LAYERED SPHERE CATALYST FORMULATI ONS FOR SELECTI VE HYDROGENATI ON
PERFORVMANCE FI ELD OF THE | NVENTI ON 10001] The invention relates to the

sel ective hydrogenati on of hydrocarbons. Mre 5specifically, the invention
relates to of a catalyst to selectively hydrogenate C3-Cl1 diol efins and
acetylenes in a hydrocarbon m xture to one or nore respective C3-Cl1
nonool ef i ns. BACKGROUND OF THE | NVENTI ON 10002) Hydr ocarbon stream f eeds

| i ke pyrolysis gas feeds can have di ene values ranging from 1-120 and

di ol ef i n wei ghiAYERESNSIHUERE | CABALY S$T FERNUIGNONSgOR! SBIECTHVREi ght
10percent to 50 wei ght percent or above. Under an oxygen atnosphere

diol efins are unstabl e. DHIRROGENNIIONNPERFORMANGEe for processes
i nvol ving catal ysts because the diolefins are very reactive and pol yneri ze

even under hydrogen atnospheres at high tenperatures form ng gum Because
of the reactivity of diol ef i FEIROH T%Esm‘ir‘gm‘me poor activity are
restricted in %cl e length and have a propensity for polynerization because

of the rQRPHendhe irventitn glatesse Bgelectivghydrogenatipy ofiidegcarbiops. Meept ed at

t enper at . : 4 Zahi 3 dr ops
acr ogs. o TeETPe e iehiion flilig o B SRR VEGHER HhBRAAANSCE T SRR

cat al yst ambarptyledesina hydroetarbom atixtue tb aseoignail réspeg@mii3-0Or 1 mhedadefalsum na
where pol ynerization of diolefins can cause swelling of the porous catal yst
and can damage the structure of the catalyst. 20[ 00031 In situations where
the catalyst is an acti veBAGKGROIINDhGF eTHE INVIBNIIONCY for the active
catalysts to convert diolefins and acetyl enes as well as the nonool efins

rapi dly FOQD2) t lydrooabos etrenat feeds liketpyrdlysés gas bzrls esylondiiege pauasfringisg and
Favor  quFPRdr PP AT wiEE RecsbiRprs b oV G i ok d DR T appl | cat i on
wherg a pdrkilidPRAvashiPRRkhCora88¢e UndeParboiieBf hififdsplRrd il ih AR ahAkBIE.
25rises.” The reactor's practical operating windowis |inmted because of the
pr essur eDidlefins presérit@reballenge for processes involving catalysts because the diolefins are very
reactive and polymerize even under hydrogen atmospheres at high temperatures forming gum.
Because of the reactivity of diolefins catalysts that have poor activity are restricted in cycle
. length and have a probensity 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] Insituations 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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10004] The current industrial practice for selectively hydrogenating

di ol efins or unsaturated hydrocarbon fractions is based on the use of

sul fide,d nickel catalysts operating at noderately high tenperatures of
approximately 185C (365F). Sulfur loss fromthe catalyst to the product
occurs and sul fur must be replenished to keep the catal yst active and
operating optimally. Furthernore, once the sulfur is lost into the product,
in sone instances the sul fur nust also be renoved fromthe product and this

dd h | | of i -..1000 X i .
o ogenist s Ao st BAEPHREREE v Kt e ep iR Bl ke fid tpFurng
1P54157587imal B radhérfiie] Anctake fullie $ lbftdntusie @mbdurt, pabdnadinstemaea til spifr on an

al um na support to selectively hydro%?,na ac t%llﬁeege and net hyl acetyl ene
(al kynesyustao heremgyedfeam theprofust ang this dds; paberisyel ORBPCES§INBet r ochen cal
processe |yt Pﬁy% ' W%X&r GRERNbWESsugh hdihi al um na
coati ng R%qggnqg*égﬁg&g?ﬁ%gbcar rr(:)%?a]tgjﬁ spheri cgl or cyli rl1ldri cal shape and
bei ng ar desadbeli-id OPFAHST SO7N. 2@, 541 ETETA desatibas thewseef a praditimnatatst QO ecur sor ,
whi ch can be al um numnitrate,. al um num.chl ori d | um XJ and
the Ii ke?‘“f“é“aéBBP%wosﬁ@S“‘teﬁVehY&F‘fﬁ%&gp%f“ij" 1§ 80 ey R BT B0 96 2

