NI CATALYST, PROCESS FOR MAKING CATALYSTS AND SELECTIVE HYDROGENATION
PROCESS CROSS-REFERENCE TO RELATED APPLICATIONS 100011This application is a
divisional application of U.S. Patent Application Serial No. 10/828,823, filed April 21, 2004, now U.S.
Patent No. 7,408,089, which claims the benefit of provisional application 60/554,627 filed Mar. 19,
2004, the disclosure of which are hereby incorporated by reference. BACKGROUND OF THE
INVENTION Field of the Invention E)OOZ]The present invention relates to new selective Lhﬁ/drogenation

catalysts andYREALMLY STAERAG ERSER MARKNG 48 TALASTP YR SEIHET 14N as

selective hydrogenation of acetylenigyprotasNA $10R PRiycaxkdiolefin streams. In particular the
invention relates to nickel-based catalysts. Related Information [0003]In the manufacture of olefins

such as ethylene, propylene, butadiene,

CROSS-REFERENCE TO RELATED APPLICATIONS

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

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

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

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

Related Information

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

streams.

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

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



isoprene, etc., acetylenic impurities such as acetylene, methyl acetylene, vinyl acetylene, ethyl
acetylene, 2-methyl-1 -buten-3-yne, etc. in various crude mixed C2-05 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 crackir,lgi of petroleum fractions. The crude mixed C4 stream

from a steam cracReFFE VebidYdogeRstsb iR matsalty BpeaRy e frsiEleiccunnemdtomBeunds. The

selectively hydrogesatadiyranfiripeablo sheat3rduadienemiecovervith ficoselyephextractive
distillation techniques are used to separate 1,3- butadiene from the rest of components in the mixed

stream. Solvent eXtEhvEOHTE tEA RISk pdisENA IR o frehig Usd BReVST bR strrMabh sintensive.

[0005]Complete reyn@valf fshPERIVESNIT compaEsiin tlRensikedRivith. higiveegeyencele
1,3-butadiene is h;’%%lg desirable to reduce the production cost of 1,3-butadiene and produce a

premium quality pfotiALBR FoRRRESHIOILBTA SO ST YHPRERRA SHERRTESHY impossible to
completely remove C4 acetylenes in crude mixed streams by selective hydrogenation without

unacceptably[b@Fjoss of Lanipltasientoide 66 Oyeidardeageaatpdaids Inbtadiesaan Thekefore, an
improved inexpensive process via a highly. active and selective catalyst is highly desirable to produce
premium quality 1?38%{&8%‘{8%%&%%%%@13 'E)‘élfi?ft§%¥%%ﬁ%§g‘{ﬂeﬂ§-8{ﬂ%‘fé‘ﬁa H to
over-hydrogenatiast. [DQ0B}THae:peetaitedieahvdque fretianuiliatitionpfeanniercigbigrastice is the

selective hydrogenation of acetylenic compounds over hydrogepation catalysts. Supported Pd, Ni, Cu
and Co catalysts é’f&ﬁf?&%-a ?&Yﬁ%ﬁn Rt §4a66 ?%efﬁ@ﬂ&%éﬂmﬁ? ommercial

Catalysts, pp. 105e#38cHOWatdtHeRastn CRAPHeISRd2008ImE heymeitgrefehreilaialyists in prior
commercial applications of selective hydrogenation of acetylenes are palladium-based catalysts such
as Pd, Pd/Pb, Pd/ﬂﬁ?t?lubWﬂ?%é@uﬁ%?%ﬁc?f&s%%ﬁ?ﬁ%"‘fhté’ ggﬁf?ﬁ?’%ﬁ’c&%&%@ support
such as alumina. Pg-dataliisis Wehertfore)astipipfeveerinaiplysisdperuse ol highyhistivtyvand
supposedly superg%rdsgel eCé[%}EV gaotgf satlr?sd ﬁ‘f'g}ﬂl?t ggi?fl ltésl It%a}o%l (ﬂ%é premium quality 1,3-

butadiene without paying a penalty for high loss of 1,3-butadiene due to over-

hydrogenation.

[0006] The preferred technique for the purification in commercial practice is
the selective hydrogenation of acetylenic compounds over hydrogenation
catalysts. Supported Pd, Ni, Cu and Co catalysts are known as useful for the
hydrogenation of acetylenes (Handbook of Commercial Catalysts, pp. 105-
138, Howard F. Rase, CRC Press, 2000). The most preferred catalysts in prior
commercial applications of selective hydrogenation of acetylenes are
palladium-based catalysts such as Pd, Pd/Pb, Pd/Ag or Pd/Au on a support
such as alumina and the copper catalysts on a support such as alumina. Pd
catalysts were the most preferred catalysts because of high activity and

supposedly superior selectivity compared with other metal catalysts.

[0007] Palladium-based catalysts are not selective enough to completely
remove C4 acetylenes without an unacceptable amount of 1,3-butadiene loss

due to over-hydrogenation. Another inherent problem of palladium-based



[0007]Palladium-based catalysts are not selective enough to completely remove C4 acetylenes without
an unacceptable amount of 1,3-butadiene loss due to over-hydrogenation. Another inherent problem of
palladium-based 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 liquid phase. Silver and gold have been used to
minimize the loss of palladium and reduce catalytic_polymerization of acetylenic compounds.

[0008]The copperBEdTE s dessrad sHpatier Ridaliadismiivsdeshedponaiiongphsdidle from the
mixed stream is Ve GigiprRantpaipsundd Palind kathas £ P msHvEetatise dhgretivity of

copper catalysts is very Jow compared with palladium-based catalysts, a large volume of catalyst and

large reactor are r¥HirHY ARSS Blsudt BreaBEdSetirirhdsaRPERD T dBotE MEssSR 8h the

catalyst is relativelyfagtplieagustaaneadan et satalustd reaansiaieshatplE pRaatRIS [0009]NI
catalysts in any form are very active catalysts for selective hydrogenation of acetylenes and dienes.

According to R. SeRIEAUSE SRl polvherizaen 9T 654ty B8 FORRRMANI--Cu alloy catalysts are

effective for methyl acetylene hydrogenation. The catalytic activity rapidly increases with addition of
copper to nicf@d@@jto 25 vithdwippiepasathtysilykheaseleativiysotpropylane dedesant aff

polymerization inc e with the increase of copper in the allpy. According to.H. Gutmann and H
Uindlar (Organic SyNREGLCEhSSIE BF GHALIERTBNS ARH IR RP RN P Bicult o
selectively hydrogessatedialystbutbsieneranthisopienethytystfctppatscahpatiadiuvarnirkel or cobalt
catalysts. Nickel-based catalysts have been used in commercial processes for the selective
ycrogenation of SEBSAEHCT L RNECHTTIREE SR of GRAh S ARTB OISR ATIRESY OF THE
INVENTION [00163B¢ieflyartheenaitetcatalist iBeanusapsdvéspesitivhadstelegiive carbonaceous

materials on the catalyst is relatively fast, frequent regeneration of catalysts

necessitates multiple reactors.

[0009] 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. According to H. Gutmann and H. Lindlar (Organic Synthesis,
Chapter 6), vinyl acetylene and 2-methyl-1-buten-3-yne are difficult to
selectively hydrogenate to 1,3-butadiene and isoprene by using the usual
palladium, nickel or cobalt catalysts. Nickel-based catalysts have been used in
commercial processes for the selective hydrogenation of acetylenic impurities

in mixed steams of olefins and diolefins.
SUMMARY OF THE INVENTION

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

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

3



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, Pd, Re, Zn, Mg, Mo or Bi. The catalysts are useful for hydrogenation reaction such as
selective hydrogenation of acetylenic compounds in olefin or diolefin streams. Preferably nickel is the

major active met%gg@a@g,ggffttﬁ%&dﬂg pULCqAPTise AV SnRL byt WRiA SOl Ritue meta

components (Ni, .) deposited on the porous support. [0011]The active metal components
are deposited on ayspstis Shpperel xtiesemnrissNion AN ANAL86 L6 §IEREMWER £mperature

in a range betweep 7y apd Mgr%oﬂ?%ﬁrefﬁ%gtaﬁy%%%M@Ehﬁ\&%ﬁ@@ﬁ?g’&%@@&@aéi:&meter from
about 100 A to about 450 A, BET surface area of greater than 10 m2/g, prefe‘{?bly fr(%(rgsﬁbout 20 m2/g

to about 150 m2/csushdsceleativsgeydzeemaingh toree DermcCaBRP IR D AL PTo £1 cc/g.
Preferaly ot eas\g0% e RIJBYSRSRIEY (R AUARRNAANPEaninesd BRIOkSrapor. The

preferred thickness of the outer skin layer of the catalyst is from about 0.03 mm to about 0,7 mm,

preferably from abwilt eropriss aueaiOis O waightpktheareinedmagizd srrmonTrs Q8p 58 on the

outer skin layer isé{&%@ﬁ&‘ﬂeﬁgﬁ {Hea&gghgs'ﬁlggg{{nz, preferably from 0.05 to 2.5 mg/m2. Depositing
Ni on the catalyst Is carried out either in one step or multi steps. The preferred technique depositing Ni

in the outer Ialyer of a support is spray-coating impregnation or opésionally a combination ofht
ion. The

conventional [Ehnation BcRCHY BRI RORPORABIL S AN SIRY SBra PUS RSy RR e giA

weight ratio of Pd {0 NirQRite.saias bsisssithrrdcdiinprafeehlydesardnnaatope 6vwef012] The Pd
modified Ni catalyst are particularly useful for removing MAPD.

\ Methyl acetylene/prapadiene (MAPD)
is not a compound %%QVQQQF@urﬁ%ﬁ&?%ﬁ&?ﬁﬂg%@mﬂ‘%%ﬁﬁéﬂéeﬁgﬁ B%gé%%lﬁeete\fvhich may
be depicted as foliguys:aabife idd A to about 450 A, BET surface area of greater than 10 m’/g,

preferably from about 20 m?/g to about 150 m?/g, and total nitrogen adsorption
pore volume from about 0.4 cc/g to about 1 cc/g. Preferably at least 60% of the
Ni is deposited in the outer layer(s) of a shaped porous support. The preferred
thickness of the outer skin layer of the catalyst is from about 0.03 mm to about
0.7 mm, breferably from about 0.04 mm to about 0.6 mm. The preferred
amount of nickel deposited on the outer skin layer is from about 0.03 to about
. 3.5 mg/m?, preferably from 0.05 to 2.5 mg/m?. Depositing Ni on the catalystis
carried out either in one step or multi steps. The preferred technique
depositing Ni in the outer layer of a support is spray-coating impregnation or
optionally a combination of conventional impregnation such as incipient wet
impregnation and spray-coating impregnation. The weight ratio of Pd to Ni on

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

[0012] The Pd modified Ni catalyst are particularly useful for removing
MAPD. Methyl acetylene/propadiene (MAPD) is not a compound but covers
the unstable compounds methyl acetylene and propadiene which may be

depicted as follows:

H H

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

H H H



H-C-CaC-H ?===. C=C=C BRIEF DESCRIPTION OF THE DRAWINGS 10013]FIG. 1 is a chart
comparing Control Examples 1A and 1B with Invention Example IC for 1,3-butadiene recovery vs. vinyl
acetylene recovery. [0014]FIG. 2 is a chart comparing Control Examples 1A and 1B with Invention
Example 1C for 1,3-butadiene recovery vs. ethyl acetylene recovery. [0015]FIG. 3 is a chart comparing
Control Example 2A with Invention Examples 2B and 2C for 1,3-butadiene recovery vs. vinyl acetylene
recovery. [0016]FIG. 4 is a chart comparing Control Exam I;131Ie 2A with Inventlon Examples 2B and 2C

for 1,3-butadiene recovery v RIE REXGIHE THQNOF THE DRAWING
[0013] FIG. 1 is a chart comparing Control Examples 1A and 1B with

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

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

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

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

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

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

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

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

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

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

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

DETAILED DESCRIPTION OF THE INVENTION
[0019] Catalysts

[0020] Preferably more than about 60% of the nickel component of the
catalyst is deposited in the peripheral outer layer(s) of a shaped support in
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



[0017]FIG. 5 is a chart comparing Control Example 3A with Invention Examples 3B and 3C for
1,3-butadiene recovery vs. vinyl acetylene recovery. [0018]FIG. 6 is a chart comparing Control
Example 3A with Invention Examples 3B and 3C for 1,3-butadiene recovery vs. ethyl acetylene
recovery. DETAILED DESCRIPTION OF THE INVENTION [0019]Catalysts [0020]Preferably
more than about 60% of the nickel component of the catalyst is deposited in the peripheral outer
layer(s) of a shaped support in thickness of from abouyt 0.03 mm to about 0.7 mm, preferably from 0.04
mm to about 0.6 nf?ﬂ%ﬁ%&‘ﬁo?@ugls@pﬁbﬁbqtﬁelﬁ%f@rféd A Ik FHHRER AEpISTHSE d19¥Re outer skin

layer is from about, Q13 aBRPEEPIRAE Wb oRkefI@BIVATARI: 39 4R 2R MM AR 1 TExamples of

the preferred porous supports are alumina, silica, zirconia, talcite, silica-alumina, charcoal, or any

inorganic support WRIEH$halumisgdsiganpiian Almte abEHneh B cabning 3 BISERSIRIMIBET surface
area from about 750° to about 1200°C, preferably from about 800° to 1150°C prior

to use for the preparation of the catalysts. The preferred range of the total
nickel content on the catalyst is from about 1 to about 20 weight %, preferably

from 2 to 15 weight %.

