LAYERED SPHERE CATALYSTS WITH HIGH ACCESSIBILITY INDEXES FIELD OF THE
INVENTION [0001] This invention relates to a layered catalyst composition, a process for
preparing the composition and hydrocarbon conversion processes using the composition. The
layered 5composition comprises an inner core, and an outer layer, comprising an inorganic
oxide, bonded to the inner core. BACKGROUND OF THE INVENTION [0002] Platinum based
catalysts are used for numerous hydrocarbon conversion processes. In many applications

promoters and ndu¥iersRrSBHBRELAONEXHER I8 rHSHoA CORVSISHA ProddEbX e

dehydrogenation of hydrocarbons, particularly alkanes such as isobutane, which arc
converted to isobutylene. For example, ISLE)808, IFH andviekredNU S 3,632,503 and US
3,755,480 discloses a catalyst comprising a platinum metal, a tin oxide component and a

germanium Rﬂﬁ?ﬁomPHQ%Ne&lbﬁ%ﬁ‘é%&’é‘%”&%%%eﬂ’@i@a[&ﬂ%@%%ﬁﬁql}'&r ghqubihe Alyrmipa

support. US 3,761,531 (and related US 3,682,838) 15 discloses a catalytic composite
comprising &'BIeRMDASIHPOHD ¢ BHHRAEPRN LDHSTRIONIKQsRsssHiB st b0 prrMpsiBongdhmimiied a
Group ¥A %&adﬂts‘sﬁm BORBALS & iASCFe, ANHMOBY AN RP %er@“ﬁﬂ'iﬁ&@ﬁﬂ@ oxide,

s a

component all dispersed on an alumina carrier material. Again e components are evenly
distributed dWedRHE ITBBESI®IS 3,558,477, US 3,562,147, US 3,584,060 and US
3,649,566 all disclose 20catalytic composites comprising a platinum group component and a

rhenium component on a re1‘ractor)étgl?\%:%ﬁ\\mqu]gﬁi.tgH Hgvvﬁggrqﬁ%gﬁﬁsﬁhese references

disclose that the best results arc ac e platinum group component and rhenium
component are uniformly distributed throughout the catalyst. [0004]It is also known that for
certain procR02keIblimyndindisairlsnanrs predisEunosnpRErsPekeergdvesidence

time of the fﬁ%@c%éﬁ_@n%%ﬁ chisAGSHES AldhiR eaialyshe RiiD GnbkadA3
describes a catalyst in which the platinum group metal is deposited in an outer layer (400 i.itn)
of the 'SuppFHIREIefTEREEsISLRIEFEES Wale drbymasrtionefiviborarbensisnibayly alkancs
throughout taehsaippebttaie) kaiyhlde: 40h86:8a0diselasena FatalyshilavDich, i piatipkm is

deposited on the s.urfac()e of the support whereas the modifier metal is evenly distributed
throughout REEH SO ETS] ﬂé 37 BpEd S LTRSS thad BT IBRtRESHB A e
metal catalyht sids e dhpaiableaniel@eisnplitinleniandoipaplatinam dshigResites-sale tlivaly
upon the external 5 surface of the catalyst. However, this disclosyre describes the advantages
of impreg na(%%er&ﬁﬂ/ Ii%‘llifﬁﬁﬂw (t)[#ﬂi@%%%%ﬁ%e@ﬁ&ﬁ%ﬁe@%@ﬁ@@ﬁg l\}%z?’ ’8#—' &driittant to
achieve thedsuilface dropntgiationpobifce napiemetap {00606]Fhe asrapendisel gressevaral
references where a catalyst confains an inner care an\g Lan outer Ia¥ner or shell. For example,
us 31145’1§)§ al'scloseg Spﬁéreéh%({%wané%m, a roup metaiic component, €.2., 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.

[0003] US 3,558,477, US 3,562,147, US 3,584,060 and US 3,649,566 all disclosc

20 catalytic composites comprising a platinum group component and a thenium 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.

[0004] Itis also known that for certain processes selectivity towards desirable products is
25  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

modifier metal should be distributed throughout the support. Similarly US 4,786,625



10impervious center and a porous shell. Although it is disclosed that the impervious center
can be small, the overall diameter is 1/8" or larger. It is stated that for smaller diameter
spheres (less than 1/8"), uniformity is hard to control. US 5,516,740 discloses a thin outer
shell of catalytic material bonded to an inner core of catalytically inert material. The outer core
can have catalytic metals such as platinum dispersed on it. The '740 patent further discloses
that 15this catalyst is used in an isomerization process. Finally, the outer layer material

contains thedsaiasaice reriedy shrioivie ¢h thedridatonre & dane siiedian draoprda¢o 06 o ssppay wiga gas
and US 4,253 20336 18R% fic RS Having & st HenPart hippg. deposited thereon a layer

of a catalytic metal oxide or a combination of a catalytic metal oxide and an oxide support.