al pha al grgditabfin fhctRiflotthited MpeRbEHRLI GO procsssée dthe bataBaitsaibet @i ween 400C
(752F) to 700C (1292F) to create a thin alum na coating qver the al pha

al um na ERH5TI07Axopwirisesc thim 2Ausnins GeRIng q¥er aaalnha ajusing cArden o spegicalst) | adi um
nitrate, . | i I 8 1.1 A Sl I ts oifen applied
to 15 th@ﬁgﬁﬂé‘:’?ﬁg pggig? F‘ﬁ‘&g%‘@ﬁ‘gﬂi ygge ec I%(&a aa‘r?lldg%ﬁégéﬁéghgglgf ace coating
conti Ni p@cyrsdr] @ilich ean Vv i nkatd edeninbmschidrige mheminfimt Hydraxédednt ithegy

catal yst in the sel ective hydrogenation of acetyl in a. conpositjon
conpr i si W ét9epicd eaio ‘E‘?)'(‘)‘B]@f] gﬁl‘)@"‘%@@@"ﬁ@‘?@ﬁ% ﬂl“%gg{:lﬁ?%aggmgmé’g&%ﬁ“ at al yst
having a,a6e R0kdr Bkhd treakéﬁﬁi)tl*fm&amdog@ (2Bt YOPCGOIR2F)R0 BRAR athin0f an

inert support ‘material. The shell is nmade up 20 of a porous supé)'ort
subst ancalpminactotting eveefhe alpha pliyninaeartigr. Aprbadiem compeund sel @ pafiadium

catalytigal lL.y acti,ve netal ect ed f . i,Shi : nmet al s
of the 160rdtn B iatt SFaGuRipeRREN bl W AP R sSE il
presgnt  {he afuniifd Yoathy telgdk EfRdcivel ah berichbebdrfacd beatiag abrasinmgtpallyditmi s
described as being suitable for the selective redécti on 8‘]‘ unsat uy at ed

hydr ocar B$H357503Adesqribss thy useyofethe resulime catalsit it the seleqiya hydQeensHen °bs 0007]
Us 6,177,3 n@lina I itgﬁ&%ﬁgiﬂg@ ffle by reference in its entirety,
at 0S

descri bes ayere al yst “co. t1on showi ng i nproved durability and
sel ect i viGOOBJor Uss20pd008@1761tA Indestritets o coatbbentalysh having @ sere fand a phedlpar i ng t he
catal yst and processes for using the,canposition. Th atal yst_c osition
conpr i se%““é’ﬂ“&ﬁ& Oy theLgreys H?g%l?%ﬁfamdfq%ﬁfwgogg}%ﬂgﬁ @Eﬁ%?ﬂfsar% ©Wonded to
t he Jdonnegs &s%%ﬁ@ﬁ@stﬁﬁceaﬂldqﬁé SHellNOphys RANRSTaCRSA th ey @2)i & cansiytiealBuch as
30gama- alatcj%{rna. e outer layer has uirslill)? orrr?& di spersed t her eor)llda 15,}Jati num

group meactive metsh selectes e thergreymconsipiingafithe saif theylOth and Hithygroypgeo
conposi t thd ?’erzxi(l)dsxg TSR E)F {he %lez%he%dik He%nt 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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metal such as lithium The catalyst conposition is prepared by using an

organi ¢ bi ndi ng agent such as pol yvi nyl al cohol which increases the bond
bet ween the outer |ayer and the inner core. The catal yst conmposition is

descri bed as al so being suitable for use in dehydrogenati on and

hydr ogenati on processes. Likew se, US 6,280,608131 al so describes a

5l ayered catal yst suitable for use in dehydrogenati on and hydrogenati on

processes, while US 6,486,370 131 is directed to a | ayered cat al yst

sui t abl enfetat suches lithicteh¥he cydystoropositiande pepared b 008d aUS 2200 6indAE6673 A

d US 2006/ 0270865 Al describe a. simlar | d LSty but with
- add ¢ FERatchab PO AL o et St agiepn orienf 1B/ SPl g

