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Because of the reactivity of diolefins catalysts that have poor activity are restricted in cycle
length and have a propensity for polymerization because of the requirement for high

15 temperatures. It is generally accepted at temperatures about 170°C (338°F) excess
polymerization causes pressure drops across a catalytic reactor. These problems are generally
worse if the catalyst comprises a porous active base such as gamma or theta alumina where
polymerization of diolefins can cause swelling of the porous catalyst and can damage the
structure of the catalyst.

20 [0003) In situations where the catalyst is an active catalyst there is a tendency for the
active catalysts to convert diolefins and acetylenes as well as the monoolefins rapidly and
often more selectively to their corresponding paraffins and naphthenes causing excess heat
generation. Again, these conditions tend to favor gum formation and this is particularly so in
a commercial application where a fixed bed adiabatic reactor is subjected to high temperature

25 rises. The reactor's practical operating window is limited because of the pressure drop
problems.

[0004] The current industrial practice for selectively hydrogenating diolefins or

unsaturated hydrocarbon fractions is based on the use of sulfided nickel catalysts operating at

moderately high temperatures of approximately 185°C (365°F). Sulfur loss from the catalyst
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[0006] US 2003/0036476 Al describes a coated catalyst having a core and a shell
surrounding the core, the core is made up of an inert support material. The shell is made up

20  of a porous support substance, and the shell is physically attached to the core. A catalytically
active metal selected from the group consisting of the metals of the 10th and 11th groups of
the Periodic Table of the Elements is present in finely divided form in the shell. The coated
catalyst is described as being suitable for the selective reduction of unsaturated hydrocarbons,
specifically lower C2-C4 unsaturated hydrocarbons.

25 [0007] US 6,177,381 B1, which is incorporated by reference in its entirety, describes a
layered catalyst composition showing improved durability and selectivity for dehydrogenating
hydrocarbons, a process for preparing the catalyst and processes for using the composition.
The catalyst composition comprises an inner core such as alpha-alumina, and an outer layer
bonded to the inner core composed of an outer non-refractory inorganic oxide such as

30  gamma-alumina. The outer layer has uniformly dispersed thereon a platinum group metal

such as platinum and a promoter metal such as tin. The composition also contains a modifier
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[0010] The present invention provides for a new catalyst that improves the selective
hydrogenation of diolefins and acetylenes. The catalyst comprises a layered structure, having
an inner core made of an inert material, and an outer layer bonded to the inner core. The outer
layer is a metal oxide selected from one or more of gamma alumina, delta alumina, eta
20 alumina, theta alumina, silica-alumina, zeolites, nonzeolitic molecular sieves, titania and
zirconia. The catalyst further includes a first metal deposited on the outer layer. The first
metal is deposited on the outer layer in an amount such that the atomic ratio of the first metal
to the aluminum in the outer layer is between 0.0001 and 0.1. The catalyst further includes a
second metal deposited on the outer layer. The first metal is one or more metals selected from
25 TUPAC Group 8-10 metals, and the second metal is one or more metals selected from JUPAC
Group 11-17 metals.
[0011] In a specific embodiment, the catalyst comprises a composition such that the
atomic ratio of the second metal to the first meta] is less than 6.
[0012] Additional objects, embodiments and details of this invention can be obtained

30 from the following drawings and detailed description of the invention.
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[0019] Figure 7 is a plot of the selectivity for propylene recovery in percent versus methyl
15 acetylene and propadiene conversion; and

[0020] Figure 8 is a plot of the organic and H2S sulfur recoveries.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention relates to a layered catalyst, and the use of the catalyst to
selectively hydrogenate C3-C11 diolefins and acetylenes to C3-C11 monoolefins, which helps

20  to mitigate some of the above mentioned limitations. The layered catalyst composition
comprises an [UPAC Group 8-10 metal and an [IUPAC Group 11-17 metal on a layered
composition support. The support comprises an inner core of an inorganic oxide, which is
preferably a refractory inorganic oxide, such as, without limitation, cordierite, and an outer
layer of a non-refractory inorganic oxide, such as, without limitation, gamma alumina.