W098/142740ls8)se ©/8 ST\ e BEMRHSAs ABAIREpICRAN ZMNREY FOFR Mt RkAPst
which is deposited and ponded a thin shell of material containing active sites, [0008 e

( 1.Th
present inveWHEH FoORRLS R5ahiH RV Boti{hs AL UBIGR i RFARIH feSfrstvRbsumaet g external
hydroggnatigiataeetiteagaCmmprine: VARG FeddribeINVEN TN 205000 P cEhgting
present inven 'on‘providesf ranew c}ftalﬁstf rtge"selecvtivg h{\{ldrogfena ion of acetylene to
ethylene. THE BrBES0YT 9 tREASELTHY S ?i?\?p BEUFEASNEHD SHBS Y 3T ISSIHME? PSR
The catalystodmprispscgrayeted tatabpdt haseahg an inner core made of an inert material. A.n
outer layer is bonded to the inner core, where the outer layer comprises a. metal oxide. On
the outer layiO0f6ist Jdtakyticmatacimdsasecdndicatalysioheatal crtelggpositaus wheretierc

frst metal is,sqlsctarrn. 2 WBAG SupfdodOateland.the secandriefale selected

from an IUPAC Group 11 or Group 14 meta he materials for the layered catalyst are
choset) andragsembicdBatgiie pataipsihahetdirotiih datadjstosed HretibednyibiNigupdenter can

between 3 apd,500. AIOMALINARANSEEMBOZITER!. TR REVLFHAIYST SAMAISANAVEA Ales

void space index. The catalyst comprises a layered catalyst having an inner core made of an
inert materidlesathantld iyt feynaisdhasdtiechire ddfed wieréGiseselates mifon evieorstiof
metal oxide Qnvhe AnellaysiR fitshaataMliG el aNY R SBF g CRIRNEC MRBL &  ore can

deposited, where the first metal is selected from an IUPAC Grou';f) 8 to 10 metal, and the
second met&t{§ Sfd¥tisdFGHs et olptiersdbinsried ondrdils T4hmatant frthas sisslarssdpat
the laygred gajabtalyareschieden «ANd AssieauBleH:004a tirmeaiatrstovheainthe cafalvshhas e

void space index between 0 and_ 1. [0011] Other objects, advantages and applications of the

present invEAROHIGIMERIGSRE R ibar ks toriRd SBtelliRE M1t Grt from the following detailed
description igur FE DESCRIPT, F,THE DRAWINGS 15[0Q012] Figure 1 is.a
diag raFr)n of Méﬂt e?ﬁ% 5@%19 fl?ea ié%/étig’\#% FB@Q PEtORS ysg’lavmg[ aq)asl Su%por ¢ }lavmg
deposited thereon a layer of a catalytic metal oxide or a combination of a catalytic metal
oxide and an oxide support. WO98/14274 discloses a catalyst which comprises a catalytically
20  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.

SUMMARY OF THE INVENTION

25 [0009] The present invention provides for a new catalyst for the selective hydrogenation
of acetylene to ethylenc. The process is to increase the purity of an cthylene stream for
polymer feedstock. The catalyst comprises a layered catalyst having an inner core made of
an inert material. An outer layer is bonded to the inner core, where the outer layer comprises
a metal oxide. On the outer layer a first catalytic metal and a second catalytic metal are
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acetylene; and [0013] Figure 2 is a diagram of the tail end use of the catalyst for
hydrogenation of acetylene. DETAILED DESCRIPTION OF THE INVENTION 20[0014]
Ethylene and propylene, light olefin hydrocarbons with two or three carbon atoms per
molecule, respectively, are important chemicals for use in the production of other useful
materials, such as polyethylene and polypropylene. Polyethylene and polypropylene are two
of the most common plastics found in use today and have a wide variety of uses for both as a

material fabideativicdrdhgrcdhn SrsriactelipackaigihGomtrie FUBAE forathylent0anetidrapyltiee

25 include tf&%&%&@{mQEMW&?Mﬁ{iﬁ?nﬁbl)deﬁﬁoﬁﬁiﬂﬁoﬁm.k;&mzwaﬁnétﬁﬂm&%a@?&fﬂm
cracking or pyrolysis of hydrocarbons produces most of the ethylene and sonic prop%Iene.

Ethylene is proRIGEcattiysigh divenappdesanbledPay shesaidrachirricon Hye an

catalytic cragkipgsfifiydrRearbanseRBAsdingacking of larger olefinic feedstocks. However,
ethylene for use in the production of polyethylene needs to be substantially pure. The

methods of po@iLE|ng kthylting gabedaie:a,Phedidal sifeiann ithisopstaniiahamadishek index.
acetylene, which can hbe as high as 2 to 3 volume percent of the eth Ie(Pe/ thane stream.
5[0015] The LS GAINE hSHRRIERA RO SPA G HB RSB LTy Sr e USRI
stream whileinarégsing thedatheuht ofethydes eviscactlie vactbiesioghgprizose sedetiovede. On the

catalys. The, catalystindhe aiesent invention comerises, material heying properies fhat,
distinguish it Trom current comnercial catalysts. ese prgper IeS can etermined from the