101 ayer eghydoRd. YBile dafalydESshpdaRdn RSdR@itRE af bis BEIhE sfiRbleUfBeuserin
dehydr ogenation and hydrogenati on processes |nclud|ng sel ective

hydr ogendetiydrogetatioh endhydsegenatianameessses Jaboyise, M & B alsp descdbasia e

hydr Qgenat | R 1.5 Vel Y.} t i foE&Y&| §hilk her eby
savi %g e%‘&%rﬁglCA&%&“%%%@P%PL%eﬁiﬂtdﬁ%()l’%g&e{s%gl.aﬂ? %%%ﬁgﬁtg g have' a lsi gni ficant
economn c UiSrep8st3701B 1t ik dirgot@alio atlhyeredahtabyseduitable farsSehMidRydrogenBEBn | NVENTI ON

[ 00101 The present invention provides for a new catal yst that inproves the
sel ect i VBIORS*fSogenat i on of diol efins and acetyl enes. The catal yst conprises

a 'ayerefbéé% Cg}ﬁdﬁ)osfmém ADadd IS DOCHZ0BESIA 1 bscibe b Bigfilar IERAT @l , and an
outer |layer bonded to the inner core. The outer l|layer is _a netal oxide

sel ect edcdtalysh o avithranrddicondf! figeowsaomapensihia theleyterdayer.y thadberwoataiRg uni na,

theta al uym na, sili.ca-al.umna,. zeqg] i nan [ I i S,

Vet antPord euivs i€ il Poiof SRlgbleilr o R ARR ek fy BB aFE Bl BUE:

on the opfoeéssésa@iiding hective Bydrogdnation &f digieoand €idnesn t he outer layer in an

anmount such that the atomc ratio of the first metal to the alum nunbin t he
a

outer | alRQ09ks PFepixemenss moglectyschydrogenation it ¥y fryrartap g Hastgae
second i 1P I i I Sci nor e
net al s rsrge% géé?’gﬁdeq ?”3’3@3%%&% g o{l}gﬁaé-"%]%r%(t’ca% 1Iifn {n%’%ltn% gg%éoﬁsémngggl{i is one

or nore ehahk isphacinekk produtiohBAdeftnoup 11-17 netal s. 100111 In a specific
enbodi nent, the catal yst conprises a conposition such that the atomc ratio
of the second netal to the first nmetal is | ess than 6. [ 00121

Additsi onal obj ects, enbodi SEMMARY] Qe THIE NVENTKIN i nventi on can be
obtained 30fromthe follow ng draw ngs and detail ed description of the

i nvent i of0010] 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 IUPAC
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 metal 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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BRI EF DESCRI PTI ON OF THE FI GURES 100131 Figure 1 is a plot of the palladium
to alumnumatomc ratio profile in the outer |ayer as a function of

di stance in nanoneters fromthe surface of the catalyst; [ 0014] Figure
2 is a plot of the copper to palladiumatomc ratio profile in the outer

| ayer 5as a function of distance in nanoneters fromthe surface of the
catalyst; [00151 Figure 3 is a plot of the activity for nethyl acetylene
and propadi ene conversion to propyl ene versus LHSV; [0016] Figure 4 is a

plot of the selectivity gigir BERYRBIPONCOP VN HIGURESCENt versus net hyl
acetyl ene and propadi ene conversion; 10[0017] Figure 5 is a plot of the

pal | adi ufgd ﬁ]au*gu%’owsltaﬁﬂ@lrof a{ejfahh&ﬁmft@ RluRfhnR ot @Rb profid @l tysswer [ 0018]

