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HYDROGENATI ON PROCESS AND CATALYST THEREFOR This application cl ai /003
priority of Unitggogiaases Proveisional .Application Serial No. @446 G439
filed January 21, 1999. This invention relates to the selective

hydr ogenation of inpurities in a feed containing hydrocarbons. Mre
particularly, this invention relates to a process for selectively

hydr ogenati ng conpounds having a triple bond as opposed to conpounds havi ng
any doubl e bond, and/or selectively hydrogenati ng conmpounds hga

doubl e bonds as opposed to conpounds having a single double bﬁ%ﬂ“@ﬂh@@mmw
sel ectively hydrogenating conpounds having a triple bond and conp

havi ng two doubl pposed to conpounds having a single d6U¥re
bond, and/ or sedﬁm‘ ﬂmﬂ“mnmmrogenating conpounds that contain cunul at ed
doubl e bonds as opposed to t hose where the doubl e bonds are separated by
one or nore single bonds. Such reactions include, but are not limted to,

t he sel ective hydrogenation of acetylenic and/or dienic inpurities in a
feed containing at | east one nonool efin, such as, for exanple, the

sel ective hydrogenation of nethylacetyl ene and propadi ene (or MAPD) in a
feed contai ning propyl ene; the selective hydrogenation of butadi ene as
opposed to butene; the selective hydrogenation of vinyl and ethyl acetyl ene
and 1, 2butadiene in a feed containing 1, 3-butadi ene; the selective
hydrogenati on of acetyl ene as“d-;ﬁﬁfglé&: HYDRROQGENATIONPROQECESS| ecti ve

hydr ogenati on of CS and C6 di ol ef iANDLABAbY¥STITHEREEQRd C6 nonool efi ns.
21 FEB Q003 WO 00/ 43337 PCT/ US00~0052: The present invention, in another
enbodi ment, also relates to the sel ective hydrogenation of ol efins and

di enes in a stream corifhis appligatwneddims thechremty of BndedaBwtentPrawisioiat Appilidatibine
scope of the present invention is not intended to be limted to any

speci fi ¢ sel ect i \SeriayNo.csfehist640filed Femuarng\2ent99®n Wi | | be described with
particularity with respect to the sel ective hydrogenati on of acetylenic
and/ or dienic inpuriti®fs inveRionereltes Qo i BdlegivathyliRasdation o f iIRPe@& ih . febd
the petrochem cal industry, there are produced streans which contain one or
nmor e nonool ef i ns,°°§WH"%|"‘X‘{1T°%H"]§B'SCM?’&R?',m%%arlyrrﬁUf iRveatdon Eedates, [ peocess for
conpounds and/ or (ieefesty hfdbgds@iPldinpoRh&PNAVEHIE BIMIE BindDiLRPEseRUb Sompbiiianed
fromvarious pyrolysis processes, particularly pyrolysis in the presence of
steam contain, d@vingpanyi double bendeapd/py selewsivyplyulriisogenatingr campaynds hendng two
general, both ac nj 0 d.di y [ §a 1 rifles

i ncl ude acetyl eng&,&ﬁh@t hg?c{agcggt)??g%gd qgnccf%oﬁ;@gst ﬁﬁg : gsnmtf?%idegﬁylg P‘hrr%main /ioés

i ncl ude propadi erselectively thydmgénating campounds Having i eipde bomi geheompounds having

propyl ene streamrecovered froma steam pyrol ysi rocess, cqnt.ai ns_bot

met hyl acet yl ene ang %?@?)eag?ned;sleasior?BﬁsrelgﬁPeg"ﬁoﬁxqgsh 2 b’g”t P&B’l‘% S'éqqe ibﬂ sein%),r
?,”3“ a st reamhi S séldaii‘lwy _eldydrdge/ﬁatﬁxglj_empom@hytﬂmp@m&hi Stﬂptiﬂéad_e&@utildﬂ_b@hﬁharast 0
ydrogenate the acetylenic ang/or_ adi.enl.c I npuritles e mnimzi

hydr ogenati on of ?Hﬁ’é’zﬁi ithesg Whstedbe dey ‘?b%ﬁreaseﬁia@t?é@ %f’ﬁ@rﬁéwé%of‘g%ed

by a catal ytic hyslichgpashdraNinchidé, NButdareURGOKikrdd CRt ahe/ SklecthheC Ryd@dgerhafién of
exanpl e, a noble netal catalyst, such as a palladi um catal yst, supported on
a suitabl e supporicetylyic prdlardigniq impuRtieoin 3 Fedicontaindg at deagtronermensetsdinn@ichod
and catal yst for }dhe,S&lamid ViR VR COBNEE sk | ol '

cont ai ni ng hydr ocaSF b%ns_.aﬁ’?n ’ accor%elmcgy vm%‘ﬁ %ﬁf g&féﬁé%la&%@%g%%g@g&%ﬁ?ene (or

i nvention, there MaRR)dwiadfeed gonrining psofybenes theesetertnal hydnygtnatiemett binagieneeasor
nore inmpurities in ont aini,ng. hydrocar bons.. Th Qcess ri

hydr ogenating t he01?‘%ﬁ%dretl%ft:L y“??"és eisﬁleang’gfl 5’§5’ﬁa§’8n(§’ff vglyggﬁcégﬁyﬁgce?y?‘% and els_,
hydr ogenati on cat butydienesinafeed @etaining 1, p<butddienk athe seleqpive hiydrogEreation pPadetydehe

catal yst is supported on a nesh-like strycture. The term "supported on the
mesh"” as used her & APRAsEd Eﬂjg'gyl%%tq“ﬁg}h? Hée‘é‘\)'ﬁdwflf%&“%f‘fé??aqfﬁﬁt aggh G eolefingpsas

wel | as entrappi ngpgdied RURMABICEthonablefiyest in the interstices of the nesh.
The catal yst that 1's supported on the nmesh, in one enbodinment) is conprised
of a catalyst supported on a particulate support with the supported

catal yst being supported on the nesh. In 2



21 F E B 2003 WO 001 43337 PCT/ USO0/ 005~= ' anot her enbodi nent, the caéﬁi ﬁi
is supported on a particulate support that i: supported on one or rholr 0

ot her support e supported on the nesh. |In one enbodi
pp 2\‘@2}@}43% PP "Eﬂ}'réy%%oszz

process for s I'Vel'y hydrogenating an inpurity is a process

sel ectively hydrogengt yesemnoaﬁfaa, HRhdBerdertodth &t PARH r@ge ORP ARCEIdDve
conpounds havi ng any doubl e bond and/or sel ectively hydrogenating conpounds
havi ng two doubhydrogerdsiomfopefinsednd dienesiimgl stredoulshrtaipmedolefepr disrast and ve
exanpl es of such sel ective hydrogenation reactions include, but are not
limted to, t he 2OHYEE ve hydr ogenati on of acetylenic and/or dienic

[ rrpuri ti eshi n aI feed mmﬁhggi the 3gopset off tha?ireseﬁtﬁinrmﬁi@t)Iiehbﬂimeﬂgfmtcabc (ljifrﬁved to
exanpl e, the sel ective hydrogenati on of net acetyl ene a ropadi ene.
(VAPD) T a1 ool SpeHie IRG Y B RyAESRE o, e Tr e VA LoR G s Rt vy
but adi ene as oppededsheet BUhE Ssctilve Ay&db&fatiby 8f st i€ B/ drQfler¢ i ek @ng as
opposed to ethyl ene; "and the sel ective e’{rz_‘e'g‘drogenatl on of CS and di ol efins
as opposed to CEedrreneminhdessianemoncolefidr reactions i ncl ude sel ecti vel y
hydr ogenati ng conpou j r:] b Al

cunul at ed doubl e bon sﬁ]ae \3"89%%@84’t‘gﬂsﬁﬁgg‘%@?g’&tﬂﬂg&g“éﬁ%@ Ee“g]g{l}{jgdr{ga?lré one
separ at ed by oner amorepmanosiefigd, @antovliish alsn conteing @b drdpumities,, acetydense canpounds
hydr ogenation is rocess .for_selective hydr ogenati n t hyl, and vi nyl
acetyl ene and 1@85@&"&%@%@"%&5BH’P%/%X?Lf*é‘-gshﬁ‘e\‘ai‘%ﬁ%‘? ol%f"i“ eggrﬁbba(‘ﬂo nt,
the sel ective hygfdgenatdcesses, Spartiil@He pSrolydis HEHRC htes@cy dTysleReBaithiAg adn
inpurity selected fromthe group consisting of acetyl ene conpounds, dienes,
and m xtures t h&PBBRUGS, agetylsnin comproands apd/at dicesstandni AEIFEH Bpthnagghdenife