activity indexresaas stiedsihfacaidlyBrthabloap §oodselesatidty ithdsicprdeess! Bhselected from
10catalyst s i S the,ac ne,to an am than 5 oft .
ety lonb prod ket e G A0 AT 0L e ML L Sty
The catalystisl adsgrebéad cataltlst ¢wtalivey wheisirethcomtadyprhiprising idrsmestindarcbidivgen Buret 1.
layer is bonded to the inner core, wherein the outer layer comprises a metal oxide. The
catalyst incl{@d Bl firPitabissts ctdvensgrambp i §- o piesant isvonien vshbpesied
on the outer|ayeenpRidKEHQNEIMEIRE sRIGSIAAHEABER HE RO IR AuR AdRh tddngialwhich is

deposited on the outer layer. The catalyst also has an accessibility index (Al) of between 3
and 500, with a preferred accessibility index between 3 and 20, and a more preferred

accessibility index between 4 apgh %%ﬁ%twdﬁgﬁs dﬁgﬁ @§ surface area of
divided by t

the outer layer times the diameter of the particle times 100 e effective
20thickness of the layer in micrometers, or em2/(g), but where the surface area is from only
the odfer 1ay8P 1A erfisisatde e dinsigm o thr&rom e dues Qhtheorwiatystrier fpdpasagtion of
deposited ox:thgQitantayer is preferably platinum or palladium or a mixture thereof, and is
deposited in a concentration between 100 and 50,000 ppm wt. of the catalyst. Preferably the
first metal if@@RS}itediuee Copeatit@tiondfeieetine2d0sand Re,8001 b Bnnhywtogéiheopatalyst.

acetylene.

DETAILED DESCRIPTION OF THE INVENTION

20 [0014] Ethylene and propylene, light olefin hydrocarbons with two or three carbon atoms
per molecule, respectively, are important chemicals for use in the production of other useful
materials, such as polyethylene and polypropylene. Polyethylene and polypropylene are two
of the most common plastics found in use today and have a wide variety of uses for both as a
material fabrication and as a material for packaging. Other uses for ethylene and propylene

25  include the production of vinyl chloride, ethylene oxide, ethylbenzene and alcohol. Steam
cracking or pyrolysis of hydrocarbons produces most of the ethylene and some propylene.

Ethylene is produced through several means, such as steam cracking of hydrocarbons,

-3 -



[0018] T'he second metal deposited on the outer layer is preferably one or more of the metals
including copper, silver, gold, tin, germanium, and lead. The second metal is deposited on the
outer layer in an amount such that the atomic ratio of the first metal to the second metal is
between 0.1 and 10. [0019] The catalyst inner core comprises an inert material, made up of
one or more of the following: cordierite, mullite, olivine, zirc,onia, spinet, kyanite, aluminas,
silicas, aluminates, silicates, titania, nitrides, carbides, borositicates, boria, aluminum silicates,

magnesia, fostalitéc waskingedirdtecsriommoritishineraddponioé [beerokifaielagdsthakhaklewetsr,
or low 5acidtmgﬁ&i}{étyo%mm%@'ﬁf&&ﬂ%&?ﬂﬁﬂw@ﬁﬁ@m @B%h&&ﬁﬂ&{@@n%@he
y

inner core has an effective diameter of between’0.05 mm and 10 mm, prefera rom 0.8 mm

to 5 mm anddrdpréedugrep e eRengiae Byrafeiiicammidicustatidampomyt of
non-sphericatshanrRswiieriameies ah the shanstuparticlevostehbavg it H-warmaaldad into

a sphere. In a preferred embodiment, the dried shaped particles are substantially spherical in

10shape. [0P@OLBe ouierdaytivislgapasitedoananctiondaehindina theguavsedpran iigetiye
thickness between 1 and 200 micrometers. A preferred outer layer thickness js between 20 |
and 100 micP PRSP CHTH B GHE R e SRR 12y EF WIS S BRI Y B Sfcetive
micrometerscafdigsaciiiel ditidineiagivei hreacyt Sovosildiatanprine thepariitleavihepeirortits that

effective thic rgess | igtt?nded to mean the th&cknglss baigd upon a Ilaegecf iff,@% épateria(li\?/ere
|

. . aistinouls rQm current co erelal catalysts. ¢8¢ propert erminge m
uniformly distr UESH bVer the SUTAcE Of the Thnar core. The InRercore will RAvE an it guﬁgr

surface andtthisatantjeaddoes bmehiorasingarities yst thet distrfout enl aftthieymetics prafdise dhiter
layer. fhe maigria) Qg IR IRNEL 5 selReiad iom. pne ormore ol e diouing: 88nHiRen
alumina, delta alumina, eta alumi , theta alumi a, silica-alumina, zcolites, RBnzeotitic
20moleculapsidvesssttitamiandrwi i ipreiiablo02ilin thn aleerivative kemtbddichepmthe catalyst is a
layered catalyst having an inner core comprising an inert material. An outer layer is bonded to
the inner co %ﬁ&reir%hﬁé%fé? ingdaxesed satdrshheid g BxigacTTIEcEAIItiENIdasT first
metal selecigdifrom am EERCFEPIRLER0IRSIAL RIS S deRrsladibInG ia! dawpriRid @

second metal selected 25from an 1UPAC Group 11 or 14 metal which is deposited on the
outer layer. RIS stTAR AR hiveepadistaeiveiytet Bomyar Al AtdGropm§-40 metal