[0022] The catalysts are useful for hydrogenation reactions such as selective
hydrogenation to remove acetylenic impurities in various mixed streams of C,-
Ci2 olefins, diolefins and styrene, and hydrogenation of benzene to
cyclohexane. Passing a mixture of a hydrocarbon feed stream and hydrogen
gas through a catalytic reaction zone or a series of two catalytic reaction zones
carries out hydrogenation reactions such as the selective hydrogenation of
acetylenic compounds. A catalytic reaction zone may contain one catalyst or
several different catalysts. If the selective hydrogenation is carried out in a
series of two catalytic reaction zones, optionally the catalyst in the second
reaction zone may contain Cu as a promoter and modifier. The poisoning
effects of organic mercaptans and organo-mercuric compounds for the nickel
catalysts promoted with Cu in the second catalytic reaction zone are
neutralized in the first catalytic reaction zone. A portion of the catalyst in the
first catalytic reaction zone is sacrificed as a guard bed for the poisonous
impurities. The improvement made for the hydrogenation process in this
invention is higher selectivity or higher recovery of the useful materials such
as mono-olefins, diolefins, or both, than those processes based on conventional
nickel catalysts or conventional palladium-based catalysts. The C4 acetylenic
impurities in a mixed crude butadiene stream can be completely removed by
selective hydrogenation with higher recovery of 1,3-butadiene in the present

process, than prior art nickel catalysts. Therefore, this invention allows



from about 20 m2/g to about 150 m2/g, and total nitrogen adsorption pore volume from about 0.4 to
about 1 cc/g. Alumina is the preferred support. The preferred alumina is transition alumina obtained by
calcining at a temperature from about 750 to about 1200C, preferably from about 800 to 1150C prior to
use for the preparation of the catalysts. The preferred range of the total nickel content on the catalyst
is from about 1 to about 20 weight %, preferably from 2 to 15 weight %. [0022]The catalysts are useful
for hydrogenation reactions such as selective hydrogenation to remove acetyleni¢c impurities in various

mixed streams of B3B8 04 NG| ERSEHACER HEL LGP R TTER afisH S8R BRI

cyclohexane. Passinfchdnpsiienafati by dracabhandiend stipant anptdiystiegan gas through a catalytic
reaction zone or a series of two catalytic reaction zones carries out hydrogenation reactions such as
the selective enation,of acetylenic compounds. A catalytic regctjon zone may contain one
catalyst or seﬂﬁg?gifferen 1’:‘&8?}%&?% e srggeﬁlﬂwgi%l%ﬁ'eﬁ/g I %a‘?r‘igdooﬁﬁ I dhes of two
catalytic reaction zeketiveptindralyitheonatelystdty e secatsbuadstioTEo N malcsobfaudbu as a
promoter and modijfier. The pqisqning effects of organjc mercaptans angd organo-mercuric compounds
for the nickel cataRISHTGP ST A EL  FE SO PSR 0 CRUBIPDSRE e T SR Afzed in the
first catalytic reactan zontbiRefionkonfofitiee trthlysicinihdifitltaialyttureaatanagnwiseaacrificed as a
guard bed for the poisonous impurities. The improvement made for the hydrogenation process in this
invention is highe §gﬁ§@ﬁ’\ﬁ'§/‘%}ﬂﬁﬂﬂ&99 Wé&?‘%@ﬁ@%@&&?%&&?&%}&ﬁ%&% ﬁgggﬁ)@ﬁns, diolefins,
or both, than thosenprigesses beseororflaativedtienalonckeahedtalysks aracaryetitiahdl padladium-based
catalysts. The C4 acett Ierlj?'\c i (#riti@s int&mixed ?rude butadiene stream can be completely removed
by selective hydrdGaRSEsIWIHThIgHL UL SRSSAHURIHE S the present process, than prior art
nickel catalysts. Therefore, this invention allows elimination of one of two extractive distillation
columns, res{if24]n simplEhcanatalisapeaseparption i bk utadienpfootrotidi mixkdrstream.
[0023]The catalysts may, be placed in any ical, deyjce erf the selectiye hydrogenation of
acetylenic compoﬂlr%g rgegl}(séﬁg esof slﬁclf]r):ﬁ(fé?/#gésﬂ% W (ﬁzﬁrcﬁg}ﬁ)iégggggtiglﬁs%g a eg to this
invention occur, asetomy ostabiiorabin dtiomscof timedbeltfisactor disfidtiorfroaiuthn ceattor, solvent
extractive distillation cql reactoyr, hoilin int reactoy, trickle,hed reactor, moying bed reactor,
fluidized reactor, é%r#% %gﬁ%?gactt%}? |\%]8elgd% \)?/e?asllorlggglfo?sq 8?\%%% %&P&%%ﬂ’ﬁf i%r}lloéo fﬁ%ﬁrreactors,
etc. [0024]The catatpdystraatrvityngsriselNaomhodifiersup jorpovhlithedesngeny mbdeiemedts from Cu,
Pd, Re, Zn, Mg, Me.Q | 10, IMRro I tivi lity,.an .-recovery of olefins and
diolefins from the cre'uée%ﬁwzl’()z(lgg{%trgg?n%%ﬁﬁ?rﬁ%ﬁﬁé@é@# %:%Ué Paégaggglé%el{gcr?eorﬂoér{n (t)g(r)g %or higher
catalyst activity asupelihssnebdificaduroiivap rolvent hensar sulésy-altinlsfm aaddiervbprodlicetc. The active
metal components, grg.den, étﬁ QA RQLRNS SUDRAE ! &H ' h & Silica-alumina,
carbon, charcoal, etc. }A .q?%r a%iarﬁﬁaé eart#1 met%‘?)s ma;l(} 8%%00&836:513&& Ifﬁ%g{??%ﬁﬁ §§f)ports prior to
deposition of Ni. [B0dg]THEqgrefddied support will have the following properties. The

[0025] The preferred support will have the following properties. The
preferred shaped support will have the size from about 0.2 to 7 mm. The
preferred support will have an average pore diameter from about 100 to about
450 A, more preferably about 140 to about 400 A, BET surface area from
about 20 to about 150 m%g, and total nitrogen adsorption pore volume from
about 0.4 to 1 cc/g. Alumina is one of the preferred supports. The preferred
alumina in this invention will have at least 30%, preferably at least 50% of the
pores larger than 100 A diameter, and a total pore volume from about 0.45 cc/g

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



preferred shaped support will have the size from about 0.2 to 7 mm. The preferred support will have an
average pore diameter from about 100 to about 450 A, more preferably about 140 to about 400 A, BET
surface area from about 20 to about 150 m2/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
glcc. [0026]NPOyst motfiedalieh Birdidiehdrdhetaie onmenn SHICHs PIaS, fty, RdoZsr Bi may be

prepared by incorpggating W%WU@%@;S@%H‘B%&%@EHMH& SOPRRANRE L the alumina

during its manufacture, preferably as compounds. e preferred alumina disclosed in this
invention can be pRSEardBO HRRINTBEINREANIGIR st IrkHBINA tdUHBSe KRillB@IHs&EsL. One of the
preferred aluminag diselgseakindhisdaygntion can be prepared by so-called oil dropping gelation
technique as disclosed in U.S. Patent No. 2,620,314 (1952), and U.S. Patent No. 4,273,735 (1981).
The spherically shaped alumina is_prepared from aluminum hydroxychloride sol prepared by digesting

aluminum mé@##{ laqueouy}?yl?ﬂﬁém ieluminadlisainsed ph s ANy mionera biiFePEsiiiterials, in the
form of droplets, aye\ggliRg BT hagiaitipuidved PRask ol wesebykagindnwashiRg, dndngs ad calcining

to obtain usually gamma-alumina in commercial production at an elevated temperature. Alternatively

the preferred sphétiesiFdrriyainan fnessd dncisga sy sePRe dFerdishiRy tkatlsd R&ithnique
using the disperseRidpatynit.aoRIeinfeaayilg Hwinansols atiseinsed bpbl334R adgns,No.

4,179,408 (1979). The alumina sols are prepared by dispersing suitable boehmite, pseudoboehmite or

mixtures of boehrAftd &ha- pRAGRbAS Mt dlitmniids i adibifc thAICaHe SHeREd ABWBHRIE or boehmite
raw materials are pigpade drb Rrghaly@in G Rlverino ek ipe pad Chystafzing:anigasting sodium

aluminate with alumipéjm salts suc(E s aluminum_sulfate and crystallizing. Various boehmite aluminas
s ;

or dispersed boeHRtE ARLATTRAUS udapshiotfAs i iHEMarRBRSEEACHISE AWHEHFthe suppliers.
To prepare the prefeisaelsaheredbat sliteophesaroselBdUatvEsi S Risrlasieghiseeipl Bisgeral HP

14/2(r), Dispal 11N7-8Q(r), Dispal 23N4-20(r), Disperal HP 10, Depera| 40, Pural 200, Pural 100, Pural
NG(r), etc. or mix r@ééxh‘géﬂg% i%%&?‘i‘ﬁé%%&é’do&r&miﬁé HEHBH AU Ralcined at in
a temperature rangenfiertiabgtidibda abautk2ORa teagartisidl0 Yhopmady elelihe kapRasdieta and
alpha crystalline forms.or. mixtures_thereaf [0028]The preferred a(iu ina_in variqus extrudate forms can
also be prepared SQB%J&néiﬁ%‘b Bg 15 ﬁﬁPe%er BTG ogghr?ﬁ]tedé‘l)@m%sg Alsed above,
and calcining at etesairphiéemspry ativreisiiorsealimehiGRCo ps2006bothminodifieisdisslossd herein
(Cu, Re, Zn, Mg, Mo,.and Bi thers known i rt at least in part he incorporated into the
alumina prior to egi?ﬁgiﬁ)% %?J'gurkg@élt;ﬁé)a %’fpg%ngltge%s tt%h#ﬁ?&? 'Sé%segliggl}gj%rg res to
elevated temperatyreispereing SidvilsleyBtallizdtio pdeudubie:binikcoeysialifesrof bdélimityriade area
shrinkage accelerates inbth%res ce of aImosHherictmoisrlt re or trf%e mount oés diugn in the
alumina or both. @%%1518/ QRS %bnpndg?f for fiE bcafg?y%%p e%’apgﬁ% ROEBMHTRE; ﬂ)e/ bduced as
gamma alumina bywhencattaialdioarat jeeypecdtutss fhgtirapaup 5=0aHimuioGlkoxédphyaiadl shapes of
the preferred aluminas gan be an%shtage such as s here% extrtﬂda}es,. ellets ?tnd %r?}nules which
have diameter of %%Ss%bzﬁngbgﬁt A ehes, bl?ré*e?a%rff/”ﬁ inchiesang 1888 thavabodt £2 inches
length, preferablyalessitinan shidatecihved deyryiliitongxtVelades bogielats a[OOXAP refdighdys&D% or more

nickel metal on thk?o%ﬁﬁ%%%?uﬁﬁ%% ggigegremavaﬂable in the marketplace. Condea is one of the

suppliers. To prepare the preferred spherical alumina whose pore structure is
disclosed herein, Disperal HP 14/2%, Dispal 11N7-80%, Dispal 23N4-20°,
Disperal HP 14®, Deperal 40®, Pural 200®, Pural 100®, Pural NG®, etc. or
mixtures of these can be used. The preferred alumina is transition alumina

