst activity as well as
nodi fiers to inprove the recovery of olefin and diene
products. The active netal conponents are deposited on
a porous support such as alumna, silica, basic
silica-alum na, carbon, charcoal, etc. Al kali or

al kaline earth metals may be _incorporated into al um na
[U%Hort s Bhe sptalystls mspbeiplacsdh iprnKphyfigd dsyicerfe perform the
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| arger than 100 A dianmeter, and a total pore vol une
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preferably_ as conpounds. 100271 The preferred al um na
di selabskactivitt # well senpdifisrscioninppoys disaresevasy of plefin and

nu hnj : n i:] Led. i_n
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PRl R ka6 ToF 10 3 be heqhReTcied 1Pl Ehta Rppports pior
4,gg§q;g§k&;g§g). The spherically shaped alumna is
prepared from al um num hydroxychl ori de sol prepared by

di gesting alum num netal in aqueous hydrochloric acid
[@25ht i on. Tigpipeafercad Isypitapetl bavenitea felbdwingeprepérties, The

el ron s ssaslledinugete [ aud T
c alppdfBiredsippoR BLiAl Khvt ol alvid o8 poidatiathéetel fi8mi dbout 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.

[0026] Ni catalyst modified with one or more elements among Cu, Pd, Zn,

Mg, Mo or Bi may be prepared by incorporating the appropriate amount of



commerci al production at an el evated tenperature.
Alternatively the preferred spherically shaped

alum na al so can be prepared by oil dropping gel ation
techni que using the dispersed boehnmte or

pseudoboehm te alum na sols as disclosed in U S

Pat ent No. 4 179,408 (1979). The alumna cols are
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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 a temperature range from about 750° to about 1200°C, comprising

gamma, delta, kappa, theta and alpha crystalline forms or mixtures thereof.



700C. The physi cal shapes of the preferred al um nas
can be any shape such as spheres, extrudates, pellets
and granul es which have di aneter of |ess than about
1/4 inches, preferably 1/8 inches and | ess than about
1/2 inches length, preferably less than 1 /4 inches

|l ength for extrudates or pellets. [0029] Preferably
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nickel metal is preferably dep031ted 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
a support. The preferred technique depositing nickel metal in the outer layer is

spray-coating impregnation of a suitable solution of nickel compound on a



the ambunt of Pd on the catalyst is upto 1 w. %
preferably fromO0.005 to 0.25 wt. % of the total

catal yst. The deposition of Pd on the catal yst can be
carried out sinmultaneously with NI deposition by

using a m xed solution of NN conmpound and Pd conpound
or the Pd can be deposited in a separate step in any
order, but preferaply Pd is deposited after, the Ni.
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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.



product is preferably subjected to a thermal treatnent
at a tenperature from about 200 to about 800C, nore
preferably fromabout 250 to about 500C, from 10
mnutes to 24 hours. The preferred vol une of the
liquid for spray coating inpregnation is from about 2
to 70 volunme % preferably 2 to about 25 voI ume % of
the total ore vol une of  a Slljﬁport Fi ne uid
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t haf#ppeyt REcsentp@ g temperature from about 100 to 350°C. Preferably fine
liquid droplets are sprayed on shaped supports rolling in a rotary impregnator

or on a flat surface.
[0033] Hydrogenation Process

[0034] The feed containing acetylenic compounds' and other unsaturated
compounds is passed through catalytic reaction zone(s) in gas phase, liquid
phase or a mixed phase of gas and 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



i n heavi er hydrocarbons than C5, the tenperature is in
a range of fromabout 65F to about 350F. [0035] The
concentration of hydrogen in the catalytic reaction
zones is another critically inportant process

vari abl e. The concentration of hydrogen in the

catal ytic reaction zone depends on a nunber of
factors; the concentration cetyl eni ¢ _conmpounds in
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b tp gboutRe0dat al ytic distillation or catalytic
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specific reaction zone, and the specific physical device of the catalytic reaction
zone, such as a fixed bed reactor or catalytic distillation column reactor. In
general, the minimum amount of hydrogen is no less than 50 mole %,
preferably 70 mole %, of the concentration of the total acetylenes in the
incoming stream into a specific catalytic reaction zone. The maximum amount
of hydrogen in the catalytic reaction zone in fixed bed operation is no higher
than 5 times, preferably no higher than 3 times, of the moles of total acetylenic
compounds. In general, more hydrogen is needed for the catalytic distillation

or catalytic extractive distillation operation than the fixed bed operation.



across the specific catalytic reaction zone, and the
concentration of hydrogen, tenperature and pressure
in a specific catalytic reaction zone. [0038] The

eval uation of the catalysts performance is carried out
by conparing recovery of a desired product for a
given feed stock at a given conversion of acetylenic

conmpounds _or at the conversion required to neet
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Recovery of 1,3-BD (%) = 100-(Np-Np) x 100/N¢

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 Cs cut stream. The recovery of propylene from a

13 °



reaction zone is in a range fromabout 100 wt. ppmto
about 5000 wt. ppm depending on the concentration of
acetylenic inpurities in the feed stream The
recovery of 1, 3-butadiene across the first catalytic
reaction zone is preferably maintained at higher than
about 96 wt. % The first catalytic reaction zone
al so serves to nmaxi e the i rizati
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catalytic distillation colum reactor for the second
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catal yst deteriorates with on-streamtine due to
through the second catalytic reaction zone with or without an adjustment of
hydrogen at optimal process conditions. In the product stream from the second
catalytic reaction zone, the concentration of the combined C, 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



vari ous reasons. One of the reasons is slow build-up
of poi sonous carbonaceous materials on the catal yst
surface. To prolong the catal yst cycle or service
time, a solvent may be used to wash of f heavy pol yners
to slow the build-up rate of the poisonous
carbonaceous materials on the catalyst. Therefore,

heavy pol ymers shoul d be soluhle, at |east to sonme .
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di sthekédbhi asuctperedd, ei@. sol vent is introduced at a
position in the top half of the colum. Another
al ternative operational procedure is occasional
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5] CONTROL

to comercially avail able catalysts. [0045]
EXANRIr&oteA he§\gOABymEsrahentd msdluidat atl lpast t¢ 60nF|degree, in the

Commercjal .28 wt. %N catal yst. (HIC.600-RPL, 2
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acejoWedtti mclude WylcldneRarleN ndethylUSRISHRAB, Hehadketoluene, alkyl

but adi ene stream bg sel ective hydr ofgenatg on. 50 grans

of nitidess frfurgls dimethyl acetamide, dimethyl formamide, methylpyrrolidone,
formylmorpholine, and ethers such as tetrahydrofuran. The solvent is
recovered from the reactor effluent stream to recycle. Optionally the solvent
may be build up in the system, at the start-up of the unit, by recycling heavy
components, which is usually a small part of the feed and is also produced by
oligomerization and polymerization during the selective hydrogenation in the
catalytic reaction zone(s). Solvent is co-fed with feed to the catalytic reaction
zone for the fixed bed operation. For the catalytic distillation or extractive

catalytic distillation operation, solvent is introduced at a position in the top half

of the column. Another alternative operational procedure is occasional
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were mxed with 70 Ml of 3 mm di aneter glass balls and
| oaded in a vertically nounted up-flow stainless
fixed bed reactor (1 inch diameter x 20 inch |ong).
The catalyst is 1.2 nmdianeter tril obe extrudate. Two
t her nocoupl es at each end of catal yst zone were
installed to control the reactor tenperature. The

cat al yst was sup lied by the manufacturer as a flvat
andVHaEg the caglysisrwith s@ﬁ@t@éeé@ﬁ*@ﬁﬁa@@ ingai@ngs gt frag AT to

482 T
122Ut JSE 08060 AEhEN TR AptRkynNR, o prsence o
vol hydeogenh )mbpogann gﬁélea\'r}npaﬂymlen ge rsetkctrvelh;&lrdsgmasommialysts

t hen 575F. for hour s assing 350 c
purf@nﬁ&?a?twa@ﬁhaa alyi and Qo Rt eTat g0 b e bfeaﬁ%w@ntbat the