preferygd vaichRasadpeiinPeHVYREBURPRRL ARG S. Nl MENATRIRERIE Hoth WA ARRCEIRARX! 1
between 0.001 and 0.3. The void space index is equal to the pore volume times the average

ne, averag
pore radius Gt &G {ey P istHfRSHGE endhfetiicnane pARfcratalist aloras BY dnecesiaibify dndex
tEiCkneSS lotptm a:}ﬁanda&es, 300, Witﬁa%ﬁfﬁ&é@%%@hﬂi@ﬁﬁﬂiwm& thendare, ¥RlimeRE
the outer layer, whereas the weight of the whole catalyst is taken into account, and not just ‘
the weight fﬁ%ff&gfé%cw r‘.l"l%b%pﬁ][*ﬁﬁ%eﬁ{bgﬁﬂ@ﬁcg CRoSRISNU HRIPTHECHALRS surface
mentioned ahavs thoddhe laytetilayetheatpiigesod iapartad b amdheobsdiahRde ylihe st angd

second metals.deposited on the outer layer are selected from the metals listed above for, th
first ;%%d Set(t%lﬁ nr%gg t%#t ‘S?he ?ayer ?n mIIcromgters, or cmk?(cg , but wrﬂ.ere the surhsice area ?s fcr)om only the

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

[0017] The first metal deposited on the outer layer is preferably platinum or palladium or
a mixture thereof, and is deposited in a concentration between 100 and 50,000 ppm wt. of the
catalyst. Preferably the first metal is deposited in a concentration between 200 and 20,000

25  ppm wt. of the catalyst.

[0018] The second metal deposited on the outer layer is preferably one or more of the
metals including copper, silver, gold, tin, germanium, and lead. The second metal is
deposited on the outer layer in an amount such that the atomic ratio of the first metal to the

second metal is between 0.1 and 10.



[0023] Control of the selective hydrogenation process is important to minimize the
5hydrogenation of ethylene, thereby losing some of the product, and this control can be
improved by selecting catalysts having an Al greater than 3 or a VSI less than 1. [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 10comprising
ethylene, eth@Ad Hnd Beeepehstimpeseud ehroprifssed deeianieia Onadeiumelowerpeagre of the
ethylene richitcan 1éisieRRsathinnE REIRCHNe RV QaRI AL AR AR A5, TuRiSa b hEnates,

ethylene rich stream 14 is compressed and temperature adjusted before passing to the
selective hy@Higjéeratitiie adtad Socarbiencharostlinperaberis ot JUsHE Sl écedBRERcH

ethylene richosteeaihaiiRatdiam RESLERANRTIESHE I U REOFERSRE, Wsing the ealdlyele or low
15comprises contacting the overhead feedstream 14 having ethylene and acetylene with the

catalysP hav A SRV APBER AR D R fif bbalugting A5 AJERse AN thetpi2lyPiRan Thedpner

between 3 angdQQ andfediSt Beiwaend? siddeRDIeRalaR o NelkaN prifadby fsaalinthan to 5
ethylene output stream, wherein the catalyst is as descriped abgve. The selective

hydrogenatiBH 8RS FH B TERRINE FRILGE feslite SBENEERCTOHMBY iy Ep MB L With
20preferred piestiatesdpetvae a0l kPaante 38 M Bast@ohwiihi ere ipietasre chpikRssute
between 800 kPa and 7.0 MPa. The temperatures for, the selective hydrogenatign are . .
petwoon 108 55508 AT N B B HES DTS SO B OHC AR, igrica in
selective hysliagrenation conditions include a hydrogen to acetylene molar ratio between 0.1

and 10,000, but a preferred molar ratio between 0.1 and 10. The molar 25ratio is more
preferred 10fRARBYechbd sutardascaisdiepioki wdrostpt bfededitratio batweers B Bmad@tiThe

source of thg, RIACESEIGRIRUEAN Jp FALBHIAN %ﬁf}@%%‘ﬁ %%,Pé}tﬂgc?r&‘%é‘iﬁ{e&’?&’ﬂ&we%n 0.

process of producing an ethylene rich feedstream, a significant amount of carbon monoxide is

generated. wé %mm%mmtmﬁmm@éﬁ%@bmm t_lﬂ'&h@les@b@m %yw dthe.
When there, i3 2Aigh RMeHOL Gl £ATR0M RO A U6 G PORXIAR AF 1R A58V e ER IR 1

30blocker to active catalyst sites. The operating conditions of the selective hydrogenation
reactdPcan tHEribe thigkadwssiripispded wansemiiciickncss brsedamen aepeaid oo iad - weisd

preferably a,aashaydyepagslocin (RrIRVahdae earé, PR At A &HR0QIN MAvAN A iQstlar
preferred operation, the GHSV is between 8,000 and 12,000 hr-1. [0026] 'The selective

hydrogenatidtifisactst by pasled Shssmp i strbaiioimthgidiabateref heswferyl ebHiesuter
The output si{eaM R ik ceRiest archwill agReiR ISeIMEREABHE BSMBreldaIRUNWWFe AP RAiS

separated into a condensate stream 26 which is passed back to the decthanizer 10 as reflux,
and into a VABBY &5 2Wming GRrdvaingdathcmallmings stics-aluaiathenliss: BOPaOdt the

