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 conposition,
a processwbaniopn7epari ng t he conpositi on and hydr ocar bon PCOse6®i061576
processes using the conposition. The | ayered conposition conprises an inner
core, and an outer |ayer, conprising an inorganic oxide, bonded to the

i nner core. BACKGROUND OF THE | NVENTI ON [ 0002] Pl ati num based catal ysts are

used for YR PHECIXHIASA! RALY ROOUPESHATPIRSASKRT LSnMTARY AOBELGAL T ons

pronoters an iers are al'so use e such rocarbon conversion
process i s the dehydrogenati on of hydrocarbons, particularly al kanes such
as i sobutane, which are convEHidd @B THBINWENRKIN For exanple, US 3,878, 131
(and related US 3,632,503 and US 3, 755, 481) di scloses a catal yst conprising

g OSSR AL i SOOI e
3, 761, 53fhc t@npbsitRintdnthy R cditoB 208dBdiofl bifebReESsify leahpblifios AMRASY &1

conprising a platinum group conponent, a Group IVA netallic conponent,

e. 0.9 geormIBitiAN cCampYisAs BN ANATEOLE) 41 darceigrd Axdit conprping arigergiaric ogitei mony and
an aIkaH; [ fuhaline earth conponent all dispersed on an alum na carrier
mat eri al°" agon %Frm{ﬁgeConponents 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

di scl ose catal yti c conpos| [ Si i oup conponent and a
rheni um conponent on a rg%éﬁgfﬁﬁgwéi%ﬁﬁglgﬁgbﬁpkﬂﬂﬁQgﬂer, as before, these
references disclose that the best results are achi eved when the plati num

group cqoROZNt PRAHuMNANLMSPNIPABARE] R BumBiodu® hiidiscatbsh Edietsish t hr oughout
the catalyst. [0004] It is also known that for certain processes

sel ect i viresesseswardanycrppiieatising ppmeiers esd imodifidis prictadse usgd- xseishve resi dence
ti o of ﬁyﬁ?oc];ﬁ)%% cgﬁvetrgign {o%géjsclg alea&ehglgr%ggn% iiOI\l/ of ﬁ}ir&rggar ofnsE Ir)]a?rticularly 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
dispersed throughout the alumina support. US 3,761,531 (and related US 3,682,838)
15 discloses a catalytic composite comprising a platinum group component, a Group IVA
metallic component, e.g., germanium, a Group VA metallic component, ¢.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.

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

20 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.

[0004] It is 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 um) of the support. No preference is given to how the

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



catal yst. Thus, US 4,716, 143 descri bes a catalyst in which the platinum
group netal is deposited in an outer |ayer (400 mm of the support. No

pr ef er encwoi2e1ogi7¥®a t o how the nodi fier netal shoul d bePpdiratseenossde

t hroughout the support. Simlarly US 4, 786, 625di scl oses a catal yst in which
the platinumis deposited on the surface of the support whereas the

nodi fier netal is evenly distributed throughout the support. [0005] US

3, 897, 3Q§sc‘i’5(;s§% ic%g@g]ainir@{ip ﬁllefp‘?a{tinhﬁﬁé%ﬁél% b FheQred e%g glliﬁfpfgﬁlw LRl yst

where the n atinum an e platinumis selectively
upon t hehexiodifiedincsdli§ acealyodistiibeted airaliyisiut thdoupwet., this di scl osure
descri bes the advantages of inpregnating only platinumon the exterior

| ayer an@o@s]! i T8s3,80BpRCddstEbds iRfetRbd foul ifcysibaititioh @ f a@BbRRethin@tadyst f ace
i npregnation of the noble netal. [0006] The art al so discloses several

r ef er encelerqiiemeble mefekhis pitingwrangithesplainym pedepesitas sgledtiedly operethe|cateatal or

shell. For. ex le,. U 145, 183 di scl oses spheres, havi n n i er.vi ous
Sonte; ARHRE TR fualdR. o beR Tl ARAFRRF SR aRBN e B s oo e TR O
center Gy pRatifiloh thd H@crvreiyh hndi QRS @@ﬁécﬁﬁ&f ¢ oBkurfakGe o adhievieShest at ed
that for smaller dianeter spheres (less than 1/8"), uniformty is hard to

cont r ol .sutfgcainpregpmon gf fienoblegneiak hi n outer shell of catalytic materia
bonded to an inner core of catalytically inert material. The outer core can
have cat[@0@6]c kbt altslseulidclaass givaral refiereiics péesedlcatalysticonflifng an4nepavent

further discloses that .this catal yst is [.n.an i sonerizati on process.
i mal |y, P4 8 OGUFE Tel i bR SR Pap e DRl 4a EHUSARES P HAGEsITpr | or to |
bei i CoabeHiRRt@khEd DPSbuSAR: ALROUH it NI GIRET 1 heaRPeNR . RBEr 253

di scl ose a catal yst having a base support having deposited thereon a | ayer
of a catklsytallethewtvatallahirdgens 18" cotdierattiiostawt tiat dart smajlei diameteabploxésde and

an oxi de, suppor.t,,.. W8/ 14274 di scl ose . ich conpris a
catalyt St PR MONGRPE i Y B eogonm ol &/ AEsdried BRIOERLSE ¢ hi n
shel | Ofcaf%%_r th@brifldhaéd o iRsdriceR & ctaﬁl%{tic_[a@@%_}t i REriA" EREM ted EHEBIH ON
provi des for inproved activity and selectivity with respect to selective
hydr ogerfavt ostalyfic awedly sushas pbatpourdspersed on it. The 740 patent further discloses that

15 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

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.