@ﬁreﬁi Wi cathfiRts SGhiBRL VMG Mrﬁ&?ﬂ@ '&Boﬁﬁon compared to

enic inmpurities in a“crude steam cracked
butMreﬂelaﬂeedalm&ke @talysted out at 6 ml/mn of
hydr ocarbon feed and at 80 sccnmmn of hydrogen flow

[@@{531 at t{!gmﬁgwggﬁy@ reaction, down to 55
psi g {notnal react or pressuref EI'E: gggd \6/:/22 ggﬁgﬁi ggg

[6046}- 071 @bnvektivhdlatadpet yl ene, 0.16 wt % ethyl
acefylene and 0.22 w % nethyl acetylene, 71.33 w %

1,3-BD, 0.18 wt 9% 1,2-BD, 15.03 wt % butenes, etc.
[(Bla‘l?z}use o€ommrcéad028mtni’/cNmeatalm (Hﬁy‘dﬁwgﬁéﬂi obfainpdhdrom
te ture tt(jeu% ?al | y.st b§d was. hi A
th hgx) lvé‘s # %erﬁlf“ﬂ?’ﬁ’ %‘ B HUC CHPATYEY b’ “’%ﬁ pream
t enpgikall buRdRhe bik@nhpissle@nRtHydrogeR&ionl 199 dremd 3f theatatalyst
the end of the catalyst bed and 88 to 99F at the

begverpingedbith /A anlcaftdampsdiameter g}aé%b@btandép@ﬂedmé veeisally

o P o R RO 48 o
1, FHewaadyseiel.2 mih didnesed tiilobe elxtrhd&té r Awvedhérmdeb@des at each

and 2. [0048] CONTROL LE 1 B 50049 Conventlonalr
Catea tca[faérﬁf,@pnwﬁw%ﬁtaa d2gogaRfrobghy reagphspaerature.  The

( chgtrégrdsf Bal s mdaﬂ)}n% ﬁlﬁ&@act%)as%ﬁvitg@taﬁ&j b Qi VR ¥Rm,

tyl eni " npurltles In a crude steam cracked
butaadirecrensénded mednfiveghe at ﬂ&ﬁmeidr}{dgmatgae flowhdhe catalyst

FRC KL ENICEEICT 6 AN TSI e
in nitrogen for 1.5 hours and then 575°F for 5 hours by passing 350 cc per min
of pure hydrogen gas. The reactor was cooled to ambient temperature. The
selective hydrogenation of acetylenic impurities in a crude steam cracked
butadiene feed was carried out at 6 ml/min of hydrocarbon feed and at 80
sccm/min of hydrogen flow rate at the beginning of the reaction, down to 55
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



adsorption pore volune and 12. 8 nm average pore

di ameter. 50 grans of the catalyst were mxed with 60
m of 3 mmdianeter glass balls and | oaded in a
vertically nmounted up-flow stainless fixed bed reactor
(1 inch dianeter x 20 inch long). Two thernocoupl es
at each end of catalyst zone were installed to

contraol the reactor tenger ature. The catal yst was |
supteibsainging ofdhergaialyatbest efhe fannseatisgafdhe Aydrogenation was

assi ki & | Vo t
paSeldh 3,0 SR SRERTIRUGEA 9 LA bRt A0 o
250tReicataBBO bed /raspecigady. fThewestf quaBtywplodne R6rh\this @gperiment

T TC ARG B R S T .

TheTReRekP]s iNBRratlR IFRdS ! Pa®] ent tenperature. The
sel ective hydrogenation of acetylenic inpurities in

the same feed used in the Control Exanple | A was
[8048]i ed oCONIKROB EXAMIPRECIB hydr ocar bon feed and at 80
sccmmn of hydrogen flow rate at the beginning of

reaction down t 0 sccnimn toward to the end of
[{)‘E@]run Gﬂﬂ\é‘?n“%%%’qﬁ@total reactor pressure. The
tenperature of the hydrogenation was 118 to 125F at

[6080]1end OFofheerGal 28%Shvt BE N aRMhIYR (KD.6304-T211.X BBtained from
beginning of the catal yst bed, respectively. The best
quaCRbywasr tested to fanaemet G acetylgnic empueritieseinta ot afeamdragked

.and 19 at,95. 1% . 1. 3- )
D B GR S P elre® by RpaeRelibhe e taRlvpis T2y mpp iaseter
[ 00Biidbe RXAVRME TGe ch@BB2pas! NBant/s BET 8Q8B3E, Th® cm’/g total N,

catal yst was prepared by carrying out two

spragyOrpEaR PAts valwpe apd é§i8orﬁ§ ayeragerppieriameleh e p Getanes of the
The ; ' " CRTAY G
TSR ML R 0 B S o108 o
dr oppiicatly raekméd op-floec figinipye fix¢h dep hyt@all ipclodenidteasx 20
of the. al um_na gs received from tge nuf acturer are _
surthelt longy iTwothgmmoceuplghateeach sAd Q6 satplveiosangrverp dnstalled to

20 r(%ﬁtrb Nthk Rl iRk By R2 Vet atl A RS E%;ﬁ‘i"eg %5 thdABn@Gurer

e average pore lameter 1s 214 Thealumna is
unsasi actibphted tind passivated fonm, pné peroatmended fredchiwatingastad SPSF in
s e dc2y ACEOLIT 0. Lo, LIS B ESEle L HERR S 300 coimin gas

flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and then 575°F
for 5 hours by passing 350 cc per min of pure hydrogen gas. The reactor was
cooled to ambient temperature. The selective hydrogenation of acetylenic
impurities in the same feed used in the Control Example 1A was carried out at
6 ml/min of hydrocarbon feed and at 80 sccm/min of hydrogen flow rate at the
beginning of the reaction down to 50 sccm/min toward to the end of the run
under 108 psig total reactor pressure. The temperature of the hydrogenation

was 118° to 125°F at the end of the catalyst bed and 76° to 90°F at the
beginning of the catalyst bed, respectively. The best quality product from this



cal cined at 1100C for 3 hours in air to prepare a
suitable alumna for the catalyst preparation. After
cal cination, the average diameter of alum na spheres
shrunk to 1.45 mmfrom 1. 68 nm The average pore

di ameter was 362 A. The physical properties of this
calcined alumna are listed in Table 2. The XRD of
this calcined alunm pa indicates theta alumna w

i th
sorf¥pgrament confgingdel 8 pamaY Aviid [Pepissitieat %%Wqﬁegovery of 1,3-
calildi a'mr&mmﬁm{%&am@% er of about 0.38

ness carryi ng out e i mpregnati ons
with nickel nitrate solution as descrl bed bel ow.
[0si]le 1 ABRAMPKE 1Q. 48 BET, m/g 170.2 Mcro Pore
A«ea m 2/ g O Total pore volune (cc/g) for pores |ess
2 Than 493 A radius at P/Po = 0.9801 Average Pore
Q)q ter,0XeBion 4 18 0 Table 2 ABD, g/cc 0.62 BET, m
/g 67.4 Mcro Pore Area, m'/g 3.0 Total pore vol une

f T
(GPH19) | 2B he5 Sprlled P AR RCHS it
ni timpregnaionst atembie tpmepatuzel H)hecgaﬂsm-a]ungnav Gsegj to prepare
r ns of. wat er th [
i wﬁ'\%gwgz# clysion L ime YeMEhE Sohdire PrBared e &\ dspeping

a%%oh%ﬁm‘f@fear%é PRYSRAN BEdpertRE Q)fttﬂ@ AlunflRa a@%é%wed from
ni c nitrate sol ution was Spraye on the rol

aI uthe mngfah‘en@sam sumnegryizedtio rhabler 1 atMambthentabout 90% of the
TR PR SRl 004 ol S R A por
bl eidgtenB21aiA. ITHE @luntia is unsuitable to use for the preparation of the
catalyst as it is, according to the present invention. Therefore, the alumina was
calcined at 1100°C for 3 hours in air to prepare a suitable alumina for the
catalyst preparation. After calcination, the average 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/P = 0.9801
Average Pore diameter, A 214.4
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rotary inpregnator, the dried product was cal ci ned at
350C for about 2 hours. Another nickel solution was
prepared for the second inpregnation by dissolving 60
granms of Ni NG3.6H20 in 31.5 granms of water. The second
I mpregnation was carried out on the calcined, first

i npregnation product in simlar manner to the first

i mpregnation. After dryin% t 200C the calcination
at 420C was carried out fd#0®2hours  The ampunt of

ni ckel deppsited on tARDag/eeri na support9-p3 8. 05 wt. %
based on the total an®BBEE nofg ni ckel niltéate used. The
catal yst had the NictoPédArphiysieal prapertijes: 70.3