vaporgtreamoléigaspltvesorgamgtbaneiréehistream 32 which includes hydrogen and residual
carbon monoxide, and an ethane/ethylene stream 34. The ethane/ethylene stream 34 is

passed to §@6thahe/bihyleitersplittecABddinsepatativagabuyt 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
25  from an IUPAC Group 11 or 14 metal which is deposited on the outer layer. The catalyst
also has a void space index (VSI) of between 0 and 1, with a preferred void space index
between 0.0001 and 0.5, and a more preferred void space index between 0.001 and 0.3, The
void space index is equal to the pore volume times the average pore radius of the outer layer
times the diameter of the particle and divided by the effective thickness of the outer layer, or
30 inunits of cm™um/g. The pore volume is the pore volume of the outer layer, whereas the

weight of the whole catalyst is taken into account, and not just the weight of the outer layer.
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10the ethane from the ethylene. An overhead stream 42 comprising ethylene is generated at
a 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 15through a dernethanizer 30, creating an
overhead stream 32 comprising methane and carbon monoxide, and a demethanizer bottoms
stream 34 cd@PRBing Elisdner! sthytenes Bostyhéerklmmd 8mitydabcay bonsoTtkabense trdrtixer

bottoms Stre@\m%}%r gs&) M‘aﬁ@?ﬂ?%ﬁ%@ 1%?858@%%%%?§a%8ﬂ!§&%&1s deposited

demethanizer bottoms stream into a deethanizer overhead, or ethylene, stream 14 comprising
ethane, ethyfaribe anidepeyleisscteated bondhsnsidatsted ebavsrisiigahiestad perrataitfelss.
The deethanizer overhead stream 14 is passed to a selective hydrogenation reactor 20 where

the acetylent?R28]ecvi A VBeedad EepIdrEcTHE B REPResdsFRQR P iR AHmize the

ggml IDfQﬁsedh?ﬂﬁbé@ﬂ&ﬁ%fﬁé‘ﬂ@g@(ﬁh{@}&f&*@ﬁmﬁg%%ﬂg ﬁ@ﬁﬂ%'sgdaﬁgmmgﬁgaﬂw;wctg
. In general, temperature adjusting is the cooling of the overhead stream 14 that is heate
due to compfBREEHd lﬂﬁéegaté‘&%\%t???f%}baéﬁ%iﬁ?\ %é’deﬁﬁﬁvlﬁaﬁﬁc?ﬂﬁev I5Sritdh A hydrogen

feedstream ed. The ene stream 14 is contacted with a selective hydrogenation
corays, 08 Shher BHOAFBURIGLA SNS00 S Vo BRSOt 4 b R I e
reactor at rewbilomhocongitidns)alvkidesicathesatalystsibyasogesatitedf dhbhovirylene [RO2B kN el he

selective hydroge%nastiﬁn reaction coqditior(lf inguddeﬁgressur S between 31%9 d:ét(I)kPa d14.0

MPa, with ppé?erresd pr%eos\grtljrlgs Between 500°KPa and 10,0 M'ﬁsa,aa{’ﬁ With moree%% erred
pressufes betweeini 89 6tkHanand i Mrdhadtd deerip praseddbriogthe detbetilzer h)droddmation

are between, { Qe 1o §81%rb¥"39h9{t?£g{§%gn§§%&9- FHER 9@%&9@}1 ga%genaﬂg&emw&fogen

to acetylene molar ratio’is between 0. ), but a preferred molar ratio between 0.1 and.
10. The mol&ypiidyshacteylredaivhditodve Weiweain BB ehiné fanpeteith tadivyep heforiepppatie

between 0.5 3T SRS Slahe AAERAIPESIER 12 AACRHR IATAEIMIC cooling

naphtha cracker, steam cracker, or olefin cracking unit, and in the process of producing an

ethylene ricHfeigleaarchesyrpmithHizahrolisebreamersedodoRiiorsydne ratag haswialst,
with the feedstrepmnassingdPiaughdedeamathanizauIRhaiore pass g iR thaselasvae

hydrogenation reactor 20, the amount of carbon monoxide can be between 0.1 and 10 ppm by

volume. Thé&¥plashhiay tafidisoAs of v RYAreganatidetroenlmidchirifatirn d\das
hourly spacgoy@iQaty {taH9Y hef PeRiarpb0d AR 08 hibiidh atrrefatiad s IdeMikelaw
4,000 ht.* [0029] The selective hydrogenation reactor 20 generates a product stream 22 with
a reduced aBYRIROUBHESHCUMIRoHABLRY UMb Eh IR it d PSR HE Product
stream 22 ing@oles ansh Wicgenba@ N e eRad pagairesThevsaugh sreand 22.(5NIRSSREHO
a 15va(§)or-li uid separator where the coq?ensa&e (%8 IS recov. rec?] and pas?ed ack to the
2 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

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

[0025] The selective hydrogenation conditions include a hydrogen to acetylene molar
ratio between 0.1 and 10,000, but a preferred molar ratio between 0.1 and 10. The molar