Figure 6 1s a e activity for nmethyl acetyl ene and propadi ene
conver si lagertas affunepigh efdistaredu sanoa®ers from the gufpod ofthgeatdysts i s a pl ot of the

sel ecti vj or _propyl ene recovery in r lihelRR&G ene and
pr opadi ew{:‘gnvg&é‘f‘%%‘,s aéﬁ?}o?gﬁﬁf)geﬁt%B@%d@@%Oﬁ%@?p@ﬁiepﬁgl orgag%%k and H2S
sul f@r r acoNaEdddf didahéd inElanba&eRI(Oh (B safacEEtHeNwalyst; ON [ 0021] The present
invention relates to a |ayered catal yst, aﬂd t he usg of c{.he cat al. st, to

sel ect i vIQQABly d Figgesnhise rgy-of e aghivitwfor pethyherelylane gpd HORaqIgNegopyefsion to

nonool ef | i 20to mtigate sone of the above nentioned

limtati glﬁéyle%@ee 4“’3%333 catal yst conposition conprises an TUPAC Group 8-10

met al an[OI6]l UPAGrdE Bupldibf e selectavitydior propylymerreebventip peicent yarssupedvt . The
support conprises an ('ignner core of an inorganic oxide, which is preferably
a ref rac?‘@g@eq"ﬁﬁ BRORPEEHEORE™S8ch as, without linitation, cordierite, and

an ot er [dyf  ®lgufe NRAPIGIF ARLANILMA6 SRRIIRue ldyeeprofiles for palladivrh bolyt
limtation, gamma al um na. 25[0022] The product and process discl osed
her ei n hemalpstesn devel oped to enabl e one to sel ectively hydrogenate C3-Cl1

diolefin acetyl enes. t.o - - J i i ce
Vel oot t | ROTRL 5 SRS It i R ARG helidle shEpRpiESColudon Y
sul fi dedpiappked vegsub 2HSM;. This elinm nates the need for associated sul fur

addition due to loss of sulfur fromthe catalyst, and in sgne instances the
subsequel0¥ o Figureof isapletpf tlferqg{g:ttxﬁg' fgf Bt@aﬁfr}/eargé%vlgml&percm% Versu$ tefiyf

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 JUPAC 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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30l oss fromthe catalyst is lost into the product. (00231 In particular,
the catal yst conprises a | ayered structure having an inner core nmade of an
inert material, and an outer |ayer bonded to the inner core. The outer

| ayer conprises a netal oxide selected fromgamma alum na, delta al um na,
eta alum na, theta alumna, silica-alumna, zeolites, nonzeolitic nolecular
sieves, titania, zirconia, and m xtures of these oxides. 5The outer |ayer
includes a first metal deposited on the outer |ayer where the first netal
i's one o{0O23E rmpahsulaeﬂﬁ&hmtjrsn‘ammwl%ﬁl@@dmmct&reﬂ@vmaallsner?h@ madeer

| ayer further includes seco eposi ted on he QYL&E mhere

t he secoRbAHBEH Mafegialy ﬂ?owq%yegg?'gegg% SR Fr X G %I%ég%i

metal's, gnd WAk Selkdié ﬁc%rﬁ?&mﬁﬁ%u%ﬁﬁ@ RElELAIS, @& Qludﬁtm)&ietaadumﬁxaaﬁmwt s such
t hat the atomc ratio he first metal to the alumnumin the outer

10l ayer bhsniiet, wediteson@@edlitwmaolecular sieves, Htapiaetigopidgand e thesaiogidest i o of
the fir S%B%ﬁ‘ite‘ﬂﬁt%e?l’%@lgqﬁgla Ig§t P LéEnl dQ Jsli& (?ﬁtﬂl@ ()ut%f’i\yigér WiRrdRL HRE hetht @dneand

0. 00%. ure o conprises an I nner core

wher ei N phRote Al 6€lE@ed o IEBACCGrﬁﬁ;b enoametam rfﬂla mlterga)@nf}lrthbr nmkuéesoﬁ t he
following materials: cordierite, rconi a, In

kyani t e, S%Pmﬁé depopitgdonghe Q‘Ftﬁfrﬁ‘}‘i’ét“’&m tg‘? ?q‘:ﬁ%ﬁ x@gtat 1B Pf’%?ﬁ ’Borerﬂ“? des