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



the outer peripheral region of the shaped porous support, rather than within the support. The preferred
thickness of the outer skin layer of the Ni catalysts is from about 0.03 mm to about 0.7 mm, more
preferably from 0.04 mm to 0.6 mm, most preferably from 0.04 mm to 0.50 mm. No prior art or
publication is known to disclose the use of a material for the hydrogenation reaction, where nickel
metal is preferably deposited in the outer layer region of a shaped porous support. Total nickel content
of the catalyst is preferably from about 3 to 20 wt. %, more preferably from 4 to 15 wt. %. To obtain a
predetermined metaTEBIHIHESABIGN de tar kRRAN G é%%%@ﬁ thekaibas Brmyor BHEWsay carry out
either one or multigplg-dgypregnations 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 out yer is spray-coating impregnatjon of a suitable solution of nickel compound on a
support. Whe@% iple sp cQ&?&E‘?%wp? o CAIEY Sﬁ?"ﬂ%éepr@cﬁﬁ’ét £8% d%nBSregnation
step is preferably pithardlried excaltinediat prigemre PoeBniiitherraogelberehaiittaldaiikaspreferably
250 to 500C, prior to carrying out the next.impregnation. The catalysts ¢an be prepared either in one
step or multi step<SHSSHLRRPEF rABRFAAT S AT & H?ﬁ%‘?wé‘ﬂf&’%ﬁa&lﬁeétgﬁ?& b%sc(fego@lted by spray
coating a solution gfouieRel qonpacditias alitikadsdeiton afnigkel Zad g MaslifipdcBinppunds on a
support. Optionally pne may deposit nickel and copper components separately hy carrying out a series
of two or more imBFg ; [’@Oéﬁ]ﬁrﬁﬁ’ﬁé{iﬁﬁj‘? S BRI O RPTRAUFCGUTEP § ?iﬁﬂ'@?ﬂ?egion with
Ni, the amount of Ribendh&easadyst BHeartiRdmielvb2alpreieraplysitonsifRbioepdatvd. % of the
total catalyst. The deposition of Pd on the catalyst can be carried out simultaneousl Wi%] Ni deposition
by Using a mixed SSRTBFFOANFESBB RS R JBLCPb PR AN JRSHERNN a separate
step in any order, iyttareferably Atis swpasitedealtsirthieadl. Ryaferatdy 1006 girtenbsl on the catalyst
is deposited in the outer peripheral region of the shaped porous support, rather than within the support
[0031]In an altemAHyes Blérﬁ?ﬁ%}léﬁn%iéﬁ%gcﬂﬂﬁj%@, ?ﬁesﬂilb‘&if?gn&bef r%%%é{’él Sh'a support is
carried out in a cogsaultieluaiconvsiiional irpieghat prepadiipidy-aoatirgeial pregodited in series.
For example, the conventiongl impregnation such as incipient wet impregnation is_carried out in the
firet mpregnation SnBUHEH SR Sng et ARG SEHNEA ] 18 SL8Uhe Bep: Bhe product
from the incipient WePCnpidgnaticicid ghefesadiyiistipjefitnddalatlirameddreatmeshienyaibout 200 to

800C, more preferably, from about 250 to about 500C, prior t ray-coating impregnation. Optionally
4520 o8 Bl o spraconting mpregnation

one may carry ouftht Ié%reasy-%)ggﬁng ith Feﬁﬁsaﬁ%n BN T Y8t EnE e CoRV&ntiohal Mipregnation in

the second step. 40632]V¢hechassppgferadnthifing Miscatdllstishpnegared Mitmealmeallentig support, the
content of copper on thebfafalﬁéis ip g.rarﬁgelof frtgrg abotut 9.905 to a}P?ut 10 wt. %. The solution of
the nickel compoﬁ)ﬁ %aprgpgsre %%/ éisé%‘iwr?geél%lckgf (e:ér%upgueﬁd)w&a?tg’r or an organo nickel
compound in organic solvent or water. Molten liquid of a nickel compound such as nickel nitrate
hexahydrate KR 8E used Rieftraldpra*6catimgrienpidghatival iostbacahbgtesudepisiednitrate solution.

Th | f i ick It h ickel ni tallic nickel
compounds such B kT B B e e Ater
the completion of $pying Ehe girtionanthidumse S the inpresjiatioyepraidinet 16 sesédysislis subjected to
a thermal treatmepl at 3,loMBYYAIUIG IBOQ%&RQE%%QFG}%‘%%%QJ&QQ%%IWJ%W.%?@M%rﬁr@ about 250

to about 500C, from 10 minutes to 24 hours. The pr olume of the liquid for spray coating
impregnation is fromnaiest Precerdoftome 004 prefeiably RroonaiSa P2 vaitiongyblafatientistal pore

volume of a S“pp%to\ﬁ{“ﬁ)'@H&%@é%ﬁ%@%mﬂﬁﬁﬂgf?ﬁ%ﬁdﬁﬁth%x%;g@éx}%%%& LEQMBRUAgJR perform

spray-coating impregnation on a support may be produced by usin er liquid sprayer or atomizer.
The spray-coatingriekehrriethbig areferarznbimsitod drevihtedutem poeturgidheklevirgdemperature

spray-coating is cgyfig %%@ha @8’[81%%&@%%@%‘? ?%@%é&%ﬁﬁ%‘?&eﬁ%‘ﬁ "RBL AR K00 to 350C.

Preferably fine liquid dro are spraye shaped supports’rolling in a rotary impregnator or on a
flat surface. [0033jHRRIrYShatisteANsdexsbly 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



[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 50F to about 420F, preferably
from about 55F to about 380F. However, the temperature is determined by the specific acetylenic
compounds to be hydrogenated and the physical phase of the hydrocarbons in a specific_catalytic

reaction zone. ForAdPEF or (28 RELRISAdrN IRt dare s itecucsRmidal Jithe A6h A¥Eh the
temperature for thepsgjecsitmpbyaipganation ofia aurige ebfiovhaboHicker dergsiiindren the C4

acetylenic compounds in a mixed butadiene stream, the temperature is in a range of from about 50F to
200F, preferably fibiRP8E o MBFIEEIESRERY AAAME RIS FRairdiost &6 arotiflic

hydrocarbons stregg the tampRI@isiens e rangR«Eiiny ahout 6@ aboui12kRE. kordeavier
acetylenic hydrocarbons than C5 acetylenes in heavier hydrocarbaons than C5, the temperature is in a

range of from aboliBBEAYSHB e sHE o ss Hifkie SUe Rt R8P My B dRn quotﬂeflf&ﬁﬂ‘hic reaction

zones is another iiipaly bapadaipiagassnsidablehd kersyseaniiaion fvdegenilndhe catalytic
reaction zone depends on a number of factors; the concentration of acetylenic compounds in the

incoming feed stréiFR A RLLYERT rdBEdURREL RS ek ARt iRt FORIRETERH S h 8&EY Sthe intended

conversion of acebilgnee a€rosited SPaPits Gualitca eakiih sMEckBEJyaoaadoaanhags of the
catalytic reaction zone whether single phase (ﬁr,gmixed phase, the temperaturﬁ of a specific catalytic
|

reaction zone, catihi¥B AHBGKE RS LABRIBITE, n THRPFE cIHRIIRAR A fevice of the
catalytic reaction zgaedepditatickéixad kegpaaciaipoheaiahdpadistyiaoragiumoueasteledn general,
the minimum amoupt of hydrogen is no less than 50 mole %, preferably 70 mole %, of the
concentration of t78 tBPHEMEHHELSE P coming 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, prefergb8309 higheifhaiidiiinmes, Afdhdeposiesl ah thialbacatpaiphaampgivndwittn lgeneral, more

hydrogen is need?# for the catalytic distillatign or. catalytic extractivg, distillati eration than the
fixed bed operatio © fﬁ’@%’lg]trﬂe pdré)gs%?reecgi%yggtlglﬁ?ﬂél o ?oi\ ‘zx’(t:[)'né)’ig {fél?éar%?anargyt rbegfollowing
specifics: the specdi0.physicsd dévheaabbcaathyistticTieadtiposittmeo P thetha sathlgst ¢arubed or not, the
intended temperature. of a selective hydrogenatign reaction in a specific catalytic reactipn.zone, and
the intended phact IS (ol 4 e S o B R Gy r O S AC R I cataty i
reaction zone. [003¥peerftbandale ebthpouydrocaiibdtts ¢anabspaepifisi rehotiarsgemetésstdptarmined by

the following: catalyst cqmpesitan, the snsiic phsiedl devise.alia Galalliseaglion gqpe. intended
conversion of ace y%nlc cdmpo%n S ACTosS the s?peu IC ca?aly ic reaction 20 e, and the Concentration
of hydrogen, temp&taturéhancifplessisra¢nasispk cifi theatalgti cpeeadtéond zegien of the shaped

porous support, rather than within the support

[0031] In an alternative multiple impregnation technique, the deposition of
nickel metal on a support is carried out in a combination of conventional
impregnation and spray-coating impregnation in series. For example, the
conventional impregnation such as incipient wet impregnation is carried out in
the first impregnation and then spray-coating impregnation is performed in the
second step. The product from the incipient wet impregnation is preferably
subjected to a thermal treatment from about 200° to 800°C, more preferably
from about 250° to about 500°C, prior to spray-coating impregnation.
Optionally one may carry out the spray-coating impregnation in the first step

and the conventional impregnation in the second step.
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[0038]The evaluation of the catalysts performance is carried out by comparing recovery of a desired
product for a given feed stock at a given conversion of acetylenic compounds or at the conversion
required to meet specific product qualification against the prior art. For example, when C4 acetylenic
compounds in a crude butadiene stream are selectively hydrogenated, 1,3-butadiene is the desired
product to be recovered from the feed stream, the following mathematical formula defines the recovery
of 1,3- BD. Recovery of I,3-BD (%) = 100-(NF-Np) x 100/NF where: NF = Wt. % of 1,3-BD in feed
stream, and N}P324t. o of WheBD grppstigentaieagm 10030 o rsvRaeaf vilylaacaiyieine (VA) or

ethyl acetylene (EQhisdefinethintéan JH%B@@} BRI iGG A ARERY SNE FRRRRCOMYBrted o 1,3-
BD by hydrogenation, the recovery of 1,3-BD is mathematically E\OSSI le to be larger than 100%. This

is also true for thet@etbettd ydtodenatibs eplweenyphdksylBiskviRMpARdute o @igdstBam. The
recovery of propylgR&,fiane 8 Hidde C3mpbSieam warbelasgeshan 1006 RecpRaMAPD can be

converted to propylene by selective hydrogenation. [0040]The complete or near complete conversion

(to less than 30 pprgaBlasebieline peeacMylisielond ohaaiakelccomwiprpigd ek eyanskil
1,3-butadiene leagi§tq£}iRinafnaotaneoLwe ﬁ%“iﬁ@té\é‘?a?i%@%ﬁ%%ﬂ%l&%@&?%%& ¢ butadiene

from the mixed stream. The result is a cheaper production cost of butadiene. [0041]When the
selective hydrogep@irsiistigkelonitate el uities dhengxamples of the nickel compounds are

nickel salts such as nickel nitrate or organo metallic nickel compounds such as
nickel acetate, nickel formate, nickel acetylacetonate, nickel alkoxides, etc.
After the completion of spraying a solution on a support, the impregnation
product is preferably subjected to a thermal treatment at a temperature from
about 200 to about 800°C, more preferably from about 250 to about 500°C,
from 10 minutes to 24 hours. The preferred volume of the liquid for spray
coating impregnation is from about 2 to 70 volume %, preferably 2 to about 25
volume % of the total pore volume of a support. Fine liquid droplets of
impregnation solution of a nickel compound to perform spray-coating
impregnation on a support may be produced by using either liquid sprayer or
atomizer. The spray-coating is carried out at either ambient or elevated
temperature. The elevated temperature spray-coating is carried out on a porous
support presented to a temperature from about 100 to 350°C. Preferably fine
liquid droplets are sprayed on shaped supports rolling in a rotary impregnator

or on a flat surface.
[0033] Hydrogenation Process

[0034] The feed containing acetylenic compounds and other unsaturated
compounds is passed through catalytic reaction zone(s) in gas phase, liquid
phase or a mixed phase of gas and liquid. The temperature of the selective
hydrogenation reaction in the catalytic reaction zone is one of the most
important process variables. The temperature is in a range of about 50°F to

