PROCESS FOR USI NG LAYERED SPHERE CATALYSTS W TH HI GH ACCESSI BI LI TY | NDEXES
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a | ayered catal yst
conposi t iwo,20/qusess for preparing the conposition angChyscaoasden
conver si on processes using the conmposition. The |ayered conposition
conprises an inner core, and an outer |ayer, conprising an inorganic oxide,
bonded to the inner core. BACKGROUND OF THE | NVENTI ON [ 0002] Pl ati num based
catal ysts are used for nunerous hydrocarbon conversion processes. |n nany
applications pronoters and nodifiers are al so used. One such hydrocarbon

conver si on process iRRAESSIBbY dragenphvORED! SFyEROcarmanysTsparti cul arly
al kanes such as isobutane, which are converted to isobutylene. For exanple,

US 3,878,131 (and reIatedVU§H3E§§§fﬁﬁ@ﬁgﬂanﬁgyﬁnggg@8l) di scl oses a

catal yst conprising a platinumnetal, a tin oxide conponent and a gernmani um

oxi de conponent. Al conponent uhi ispersed throughout the
al um na support. US 3,761,531Iﬁ%ﬁéewef%%g§Q%én§¢%82,838) di scl oses a

catal ytic conposite conprising a platinumgroup conponent, a G oup |VA

met al | i ¢ cd@@BhEkntThisanygntionyelaisaivi almyered c@atysirompositeinal prioessg fonpopeing, e. g.
arseni c; anhd IR ARy @& Mo QRIS FhdRS SR SOMRORGA Tl lyflisper sed
on an aFunlna carrier material. gai n f Rie ¢ nponents are evenly

di st ri but edomposithe compriseean inf) 008] and8n 8yt&SByed, LompltiH1gHn56@ gdbdcrgxiddS 3, 584, 060
and US 3,6¢%h£g§oﬁﬂgmg}§§éose catal ytic conposites conprising a platinum
group conponéent and a r%eniun1conponent on a refractory oxide support.
However, as before, these references disclose that the best results are

achi eved when the pl ati numg@@dR o0 e FgERAg ffgpNum conponent are
uniformy distributed throughout the catalyst. [0004] It is also known that

for certai ToBBSfe%?a%iunS& Ls%g E:zitz)llgfsttsyaré L?s\{cvcai'rfOQ?luggr%iuer%/%Lo%ar cl;nocg)lfllgetr?ioril S

10  processes. In many applications promoters and modifiers are also used. One such
hydrocarbon conversion process is the dehydrogenation of hydrocarbons, particularly alkanes
such as isobutane, which are converted to isobutylene. For example, US 3,878,131 (and
related US 3,632,503 and US 3,755,481) discloses a catalyst comprising a platinum metal, a
tin oxide component and a germanium oxide component. All components are uniformly

15 dispersed throughout the alumina support. US 3,761,531 (and related US 3,682,838)
discloses a catalytic composite comprising a platinum group component, a Group IVA
metallic component, e.g., germanium, a Group VA metallic component, e.g., arsenic,

antimony and an alkali or alkaline earth component all dispersed on an alumina carrier

material. Again all the components are evenly distributed on the carrier.

20 [0003] US 3,558,477, US 3,562,147, US 3,584,060 and US 3,649,566 all disclose
catalytic composites comprising a platinum group component and a rhenium component on a
refractory oxide support. However, as before, these references disclose that the best results
are achieved when the platinum group component and rhenium component are uniformly

distributed throughout the catalyst.

25  [0004] Itis also known that for certain processes selectivity towards desirable products is
inhibited by excessive residence time of the feed or the products at the active sites of the
catalyst. Thus, US 4,716,143 describes a catalyst in which the platinum group metal is

deposited in an outer layer (400 pm) of the support. No preference is given to how the



i nhi bited by excessive residence tine of the feed or the products at the
active sites of the catalyst. Thus, US 4,716,143 describes a catalyst in
whi ch t hewpl2atoatymysgr oup netal is deposited in an out er PCayszo00AD3INM) of
t he support. No preference is given to how thenodifier netal should be

di stributed throughout the support. Simlarly US 4, 786,625 di scl oses a
catalyst in which the platinumis deposited on the surface of the support
whereas the nodifier nmetal is evenly distributed throughout the support.

[ 0005] US 3,897, 368 describes a nethod for the production of a noble netal

catal yst Whesnd BRanable brRkalbuies (b BhUd WD sBEHdrt lsﬁm&hwsmnéms@s deposi ted
sel ectively upon the external surface of the catal é However, this

di scl osur e deiessiasaialystie WA hskgiewm stdepensedemiie Ftscoef e ypRar Wissasn t he

exterior |%M?&o&ﬂgmﬂﬁﬂkk%aﬁyém@@@@dﬁﬁ&xﬁ&@@w@ﬁféHrfaCta”t to achieve the
surface inpregnation of the noble netaF OOOé) The art al so discl oses

several reflgbeBF eSS 68 d&REIBYs }i%{et}fég %r@'lé(}ﬁocﬁl@tlémrno@@ hRnfdhi@n outer
| ayer or shell.’ For exanpl e, US 3,145, 183 di scl oses spheres having an

i nper vi Bus YEH B nokifdneial poplginsmsing rhe plapyin s dgposited selecrvebeungs & exisee! t he

i mper vi ous sﬁﬁzme%f the @eﬂalf’s@ PSRl thﬁshfr’sc@!\ﬁé @stknlgys AL tdoSs oy Hleé}{atllll$r ger. It
is stated that for l'er di aneter sp ere(ﬁé ess than 1/8"), unitformty is

hard to corpydllatingg og tisegterigdayr sud widiaes agpedifiatyprniepriastial tp agfievedheal yti c

mat eri al bqggggugﬂegﬁu&n&ﬁge&ﬂﬁgn . catalytically inert material. The outer
core can have catalytic netals such as platinumdispersed on it. The '740

patent furt b@bﬁ}j' q‘ﬁ!z 2% £130 @ﬁﬁéseg Qk/esralcr@f%@hyé twherS 2¥RES st Bntdifls ASigREE thgat i on
process. Flna 'y, the outer layer material contains the catalytic netal