i mpurity. The | gpmbbhids! shd KEHe9ICRB: AEniE GhipGhifidsein¥iubd abdifledt, GRERAS N iert,
sel ective hydrogenation catalyst supported on a particulate support.” The
supported cat al yad diacetylgnpoindedienin impnpiigs-in¢lrée propadiens; d.2-hwadienst hed 1.3 -
enbodi nent, the S |l ecti ' Nl AV
rocess for sel BRRIER, i enedf lnkEh st AGIA e kP bk Bofess
cont ai ni ng di enesntaifspothneethyiheetylas, andmpompdenaimmsitieAn exanpl e of such a
feed is a pyrolysis gasgline feed.  Th el ective hydrogenatiaon is effected
in the presence of aqge‘ﬁ%&ef’e‘é“’ﬂ%‘o@g‘ﬂﬁz?/r Sﬁéhcﬁt%ﬁ gklssf}g’ﬂﬁft elp gnselective

particul ate supp9fiogéution ipfockdsan Sriep e hyllogenita thesdceiyfenfoHBRE GRAIOmparities,
mesh-1ike structyre as. descrihed herein I\/Bre articularly, the nmesh-1ike
material is conpyhilespnimizinedydrogspatign oicthe Eﬁé’ﬁﬁ ongolgfin.e Sy¢h  iPERSESS By be 5
metal felt or gapdfmpli¥RéAby fai dflyid info% eRktidn) @sihp Kesuppdieed @edlyst| §@h as, for
structure may be conprised of a single %ayer, or may 1 nclude nore than one
| ayer of wires; esamyple, anehip metad cotiebyst, such astapabladipmecaiadyss suporied onrasvitele
and preferably isﬁeﬁort. 21 F E B 2003 WD 00/ 43337 PCTI USOOr 0052Z conpri sed of
a plurality of l'ayers of wires or fibers to forma three dinensional

net wor k of mat eri al s.Therpreseptris¥entioads dirbaet wemt impréned Suginml 4andstatalydt dorethe s
conprised of a plurality of |avers of .fiber hat,_are.oriented randomy in
the | ayers. One SSﬁzcﬁ‘t’ﬁ dFP(:g(e%“é%r?éWB‘émﬂﬁé’Ba ?eﬁﬁﬁ?'gﬁlﬂ&gﬁad@c P nesh.
Alternatively the nedh detdrgirie wish ke dspécied the preset ihveatioidahemtiergraligedther
than nmetals alone or in conmbination with netals; e.g. carbon or netal .

oxi des or a cer AWPEESS FOF FRREUNSHH dYAFRSPAUNGHRNE RISAOTENEINYFHS W e containinge
case where the RYRAHRBALT THe frbsese abRbiseh hyc}rbiglenﬁﬁﬁge{h'c% M%r(?é’é) {IPheBrdshife
mesh, in one enbddi ment, is non-catalytic Wth respect ?o he” sel eCti ve
hydr ogenat i on ofofi apsetactive diyitegenatipdr eadysit Supporfededn 4 padicpletef ewpped.  The
enbodi nent wher ej = b uct | §..C i seg 0O " rali f

| ayers of fi ber gs'u? 86?%%%{}&55,{%&%&1{4& (ﬁr’e%éi?%ﬂﬁg‘fe ﬁg%av“\ég k?}(]) tferrngt g’lrp ﬁgﬁé‘! &%/hhg

t hi ckness of sucheshimsmsdd heseintindledestcobtingetharisepponed camlysigenhe ahdsyi adeadl 3ot

exceed ten mllineters. In accordance with a preferred enpodinent, the .
thi ckness of the® 2PRIgR the WPRY qdecdagéiygdn r‘rt?eclf’EFE%‘cﬁsnﬂt_rﬁﬁfréegEr g.:hgrcﬁﬁwt g\"‘t 18
| east 100 m cr ongppBfledGiGE Mesly, ifl ORE eRbbditeAS BlcotmpHskd bMBERAISst sipphdRIShA
the thickness or dianeter of the fibers which formthe plurality of |ayers

of fibers is |eskartigiigie sHPRAT Bith thecsuppertedppatalyst ising supparted am the seash.15m

m crons and nore preferably | ess than about 30 microns. In a preferred
enbodi nment, the thickness or dianeter of the fibers is fromabout 8 to
about 25 microns. The three dinensional negh-like structure nay be produced
as described in U S Patent Nunmber 5,304,330, 5,080,967?; 5,102,745 or
S,096,663. It is to be understood, however, that such nmesh-1like structure
may be formed by procedures other than as described in the aforenentioned
patents. The mesh-like structure that is enployed in the present invention
(w thout supported catalyst on the nesh) has a void volunme which is at

| east 45% and is preferably at |least 55%and is nore preferably at | east

~Nr—n7 - T . T NN




21 F E B 2003 WO 001 43337 PCT/ LS00/ 005= The catal yst which may be er’q)l oyed
may be a sel ective hydrogenation catal yst selected fromthose knowt 1 hEB 2083
art. Such catal y i fig4 ude, but are not limted to, noble netaj loyst s,
i ncl udi ng pal | ad\?gz’]wl"%?ati num rhodi um rutheniumand the |ike, ﬁllﬁ%ﬁ %”Zy
or may not i ncl udsothefrednsbodimempttier cathliystelsy supipuitete dn co ppaiculnet abppetts thaons
catal ysts containing nickel, silver, or ngm d. In one egboqi, nent) the

cat al yst conpri se%‘PB%l‘F‘Tdam Q07 FAIE PR AUPRYTES Ryt are Suppagied O e e nat i on
thereof, In another enpqgieBibodinidde tKetratex$ for RABcA eNRivalooemiting 3k 1@puritk oM
about 0.05%to about 25% Representative exanples of sSuch catalysts are
described in U. S. pgaseder suestivaly hgdrogmetingsipmpoyndsaiayiness @l Band 96 PR IO a
particulate suppoL,,JHEN 3§HHE%}/$dohﬂl%'t&b§l8’anB}& sBlefiVeRt hi r@ée}nﬁﬁ’ng} Q%D’lﬁ(ﬁfnhf)n’
al um na, alum num(hyprom es, sifica, zirconra, titani'c,” kaolin~and/or clay
conpounds, MjA120Havid)@vo zisablet bends aasdopposeduroes dikpde @odble Thoadt eRepresentauve

Clongat ed parti ol GEmR SR S WAk BB SRR o P PP g e

pal | adi um cat al ysgclathive hydryerationey ade6lienic@ldustelieni Qinguntiey insfebd asntainifgtaal
pronoter. Pall adi ﬁemtcgt%af%ggq%& K{Jc%\lg n;:slyu g éat pr &m%gr%él%g{é%eyidﬁ%%égegot
limted to Pd/ Ag ¥&itaPy%tme . a , €XBEp t 'S, 4
catal ysts. Alterngkinyfliylehd'CarRaptapddittid eAWMD)SI kS feedbshathh@! drypismre 1B
pronoters. |In one enbodi frent, thée supported pal | adi um catal yst i ncl udes a
catal yti c armpunt gfecpxe | hydrogenstiph ok dtagiengn ag| oprosed slappaieneintibe hsalestive
substantially cry i 1 r I i |
may contan o propseeaerBfafdAeyRb R nel1s BURREhERAGLAS W Eal ALY of
radius of from abGuan@@QAidlefi, £OEposedrielarablGy hormeie809 ACter T¢d500ks arldde
2t Lenst 8000l tIRCHAPEIONREE e AR FivBh € 0HE L8PS B8 ghsse T eonih
preferably from 18gAulkted 08K Bondds spisediohbsse iwhafzakiedoubleehonds arleWepardied by
catalytically effective armun} f palladium_ wth the pall adLu cont ent
general |y being af"q 8a31°T® SH 9“‘86 ]‘a‘n%{‘ep?’%tfq\g:“ﬁﬁltymﬁtse‘e&%‘?t er‘ige%‘w 15 a
wei ght of the cat ﬁ:lox%,foxa&%cml? HARE&TaARY ¥thyf dMif Qdéty@nd avd 1,2 ¥ula@ieabayt
1.0 . %Dby weight of the catalyst. The catal yst support generally has a
surface area whi chPRoseht lgh-Butediene.han 50n2/ g, and preferably is from3n2/g
and preferably 1o Tront0l HipanRel H3sd ALARBTendibn 18 A haverss 19 PR O
catal yst, as neashYdegmiiws@r pmwh!)’i)fselpmd dﬁrm te BROC aprdisEng Ofl acetflene
2003 00 001 43337 BT R RRE I B IRR Y e DB S P ol ©
general ly has an amd theeimpmirityadi The snpufiges lardecgendted sdentiveiytia (BOQ@nddknge afhal

f bly f 40 .t 0. 12002/ d - hyd ti tion. |
PR T R R R f e R R
size of at |east 2Rh9ki} supportedoes alebivliRaugerat er than 110.. The al um na
VISRl g ok I L KT R s e
present in the m x{ybRckR BN s@BRNRl 1irdabiing Wenes FReP¥nd i £ Bkeanbiitainin
supported pal |l adium catal ysts are described further in U S. Patent No &
4,762,956, the codicass Shetnonlgiciinsasnd romaficsor Ak exerrple of sudhya festds enpysolypis
is to be understo : e : r. ' ' '
not o be 11 m t od P S The Bk MaBEaRR0f ), dEeRif SR el PR ) Beife
descri bed. |n gendydiogeranen patalyst shgpoeted ahad psiticslagpmpporh aghaeis uhé soppateda

ff bout 0.1 to about 3004/ g, ferably f bout 1nm2/g to about
200n2/ g, and an’ a BRNGRS SRTER a0 dmedh-Bfe ¥R DO AR about 300m.