[0O08] 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 ethylene. The process is to increase the purity of an ethylene 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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SUMMARY COF THE | NVENTI ON [ 0009] The present invention provides for a new
catal yst for the selective hydrogenation of acetylene to ethylene. The
process iwonolwaterease the purity of an ethyl ene streampCorusp@paesre
feedst ock. The catal yst conprises a | ayered catal yst having an inner core
made of an inert material. An outer layer is bonded to the inner core,
where the outer |ayer conprises a netal oxide. On the outer |ayer a first

catal yti I i i e first
ot al 1 <RpTE WP o SEERPALAREL fopll Rip AL HERPR I B0 ot S8 h® et

i s sel ecteashdimend iaRelbdBACoM GUIRTPUAIC Girowd biugr GbupdddahctalTHthenmdtaidlafos thicor t he
| ayered catal yst are chosen, and assenbl ed onto the catal yst wherein the

cat al ystlaypsed eatalyy aesdosen. ahg apssebledpaiahs saalyshyheem the extelypt has anot her

enbodi Mgt ifify M Gt Stangdoal so have a | ow void space index. The
cat al yst corrprlges a layered catal yst having an inner core nmade of an inert

A T R SR A W LR AT

. da
conp ISE; (004 e 0 I'rs

second CBicaayilyst copides algycB@POSily R havind eh endeh Bork infile ofeh alert Batshle Xred
froman | UPAC G oup 8 to 10 netal, and the second netal is selected froman
| UPAC Grasitss layer gy basded:te tha innst edre, where gl @rt¢rdpyer fcompripes a rgtak @dde aPnthpest

o hoSgh 130035 AL 0 Lol AU AP AR el 2 vor

appl i catheanisis 8éleétbe fromeMEMPANMGEMP O M inktahQeQ MR sRpRRI At i Qelbftos Goski | | ed
in the art fromthe following detail ed description and Fi qures. BRI EF

DEStRI PRNANPAE @m@m@wﬁém@ql; Ahgaraseripls or thedpyriedpatelysttareciiosgiht  end
use of tha ags%gxﬁ)gé/(f%qt§ ﬁ{eenCEYa(ij rs?%]&%ﬁrk%@ ¢ {agﬁgﬁ%syalf\%r@(?magg%Jeg%%@eeﬁ'ogﬂﬁei. 21s

a diagramo Se 0 € ca S 0 rogenati on of

o1 opy! 03 gD 8P oA BEATTBREPA CROTe! OF P B et B LB iive

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

BRIEF DESCRIPTION OF THE DRAWINGS

15 [0012] Figure 1 is a diagram of the front end use of the catalyst for hydrogenation of

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 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,
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per nol ecul e, respectively, are inportant chemcals for use in the
production of other useful materials, such as polyethyl ene and

pol ypr opyweneilo/Petoget hyl ene and pol ypropyl ene are two ofPCrhis208615¢€ mon
pl astics found in use today and have a wide variety of uses for both as a
material fabrication and as a material for packaging. Qher uses for

et hyl ene and propylene include the production of vinyl chloride, ethylene

oxi de, I
hydr ocar on>Lst pr o @#\ﬁr&?&cﬁﬁ?ﬁ% Orgﬁ r% Mcﬂilgréfn%lgg{l%% gﬁ)gﬂ EH%W?Veeﬁe is
pr oduced:th;hamfghuﬁauehiea}brodmma of @Ulyhth@EnS tneam te baskbsatiofly pure. The

hydr ocar bons catal tic cracking of hydrocarbons, or_ olefin crackjng of
| arger dnehedscofmeedisingctiay! e%?@ﬁe a %Iioﬁwtéﬁéamd‘flthu%léﬁﬁwl% REoprRfuct i on of

pol yet hya!c@tg?en@eﬁﬂl%h th DeasSHBR L atd %bmﬁegﬁgcem gfé%/eﬁl GR4uUeT ng

et hyl ene generate a product strean1mnt stantlal nmount o acetylene

o o TPgIET Pl e Prb@eiul Pl oL Re R BirrSlast bF oY hERS SELIGRE

qual i ty @bdudper@inhyhie tchdadiiy Qﬁe ﬁhdﬁlﬁﬁiﬁf wlhi/lcic isuehR@sd Bguélﬂ%am@ Qéle&fve_
ethylene is achieved by using a nore selective catal e catalyst in

t he presetlystnVenedtdistds therirewst mverttaardoaiprivess mgtepieblreing prepertiag that
di sti ngudl%ﬂlfgulsh t{tﬁ&&%”{réﬁ@ APt ¢ a'taef st$af s¥ §%oi)emers‘%§ eb Hé%?%{[ hé(fﬁﬂl%an be