prior t1® itanfai ?Rjefé%’alt@dh%hf@f epraplp.riivet. 1 okd8 displogm ppheyshayimgzap, 912 and US
4,255, 253 %ﬁ&m&eceﬁ‘tepa%%'p)ﬁﬁohs %M'M%oagth%%s%}dpéa%ét tﬂ%%?é?@oﬁjs%géf Lgd

thereon a |l ayer of a catalytic netal oxide or nbi nation of a catalytic
met al oxi deveamall. dlie cysiall diamgispisrl (3" oNaggy. Itz siqtad th‘tﬁtsf@!‘ wwder daneggraphesss whi ch

conpri ses qlegsathgﬁ %"‘) %?xlf!)r){ntg nsel{aFd t%Q:E)l’r:trorT&j &4, 5 f@ 748 'alsm%e% Q tﬂ1§ [ngg‘gg?i 5I'hcei and

bonded a thin shel rial containing aétive sit pr esent
i nventi on perielviigmatefig boidep taandtines cere of Qa}alsalq@ilysle¢rémﬂtpmlt@ewmhcm@@pect

15 have catalytic metals such as platinum dispersed on it. The '740 patent further discloses that
this catalyst is used in an isomerization process. Finally, the outer layer material contains the

catalytic metal prior to it being coated onto the inner core.

[0007] US 4,077,912 and US 4,255,253 disclose a catalyst having a base support having
deposited thereon a layer of a catalytic metal oxide or a combination of a catalytic metal

20  oxide and an oxide support. WO98/14274 discloses a catalyst which comprises a catalytically
inert core material on which is deposited and bonded a thin shell of material containing active

sites.

[0008] The present invention provides for improved activity and selectivity with respect

to selective hydrogenation of acetylene compounds.

25 SUMMARY OF THE INVENTION

[0009] The present invention provides for the selective hydrogenation of acetylene to
ethylene. The process comprises contacting a feedstream comprising ethylene and acetylene
with a new catalyst thereby producing an output ethylene rich stream with a reduced
acetylene content. The catalyst comprises a layered catalyst having an inner core made of an
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to sel ective hydrogenation of acetyl ene conpounds. SUWMARY OF THE | NVENTI ON
[ 0009] The present invention provides for the selective hydrogenati on of
acet yl enewbaosnidryioene. The process conpri ses contacti ngpraTfiseadss®am
conprising ethylene and acetylene with a new catal yst thereby producing an
out put ethylene rich streamwi th a reduced acetyl ene content. The catal yst
conprises a |layered catal yst having an inner core nade of aninert material.
An outer layer is bonded to the inner core, where the outer |ayer conprises
a netal oxide. On the outer layer a first catalytic nmetal and a second
catal ytic neighataif ARPQS 1hREis bRk thbinbd dosd wiBE 8le cufer BHREMAGS £ OM an

| UPAC Group 8 to 10 netal, and the second net al is selected froman | UPAC
Group 11 orme! 8tige-19n theruter laena fins caislyti maetplgpd ¢ preopcriiaig metl aley st ar e

chosen, andiepsaalvhad 1RMHQ nlcheiscatabysim WRITNAGENE 86T EhyaL addage an
accessi bility i ndex between 3 and 500, or a void space index (VSI) between

0 and 1, orctst meihis Afleqissiipuretn BPAGC B0 bheidraun/k) mese Fbemagrignfr the [ 0ol O

| n anot ger wmaféa@@afarewn@seﬁrage%s%éma@mtb &%%at@l?ﬁ%&h@&u?thé efdnt hRRM through a
demet hani zer, theréby creating a demethani zed ethyl ene stream The

denet hani z @ecestibibyindik petwagnstand 20@ oaa reid srecelinder B hebresx P ded bonbaht . The

demet hani zegd 8% B%LENERts08 8 LO8M:IwieN8 o&d NY| ene and acetyl ene is contacted
with a new catal yst thereby producing an output ethylene rich streamwith a

reduced acq@wxhspens:%m%mmboﬁn&n@ﬁe a}oxésg &%mggu@gs?n%%aﬂeg@éa@%&a%@ yst having

an i nner core nmade an inert materi al I's bonded to the

i nner cor e deypibsnaze, H]éer@utcéﬁatlfl%ﬂle@é@iﬁdi eé‘é’éenaStr@malThesi‘#%haﬂ@ﬁd stifemout er

layer agfirg as@hde ¥hddcdhAbn HfodIBREMR Tﬁ@a&keyﬁah&ed*&ﬂﬁém@{r@mﬂepos' ted,
where the first netal is selected from an G oup 8 netal, and

t he second cpmpiging eshydeap eed @dt}’krl@mc@maqt@m(h @emtamt tbq?rel@rmerblcmg amet al . The
materials fQr,tdg1d@Y:er &@aﬁ%@' Mdducdl %e@ﬁgéft{%fepﬁnﬂle%%tggmhﬁgls%m o the

catal yst wherein'the catalyst has an access Ity i en 3 and 500,
or a void éfp’a@é Cﬁtw@%a‘(lwn)mm?epmmd@ofandlelt maggriabodmhowier ler hdowieetr 3 and

500 and a 1n1%‘?£%@% e% tﬁl@gﬂé’r lv[e%lné)#kﬁgd{@% 1 0% gé €61 fhe oa‘tg vﬁ?etrg%s% and

appl ications o resent 1 nventi
15 catalytic metal and a second catalytic metal are deposxted where the first metal is selected

from an IUPAC Group 8 to 10 metal, and the second metal is selected from an IUPAC Group
11 or Group 14 metal. The materials for the layered catalyst are chosen, and assembled onto
the catalyst wherein the catalyst has an accessibility index between 3 and 500, or a void space

index (VSI) between 0 and 1, or both an Al between 3 and 500 and a VSI between 0 and 1.