about 420°F, preferably from about 55°F to about 380°F. However, the
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catalytic reaction zones for a better recovery of 1,3-BD, the concentration of combined acetylenic
impurities in the product stream from the first catalytic reaction zone is in a range from about 100 wt.
ppm to about 5000 wt. ppm, depending on the concentration of acetylenic impurities in the feed
stream. The recovery of 1,3-butadiene across the first catalytic reaction zone is preferably maintained
at higher than about 96 wt. %. The first catalytic reaction zone also serves to maximize the

isomerization of propadiene to methyl acetylene and 1,2-butadiene to 1,3-butadiene. However, it is
possible to compl&BIPSTEMER & SIgiE B R iputRrsiin dretdsaisreamPaydasihdtrough a

single catalytic reagipsbenpned RRFEL brysiad §&r6t1fﬁefW&H&ﬁrﬁb‘ifs%&’a‘@ﬁ&fﬁ@@ﬁ%yﬁ@ne is passed

through the second catalytic reaction zone with or without an adjustment of hydrogen at optimal

process condition aFHHE FBtuct Sfrdhfn oY the Ssebhereataipti@issdibn 26res tEMyfcentration of

the combined C4 peglytarieiMidliies P RaisROR IR LIARRHPRESM BB MBI, Thgdecovery of
1,3- butadiene acrgss the second catalytic reaction zone is better than about 97 wt. %. [0043]A Ni

catalyst or two diffdr&iPNRrRAIYStE ity $E Toadiell thea iR FERIS FOMBHPARyRIGaIRRACe for any

operational modep@pdieRaliy e SeRAAHDIRACIONS FeRY easdWE §IAINIEIESOtIORZONEF Where two
different catalysts are Igaded. The selective hydrogenation of acetylenic im%urities can be carried out

in various configuPSHEFROES AR reacoltPohe Fenthsifg Bertifenie serdeIdhin comithtion of modes

such as fixed beddieagialc ¢ai@lybis sl atiemreariabnspdyant £ Xractiveagatabie-shstiiasian reactor,
boiling point reactor, moving bed reactor, fluidized reactor, divided wall reactor, etc. is part of this

invention. Such eﬁgﬁﬁpﬁ%é‘%ﬁ'étt%\?&%%rigl"ﬁ)@&‘ﬂ%H@?‘ﬁy&%ﬁﬁdé?gﬂﬁg?%th%gﬂﬁé%@ﬁor the first

catalytic reaction gpReaid BylixechlmshsaneatoCioribasapantrataiic raast VT Ze addixed bed
reactor for the first reaction zone with a solvent extractive catalytic distillation column reactor for the

second reaction g t@téb?(%ﬂ??ﬁe performance of a catalyst deteriorates with on-stream time due
to various reasons.One of the reasons is slow build-up of poisonous carbonaceous materials on the
catalyst surf§063%p prolonththesaiaiyatioyclefohyrangen timeha salygticmayckienisedde wash off

heavy polymers to slgw the bu'l&-u rate of the poisonoys carhonaceous materi \E’ n the catalyst.
Therefore, heavy 6\ r%re%l%ﬁaoll d’%@o%qﬂb%r,og%éa@ﬂ%é’i%m Secé’rrécee,nfﬁafh%’s%?l r%rﬂ%%r the
selective hydrogeinatioratalyditi ongtioxampe pdrrlscin soiveitisr o€ ixde sy clehexaratimziy
cyclohexane, benzgene,tttfluene(5 aIk(yI n('itriteshfurfural,.di thyl acetamtide, dim%thyl formamide,
methylpyrrolidoneo, toltih Fﬁltl)crpchcl)?lﬁel,mar?dl R S aﬁ%&?&%fﬁ}gne} TRELBIVERE 1 Pecovered
from the reactor efdinentistreqrrificeayeigleipticompyihdsé)lvehe niaeideduddnvesidhe dystem, at the
start-up of the unitb 1recg/clin hea\gl C pop?nts, which is usualP/ ebswall%%lrt ofhthe feFd and is
also produced byaoﬁ OMETiZation an ep?cl) i/cmcgrlazgﬂgr{e&ﬁrllﬂré fhesetect erR§/ roodleﬁa?iggnom the catalytic
reaction zone(s). tBelvaatsligico-fexttioth tead tovingleatadidigl e e phtion ponefeedhelibsed bieel operation.

For the catalytic qistillati(%n or extractiv cataMi .distillattion o(g)eration S(t)lvent is introduced at a
.. . Qnma]i)]_ﬁr% re oI a Sﬁe%\ 1C ﬁa 3%10 e 10N Z O, Os1t10n 1 .a
position in the top of the column. Another dl

nff‘ catFI St C dmrp t .
ernative operational procedure is occasional washing
the catalysts withspebrBntredcai termperasurkthe apanje @iysmal d0Fdeo 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.
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750F under a pressure from 0 to 500 psi, preferably in the presence of hydrogen. Deposition of heavy
polymer on selective hydrogenation catalysts can deactivate the catalyst and require regeneration. It
has been found that the present Ni catalysts exhibit very low polymer deposition compared to
commercially available catalysts. [0045]CONTROL EXAMPLE IA [0046]Conventional Catalyst
100471Commercial 28 wt. % Ni catalyst (HTC 600-RP1.2 obtained from Synetix) was tested to

remove C4 acetylenic impurities in a crude steam cracked butadiene stream by selective
hydrogenatioh?830rams of Bse RigtaNFSt Rlere RABEWItFFFBIAM FOBMIh drireiaed|dys Bls and

loaded in a verticajiyigniiegedmboviRiapiesr pear deaetonth iBshigiameletisPQdach long). The

catalyst is 1.2 mm diameter trilobe extrudate. Two thermocouples at each end of catalyst zone were

installed to controMhetheh@oralsiieltired THenehtdhR tinssdsdpprRBcEIF: phanrletiie as
activated and pasgjy, fan a0sLIREOIAMSRESH feaGiiNAiNg AL 1882011k hydiagengarifigw. The

catalyst was reactivated at 250F in 300 cc/min gas flow of 33 volume % hydrogen gas in nitrogen for
1.5 hours and the RS &R Bitwidrems mikedrRpasod e Ardnioridlef hydresahusioTihe reactor was
cooled to ambient dggpgratisgiohselective 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 r ée at the beginning of the reaction, down to 55 sccm/min toward to the end of the run,
and under 10[9@1 fa total reHfof predatfetrife 1BEdroraLbesm phise dRSCIIo e, ¢ORA dtetylene,

0.16 wt % ethyl aceidenmansyQE2il Heine thitbare ban sToR IMd HedificBRy HchBawi e 1,2-BD,

15.03 wt % butenes, etc. Because of the exothermic heat of hydrogenation, the temperature at the end

of the catalyst bed®fvasHBREICHERF HPThE Wi HHGSE FROLSHRM (B R ohHENSnSoBIBRURLDf the
hydrogenation wagerdsk8dapedifi atingyerd-efdisncaialy stidedaosh8nt A8k & Hyarbgainning of the

catalyst bed, respectively. The best quality product from this experiment contained 190 ppm VA and

150 ppm EA at 97498 FEXBNH) b S tRASRECH A UM EHRIRA488%n FIGS. 1 and 2.
[0048]CONTROL EXAMPLE 1B [0049]Conventional Catalyst [0050]Commercial 28% wt % Ni catalyst
(KL6564-TL1j@038hined frdhe evaluation of the catalysts performance is carried out by

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

feed stream, the following mathematical formula defines the recovery of 1,3-

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

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

product stream

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

acetylene (MA) in a crude C; cut stream. The recovery of propylene from a
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CRT) was tested to remove C4 acetylenic impurities in a crude steam cracked butadiene stream by
selective hydrogenation. The catalyst is 1.2 mm diameter trilobe extrudate. The catalyst has 113 m2/g
BET surface, 0.43 cm3/g total N2 adsorption pore volume and 12.8 tun average pore diameter. 50
grams of the catalyst were mixed with 60 ml of 3 mm diameter glass balls and loaded in a vertically
mounted up-flow stainless fixed bed reactor (1 inch diameter x 20 inch long). Two thermocouples at
each end of catalyst zone were installed to control the reactor temperature. The catalyst was supplied

by the manufacturedé Ge fVARFHREPRRE AAEsH thsitn. 06 RscarmMHARE reBaRARMEHEHSOF in

hydrogen gas flowoTigsaal/sl waedprchydisstaligadF in 300 cc/min gas flow of 33 volume %
hydrogen gas in nitrogen for 1.5 hours and then 575F for 5 hours by passing 350 cc per min of pure

hydrogen gas&'&q@;eactor was cooled to ambient temperature. The selective hydrogenation of
I

acetylenic im in the SEnTOTRRLE 1SR ASH rIBle-SP RV (A iisdhan HPBth 148 mi/min of

hydrocarbon feed anatat&0GLateMinef by drogenyiiaws azrahibie kegienringr af 3beutegietien down to
50 sccm/min tOWﬁ{d éo the end of.the run under 108 Péif%total reactor pressure. The temperature of
the hydrogenation' #7948 1 gliigssenghnacplBeuss arirsstisaliation ¥aits Borraa® beginning of the

catalyst bed, respeatadibne linenbeist ernirbity preahCt Tigmdhis expecivgiel grotinesh 3 ah VA and 19
ppm EA at 95.1%iec§ver . of 1,3- butadiene. The result is illustrated in FIGS. 1 and 2.
[0051]EXAMPLE é ] fivention [0053]The catalyst was prepared by carrying out two
spray-coating impregnations at ambient temperature. The gamma-alumina used to prepare the nickel
catalyst is 1.q80d#} diamet@hsphire sepsetpardg dry gheativalisppindedeadation tesbidgus. te physical
properties of the alumina as retceived frogn the manufacturer ?fi ;L_J%natﬂzed in Table 1. I}élore than
about 90% of the B%Fle% ih RIS &lUrfine havea 8@%5?8?‘@%@ than 100 A ‘f‘?]%c%’%?%g B re diameter
is 214 A. The alumabiseth audyideitoingeifoicthe pteppradion efrthen chtaly shasinttisatdgdrding to the
present invention. ,'el'f}gregoreﬁéhe alumina was Ca"ﬁ”etdl%to'%?toc fort3 hour g;)&;)r&cr)t prepare a suitable
alumina for the caliaefyslf) pré%aré?iérﬁ.aArl‘?Ielg%af&Ir?a |o%1f the ave‘ra%’én didrfeter dra uml'ngpspheres shrunk
to 1.45 mm from l&&nding Tére theecageepoad dianfietertpasiGadpurihs pinyhicdbatopretias of this
calcined alumina ate listed in Tahle.2, The XRD of this %ﬁ'CiQﬁth a&‘l@”a indic?les theta alumina with

some delta. Nicke rr?etrgf:\(/)v‘gsrydeopoéi e'gugerl\ {RIS AT d Afumina 48 ayﬁlgriﬁ%gra%ﬁgrr‘%f%bout 0.38

mm thickness by paefyialglpuhamiiipkel impteginatidrem vabouticke | witrdte sdlwtidirascdedgtibed below.
Table 1 ABD, Wee 0.48 BET m%/g 170.2 . . o .
_ reaction Zorle alsd serves to maximize the isomerization of propadiene to
methyl acetylene and 1,2-butadiene to 1,3-butadiene. However, it is possible
to completely remove all the acetylenic impurities in the feed stream by

passing through a single catalytic reaction zone.

[0042] The product stream from the first catalytic reaction zone is passed
through the second catalytic reaction zone with or without an adjustment of
hydrogen at optimal process conditions. In the product stream from the second
catalytic reaction zone, the concentration of the combined C4 acetylenic
impurities is in a range from 0 wppm to about 30 wppm. The recovery of 1,3-
butadiene across the second catalytic reaction zone is better than about 97 wt.

%.

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

separate reactors serve as two catalytic reaction zones where two different
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Micro Pore Area, m2/g 0 Total pore volume (cc/g) for pores less Than 493 A radius at P/Po = 0.9801
0.912 Average Pore diameter, A 214.4 Table 2 ABD, g/cc 0.62

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

the second reaction zone, etc.

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

washing the catalysts with solvent at a temperature in a range of from 70°F to
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BET, m2/g 67.4 Micro Pore Area, m2/g 3.0 Total pore volume (cc/g) for pores less Than 493 A radius
at P/Po = 0.9801 0.701 Average Pore diameter, A 362 [00541A nickel nitrate solution was prepared

by dissolving 70 g

750°F under a pressure from 0 to 500 psi, preferably in the presence of
hydrogen. Deposition of heavy polymer on selective hydrogenation catalysts
can deactivate the catalyst and require regeneration. It has been found that the
present Ni catalysts exhibit very low polymer deposition compared to

commercially available catalysts.