25 [0022] The product and process disclosed herein has been developed to enable one to
selectively hydrogenate C3-C11 diolefins and acetylenes to C3-C11 monoolefins at relatively
high space velocities using a layered catalyst that eliminates the need to use a sulfided nickel
catalyst. This eliminates the need for associated sulfur addition due to loss of sulfur from the
catalyst, and in some instances the subsequent removal of sulfur from the product as sulfur

30  loss from the catalyst is lost into the product.
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[0024] The | ayered structure of the catal yst conprises an inner core
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sphere hi a
diameter of between 0.05 mm and 10 mm. By effective diameter is meant, for non-spherical
shapes, the diameter that the shaped particle would have if it were molded into a sphere. Ina
20  preferred embodiment, the dried shaped particles are substantially spherical in shape. The
outer layer is deposited on and bonded to the inner core to an effective thickness between 1
and 200 micrometers. A preferred outer layer thickness is between 20 and 70 micrometers.
[0025] In one embodiment, the outer layer comprises alumina. Preferred aluminas
include gamma-alumina, theta-alumina, and silica-alumina. In referring silica-alumina, it
25 should be noted that the term silica-alumina does not mean a physical mixture of silica and
alumina but means an amorphous material that has been cogelled or coprecipitated.
[0026] In a preferred embodiment, the first metal is either palladium (Pd) or platinum
(PY), and the second metal is copper (Cu), silver (Ag), gold (Au), tin (Sn), germanium (Ge),
lead (Pb), or a mixture of the second metals. The atomic ratio of the metals in the outer, or

30 active, layer is important for the performance of the catalyst. If is preferred that the atomic

ratio of the second metal to the first metal be less than 6, with a more preferred atomic ratio of
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[0030] The catalyst of the present invention is for the selective hydrogenation of
hydrocarbon streams having diolefins and/or acetylenes. The hydrocarbons are in the C3 to
20 C11 range, and the hydrogenation process converts the diolefins and acetylenes to
monoolefins in the C3 to C11 range. The hydrocarbon stream is contacted with the layered
catalyst as described above at selected hydrogenation conditions in a hydrogenation reactor.
[0031] Selective hydrogenation conditions include operation of the hydrogenation reactor
at a temperature between 30°C and 300°C. The operation includes running the process under
25 a hydrogen atmosphere, or a partial hydrogen atmosphere with an inert diluent. The reaction
is carried out at a hydrogen to diolefin and acetylene molar ratio between 1:1 and 10:1, or
with a hydrogen to total liquid feed molar ratio between 0.1:1 and 20:1. The selective
hydrogenation furthermore can take place in a complete liquid or gas phase or in a mixture of
the two phases. The temperature and pressure can be adjusted to operate between bubble and

30 dew points of the reactive mixture.
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and acet )ﬂaéaié£ ﬁbe‘i]fﬁ[? |SepieRkcan azleﬁlsteil\g?lpé’éfw&perati on, the process
converts light ends of the hydrocarbon stream in particular, the C3

conmponentSypeAmefRt hyl acetyl ene and propadi ene. The nethyl acetyl ene and
propadi ene ‘are converted to propyl ene for enhanci ng propyl ene production

from pr Ogm t gt laﬁrg{%g[sggéére WRLRY wACGIKLERSE gglgﬁmgd;r@?%gj I Svind e HLLeE T N

conver Si be co In one reactor ve tiplre vessels
t hat 1@an Hdrspenaeet&dower melktwsr weighthypiasatbonk, andihie paitiollaf acetdermsend can be

at least 5 m by wt. Experinents: [Q033] The | d t al yst
st udi ed fCBWP@ge rrlf%r%ﬁ@étq%ﬁql lﬁﬁlr“é?/m&if?ﬁ@]oggleg%?r?‘%ggﬁ?f%‘?fggghgﬁ ?‘?ﬁ’f‘ﬁo?sl oﬁ?

ot ecul arp NELERT (AW ARARRANSNG BB didrle PRI of MeAMirs AGELY LANRALANG it 8RBR The

ef fects Studi ects o e atom c rati'os of the first
met al , pahétadicopper tia tidwtiat lWyenoumheandlshperfiroanee. rEtesosreofainlyehbiacstized
nmetal, palladium_ to the second netal, copper, in the active I‘gi/er on the

catal yst peXPoprafiling. ThaesperipenthiPre RerionarhEtas psty! psetyles Yot 119 ng. The
expegLne nﬁrgpz\llg‘:fén% (Pﬁs,fo‘%ﬁ\ﬁ%‘ﬂ 8{1&%&!@&@4& f@lcs%rlé&i‘?@ﬁyc(ry@naa&g to propylene.