25  ratio is more preferred to be between 0.5 and 5, and with a most preferred ratio between 0.5
and 3. The source of the process feedstream 12 can be from a catalytic naphtha cracker, and
in the process of producing an ethylene rich feedstream, a significant amount of carbon
monoxide is generated. The amount of carbon monoxide can be between 1 and 8000 ppm by
volume. When there is a high amount of carbon monoxide, the monoxide acts as a reversible

30  blocker to active catalyst sites. The operating conditions of the selective hydrogenation
reactor can include a gas hourly space velocity (GHSV) of between 1,000 and 15,000 hr,
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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. 20[0030] The catalyst for use in the tail end process,
that has the methane and a portion of 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 treaitbprofielin aseshmebashicnvalodintGEEEhafbo!s wm3.00dadlitd08yeT . dnd

preferably betwaen BAut3panehN. ey ek theRtirEday oo AllRliTpstpf useful include lithium
(Li), sodium (Na), potassium 25(K), rubidium (Rb), and cesium (Cs). While treating with an

alkali metal, [Do2@}|ar BB uRE B M, A1¢E amRaIARISr AT Wilich 8n BRI OL: DAIESiHYe:
same resporg&as an atom of K. Therefore, the weight amounts for the lighter lithium is

reduced accBIUHEHB R T8 e ARSARRHERITLT Boreseisiandi BansHif AR e d/Ag
catalysts, 33 @pEutel. Fhana:maQipm vl I Ppvesinilayr ackiviias.andrsalectvitigsh 20634
However, for front end catalysts the addition of an. alkali metal indjcates increased actjvity,
but dooreasti SR TR PO ATl A1 St NG BEPBIACHT LA o RS 8o
potassium giusscdighedaatilityanc3seldetivilye ofponercethanesfgsiation mbikaabews stream 32
preferential acetylene hydrogenation over. ethylene hydrogenation, and lithium gives highe
Bty but B C o e S e e i o e e TS e .
potassium alBiee githesdighyderactivityraltisquercd eteativihanb[OOIRNE aplitdr dOrfipargathimg out
layereq,catalysisof e RrSREThinVEntion having Rver (idsnesses.rom, &, 16290 migrometers
of either gamma or theta a Umina with a conventional cata yst pn%pargtf oh an alpgha alumina
and where theattbmferﬂiM&W&%@h&sﬁﬁﬁwﬁm@-Wnbm@gnmtﬁcbwl\fmmmsptgsﬂrm is
25-300 um. &Ue%?é@%%ﬁm@%ﬁn@&%ﬁﬁ% Qﬁér‘gp@g@gﬁg}{ga&gommon basis of presentation.

The parameters indicate why very thin acfive zones are not 10practical for conventional

catalysts. The@gstye Zong @@ daiogtheshg %&Qﬁ%ﬂ%@t%lﬁ@&%@%tﬂfnm? REHMEne to

metal/active sites occur. Typical loadings become very high % monolayer coverage which
yield poor nfsbleRfizthen By Hrurs Radeaviai ond geossstal et rsossidhsdsiree baivieare
distinggishing-parAm 8EeTetRIRIABEIRL HREEA GRIREMICIE didmelr chalaciive.zona iskRean
(cm2/g), or Al, and pore volume*average pore 15radiussparticle diameter/thickness

(cm3%)im/g) "Boiferaile demetiRmgInRiIEs AEGHR e mRtisng ettt sHbdr R kR GHRAY
5 Void Spacesindgdrb¥srhod:05hz AeeeasiRibitybiiees(@habl £¢i9pasna Bl aib@anizer 10 where

the decthanizer splits the demethanizer bottoms strecam into a deethanizer overhead, or
ethylene, stream 14 comprising ethane, ethylene, and acetylene, and a bottoms stream

20 comprising the C3+ hydrocarbons. The deethanizer overhead stream 14 is passed to a
selective hydrogenation reactor 20 where the acetylenc is selectively converted to cthylene.
The overhead stream 14 can be compressed and temperature adjusted before passing to the
selective hydrogenation reactor 20. In general, temperature adjusting is the cooling of the
overhead stream 14 that is heated due to compression. The selective hydrogenation feed may

26 include an additional hydrogen feedstream as nceded. The ethylene stream 14 is contacted
with a selective hydrogenation catalyst, having either an Al between 3 and 500, or a VSI
between 0 and 1, or both, within the reactor at reaction conditions, wherein the catalyst is as

described above,

- J0028] The selective hydrogenation reaction conditions include pressures between 100
30  kPaand 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
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hydrogenation are between 10°C to 300°C, with preferred temperatures between 30°C to
200°C. The hydrogen to acctylenc molar ratio is between 0.1 and 20, but a preferred molar
ratio between 0.1 and 10. The molar ratio is more preferred to be between 0.5 and 5, and
with a most preferred ratio between 0.5 and 3. The source of the process feedstream 12 can
be from a catalytic naphtha cracker, steam cracker, or olefin cracking unit, and in the process
of producing an ethylene rich feedstream, a significant amount of carbon monoxide is
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”’,
with a preferred GHSV below 4,000 hr.