preferably from about ®&BphkieuRRB9Uhe hedNikemMfeRaid édmpPrRtEoSaPO6 wircs, such
preferably has a nmean pore_dianeter of fromabout |Onmto about 20m The

catal yst that is @sppdraadibshmests amstal fdiarganzes msgbiber ddishor dediker dhe BSeut
0.01 % to 25% andyRlehahAlhy s oLy sigg ﬁageetapmay o bmdrdihat URP Y&,
catal yst, based on catalyst dnd particulate Support. |Ih accordance wth
anot her aspect of oftvresr egerat kniried mire Ghrpctarh eorsappeent wite sibcahrg sand (meefieeeblys ts
supported on a particul ate support) is supported on the nesh-likc structure
in an anount of at |east 5% and preferably3at |east 10% with the anount
of supported catal yst generally not exceeding 90% and nore general ly not
exceeding 80% all by weight, based on nesh and supported catalyst. In one
enbodi nent where the void volune of the nmesh-1like structure prior to adding
supported catal yst is about 90% the weight percent of supported catal yst
is fromabout 10%to about 50% and when the void volume is about 95% the'
wei ght percent of supported catalyst is fromabout 20%to about 90% In a

Y S . o o, . b1 o o T



support with or without catalyst may be coated on the mesh-like strug¢trggegg;
by a variety of techniques, e.g., dipping or spraying. After coating the
particul ate suwﬁ%,hﬁgthout catal yst onto the nesh, the supporPtCTh%ooms,,
i npregnated with a solution containing the catal yst precursors and Is

treated thernaldomprigedof ai plufaliey sfRlagbry If. witéeos AbEOIts dome al airses tinakibhall es
may be applied to the nmesh-like structure bé/, contacting the nesh-1ike
i

structure with retwer§ufanaterials nky apreiseer embAdimsnk s WBPFt SHUETHE 1f §PHPBTCa
coating bath) that i h,ng 4 Gl | LE |1, QU d
conditions sucht a{wﬁ e c%ﬁﬁﬁgﬁggnﬁpgﬁf?g&rﬁ %ﬁi@%lgﬁh %eclbgé%'n?gggﬁgore
mesh-1i ke struchetls naaycbe usednin progueinguss meabmiesty Aherhatively tthe miestt 6béromagivd
exterior portions of .the nesh-like .structure. Alternativel the.mesh-1like
Structure s coire oA Bends peEGHEpheChinBre e A i Fh ey S E R o
or the mesh-|i k&g sdarboatddmetileokides of @alefachisM X of@einb6dimenith@mest alclsles a
precursor. In a preferd;ed errgodi nt, the liquid coating coq‘positi on has a

ki nematic vi scoBPEy BhhEasg™ A T T ESAFRP 3 MadhrfoERYhe

tension of no ghed &f o EibodRend MORS -1yt OwiR fespE BBk ctive i dfdgeRRihed
catal yst or catalyst support is coated onto the nesh by dip-coating. In a
preferred enmbodéfimpuritigsia athidrogenatiorfeglonal nmesh |ike material is oxidized

before coating; e.qg. i i i ] i r . E B
2003 WO 00l 43337 PdFé@égggf@%‘%{énﬁ%h%Sﬁ’?g‘ggﬁ ﬁ*ﬁ%‘ﬁ%f%gﬁgég"‘ws%%ﬁga
mesh-1i ke mat erplatalitysoflantrami fibems do brinh ther theea i dimamsianel sdtwotihef mashials) e T
material is cleaped pri.or to oxidation; _for . exanple, by .washing with an
organi ¢ sol vent&%ﬁ?fgé’é SuhLYUpRYT IS4 deashiys micrpas: ﬁ“fge’ﬁ?aé#ye °§5I“8' eXched 159

sol vent syst em gflliRe@aN 16 abcdrdaned With B frefeH e enttd diheng ihd thgckRadstolf eeaferadr®

di spersed. The polarity of the solvent systemis preferably |ower than that
of water in ordérnt F@téﬁé‘&’éﬁ’m Aidmoms Preferablytay legst [0Qanieraps pd gengradly dgeoMitai n
a good quality gliéd ¥miBimetpat i Ng. The sol vent system may be a mi xture of
wat er, am des, esters, and al cohols. The kinematic viscosity of the coating
bath is preferably |lasgenerahthelthigknessor diamictes ofthe fittees which fomn therndirality of
thereof is pref I ./ | I e di t of

t he i nventi on, @R%?ﬁgfsih&? ?ﬁ(l'ggs{']arnaﬁg? llljtfée()@t ' oWls’sp ré(}g%{) g’dg{sﬁé{nu%)ggppn@tdé&%% es
or fibers and t&sl nmeteaprefératdg less tharbebout 3B0ahicaoms. chai peefarel embeihad, tie

treated in a mapgner such that the. surface tension thereof is higher than 50
dvnes/cm as deﬁ‘é&?ﬁsﬁgﬁaﬁve%@l%&q%ds &8@«?&’?‘@&0? mgd'\’}éﬁﬁ%'éss in Chenistry,
43, Contact Angle, Wiid abéd dimensodl Awamﬁk@@nmmrﬂq%a& pRRUE&Rhs SREARIYIn
1964." In coating a nmesh-like structure that includes net i bers, the

t in al f >
liquid coating P Gt i ROmpsT et dMabi0y 4288.98255 0rl0AC 8 B MY Y043 orlt absutbeso
to 300 dynes/cMunRRtodiheweld| Bhtfich heRMIRLARIcNPO nf9 BEORAASS/ fidteddfes
measured by the capillary tube nmethod, as described in T.C Patton, "Paint
Fl ow and Pi gnenethpl thpreassdeseribed i the gtorementionsd patentssci ence, 1979, p. 223. At
the sane tinme, the |4Qui Qaf | Lt ' t | ' of
no greater than 175 %hﬁ ggggéag?&g%gﬁ%%regg’%gzng}é%b{égé;?ylh%n\s{'gggg’tﬁ (lg%’%and
descri bed i n P. Eppbiteireatalyst’ éir theangshg haot void MolutheawldclSus hiabeastChede) aidr is”
2" Ed., Marcel Dekker |nc. 86,.p. 182. . 1n such an enbodinent, the. .
surface tensionP er&{%a%f%pg%eqnﬂg g PEgfera ‘Y&égﬁa&%é‘t%‘ W’l“t’ﬂorf H&etf?f&%gsi ty
and surface tengfledt sdout §0%. irdaeneral; el voidivaI@mp d6éstriopexcaed Abdubas %t Mhe kdrgpui d
coating conposition is drawn into.the .interior of the structure to produce
a particul ate co¥d YUB" 2R &sqdesen iy determingd it eividmgethapiolime of B stryetved
preferably has gnaurif %Eé‘n beRier1 VElinRb of theGtaathRy (tokaﬁﬁgs%d%ébﬁ%&@iﬂj“%d
preferably is higher than the surface tension of e ITquid coating
conposi tion to obitplyingpydPneous wetting and penetration of the liquid
into the interior of ,the o O 1. 2 00] 43337, PCT/ USQ0Q/ 00572
In the case where théa’ﬁgfagﬁ%o e&'lsnceovgc{efj tﬁ}(l:at'%ﬁ §nt% ﬁgff%gga{s& %géggéggﬁenag%%ogot

have the desir ednSmphay@ies)einsd fiad cohrintg hydrocaebomsy inbthe fradents efihesdlebive
produce the desired surface tens{‘on. . , .
hydrogenation catalyst, wherein the selective hydrogenation catalyst is supported on a