[0034] From the experiments, a Pd:Al ratio between 0.001 and 0.005 in the active layer
appeared to give optimum performance for the palladium metal. This ratio can change for a
metal oxide other than alumina. The second metal to first metal ratio was found to give the
best performance when the atomic ratio was less then 3 and preferably less than 1.5. The first
20  metal in the experiments was palladium, and the second metal used was copper, silver, or
gold.
[0035] These formulations were robust in that they were recoverable from organic upsets,
or from H;,S sulfur upsets.
[0036] Several catalysts were made and used with Pd and Cu in the outer, or active, layer.
25 A first catalyst, Catalyst A, comprised a layered sphere with an inner core of cordierite with a
3 mm diameter, and a 50 micrometer outer layer of y-alumina (Al,O3). The metals deposited
on the outer layer were 0.02 wt% Pd, 0.038 wt% Cu, and 0.33 wt% K on the bulk basis. The
theoretical Cu/Pd molar ratio is 3 based on the bulk ICP, and the theoretical Pd/Al atomic
ratio in the layer is 0.001. The catalyst was prepared with long evaporation procedure with

30 acid.



propadi ene (PD), or MAPD, over the catalyst for selective hydrogenation to
pr opyl engy [299)%%],27|3:r0mthe experinents, a Pd: Al ratio b YRR and
0.005 in tRe active |l ayer appeared to give optinmm perfgk"nan?:%)g{‘og@ﬁ he

pal l adium metal . This ratio can change for a metal oxide other than

al um na. The second netal to first netal ratio was found to give the best
performance when the atomc ratio was |less then 3 and preferably |l ess than

1.5. The f.i. tal in the e rinents was, pal |l adi u and. the second. netal
used was [bb&%ér %F‘?f@rc,amé}“t’g%ia.y“[%G@%ﬁpnﬁge & S¥8r Hﬁ‘%‘{l’. %Q‘ncsa&\}\yeSF e r %‘%ﬁ%t in
that theyy eﬁaﬁaﬁ(«?@%%@%%s%ﬁ@f AaMnGikesets, or from H2S sul fur upsets.
[ 0036] Several catalysts were nade and used with Pd and Cu in the outer, or
act ihve, |[0988] AAfthird raebstaCpslyst Catahyrsted A layenedoipheredvich imipaeeebre pher e

with an inner core of cordierite w a 3 nmdianeter,. and a { Cr ter
outer | afé‘Fdl%‘?teg‘ilgﬁ 4 daggetey gnd ar%gmﬁ“éf”é‘??r B‘étﬁg]g‘?"frecg Yéaﬁu'?lﬁﬁg(g&ztraéﬁ ? Yer
were 0.0 %0 . 9 u W%

Fheoret | AT g e e B P D P CEph G K D the

t heor et i dallk BeisAl ThatthedreticahCu@®Pd molahetiody ébased o thObulk TR, gwlt the Yreprapmsl

prepared with | ong evaporation procedure with acid.[0037]. A second.

cat al yst ,PACAL alpag rafio i Biegeyes drd-Pire g‘&‘r@t%ﬁé‘ﬁ’ﬁ pég)aggt%ﬂ‘l/lbopggya@@w t he
preparat i Yas j .a short evaporation tinme. [0038] Athird catalyst,

Cat al yst p%{;cecprrpﬁtﬁsgcdaa | ayered sphere with an inner core of cordierite
with a 3 [m0389]andhe theordtidalacakialanioafod PdiAdrat@niceatid foy erlayefedsphbrerdatadys( Al O ) .
The netal s deposited on the outer |ayer were 0.02 v,vt%P(g, ,(&)1.0 Wt%]%j3 and
0. 3310 %hRVENg & hBInbeRrR apd 8 59 migrEaie Qi tyeaPt CalupHnGang Vitha 149 Ws PRMgEk ed
on the bylk,:.] : et | . Pdj ) 110 N I
0. 002. Thi83%%%??@&%%%8¥1§§g{rge%iC\%n?a{ulpnﬁl gr?lga @\% or%%ttt5 B’%ﬂn&glrsbg%g%’reg%%hﬁbgci d.
[0039] Thie.1 hraisebi (U gra@k obtahlyars afeaRded) thatmotds of Pdt= @02/006.4 < GHEI188;
sphere catal yst having a 3 nm core and