[0045] CONTROL EXAMPLE 1A
[0046] Conventional Catalyst
[0047] Commercial 28 wt. % Ni catalyst (HTC 600-RP1.2 obtained from

Synetix) was tested to remove C4 acetylenic impurities in a crude steam
cracked butadiene stream by selective hydrogenation. 50 grams of the catalyst
were mixed with 70 ml of 3 mm diameter glass balls and loaded in a vertically
mounted up-flow stainless fixed bed reactor (1 inch diameter x 20 inch long).
The catalyst is 1.2 mm diameter trilobe extrudate. Two thermocouples at each
end of catalyst zone were installed to control the reactor temperature. The
catalyst was supplied by the manufacturer as activated and passivated form,
and recommended reactivating at 482°F in hydrogen gas flow. The catalyst
was reactivated at 250°F in 300 cc/min gas flow of 33 volume % hydrogen gas
in nitrogen for 1.5 hours and then 575°F for 5 hours by passing 350 cc per min
of pure hydrogen gas. The reactor was cooled to ambient temperature. The
selective hydrogenation of acetylenic impurities in a crude steam cracked
butadiene feed was carried out at 6 ml/min of hydrocarbon feed and at 80
sccm/min of hydrogen flow rate at the beginning of the reaction, down to 55
sccm/min toward to the end of the run, and under 108 psig total reactor
pressure. The feed was comprised of 1.071 wt. % vinyl acetylene, 0.16 wt %
ethyl acetylene and 0.22 wt % methyl acetylene, 71.33 wt % 1,3-BD, 0.18 wt
% 1,2-BD, 15.03 wt % butenes, etc. Because of the exothermic heat of
hydrogenation, the temperature at the end of the catalyst bed was higher than at
the beginning of the catalyst bed. The temperature of the hydrogenation was
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N1NO3.6H20 in 36 grams of water for the first impregnation. 300 grams of the calcined alumina were
placed in a rotary impregnator and then the above nickel nitrate solution was sprayed on the rolling
alumina spheres with an atomizer at ambient temperature over a period of about 10 minutes. After
drying the impregnation product at about 200C by blowing hot air into the rotary impregnator, the dried
product was calcined at 350C for about 2 hours. Another nickel solution was prepared for the second
impregnation by dissolving 60 grams of NiNO3.6H20 in 31.5Cgrams of water. The second impregnation

was carried out onttit Exifel 2fiFhe iFRe RighsrsirbrEdsd: 3L AvaRseihe breimigAbregnation.
After drying at 20Ge theabAIcALiQBspEARRy WaheHERG AP hR AU ol ehamepBtigbhrickel
deposited on the alumina support is 8.05 wt. % based on the total amount of nickel nitrate used. The
catalyst had the foRRAHEHHYSICRBrY feifids! Forpm3ig BEY difraecourss ob 5P ERERSf total
nitrogen pore volumeg ang1dkituetaveraaaasrq digmeter. 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 m2 in the layer. [0055]80 g of
this catalyst vt@é{%saded i e SRR Fesetd ddedtn the control Example 1. The catalyst was
activated at 250F in 300 cc/min gas flow of 33 volume % hydrogen gas in nitrogen for 1.5 hours, 670F
for 3 hours ajd(#8h 750F Gansdmisisabgpagsing 350 cc per mm of pure hydrogen gas. The reactor
was cooled to ambient temperature. The selective hydrogenation of acetylenic impurities in the same
feed used in ntrol Example 1A arrie tat mg/ j rbon feed and at 65
sccm/min of Iﬂ%@ﬁ)ﬁen flow)é?fﬂé%na‘ftr <t:llflel eg/l(?n‘r)?’itngg o?\}tJ 8art361 e |gnk é)évé%o asggr%}rrﬁi(rg %%rd to the
end of the run undeR08gssigptat abreantorepia ssutglchieitepuoict imeaatrile strdofdheleatalyst bed
was higher than af the,beqinning of the, catalyst bed. The temperatyre,of hydrogenation was 120
to I30F at the end%’ft %I(wi%ee %%t%ﬁ)e/s %e}(ljsgelne %é%%ﬁ %é?éegta% e b(?g};%ﬁ%%i}ésfttﬁ? ga{g%gll %%a?efespectively.
The best quality protilet dromdetis ipecatrystdumstaiiectpBiT\Vstrime SpineiE Xgaoed 5% recovery of

1,3-butadiene. Th > ickel catalyst nstrates a superior catalvtic.performa to those of
the Gontrol Exam I A Yo S e s e B P o
[0058]Commerciat @&8btstmvereNincatdiysth( K0 6564t BLihiR dbtmieted dtass @Rs)andddadtdditaremove C4
acetylenic impurities. i r EAM. ( butadiene ective rogepajjon. 50 grams
of the catalyst Weia‘r%?leg V%%?@%%%o%%gngﬁ%n%eﬁﬁe&?é? akl)%lallgs)%ai@ Igla?cfjleﬁ%ﬁr%g? %re?t?ggl) ly mounted
up-flow stainless fixet loag)redutortiigrinchodizlasett cackGEidcof | oatgly STwonthareno totglled tt each end of

the catalyst | ied by th
e AL S T T A e

manufacturer as activated and passiv
gas flow. The catalygcieatadaotveastvatabrin 300 ceyanmgadetoeastisatingunéSds Rydrogen gas in

nittogen for 1.5 haeaand RN D7 AT {0 B\ S DASRIOR 30 £8P Db LoAIE, iroven gas.

The reactor was cooled to ambient temperature. The selective hydrogenation of acetylenic impurities

in a crude steam ﬁ@ﬂ@ﬁ%u@bﬁéﬁe%bﬁ%naﬁ%ﬂlmﬁ%@rﬁnﬁi@ élfonwp@daﬂmiéﬁﬂ and at 65
sccm/min of hydregen flowd 8ie 2kLie, PAYRRIRG 9h RS FEAFLIAY HBY 10,40 PRETUIRIR IQuard to the

end of the run under 108 psig'total reactor pressure. The feed was comprised of 0.98 wt % vinyl
acetylene, 0.12 weovdediiyl ambighintemparatoR-wt 19 raelenyivechidergenzioe et ag6tylBD, 0.01 w.

% 1,2-BD, 14.05 ytth:hulEnase Slimd R JEDRLIAHIE CoINGIMYEIRIRNAHOR WG] facgaF at the

end of the catalyst bed and 90 to 99F at the beginning of the catalyst bed, respectively. The best
quality product frémrthisiagidrtresethentdesd dsigp POsacarnm pphyemean flow rate at the

beginning of the reaction down to 50 sccm/min toward to the end of the run
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 118° to 125°F at the end of the catalyst bed and 76° to 90°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 18 ppm VA and 19 ppm EA at 95.1% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 1 and 2.
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95.9% recovery of 1,3-butadiene. The result is illustrated in FIGS. 3 and 4. [0059]EXAMPLE 2B
[0060]Invention [0061]The following demonstrates superior performance of the catalyst of the present
invention to that of the Control Example 2A. The catalyst was prepared by carrying out two
spray-coating impregnations of nickel nitrate solutions on hot alumina supports. The same alumina
calcined at 1100C for 3 hours used in the Example 1C was used to prepare the nickel catalyst in this
example. [0062]A nickel nitrate solution was prepared by dissolving 86.5 g NINO3.6H20 in 48 grams of
water for the 19 inregnaEXﬁMB@%%ns of the calcined alumina were preheated to about 205C in
an oven and then the hot alumina was placed in a rotary impregnator for impregnation with the nickel
nitrate solutiopp@se] a periggvehabput 20 minutes using an atomizer. During the spray coating
impregnation, the rotary impregnator was heated with hot air. The impregnation product was dried at
ng hot air into the rotary impregnator. The dried product was calcined at 420C for

about 200C b (&% i

3 hours. Anot% \i[i,:kel nitral€ SRR offife RERRIEbNREN RISV A broBar W BF t98 W ond
impk:egnaéion. Lhawmﬁw%@&eﬂuwﬁf@#m Mﬁé@ﬁ]@ﬂﬁi{ﬁh&gﬂ)n@qﬂ@g% prodhuct
preheated to about 205C in the similar manner to the first jmpregnation, r drying at 200C, the
Calcination was cHicBIOS) SR ol SRt CARFIRE hﬁ%?&w&eﬁﬁéeb%gﬁeﬁ?mﬂg alumina

support was 10.4 yélatohaseshautheTataphysianpedpickel bitihte dleethd he fiedqar geiat under the
microscope indicates 0.32 mm of the layer thickness, which. megns about 2.09 2Ni. metal loading
in the layer. [OO6§§O@8?%?@E%%PWB%@6§&HIiﬁv%\gl@&icgﬁffﬁ& fite ﬁﬂt-fwnﬁgiﬁ%ss fixed bed
reactor (1 inch digsagternx 2isindinignghalbe chtalyiragactivaierdat 250 hin BReage/Furegas flow of
33 volume % hydréz er%{%ﬁs |2 itrogen for 1.5 hours and sla][en for3§ougs at 670F.and 3 hours at 770F
by passing 350 cc t?é? Behdireh JEsISTHIEPHARG FWAS {B0I8H RECRANHIOR ¥ MBerature. The
selective hydrogepatidnafsacadyteniedinpuaties prcteatsamaiiead UsediortnehEgntrohixample 2A was
carried out at 6 ml/min of hyd on feed and at 55 sccm/min of hydragen flow rate at.the beginning
of the reaction, do%rrp?%eﬂsgéc{grﬁ%an%v\g BB 8Hq 'SR 3 ?lf%ﬂ@%qfoglw&% & Fggctor
pressure. The tempeiigtireebiigtioydrogetetion siagidi s thel 2déraicthdianetaf dfealatalyst bed and
about 80F at the beginning of the catalyst bed, respegtively. The best quality product from this
experiment contai??egﬁ rﬁsp uéfktgn %prBfﬂ Igﬂnét%&.: 0 ECiE%rfil/VSfafcﬁ%-Wféa %Wg(.%e’fh‘@a%sult IS
illustrated in FIGS3& akd e shpica pupssitepefftinazicmed tlismsxanmpeléisedhasEabidiie Control
Exan—1ple 2A. [OO%%%&%%F t%% calcined alumina indicates theta alumina with some delta.

Nickel metal was deposited on this calcined alumina as a peripheral layer of

about 0.38 mm thickness by carrying out multiple impregnations with nickel

nitrate solution as described below.

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

Total pore volume (cc/g) for pores less | 0.912
Than 493 A radius at P/Py = 0.9801

Average Pore diameter, A 214.4
Table 2
ABD, g/cc 0.62
BET, m’/g 67.4
Micro Pore Area, m’/g 3.0

Total pore volume (cc/g) for pores less | 0.701
Than 493 A radius at P/Py = 0.9801
Average Pore diameter, A 362
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[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 NINO3-6H20 in 25.95 grams of water for the first impregnation. 300
grams of the same calcined alumina used in the Example 1C were placed in a rotary impregnator and
the impregnation was carried out by spraying the nickel nitrate solution on the alumina spheres rolling
inside the rotary impregnator with an atomizer over a period of about 10 minutes. After drying the

impregnation product at about 200C by blowit%% hot air into the rotary impregnator. The dried product
was calcined 30380 for abodtigRbuPAI AR o BRI ePEs I LRERHWES drEpatsisingie Xbcsnd

impregnation by Qigselyiod,6Vi3 WamnsRfJNeS & 20 R iADaamssl wates:dhe sagend
impregnation was carried out on the calcined first impregnation product in the similar manner to the

first impregnation CAEEA NG HR00EE et it SRigHIBR Al dss Bskithed 3hoys0C for 2

hours. The amounfigtdlickehQenssiin GathepalyaishSHRPRIIWESRRAM sphbasedenhe total
amount of nickel nitrate hexahydrate used. The finished catalyst had the following physical properties:

64.7 m2/g BET saR&?sFe, 1 ionb {RIPRSE BtFe titinfe RSEIH @ b Bea A gimtssnitdBen pore

volume. [0068]Therghsetuatigprihaifnighes.catalusbapheres udelARERSCaRa HRfigRtes that
there are three regions in each catalyst sphere: an outer layer, inner layer and a core center region.