2/ g BET Surfé‘{ﬁ? SESBlunf® 298) EFPbossssti @Al |ni trogen

pore vol une 4973 A rafihs AMOPRY9. g1 € |di anBter. The
exam nati on m C e t—unde
m croscope Hhe Cou. cl;a%e‘Ploft @%5%%‘%. of ..562?. i ckness of

t he peripheral nickel oxide [ayer on the al um na

WHr es WA dHCkebaREraih owlutpny gvasy DEDPaiRt dpy  diswdyipg 70 g
perl&[fﬁ()% (Eﬁl ééﬁ fabs o[fQ%?e?]fmS 891r§)[f ﬁwgﬁ& aj(?l()sérmﬂ@&ethe

e sa reac use
Ex aliﬁedl aluﬁhﬁa cadralpladed vidsa acthiy ahpdgadto? 5d then 8@0above
cc/mn '

w of 33 volu % hyd en gas | .
ni tHek g 99?151%%{?% SPIYSFEOp dpe Yoligg radu by with an
7534%0121% 3t Q&%(e%h %/mgé}é@w 9v§59 ?cP%E“ aBbt A nRHGEs. After

hydrogen gas actor was ed to anbi ent
t engrgimat the empikigeatse] pmduvteatmb@ub @Q@f@t byblowligg hot eir into the

ool TesgsEe 145 el ol B8 Bl d5FG 1o G 2 hours.

hy dAﬁ’@tﬁéIbQﬁbk%F%@hﬁm as 6?&%@1%51 forntef sgbﬂﬁﬁoﬁﬁgregﬁdﬁb\ﬁ/ by
rate at the beginnin he reaction down to

s ceditselving Gllagrams ooft é\IOeﬁIdszfmtaieS igtamsy At avater 0 8Ths isgpond
:gé%lga%rg%% tor r %%fi" ﬁut ﬁ“?het gﬁ?%é t JsF r@érefgﬂ?a%on g&gg&’cﬁ in

anar nnin

thesu@ﬂhﬁhﬁz&ineb&d theTﬁiestt anpegaitione Q‘ﬁftérhdrymg at 200°C, the
hydr ogenation was 120 to 130F at the end _of th
cat@lgrationedt SHCangcanipd gyt fo5e? BYisnnilhg AMouof nickel

cat bed td, b
S AL, TSRS b o
at 1Hdkeb Hitrate ovet. y Thé cataﬁzsbhachdleefmdiowﬁt@pmmb ptopeiteke?0.3

ggﬁ@%&m%ur a(ggt%trﬁ@g ef%p %Zgr) gél A &?t%gaenypore volume and 317 A
of average pore diameter. The examination of the calcined product under a
microscope indicates about 0.38 mm of the thickness of the peripheral nickel
oxide layer on the alumina spheres which means about 0.78 mg Ni metal

loading per m?” in the layer.

[0055] 80 g of this catalyst were loaded in the same reactor used in the
Control Example 1. The catalyst was activated at 250°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, 670°F for 3 hours
and then 750°F for 3 hours by passing 350 cc per min of pure hydrogen gas.

The reactor was cooled to ambient temperature. The selective hydrogenation

19 ° °



Exanpl es | A and 113. [0056] CONTROL EXAMPLE 2A [0057]
Conventional Catal yst [0058] Commercial 28%w % N
cat al yst - (KL6564-TL1.2 obtained from CRI) was tested
to renove C4 acetylenic inmpurities in a crude steam
cracked butadi ene stream by sel ective hydrogenati on.
50 grarrB of the catalyst were mxed with 60 m of 3

er. glass. balls and de a verti aI I
nmmé ARG rERpTEiesih eseme; flﬁ%ﬁ Sc?gdn G?latrol( ARy 1A was
di afﬁ%# otht #% gﬂ nlo® ﬁgarocarﬂﬁﬁ’ i dUeSHG W3RIcESyBin S5 Arogen

end of the catalyst zohe were installed to control
t hefloeasteart theebquimmngipttheThactvatdiwsto Mascauppl foedrdjo the

t he fact urer, activated and passivated f
bRk egteats Pye AL e ChBeRNE R i uh e et e
f1 owg Jﬂ“ﬁw%ﬁa@ﬂ’s‘f $bd VRS }ﬁgﬁé@tthé@&te@le Aegrtiafis 6MthdQBtalyst bed.
cc/mn gas I'ow of 33 vol une % hydr ogen 8as in

ni tThﬁgmmﬁemtu@ & th@dtysirmamwewaatn@?@@ 1393t atsthgoandsof the

ot ad SR afFulr e s s Y PERRL PR, LiRerivey.

sel egd bééﬁqxha{ﬁy panet fréh tiik eﬂpﬁtrﬁérﬁ RbEtained0 Wt V@sarid6 ppm
crude steam cracked but adi ene feed was carried out

at
6 nEAnmiah 97ot%hicsprasr BEnl.Bdutrdigng. at Ties mSesen migkebf catalyst

hyd t b o r 0,
I AORGRGHCLL T RE, Byl SOUTENISS G, Wipe" SE5bt Qoo
oO BxahesleslD8 apdilB. total reactor pressure. The feed was

conpri sed of 0.98 w % vi nyl acetylene, 0.12 wt. %
et h acetg ene and 0. wt. % nethyl acetyl ene,

(495 2vvt TROBH. fbM(?inv& %1 ,2-BD, 14.05 wt. %

butenes, etc. The tenperature of the hydr ogenati on

[?@@élzo t@oﬁgé}‘goﬁ éatﬂeﬂ nd of the catalyst bed and 90

OF at t egl nni n of t he catal yst bed,
respectively. The best quality product fromthis
[@038]r i nenComardraain28Po5wp PinNIAcatalgst (KA pIvEATd L2 obhireds from
strated

R AR D A WV EC e
[)?Ot?%ledlgr%tesatfegg{ 9%“s&90t%%6§e%5§&1 SYDRIrARYE oP & SHtABACKere
mixed with 60 ml of 3 mm diameter glass balls and loaded in a vertically
mounted up-flow stainless fixed bed reactor (1 inch diameter x 20 inch long).
Two thermocouples at each end of the catalyst zone were installed to control
the reactor temperature. The catalyst was supplied by the manufacturer as
activated and passivated form, and recommended reactivating at 450°F in
hydrogen gas flow. The catalyst was reactivated at 250°F in 300 cc/min gas
flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours and then at 670°F
for 5 hours by passing 350 cc per min of pure hydrogen gas. The reactor was
cooled to ambient temperature. The selective hydrogenation of acetylenic
impurities in a crude steam cracked butadiene feed was carried out at 6 ml/min

of hydrocarbon feed and at 65 sccm/min of hydrogen flow rate at the

beginning of the reaction down to 40 sccm/min toward to the end of the run

20 °°



the present invention to that of the Control Exanple
2A. The catal yst was prepared by carrying out two
spray-coating inpregnations of nickel nitrate

sol utions on hot alum na supports. The sane al um na

cal cined at 1100C for 3 hours used in the Exanple 1 C
was used to prepare the nickel catalyst in this

exanpl e, [0062] A nickel nitrate solution was pr ed
by #dss 4% phig 86! Eragtor prasees HAS P g GPRRES oGP %

forg: i hIpr i ot '
sk, P02 R ' Ve i
t heml2.fhevthdé 1,52BDyindl was YpllaeBD, ild.Gd mot A butenes, etc. The

ol PERuSY of T BEFreatagm Bohed 26 Hinneobe far ff testlys
at OfBIZRH 90 99° at tRE BRI SR Eﬁgll}]fistrﬁéﬁ,eﬁgﬁéci_tliﬁéely. trA8 best

rotary inpregnator was heated with hot air.
i nprueljtyapioductpfrard ubis exgerinenterpntainesibd ppm2YAGutsy0 ppm EA at

ar e G bR Bt Rt TRFPAR B ES S and o

Anot her nickel nitrate solution of the sane
[60BYgent r agkamipes 2Br epar ed for the second