20 [0011] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and Figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure | is a diagram of the front end use of the catalyst for hydrogenation of
acetylene; and

25 [0013] Figure 2 is a diagram of the tail end use of the catalyst for hydrogenation of

acetylene.



apparent to those skilled in the art fromthe follow ng detail ed
description and Figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] Figure 1
is a di agvarmofo7stse front end use of the catal yst for hpdrasematsoal of
acetylene; and [0013] Figure 2 is a diagramof the tail end use of the
catal yst for hydrogenati on of acetyl ene. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0014] Et hyl ene and propylene, |ight olefin hydrocarbons with two
or three carbon atons per nol ecule, respectively, are inportant chenicals
for use in the production of other useful materials, such as pol yethyl ene
and pol ypropyl ene. Pol yEtTWILEDeDBHCRIPOION r@piHENEaNeTIONO of the nost
common plastics found in use today and have a wide variety of uses for both

as a materi f bri t| aon.and 1as t r ka uses for
et hyl ene an@lo liTﬂc AR PR erfeheghn?lodrbcﬁr%cﬁ% v?hnﬁ% Oé%l%erclar &" 28Ry | ene
oxi de, et hyﬂebmn]ae«rie 1apebt1aély,ammpoﬂmaMm¢amkr g irothe px;adm:ltlyﬁ bBothdr useful

hydr ocar bons th n nd S 0 Et hyl ene is
p)r/oduced t HPEUGH it vésr Y yeﬁ?@%ﬁg an ‘éﬁ) %’é'?egf ea Weg}‘ygélﬁf“ﬁdrdm@%g %P%@ﬁ?%‘bns

cat al yt Bc Cd‘falmkhmgccmimdhy;dz{sﬁﬁs&blhﬂl’iﬁuseobda(gﬂa@(i hdve & iadekiafigy Oflflsleﬁfoigﬁcbthﬁéalef ni c

f eedst ocks. Ho r., .ethyl] ene for n. th roduct i n 0 ol ye ene
needs to bemastif\gﬁlagﬂﬁngw Prgter HuBrWé %@s B (‘f 5“%?’&&ﬂrér¥5eenéenerate
a product Sihcﬂﬁz&ffhé/\ﬂrb«ﬂhcﬁblb@ﬂv&ﬂl thadrida@iiidéne @kidacaiyHeeRfe anthil@holcSwBanpe as hi gh
as 2 to 3 vol unme percent t he eth Iene/ eth eam 0015] The

sel ecti ve hcg‘i?#ﬁlégﬁ@frfﬂéfﬂs %’ﬁ‘yﬁl@éﬁ%’n@ﬁ PGS Moy té’zq?ﬁg‘y B mSPrOtpWéneet hyl ene
product st rRyTensis prediceChegh ﬁtgreﬂah@eaamumas@ifea@mylh@g\ﬁHy&ro@zﬁbér@ved by usi ng

a nore sel ect ve C The cata I N t he resent i nventi on corrprl Ses
a materPal % tlﬁ&aﬁv%@wr@?ﬂmftorai ﬁfl CREUNSH 1‘i‘rﬁe‘f°Fe§ﬁi°cfEﬁdF‘8ﬁ‘is EGRRET ci al

catal ysts. eliyeme fiRnuepiatid @sdue@dh d?@ollah Rl feed «f bombithRiamehiryi the i ndexes for
choosing a catalyst that has good selectivity in this process. The catal yst

sel ect i vel y"H§ReF BRASHcHS ef}ﬁ@n%l%"é‘f’ﬂﬂeé‘ri’éoquﬁt Séfﬁa“é?’i‘ﬁlﬁ sitbsieptiad ampuy o5 ppm of t he

eth hyl ine Pragtyiiche, ShicB s beR Uighiab b to Rfi@hARI&nf SUlCeidAEReRtykgRe to | ess
t han ppm

[0015] The selective hydrogenation of acetylene improves the quality of the ethylene

15 product stream while increasing the amount of ethylene is achieved by using a more selective
catalyst. The catalyst in the present invention comprises a material having properties that
distinguish it from current commercial catalysts. These properties can be determined from
the activity indexes for choosing a catalyst that has good selectivity in this process. The
catalyst selectively hydrogenates the acetylene to an amount less than 5 ppm of the ethylene

20  product stream, and will preferable reduce the acetylene to less than 1 ppm.

[0016] The catalyst is a layered catalyst having an inner core comprising an inert
material. An outer layer is bonded to the inner core, wherein the outer layer comprises a
metal oxide. The catalyst includes a first metal selected from an IUPAC Group 8-10 metal
which is deposited on the outer layer, and a second metal selected from an ITUPAC Group 11
25  or 14 metal which is deposited on the outer layer. The catalyst also has an accessibility index
(AI) of between 3 and 500, with a preferred accessibility index between 3 and 20, and a more
preferred accessibility index between 4 and 20. The accessibility index is equal to the surface
area of the outer layer times the diameter of the particles times 100 divided by the effective
thickness of the layer in micrometers, or cm?/(g), but where the surface area is from only the

30  outer layer, the entire particle weight is taken into account.

-4 -



[0016] The catalyst is a |layered catal yst having an i nner core conprising
an inert material. An outer layer is bonded to the inner core, wherein the
out er | aywp 20ommorisses a netal oxide. The catal yst incl uaes/us2dmnsgsnet al
selected froman | UPAC G oup 8-10 netal which is deposited on the outer

| ayer, and a second netal selected froman |UPAC G oup 11 or 14 netal which
is deposited on the outer layer. The catal yst also has an accessibility

i ndex (Al') of between 3 and 500, with a preferred accessibility index
between 3 and 20, and a nore preferred accessibility index between 4 and

20. The acdeedi7pi |TheYirdt Ad@XddpssiRddathelotiet lager SuirEEBlyDlGiauD br fdNediomber | ayer
tinmes the dianeter of the ﬁfrtlcles times 1%% di vided by the effective

t hi ckness of M hgigel andds gepesitshdn asogcengptionpsiegy 10Gand SHARY &t e okE f ace

area i s frofaagnl. Préfbebl0 tledlrsthndyL s depdd@eEii bich@cedtioh 64t®eaieiogBhd 26500oaken into
account.[0017] The first netal deposited on the outer |layer is preferably

platlnun1oﬂ¥BhWﬁﬁﬁ?%ﬁ¥%$“a m xture thereof, and is deposited in a

concentrati tween 100 and 50,0 catal yst. Preferably
the first n@pég?i 516@?98@? Peg! 4@80%@%@%%@&?3{%1% %%flﬁ@éﬁl%@n%ﬁ %%, 000 ppm
wt. of the faiidlnyBting EGPB}ilvEN@oREHO BehmARLA ande@qswh@gtc&ﬂ hdi@ jout er | ayer
is preferably one or nore of the nmetals including E silver, gold,