The average thicKi9&E¥ grmessater ihe firdreredusbies ecinrd @t 280 miex 2haHiiAdepiere

diameter). Therefoigotilte tatakaickelmeial Waadipgparhie Ryetsds alenl 1:@pragimaenverage. The
outermost layer has a thickness of from_about 0.125 tg about 0.145 mm. The outer layer was created

by the second spiaySebARAPIMBIEER AloN NGkl dBposiicHamnelwite cortheetfemd gion is

observed. Therefesgyth@tiskelgadingda bathomeneuialcines! imerimpsetiniioneplayadtimthe first
impregnation is about 1.04 mg/m2. Byt the second impregnation deposited 0.70 mg/m2 in the outer

layer, resulting in SIBBE 13RS dPthbBhetiNi JEPBEHTBEPTN2. Tritserdrengs Hit HIoFtoBEN on the

catalyst was loadeg]¢mtiR®ueunostlaysr angeidd wit Yowasteaded Ththednner layerid@)69]60 g of
this catalyst were oadedétn a vertically mounted up-flow stainless fixed bed reactor (1 inch diameter x

20 inch long). ThE'BRAEIEE: WhithsAiuaEY SERRYE %80 Wmitmbasediihvibt 38 Améefydrogen gas

in nitrogen for 1.5nhekeisnigfttthesiforrddeuta wi hadRanebitrwiko ks st/ flofrtRassiog 350 cc per

min of pure hydroge The_ reactor OOI%&;O ambjent temperature, The selectiv
hydrogenation of %c&%ﬁcsﬁﬁ%ﬁ?iﬁé%ain%}sgﬁuﬂg %ﬁﬁ"é?geréé%ﬁsﬁ@%ﬁ%ﬁ@lwaa égr(l‘?i\sd out at 6
ml/min of hydrocasbanciage pna alidresecmimin«bhydacigariiake rairalethloagiininger 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
of acetylenic impurities in the same feed used in the Control Example 1A was
carried out at 6 ml/min of hydrocarbon feed and at 65 sccm/min of hydrogen
flow rate at the beginning of the reaction down to 55 sccm/min toward to the
end of the run under 108 psig total reactor pressure. The temperature at the

end of the catalyst bed was higher than at the beginning of the catalyst bed.
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of the reaction, down to 44 sccm/min toward to the end of the run, under 108 psig total reactor
pressure. The feed was comprised of 1.06 wt % vinyl acetylene, 0.15 wt. % ethyl acetylene and 0.16
wt. % methyl acetylene, 71.34 wt. % 1,3-BD, 0.19 wt % |,2-BD, 14.59 wt. % butenes, etc. The
temperature of the hydrogenation was 1190 to 122F at the end of the catalyst bed and 76 to 83F at the
beginning of the catalyst bed, respectively. The best quality product from this experiment contained O

ppm VA and 0 ppm, EA at 97.7% recovery of 1,3-butadiene. The result s illustrated in FIGS. 3 and 4 to
show a superior pROATIRERYFGH? é%lgpﬁﬁéoﬁ?’ﬂ%% Srahd €onfol %&gnﬁf)lé&‘?&“fb@f’di@ONTROL

EXAMPLE 3A [00ZHrasvdifferanieamnmacreialthickeb iy 96 thie ctastedda, thispeynesisent.
[0072]The catalysts were HTC-600 (28% Ni), HTC-500,(20% Ni), KL6564 (28% Ni) and KL6560 (18%
Ni). These catalyst@@RESHAHRISEPEIHG L0 Shis SxRiritaeaf-RaBieRe CRER %16 #RdE BRBblied by the

Manufacturers asBativateg7aswd passixaiediorms.Haadizix) gramme gireash cailalybt welgdested for the
selective hydrogenation of C4 acetylenjc impurijties in a crude butadiene stream from a steam cracker.

The tests were caPiBEBHAITS &inTHRFIAY (6@ SHE oPESAMERCS AlTHBORSe Plvad B SriBiSid of 1.07 wt.
% vinyl acetylene Ftakhplés ¥ ety &cetylene and 0.16 wt. % methyl acetylene, 71.40 wt. % 1,3-BD,
0.19 wt. % 1,2-BD, 14.59 wt. % butenes, etc. The selective hydrogenations were carried out at 6

ml/min of hych on feegr%q_g@;%%m%%f hydrogen flow rate at the beginning of the reaction,
down to 50 see in toward to ;AUnder 108 psig total reactor pressure. The
temperature of the hydrogenation was 120 to I128F at the end of the catalyst beds and about 88 to 99F

at the beginnji@St]the cat@lysvdatmalaSpehtsvely. The best perfoi mance was 95.3% recovery of
1,3-BD at 100% conversion of both VA and EA. The results are illustrated in FIGS. 5 and 6.

[0058] Commercial 28% wt % Ni catalyst (KL6564-TL1.2 obtained from
CRI) was tested to remove C4 acetylenic impurities in a crude steam cracked
butadiene stream by selective hydrogenation. 50 grams of the catalyst were
mixed with 60 ml of 3 mm diameter glass balls and loaded in a vertically
mounted up-flow stainless fixed bed reactor (1 inch diameter x 20 inch long).
Two thermocouples at each end of 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
under 108 psig total reactor pressure. The feed was comprised of 0.98 wt %
vinyl acetylene, 0.12 wt. % ethyl acetylene and 0.08 wt. % methyl acetylene,
72.52 wt. % 1,3-BD, 0.01 wt. % 1,2-BD, 14.05 wt. % butenes, etc. The
temperature of the hydrogenation was 120° to 124°F at the end of the catalyst
bed and 90° to 99°F at the beginning of the catalyst bed, respectively. The best
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[0074]EXAMPLE 3B [0075]Invention [0076]The catalyst in this example was prepared by performing
regular wet impregnation in the first step and spray-coating impregnation in the second step. The
same calcined alumina (1100C) used in the Example IC was used to prepare the nickel catalyst in this
example. [0077]A nickel nitrate solution was prepared by dissolving 94 g NINO3.6H20 in 285 grams of
water for the first impregnation. 300 grams of the same calcined alumina used in Example 1C were
placed in a rotary impregnator and the above nickel nitrate solution was poured on the alumina support

in the rotating impfMgHRtGIosRe: Bor BifrfgrsFmsHhiFRrEanehnePat AbanddbermaEAaftied out by
blowing hot air intg 4t 4etaryéRseanatiadibrdring PRRIRGOAHRR-ALACHGIU8S Falkined at 350C for 3
hours. Loading of nickel on alumina in this first impregnation was 5.95 wt. % based on the amount of
nickel nitrate Jbe rlydrate used. The observation of the calcined product from the first impregnation
under a micr &%‘%’ indicate$ AP KRS metal was dispersed more or less uniformly throughout the
alumina spheres. Another nickel nitrate solution was prepared by dissolving 50 g NINO3.6H20 in 15 g
water for the @@ impreigration 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 tem e over the period.of apout 15 minutes. After drying the impregnation product at
about ZOOC,qﬁﬁgcinaﬂoﬁl ﬁa%’elgg‘r’ﬁg ourst Ef%?@%%rupg%%}%%ﬁm%? gﬁ%ﬁ%isagéosited on
the alumina suppahkipiteegetnrdtimproghatiof gieCwasal. Paantpho basedlon dhalasnausnt of nickel
nitrate used. The C%‘é“é}%ée% negrr}icllﬁel copttent on the fir:}al roduct was 8.84fwt. (? B%?eg on an
observation mad&ifFa sepa?’ra%e gxp%r?rﬁen‘f‘,’?hsé)rs%lcg%a lé‘grér?l’crc%% |%éof}rslp?eélrl1% %nn gb%sited nickel
metal in a layer ofsahoisnd.@6 talinckaespootth el saina spharescaldiacdfard 1 ADVTE238% of the
total Ni loaded on t(r)le c%tsaelgsi}li d )((:)sitepe qrzﬁgr‘;v% oute(ri I{':\(}/eréwhic me. s,llqzl mlglmghNi loading in
the outer layer ang 0'54 mg/m2 Ni oélallﬁg in thé inner cor FeB?é% orthe & ur%allnaayssph%relss. 10078160 g
of this catalyst weegadmatted in a vertically mounted up-flow stainless fixed bed reactor (1 inch diameter
x 20 inch long). The catalyst was activated at 250F in 300 cc/min gas flow of 33 volume % hydrogen
gas in nitrog .5 houys, the 3 t F for.3-hour, {{0F assing 350 cc
per minute o %ﬁ?g]}lydrogg é]’il{e%si1 gl'ﬂeﬂé%&o?@v%??o% tﬁ%ﬁwﬁgntgt}gmdgse%éaltvtﬁlé %ﬁé@s ective
hydrogenation of 2REeMbriputfiesinstht waiord dedit dirsimnrseuhiothe300 grahEsbithple 3A was
carried out at & milnifof hydieratoR f5RAANT A IBSFER of lydipgenIaneipigAdpe beginning
of the reaction, down to 37 scem/min toward to the end of the run, under psig total reactor
pressure. The tenapbvabare/af techy drogentatipnimpisgnedrofdpirFpatghationdrothtitbecaiepst bed and 81
to 89F at the beaipaing ghilic.afolesl erlotiespastiieho HinRRsiaall et ol experiment
contained 0 ppm VA and 0 ppm EA at 97.3% recovery of 1,3- butadi€ne. The result is illustrated in
FIGS. 5 and 6 to Skotpiaspriiing ivepfognmiitte Grtritexanmkenetaiowes dedred asithdatieial nickel

catalysts in the C%@%@Hﬁ%@ﬁo@f&%@%wf kBt 200°C by blowing hot air into the

rotary impregnator. The dried product was calcined at 420°C for 3 hours.

Another nickel nitrate solution of the same concentration was prepared for the
second impregnation. The second impregnation was carried out on the
calcined first impregnation product preheated to about 205°C in the similar
manner to the first impregnation. After drying at 200°C, the calcination was
carried out at 450°C for 3 hours. The net amount of nickel deposited on the
alumina support was 10.4 wt. % based on the total amount of nickel nitrate
used. The dried product under the microscope indicates 0.32 mm of the layer

thickness, which means about 2.09 mg/m? Ni metal loading in the layer.
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[0080]Invention [0081]The catalyst in this example was prepared by performing regular wet
impregnation in the first step and spray-coating impregnation in the second step. The alumina used to
prepare the catalyst in this example was the alumina calcined at a lower temperature than the previous
examples. The same gamma-alumina used in the Example IC was calcined at 800C for 2 hours in air.
This calcined alumina had 128 m2/g BET surface area, 0.88 cm3/g total N2 pore volume, and 230 A of
average pore diameter. It had 0.55 g/cc ABD and 1.60 mm of average diameter of alumina spheres.

[0082]A nickdP383ke solufdngvak s pataly sy wee dradet100 % YRiNRaYemoBTs D85 glewhs of water
for the first impreapatinns 3R @rasatibe @ninasaisined &f BRAGIY) 2 tarsWE/E Raced ina

rotary impregnator and the above nickel nitrate solution was poured on the alumina support in the

rotating impregnafStiveigst ot Poliing A0 1¢s minueas, Epyiref aarelurotichidre setriag ut by blowing

hot air into the rotapdguresnBiOholie HiieddMRILINIIRY Aredoat Was salsingd@iAPRGor 3 hours.
Loading of nickel on alumina in this first impregnation was 6.31 wt. % based on the amount of nickel

nitrate hexahydrai#ted. 3PRecshRErmtibRloPHEe BabBRasa Hvdudhrorragierfirgsrmpelssh&ion under a

microscope indicajamhibiatibirkelmetal msseiéwéqglmerﬁﬁlmm&@mmh tie alumina
spheres. Another nickel nitrate solution was prepared by dissolving 66 %ONiNOS. H20 in 19.5 g water

for the second imBre §ARSAiSed HecddBhg (rapter] TaBRRIFR AFAt BaBiR b ) Wity EbamiRgethe nickel

nitrate solution onhghﬁ&,%ma@%@mmtatrgmmﬂﬁﬁwr@pf@awg@nﬂewﬁa{@a%mﬁeg{ﬂm@r at ambient
temperature over the period of about 15 minutes. After drying the impregnation product at about 200C,

the calcination wa¥ dBFrisactoraf 28D Eordr seayrainrioward dathe eAtRE e B R alumina
support in the segeyigl iARrRABRIGRERRNVAHE RnphroRaselOn,ie aspaitl AkRickg! pitrate used.