_ ) a 50 nmcroneter outer | r of
g- ?I ulmatnaa,nd giais 19f Al 70932 %p?ﬁ)ﬁglyoéard§-ﬂgW?16hﬁ@P§@§S E%éol%Pf éﬁfng f
cal cu i c S . :
100" gr ane 576 Sty e AU ELBLHE, rRER SN2 oo o Ml lsty 908187 505 156

15 [0040] For a zirconia (ZrO,) case, with a layered sphere catalyst having a 3 mm core and a

25 micrometer zirconia layer base, the wt. % zirconia layer is 12 wt%. On a 100 gm catalyst
basis, the grams of Zr = 12%91.22/(91.22+2*16) = 8.8836; and the moles of Zr =
8.8836/91.22 = 0.9738. For the same Pd loading of 0.02 wt%, the Pd:Zr atomic ratio =
(moles of Pd/moles of Zr) = 0.000188/0.09738 = 0.00193, or approximately 0.002. This is
20 almost twice the Pd: Al ratio calculation above.
[0041] The distribution of Pd on the outer layer is shown in Figure 1 by the Pd: Al ratio
profiles taken with XPS sputtering. Catalyst A, as expected, shows a measured Pd:Al ratio of
between 0.001 and 0.002. Catalyst B has twice the ratio of Catalyst A, showing more surface
enrichment of Pd in the outer layer. Catalyst C had a layer thickness set at 25 micrometers,
25 and as a result Catalyst B and Catalyst C have similar Pd:Al ratios, but Catalyst C has a more
uniform Pd profile due to the long evaporation procedure.
[0042] The distribution of the second metal to first metal, or Cu:Pd ratios, is shown in
Figure 2. Catalyst A has a high Cu:Pd ratio of around 3, as intended. Catalyst B, due to
surface enrichment of the Pd has a Cu:Pd ratio of around 1. Catalyst C, as designed after

30 Catalyst B, achieves the same Cu:Pd ratio of around 1, but with a more uniform profile.



and the grans of Al = 10.2*(2*26.98)/101.06 = 5.4, which translates to

nol es of 6.98 = 2. The nole, or atomc, ratio 00094
or appr oxl rrat eﬁ’sg%;gom. [ 0040] For a zirconia (Zr ) casgfr/d:g?(ﬁ\)oszmp ed

sphere catalyst having a 3 nmcore and a 25 microneter zirconia Iayer base
the wt. % zirconia |layer is 12 wt% On a 100 gm cat al yst basis, the grans
of Zr = 12*91.22/(91. 22+2*16) = 8.8836; and the noles of Zr = 8.8836/91. 22

= 0.9738. th sa of 0.02 wt% the ratio =
(nol es oi{oggmo Qe‘%qbﬁgi}gg? 62“6]3?(%5 Somp %ﬁ%’éﬁeosre egglér oxi mat el y
0. 002. T'Pl:yéro' énaﬁllo%%MAPDCaﬁsthﬁlo% iNFigRtd PakiPd. cvh@&atapstabmi@ve fhilly The
di stribution of Pd on the outer layer is shown in Figure 1 by the Pd: Al

rati o profid $ons ik Bd cmmpbsw@is Bipufeed compositBat kddyX00Ayt. ppmépend 880 Whows a

measured Pd: Al ween 0.001 and 0.0 th
ratio of PeatEp y@%& Bt Mg TrbaneanqiBae Wit annent cub it wila "
layerg {)ﬁfr rng)lmgtléolf ayerrpk RhLGKRESS B eﬁ%ur@@amlg PONMTHE FSult@HbwASInA
result Cat al yst an Cata yst C have sim Pd: Al ratios, but Catalyst C

has a noméguraifindicat®chapCafalyseBdumoteadiive thanr(gatﬁyapbraaﬂ itloat Cptacbyﬁe@us ever] 0042]

The distribution of the second nmetal to first tal, or Cu:Pd. ratjos, i
shown i n mprgaetavertharGaaleB. A ﬁ&EOPéfqu?Fé?FOW PH%Y 1 tﬂ?fh‘%&“ as >

ded.
i ntende o %@ér%a%( %rfF ure APeCzSthJ?l’gl g&'rﬁlsB ‘ﬁ?&é ﬁmmel&fnv{tﬂ:@ ab ﬂem"i’gcheﬁccgﬂ’lfeps@orf atio

of aroun ter ta yst B, achieves the sane
Cu: Pd r atwtmecwatalyatmﬂaslthe best ssledtlvig antrechighrer onvergioof Thedif@483s, Thigough
performance of these three catalysts is_conpared for the sefl ectiv

hy dr Bhenatormsnelbrthamprs bl cPadiSprivRoinh oihg ipRYAICER thg ratgsof the Mepls 5 o) |

have nom nal l. ?gg k Pd conposition. The feed conposition had 1300
w. ppm pos%dggghes rlla#%rPD, 65/ 35 C3/ C3=. The reaction conditions were