15carbid 'Ibbﬁétcﬁ%u F’fﬁ?ﬁxeta?é Wil FHER Bicl frSi3ing Secol@eeasd @re fOSterite,
kaol i n, | n| nont m)r]i) onite, saponite, bentonite, clays that have

little odeﬁo@inecamamoumasucmmatyhe gomiveratio ofthe irst ehefal tp the alwmianm & he QUGHI na,

and thet al u e Vv en 0.05
nm alfd 1 YFFu‘Fl &}&E{t ‘?r{;@r hclgﬁéjf%a”?(g&lﬁ‘e% ?t%‘tnfl t%ugon s%ﬁ%rﬁ%@ﬁs%pes

the di a”ﬁﬁlﬁﬁn&rﬂﬁ{mw@wﬁﬁﬁmﬂb&&é&mm aawodbshave if it were nolded into a
sphere. I'n a 20preferred enbodi nent, the dried shaped parti.cles are

subst ant (@024 s e ddyered stractutebthe criglysbeRMENISELANANGT SORFHISEFR iF 1BRCTand
bonded tg th f .
o R o A e A

ni cr onet ehfine, [2A0a44, ebmepn@mmdnmrsmcmelummm $ikigates, mamar nigrédesal uni na.
Preferred al um nas_incl ude gama- al Hm na, theta-alumna,.a

Si |i1Ba. aruhidan borosicaiet PPFing NERPWR SRS imAgResd et BN R0l ¢ nat 1 he
termsil oo xﬁérﬂi@nﬂﬁ ng;gﬁ'ﬁte %toﬁﬁ@'llz@s Wﬁé»%@ittlé%r%wra@ndﬁfacﬁvﬂty,(gamﬁfad al um na
(0]

but means an anor material that has been cogel | ed or coprecipitated.
[ 00261 | alumupar, déleradmdm;mmalumm and thetafalmmua rrEtednnat sorsihak an effeptivedi um ( Pd)

?Lu;) l a{ | f?fpto} Bféand W@%ﬁ%l rgtgd (yﬁS ct?&efcﬁ%ﬁ%é )?F'}negr'ft' #o\‘ ﬁﬁeg@g%m ai90l d
netal s. ?ﬁbﬁe@,‘m&n&t@ﬂ th&t (B sHap&i paeticld olild Hakieif dtweze mobded 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
(Pt), 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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30active, layer is inportant for the performance of the catalyst. If is
preferred that the atomc ratio of the second netal to the first netal be
| ess than 6, with a nore preferred atomc ratio of of less than 3, and a
nost preferred ratio of less than 1.5. [0027] In one enbodi nent, the
catalyst further includes a third netal deposited on the outer |ayer. The
third nmetal is one or nore netals selected from | UPAC Goup 1-2 netals. In

a preferred embodiment, the third netal is either potassium (K), lithium
(L), OF oficll b Gnd Qi OL@RALY BRI 1dsS b 13, [0028] In another embodiment,
the catalyst turther conprises a nodifier netal deposited on the outer

| ayer. THRO2BHi fin ene erobaalimens, the catalystfwther instudesa Sindaratd depositad PUEC G oup

6-7 netals., Preferred nodif.ier nmetals inc I _ sten

(W, or PRERATH ?Eﬁ%ﬁ‘.lrd[rﬁ%%iO‘Enorer?((gﬁﬁqegalscéae%gfegg% %ﬁﬁﬁ%@ﬁéw %t‘ﬁ%&ngent i on
I's one tInp4 preferfed @BOAiARNE, theifdmetbisaithd payaesiad (K, Hitictmr(Bihard mixtan i nner
core of an 1nert material and an outer |ayer bonded to the inner core with

t he cﬁjtepfl?%t%wnb@ﬁdi{b%g an alum na. The inner core is formed to have an
ef fecti vegghgiret i : hilsdy 4 H6diAbk Bétal @p6sitedavi ng
?(I)gﬁegfﬁ iIx? &n&ﬁ&‘é@%@d&eﬁé at‘aﬂgt ABth B Bonis & i tal d&pBYit

an effec ckness tween and 200 mcroneters. The catal yst further
conpr i sesn fel dusdilayer. dEheosoedifet nostaltiheneourmeore meiads selpgigd EoppBiPAfe fueun&d on