I mpregnation. The second inpregnation was carried out
on the calcined first inpregnation product preheated
[@$Wbout BEE@IGM the sinmilar manner to the first

i mpregnation. After drying at 200C, the calcination

21 caryied aut at 450C for 3 hours. The ne
AR o P BRla e SBoo RS ientr Birfialoe, dbfsrflaa of
10.tHe proseltd DR&@ibnod thBeof eHeal omis]URtangile 2IAC K @he Rtatalydt evas
used. The dried product under the mcroscope indicates
0. Fzepaisbby teeEyiRy avt tWh SRIRMEeatng\fnpIseRations ofyckel nitrate
5 h : . ;
of “PhiFEnd p Bt Al LB LR R el o P G
up-Holueswusedtiaithd Esamplexiet whae disedacpepare thé nicheldtapatedtan this
x 20 ingeh | ong). The catal yst was activated at 250F
i n 80P/ min gas flow of 33 vol ume % hydrogen gas in
nitrogen for 1.5 hours and then for 3 hours at 670F

3 hougs (7 Y solRESS| '
[%J ogen éaga(% e&!r%ggctscgr ms@%sogt?g%é%tg%p&gnﬁ%ﬁ?ﬁg P85 e
t e MPIRCtAH-© inA8eeramk of vatee fomyttie Gt mapiegnatioh. 308tgydnenoicthe

2 St VB AR D e

alumina was placed in a rotary impregnator for impregnation with the nickel

—

nitrate solution over a period of about 20 minutes using an atomizer. During
the spray coating impregnation, the rotary impregnator was heated with hot air.
The 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

21 ° ©



hydr ocarbon feed and at 55 sccmim n of hydrogen flow
rate at the beginning of the reaction, down to 45
sccnmin toward to the end of the run, under 108 psig
total reactor pressure. The tenperature of the

hydr ogenati on was 118 to 123F at the end of the

catal yst bed and about 80F at the begi nning of the

cat al yst bed, ec I The best duct
Fr oA auta FaD i S hEGRY amsiet GBI, YAnisk] BPRpifdion the
at Biimh sﬁlg Y %&Fa\é Rf4 :lsvtg"/cpH&s@g'o%nﬁe tdtAP ambB8SUSL nikRel nitrate

illustrate GS. and 4 to show a superior
perdsed.ndhe drlcdi ptdniust u@eaﬂml widrgscopovwiaafestth®? Gonof the layer

e IRkt it s Y B G B AR I RHSE BRI E o

out two spray- coating inpregnations of nickel nitrate

[GUY3yt | onse@lg @mﬁh@e&taty@n%f@waa@d in RORGHLaly Hl'oﬁift@h up-flow

nitrate solution was prepared by dissolvin g
Ni N@;nlequrbeﬁsre@@org lamh dfanw&qrm 24 ochil %f ﬂ?@tcatalyst was

SR H03sq %, BT g M AL BB

| MRfiegRat fof 16%&@ and RhEgEN3thooR WEF0eR BRI SleQﬂ;t atlr0°F by
spraying the nickel 22 nitrate solution on the
al mebsiee Spherererriin phguienBydregameas: otl 4 yeadipir wghapeled to

Wi t 0 u

Af tagarb‘ﬁil%qt%rﬁgg %ﬁge Yﬁ% rséélaﬁg{elh ogeg%gogxt b¢ &Q%rﬂ%’ﬁrﬁ%&g&ws in
(tjny tbtl samm%eh @kedin the @omtrohExraplardA waspareigd auoat. 6 fdenin of

ried product was. cal cined at for _about 3

Andwrecarporetd awd gt 1050 %’%ng&&e&e? Bpwitgle %é@%ﬁ%ﬁmmng
| MRYreRDALEQSh, R¥w %&g%&mﬁmﬁzwércgfoatﬁé eRl oNNGRn Stffer 108
in 14.19 grans op wat er e second | npregnation was
carpmgdtab mactm préseureal Thertempératuse of thorhydrreengionpradLidt to

05 B o RNl 2 %l by 0B SR o e

Wagafafils 'b@@dré&f)e&ﬁlgg f OheZpdip lé;ﬁﬁlltyTﬂ@dﬂéfDﬂBﬁl fiis experiment
ni ckel dep03|ted on the alum na support was 8.26 wt. %

basentained thhepre t/aknd GmpamEActt Hiddk s¢conenyraft lg3-butadiene. The

he)%?sh tdl:sia lﬁﬁ}é%e%dl FRE. 4 cf' Qe[g ég\&%{ X%Félgggﬁ}fgﬁn ce of this

ICal pr Ope 1 es. surrace
ar %ﬁamﬁlfblo oy ef &gaCdidiot Example 2A.

[0064] EXAMPLE 2C
[0065] Invention
[0066] The catalyst in this example was prepared by carrying out two spray-

coating impregnations of nickel nitrate solutions at ambient temperature.

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

22 °



di ameter, and 0.694 cnB/g total nitrogen pore vol une.
[ 0068] The observation of the finished catal yst
spheres under a mcroscope indicates that there are
three regions in each catal yst sphere: an outer |ayer,
inner layer and a core center region. The average

t hi ckness of the outer two |ayers is about 0.32 mm

(1.45 mm of _ al um_na sphere dlane er) gherefore t he
totrarratﬁ.%)iegqonrpét the alwmimnanspheres rAng FPefs thesrolgy impregggtor

?%eove]:h§ BBl SRSt ﬁ)/%m{}l%§ AARR} CHARS Sthe

of on1a 125 t about 0.145 mm out er
I aylﬁtpre/mumt gadddt by dhoet 20CUNDYS bkoa\yngdmt iamg into the rotary
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N oBpERiomHES earbe Put ph el Mot infptafhih gl the
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wt. % was | oaded in the inner 069] 60 g of

t hilmpmnan%mrw@me waéa?@kcwqdnata3 Ct foa?- IhpuigpuAhe gmount of

f
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25Qmdunt IPChicied Mithatg a&xﬁh}@imtefuﬁﬁ vOhe i sHed )cdfadzgse thad the

gas in nitrogen for 1.5 hous and then faor hour s
at teHewingRysigal Pronsatigss 04/ W%BETWIE%@% s%a\eféaﬁet?ore

M NighetBh!afia 0594 8/ 188PninbREh pGRSRMmeAS cool ed 1 o

I'ent tenperature. e sefective hydrogenation of
acetylenlc |npur|t|es in a crude steam cracked
[00683di eneTlieelsenason af thefinshkd edtal§strdpheries uofler a microscope
hydr ocar bgn feed and at 52 sccm en fl
A TBTERER it B A Moce Rtk crglys! Satren ouet laver

SC G 18y dr QR0 dr cbilier nC”c The8verabld thitRAESS oFAfe oﬁ@f gwo

th
total reactor pressure. ﬁ% feed was conprised of 1.
vvt lggevs isyaboutdb 3} yine fledS @1n15f gloming S@hhyldlm@tnw gl h@reﬁnd, the
% e acet 12 3- BD 1
ot 5ial e Mong AR o B s i 800y, 167 el B Bkl Fe
of &Jktembytdasaaqﬁahl tBiRkMES of Hdnt 8bokd 2H 2?5ttota|BSut€(lﬂ M Dfnk.N&he
catal yst bed and 76 to 83F at the beginning of the

catozfsydeyepavps creatgsloly thﬁeqeyondTmabggqtlngumprqg}aat1on No nickel

deposition in the white core center region is observed. Therefore, the nickel
loading in both the outer most layer and the inner layer in the first
impregnation is about 1.04 mg/m®. But the second impregnation deposited
0.70 mg/m? in the outer layer, resulting in about 1.74 mg of the net Ni deposit
per m’. ‘Therefore, 88 wt. % of total Ni on the catalyst was loaded in the

outermost layer and 12 wt. % was loaded in the inner layer.