tin, germarfieBrtednhe Quer layPhi S GHY Sydtthat the§t0€é‘f)E?§PP e Gt wpigl tetheer | ayer

i n an anbungcadeletad Ratiwebeo at@m@ ratio of the first nmetal to the second
metal is between 0.1 and 10. [0019] The catal yst inner core conprises an

i nert nat erfoalio] maghe citilyQfinneN@rOfonPBE® afincttheitdial, W RO cBO6h&E bt Be
nulllte oI|V|ne zirconia, spinel, kyanite al um nas, silicas al um nat es,

silicat'Bs, fPHPYRY: gordisrife, myllice. Ok\a%@afégla HHED Sy te R wanasyilicas aluingasnum

silicates, JIRERESitaRia, HiRREEChbRes, ka0lilidates KRR, aintiBum SMEADHAESANI t e,
saponi te, bent oni t e, clays that have little or |ow acidic activity, gamm

al umi na, defP%t%flt%tIkél‘?ﬁnnléaoh%‘feam&P‘H}?FlH%P“eai“iﬂonﬂtﬁ’éie&toéllt% Raysghathpee Lt sdo% or e has

an effecti vgidll RHBtyECEandha Q@h%%uyammmaammm amhe@raﬁmmaefme ghky fromO.8
nmmto 5 nmand nore preferably from0.8 nmto By effective dianeter

it is meanteorefhys amdhcdysiibgnpessior byinprad, 05 e ag lé)rfﬁ’ﬁ‘e%ndtPFFé%l ably fog Qefyan
particlig waykeh@iendit picterdMBf SoBIRGGH 1d M. By effective diameter it is meant, for

non-spherical shapes, the diameter that the shaped particle would have if it were molded into
a sphere. In a preferred embodiment, the dried shaped particles are substantially spherical in

shape.

[0020] The outer layer is deposited on and bonded to the inner core to an effective

20 thickness between 1 and 200 micrometers. A preferred outer layer thickness is between 20
and 100 micrometers, with a more preferred outer layer thickness between 20 and 70
micrometers. The actual thickness will vary somewhat around the particle. The term
effective thickness is intended to mean the thickness based upon a layer if the material were
uniformly distributed over the surface of the inner core. The inner core will have an irregular

25 surface and this can lead to some irregularities in the distribution of the material of the outer
layer. The material of the outer layer is selected from one or more of the following: gamma
alumina, delta alumina, eta alumina, theta alumina, silica-alumina, zeolites, nonzeolitic

molecular sieves, titania, and zirconia.

[0021] In an alternative embodiment, the catalyst is a layered catalyst having an inner
30 core comprising an inert material. An outer layer is bonded to the inner core, wherein the

outer layer comprises a metal oxide. The catalyst includes a first metal selected from an
-5-



a sphere. In a preferred enbodi nent, the dried shaped particles are
substantially spherical in shape. [0020] The outer |layer is deposited on
and bondewtot2o10id1e795nner core to an effective thickness Ilpetrusernddsmad 200

m cronmeters. A preferred outer |ayer thickness is between 20 and 100
mcronmeters, with a nore preferred outer |ayer thickness between 20 and 70
m cronmeters. The actual thickness will vary sonmewhat around the particle.
The termeffective thickness is intended to nmean the thickness based upon a
| ayer if the material were uniformy distributed over the surface of the

i nner cor e.JUPAE GiaBEs-10 el Whiklh isldapesitaioni thd @@ ll3r, sair £ REddamehl kddciedcan | ead

to some irrequl arjti in the distribution of the material_of the outer

| ayer. The @ﬁ‘%ﬁ“ﬁ?@ﬁﬁ m%?etfﬂggb&ﬁ 1§ &PeRFd et B8 O PGB IRt o of t he
fol | owi ng: GamERa adidlfaBaindSQVER olibstwedda angtlawalh AlpfeRtaed th@ERCAnER na,
silica-alunm na, zeolites, nonzeolitic nolecul ar sieves, titania, and
zirconia. [w50%ep 0PR0IARARI5 adiapqry Brefmsdurifaniee ndeihetugen 008 aqdd 3y Theyer e

cat al yst hayidi@a@NndeR MEqubias Be GOERGIuTE Bche@he k@A pBRELNIAIT theAePE QT | ayer
is bonded to the inner core, erein the outer layer conprises a netal

oxi de. The thugs deylismatesof thg aytigle prd dividegdtyghe effrdvertbighaesorhtieruiopzer@oup 8- 10

netal whi chy, SisdgRRSI L AR pbR& RS the BNE VeoluRRYr @Be SQGARR:, WRERLs B! ect ed
froman | UPAC G oup iﬁ or 1£ metal which is deposited on the outer |ayer.

The cat al ysteiglt §bthpagolg cafgyd isdpiea dntp prevnt(apsngt et thseteighesf e @ layer- with a
preferred void space index between 0.0001 and 0.5, and a nore preferred
voi d space [PREZk pdedsedns: eoais spertel fom thy @aizsiplg aspentionsdrdaye: pugl tbgual to

the porg VQlutBytd dABSrild 8 nANEAIEHS BOLQ abRR! Ufe Bfst 4118 RHE BktalsAYSsitdd MeS t he
di aneter of the particle and divided b%ﬁthe effective thickness of the

out er | ayeron thyroutes laygf qre selycted Aigmythy getaly Hgtehhome {pp thg st pad sepndpisiads. vol ume of
t he outer Iaxer wher eas the meight of the whol e catal%gé_is taken into
account, arfl %3l japstro o dheglpgive hytrogeRyion B asPssiaiypepriant (poRipimiatike i nert i nner
core is selig@logshalisPoNtRnEBLRIY MsthgB6mEBIthE OGS AROMR cofd] i outer | ayer
conprises a material fromthe |ist above. The first and second netal s

deposi t ed drPtoNed Bltekrtinegpalysta by ingangrlissedter fhapdtHa bt $an {.9f befhabove for

the first and _second netals. ) )
15 [0024]  This catalyst is useful for the selective hydrogenation of acetylene to ethylene,

while having minimal side reactions such as hydrogenation of the ethylene to ethane. The
process is shown in Figure 1, or a front end process. First a process feedstream 12
comprising ethylene, ethane and acetylene is passed through a deethanizer 10, and the
overhead ethylene rich stream 14 is passed to the selective hydrogenation reactor 20.