det er m née romthe actrvi y Indexes tor ¢ a ca as good

sel ect i thé YctivitytildexePfReBSSsinglheatglgstahat sibs g@dd%élldcﬁeity’ 1ﬂ1ty1£&rpag@e@§t Ehe t he
acetylene to an anount |less than 5 pn1of t he et hyl ene roduct strean1 and

will pr@@eﬂﬁbﬁ@eq{@alyde/dm@naéeﬂwaéﬁ@ ®tq EEHMQUK st thig PO O G cthy
catal yst, | uc?stref%? ﬁ&%ﬁﬁ*b&f& BleE@dl 'C{@ghefn%eiyﬁ‘éh%rto tR8 ﬁlaﬁqgmnﬁs' ng an '”e”

mat eri al®. ayer eé’inner core €érein the outer
includes a f.i.rst metal sel ected

| t al d

e o IPRR° B PR S A Gre R hEV I o AL E R P RSB Py or - anad

second nRjidkals %lrﬁ‘&}t&Qayeerm&ﬂeli WPAE i8R eBrel WhOkinlfic BBl agl@{"'éd%g)ris%s erOSI ted
y in

on the outer |ayer. The categést al so has an accessi bi |
bet ween Betalmkidn Ol heniatay st inphatee p fisst nagtelessksrtsi Ifionyan HARAXCKaowe 8l 03net 20

o T o ST bl LSBT SR T e b e
the di ar&tlarm&m wiieh Rafchbsite@ onith®sutdO@yée vithdedtabyt 418eh&f dnefbéséility index
(AD) 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
arca of the outer layer times the diameter of the particle times 100 divided by the effective
20  thickness of the layer in micrometers, or cm?/(g), but where the surface area is from 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.



t hi ckness of the layer in mcroneters, or cn2/(g), but where the surface
area is fromonly the outer layer, the entire particle weight is taken into
account. WO b/j747PRe first netal deposited on the outer pcagseomscref er abl y
pl ati num or palladiumor a mxture thereof, and is deposited in a
concentration between 100 and 50,000 ppmwt. of the catalyst. Preferably
the fi rst netal is deposited in a concentration between 200 and 20, 000 ppm

10017 2k ok QAo RERENG ) Bl AEROSISL) SR L BF v

|s- pref

one or s I ncludi ng cop st lver,
tin, gerfoﬁdsmmrgx cadidritee adhllit€hdiviies mebmzetspinel kydﬁmoslluhﬁlﬁhspﬂh&dﬁﬁalﬁmﬁlﬁutesl ayer
in an am)unt such that the atomc ratio of e first metal to the second

met al i SUHStaReEANG. Mitriss. crebifleso tgPsiigacy é’P&P fé‘ﬂm}nﬁﬁb? IA%eMR8RRSH, ses an
i nert ”%&Fﬂlf%l kaorﬁﬁdﬁao'ﬁﬂltg fm&ﬂﬁloﬂﬁi)ﬂ?e{zga?%{n%t%%nfo% t|;‘ S}’lglhatqlg(fghﬁfe'otr%w

mul lite, olivine, zirconia, spine um nas, silicas, alum nates,
si | i zat esijdi¢ adtaiyaganind nludess, deha bludesa, ctaciasink) awltteeta abmnna Tid impernum

silicates, nagnesja, fosterit kaol kaol | n r n| te,

saponi t e SR igpetef ﬂgwetws%é P? e %}6 T PR % O B OFama
al um na, I core has
an effecr{n?lvehgn&%réfgef%}%blyqtcg?9\@3?36}%85% gtlélgﬁh{éfgrpre -egrggtbrd}rﬁ?&om 0.8 mm

to 5 mmsphdicubslepps, elieeahaﬂnbh,er fhaome@hﬁ)eti@aﬁldhmwoﬂyl hat¢ dat wore mblderememit is
meant, fo nonsgherl hapes, the di r that the shap rticle would
have if SPEcTRel R pRaglingeifpfhe dgicd p gl PRCES AET SR BRRPCTIGahi i | e
shapgd pgrtd cles are substantl ally spherical in shape [0020] The outer

| ayer is deposited on and bonded to the inner core to an effective

thickne O%WSEB %btgpfn&ygrolg ng%ocsgt&'{rgﬁ glﬁ(ﬁboﬁ%ieg & Ih%rl feg 081% §'an eﬁ%&fvet hi ckness

IS bet ers nore err e outer [ayer

t hi cknesBickedsweetc2f 1and 200 nitronerees. eA prefdiied @ﬂeuayerttlinﬂcﬁmg $Shatdvtdn A0ar y
somewhat around the particle. The termeffective thickness is intended to

mean t hedH0R rHews s e thupBerapreteyise outer fayer thagkapssdictwraneOamidi Gr m y
di stribyted, ONEK THE JSHATREENRE Wil Saly WBRewhE! SFould e pIRRTe. CAlGe | | have an

i rregul ar
15 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
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

20 molecular sieves, titania, and zirconia.