3550 kPa [08AA]psAGkcoid ot 8f qiyalyag@eret for@Piddmedted. Tladst oatafysts cBmpiibel a
catal yst bed tenperature was 40 OC. The results shown in Figure l% i ndi cate
that Cat atajladivg onsalpmina fampwlpdon ondn feadiffesing PRAL aiogie F%PSCS%%EXF Cis even

o ey hARal FRERUBerBy iR RISRULHRCIEG i 9 QAR A aippt ! on

sel egd i VithicRSmébr Sut@ 1hyed bey aR@AME (S1,08),. Wi netaGadepbyisdd @ thasutehinybestre
selectivity at the hlgher conversion. The differences, although nom nally

the sanme BR wt%dddrnd QA3 wifkdK on thabulk dasipbhe heesstienl Pdral fﬁa@lwg tht lay s

metal s 0.002, and the catalyst was prepared with long evaporation procedure with acid.
[0045]) A second catalyst, Catalyst E, comprised the same makeup as catalyst D, except
the outer layer was a 50 micrometer outer layer of y-alumina (Al;O3). The theoretical Pd:Al
20 atomic in the layer is 0.001.
[0046] A third catalyst, Catalyst F, comprised a layered sphere with an inner core of
cordierite with a 3 mm diameter, and a 25 micrometer outer layer of y-alumina (Al;O3). The
metals deposited on the outer layer were 0.05 wt% Pd, and 0.33 wt% K on the bulk basis.
The theoretical Pd:Al atomic in the layer is 0.005, and the catalyst was prepared with long
25 evaporation procedure with acid.
[0047] A fourth catalyst, Catalyst G, was a commercially available catalyst with 0.1 wt%
Pd on y-alumina on a 0.1” diameter sphere (2.54 mm).
[0048] The Pd:Al ratio profiles, shown in Figure 5, for the catalysts were taken with XPS
sputtering. Catalyst D was designed with a 25 micrometer layer to achieve a measured Pd:Al
30 ratio of 0.002. Catalyst E, due to surface enrichment has a Pd:Al atomic ratio of 0.002, which

is twice its theoretical value according to the Catalyst E bulk composition. Catalyst F has a
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deposited on the outer layer. [0044] A second set of catalysts were fornmed
and test e\g §,-gat al ysts conprised a palladiumon al tion
only for d| p-e(r?"l%ng Pd. Al atomic ratios. Catalyst D conp?lf’nsﬂeigzgog{og%zﬁed
sphere with an inner core of cordierite with a 3 nmdianeter, and a 25

m cronmeter outer layer of g-alumna (Al20) . The netals deposited on the
outer layer were 0.02 wt% Pd, and 0.33 w % K on the bul k basis The

t heoreti d. AL at.om n th er 2

pr epar edcpﬁ ‘f‘ﬁ tPB‘hcgraE‘Qé’ﬁglja‘f‘f‘ %f%&%ﬁﬁ%ﬁ%@ﬁ 3& &‘C?O%‘fg?d V\@gtaly“
cat al yst,; Ga¢ 2bY Madfeg FAWO6 ka §Pnt R i 2HR i BRPHRARDFERE- aﬂtmmya fo?ﬁﬁ@ pt the
outer layer was a 50 m croneter outer layer of g-alumna (Al20) . The

theoretlca@bh&nhoﬁl atomic in the layer is 0 001 . [0046] A third catalyst,

TARY v A T e S R R A o R A R T
The npt als%legﬁ @ 0 I{ SEVRAWTP hind RXBEWHE! Bighred'8 a\fYH% Hehe feRicdPapeiitith% K on

t he bul k basi s. retlcal Pd: Al atomcin the layer is 0.005, and the

cat al yst hadd3p0 epemmdmhhd Bdmgt.qmpapBDa(SS/aﬁ\ q3f©3r-edtheerewttoh1 capdigion§ @e%7] A

fourth catal st , al yst thasaco ctagt with 0.1
wt % Pd or?3§0&Pa fifapsis) itlha Ydfag%{h‘@tl\élr‘\l) jnﬁ) lf”i’he Pd: Al

ratio pr%}nb fur Qr?i b TThHRIOsh Wln]:h @tlﬁci&(aﬁ& %aY‘@Eﬁl}Is@ﬁ%s WeltrsXPS
fuf S, %15

sputtering. : was desi gne m croneter |"ayer to achieve a

neasur ed Rdvity amaig CaalysB.DE F Lat @) Srhé pﬁpy&uerdmv&gné shoevneas rai fohwmmtofhas a