[0029] The selective hydrogenation reactor 20 generates a product strcam 22 with a
reduced acetylene content, and is passed to an cthanc/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
decthanizer 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
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
in an amount less than 0.5 wt% of the outer layer, and preferably between 0.1 wt% and 0.5
wt% of the outer layer. Alkali metals useful include lithium (Li), sodium. (Na), potassium
(K), rubidium (Rb), and cesium (Cs). While treating with an alkali metal, it is molar amounts
that give comparable activity, i.c. an atom of Li gives the same response as an atom of K.
Therefore, the weight amounts for the lighter lithium is reduced according to the ratio of the
atomic weights. For example, with Pd-only and Pd/Ag catalysts, 3300 ppm wt. K and 500

ppm wt Li have similar activitics and sclectivitics.

[0031] However, for front end catalysts the addition of an alkali metal indicates increased
activity, but decrcased selectivity. For catalysts tested having Pd only on the outer layer,
-8 -
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lower potassium gives higher activity and selectivity, or lower ethane formation. This shows
preferential acetylene hydrogenation over cthylene hydrogenation, and lithium gives higher
activity, but lower selectivity. For catalysts tested having Pd/Ag on the outer layer, lower

potassium also gives higher activity and lower selectivity.

[0032] Table 1 compares the layered catalysts of the present invention having layer
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
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™*um/g), or VSL

Table 1 — Activity Indexes

Active zone active layer Void Space | Accessibilit
material thickness (um) | Index (VSI) | y Index (Al)
gamma alumina 5 0.0562 11.94
gamma alumina 12.5 0.0282 11.85
gamma alumina 25 0.0154 11.71
gamma alumina 50 0.00815 1143
gamma alumina 100 0.00424 10.91
gamma alumina 200 0.00222 10.02

theta alumina 5 0.135 5.37

theta alumina 12.5 0.0791 533

theta alumina 25 0.0469 5.27

theta alumina 50 0.0260 5.14

theta alumina 100 0.0139 491

theta alumina 200 0.00738 4.51

alpha alumina 25 21.22 0.293

alpha alumina 50 20.72 0.286

alpha alumina 100 19.78 0.273

alpha alumina 200 18.16 0.250

alpha alumina 300 16.80 0.232
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[0033] The present invention used gamma and theta alumina for the outer layer of the
catalyst, and had various cffective 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.

[0034] From the tests, catalyst activity tends to increase for catalysts with outer layer
effective thicknesses in the range of 5 to S0 micrometers. This suggests thinner layers will
give better performance. The catalysts of the present invention allow for thinner layers with
lower metal deposition. This has the potential to reduce the tendency to accumulate heavy

by-products and thereby reduce the deactivation of the catalyst.

Catalyst Preparation Procedure:

[0035] The catalyst is prepared by adding a solution of the appropriate metal salts to the
desired amount of support. The appropriate metal salts are typically nitrates. In particular, a
1% HNO3 solution, relative to the support weight, is diluted with deionized water to provide
a volume of solution approximately equivalent to the support volume, or a 1:1 solution to
support volume ratio. The solution is contacted with the support at room temperature for one
hour with constant agitation, or rolling to insure good support and solution contact. The
solution is then heated to 100°C and the liquid evaporated over a period of time that is greater
than 3 hours, thereby created the impregnated support. The final support should be ‘free-
rolling” or freely moving in the container. The final moisture content will vary with the
specific support, but is typically in the range of 20 to 30 wt%.

[0036] The impregnated support is then transferred to a container suitable for calcination
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.

- 10 -



al_pha alumina 200 alpha alumina 300 16.80 0.232 [0033] 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 5catalysts using alpha alumina have very

large average pore diameters. The indexes indicate why thin active zones are not practical for
conventional@8@Fsts Fohedstiie b esnapk ie gions ta26FCHiadavcnghénabidat mitalodites

occur. Convantiphal GRIANRISYIRIFb 90 JHS‘:?AM“FQ@BQVQ‘%@%M’YEQhRW BARGHYG 7RG ey

have very high percent monolayer coverages and large metal particle agglomerates.

Changing thépofesigd ofetibeceialyst avihgoless e ridadadeeset théhgelwelivied to nitrogen
hydrogenatiqg for, dhe: oM GRM BRSSO XU R BRiGsts, catalyst activity tends to

increase for catalysts with outer layer effective thicknesses in the range of 5 to 50
micromgtersjodaBUIBSSESHIRRS JavRmuwilhigivel betien e fatmancfalheeatabst okt is
present invention allow for thinner layers with lower metal deposition. This has the potential to
reduce the tERthHE IS URRUMATNS ROV 1SBMfUCHR B IRESEBY $Bcrlied th S WP RRtOaASH
of the catalystd&eataly stdpsapasatiansiogrdieton0R8 o The caalystssipispared by adding a
solution of the appropriate metal salts to the desired amount of support. The appropriate metal
salts are typ[CHgDitravehilénipairticmiden dddbet i NG dellitioh, whkdtire pocshetlyuppeidaaight, is
diluted with delonizad weisriaprovide.208 valume af eqlution Anpramate SRS
support volume, ora 1 Solution {6 suppor‘f Volime ratio. The solution is contacted with the
suppofbat reomhddimpetaiureifor ioraduiowithecoastanragifitionrorasl iy icierh msaggoaents
support and solution contact, The jon is then heated to 100C and the liquid evaporated
over a perioé? 'otH t(?m({; thaﬁlgl Srbe%?eé%iﬁr? %I;PESWS, thereby created the impregnated support.
The final support should be free-
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25rolling' or freely moving in the container. The final moisture content will vary with the
specific support, but is typically in the range of 20 to 30 wt%. [0036] The impregnated support
is then transferred to a container suitable for calcination and reduction. The support is dried,
at 120C in flowing dry air for 3 hours, then ramped up to 450C in flowing dry air at a rate of
5t/min and held at 450C for 1 hour. The sample is 30cooled to room temperature. [0037] For
reduction, the sample is ramped to 200C in flowing dry N2 at a rate of 5t/min, and held at
200C for onéhdudMPhe flowing dry N2 is shut off and hydrogen is then flowed over the
catalyst and held for 3 hours. The hydrogen is then switched to nitrogen and the catalyst
sample is cobtelt t81b6H{eBH B éRANTECIETHYREY Horer iRl A RICBaRE e A aing:
reduced catalyst franmike-firsitsigp isusedamibe P periposithasecanehsiampnd the typical