mesh-like structure as hereinabove described, one obtains improved selectivity.
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The liquid coating conposition can be prepared w thout any binders or

adhesi ves for causing adherence of the particulate coating to the 21 FEB2003
structure. The sypf @gﬁypf the structure to be coated may al so bg~gh&leeah! ¥
or physically nodi fol ed to increase the attraction between the surface and
t'he particles that forfietdsealysoarhictymag be enmipiged tmaabeentselestve hipwiraghation
nodi fication of the surface, .The surface of the structure ca e dified
by coating the néAREA §86415% FORHBIE KNoRM: ihe &M ogqcﬁﬁﬁf\lfvesés : n]tug%htg’gr"i‘{e. "Fhe
sol i ds content ofyntiha 160RdHIO SelipEdialgRNehahdiNg halabeMpadiaum, Fholiiving ralbenum50%
preferably from about 5% to about 30% The bath may al so cgntain additives

such as surf act arnd thejlikgsvhichimay er may pef pelnds ametal pRomEsergfinely diyigedogopper
additives to partj] [ 0 H%Fb I Si1dek O 0 Fo i n ML
preferably from (f?%b%Et SP(S:.BJ%S'S%H%H#BS - ﬁch%l’ ?r%{eé’rél;pagolgr g‘?’eér%b y IS cotat ed
by di ppi ng the nmeafalyst kempridee palidditim tpdateoumo all vengnibiat, or eneoroinnarpnghereefe sin

whil e drying or calcining i.n between. di ppi hgs., The tepperat,ure,af, the th
is preferably at ar“B@ﬁﬁ B Wa?tuhm&catgu# ﬁ%sa %Stabgon Tt P F@P@nﬁ(’yt %§% (/)"V\I/Otaf?ggl
boi | i ng point of Ashe IRiefitebéhtitivetehnpled bf sdhtcaralyerairé describéeinmesh-Haidoe Nos.
material that includes a porous coating conprised of a pluralit f
particles is dri /6296f Pty SARIYES € pmrzgr?“aF Haﬁ‘c‘é\]a{f:g?"mpe’é'l %‘&fgi TPBHS
The drying is pref@n@bbyt #6 5 RhitedE Sardyn GRBAIAE aluthihim AyiloRidef) GilRaSzidcomEN
as air) at a tenperature of from 20C to 150C nore preferably from|Q0C to
| 50C. After dryi rijania,keckinandser davsrmpewdseahPalMgQ, 35pkites aas mjxpees sheread,
for exanple, at e r.att B ' b,

500C, nost pref e?g{gl t;/‘g:}gt a gﬁatté)%sog%fanﬁéﬁ%&g@q%%&;@ﬁ%ﬁ%ﬁgﬁé ?§%ﬁgaﬁmes.
t enperat ure and ailonghtedwarickescliihgrsietoat ed in order to produce 9 21 FEB
Q003 WD 00/ 43337 PCTNSQ0/005. 2..a dryin t.e that. does not .affect versel
the catal yst coati ng!\l§8.°8e 8’?’38‘?31“5%} %Slcg‘ébigtnléagfﬁaﬁ% gafstaléftc‘yhlfrhm%\éﬂgggggéts. Y
a slower rate of idélwia g pram@eesiueh raed. mdibleprofmoeekn ®aladidm tchrlykrrwich aehideng

may vary. |In general, the El‘{)]“lp kness is. at ] ea 1 micron i n_gener no
greater than 100 HW‘E‘PGFI#’.‘Cl ﬁ’(‘,‘hlaTey’,“’ttlI‘fB“Q‘Jo‘aot ?h@% ﬁqtékﬂ%s@}glﬂe‘gt%?’ e@é(éred
50 mcrons and NDdatalfsyd) PEPLICACENREINAE. AKGARMN RO HEIPENAIMSm cdB st iDbsiattially
portion of the mesh naterial that is coated has a porosity which is

sufficient to al |8 aftPEOTPRIERSi cl es whi ch conprise the coating to penetrate

or mgrate into the thyegdiABaimeRathe&ippBids pditdam thaIVROIRIBELE Shallfie
three dinensional material and the particle size of the panicles conprising

the coating, in efmiamnt ofdpaliadivmeupprstedneuran albaingnpyreert whichf ist Bebstagtielidg
that can be deposj | LAt eri-Qr =18 he
coating thi cknessérgﬁg%lhga]&u’gf\?\%ﬂ. " The Sﬁé‘?&é%rg ptg ﬁéed\{%%lré g?lgft;%éf%ch@m rggjgé'g{nc{ he
t hi ckness of the suohas sityemhTlhcatdyst hes annivéregepoye mdais efifromabowr2d8hdce 20004,

the invention. I n the.case I articles are,in th 0 f
o al yeror oty ety Bmiio o 1 AR Yt RerE Brdifork ropf SodiClerBBA, 2rne, pore
treated to convergizd ietribatiad KSuchpthercdsnaer 80% ofithegies have a taliyssdf.frdnh 106¥ to

case where the particles which are depqgsited in the three dinensional
net wor k of materi%rpoq)'gg’ a&d(Pé‘ifgla?/thﬁo%'éﬁ ‘9,1@% ve catal yst or catalyst

precursor nay then be APRiHQAIndGnBICE HERRANst hé& §-catal¥icBIPf @ffbdiide AMdUBE 09,
or inpregnation. In using a coating bath, the coating bath in sone cases

may include addi t paladiumphwile theigplladings congnigaencrdly g etlleagth8Acter'estangs
Chat during di pp; PaTeamu R BbEly BBl SRS B S RO ET
be obtai ned w t h at.B6nwawmuebOsvtdledyrwelight obthe oatalykte i nt eri or and
The catalyst support generally has a surface area which is no greater than
50m?/g, and preferably is from 3m?%g to 30m%g. The porosity of the catalyst in
general is from 0.2 to 1.0 ml/g, and preferably is from 0.3 ml/g to 0.6 ml/g. The

surface acidity of the catalyst, as measured by adsorption of pyridine at 120°C and
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exterior of the nmesh. Sols not only change the physical properti ei og t@&
coating bath, but also act as binders. After the deposition, the rlt Féi S

dried and cal ¢j . representative stabilizing agents there may be
nmentioned: a éﬁﬁ@@éﬁf. ke polyacrylic acid, acrylamnes, or ga?ﬁcgﬂéﬂgfﬁﬁsrnary
amoni Um conPOouRdsy arbsgHeRe preSRPE istho10X®2 10l BMmAiRoRE S kAtheDBSHTePBert he
particles. Alternatively an organic solvent can be used for the sane

pur pose. Exanplgeamof catalyst. sol vents are al cohols or liquid 10 21 FEB
2003 WD 001 43337 PCTL US00/. ratfins, nt.r f t f t PO

for exanple, by addi eo‘??%&)?sq%g&?ﬁ}f gasaﬁ%tgg%re ﬁé{aﬁg gﬁrfg#aér)\rﬁ? r?g?ioﬁ'{e 20 v
viscosity and 00fAge ahénsefenblyf frofe 40 aat 120gh’4, Wi riiedsaradnby exipoeh-neirdgen
wherein the nmesh-1ike strqul(:,ture IS corrpr,i_seg (%f a pluraljty of |layers of
metal fibers, ttHeatighr dp Additen: e ppliadiunyis W e offysiediie Bavinenmay 2 yrEase

coated onto they Rshy fendi@shahe b¥ithal RLRARE etar Ol €CE F OphoT et i ¢ coat i ng
U S. i i

procedure, as described in Appli cation Serial Nunmber 09/156,023 filed

on Septenber 1',', IB@8aluiniassuphord iprpoaduded preferably rfzomes imixfuke of e bQure is
enpl oyed as one _of th | ectrodes, and the particul ate support,,such an
al umi na support3]'g"P’t“ﬁ§12§é§33cg?‘Ecga‘BS‘FpSP‘ﬁ _“@F’?E’, f’W‘?ﬂé%rw\thDBWO({]f‘h at a”l}e’ét ,
(whi ch pref er abjeinghRsent Bf IthidRxtaveUR AMarhburit W i T0pfto B 590 by tikigitONDE@ t he

adherence of larger particles to the wire nesh) is suspended in a coating
bath. A pot ent iaipportednsppding ca@bustssare descabedcfurtberds U.anBatsht N 6146 the
mesh-1i ke struc f ral.d: ers of fibers, and the
mesh-1i ke str uc%oﬂﬁegmiog%%c{ré g’gﬁ%ﬁ’g‘#ﬁc}g"f’%‘@“%ggﬁ%‘?j&w th the al um na support
with or without cat dtisgo be biiderstawdahomives tsal froscopedifake preserit rojentats ia not to