[0069] 60 g of this catalyst were loaded in a vertically mounted up-flow

stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was



product fromthis experinent contained O ppm VA and 0O
ppm EA at 97.7% recovery of 1, 3-butadiene. The result
is illustrated in FIGS. 3 and 4 to show a superior
performance of this exanple to those of the Control
Exanpl e 2A. [0070] CONTRCL EXAMPLE 3A [0071] Four
different commercial nickel catalysts were tested in
this  experinent, [0072] The cat al S were - 600 )
( 28%tiNpied atPeddom %%%/mn} eaxtigeol 3 YUIMg %@ﬁaogen gas in
KLGI%@% Sl 1N hourg, @%ﬁqg&%"i‘byﬁﬁﬁs AT @708k bind ¥drl PBGrs at 770°F
extrudates of 1.2 mmdianeter. The catal ysts were

suply padingy330he pernuihaett pure hgdmgen get. i Vhe eshcmnavas cooled to

passi vated forps. [0073] .50 ans of each cat.alyst.. .
hor 81 E B BT HEIEREET DR RGHFDBR AR S b fhpupities in
acetuienitCanh NRHKl] B8taliftnd® febldaPUutadeE nsut Sh AMIHAMof
a steamcracker. The tests were carried out in a

si nidaocanzon feed @ahat 52 seonamph of hadroZee flbwendte atehe beginning

co bsed of 1. 07 w,, %vinyl acetylene, 0,16 wt. %

ot ron rE eGPV 4ol BRFLIG R Sadp Il uider 108
71-;45% Wotal Yeadiod-pREsuf®. 1Thet feedovlasZeddhbriskd . &191.084wt Q6 vinyl
Wt . % butenes, etc. The sel ective hydrogenations were

caradedensuf-1atwis Ynethid sectydenerapdrbtambor meldyl aestylene, 8534
SccC ' h f rat 0 L Ny

ol B B ISReR LA AL B b T Sty
t heofrti@hydrugeh@tiod 08s P59 @ 122°Rlat the@ntl of theroagabyst bed dle76° to

tenperature of the hydrogenation was 120 to, 128F at .

t heb R cRtothe brginuiiten of be BERYShRad kB tEEl oTéeavea& quality
th [ProTall : ' . o
oo R ik Mis Bhocdifigf ARl GEOR VAR bR X o 175
coneersrpol bB-tHuttdienyA Thededal. is Thestrated uh F§G8rand 4 to show a

illTustrated.in FIGS...5 and .6, [0074 3B

[ oosy@fn?rrﬂ%ﬁq%we%&%ﬁ%e &%{hﬁﬁ%/%ﬂth%%f%?@%%-
was prepared by perform ng regular wet inpregnation
[ogvgihe ficONTHEDR EXMPPEaYs coating inpregnation in
the 'second step. The sane cal cined al um na (11000
used in the Exanple 1C was used

[0071] Four different commercial nickel catalysts were tested in this
experiment.
[0072] The catalysts were HTC-600 (28% Ni), HTC-500 (20% Ni), KL6564

(28% Ni) and KL6560 (18% Ni). These catalysts are all trilobe extrudates of
1.2 mm diameter. The catalysts were supplied by the manufacturers as

activated and passivated forms.

[0073] 50 grams of each catalyst were tested for the selective hydrogenation
of C4 acetylenic impurities in a crude butadiene stream from a steam cracker.
The tests were carried out in a similar way to Control Example 1A. The feed
was comprised of 1.07 wt. % vinyl acetylene, 0.16 wt. % ethyl acetylene and
0.16 wt. % methyl acetylene, 71.40 wt. % 1,3-BD, 0.19 wt. % 1,2-BD, 14.59



to prepare the nickel catalyst in this exanple. [0077]
A nickel nitrate solution was prepared by dissol ving
94 g N NGB.6H20 in 285 grans of water for the first

i mpregnation. 300 grans of the sanme cal ci ned al um na
used in Exanple 1C were placed in a rotary

i npregnator and the above nickel nitrate solution was

poure n the alumna, sup in the rotati )
qﬁ Dhigmes. gf e?rﬂeé&ieatlv%ﬁw{rﬁger%?nwe% R ut at ¢ PHgrin

at @tb%y&ro&%& Waed Gald' h@@soégc il AV PGo t_ﬂ%\vr rdtBtQ the
the rotary i npregnator. ried I mpregnati on

pr obkgiiningef telreaqtied, d\cbwﬁ%EcDQ'D somv/sihcewad té dademigofathe run,

s 90 Ao e B PR BB 05 R5ion
heX@st WRIL12Peht (HNEnPES B @l bBds ltEalRk 8BRS DI°F at the
product fromthe first inpregnation under a nicroscope

i ndpagaingg ohthe cafatyisebedsprsspdctivels. di l@ﬁ@stsmjfommeceowas 95.3%

o OF TarBhit AP i b os ol S R BAF ER® The results are
di siglabtyiteDinGs. MaNO8. 6H20 in 15 g water for the

second inpregnation. The second inpregnation was 25 0
carried out by spray-coating the nickel nitrate

[@®74]t i on BXAMBLEZPBCi ned product fromthe first

i npregnation in the rotary inpregnator at ambient
eratu ver the period of about 15 m nutes.

| taggr drylfnﬁlﬁnt? e inpregnation product at about 200C,

the calcination was carried out at 350C for 2 hours.

[(U6]amounThe oftalybiCikiehis depapletvedt ©@BpdreEbRbeifoimeing dpubdrtwet
in the second inp ﬁsgnatlon step was 3.26 w. % based
s

on iRECEFBOMEn d1e Artietr #d ﬂﬁﬂéc%@@ impyeenesPe U e gecond
Delued!! PHELEOOAARL] OERE11003)) REBHHHe MORHe FE Whs used

1
% n an 0 serva a separate

ex pemprepard the hivkeksetadnd irs thiagscangdd. i ng i mpregnation
deposited nickel nmetal in a layer of about 0.26 mm
al um na,Z spheres. Therefore Qut

|Cck t
l‘&gﬁ%ngfs Séﬁgnﬁlﬁfamtrmre |SOHEieR ¥est rpéenflaftdaﬁvstdl?SQPWHg 94 g
dlem%&eah@ irf @@5 SULRI of V@éf@lr for WM Bt %ﬁf}%néﬂo@z W Hms of

ng 1n the outer layer and
| oahié rsgmiencal¢ived mheming oxsed riegExamplé l(hszv@rb m’racmd in a rotary

\S/gg{%r ée‘ﬁnlfi{pr ﬁﬁﬁ]{% 6%)(&3 l%e&nsfra%g tsoalugc?rg WaS rpgurle adet%e 'aRurdina
support in the rotating impregnator. After cold rolling for 10 minutes, drying
at about 200°C was carried out by blowing hot air into the rotary impregnator.
The dried impregnation product was calcined at 350°C for 3 hours. Loading of
nickel on alumina in this first impregnation was 5.95 wt. % based on the
amount of nickel nitrate hexahydrate used. The observation of the calcined
product from the first impregnation under a microscope indicates that nickel
metal was dispersed more or less uniformly throughout the alumina spheres.
Another nickel nitrate solution was prepared by dissolving 50 g NiNO3-6H,O

in 15 g water for the second impregnation. The second impregnation was

25 °



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 for 3 hours at 770F by passing 350 cc per mnute
of pure hydrogen gas. The reactor was cooled to

et PE Do toEithe nekd risie sPHGn Sor BasA g uepouct
t hefr&‘ﬂn&l%qlrst rﬁg@@lm fodr 'iﬁl‘?ﬁéég%tof;‘tat BmbfEh{ Mnthepfture

hydr ocar bon fe and at 55 ste hydr ogen fl ow
r at eveathe peziododgibouti Ifigmafutdsh el fteralcying he wgwegrtagios product at

sccimp toward to the end of the ryn . U r 110, psi
¢ o oot ST e lutioe VorRaTid LRt Uy G 172 b Thé amBn
hy dg pgieRat dePBsitedBsh HkOaltBine?duppotintthe s8hdOinpréation step
catalyst bed and 81 to 89F at the beginni nlg of the
cat why 326 e d% hagepew thevasngunt Phaickelgtitrajaabid: yIher eadpdated net