Pd: Al atomc ratio of 0.002, which is twice jts theoretical v u(etg]ycordl ng
¢

Lo t he cd%a\ﬂ%@oreewnkmfweg i Gagyst Baaleg %tthqzb?ﬁééeleﬂﬁdltﬁqamﬂle M of
5 tine |
ra o P DU BB GRS PR Rt Eidinol g Rboleal tRigiabuet ©

catal yst cfo(ﬁ{patdbllésemﬂlvity?&ilh@rPd/(E@ﬂ#&}.lla'ﬁhﬁ oﬁéllafad))rsnﬁn&tabj?st Fhes e higher Pd
catal ysts, along with Cataly B, is conpared faor the selectiv

hydr ogendphding.dut MAPD aghue ﬁ@nwt Dh iy sieessts thahthe pptimym ?‘é@‘g ¥BiPosi ti on
Eggdll ? ?gn\s\ﬁ?/ver at ggéﬁt%{}'gt %5%@6 psi g B?TYERP \gﬁ)lcﬁ?da %&éﬁel&%&[%ﬁgﬁw e r %?ulto of
1. 2. 1ghe Gaéahy $dadihf Catalyst F, has activity drop even more than Catalyst F.
[0050] A further test included the sulfur recovery behavior of the catalysts. Sulfur was
introduced in the form of H,S at approximately 3 wt. ppm sulfur in the reactor feed. The H>S
was introduced in the gas phase along with hydrogen. The gas was mixed with the liquid feed
before the reactor inlet as the combined feed. The liquid phase feed comprised 1300 wt ppm
20  MA and 300 wt ppm PD. Sulfur was also introduced as organic sulfur via the liquid phase
feed. In the liquid phase, the organic sulfur phase used iso-butyl-mercaptan and thiophene
with an equivalent total sulfur contribution of 1 wt. ppm each in the liquid feed. The liquid
phase feed comprised a 200 wt. ppm MA and a 50 wt. ppm PD. The results are shown in
Figure 8 which shows the sulfur recovery behavior. Although all the catalysts showed some
25 loss of activity in the presence of H,S, Catalyst D maintained activity during the organic
sulfur tests and also recovered its activity better than Catalyst G from the H,S phase.
[0051] 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

30  included within the scope of the appended claims.
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tenperature was 40 OC. The results shown in Figure 6 indicate that Catalyst
D has th Lvity anong Catalysts D, E, F and G

recoverye‘ivg%g 0(/)%51}733 a function of MAPD conversion in F?SE’F@E@’%@?Q yst D
al so has the best selectivity anong the Catalysts D, E, F and Gwith the Pd
only formul ation. Furthernore Figure 7 shows that Catalyst D has conparable
selectivity to the Pd/Cu formulation of Catal yst B. Catal yst F has a higher
Pd | oadi g%d%t&;& is less active than Catalyst D. This suggests that the

opti mum Pd: atio is below that of Catalyst F at 0.005. Catalyst G which
is a conmerci al c&; al )ist, and has about twice the |oading of Catalyst F, has
activity ldrdgatalehfopsilectivg Aydiegenation COBPrISIgBS0] A further test included the

sul fur recover ' LiRg a5 Rl ¥§ES LG L WSt inefigduced in the
formof HS ataylg %?@%P%%rgﬁ‘ﬁ lgg\%t. ppm suﬁ‘nﬁqu | %a{lhe reactlor’ feed. The H2S
was i nt r oducednidutdrigyegbsndedas ¢heahnergovd, id boyrdprigema nikke ogals selastedifooed Wi t h
the liquid feed before the reactor inlet as the conhined feed.. The |liquid