[0021] In an alternative embodiment, 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
TUPAC Group 8-10 metal which is deposited on the outer layer, and a second metal selected
25 from an [TUPAC 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 in units 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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surface and this can lead to sonme irregularities in the distribution of the
material of the outer layer. The material of the outer layer is selected
from one wo 200veg4™8 t he fol |l owi ng: ganma al um na, del t aralraseon/o6Bsra
alumina, theta alum na, silica-alumna, zeolites, nonzeolitic nolecular
sieves, titania, and zirconia. [0021] In an alternative enbodi nent, the

cat al yst is a |l ayered catal yst having an inner core conprising an inert

mat eri al OU‘rﬁé 1Ae?tyﬁﬁer 12#%9 @%ﬁ&e& o ﬁe hﬂt&?{a "rent &S Qdo@et 291% tﬂé"t er

| ayer c rrprl es a neta cata yst |nc es a first netal selected
from an du&ﬂ?A@chmuprl&shﬁnmalfroMntmhlst sbcdzepcrhbtt‘ M aﬁcﬂlséd@ﬁdﬁlﬁte&$ déppyesd and a
second netal selected from an or 14 netal which_ is deposited
on the dWttas optgykyer arﬁéele%%frg)etth%me@lm%edaaWF éorstbeéet @%é@@om/e}e)a%f
between 0 and 1, with a preferred void space index between 0.0001 and 0.5,
and a m{pg%ﬁ]ef @pﬁ‘fé@l Qfdh@seéqs&@ehycimewabeﬂmﬂssos eonorématooneanéha/ou d space

i nde, to ore volune.tines t g9e PRre - dj of t he

outer | QyERRpuld dREn AR Y P itd B e PR Bl Gob B 8 ef fect i ve
thic knesmp@cfvetﬂw sOMt@ig datdidts hBfing &h UDptchtcd tha@BBorV gl 1e3§1ﬁarp@r e volune is
the pore volune of the outer |ayer, whereas the weight of the whole

catal ys JOD%‘I:] akeRis! By sRRGRLMN for@l’f@se'%&hvk Hfdroé&fatlwﬁ bPidetEnd P ectlﬂzlﬂé

| ayer.[0022] "The inert” inner core Is selected fromthe raterials as’
mentio nevihlhedwmg ramgmalhsedeoge @ronk ag@rasdwdmge%@na)f itheet @hyleme foratimanthdhti st

above. The first and econ rretaogg Wg 05|te .on the ogteir %3%? are

sel ect ed PSS tHEVHRY 1%“61 O BJTORHGRUAEPIPETSSt RUSFY propess fepdsy net al s.
[0023] QRMpiRingQinyidiR, étﬁh&%hd/scew%&%%w BRoBIOL&SPhanzel TPAMHAN tO

m ni m ze the hydrogenation of ethylene, thereby |osing sone of the product,

and t hi ovedetd othykcaa riok sireqpn M@cpabgedstenlmelmgV@hychbg@ItaEOmmemn Al
greater {han 3 | .l.ess than. 1. [0024 i s catal eful .for the
Jetect | VI oesiBy R gt ety s tampisiapirp ity I bR o de
reacti ong faUelbcise RydbOaRNeH F@BPDot NEg&lhY) teRfelhRireid)adfe WilleRBRESS 1S
shown in Figure 1, or a front end proceéess. First a process feedstream 12
corrprl sithgetbylept ainke stresnh &h dhat hmeaue@mp@ﬁwdl dhpaseess fohnsingtheacatidest hani zer

hy d %ggrég?l}%gggs? cré)gl‘g cgpg %yolv%\r Zad %eegstreta%le?mag'v‘llné PR a%gd éc%tyﬁer]n% Wi | t%(e:t Ive
catalyst having either an Al between 3 and 500, or a VSI between 0 and 1, or both an Al
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

20  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™,

-6 -



Typically the ethylene rich stream 14 is conpressed and tenperature

adj usted before passing to the selective hydrogenation reactor 20. In
general , worzpaves19se adj usting will be cooling the ethylemaseeohesre eam 14
that has been conpressed. The process for using the catal yst conprises
contacting the overhead feedstream 14 having ethyl ene and acetylene with
the catal yst having either an Al between 3 and 500, or a VSI between 0 and

1, or b . -1 reaction
condi t o PTR@bEb AR BRSO PIIS VY B bRk PERO0.ATE Boo B [ER
cat al ystmos paseraebqrcrdiod, tho GHSV Thiectsedet 000 enchyjotiglariat i on reacti on

condi tions include pressures between 100 kPa and 14.0 MPa, with preferred

pressur ge028]Weehc A& tkBayardeddlion rdeor 28 stk bh oPLEstRagf Y KiRthddd essur es
bet ween 800 kPa and 7.0 I\/Iga. The tenperatures for the selective

hydr ogeriaducsa agqtplepe comsei. 1o ouipyt SBECE2 wicoplepped will gencraerpemat ur es