fromthis experinent containe VA _and O EA..
Bkt GEM T R DhASE & 0P Vo BaRor o BERcRtion
i 1| magdd ahed bdpafakSxplrimegt, 6tht OseebAdv $praRitingr impregnation
performance of this exanple to those of the i
c ondepasitednzirkeliesal incalaxpr/at abauh 026emmoditkngss @y HgpAlenina
3A. sa{%lgre .[ Qﬂ?%%fo%’ggﬁﬁﬁgg% L)?QP?’eO ]totlllnﬁl? No4R8 4n0%.1lat;ipﬁ is
cat ysf in LhLS exanpl € was prepared by perform ng

r egddpasitatadn the Rtet gnat,i which mdahe 1 62 rsg/ns tNidoadidg in the outer
spray-coating i npreggnatign i.n fhe second step.. The .
U siaatis 0% @%ﬁ%’ar gadinig i 4 QU GO FFgIen o aifp|akumina
vvasspthg%s.al um na calcined at a | ower tenperature than
the previ ous exanples. The sanme ganma-al um na used in

the Exanple 1C was cal cined at 800C for 2 hours in
[@078] Thi s6@ & of tesl cafalyst mard &mhdd® 8n RV etiBHly swuhtad aip-flow

area,. 0.88 cn8/g total, N2 ore volume, .an 0 A of
ey el B ke orl N B Gers Tk 1A0E. 21 Gl was
M Q4ivA¥E L8 280d ATBHEEC/Rfin 3hd AbRRSPNCbRMe (ORRRgeN %as in
nickel nitrate solution was prepared by dissolving 100

g NIrNEe BE2OG howr288d ghemior gthomes &r6 7008k andhéorf3 hayirs at 770°F
B AR 557 Bk BPTE S R BLhBBB e
ambient temperature. The selective hydrogenation of acetylenic impurities in
the same feed stream used in the Control Example 3A was carried out at 6
ml/min of hydrocarbon feed and at 55 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 37 sccm/min toward to the end of the run,
under 110 psig total reactor pressure. The temperature of the hydrogenation
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 0 ppm VA and 0 ppm EA at 97.3% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 to show a superior
performance of this example to those of the conventional nickel catalysts in the

Control Example 3A.



and the above nickel nitrate solution was poured on

the alum na support in the rotating inpregnator.

After cold rolling for 10 m nutes, drying at about

200C was carried out by blowng hot air into the

rotary inpregnator. The dried inpregnation product

was cal ci ned at 350C for 3 hours. Loadi ng of nickel on

alumina in this first inpregnation was 6.31 w. %

(30 on EXAMRBERC of nickel nitrate hexahydrate

used. The observation of the calcined product from
first nati on under a m croscope indicated

[?(?@t] ni ckéivgyﬁcﬁg was dispersed nore or |ess

uni formy throughout the alum na spheres. Another

[008Iel ni Thatalyed intthieexwapleprapaesdedly gersealing rgubh wet

g NiNGB.6H20.in 19.5 wat er for the second

| npFRgTRRTiom in e fisd ége@danmré@ﬁ%marﬂ%ggr@g% it ghp econd

by

cay S BRI AT MLEEE TR B e B I mine

r otcatgnddnpt eghateor teatpeaniye ethan ttherpecadus exawgles.t hEhe same

peri od of about éS m nut es. er dr.

LR B e kSR C SootiinBacaer fa 7 b in

Ve aryit elciabd aRnisPR4ad 18 mZoBRIF Surfalb 8reda"® Y8 bl total N,
ni ckel deposited on the al um na support in the second

j rrmoe@nahumnam’c 2P aef aveiage paredameter.oftfrd du5og/ce WD and
m)lkétf ickel ni trat sed. The scal cul at ed net

ni ¢ Fkee gt 0P SRREES was 10. 05 we. %
Based on observatl on nmade in a separate experinent,

[omiseconﬁl SRIkaY - Iﬁﬁa&el RElutiBR e aprepited dBPOSGisidtding 100 g
ni c netal in | ayer of about 0.335 mmthickness on

t heNiQurfthied) lrs%ﬁﬁegr@ms of egtert for dhe Hish impwenaipgof300grams of

| . :

out Dy AfMmPOAGHCR S0CTBH2 bkl vche pRRAPH A il Rmator

outadd thd abyse n]?dkd},] &tﬁl&ﬁsomigldnnw&hwurécb@dthegalmmmg seppartiarthe
t he um na .S er a

o OIS ERDEIADT v e AT Ford OVRinbRE TP i ARRBG00°C

)lip “WdsOWrri é(f @{nnt)? %‘f%‘{; %tbﬁdnﬁ@% B4t 11n’1§f€£ha@dra”?ﬁée Qried

i nc ong) ata yst was acfivated at
in 1ﬁ@ﬁagnaﬁcm progacst weds@alcofed38 3§01Cufor 3%hohysd rIagldmgga”smcplqel on

MR SRR TEE R ST BTN
of Rl nfiEl RIGRY HAR - usd e ThE BBdeBativA Sf BRAa®Andproduct from
the first impregnation under a microscope indicated that nickel metal was
dispersed more or less uniformly throughout the alumina spheres. Another
nickel nitrate solution was prepared by dissolving 66 g NiNO36H,0 in 19.5 g
water for the second impregnation. The second impregnation was carried out
by spray-coating the nickel nitrate solution on the calcined product from the
first impregnation in the rotary impregnator at ambient temperature over the
period of about 15 minutes. After drying the impregnation product at about
200°C, the calcination was carried out at 350°C for 2 hours. The amount of

nickel deposited on the alumina support in the second impregnation step was



anbi ent tenperature. The sel ective hydrogenati on of
acetylenic inpurities in the sane feed streamused in
the Control Exanple 3A was carried out at 6 m/mn of
hydr ocarbon feed and at 51 sccmim n of hydrogen flow
rate at the beginning of the reaction, down to 37
secmmn toward the end of the run, wunder 110 psig

t og‘%ﬁr R S T R El?t%eﬁ%%g% TS catgutated net
cat by tcoRRft #NtheBinal tRo@RE vtk 100 whedi NBhE &f obfBvation

catal yst bed, respectively. The best quality product
f r onmadehiis a escp@natmpemomtalthedseﬁomb epY4X-enating OingregrEfion

| e iR, et ada o OO ROt (F alumina

persfpﬁér@ﬁmcﬂl&éfoi&|a§o@txm%eof ¢hd bRgeNPloddbe on the catalyst is
conventional nic catal ysts in the g/g%nt r ol

npl e
3A dePQfG)Ed]OHEb@\WE ager, mugla}leans\ﬂeﬁfﬁ& pg/nyaNi lp@b%}n tigguter
e?tan%fog %a}ﬁall% lcadin 1 tfh%q osfe rg’ ion of the alumina
strate i s exanple. alyst S prepare
| n sphe&res.dent i cal manner described in the Exanple 2C.
A feed containing a | ow concentration of C4 acetyl enes

in a mxed butadi ene streamwas tested over this

[QO53d1 yst elksamsad dhig cetalyst yeredoaded Ar #ivstiicaly, moupted up-flow
fi ] C I '
verFREraAC RS e SR, Slanflird) 27 nofToy P36 ol fus
r eacticated it RHCR iehi H0Petcdmin g&0flowadt 330m@)1me'l%dqydﬁd@h)@s in

activa in the identical ed in
thé“%‘i‘rfP’éﬁ ggwu%éna? e g > 335‘5&1 108 Ajouf at 770°F

a%lﬁé 850 I@Eelf Iﬁﬁﬁilté'@isplﬁé’ Hﬂo?@ﬁj%&f T%ggeafaﬂ)mvygs cooled to
VI nyI acetyl ene; 120 ppmwm e etyl ene and 97 ppm
Wt agett hgrhperatuet. ylfhm sslect@e Igfdmge%tmnaofmetyl@ﬁ)c pppnrktes in
1,2-BD, 2 5 W % ten The, sel| ecti ve
hyg?%ééé”ﬂ% SR %Sf e &ﬂnttrg | Examp }en% Ko aried out at 6

hy dhipaaT SOy dre&@ebonafRed ahd 4t ST 8Pdniin Of hbmg@ﬂ; ﬁBwf la@Vét the
rate under 108 psig total reactor pressure.

t erbﬁématngr@f e rescsiony dewndaaY/i semigin toverd ghe f:xme of e run,
Cat aF fﬁ{)é%g %étgg%g%tf)? @gﬁsz&g althetéjr?xlpglgﬁlgg %T[ﬁge Hydrgge%atlon