phased f eche SHPCPREHINEIEGNMAATINE 9@ Bonings otp plpis. thgip Plﬂml%éﬁ‘ﬂ"s 0
i ntroduceg s, 0 GANLC (ﬁx%cglﬂ c MbBcdiREsiddedUihiRNAR S Cath mlﬂuxgpﬁlﬁkéo?r,u' d
phase, the organic Sultar phase Used §'so- utyl -nercaptan and thi ophene with
an equi val ent 4 @tamesitldéposit@bdor thiebuter tayenfwhbroit thedfjrm mamhisiselettae flomgai d
feed. The liquid phase feed conprised a 200 wt. ppm MA and a, 50 wt. ppm PD.
The r esulfirst gipep %WﬁngﬁnW@ﬁﬁgl@uﬁﬁ'r’&fn@%\%dFﬁétu%lth‘ﬁ?(’fﬁ &bvery behavi or.
Al t hough all the catal oned f oV i of
s, Catalyst DereHRAE oS G g AR 138 olerd eitebohd R BFERTER
al so1¢ ecovReesl Erbeip asitsisting W B TURACtG@0p Cat1alwat!, &hd mixuich eherbdB; whasi the
[0051] While the invention has been described with what are present|
consi der edomivaratie ef defise restpldaitharuminym in the pptep Byeiig &t 3 f3iodetHean %@1
i nvention i% ot limted to the disclosed enbodi nents, but it is intended
to cover Z\Pgr I'ous nodifications and equi val ent arrangenents included within
t he scope of the appended clains. CLAIMS: 1. A catal yst for selective
hydrogenation conprising: a |ayered structure having an inner core
conpri si ny Hre ¢atdyst ofrelaim il dirthergomprising ladlyisd msth derpsited o ghej @ layesr e, and
conprising a .netal .axi sel ected from.the, gr i SLi: 0

i, et el SRR e ke PP GG ePh e PR

: e
al um e a um na,
Group 1-2 metal, and mixtures thereof.

3. The catalyst of claim 2 wherein the third metal is selected from the group consisting of

potassium or lithium.

20
4. The catalyst of claim 1 wherein the atomic ratio of the first metal to the aluminum in the
outer layer is in a ratio between 0.001 and 0.005.
5. The catalyst of claim 1 wherein the first metal is palladium or platinum.

25

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.

7. The catalyst of claim 1 wherein the atomic ratio of the second metal to the first metal is

30 less than 6.
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zeolites, nonzeolitic nolecular sieves, titania, zirconia, and m xtures
t her eof ; (A tal deposited on the outer |ayer, wh | Lrst
netal is \g(e)lzg@?d? roma first group consisting an | UPA%Eg@a%OB&%B{ nmet al ,
and m xtures thereof; and a second netal deposited on the outer |ayer,
wherein the second netal is selected froma second group consisting of an

| UPAC Group 11-17 netal, and m xtures thereof; wherein the atomc ratio of
the first tal to t al ym.num i.n the outer layer.is.in a rati et ween
00001 ark Bieaaisit bhofa TR o R RS gt Br it SiPedr RO R e o
deposi t edigat he outer |ayer, wherein the third netal conprises a netal

sel ected fromthe group consisting of an | UPAC Group 1-2 netal, and

m xtures thereof. 3. The catalyst of claim2 wherein the third nmetal is
selected frgmth roup. consi st.i of potassiumor lithium 4. The catalyst
of ol ai m THRFETYY AR S IeFn it ior 18968 R 1L Lor & InteheE oM Pht mum i 1
t he ogit erp ] A%RLteds Sndl Bo@ nfidbhfidet ween 0. 001 and 0.005. 5. The catal yst of
claim1l vﬂ%erel nthe first nmetal is palladiumor platinum 6. The catal yst
of claim1l wherein the second netal is selected fromthe group consisting
of copper, silver old,. tin, germanium |ead, and m xtures thereof. 7. The
catal yst 1 eiipve? ahihian f THET SOBRTIENE ANF AT TDriel SOEGHITR SR i tl5ckid
first metgly i 4685 coMARnG ofan TBACEBIN 817 BEafhal Miduhfpid the inner
core has fg‘lr% fée,\rc(?!?sel{g iggrgtae? rom 0. B% Mt o 11?)H m*nu(\g.gl 'Fﬁée cat al yst of
claim1 wherein the outer |ayer has an effective thickness between 1

m croneters and 200 mcroneters. 10. The catalyst of claim1l further

conptsing a nodifier metal, wherein the metal is selected fromthe group
consisting of an I UPAC Group 6-7 nmetal and m xtures thereof.
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