The calculated net nickel content in the final product was 10.05 wt. %. Based on observation made in

a separate experiffent, fidSeBh 5 LA85 PithsreyAbRNS 9P sLithe brgeningal e layer of
about 0.335 mm thiekpass&r) trepalN SPheyasst kprafgreraaaet 83276 thetetaldyi loaded on

the catalyst is deposited on the outer layer, which means 0.958 mg/m2 Ni loading in the outer layer

and 0.526 ma/m2RIAHAAHY MREhe thABA GRETL GO ALY i afsRANS § 9k drdbutadiene. The

result is illustrated in FIGS. 3 and 4 to show a superior performance of this

example to those of the Control 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
nitrate solution on the alumina spheres rolling inside the rotary impregnator
with an atomizer over a period of about 10 minutes. After drying the
impregnation product at about 200°C by blowing hot air into the rotary
impregnator. The dried product was calcined at 350°C for about 3 hours.

Another nickel solution was prepared for the second impregnation by
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[0083]60 grams of this catalyst were loaded in a vertically mounted up-flow stainless fixed bed reactor

(1 inch diameter x 20 inch long). The catalyst was activated at 250F in 300 cc/min 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 minute of pure hydrogen gas. The reactor was cooled to ambient temperature.

The selective hydrogenation of acetylenic impurities in the same feed stream used in the Control

Example 3A was c rried_outzgéG ml/min %fl}P drocarbon feed and at 51 sccm/min of hydrogen flow rate
|

at the beginning of 1P TEA& B3 FEARYS Qe Gkt d therama of Waistin Isdsrand psig total

reactor pressure. Tigrgmariatire edihedydrog enatarinasikipRiabihsrenstofihRecatalyst bed
and 81 to 89F at the heginning of the cajalyst bed, respectively. The best %?)It%produc_t from this
experiment contaifiSH S HBHNE I0dbrotiSm BRI SHgHAY, sty e 2. idhe. 9Fisd result is

illustrated in FIGSihpeghéivhighoher wasupgtioepearformaaceoef thinexample tadiase of the
conventional nickel c %a%sts in the Control Example 3A. [0084]EXAMPLE 4 [0085]Invention [0086]The
concept of two cal%’l?g SRR L SRl HRHBASTTRRAU I NS b ible® R3sthigRthadRbpared in the

identical manner desetilxedfimiblecExampiehdalded cesdainig afipisheancaalystiondfike4 acetylenes
in a mixed butadicggg}stream was tested over this_catalyst as r:T‘l\ﬁecond catalytic reaction zone in a

fixed bed [0087]40 YA PREIGRIPIRBTE A Gad il A&/ BHLTASE FHiBCdp-AAY LALH RIS fixed bed

reactor (1 inch diadteieter, 20dwbdong)’/Ehetsaialssewpsreadtivaied in the identical manner described
in the Example 2C. The reactor was cooled to ambient temperature. The feed was comprised of 280

ppm wt vinyl ne, 1 pm wt ethyl acetylene and 97 ppm %metg | acetylene, 49.18 wt %
D, 150 SUIPR 1.5 B8 BTSN cHEd Ao SR B A B Bried out
6 ml/min of hydrocadienctetichiatidrat ateschraénigiohbydregdn doalykateptiagerahOBupsidaiaigl reactor

pressure. The te”}ﬁﬁéﬁtﬂr% of tgeahcydrog%enatlon was 119F at the egli(cj&%f the fnz;g‘alyst bed and 77F at

the beginning of the cataK/srt %led, reosrﬁec R}Sﬁy@%}%’él ‘ana ﬁs%geﬁ?gaJ S ﬁ:gfgartﬂgocomplete

removal of all the kyetylsmbaard38unds(in4henfectdt. alinairacphery dfaindi@) WasrO:EYthe
[00B8JEXAMPLE ?otal nickel metal loading in the layers is about 1.61 mg/m” on average. The
outermost layer has a thickness of from about 0.125 to about 0.145 mm. The
outer layer was created by the second spray-coating impregnation. 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
activated at 250°F in 300 cc/min gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours, and then for 3 hours at 670°F and for 3 hours at 770°F
by passing 350 cc per min of pure hydrogen gas. The reactor was cooled to
ambient temperature. The selective hydrogenation of acetylenic impurities in a
crude steam cracked butadiene feed was carried out at 6 ml/min of

hydrocarbon feed and at 52 sccm/min of hydrogen flow rate at the beginning
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[0089]In this example, MAPD (methyl acetylene and propadiene) in a mixed C3 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 C3streams 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 catalését had eggshell type

palladium depositiSh!Bh B RN EksermiBunfawahisuheshed) H%d‘(]?fgé 4B%rams. The

catalyst was loadgsip osiRirdess fiyeskhad. reaatorféddnahsiampiesed 2% ings leng), Miagatalyst was
activated at 400F in 300 sccm/min H2 gas Llow far 2 hrs, [0092]Catalyst B; Ni Catalyst Promoted with

Cu (Invention) [068SPRABS AR AtwasHREharsty iRnfands ﬂ@&éyﬂﬁb‘?@é{%&ﬁwlﬁ%ﬂibéé A mixed

solution of nickel Riltate BACBIDPPED Riti 3LE1VPAB P! €S WY d I BERINEITRE . STANEMNEERREH20 and 2.5
g Cu(NO3)2.2.5H2Q in 26 grams of water for the impregnation. 300 grams of the 1100C calcined
il bob t

alumina used in t regenqiiol fasdd in 1o ifth e S, TR gatatyshivesd 2yl ifon was

sprayed on the rolingxRminaspbgiraswitbfahatomizer bé@mbipaiticmperatideayaialpgriod of about
10 minutes. After dryipg tge im@ar,egnation product at about 200C by blowing hat air into the rotary

impregnator, the dii8d"f R RRIREPLL9B1HEE LBt Y At ARtk & hikel! <ofution of
nickel nitrate and eqpperndfats-basdieaparetdassiie isqlanshianpie gation bydisaohteg 85 grains

Ni(NO3)2.61-120 and 1.8 grams Cu(NQ3)2.2.5H20 in 19.5 grams of water, The second impregnation
was carried out Oﬁlfﬂgrl(%gﬁﬁa’g%ﬂ?gf SHRRTIAdeeSh ‘ﬂg&iﬁ‘i’lﬁ? LABILS e first

impregnation. After drying at 200C, the calcination at 380C was carried out for 2 hours. The amounts
of nickel and [@88dr depo<iteN BREHcEXL AN BLphort 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

micrqscope Md abo{fto(l)%r?’?’dt{ﬁ@e%ftthc% thrlggrggasls 1%fc rgf p%%hs Eal r%geqerg%eéal.ogl%ess I{;lyer on the
alumina spheres. 50 grams of catalyst were loaded In‘a stainless ¥x&dWeq reactor CE inch diameter x
20 inch long). Theexptalysintvas activated in the identical manner described in the Example IC.

[0094]Catalyst C; Ni Catalyst Promoted with Cu and Pd (Invention) [0095]The catalyst was prepared in
two step Impgghajion techpAlGfsts were HTC-600 (28% Ni), HTC-500 (20% Ni), KL6564

(28% Ni) and KL.6560 (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 C,4 acetylenic impurities in a crude butadiene stream from a steam cracker.
The tests were carried out in a similar way to Control Example 1A. The feed
was comprised of 1.07 wt. % vinyl acetylene, 0.16 wt. % ethyl acetylene and
0.16 wt. % methyl acetylene, 71.40 wt. % 1,3-BD, 0.19 wt. % 1,2-BD, 14.59
wt. % butenes, etc. The selective hydrogenations were carried out at 6 ml/min
of hydrocarbon feed and at 85 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 50 sccm/min toward to the end of the run,
under 108 psig total reactor pressure. The temperature of the hydrogenation
was 120 to 128°F at the end of the catalyst beds and about 88 to 99°F at the

beginning of the catalyst beds, respectively. The best performance was 95.3%
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mixed solution of nickel nitrate and copper nitrate was prepared by dissolving 106.5 g Ni(NO3)2.6H20
and 4.5 g Cu(NO3)2.2.5H20 in 305 grams of water for the first impregnation. 300 grams of the 1100C
calcined alumina used in the Example IC was placed in a rotary impregnator. The mixed solution was
poured on the rolling alumina spheres at ambient temperature in the rotary impregnator, and then the
alumina is cold rolled for 10 minutes. After drying the impregnation product at about 200C by blowing
hot air into the rotary impregnator, the dried product was calcined at 350C for about 2 hours. Another

d
mixed solution of ﬁﬁﬂ?é(leﬁiftt%tiég%&;bé‘f PR CoRy iRl othrite #dsEitepLhed st th@Second

impregnation by digretvine 68 TIGENQARPHH20, 2.54 g Cu(N0O3)2.2.5H20 and 0.74 g Pd(NO3)2-xH20
(42.8 wt % Pd) in 20.3 grams of water for the second impregnation. The second mixed solution was

sprayed on rcﬂ#jzﬁlumina}lggkﬁ}"xrag8 from the first impregnation product in a rotary impregnator with an
atomizer at ambient tempe Er?’fperiod of about 10 minutes. After drying at 200C, calcination

at 380C was carried out for 2 hours. The amounts of nickel, copper and palladium deposited on the
alumina suppf@025¢ 9.98 ihvmiibn0.57 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 (@g@x]::ﬁm:tqéé [%%é%%? ilr?rgl%)s.%)?a?n c?etadya?sttﬁv?gﬁage%ig@tggtgr' the identifal manner

described in 1 he performance o & CatarySE was carmed dut with a feed
composed of 94.6imprégpiimylenthel frsvts@p propapey2cdatingdopragthiibacetylenscfoiil), 0.9 wt. %

propadiene (PD), 1.0% G2 and 0.2 wt %, CA4-05S. direction o feedéiu ing the tests was
up-flow. The resuI%Tsegke |s?esgllrhe'f:§1\t;vél %d he b%aréﬁrﬁgmlgfalen% ayxsatgl eal%g S 1éﬁeéerior to the
conventional pallaciprematalysnikel ablelBGatlisstxarBpe.

[0077] A nickel nitrate solution was prepared by dissolving 94 g
NiNO3:6H,0 in 285 grams of water for the first impregnation. 300 grams of
the same calcined alumina used in Example 1C were placed in a rotary
impregnator and the above nickel nitrate solution was poured on the alumina
support in the rotating impregnator. After cold rolling for 10 minutes, drying
at about 200°C was carried out by blowing hot air into the rotary impregnator.
The dried impregnation product was calcined at 350°C for 3 hours. Loading of
nickel on alumina in this first impregnation was 5.95 wt. % based on the
amount of nickel nitrate hexahydrate used. The observation of the calcined
product from the first impregnation under a microscope indicates that nickel
metal was dispersed more or less uniformly throughout the alumina spheres.
Another nickel nitrate solution was prepared by dissolving 50 g NiNO3-6H,0
in 15 g water for the second impregnation. The second impregnation was
carried out by spray-coating the nickel nitrate solution on the calcined product
from the first impregnation in the rotary impregnator at ambient temperature
over the period of about 15 minutes. After drying the impregnation product at
about 200°C, the calcination was carried out at 350°C for 2 hours. The amount
of nickel deposited on the alumina support in the second impregnation step
was 3.26 wt. % based on the amount of nickel nitrate used. The calculated net

nickel content on the final product was 8.84 wt. %. Based on an observation
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Pressure, psig 380 380 380 Temperature, F In 71 137

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

spheres.

[0078] 60 g of this catalyst were loaded in a vertically mounted up-flow
stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was
activated at 250°F in 300 cc/min gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours, and then for 3 hours at 670°F and for 3 hours at 770°F
by passing 350 cc per minute of pure hydrogen gas. The reactor was cooled to
ambient temperature. The selective hydrogenation of acetylenic impurities in
the same feed stream used in the Control Example 3A was carried out at 6
ml/min of hydrocarbon feed and at 55 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 37 sccm/min toward to the end of the run,
under 110 psig total reactor pressure. The temperature of the hydrogenation
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 0 ppm VA and 0 ppm EA at 97.3% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 to show a superior

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

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

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

calcined at a lower temperature than the previous examples. The same
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140 Out 135 120 123 HC Feed Rate, ml/min 4.5 4.5 4.5 H2 rate, sccm/min 110

gamma-alumina used in the Example 1C was calcined at 800°C for 2 hours in
air. This calcined alumina had 128 m%g BET surface area, 0.88 cm’/g total N,
pore volume, and 230 A of average pore diameter. It had 0.55 g/cc ABD and

1.60 mm of average diameter of alumina spheres.