The "ana
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the

beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 5 ppm VA and 10 ppm EA at 97.5% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 which show a superior

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

Control Example 3A.
[0084] EXAMPLE 4
[0085] Invention



product streamindi cated the conplete renoval of all

the acetyl enic conpounds in the feed. The recovery of
1,3-BD was 99.1% [0088] EXAMPLE 5 [0089] In this

exanpl e, MAPD (et hyl acetylene and propadiene) in a

m xed C3 olefin streamwas renoved by sel ective

hydr ogenation. Three catalysts (a comercial Pd

catal yst and two Ni catal ysts pronoted with Cu and _ . .
QBHd) wer be cengept of Vel @ﬁéb@l@rr&@@l%@nﬁ%ﬁ demensatedrin this
thig, i Nty ' Pd-based - . :

pal PR b SRABEEMAR propRR Ao (8BRAY Soner described in the
I\/:CAHE)cdmiplerzl([de ACBs4dr @mimning d lvev comeatratial op Cadisetyienns in a
of propyl ene. [0090] Catal yst A (Conpari son 009 )
Thelbge dufadienia sireant mﬁ%éﬁfé?iwwd &{1%) %a&(ﬁt 9 )ac%ﬁa?%?talyﬂc
Su%%tfo?ldzogé‘in akphepal um na. The catal yst had eggshel |
type pall adi um ofeposmion on 2.6 29 nmm alunm na
extrudates. The anmount of catal yst used was 40 grans.
[A08T] cat ak§y drammsf Icambiat were doaslbdiinlaesetitalkethonaed up-flow

t. i pch, di 20 inch, | . T
caratiglses (e e 0Pl Taeh 4GOIt 300 Dabim (o piage was
f 1 oyl @kd 2n d RienliOP IRAnnERBAYIBE] B N E£BH@AL YS! The reactor

Pronoted with Cu (Invention) [0093] The catal yst was
pr epay ewblédntor ambisntetomppratiye. degthwvias nompuisadi ofuiS0 ppm wt

m xed .sol ut.i on ni ckel njt,rate .and copper nitrate
s oAU, 0o Ry Ve R D BN BRCES rBlots i ety
2. SacBtyfaneNEB) & wa 2B H2OBD) 126 pphaiws 1 QEBDYAS. 65 Wil Hubes, etc.
I mpregnation. 300 grans of the 1100C cal ci ned al um na
usebhe selective hishagpiasion Cvasespidae it iormimyin phpydrocarbon feed

: . d . .
T 5 L 55 SRR
anbitentmptanee bathertsdesenationpess bi°Bfat dfecantd of@he catalyst bed

mnutes. After drying the inpregnation roduct _at .
abctid 2OGCathieHbEHITEe wgtth%ucataﬁﬁ% e pESPeHiaFly. The analysis
[ I |G :

B g N e

ni tindefeadhdThompeverpiof i tBDwess Y9ri8pared for the second
i mpregnation by dissolving 65 grains N (NO3)2.6H20 and

[0088] 9" 2™ EX AMPLE 5

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

MAPD in crude Cjstreams in the commercial production of propylene.
[0090] Catalyst A (Comparison)

[0091] The catalyst was a commercial Pd (0.3 wt %) catalyst supported on
alpha-alumina. The catalyst had eggshell type palladium deposition on 2.6

29 °



Cu(NO3)v2.5H20 in 19.5 grans of water. The second

i npregnation was carried out on the calcined first

i npregnation product in the simlar manner to the
first inpregnation. After drying at 200C, the
calcination at 380C was carried out for 2 hours. The
anount s of ni ckel and copper deposited on the alum na

support. are 9.22 . Y9N and 0,35 w. % Cu b?(?ed on
t OB HBURR CBidatisc R AmORE: & catelystopsdrwas ¢0 grams. The

US €ia1 X MK rl‘@eféleg B 9f tetutg@sscﬁe"(‘l' %ﬁdre&,rt(?d(? Clhclp}hameter x 20 inch

m croscope i ndi cat e out hi ckness of
t hdom@r i Theeratdly striwas dctivestdadt %)OFEIasw(h;@m/mmn theas flow for 2
g}m na spheres. 50 grans of catalyst were |oaded in
%i nl ess fixed bed reactor (I inch diameter x 20
|nch long). The catalyst was activated in the

gt i cal [ 0094]
B <o CAREeg, Sepssh Ao el |

(I'nventi on) 30 0 [0095] The catal yst was prepared in
[@083] st ep TlnfpcagysttWa:srpremxhclh i tveo-stép spriay ehpsaghatiéroteciofique.

3: ggotp%ryﬂtgr t g an {i )a ! %&é Sco\g)%gr Elgtgé%eg rv%as p}‘/epared by
Cu (3 %@% Nm\ﬁﬁ% mz@r&nm 5@@@(@@% 2.5H1© thiZ6Sgrams of

i npregnation. 300 grans of the cal ci ned al um na

us susénor s inrepmplien | Diarams bhed 10R-Gslotad ylumina used in

nat o he m xe soI ution u
r ol f‘? %éargp{?n}%wag p‘ﬂ%ceg 4t TO5HYi e egtngir%)%er a %l%gn hag {SRigtion
I Otvidsy sprayear 668 Nnaé abllingNglubdien spH&esalwzim AR dtGémizet dt ambient
rolled for 10 mnutes. After drying the inpregnation

pr dergperagire avss @ pepiod of BYow| IinHgasotA figr drying ¢he wepregnation

oF C t
585 sy BGR"E oL OF oL B E  hs PALIo
n| cdﬂeﬂ mrotiuat was calped ati 35020e fanabquald &dimsm mirtot}&t emixed
repared the second i nat i on b i.SS V|n
50 SgPPE PR KB PG 306HoBPE, PGS 255 SHERe o (e sgpond
Pd( 23t B 4(%55%1% Y 5d hralify %@10303%%@11@ QafndV\@tSGrgrams
for the secon regnatl on. The second m xed sol ution
m@u@@@hﬁe’d{ﬁ in oll9| 5 regarad Offi witers pHreesechnd imptegnitions was

|n'pre ation uct . i.n_a rot I Rr ntor. tha

ot R BR 4R EEeq iy raieBpdiop PRI MCtml Mafifer
abamd fiddd imipragh&Son. ATAFRE deyiMi g 2@@0@Qﬁ@,ca1@ﬁiaﬁbﬂ at BROPAvas
380C was carried out for 2 hours. The amounts of

ni craied Abdpe? hents. pahd aapurfs $ péeket aad epprekeleposited on the
alumina support are 9.22 wt. % Ni and 0.35 wt. % Cu based on total amount of

nickel nitrate and copper nitrate used. Examination of the calcined product by
microscope indicated about 0.33 mm of the thickness of the peripheral mixed
metal oxides layer on the alumina spheres. 50 grams of catalyst were loaded in
a stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was

activated in the identical manner described in the Example IC.

[0094] Catalyst C; Ni Catalyst Promoted with Cu and Pd (Invention)



al um na support are 9.98 wt. % N, 0.57 wt. % Cu and

0.09 wt. % Pd based on total anmount of nickel

nitrate, copper nitrate and palladiumnitrate used. 50

grans of catalyst were |oaded in a stainless fixed bed

reactor (1 inch dianmeter x 20 inch long). The

catal yst was activat ed in the identical manner
ribed__int anple 1 C. [0096]. The performance

[gﬁgﬁhr ee CHE&P EWB@&PTE%W?@ érat%@tst% inpregragieq technique. A

c Or%%.ﬁcéoﬁftl ﬁ%‘f@lﬁ}@{el nithal 29@ Z)B%r '\ﬁl&gratg azyﬁgs'pvrwe/ﬁa%}fﬂf‘ Bfssolving

% o acet
pr op¥dy e Na(NPD): 6H10 Q% @2 gﬂd(NO@M/(SPB{@GA -305 gramJ bEwater for

0 jrection of feed duri s .up-fl ow.
ot Gl bty cTEfeis o Dot Bin i Rina et i the
t heE)@a?ﬁ;ﬁé yet §ad Pd&gd %'asro‘ié&@e”&ﬁ;% rIaR)rt h?he %Qé/c?%lhﬁ&iﬂwas
pal | adi'um cat al yst A 31 | e Catalyst A B

Pr eprsugde on k¢ golB89 aiaaﬁma&'pheffemp@mévmm éempeF?aﬂune mtmesmtary

140. CQu 35 HC. Feed
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grams of water for the second impregnation. The second mixed solution was
sprayed on rolling alumina spheres from the first impregnation product in a
rotary impregnator with an atomizer at ambient temperature over a period of
about 10 minutes. After drying at 200°C, calcination at 380°C was carried out
for 2 hours. The amounts of nickel, copper and palladium deposited on the
alumina support are 9.98 wt. % Ni, 0.57 wt. % Cu and 0.09 wt. % Pd based on
total amount of nickel nitrate, copper nitrate and palladium nitrate used. 50
grams of catalyst were loaded in a stainless fixed bed reactor (1 inch diameter
x 20 inch long). The catalyst was activated in the identical manner described

in the Example 1C.