20  Typically the ethylene rich stream 14 is compressed and temperature adjusted before passing
to the selective hydrogenation reactor 20. In general, temperature adjusting will be cooling
the ethylene rich stream 14 that has been compressed. The process for using the catalyst
comprises contacting the overhead feedstream 14 having ethylene and acetylene with the
catalyst having either an Al between 3 and 500, or a VSI between 0 and 1, or both an Al

25  between 3 and 500 and a VSI between 0 and 1, at reaction conditions, thereby creating an
ethylene output stream, wherein the catalyst is as described above. The selective
hydrogenation reaction conditions include pressures between 100 kPa and 14.0 MPa, with
preferred pressures between 500 kPa and 10.0 MPa, and with more preferred pressures
between 800 kPa and 7.0 MPa. The temperatures for the selective hydrogenation are

30  between 10°C to 300°C, with preferred temperatures between 30°C to 200°C.

-6 -



[ 0023] Control of the selective hydrogenation process is inportant to

m nimze the hydrogenation of ethylene, thereby |osing sone of the product,
and thi s wonbroai74an be i nproved by sel ecti ng cat al yst s Phauisegoasosi
greater than 3, or a VSI less than 1, or both. [0024] This catalyst is
useful for the selective hydrogenation of acetylene to ethylene, while
havi ng m nimal side reactions such as hydrogenation of the ethylene to

et hane. The process is shown in Figure 1, or a front end process. First a
process feedstream 12 conprising ethyl ene, ethane and acetylene is passed

through a deekBpnimekelddive Eﬁi@ogbﬁb@loﬁ)b’ﬁdhﬁﬁﬁmelhﬁe’d l@f(lﬁ)gélil ohcaleamdd is
passed to the selectlveézédro enati on reactor éélcally t he et hyl ene

rich streanffiuPsiecs §rgmnd L&8Y W&W"éﬁﬁéﬁé{lﬁﬁﬁl"é’d%@f apbtbr el ng to the

sel ective hygly QeRRAIERRI 686 bAecdD.5 dnd S9RIAEHR & misCHRRFBA M6 badkdsts Ng W | |
be cooling the ethylene rich stream 14 that has been conpressed. The

process fordngdi hbe oHece ehthapipssss Eaiprie &g candstint g %Ejﬂytﬁﬁéa%‘}@rcf?éhﬂa fdedst r eam

14 havi Bg gh HelpeRess3nrodsioydn g1 ﬁ&h i%élﬁtr&%{ ak,gﬁﬁc axiho\Ge 6 bieh an Al
bet ween 3 and f or a VSI" between 0 and 1, or both an Al between 3 and

500 and a vsrnowé@ fhesshergeda ide smount of @aopinsMOBdheNdF Srfween I SBY0 Bkt i ng an

et hyl ene oufRite. ShELRRe 1%21@&%&1{1& &@bRIYSdxideSthatol8S& d-Rea ARONSBI. The
sel ective hydrogenation reaction conditions include pressures between 100

kPa and 14.tockdo agijve patgys pigasr Ebe qrewsngiecaditipes ofgierselsgye kpdoganationy. 0 MPa,
and wi th mopepraf lﬁélﬁcﬁa@a A AR ﬁ% b&&&ﬁ?%@.%’oﬂ‘fﬁwéﬂ@' 0do Qad"{'?%oo e

tenperatures for the selective drogenation” are between 100 to 3000C,
with pﬂéfemmédwﬁ@ﬁﬁm¢&$@W€§Sb@@Wd@ﬁWS@@@“ﬁglQwﬁbmﬁﬂﬁggﬂp Thea medtect i ve

hydr ogenat i QQE%QQ%&%%%pﬁbkﬂﬁkpg%aggrr é@gﬁ?ligxﬂﬁetylene nmolar ratio

bet ween 0. ut a pre ratio between 0.1 and 10. The

mol ar rati (Iobééjm " BI&LGL 1 g%?og%&h@@re%&"@%ss@s ah &ﬂﬁt RreafdRd bihdla @ MOST

preferred rati o between he source of process feedstream 12
can be frorrdicedacalylpng @Onmprﬁhhaumtaém 22 léﬁQIO1¢41allﬁh‘éll pIgtatessomef pr oduci ng an

ethyl ene righyh&RASHE SR tsﬁea?ﬁﬂﬂ ELGARY iR YoHdeRhe GRLRPT WRAPX

generated. The anmpunt of carbon nonoxi de can be between 1 and gQOO ppm by
vol ume.15 Wheénck tadlreedeptbarazehil Qs raffxumnd ietp agapdyetneamptfo Xihelwapot $ieeamdAdxi de act s

as a rever S[jaglec?to a demethanizer 30 where the vapor stream 24 is split into a methane rich stream 32
which includes hydrogen and residual carbon monoxide, and an ethane/ethylene stream 34.
The ethane/ethylene stream 34 is passed to an ethane/ethylene splitter 40 for separating out
the ethane from the ethylene. An overhead stream 42 comprising ethylene is generated at a
20 quality level for use as a polymer feedstock. A bottoms stream 44 comprising ethane is

directed to other processing units, or as an end product.

[0027] In another embodiment, the process for selective hydrogenation of acetylene to
ethylene is shown in Figure 2, or a tail end process. First a process feedstream 12 is passed
through a demethanizer 30, creating an overhead stream 32 comprising methane and carbon

25 monoxide, and a demethanizer bottoms stream 34 comprising ethane, ethylene, acetylene and
C3+ hydrocarbons. The demethanizer bottoms stream 34 is passed to a deethanizer 10 where
the deethanizer splits the demethanizer bottoms stream into a deethanizer overhead, or
ethylene, stream 14 comprising ethane, ethylene, and acetylene, and a bottoms stream
comprising the C3+ hydrocarbons. The deethanizer overhead stream 14 is passed to a

30 selective hydrogenation reactor 20 where the acetylene is selectively converted to ethylene.