bet ween 300C to 00C. 025]1~,-The sel.ective hydrogenation, condi.ti ons
o S AS. IO Grul SRGRL IO R e by § cNRSER Nt 2 SRR BB ¢ 4
pref err edck®) @k de@thhizaOWe e8Ik, indigo 4 QapolReecambar Thavhgoristedmne iPr ef erred

to be between 0.5 and 5, and with a nost preferred ratio between 0.5 and 3.
The sourhgssedito gldemgthariaers3 & whers thewapen straagnbis sphionios mathang itk strraphitha

bt ’wﬁ?ﬁj iAcPud%? rydtbRetaa QLialli %9%811 %né&‘id%; %@é'eagl_“e%:l{%ﬂg%glwg&%%%{ﬁ%ﬂ‘ a

si gni ficant anoun arbon nonoxide i's genée unt™ of car bon

nonoxi deTHeasthdne/cislismRefedm3ads BAOE R dihaneetiyidne shhiedt 40ef &phtatiag Bugh
anount of carbon nonoxi de, the nonoxide acts as a reversible blocker to

act 1%e dh athyra framiteascthyigac. ofya oxenherfl wisamn 12 wmeprising weylers is gencyeied at a
nydr oge L EAREG GRS Gggﬁlﬂlryﬂﬁe'r g%gst%clg aRx b%@#@'s étr%a%?ﬁﬁ’ c&%brﬁﬁé%&h(n%_ﬁv) of

bet ween an prefera as hour ace velocity

(GHSV) afirchet weethc2pfd0&ssmgdinits, 2@0 ahend prodacta nost preferred operation, the
GHSV i s between 8,000 and 12,000 hr 1. [0026] The sel ective hydrogenation

react or [@02%GS S ESafth@YhibYlinkint eRMPrddeR Y RibcAvE RHERHaAGEbYARNFApt ent .
The output stream 22 is cooled and will generate sone condensate. The

out put stindena i shaven dfawmt’edr @ rtiloend preseds Nt e pseacsafveddrenmi 18hHs psssphssed
tS)ta ? i%ﬁnoé %ﬁggg%terrrll%{fliaﬁlezgr 3:]0? crae%tirrlg ]acull g\)f(érhéaélrgidstlriegrgl%2aéovm% '(s){ngsrrgert e a%ﬁ 'car]t-)rollei\ vapor
monoxide, and a demethanizer bottoms stream 34 comprising ethane, ethylene, acetylene and
C3+ hydrocarbons. The demethanizer bottoms stream 34 is passed to a decthanizer 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
20 comprising the C3+ hydrocarbons. The deethanizer overhead stream 14 is passed to a
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
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
25 include an additional hydrogen feedstream as needed. 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.

[0028] The selective hydrogenation reaction conditions include pressures between 100
30 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
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passed to a denethani zer 30 where the vapor stream?24 is split into a

nmet hane rich stream 32 which i ncludes hydrogen and residual carbon

nonoxi de,wandiczt4®8hane/ et hyl ene stream 34. The et hane/ echyiSeme/ostsream 34
is passed to an ethane/ethylene splitter 40 for separating out the ethane
fromthe ethylene. An overhead stream 42 conprising ethylene is generated
at a quality level for use as a polyner feedstock. A bottons stream 44

conpri Sit{y?bo%%{b% Jréb&We@&ﬁ@ﬁbﬁogﬁoﬁtdﬂ%ﬂfﬁg&géﬁitée}g%&%%’be ecft308 1 SNd

product . I'n"anot her ~enbodi nent, roc r selective
hydr oger20P@©nThé hadregan tenectyeneioydremeo isbesim@mwd. i mdR20gbuea prefearcdandlar | end
process. First a Brocess feedstream 12 i s passed through a denethani zer 30,

cr eat | ngauhPEVErhBAdnEt Pedre 3RIFTAP 1INOHG PREEHEhE RerRetEesdbn aond¥iide, and
a_demet hapi Egigrs]t?ﬂjef?ﬁgﬁ é%ior Ao RS %QgmﬁE@@ﬂﬁggﬁ%c?é’s{)f@%trg@rﬁg&;@aﬁne and

C3+ hydrocar met hani zer bottonms stream asse
deethanitedronl @ cafabitie riapletha emchanstzen csjpkért or diben deokhpanitzew ibdid posesst r eam
into a deet hanj zer overhead,_ or ethylene, stream 14 conprising, et hane,

et hyl ene®! PK C%@@;ﬂﬂ@ﬁ@}e %@%SH&WM%@@P@&W&%@ﬁ NG TReROXEE S

hydr ocarpaRStedT 3 I REF ma@aq SL % nlhe! SSE el ective
hydr ogenat ?%ned'r Ieﬁg)gggrg’%&vﬁgrega%/ S a e%lygelﬁgﬁ%s géiléréltg:?ll vle?ryj(}g%%?/%rted to

et hyl eneassigetootie sdlectdredtydmamednceartde Oc trpnessedf ancbnt reopeidd eanedeadj ust ed