[0082] A nickel nitrate solution was prepared by dissolving 100 g
NiNOj3-6H,0 in 285 grams of water for the first impregnation. 300 grams of
the alumina calcined at 800°C for 2 hours were placed in a rotary impregnator
and the above nickel nitrate solution was poured on the alumina support in the
rotating impregnator. After cold rolling for 10 minutes, drying at about 200°C
was carried out by blowing hot air into the rotary impregnator. The dried
impregnation product was calcined at 350°C for 3 hours. Loading of nickel on
alumina in this first impregnation was 6.31 wt. % based on the amount of
nickel nitrate hexahydrate used. The observation of the calcined product from
the first impregnation under a 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 NiNO3-6H,0 in 19.5 g
water for the second impregnation. The second impregnation was carried out
by spray-coating the nickel nitrate solution on the calcined product from the
first impregnation in the rotary impregnator at ambient temperature over the
period of about 15 minutes. After drying the impregnation product at about
200°C, the calcination was carried out at 350°C for 2 hours. The amount of
nickel deposited on the alumina support in the second impregnation step was
4.25 wt. % based on the amount of nickel nitrate used. The calculated net
nickel content in the final product was 10.05 wt. %. Based on observation
made in a separate experiment, the second spray-coating impregnation
deposited nickel metal in a layer of about 0.335 mm thickness on the alumina
spheres. Therefore, about 88.2% of the total Ni loaded on the catalyst is

deposited on the outer layer, which means 0.958 mg/m? Ni loading in the outer
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105 90 WHSV 3.4 2.7 2.7 Propylene Yield, m% 101.0 101.3 102.1 MAPD Selectivity to C3H6, %

layer and 0.526 mg/m” Ni loading in the inner core region of the alumina

spheres.

[0083] 60 grams of this catalyst were loaded in a vertically mounted up-flow
stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was
activated at 250°F in 300 cc/min gas flow of 33 volume % hydrogen gas in
nitrogen for 1.5 hours, and then for 3 hours at 670°F and for 3 hours at 770°F
by passing 350 cc per minute of pure hydrogen gas. The reactor was cooled to
ambient temperature. The selective hydrogenation of acetylenic impurities in
the same feed stream used in the Control Example 3A was carried out at 6
ml/min of hydrocarbon feed and at 51 sccm/min of hydrogen flow rate at the
beginning of the reaction, down to 37 sccm/min toward the end of the run,
under 110 psig total reactor pressure. The temperature of the hydrogenation
was 119 to 121°F at the end of the catalyst bed and 81° to 89°F at the
beginning of the catalyst bed, respectively. The best quality product from this
experiment contained 5 ppm VA and 10 ppm EA at 97.5% recovery of 1,3-
butadiene. The result is illustrated in FIGS. 5 and 6 which show a superior

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

Control Example 3A.
[0084] EXAMPLE 4
[0085] Invention
[0086] The concept of two catalytic reaction zones is demonstrated in this

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

reaction zone in a fixed bed

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

stainless fixed bed reactor (1 inch diameter x 20 inch long). The catalyst was
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34.7 43 67 MAPD in product, wt. ppm 54.9 MAPD 12 MA 0 [0097]EXAMPLE 6 [0098]In this example,
the deposition of heavy polymers on a Ni catalyst of the present invention and a commercial Ni
catalyst was investigated. A catalyst (Catalyst D) was prepared in two-step spray impregnation
technique according to the technique disclosed in this invention as follows.

activated in the identical manner described in the Example 2C. The reactor
was cooled to ambient temperature. The feed was comprised of 280 ppm wt
vinyl acetylene, 120 ppm wt ethyl acetylene and 97 ppm wt % methyl
acetylene, 49.18 wt % 1,3-BD, 190 ppm wt 1,2-BD, 28.05 wt % butenes, etc.
The selective hydrogenation was carried out at 6 ml/min of hydrocarbon feed
and at 7 sccm/min of hydrogen flow rate under 108 psig total reactor pressure.
The temperature of the hydrogenation was 119°F at the end of the catalyst bed
and 77°F at the beginning of the catalyst bed, respectively. The analysis
product stream indicated the complete removal of all the acetylenic compounds

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

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

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

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

[0092] Catalyst B; Ni Catalyst Promoted with Cu (Invention)
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[0099]A nickel nitrate solution was prepared by dissolving 86.5 g Ni(NO3)2-6H20 in 26 grams water for
the first impregnation. 300 grams of the 1100C calcined alumina used in the Example 1C was placed
in a rotary impregnator, and the solution was sprayed on the rolling alumina spheres with an atomizer
at ambient temperature over a period of about 10 minutes. After drying the impregnation product at
about 200C by blowing hot air into the rotary impregnator, the dried product was calcined at 350C for

about 2 hours. Another nickel nitrate solution was prepared for the second impregnation by dissolving
47.3 Ni(NO3)PBRBD in 14 Bhsrsptrdsst Waterrepaeeddndme 1hiah SEFAIBARKREE PR ECBIIIYA the calcined

first impregnation proghieddn R e Sinmdle] t(ﬁﬁl@ﬁé‘irﬁﬁé{neéggaaqﬁﬂaéftwagirﬁ%a%@o&c,
calcination was carried out for 2 hours at 380C. The amount of nickel deposited on the alumina

support are 8.26 vitiSsIKINBRLa 8AEP 2 0T? Fdicke S iR Qe d: THE dRathigErIBh of the
calcined product uggey Bl essRRentitinategualams Sr3femmeichahiddasmaidhsanived metal

oxides layer on the alumina spheres. [00100]40 grams catalysts were lgaded in a stainless fixed bed

reactor (1 inch diafheer3mmiedh vaigplassd ExdRRewSReesRaiod intf dhadnted sa4HI%r described
in the Example 1Gy{Q04f2340 @i theisamalcrvneitatdyi Galklyst did:RbRA-didmdieged in Control

Example 1B were loaded in another stainless fixed bed reactor (I.inch diameter x 20 inch long). The

catalyst was activAtEPFHRIHE Q¥R ReRRthAE AR hatniitre Allshismnedhednpsegrpiian s,
[00102]Depositionyaédia\at BBbIMeDD BothleaimyHistvas ine s ateapihsiépaaialysts by carrying

out selective hydrogenation of C4 acetylenic compounds in ¢crude butadiene streams under various

conditions for oveFHBHPISINE. FashtHaBrfedts ol Kot st daliSwerhsHsl 2B the result is
listed in Table 4. Taeugarbon eiaNhaffeakaly sédgderexitrmaelydovepmparest Wb Kdc6h4. Table 4

impregnation by dissolving 65 grains Ni(NOs3)-6H,O and 1.8 grams
Cu(NOs),2.5H,0 in 19.5 grams of water. The second impregnation was
carried out on the calcined first impregnation product in the similar manner to
the first impregnation. After drying at 200°C, the calcination at 380°C was
carried out for 2 hours. The amounts of nickel and copper deposited on the
alumina support are 9.22 wt. % Ni and 0.35 wt. % Cu based on total amount of
nickel nitrate and 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)

[0095] The catalyst was prepared in two step impregnation technique. A
mixed solution of nickel nitrate and copper nitrate was prepared by dissolving
106.5 g Ni(NOs),:6H,0 and 4.5 g Cu(NO3),2.5H,0 in 305 grams of water for
the first impregnation. 300 grams of the 1100°C calcined alumina used in the
Example IC was placed in a rotary impregnator. The mixed solution was
poured on the rolling alumina spheres at ambient temperature in the rotary

impregnator, and then the alumina is cold rolled for 10 minutes. After drying
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Catalyst Catalyst D KL6564 Total run hours 4046 4094 Carbon wt. % on spent catalyst 1.78 29.5
CLAIMS

the impregnation product at about 200°C by blowing hot air into the rotary
impregnator, the dried product was calcined at 350°C for about 2 hours.
Another mixed solution of nickel nitrate, >copper nitrate and palladium nitrate
was prepared for the second impregnation by dissolving 60 g Ni(NOs),-6H,0,
2.54 g Cu(NO3),2.5H,0 and 0.74 g PAINO;3),'xH20 (42.8 wt % Pd) in 20.3
grams of water for the second impregnation. The second mixed solution was
sprayed on rolling alumina spheres from the first impregnation product in a
rotary impregnator with an atomizer at ambient temperature over a period of
about 10 minutes. After drying at 200°C, calcination at 380°C was carried out
for 2 hours. The amounts of nickel, copper and palladium deposited on the
alumina support are 9.98 wt. % Ni, 0.57 wt. % Cu and 0.09 wt. % Pd based on
total amount of nickel nitrate, copper nitrate and palladium nitrate used. 50
grams of catalyst were loaded in a stainless fixed bed reactor (1 inch diameter
x 20 inch long). The catalyst was activated in the identical manner described

in the Example 1C.

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

conventional palladium catalyst A.
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1. A method of preparing a selective hydrogenation catalyst composition comprising: spraying an
atomized nickel compound solution on to a porous support, wherein a volume of the solution is from 2
volume% to 70 volume% of a total pore volume of the support; and drying said solution, wherein said
selective hydrogenation catalyst comprises 3 to 20 wt.% Ni and more than 60% of said Ni is deposited
on the outer periphery of said porous support. 2. The method according to claim 1, wherein the nickel
bearing porous support is dried at a temperatur f'hi;% range from 200 to 800C. 3. The method
according to claim 1, wherein-the-porous-support prises-alumina-_4-The method according to
claim 1 wherein the pprous-suppc s i s A grea 0.&2/d. 5. The method
according to claim 1 wherein .: BtrsiSuBpiért contains nngm more p$§91pr1f<38romrr Cu, Pd, Re, Zn, Mg,
Mo, or Bi. 6. The method.acc WWI%WF1 wherein the \/nlnmle of the solution is from 2 volume%

to 25 volume% of the [tatal pore valufhe of the suppgrt 71 137 | 140
Out 135 120 123

HC Feed Rate, ml/min 4.5 4.5 4.5

H2 rate, sccm/min 110 105 90

WHSV 3.4 2.7 2.7
Propylene Yield, m% 101.0 101.3 | 102.1

MAPD Selectivity to C3H6, % 34.7 43 67

MAPD in product, wt. ppm | S49MAPD | I2MA | 0

[0097] EXAMPLE 6

[0098] In this example, the deposition of heavy polymers on a Ni catalyst of
the present invention and a commercial Ni catalyst was investigated. A
catalyst (Catalyst D) was prepared in two-step spray impregnation technique

according to the technique disclosed in this invention as follows.

[0099] A nickel nitrate solution was prepared by dissolving 86.5 g
Ni(NO3),-6H,0 in 26 grams water for the first impregnation. 300 grams of the
1100°C calcined alumina used in the Example 1C was placed in a rotary
impregnator, and the solution was sprayed on the rolling alumina spheres with
an atomizer at ambient temperature over a period of about 10 minutes. After
drying the impregnation product at about 200°C by blowing hot air into the
rotary impregnator, the dried product was calcined at 350°C for about 2 hours.
Another nickel nitrate solution was prepared for the second impregnation by
dissolving 47.3 Ni(NOs3),:6H,O in 142 grams of water. The second
impregnation was carried out on the calcined first impregnation product in a
manner similar to the first impregnation. After drying at 200°C, calcination
was carried out for 2 hours at 380°C. The amount of nickel deposited on the
alumina support are 8.26 wt. % Ni based on total amount of nickel nitrate used.

The examination of the calcined product under a microscope indicated about
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0.33 mm of the thickness of the mixed metal oxides layer on the alumina

spheres.

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

described in the Example 1C.

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

described in the Example Control Example 1B.

[00102] Deposition of heavy polymers on both catalysts was investigated on
both catalysts by carrying out selective hydrogenation of C4 acetylenic
compounds in crude butadiene streams under various conditions for over 4000
hours. Carbon contents on both spent catalysts were analyzed. The result is
listed in Table 4. The carbon content on Catalyst D is extremely low

compared with KL6564.

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

1. A method of preparing a selective hydrogenation catalyst composition comprising:
spraying an atomized nickel compound solution on to a porous support, wherein a
volume of the solution is from 2 volume% to 70 volume% of atotal pore volume of
the support; and
drying said solution,
wherein said selective hydrogenation catalyst comprises 3 to 20 wt.% Ni and more
than 60% of said Ni is deposited on the outer periphery of said porous support.

2. The method according to claim 1, wherein the nickel bearing porous support is dried
at atemperature in the range from 200 to 800°C.

3. The method according to claim 1, wherein the porous support comprises alumina.

4. The method according to claim 1 wherein the porous support has a BET surface area
greater than 10 m?/g.

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

6. The method according to claim 1, wherein the volume of the solution is from 2
volume% to 25 volume% of the total pore volume of the support.
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