The overhead stream 14 can be compressed and temperature adjusted before passing to the

-7 -



bl ocker to active catalyst sites. The operating conditions of the selective
hydr ogenation reactor can include a gas hourly space velocity (GHSV) of

bet ween IWwOQ010z1a7955, 000 hr 1, and preferably a gas houPCy/usp@o@sssel ocity
of between 2,000 and 12,000 hr 1 . In a nost preferred operation, the GHSV
is between 8,000 and 12,000 hr 1. [0026] The sel ective hydrogenation
reactor 20 passes an output stream 22 having a reduced acetyl ene content.
The output stream 22 is cooled and will generate sonme condensate. The
output stream 22 is separated into a condensate stream 26 which is passed

back to thecdeskhambz@htiohQeReor mfﬂntg&mel-ﬁngn\xh@&t@readjﬁap@ﬁs tht EQAAY dhe The vapor
stream 24 is passed to a denet hani zer 30 ere the vapor stream24 is split

into a met YA sERs {1 Balit sertedidiels comeretids THY S EnSrREraESR BehMmatar bon

nmonoxi de, apdu®nin @ihana! ISkEeREdsEmeAMeddtd. The.RhfRRBLR hyk efifacklir eam 34
is passed to an ethane/ethylene splitter 40 for separathgﬂout t he et hane

from the et ewslctivahydpespiacagtyse haingritbemp Al Spgeet #if Bhorpr Y SYener at ed

at a qual i tytdeRY Bhnd Dlor BE vARIALPRhNOES rh&RASEREKons AviRRLT BB Batst)k R 44
conprising ethane is directed to other processing units, or as an end

product . [ O0BsTiped poshot her enbodi nent, the process for selective
hydr ogenati on of acetylene to ethylene is showm in Figure 2, or a tail end

process. FilPOR8h phesdecsve ndmgenasigniergtionsopshitians gnclude Bigeshren betwpt 98ni zer 30,

creating aﬁd@!&fﬂﬁﬂQPikﬁ@@H&é%wﬁ%ﬁﬂﬁ&ﬁkRﬂwﬂ?&h@%@n@ﬂﬁoRﬁﬁﬁgﬂ“mﬁ%&%éde1 and
a denet hani zer bottons stream 34 co r|5|n%bethane, et hyl ene, acetyl ene and

C3+ hydr ocaxdieresl preshiesdeteceh 3 e ang 60 Mirs 1he eamprauesifey thesskelivet o a

deet hanp zer,,4Q.uheh el DEwlEab%aRI860T, 3Rk bleRrbdRnSARIRABLZE] 30801 OMB stream
into a deethanizer overhead, or ethylene, stream 14 conprising ethane,

et hyl ene, aRE’Cacdepydpgen tagrdtylenboplaormso sthetenn 6dnpd & bhig nréferrad3nolar _
hydrocar bong, fiic89t0a1e. 2l oy rréh%qgimé{eréﬁaéﬁehé%o bfbe@@éeﬁ%% n@ s2ngel ective

hydr ogenation reactor 20 where the acetylene Is selectively converted to
et hyl ene. Thith ovest prstedegtatie betwieh Gamdde Tho apresd di¢ pagvdsstieadpeeamtidcen adj ust ed

Comper at ur & oot ag PO RS ARERL, BUCEREL R Sl TSRS
heat ed 18ue of produsipg astlivésne ridthisedsbbang aisigaifiyd pogen af ¢agren fnmmdxidaly
generated. However, with the feedstream passing through the demethanizer 30 before
passing to the selective hydrogenation reactor 20, the amount of carbon monoxide can be
between 0.1 and 10 ppm by volume. The operating conditions of the selective hydrogenation

reactor can include a gas hourly space velocity (GHSV) of between 1,000 and 5,000 hr™,
20 with a preferred GHSV below 4,000 hr',

[0029] The selective hydrogenation reactor 20 generates a product stream 22 with a
reduced acetylene content, and is passed to an ethane/ethylene splitter 40. The product
stream 22 is cooled and will generate some condensate. The product stream 22 is passed to a
vapor-liquid separator where the condensate 26 is recovered and passed back to the

25  deethanizer 10 as reflux. The vapor stream 24 is passed to the splitter, where the splitter 40
generates an overhead stream 42 comprising ethylene is generated at a quality level for use as
a polymer feedstock and a bottoms stream 44 comprising ethane is directed to other

processing units, or as an end product.

[0030] The catalyst for use in the tail end process, that has the methane and a portion of
30  the carbon monoxide removed before the selective hydrogenation, can be treated with an
alkali metal to reduce the acidity of the catalyst. The catalyst is treated with an alkali metal
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i ncl ude an additional hydrogen feedstream as needed. The ethyl ene stream 14
is contacted with a sel ective hydrogenation catalyst, having either an Al
bet ween 3weanrdi10a0@950r a VSI between 0 and 1, or both, wprChius2eda@s998nCct or at
reaction conditions, wherein the catalyst is as descri bed above. [0028] The
sel ective hydrogenation reaction conditions include pressures between 100
kPa and 14.0 MPa, with preferred pressures between 500 kPa and 10.0 MPa,
and with nore preferred pressures between 800 kPa and 7.0 MPa. The
tenperatures for the selective hydrogenation are between 100C to 3000C,

with preferi @dalﬁ@ﬂplegsamrwwtwbm&mém@ Taﬁu &@@&Qy bERReNY dFegend b9
acetylene nolar ratio is ween an preferred nolar ratio

bet ween 0. V& theutey Ht‘éernt?‘luéﬁh ni*eégcl? ‘&f’eﬁ%mﬁlﬁ?f‘ehtb’rué‘f(éf)r Sé’élut“dNBéP%té%S%"én 0.5 and

5, and W t hxg riB&tm RO Sldr@duh &td) ownat weeng Qith aR AflaBmetdINR isSAMEGeodhts t he
process feedstrean112 can be froma catal yti c naphtha cracker, steam

cracker, ortha B FHMRAFaRISACHY Y hi- 80 AaRET Lheiy Hebdipe asponss assmemeidy an

ethyl eng r'ﬂ@refe@@%%&e@%ﬁ Mm@t B he hg}@éﬁmmmsgr}ad&éd &@mqgtmm&b @fnk S
gener at ed. However h the feedstrean1§a55|n hr ough t he denet hani zer 30

bef ore passianc veichtheF e sraenls. vathRipnbigan ReAgrraiekaiet3800 oo wt Keand#B0int  of

car bon mongxinde 16 e RfniRELURRRAs fhake@OA;k0 Ppm by vol ume. The operating
conditions of the selective hydrogenation reactor can include a gas hourly

space vel 0gpd3 1%%%@9%@@6&6’1@@&&&;@@ Gneafadition OPR dali hetaMulifRads REI%ELS%J% Bed