bef ore passin o the sel ective hydrogenation reactor 2Q. ln _general,

t enper aﬁqﬁ‘@eeﬁ}tgﬁ Hyppa by e ol h?90p8¥at@ﬂé06¢59%%fdfl% ﬁfi?%céWF pXTPRSRatPY
neayed dufdiQqf HBERSSEAoutSpRENEREIY FGRNY) 8IERALLOT b6 Ay FBHg hAC! ude an
addi ti onal hydrogen fe strean?as needed. The ethylene stream 14 iIs

cont act et prefarsieGE8Vibetovhyd0bhehat i on catal yst, having either an Al
between 3 and 500, or a VSI between O and 1, or both, within the reactor at
reacti or{oomﬂi t Tanscleative hetdgtiiod at k)0 deferdtes d@seducbaetaab?yv@ith[p0028] The
sel ective hydrogenation reaction conditions includeggressures bet ween 100

kPa and redudgd peeiyleny eenteiitetneris aepspt OsappthancdiinesrEoe 40pal heriodwto MPa,
Femer at T e P ot B R B A, e e e 0B i1
pr efi®r r edpbelipdd 3épaiasr WhtratiencoddSate@6 is recovered and passed back to the

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 [DO30] 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 (L1), sodium (Na), potassium

25 (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 activities and selectivities.

30 [0031] However, for front end catalysts the addition of an alkali metal indicates increased
activity, but decreased selectivity. For catalysts tested having Pd only on the outer layer,
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2000C. The hydrogen to acetylene nolar ratio is between 0.1 and 20, but a
preferred nolar ratio between 0.1 and 10. The nolar ratio is nore preferred
to be betweoeniom7$79and 5, and with a nost preferred rati echatsesenc376 and 3.
The source of the process feedstream 12 can be froma catal yti c napht ha
cracker, steam cracker, or olefin cracking unit, and in the process of
produci ng an ethylene rich feedstream a significant anmount of carbon
nonoxi dq.i Vel W ing th e
dormet hant s & PRSI B AOMENRL b R ART S Bioh " TBRTIS RS

t he anoyntfeadtielbachyicnobiyditgdeatoamvbecthelcnekrydrogchatod ah@ ligpumyvesdlighze. The
operating .conditjons of the selective hydrogenation reactor can jinclude a

gas hourdCijviépdebloyer selpet ity ghiguyatalysts dsinddnvingdib i ara ths @be IRveralovgi th a
preferr Eig’éa%}ﬂ el %\gesghig?& O?@{ivijcy and 19%19%19\,:391?}?'6' ective hydrogenation

react or gener at oduct ‘stream 2 a reduced acetyl ene content,

and iLs t n .et hane/ et | ene splitt 40, The pr.oduct. stream 22 i s
FNONER [+ IR e SR e i e A S o o O 18 SR

to a vaphickhdsadd febrs SRaRAY icréhRtces sGtheORARMS of theBulininh&EaVEEaH caichapassed
back to the deethanizer 10 as reflux. The vapor stream 24 is passed to the
spl i t t ercatalitsé peeppisd osniainharaluping ené waewshe porygati¢nad gatslyptdwmita sudegpr i si ng
et hyl ene_ji rat e t i vel ,f,or I f k and
2 Dot t o B B AR e R HA R ARl B 5 i R P R B BELRL 85

units, Qarco@&n@nb@mbfnfreyéuﬁﬁon.[mgﬁ}aﬂéi@fs @@i@dté’ﬁ/hﬁ fvery theactife khrs add dotend
process, that has the nethane and a portion of the carbon nonoxi de renoved

bef # e tHiectisal for eprpentignnl sgfakysisi e aetiis 2980y 31 defaepdmistthe epgioniRayhichhait al to

reduce th j,di of. the I VSt 1:1 r i:thoan al kal

el i iogn sl Ryt RERARE SR oflf TRRIBhuhR (PR T hRET 01

bet ween orblavc¥eanrtlad. whivh Yoctf pdoféncdl tugilizatiyesd offek dbhve VY &drge thged ul

include lithium(Li), sodium (Na), potassium (K), rubidiun1(Rbl, and cesium

(Cs). wmarticle peglempigton Partignlagly astingwehiag pajamefess wisithe swifist Ated “raitigle gi ve

compar abfign GH4 b Aiivd zofe tABRLOMPSe) L A ¥EPpESORAMRIG2RIARE 25 an atom
15 radius*particle diameter/thickness (cm™*um/g), or VSI.