bal | adi ey defrmpatsh Pt Pab e noBERabE M R RIT W, otehlIRby 0,
I's deposidegg] N Alexafp tataBEsE thé plesdnd eavaiitdii i€ ohiehhtds piefardpe compriseal | adi um

is less than 6, and preferably less than 1.5. [Q030] The catal yst of the
present layowed sinenture baving an insersoreefianiserhpatetyaid An SH‘eb\ay‘ﬁWPG%%/‘P%’n streans

havi ng diol efins. r . | to 20C
% ange, e i 05 ies 18 oonl e sbUtAE PRERRRNOAS forlod 1S Badn
acet yl eneffediive dane e bétwasn .05 ting akdB10 mnCiwith thange: layehbaviggiaroeffachivn st r eam

is contacted with the | ed cataly as descri bed above at..sel ected
hydr ogen&‘?‘@ﬁsséﬁﬁ‘éﬁef‘ild‘ﬁg)é&mé‘?‘ﬂ?ﬁfe@gZ[&‘Sf’?tﬁlﬁs‘ffgﬁlbet‘(ﬁ?mpfﬁégi adilifiecti ve
hydr ogengti Qe Cank Bﬁt@f‘l’%@rr&ﬁ& PRYALR R oltbibafey ITROSNRGHGNsT eact or  at

a tenperature between 30C and 300C. "The operation 1 ncl udes runniﬁﬁg t he
processs demesitediban hyndnuigech thertbe paikadium toralumipum aternicstier is hetves A8bher e

with an in iJ,uent . The reacgt.ion i I i : to
di ol efin a'é‘ﬁﬁjb%rg e‘bﬂﬁ oRier i fepoSies i g8 iyl Sl E% tgéln‘{ljo%_ ‘?‘,‘@%ﬁj&?’g&”w
palladium is less than 6, and preferably less than 1.5.
[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  Cl1 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  ahydrogen 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.



with a hydrogen to total liquid feed nolar ratio between 0.1:1 and 20: 1.
The sel ective hydrogenation furthernore can take place in a conplete liquid
or gas phase or in a mxture of the two phases. The tenperature and
pressure can be adjusted to operate between bubble and 30dew points of the
reactive mxture. [0032] The process converts between 30% and 100% of the
di ol efins and acetyl enes to nonoolefins. In a preferred operation, the
process converts light ends of the hydrocarbon stream in particular, the
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15 propadiene (PD), or MAPD, over the catalyst for selective hydrogenation to propylene.

[0034] From the experiments, a Pd: Al ratio between 0.001 and 0.003 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 nsed 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 diareter, and a 50 micrometer outer layer of y-alumina (Al;03). 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.



25A first catalyst, Catalyst A conprised a |ayered sphere with an inner’
core of cordierite with a 3 mmdianeter, and a 50 mcroneter outer |ayer of
y-alum na (Al 203). The netals deposited on the outer |ayer were 0.02 w %
Pd, 0.038 wt% Cu, and 0.33 W% K on the bul k basis. The theoretical Cu/Pd
nmolar ratio is 3 based on the bulk ICP, and the theoretical Pd/Al atomc
ratio in the layer is 0.001. The catal yst was prepared with | ong
evaporation procedure with 30acid. [0037] A second catal yst, Catal yst B,
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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.



[ 0041] The distribution of Pd on the outer layer is shown in Figure 1 by
the Pd: Al ratio profiles taken with XI'S sputtering. Catalyst A as

expect ed, shows a neasured Pd: Al ratio of between 0.001 and 0.002. Catal yst
13 has twice the ratio of Catalyst A showi ng nore surface enrichnment of Pd
in the outer layer. Catalyst C had a | ayer thickness set at 25 mcroneters,
25and as a result Catalyst B and Catal yst C have simlar Pd: Al ratios, but
Catalyst C has a nore uniformPd profile due to the |ong evaporation
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[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 (AlO3). 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;03). 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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20atomic in the layer is 0.001. [0046] A third catalyst, Catalyst F,
conprised a | ayered sphere with an inner core of cordierite with a 3 mm

di aneter, and a 25 microneter outer layer of y-alumna (Al 203). The netals
deposited on the outer layer were 0.05 w % Pd, and 0.33 wt % K on the bul k
basis. The theoretical Pd: Al atomc in the layer is 0.005, and the catalyst
was prepared with | ong 25evaporati on procedure with acid. [0047] A fourth
catal yst, Catalyst G was a comrercially available catalyst with 0.1 wt % Pd
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15 twice the loading of 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 HoS
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 HoS phase.
[00B1] 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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15twi ce the | oading of Catalyst F, has activity drop even nore than