GHSV bel ow 4, 00 The "sel ecti ve hydrogenation reactor
gener at es &Ctﬁﬂ%dﬂ%ﬁecﬁaﬁf@éﬁkgww Foy catalyets) iveted havenet Re calyeondlgnaueaitiayemnd i s

passed 40 %&g&%ﬁ/@gmlm@r 20ittdng rseléb@iwt)-rr Re1RPIHEE foﬁﬁlsmmﬁ% shéwscool ed

and wi Il generate sone condensaté€. The product stream 22 is passed to a
vapor - | i quirectgepial aseiglenguadregendiion oo d@mlgm leydpggepation, @e@)h@ruédglmdmghals sed back

to the deetatmlyzb%te 1ohRr %%cﬁ@w $%r caldbRtsMERQMaShE Q@ggea die%ueﬁa%e%ﬁgwr the

splitter, wherée the splitter 40 generates an ove strea conpri sing
et hyl ene i 9ogestiar dsceglveathigheipstivitapd laexeebeldctrituse as a pol yner feedstock and

a bottonms stream 44 conprising ethane is directed to other
[0032] Table 1 compares the layered catalysts of the present invention having layer

15 thicknesses from 5 to 200 micrometers of either gamma or theta alumina with a conventional
catalyst prepared on an alpha alumina and where the conventional catalyst has its surface-
impregnated to various depths from 25-300 um. All catalysts are taken to be 3mm spheres for
a common basis of presentation. The parameters indicate why very thin active zones are not
practical for conventional catalysts. The active zones are defined as the region in which at

20 least 90% of the active metal/active sites occur. Typical loadings become very high %
monolayer coverage which yield poor metal utilization and often have very large metal
particle agglomerates. Particularly distinguishing parameters are the surface area*particle
diameter*100/active zone thickness (cm?/g), or Al, and pore volume*average pore

radius*particle diameter/thickness (cm’**pm/g), or VSL
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100

19.78

0.273
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200

18.16

0.250

alpha alumina

300

16.80

0.232

The present invention used gamma and theta alumina for the outer layer of the

catalyst, and had various effective thicknesses. The catalyst of the present invention has a

high accessibility index, greater than 3, and a low void space index, less than 1, relative to a

standard commercial catalyst using alpha alumina as the outer coating. Conventional

catalysts using alpha alumina have very large average pore diameters. The indexes indicate

why thin active zones are not practical for conventional catalysts. The active zones are

regions in which >90% of the active metal sites occur. Conventional catalysts yield poor

metal utilization because, with thin active zones, they have very high percent monolayer

coverages and large metal particle agglomerates. Changing the pore size of the catalyst

improves the performance of the selective hydrogenation for the front end process.

[0033]
5
10
[0034]
15

From the tests, catalyst activity tends to increase for catalysts with outer layer

effective thicknesses in the range of 5 to 50 micrometers. This suggests thinner layers will

give better performance. The catalysts of the present invention allow for thinner layers with
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di aneter* 100/ active zone thickness (cn2/g), or Al, and pore vol une*average
pore radius*particle diameter/thickness (cnB*mmig), or VSI.Table 1-
Activity wodewas4i98033] The present invention used gameCan$2eips®3al um na
for the outer layer of the catalyst, and had various effective thicknesses.
The catal yst of the present invention has a high accessibility index,
greater than 3, and a | ow void space index, less than 1, relative to a
standard commerci al catal yst using al pha alum na as the outer coating.
Conventional catal ysts using al pha alum na have very | arge average pore

di anet ers. mxra rhéid eeBitioNdTEahA tPoidntiilto RALdeVIR @ORES tBE&uMQlateeast | cal for
convention ca% al ys(i@ﬁrreThe activ zonesé)?re regions in which >90% of the
active metal’ EPtHEs=p by tegdisedif feariypiqepl deyae¥styi el d poor met al
utilization because, with thin active zones, they have very high percent
nonol ayer coverages and |arge netal particle aggl onerates. Changing the
pore size ofatglysePeoparatiopdirodedpeoves t he performance of the sel ective
hydrogenation for the front end process. [0034] Fromthe tests, catalyst
activity tdf8351 o Thacrtelssas freparaddty atldisg ssalition o e epprbmw@rm@#lfse@tto the

t hi cknegses t nner

| ayers \?\A deg&dtaﬁg)glﬁt?) 2 %&f@lengﬂl%gllﬂélﬁé&%gﬁtg{ég?;wlf nl&ﬁ&g%é%g% Ari Epnventl on
all ow for tII%HNéB sblafrer, selwwmfbmmpmétvaghtdepdstﬁd wohdeld'mzeémtdwTeVIQ&)t enti al
to reduce t reduce

t he deacti vag‘t%l%%%g? Hidon ag)glt%g @q@aﬂﬁ%%ﬁ gx%’%%&g I ce)’nm%r oce ulrO %Pc)/[ 0035]
The cat al ystuppost Vph}@paatsd Thy deldmngccmtastaﬂ wiith ore soppotthercapppmmataxteéorrme al

salts to t ort. The, a te netal |ts are
Cypi cal Ly rops SRR TBlbn 3 rIHRAG e ERE BRI GRS R tRh R, 3R % e
suppor t10weisghition is shed ihbasederd 100 tihmdi me Ginuid echpoatedovira g@nmd/éfdmeahazdﬂ grengerof
solution a i mat ui.val ent sol ution
o suppor t el ¥ RS Mt Srg R el e e B dishi ¢ et r oom
t enper at ur eofiog’ O(Dlﬁeelhﬁmmngmrt ﬂhe comsiteanTheaial @mbistore, conentrvall vamggvithahd Nnsur e good

support and_sol ution sol ut en heated to 1000C and the
liquid evap emftlc S&fp%\lftéglﬁls tﬁ%lfalg’dng?r?’igﬁﬁ%%bﬁgéawiopgreater than 3 hours,

:[ P?reat? gl ICIr ﬁgbgg] t H%e irr%)rcregeng{%gtsuep%o& qf?%rt;[ansf-el}rrlgi t];) Ia rc]g‘r!talnel %19 %rbf ts or cachatlct))ne

156 and reduction. The support is dried at 120°C in flowing dry air for 3 hours, then ramped up to
450°C in flowing dry air at a rate of 5°C/min and held at 450°C for 1 hour. The sample is

cooled to room temperature.