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 11.43
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 5.33

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




Therefore, the weight anmbunts for the lighter lithiumis reduced according
to the ratio of the atom c weights. For exanple, with Pd-only and Pd/ Ag

cat al yst swo28007ppsa Wt . K and 500 ppmwt Li have sim | aPCcaatseamonsessé and
selectivities. [0031] However, for front end catalysts the addition of an
al kali metal indicates increased activity, but decreased selectivity. For
cat al yst s test ed having Pd only on the outer |ayer,|ower potassium gives

hi gher ty . i ws

pr of or o ORI TS Pres i B soaor Nl B AN b ORI Al B

l'ithi um(gta\llﬂﬁ and ghe vaidatsieffettive thickneswe rTivadaetyst vt thy présont iaedmioydibsat est ed
havi ng Pd/ Ag on _the outer |ayer, |ower_ potassiumalso gives higher activity

and | onegl @C@&Sﬂ-blmyvpd%[ 6traT theash, and a (Qyrpaidspageradexa et BN dat Mt 20f t he
present 'ta[ﬁ\ﬂ%tdo?ﬂ daml &ﬁalk]&mﬁfn\%n m]h%kaﬂﬁﬁﬁﬁﬁs FHe cBQtlr%O(bcmV%ﬁt?(ﬁﬁi ers of

ei t her ganma or 1 eta a a conventional cat yst prepar ed on an

al pha alcatilysss b alpler @uthe leoaverytiugnaberagd pory slianftaersi The indexes indicate

surfacei npregnated to various depths from 25-300 um _All catal ysts are
Laken t " Beghth ThiAIYERERGSLS Bet péa%laﬁh%ﬁcwgméor&# cyplysiend B¢ POHC ZPAES Par anet er s

| ndi cat o, MUk Bop ARUNR R OIRRIAE (ke REARERES CALLGOKRTboqna

cat al yst s e active zones are as the region I'n east 90%
of the aunttameiliretial baeticy withithiescoocumes, Ty lvat vegadgingsrcoecomelayer y hi gh %

nonol ayer coverage which vyi el metal utilization and often have very
| ar ge rreCpaFrag%atngﬁﬁrée 1@&@%@3& %ﬁor@“gﬁ&e? cGFw@g @F%’P?en%%ﬁ %fﬁﬁwti}a% tanet er s
areq4 he ﬁﬂng%g@n e%n{a%cte'o@k& diaret ﬁﬂ?cfro%&%&ﬁdr‘f %Rk ss (cn2/g),

or Al, ore vol une*average pore radi partl e dia t hlckness (cm
mi g), c[OO\'E] Fedoh eheltests, Aatalysi aqnv[tycﬂmds:&[ 083}c Dheatplystsenith ommelayeron used

gamma and_t het | um na for the er of fhe catal
vari ous egfef‘é‘é‘i‘i n?%?%%ﬁé%?é‘geo ’Ené“rr oetept 'Jﬁhﬁ%s%gé% nﬁeﬁ\?ﬁé(ﬁfs‘??ﬂl has a

high ac Cg%esébé%ﬂek g&ﬁbﬂ«ﬁﬁ%  TI &R116%s st ?esemﬁv&ub@mwlf& tﬁm&elay&g%h I ess
than 1, Telative to a standard com‘rerma catal yst using al pha alum na as

the out dowenattiahdepoSitinn ethisdns theqat@itpbtogedigicriige ®h@ddnay 4é acrunaldiabieavyer y
| ar

ra ore dia ers.  The i ndexes |nd|cte why thin active zones
ar eg%ot r'%{gg‘i“g%fmdftg‘fﬁege Fﬁf*@’ﬁ? fh&fi%fwtb"éfl%%ihg Capystacti ve zones are

Catalyst Preparation Procedure:

[DO35] 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% HNQO3 solution, relative to the support weight, is diluted with deionized water to provide

20 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-

25  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

30  cooled to room temperature.
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regions in which >90% of the active netal sites occur. Conventional

catal ysts yield poor netal utilization because, with thin active zones,

t hey havewoeaenw/itsyR percent nonol ayer coverages and | ar geTrast@lo/opesré i cl e
aggl onerates. Changing the pore size of the catal yst inproves the
performance of the selective hydrogenation for the front end process.
[0034] Fromthe tests, catalyst activity tends to increase for catalysts
wi t h out ye % [ ronmeters.
et OuBOd Y SFor RSB B FKTERRGRAD IS KNGS ClBNs & PRuher et er s
the pr eﬁé@t’mmnmeﬂtdldmt 25(]0I°©\ﬂnfcﬁfe Hohr nﬁlesrﬂéxalytgrdey mtmsﬁtmn&randmtyatogdm[som tion.

This has the potential tqQ reduce the tendency to accunul ate
by- pr oddBestlawed oy thasptal ey gee helddogbheursv Ab¢ Byfragenip éheeewatcttect 0 TEERENy s t

Prepar at,qn, & Ea‘?ﬁfgléﬁrﬁ{)le[lg’%frld NGomatAhYsfurd S Prepared by adding a sol ution

of the approprla to the e5|red anount of support The

appr t S are t 1%. HNO3
2or e orfORTE: For® By frEh@aiBr e hivd bRt &Riser el bimelt Grls80 et or
to pr 0V|1£s'@d as the |sL1|15137erffor 81l detdrns QK f@tcel dnetaviah &dtyingOcdl Eigatfoanmar t
volune, or a 1:1 solution to support volune ratio. The solution is
contactéﬁé%mphsﬂme”bﬂgwe@vm@ﬂh¢%@ﬂﬁd%ﬁpéﬁ@ﬁ@ﬁ@wﬂ@ﬁobh@nhour wi th const ant
agitation, or rolling to insure good support and solution contact. The