Catal yst F. [0050) A further test included the sulfur recovery behavior of
the catal ysts. Sulfur was introduced in the formof H2S at approximtely 3
wt. ppmsulfur in the reactor feed. The H2S was introduced in the gas phase
along wi th hydrogen. The gas was mxed with the liquid feed before the
reactor inlet as the conbined feed. The liquid phase feed conprised 1300 wt
ppm 20 MA and 300 wt ppm PD. Sul fur was al so i ntroduced as organic sul fur
via theiAims:d phase feed. In the liquid phase, the organic sul fur phase
used i so-butyl -mercaptan and t hi ophene with an equivalent total sulfur
contri @UA'CQ@I}@tffoilséMctiVQH r8gGRtibMcdhifisinggui d feed. The |iquid phase feed
conprised a 200 wt. ppm and a 50 wt. ppm PD. The results are shown in
Figure 8 which shows the sulfur recovery behavior. A though all the

cat al ysts shiayedtdstnsuRdlavieg aninngcedry comppiising dreinprt aséaiiel of H2S, Catal yst 0
mai ntai ned activity during the organic sulfur tests and al so recovered its
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conpri ered structure having an inner core conprising an inert
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met al BePEeH P-880I#dithE outer layer, wherein the first metal is sel ected

froma first ?roup consi sting an 1UPAC Group 8-10 netal, and mi xtures

t her eo; Theratalyst of clainsb8wther eampaisingepybisil metp] depasiied outhe puteplazer, Wi n t he
second i | SI4 RAC G oup
17 17 R med S ER el R ARG A BUPeRERThEL BTACOEE 1 Vet
nmet al tnetdl,ad mkatesitierédfe netal oxide in the outer layer is in aratio

bet ween 0.0001 and 0.1. 2. The catalyst of claim1 further conprising a
third netal deposited on the outer |ayer, wherein the third netal conprises
a net aP- B @rlysgof dlyim 3 wherginghe thard aetali s srdectyd fiom thorapuRssisting of netal, and
”iXturg&a&ﬂQEEQﬁhmnﬁ- The catalyst of claim2 wherein the third netal is
selected fromthe group consisting of potassiumor lithium 4. The
catalyst of claim1l wherein the atomc ratio of the first netal to the

met al #riThehatahgst of claivi Hehéminttheatomtieratib @f the first metaldo thetrheialbe tiwemetald. 001 and

0. 005. oxide 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.

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 less

than 6.



5. The catalyst of claim1l wherein the first netal is palladiumor
plati num 6. The catalyst of claim1l wherein the second netal is selected
fromthe group consisting of copper, silver, gold, tin, germanium | ead,
and m xtures thereof. 7. The catalyst of claiml wherein the atomc ratio
of the second netal to the first nmetal is | ess than 6. 8. The catal yst of
claim1 wherein the inner core has an effective diameter from0.05 nmto 10
nm 9. The catalyst of claiml wherein the outer |ayer has an effective
t hi ckngsehdxataeesf dlaif L vheeinehs innbitco2dRasrin@ffeaiieatiameterlfom TS miattallgst  of
claiml further conprising a nodifier netal, wherein the netal is selected
from t A%group consisting of an | UPAC Group 6-7 nmetal and m xtures thereof.
-12 -

9. The catalyst of claim 1 wherein the outer layer has an effective thickness between 1

micrometers and 200 micrometers.

10. The catalyst of claim 1 further comprising a modifier metal, wherein the metal is selected

from the group consisting of an IUPAC Group 6-7 metal and mixtures thereof.