[0037] For reduction, the sample is ramped to 200°C in flowing dry N2 at a rate of
5°C/min, and held at 200°C for one hour. The flowing dry N2 is shut off and hydrogen is
20  then flowed over the catalyst and held for 3 hours. The hydrogen is then switched to nitrogen

and the catalyst sample is cooled to room temperature.

[0038] For a two step procedure, the calcined and reduced catalyst from the first step is
used as the support for the second step and the typical impregnation, drying, calcination and

reductions steps followed with the second set of metal salts in solution.

25 [0039] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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or freely noving in the container. The final noisture content will vary
with the specific support, but is typically in the range of 20 to 30 wt %

[ 0036] Thwoi2opreegrat ed support is then transferred to aPcorusacm®s99sui t abl e
for calcination and reduction. The support is dried at 12Q0C in flow ng dry
air for 3 hours, then ranped up to 45Q0C in flowng dry air at a rate of
5C mn and held at 4500C for 1 hour. The sanple is cooled to room
tenperature. [0037] For reduction, the sanple is ranped to 2000C in fl ow ng
dry N2 at a rate of 5C mn, and held at 2000C for one hour. The flow ng dry
N2 is shut ofAmnvand hydrogen is then flowed over the catalyst and held for 3
hours. The hydrogen is then switched to nitrogen and the catal yst sanple is
cool ed t o rbafipicessp &iratclelectivie GOB8denkitnn oaadewmenstmhwmcmnangt he cal ci ned

and reduced catal%st. fr?mthe first stglg{1 s @qe support for the
second step and PHEUPS BIEd IR SPRYHLE" e“%?‘iﬁnsaﬁay e\ %?ﬁaté?‘i“&“‘m
reduct i ons @héipsnsitRdrégwedtiig inbutpiestees ont asetucaf aniRhedfs asaaj b, WRersiftHdt i on.
[0039] Wile the invention has been described with what are presently
consi dePed PHESHIGIPEFed embodi ments, it is to be understood that the

invention is nOTalzlyleﬁtll:ﬁﬁiyit(ha\hfﬂ@arﬁhﬁ&k&geﬁnﬁﬁb@d{h%ﬂhﬁmelﬁut it is intended
to cover various nodifications and equival ent arrangenents_ included within

the scope of thé"aHFdATERIEGIoTRe BRALRE: W}fre‘%thﬁlobt&%@?rfcﬂpprtsﬁ%a Bgitlect i ve
hydr ogenat i adeof acetylene to ethyl ene, conprising: contacting a feedstream
conprising et hyI ene and acetylene with a catal égt at reaction conditions

t hereby creati ng & msts %‘?IPPS@FP%%OWG’E Ry wherie e favdsiat s an AL Gravae,

wher ei not hes-e@fahlysta conprises: a |ayered catal yst having an inner core
conprising an inert material; an outer |ayer bonded to the inner core,
wherein the out éﬁeqoa@@ﬁtabféfﬁw%@stham#@tlwer Fiersdr thy secpipdspetyphat 41 [UASosi t ed on

the outer I@,y)glg Umgﬂm&gg’fl rst metal is an | UPAC G oup
wherein the catalyst has an accessibility index (AI) between 3 and 500, or a void
space index (VSI) between 0 and 1, or both an Al between 3 and 500 and a VSI between 0
15 and 1.

2. The process of claim 1 wherein the selective hydrogenation conditions include pressures

between 100 kPa and 14.0 MPa.

20 3. The process of claim 2 wherein the selective hydrogenation conditions include pressures

between 500 kPa and 10.0 MPa.

4. The process of claim 3 wherein the selective hydrogenation conditions include pressures
between 800 kPa and 7.0 MPa.

25
5. The process of claim 1 wherein the selective hydrogenaﬁon conditions include a

temperature of 10°C to 300°C.

6. The process of claim 5 wherein the selective hydrogenation conditions include a

30  temperature of 30°C to 200°C.
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8-10 netal; and a second netal deposited on the outer |ayer, wherein the
second netal is an |UPAC G oup 11 or G oup 14 netal; wherein the catal yst
has an acweeioi7hiosy i ndex (Al) between 3 and 500, or aPCoiUh28PAEW3i ndex
(VSlI) between 0 and 1, or both an Al between 3 and 500 and a VSI between O
and 1. 2. The process of claim1l wherein the selective hydrogenation

condi tions include pressures between 100 kPa and 14.0 MPa. 3. The process
of claim2 wherein the selective hydrogenation conditions include pressures
bet ween 500 kPa and 10.0 MPa. 4. The process of claim3 wherein the

sel ective hydriegensdsiodBla@ON@hdrtif e stloqive dRdrpdeasonlcosdiiiat WeRide 88firkd2a and
7.0 MPa. 5. The process of claim1l wherein the selective hydrogenation
condi ti ons PAeAtIERs mplrdHigdeategt &1 ard {Y8¢ to 3000C. 6. The process of claim
5 wherein the sel ective hydrogenation conditions include a tenperature of
300C to 2000C. 7. The process of claim1l wherein the selective hydrogenation
condi ti ons § nidiewereess ohGlaimblyahereip the dendsireamdnglylenpmeuntsiod cybenieanexsle 1 and
10000. 8. The)BtResssarfi206d finbylvoies ei n the feedstream includes anounts of
carbon nonoxi de (CO between 1 and 8000 ppm by volunme. 9. The process of
claim1 further conprising passing the ethylene output streamto a

demet hani zeJ , THeRRJERYF CLBAT fuier@oMBhiMANRsile ShYIGRM A \Ge@Rtoa

et hane/ et hyl ene 'stream 10. The process of claim9 further conprising

passi ng t hedegreharesreherphyeaneatisg ¢ mathniedich sireaph apfegnetligpd/ethdengsirpant.er | t her eby
creating an ethyl ene product stream

10 10. The process of claim 9 further comprising passing the ethane/ethylene stream to an

ethane/ethylene splitter, thereby creating an ethylene product stream.
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