catal yst, the cat.al yst, then can be added to the cat.alvyst, structure by
pr enat i ng. witHEBRep S s S B e Rop R Pl ot R B e S i e
possi bl'y one of Mot o oront ok e s Ber el nabave i d: cat ek b6 etpoort ed
catal yst may béOrsrag’ﬁﬁb%%@%rP’ffﬁ?ﬁg'egﬂmn%’PB‘ri‘%?l 239 2Ry APBN Y BF Tt RNy
the particul at EnattiP 9zk of Fronf) odul 2BAMA [th GBSt 00LRE pPESRAbI REmEBHP. S 1
producing a mesh-like structure conprised of a plurality of |ayers of
randonml y ori entabouf i ¢pms, Théparpeulate supmireprsfepghdy basnanebe porecdiamdedr ohfrome

mx that is usedq fo roduyci ng. t he sh-1i ke structur ereb he
moshe 1 tke. St 1 ucAPgROIOrER i AL A THE CHAARE: ' SHFROHeE OB At REpSalt AP,
the intersticescopiprisBefrBmSdbout019% %G MBYS and prefersBip Rohk 8octh DUSE W HouRY 50£
produced as described in the aforenentioned patents, and with an

appropri at e supifohe supppriey ertrisy basediarccarplishand-partiulate sinperit he fibers and a
bi nder, such as cel lwl . h u | udes .t

particul ate support llrdez'%bz%i|8rr‘i'leai’:l-&?‘?lm{i ﬁdgugrr)ggﬁggs%? r aiﬁfr g%%ﬁéhgﬁll}l? ?'cﬁlfagtagpgﬁ%dport
retai ned in thecatadysh (satalygitupportedem @ paitiopleegruppat) iwisupperted aathal mesth-like
precursors and }treat |y t dain th t al Al ternativel t he
sel ective hydr O%Euﬁgirig%'ngnggrbg%&/gk’alhlg?sglgr/f’ag%dv’érefeé%?r?t%%% ﬁ%{‘/’ 'ghglga e nf of
directly onto téppomesitataiysi gdnerakhg nietceeding 90% and inforépertexalldenol enceeding-80%,
exanple, the ne may. pe heated to form an, oxide | ayer. The catal yst then
g be” appl e By L REET BE) SGE T hog SURRT G At e s mep v B et
enbodi ment, t hevdlile bs tHef méhaikeeslicrire pHeF @bddllin'@%\éﬁpo@teg'cﬂﬁgisleirs ab&& 904 aRe
about 30 mcrons, and nore preferably from11l 21 F E B 2003 WO 00/ 43337
PCT/ US00/ 005=~ ¥Bi@ht pesceny of suppomedcasplyt is from phast Hite to #raat 80%png whemtherivoidy i s
Comprl 20 O o2 RahaliL houblos) e PeiBh detBAT S diBAcRcBiaflel RUEA ARG Yo | 1
the | ayers. Although the present i1nverition enc asses "any reaction

i nvol vi ng t he sabauitP0%e ling gradfeyeed sembodineht, ithrepoeshtlike structum tha et wies supiportad)
hydr ocar bons, th@ li Qventilon now wi | | (t;te desgri be.g W'Lt h gllatrti cul.ari tr% V}A tth
respect to the SHH¥AT FBPIRYSH 15 9R AMAuEHLIOHrORde. YPid yioluns, iy hE TeRcligy zone of a
impurities in alcagesdvcaidl referably ableabtcRSd. ANRnEBINAONEH &aprefbeddifboaimhad] ent
the sel ective hydrogenation of the acetylenic and/or dienic inpurities is
effected in a sveigivalugedoes may grcsedahomt H17%i n the presence of the supported
cat al yst herei nabove described. In one enbodinent, the feed is introduced
as a liquid and may be partially or conpl g ely vaporized during the

hydr ogenation. In accordance wth one enbodi nent, the hydrogenation is
effected in the Iiquid phase, with no nore than 5% of the feed being

vapori zed during the hydrogenation. It may be advant ageous, however) to
carry out the reaction with nore than 5% of the feed being vaporized. In
such an enbodinent, a feed which is to be hydrogenated selectively and a
hydr ogen- contai ning gas are introduced into the catal ytic hydrogenation
reactor at a tenperature of from about OC to about 50C, and the outl et
tenperature of the catalytic hydrogenation zone generally does not exceed

~ N N N T | . S o o o o, o




the inlet tenperature, and the allowable outlet tenperature, it may blﬁ FEB 2003
necessary to recycle a portion of the product to the reaction zone (t 19
recycle i s m xedwowwd33zthe feed and hydrogen prior to introductimrr/istootzhe
reaction zone). In general, the reg&/cle ratiQ (based on fresh feed

hydr ocar bon), when us&dis tadesunderstopd ¢hag ghesmesh-leqsuppest dhan SHRPOFS dle sgpported
exceed 3: 1, accor:g@ap | - ' s BDedl EP eRardnle. LhE
hydrogen is introdu gdx?yn%%g?ﬂwgﬁagﬂ%?whgrgﬁ‘ygénr%ﬁ%%\sﬁﬁzp% ent teoanéegvi de
for the required rsashdke suppon yuly dgdformedas rogs, tpagicks aibporsniets. amti¢roplopidenitie
inpurities, with _an increa f.the rati.o.of hy | mpuriti
resulting in a désﬂﬁé’éé%aipﬁai%ﬂge%er“e%?i A ?°9‘“6?’Et‘ﬁ%8%§§F gg%ér?gfg ﬁ%!ﬁrte sﬁ%“er than
general ) the feedhdyof mgRét e pariples thanareiosvnriathepriosardet er m ned by the

concentration of inpurity. The hydrogen nmay be introduced with a suitable
i uont . "such as mot hARE sumpaned S VERER Dbl s S s YT TS
One or nore reactpdsemBAfhdResiIRE shshort@R\Batiddcon! tAPWirkd &Sibeks fart f68n the mesh-
hydrogen-to-inpurity ratio in the second of two reactors in series being

general |y gr eat erlikg isgpctungzandfon mapcbef present ant resangdgingibe dntgrsieey abyhe mesh-Hkeet
concentration of jqpucity and being deternmined by the inlet concentration
of inpurity to the second reactor. The selection of a suitable liquid
hourly space vel oci ty s houtmbddemenspeherein thocatdips supported eol ai partidutatesupport s

general, there is_obtained an increase in. .selectivi at. higher |iquid
hourly space vel JEFETe® alcr?ggnrﬁaogntﬁo&?e rlnll.ke WRETEy ntﬂg nb?ﬁg'&l‘f?es e &8 be
cont ai ni ng net hylifigiellytcrd vaacthp bariaslhte Reppst, Falloet bl @8ditibis oS thb jcaalyetotiee
sel ective hydrogenation in accordance with th preﬁf_gt i nventi (?n, Sgc‘ﬁ,h a
propyl ene- cont ai AL BRAITHBITETLPT § CRYMEATSe Mmeshnike sHctye 5 AlEMaBYLY- 1B o
nol e percent, andafalysSQFBorkd<dSa pAUGITatd sEiPBH AP ESatedUntS WelmbdkP Ui nbfer
In sone cases, depending on the inpurity content of the feed. as well as
other factors, t fEbedigwdeithe caiplve Happasiediq a partisslajeywippet aayt b coated onto a
hydr ogenat i on m?aﬁﬁuﬁfébduﬁﬁ&‘?ﬁilatt RasheSEEORE &t %J&E@-l%%ﬁﬂ&ﬁx@ath@ barfihldid 1€
case where a second reactor or reaction zone is enployed, such second
reacti on zone i s supportawiguorgethentzatalystmaybeeoated @n shegneshilike strecturh by prvesgviple

of the first cat ' o) [ age. €. S8C0o ' ep:

is operated at aﬁl:%{,mqg?sh%é%f (g acur fe)g?r%}lﬁ%e 'A(‘)f?%ecrogtg{g ?’rgo[{%% %%%u{ S%gqt‘gﬁg)g‘]out
50C, and at an oudatabsst dngorthe mzthy the sapriort is impregmgedofithadxolittios 06htaifing tiseatahdt
stage in general is operated w a rogen-to-inmpurity nole ratio of from
about 3 to about péff“ﬁgfsélgaSfue\é%%ﬁ%ﬂh&g%gﬁﬁlpéheo@ Pripurity, when the first
stage preferably is omaeatgsbried citaly@Sartidaimdy Bé applidd YR RRY ingdL RN bmtc ey
feed. In another enbodi nent, the feed containing the inpurity is fed as a