impregnation, drying, calcination and reductions steps followed with the second set of metal
calts o solution. 10CHST I R 19 AL B SETF RS A S 8 Brasen g

considesed theigweferred embodiments, it is to be understood that the invention is not limited

to the disclosed 10embodiments, but it is intended, to cover varigus.modific tions?#d
equivalent arrangeﬁga%s?sniqﬁE:%iu(é%?éD %/k\l/ﬁ?éi%ntﬁhee ggt)eﬁéagf: he affrl) nelrtufegj%fé?r%tél?lﬂl&l §\ q g\muP
catalyst for sédmittel seldctive hydrogenation of acetylene to ethylene, comprising: a layered

catalyst having an inne. core sQTHSg AN e Material an.ouichlayeronded fohamngs
core, wherein the outer layer comprises a metal 5oxide; "’ = afirst metal deposited on the
outer layer, wheupihl theGirstmgtaidsian1UPAC Group 8-10 metal; and a second metal

deposifgd on the °Wﬁér@m\{%e‘ﬁﬁgf}%{‘h‘ﬁ%ﬁ%89&‘315%%&2)1(&%?{%%@&%&2% %n'!t gpgroup 14

metal; 10wherein the catalyst has an accessiblility in 500.

2. The catalyst of claim 1 wherein the accessibility index is between 3 and 20.

3. The catalyst of claim 1 wherein the first metal has a concentration of between 100 and

15 50,000 ppm wt of the catalyst.

4. The catalyst of claim 3 wherein the first metal has a concentration of between 200 and

20,000 ppm wt. of the catalyst.

20 5. The catalyst of claim 1 wherein the first metal is selected from the group consisting of

platinum, palladium and mixtures thereof.

6. The catalyst of claim | wherein the second metal is selected from the group consisting of

copper, silver, gold, tin, germanium, lead, and mixtures thercof.

25
7. The catalyst of claim 1 wherein the inner core has an effective diameter from 0.05 mm to
10 mm.
8. The catalyst of claim 1 wherein the outer layer has an effective thickness between 20 and
30 100 micrometers.
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2. The catalyst of claim 1 wherein the accessibility index is between 3 and 20. 3. The
catalyst of claim 1 wherein the first metal has a concentration of between 100 and 1550,000
ppm wt of the catalyst. 4. The catalyst of claim 3 wherein the first metal has a concentration
of between 200 dhd 28i@P0 phHreiawvn. bf whereimtalytst 206! Theatentsly srah dkingiowh ewisistieg of

first metal is sgdpird Homithe gepspaansisting:obRiaRuMn&alladikmnanginiduiesiheseakd.
The catalyst %q%m.ﬁcvmag%ma%%% 3‘9 etﬁ-‘é&%.éeé% teddte fegg%? foup consisting of

copper, silver, gold, tin, germanium, mlxtures ereo e catalyst of claim 1
wherein the inner core has an effective diameter from 0.05 mm to 10 mm. 8. The catalyst

of claim | whet8in B5e-BHE I8l eRHAL YRERBAGAIREAESSIHRRIRSS P 26 i materiR gelected Trom
micrometers. th@. grbwep catadipting fof ledndidriteh erdliteo nlivinta ybrinise kpitet] Kyanit¢he!grones, silicas,

consisting of gmmma@slumi@ase@elfﬁaﬁwnnad&ta@mnm 68@@..@%@in%@élicmhmmasmcates

zeolites, nonzeolitic Eno} Cier ar %\6 ns t|t |m ZII’CO mth mlxture t eerr%ofméLO a'll;]hne]zacg]tan}/
of claim 1 whéram the inmer Core com rlses a SONUATAtenar s&i8ete gfr W g

consisting of éSFéléFi‘fé',"mlﬂ'iﬁé‘,'%ﬂ%éb%ﬁ?c@ﬁ?ﬁ?@ﬁﬁ%@'@é@ﬁt@e&efnmas silicas, alumlnates,
silicates, titania, nitrides, carbides, borosilicates, boria, aluminum silicates, magnesia,
fosterite, kaolin, kaolinite, montmorillonite, saponite, bentonite, gamma alumina, delta
alumina, eta alumina, theta alumina and mixtures thereof. -13 -