sol uti or{OD§Q]herhbah@dlvbmiolﬂtBG(Beandlestﬁbed qumaeﬂapmsamtedcm@ﬁred theri od of
time that Is greater than.3 ur created the inpre d support .
The 11 ndlretpRBrPO GBI o BB I TG Yo inF Sy NOVITTGEa ] tgg oclosd
CONy@i N&ImholiltBertd, Bt it FIn&hHERICDVEEHrios hlodWiaYiond rd eh_r a&ﬂ?@r‘riﬂg@n{éﬂﬂgpor t,
but is typically in the range of 20 to 30 wt% [0036] The i npregnated
support inguddiewithindinsscope efithc appendodchimer SU|tabIe for cal cination and
reduction. The support is dried at 1200C in flowng dry air for 3 hours,
then ranped up to 45Q0C in flowing dry air at a rate of 5C mn and held at
45Q0C for 1 hour. The sanple is cooled to roomtenperature.[0037] For
reduction, the sanple is ranped to 2000C in flowng dry N2 at a rate of

5C mn, and held at 2000C for one hour. The flowing dry N2 is shut off and
hydr ogen is
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then fl owed over the catalyst and held for 3 hours. The hydrogen is then
switched to nitrogen and the catal yst sanple is cooled to roomtenperature.
[ 0038] Fowoaotwmws®Bep procedure, the cal ci ned and reducedTast@dypsts7é rom t he
first step is used as the support for the second step and the typical

i npregnation, drying, calcination and reductions steps followed with the
second set of netal salts in solution. [0039] Wiile the invention has been
descri beep yf\§. Wwhat are presently considered the preferred enbodi ments, it
is to be understood that the invention is not linmted to the disclosed
enbodi nent g, pt LS| . I i £ [ .

cqui val et SrAleh i ] SAEEEShOASRIREO KB LOARLTOR i, Sl Rl

cl ai ms. CLAI M3 lagered\catallysd hastngfadrintus @ otdcontprisigl addhéry abydr,ogenat i on of
acetylene to ethylene, conprising: a |layered catal yst having an inner core
conpri si ng ari v tayerbendedte theinagricere, WAGENN BeruEd laxsT eorapiises@rmeer e,
whergin fhe outer |ayer conprises a netal oxide; a first metal deposited on
the outer Tayer, wherein the first netal is an | UPAC G oup 8-10 netal; and
a second net al fideposl Hgdsodl dihthe ouice taykyeicreintier faktmétakbis a@CORA(Gtcah 1S an
| UPAC G oup 11 or Goup 14 netal; wherein the catal yst has an accessibility
i ndex (A-J0pstake®d 3 and 500. 2. The catalyst of claim1 wherein the
accessibility, | i t t clai wher ei n
fho first mereloRaime AL ARty we L B Lol S R0 The
cat al ystGrodp 1The Geaipal 4/sictabf cl ai m 3 wherein the first netal has a
concentration of between 200 and 20,000 ppmwt . of the catalyst. 5. The

cat A yst of cvhgrein thegaéaleithas peageessiiliydnagx (Ad) beivser édnd P8 t he group
consisting of platinum palladiumand m xtures thereof.

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 1 wherein the second metal is selected from the group consisting of
copper, silver, gold, tin, germanium, lead, and mixtures thereof.

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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6. The catalyst of claim1l wherein the second netal is selected fromthe
group consisting of copper, silver, gold, tin, germanium |ead, and

m Xt ur es wbenmaf74798. The catal yst of claim 1 wherein thecrnsesomerses has an
effective dianeter fromO0.05 nmto 10 mm 8. The catalyst of claiml
wherein the outer |layer has an effective thickness between 20 and 100

m croneters. 9. The catalyst of claiml wherein outer layer is selected from

the gro i.std . ] 4 j um na, theta
al i oot 1 it B8 im § 3R LU Rer EEHLAARUE A p b oMtidE | oot o

zi r coni ggamandaloinkia, el dltm@imapéta albnind ikete aluadiys tsileh-abdmaing) Zkoliteer ei n t he
inner core conprises a solid material selected from{he group consisting of
cor di er ino8zeqhficmqleculygsigypn ditaia, zgpnia, and gnixgyres Retspt-+ e al uni nas, silicas,
alum nates, silicates, titania, nitrides, carbides, borosilicates, boria,
alum num silicates, magnesia, fosterite, kaolin, kaolinite,

mont sror i 10l ditictoatalysapbeinine] wherdimthctiemer cb@yontphiats Hisolel rhatttidlaclected dnwnaci di ¢
activity, gamma alumn del ta allﬂm' na,. eta alum na the.taa?l um na,_and

m xt ur e sth? BrOuR gpnsisting o ‘cordierite, mullite, oliving, zirconia, spin¢l, kyanite, aluminas, silicas,
aluminates, silicates, titania, nitrides, carbides, borosilicates, boria, aluminum silicates,
magnesia, fosterite, kaolin, kaolinite, montmorillonite, saponite, bentonite, clays that have

little or low acidic activity, gamma alumina, delta alumina, eta alumina, theta alumina and

10 mixtures thereof.
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