vapor at a tenper®P@rineths Besh-like SREREseNith @dwuid feayngogomppgigon (preferably in the
hydrogen-t o- i Mpurfolny of ®baih@bith) thit ihdiael FRDARNE dbL¥ed B DAREGRI! conditBRI
5.0. One or nore reagt ors lrr%_y ‘}lg)e us‘e_d. T anot her roodi rre_ﬁ{u, ?rﬁjg ?oenegl
cont ai ni ng t he i njvak theythe soatipgicamapasitign shters|ozwicks ingo thermeshiike strudnie ardsforths ke
structure containj r i distil|ation
packing. In all gé‘gb?%lfeg cgﬁtglgtg-ﬁ%ﬁ%@ﬁ%ﬁgﬁ%&eﬁéﬁ@iﬁg 8%‘%%%}@% gtueei't her
may be present in the Aleethtecly,nthe imeshaliide sinicture he doeted wish & peadtiedtte vsuppon
pronoter. The carbon. nonoxi de be added.either to the hydrogen ar

hydr ocar bon f eed. PREME AN f’%%?%é\ﬁl?% ﬁ“FS%Eagceosé’EﬁtPfebTB@’ aﬁ fcf‘?¥ﬁ%e‘§%'é8?mf‘85 s
fol | owi ng exanpl ectalyzopvesigsor. t he scope of the present invention is not
intended to be limted thereby. 13 21 F E B 2003 WD 00l 43337 _ ,
PCT/ US00/ 00522 Exanpl P12 R’eg%e?i“é‘lh"ét"&ﬂ"ba@’_allwld, CoRHDe CARPRUBAD baft &kjrematic
supported on a MegkolR & ndpRdieMiHahl §7 5 BdnBisthdiéSald AL PAGNRAS bR oFEtdM¥ian 300
acetyl ene and propadi éne in a stream contai ning propyl ene. The particul ate
catal yst is a pal ¢/ sil ver catalyst on alumina with a surface area of

8n2/g. The catalyst was suppgpd %b%éﬂ,ethg@%ﬂ)oﬂéd fcgéaiygtvg:catalyst support is coated

onto the mesh by dip-coating. In a preferred embodiment, the three-dimensional mesh-

like material is oxidized before coating; e.g.. heating in air at a temperature of from
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The catalyst was ground to a nean particle size of 3p. A slumof the 1 FEB 2003
particle in water, with 10% solids content, then is nade. To this slurry,

0.1 g of a co i y avail abl e cationic acryl am de pol yner of a

20% al um na s%%@@gl T'M per 10g of the supported catal yst ag?@g%{’ﬁ'g%g

The slurry was pagredp itdt7@0e.bad Romk tohsel W thd aietl-BioS matedigl isedophinfl@s withat

are connected to the positive pole of a power supply. A nesh sanple with a

t hi ckness of 0. ®rganic wetghiall tesneshdike nagral & Adgangd prigrro dixadFpens foragrampley bt d

vol une of 90%\/\/&\1"/5 }%Hé"{%& aﬁio%%&ﬂgoﬂrmﬂafag%g% t he el ectrodes. The nesh was
n ned |

rinsed with acetone cal narr at C for 1 hour to renove
organi ¢ contam nants. The nesh was pl aced at equal distances and parall el

to the el ectrodes, a was.connected.tpo the.n tive pole.of the power
Suppl'y. A potent | al e Oy PUY (ageisBii £ R0 SOkeM ce B8R RS Sreftit e o
the supported cajagdryint whkh tHepagicles hr® dispBeedeThe pbheint o lind sdTR&H syaem s
renoved fromthe bath and cal cined at 500C for 1 hour in_ ajir._ The anpunt of

support ed cat al psaferallydeverahanhatiqh avaieg #horderdto prays mugh-rolubivh phibe colygiend of
t he mesh and su d ; 34\@% ' trd f
approxi mately 52%8%&,] %)%1%16@%%@0% a ;@?@Bﬁggr e ofatde ' ?*ﬂecr)ﬂ ?ﬁg b?ea;@?&udrrg of
bet ween a- A 1203vdiezaemidss, dstersn aadchlephalss Theokinerdtis veqosity of 88 afatinghbath 1s

pal | adi um si |l ver tu e nek the sane al yst as ti-ng _on the, nesh
were neasured i ﬁrﬁxﬁgblgggesct?‘?@é §%§&8‘8€ﬁa ﬁghe 8¥r§ar°r%t W ggg%%féggrezﬁ%bhy less
propadi ene in a thdnr3®arlynesidnai ni ng propyl ene. The feed to the reactor, which =
was a 0.75 inch outer dianeter (od) tube, consisted of: 0.78 wt. 9% 0.84 wt.

% nmet hyl acetylene 0.32 wt. %0.33 m. % propadiene 21.3 w. %23.5 m.%

propyl ene di ssol ved iy dpagearedddibodieRdf thoindéntibRithOmedh- 1@ sBudre that is coated
bal ance-i sobut ane The sel ective_hydrogenati on was conducted at an LHSV of

367 to 369 hr. -ncludes mege] wires ofiberrmd thameral wigs 9y fiberyihat arsomaigae selesied ohe
end of Lhe reactdgd iPh ARG, HAME LIEAP dndfby Bifbo? & Wah Yo ldhes . &
measured for the reaction in the presence o the particulate catalys: & one
and the sane catdatepmined bpypthe teethodrdescribved lin "Sdvapcdsi ini Cheniistrvdd3.i GerdacisAngle.

pr opyl ene made/(& | acxene ‘ roienc an eréé%d) x 100. The results
are given i n Tabre——terow tH-e—protad—ene cat al yst support
Temp. (O I~st t~l H-/fMA+PD) comers~on (0) selecnwtv t~n mesh 56 415 0 75

34.6 8F ' ' extrudates 49.400 0.83 29,2 71.1 Exanple 2 A selective :

hydr ogenati on cat al yg? eBhE? ﬁ'i‘eﬁlb'ﬁb'd s"é"ff&"%éhat')r‘lncg“ﬁlef LY %ﬁrﬁpﬁ’iﬁth%"%&?‘%nd

in an Eiger bal lcoffipbditidropreferditleRad aurfadesnsidn H6H @bdud B0 k@ 300BkMedicr] dhdmoref

25 weight percent solids to produce a nean particle size of 1.5 mcron. To
Si s

5
this slurry m xthieferably,feqmyabowpd o I Ayaes/ca aringasussg by ibscaptignubmmethed. 35
of the solids Wejesthibed Nnt PE. smbﬁ,y";fm FB® SldUPiohenP Didfletsin@d2H0Ed 7 v3fiey. A

0.8 millineter thick stainless steel sheet containing 12 mcron fibers wth
a porosity of 909teresienestl97% ok rizdat Adthgrigmedimedhd Hawd reatmigf sompesitions heee
sizes. The diffgrent . S t i t hi r . re
by dip coating of _fgég\ﬁgfo\s}@dég?xoS%g%ﬂéﬁﬁ:ﬁg?g&@ggg&%%rr{?%/ﬁgﬁé "Ei) E{eé/scﬁaéf(ﬁrg
was renoved by shiskinegr aad degpbety imnP.€. Hipmenzt d\Rehcipleheofs balleids d@nl eBurfiee e
dried at 120C fox, 15 m,nses.  Af t rying e ets were stacked

bundl e-wi se for &8P ?#egﬁ'ngﬁfceme%‘%’fnﬁt 1%0?3%2 total of 22 bundles were
made with the average percentage of catalyst on the coated bundl es being

14. 4% These bundles were | oaded into a fixed bed reactor and successfully
used for the selecti V8 $HelrBysmaedimaniothavaptsce densip ghihepmaieh bemgacpsicd 15 A

sel ective hydroggnafitdedy with ﬁa'e}(rlr%lkos]?t’? %?&ﬂa@&teﬁ%@&%ﬁ%u@d’coﬁgnoé %ﬁ E@H‘F}amt

was ground in an Eiger ball m or fifteen mnutes at 40 ke a
slurry of 21 weithhitthplquié poatiop composition py drawn sntatheeraeriop af the strectere meproduct 25

' : hi I X ' %.of | al upm I dded
on the basi s of Ticalals Fabhyo sl ek s o P8 ot B8 P BB b
to 10% A stai nl ssfacestensibn sttdet isngreterothanl 30 Mymes/ciil ald preferably) 1s3higher than the

surface tension of the liquid coating composition to obtain spontaneous wetting and