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

conventional palladium catalyst A.
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[0099] A nickel nitrate solution was prepared by
dissolving 86.5 g N (N3)2.6H20 in 26 grans water for
the first inpregnation. 300 grans of the 1100C

cal cined alum na used in the Exanple 1C was placed in
a rotary inpregnator, and the solution was sprayed on
the rolling alum na spheres with an atom zer at

anbi ent tenperature over f qerlod of about 10 m nutes.
After _drying the |npregn #hleg product at about 200C
by bl dwi ng hot Caiabysinto the | rotdry inpr&ndtof. | he
dri ed |pr oducPressizegaigi ned dt 356C forl a86ut| 38Molrs.
Anot her ni cRempsiaturat® sol utji on was priepared for fhe
second 1 npregnat f;pn by dissolving 47.]3 iN7(NO3x@. bH20
in 14,2 grams ORQM@[er |hq §¢cq@g ITIPTgnarioR pas
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anmount] MAPDI Sefeetivity ta @86 S6d. 3F1Te examdhat|i a7 of t he
cal ci nedVAPDUGrodiRE &, Borl JrASETRREPD Nddaangd about
32 0 0733 mmof the thickness of the m xed netal

oxi des | ayer on the alum na spheres. [00100] 40 grans
[@7]] yst SEXAMPLIBAded in a stainless fixed bed reactor
(1 inch dianmeter x 20 inch long). The catalyst mas
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heavy polyners on both catal ysts was investigated on

[m cat ahystckeDYiGaE I Y1060 UWass %rgs’dréd/ Eoyhydésopenat s ¢
acetghenlc conpounds in cru but adi ene streans

u nd‘én(N Qak 609 ie 8Agramowater & the Brst iopEenatisar $00 gaanpoef the
Conltlﬁpgé cgﬂ &ﬁtﬂ Pn%nﬁse(gaﬁlaﬁésﬁ.ﬁaﬂ@ @Q%sﬁlgged -I;pg rotary

resul I°sted on C ent
Catlﬁipy’é‘ghaﬂar,l @d&%é siidry whowrayed 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 14.2 grams of water. The second
impregnation was carried out on the calcined first impregnation product in a
manner similar to the first impregnation. After drying at 200°C, calcination
was carried out for 2 hours at 380°C. The amount of nickel deposited on the
alumina support are 8.26 wt. % Ni based on total amount of nickel nitrate used.

The examination of the calcined product under a microscope indicated about
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conpared with KL6564. Table 4 Catal yst Catal yst D
KL6564 Total run hours 4046 4094 Carbon wt. % on

spent catalyst 1.78 29.5 33 0 CLAIMS The invention
clainmed is: 1. A process of selectively hydrogenating
acetyl eni c conmpounds conprising contacting said
acetylenic conpounds with a catalyst in a reaction

zone in the presence of hydrogen under cgnditions ?f.

t enhd? e & dsdhiskaess plethe gnixed | ragtat oxidgs {3ygr jop the alumina
hydrpggpate said acetyl enic conpounds to the
corféspdnding conpounds having | ess unsaturation than
sai d acetyl eni c conpounds, wherein the catal yst

[@IG8]i ses4MNgratiepasilysedwene 1eadedima stasnlepdixed bad raagtomdr mch
than about 60% of the Ni  deposited.on the outer,
perdpReiey XV iagh JP%ST (}Jlg)lg Cé@%%& Mfas aét.lVaﬁle %dé%%mal manner
acc gy j erein acetyl eni c conpounds are
prégéﬁyﬂgﬁhﬂkﬂalxgééé??eans of C2-Cl2 hydrocarbons. 3
The process according to claim2 wherein a m ni mum
[60Idt of 4hgdnogihn same esemiercisl No chtelyst (Klagd 6800 b eudd in
of the centration of the total acetyl.eni .
corfpBtiiE pmalsert wWeip Padeed 15 aueilr sGETes f Secreartar fh inch
WhelighBie 2120 a8k M3t The cBfaBREMas labtiddted BAGb i8&Mical manner
reacti on zones. 5. "A process of selectively

hy dieseréhedtin thy Freepl¢ €anteoldbmpmlmbB. conpri si ng

contacting said acetylenic conpounds with a catal yst

' e prgsence of.hydrogen under .conditions.of .
Q0T o L PESR s bt @95 hest OF Euf St 3 hestigated on
hy dsopg Qﬁlﬂﬂdﬁ@ dyd cardfifh Yo Néclecti@EPRMRE kB0t N C4 acetylenic
correspondi ng conpounds having | ess unsaturation than
sai@mnoundd iarfredeclrpbentadreant apdervagions eendatignstfor over 4000

co Lse i jt r Vi .
TR C ol ISRORS SR Py AT, UL R 190 vt i
perlispddietry Tablesdi d Tiher euibors uppent onaCdtalysemeiin dxremely low
cat al yst cqnprise§4one or nore

comipared with KL.65
Table 4
Catalyst Catalyst D | KL6564
Total run hours 4046 4094
Carbon wt. % on spent catalyst 1.78 29.5




el enents selected fromthe group consisting of Cu, Pd,
Re, Zn, My, Mo or Bi. 6. The process according to
claim$S wherein acetyl eni c conpounds are present in
m xed streans of C2-Cl2 hydrocarbons. 7. The process
according to claim6 wherein a m ni num anount of
hydrogen present is no less than 50 nole % of the
concentration of the total acetylenic conpounds
present. 8. The process &dcMMPng to claim6 wherein
said catalyst is present in at least two reaction
zones. 34

The invention claimed is:

1. A process of selectively hydrogenating acetylenic compounds comprising
contacting said acetylenic compounds with a catalyst in a reaction zone in the
presence of hydrogen under conditions of temperature and pressure to at least
partially hydrogenate said acetylenic compounds to the corresponding compounds
having less unsaturation than said acetylenic compounds, wherein the catalyst
comprises Ni deposited on a porous support having more than about 60% of the Ni
deposited on the outer periphery of said porous support.

2. The process according to claim 1 wherein acetylenic compounds are present in
mixed streams of C,-C;, hydrocarbons.

3. The process according to claim 2 wherein a minimum amount of hydrogen
present is no less than 50 mole % of the concentration of the total acetylenic
compounds present.

4. The process according to claim 2 wherein said catalyst is present in at least two
reaction zones.

5. A process of selectively hydrogenating acetylenic compounds comprising
contacting said acetylenic compounds with a catalyst in the presence of hydrogen
under conditions of temperature and pressure to at least partially hydrogenate said
acetylenic compounds to the corresponding compounds having less unsaturation
than said acetylenic compounds, wherein the catalyst comprises Ni deposited on a
porous support having more than about 60% of the Ni deposited on the outer
periphery of said porous support, and wherein the catalyst comprises one or more
elements selected from the group consisting of Cu, Pd, Re, Zn, Mg, Mo or Bi.

6. The process according to claim 5 wherein acetylenic compounds are present in
mixed streams of C,-C;, hydrocarbons.

7. The process according to claim 6 wherein a minimum amount of hydrogen
present is no less than 50 mole % of the concentration of the total acetylenic
compounds present.

8. The process according to claim 6 wherein said catalyst is present in at least two
reaction zones.
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