-

penetration of the liquid into the interior of the mesh.
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WO 00l 43337 PCT/ US00/ 005-: micron fibers, 0.8 mllimeter thick w t{q @EB 2003
porosity of 90% was cut, corrugated and rolled together with a flat sheet
into a nonolith,wbogasawter dianmeter and 45nm | ength. A total opcEdso0/00522
nonol iths were made. The different nonoliths were then coated with this
slurry m xture by dip coating of the individual nonoliths. The excess sl uni

on the sheet was renov via an al.,r knife.. The monoliths wer hen dried at
1' '0C for 20 m nutes g’ﬂ'he farg%gFgaﬂ?eﬂn%{flr&gfe SEB%G’{’}W lsltoﬁ?)ﬁ?a.[e%éo Pl a\(')eftgl‘?Z
monol i ths were magiired hiffacdRnavE HRORrUBRFCAN Bl@ateatdtiapitdiliccane Béigred ontre
nmonoliths neing 8.63 . These nonoliths were | oaded into a fixed bed reactor
and successful |y §B¥88-for the selective liquid phase hydrogenation of 1,3
but adi ene. The di sclosures of all patents and publications referenced in
this specification are specifically incorporated herein by reference in
their entirety to the Thaliquiskeoating compotitiemerh be preharied withouiauy bipdereortadhesties
publication were ecific L ndi.vi v i ngi to be incorporated
by reference. It fogc osg @gh%géfggﬁggg?ﬁl%lgé\{gg‘gea&1¥°{oﬁgét&%%@%cope of the
present invention is not to be l[imted to the specific enbodi nents

descri bed above. The ipyventjon be practiced other than as particul arly
described and still beEle afe ?ﬂgé/g e 19 ¢ fRated Ryndish a'&nmaﬁyﬁgpﬁ)ﬁqa{ly 2
1 F E B 2003 WHAThgiffekAd iekeadeShe herabhidtl R&0&H theOsurald & thy @hrvicley eap@fivathk g
an inpurity in a feed containing hydrocarbons, conprising: selectively

hydr ogenat i ng sai ePatingiua8.¢eat reampaat py ehemigabmedifieatiop pE e isyréachy dhosHsteas Poe
catal yst support g8 Rkt il flico UhRAE he S THRPALBER pAkRL XS imBfihe
supported on a nmesh structure, sald nmesh Structure Del n& a

t hr ee- di nensi onal ageshmentk f orned of a plurality of layers of fibers that
are oriented randomy in the layers. 2. The process of claim1 wherein said
fi bers have a dianeter of |ess than 30 mcrons. 3. The process of claim?2
wherein said fibers haThe solids eomehesf thé cdatingbalbgentraBy ¥ feonostsut D Yatoabdut Z5%,

m crons. 4. The proce f claim 1 whereip said inpurity is selected from
the group consi stPﬁgers'ﬁy§8@t“§?‘ﬁglé’t8\gﬂ%%gh%s, di nes, and mi xtures thereof,
and said feed contains at |east one nonoolefin and said inpurity. 5. The

process of claim1 wherein said inpurity is selected fromthe, grouEf
consi sting of ol efins ARt Y8Ry, alsh Gonaip Rdfikes Wehesispréacipts| digegrsagisesic. In

i mpurity and one E&?ﬁ,tth&wﬁi%hmﬁkm-adﬁiﬁv&hg 0688 theQbarthlg@a id R RN 156k d
inpurity is selected fromthe grou FI ng of acetyl'enes and a conpound

consi s
cont ai ni ng adj aceftd meresrefensblydrom GO@ tedild feed i ncl udes a conpound
cont ai ni ng doubl e bonds separated by at | east one single bond. 7. The
process of claim1l wherein said feed further includes carbon nonoxide. 17
The mesh-like material preferably 1s coated by dipping the mesh-like matenal

into a coating bath one or more times while drying or calcining in between dippings. The
temperature of the bath is preferably at room temperature, but has to be sufficiently

below the boiling point of the liquid in the bath.

After coating, the mesh-like material that includes a porous coating comprised of
a plurality of particles is dried, preferably with the material in a vertical position. The
drying is preferably accomplished by contact with a flowing gas (such as air) at a
temperature of from 20°C to 150°C more preferably from 100°C to 150°C. After drying,
the coated mesh-like material is preferably calcined, for example, at a temperature of
from 250°C to 800°C, preferably 300°C to 500°C, most preferably at about 400°C. In a

preferred embodiment, the temperature and air flow are coordinated in order to produce
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2 1FEB 2003 8. The process of claim1l wherein the particul ate -sliu@ﬁofﬂ
has a surface area of fromabout 0.1 n2 /g to about 300 n2 /g. 9.

process of cl a] rein the particul ate support has a surf

fromabout 1 %@M\E‘\%?about 200 m2 /g. 10. The process of cl a?}gﬁéﬁ%rog
said supported @atr?ehgsste SHABéds H8SafRRl é@aﬂselvkhdoéa@dlymmnngléweéracmh«cwcmr a
conbi nation there 11. The process of claim 10 wherein Sai d supported

catal yst has a m®éperes, @EfntlémanbﬁaSFSr@ﬁlpﬂbfdmeoﬁd%%’ﬁéfe&i@dt 25% 12. The
process of claim1 wherein said nmesh has a void volunme which is at | east
45% ' 13. The process of claim 12 wherein said nesh has a void vol une
which is at | east 55%e1kﬁclcibbeofp&odmmdc¢batmgahm 18y whe rgenarals thiedhicksdss hast a
voi d vol ume whi h is at |east.65% 15, The of claim 14 wherein. said
mesh has avol d 1981 LARcTan g inoBenEral Ba g dha 00 TRt odaREabY 1] SPAiEs
wherein said rresdﬁcmss dbeY Abtcbxvel S0Bivbhsend HoestypiehllEdcee a6k X884 3b micrbhes.

process of claim1l wherein the supported catalyst is coated on said nesh
structure. 18. The process of claim 1l wherein the supported catalyst is

entrapped in the intafatness fhichdirthd Bedh micbrhi il s céa@ed ha€ b gorcsity which @ A

process for selectively hydrogenatlng an inpurity in a feed contalnlng
hydr ocar bons, coufficient tecallosethe particied yhialy dtmjg’@nahfr eapting kaipsnatpale ot nigratetine

presence of 2 sob eeli vy INH008RAN Ol AhabFS e SPHY 6 AlXRLoDP kG- GPAe

onto a nesh str ure, sal elng a Tens! ona
networ k forned akhe pdrticlekize vf the phigles Som;fnsfnglnleaf Goahhg.tm affectodatermirecthe amdond y

in the |ayers e process of.cl erel i d fibers have a

di anet er of Iessanflﬂ’&ﬂ.’?g ﬁﬁ’ﬁﬁga““ﬂl at %B\rﬁgﬁ%%tg I‘&‘eﬁf’ﬁﬁfsme‘}cé‘i‘w}‘s%ﬁ
fibers have a diradiBi#tandbr thé et é%sfﬁtﬁé:%i‘@oikoTﬁ@%%eraépB}eCsﬁiéQ&e giéaterThe
process of claim19 wherein said inpurity is selected fromthe group

consi sting of ache fhiekaesscofnihe raeting whiglsan be amifpomiy rassted e reesrdange vighihs
feed contains atmle(agg‘;_ one nonool efin and said inpurity. 23. The process of
claim19 wherein sard inpurity is selected fromthe group consisting of
olefins and dienes, and said feed contains at |east one inpurity and one
aromatic conpound. In the case where the particles are in the form of a catalyst precursor, the product,
after the deposit of the particles, is treated to convert the catalyst precursor to an active
catalyst. In the case where the particles which are deposited in the three dimensional
network of material is a catalyst support, active catalyst or catalyst precursor may then

be applied to such suppor, e.g., by spraying, dipping, or impregnation.

In using a coating bath, the coating bath in some cases may include additives.
These additives change the physical characteristics of the coating bath, in particular the
viscosity and surface tension such that during dipping penetration of the mesh takes
place and a coating can be obtained with a homogeneous distribution on the interior and
exterior of the mesh. Sols not only change the physical properties of the coating bath,

but also act as binders. After the deposition, the article is dried and calcined.

As representative stabilizing agents there may be mentioned: a polymer like
polyacrylic acid, acrylamines, organic quaternary ammonium compounds, or other
special mixes which are selected based on the particles. Alternatively an organic solvent

can be used for the same purpose. Examples of such solvents are alcohols or liquid
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24. The process of claim 19 wherein said inpurity is selected from EE
group consisting of acetylenes and a conpound cont ai ni ng adj acent £8 2003
bonds, and sai d weea43B3vwcl udes a conpound cont ai ni ng doubl e bondecweswnet:ed
by at |east one single bond. 25. The LErocess of claim 19 wherein said feed
further includes resatbesn Gaaekeidee P ef thapumy forexampiss by|addiwon of WNG-at aposhsr d
mesh has a void v, : 27. The
process of clali m@é”%oef\r@g rghsét?%‘%%r%ogl ggf}xgﬁ’sééngmn of&]e E&?ngﬁﬁ?s at | east
55% 28. The pr ocess df'\ onk ainbodmenthehetin tsaindshiiesuheasreds vanprised lofimgplunkiitc h

is at | east 65% fcIa|m28V\her n sai d nesh has.a voi
vol ume whi ch |soa9 %"gfé&%% ﬁ'ﬂ@"ﬂ'}l%}ﬁé‘é@m&fwﬁ] ‘Y’r&'? %ﬁfﬁ}sém?"sb&%a‘ﬁ@
has a void vol U”E‘odf‘&“tﬁ@ n%%ﬁ-’ixk@%ta@%?@%ﬂwo&ﬂ@ a%oel»eﬁro?yherétlé daatiflg - PORIGE AA
r.AaY.Al.Al A ;. AF AAZ3 A .A3 Au

[ dE} xsni d_ZU] ca] céeserzhied azpc‘d]se Appligatiap &apela]*@a]beageféf%%% diledjrabgriemeas) ca) ¢
a] ca] ca] cal ca] CL@ alg aﬂr@@e‘d’lj ala% }\11 frﬁcgjrtt 1S em oved as one of the

g" Wit $$v& "' /({vql a\'W ca] cal ca ca ca cal ca Ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cadlectiodes, @nd die mqméqt@aqm]’tcaq@aaﬂ anaalpminapuppprt vf 1S 98578,

., <B==@\A( BBBCCD ] 1 a]
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EEEEEFH. JJJNMAOFOTIoM) W%I&Tbﬁqﬁgh] c]leﬁ]cc al]cc a]meax]lesh]) af] ¢

f]gf]gf‘]g@]ﬁ,ﬁ,{,cal Cale r] { e fitn.°H SRAAL R HPn A58 elaakealo she ot o
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a] ca] ca] ca] ca] ca] cﬁs]{hca] cal ca] cal cal ca] ¢ca] caLg

| | mLnSooCppp8qqq" Pahrlikss stiuctuie, st :l:cm apRPTSHEaNy Ljorked) With él}f-] lyming S¥RIPEaYRRCE a]
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Ul c”aU] ca] ca] ca] ckepddeficla] tha]atalyst afrecijre ab]YC m]mrampg a\]ltba]bc dinrang Hlecsfustre a

(which contains the alumina coating) into an appropriate solution that contains the

catalyst and possibly one or more promoters.

As hereinabove indicated, the supported catalyst may be supported on the mesh
material by entrapping or retaining the particulate support in the interstices of the mesh.
For example, in producing a mesh-like structure comprised of a plurality of layers of
randomly oriented fibers, the particulate support may be included in the mix that 1s used
for producing the mesh-like structure whereby the mesh-like structure 1s produced with
the particulate support retained in the interstices of the mesh. For example, such mesh-
like structure may be produced as described in the aforementioned patents, and with an
appropriate support being added to the mesh that contains the fibers and a binder, such as
cellulose. The produced mesh structure includes the particulate support retained in the
mesh structure. The particulate support retained in the mesh structure then is
impregnated with the catalyst precursors and treated thermally to obtain the catalyst.

Alternatively, the selective hydrogenation catalyst hereinabove described may be
coated directly onto the mesh, which has been coated with an oxide layer. For example,
the mesh may be heated to form an oxide layer. The catalyst then may be applied by
chemical vapor deposition or other means. In such an embodiment, the fibers of the

mesh preferably have a diameter less than about 30 microns, and more preferably from
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and/or dienic impurities in a feed containing at least one monoolefin.

In one embodiment, the selective hydrogenation of the acetylenic and/or
dienic impurities is effected in a single stage hydrogenation in the presence of the
supported catalyst hereinabove described. In one embodiment, the feed is introduced
as a liquid and may be partially or completely vaporized during the hydrogenation. In
accordance with one embodiment, the hydrogenation is effected in the liquid phase,
with no more than 5% of the feed being vaporized during the hydrogenation. It may
be advantageous, however, to carry out the reaction with more than 5% of the feed
being vaporized.

In such an embodiment, a feed which is to be hydrogenated selectively and a
hydrogen-containing gas are introduced into the catalytic hydrogenation reactor at a
temperature of from about 0°C to about 50°C, and the outlet temperature of the
catalytic hydrogenation zone generally does not exceed 60°C. The catalytic
hydrogenation zone is operated in general at a pressure of from about 14 to about 35
kg/cmz.

Depending upon the level of acetylenic and/or dienic impurities in the feed,
the inlet temperature, and the allowable outlet temperature, it may be necessary to
recycle a portion of the product to the reaction zone (the recycle is mixed with the
feed and hydrogen prior to introduction into the reaction zone).

In general, the recycle ratio (based on fresh feed hydrocarbon), when used,
does not exceed 5:1, and preferably does not exceed 3:1; accordingly, the recycle ratio
may range from 0:1 to 5:1.

The hydrogen is introduced into the reactor in an amount sufficient to provide
for the required selective hydrogenation of the acetylenic and/or dienic impurities,
with an increase of the ratio of hydrogen to impurities resulting in a decrease in the
selectivity of the hydrogenation. In general, the feed hydrogen-to-impurity mole ratio
is determined by the concentration of impurity. The hydrogen may be introduced

with a suitable diluent, such as methane.
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those skilled in the art. In general, there is obtained an increase in selectivity at higher
liquid hourly space velocities.

In one embodiment, wherein a propylene stream, containing methylacetylene
and propadiene as impurities, is subjected to selective hydrogenation in accordance
with the present invention, such a propylene-containing stream generally contains
from about 0.5 to about 5.0 mole percent, and in some cases, even higher amounts, of
such impurities.

In some cases, depending on the impurity content of the feed. as well as other
factors, the product from the initial selective catalytic hydrogenation may be subjected
to a second catalytic hydrogenation. In the case where a second reactor or reaction
zone is employed, such second reaction zone is operated generally at a pressure
similar to the pressure of the first catalytic hydrogenation stage. The second reactor
in general is operated at an inlet temperature in the order of from about 30°C to about
50°C, and at an outlet temperature not in excess of about 60°C. The second stage in
general is operated with a hydrogen-to-impurity mole ratio of from about 3 to about
40 moles of hydrogen-to-mole of impurity, when the first stage preferably is operated
with less than 5 wt.. % vaporization of the feed.

In another embodiment, the feed containing the impurity is fed as a vapor at a
temperature generally between 100°F and 250°F. The hydrogen-to-impurity mole
ratio in the feed generally is between 1.1 and 5.0. One or more reactors may be used.

In another embodiment, the feed containing the impurity is fed to a distillation
column where the mesh-like structure containing or coated with catalyst also serves as
a distillation packing.

In all of the above-mentioned embodiments, carbon monoxide either may be
present in the feed or may be added to the feed as a selectivity promoter. The carbon
monoxide may be added either to the hydrogen or hydrocarbon feed.

The invention now will be described with respect to the following examples;

however, the scope of the present invention is not intended to be limited thereby.
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The catalyst was ground to a mean particle size of 3u. A slurry of the particle
in water, with 10% solids content, then is made. To this slurry., 0.1g of a
commercially available cationic acrylamide polymer and 0.2g of a 20% alumina sol
(Nyacolm) per 10g of the supported catalyst were added. The slurry was poured into
a bath with two stainless steel electrodes that are connected to the positive pole of a
power supply. A mesh sample with a thickness of 0.8 mm, stainless steel fibers of
12u in diameter and a void volume of 90% was cut to fit the dimensions of the
electrodes. The mesh was rinsed with acetone and calcined in air at 300°C for 1 hour
to remove organic contaminants. The mesh was placed at equal distances and parallel
to the electrodes, and was connected to the negative pole of the power supply. A
potential of 10 volts was applied for 60 seconds, during which the supported catalyst
was deposited on the mesh. The coated mesh was removed from the bath and
calcined at 500°C for | hour in air. The amount of supported catalyst deposited on
the mesh was 22% of the combined weight of the mesh and supported catalyst. The
coated mesh was cut into strips of approximately Smm by 10mm. The catalysts were
loaded into the reactor between a-A 1,03 beads of Imm and glass wool.

The activities of the palladium-silver extrudates and the same catalyst as a
coating on the mesh were measured in the selective hydrogenation of methylacetylene
and propadiene in a stream containing propylene. The feed to the reactor, which was
a 0.75 inch outer diameter (od) tube, consisted of:

0.78 wt. %-0.84 wt. % methyl acetylene

0.32 wt. %-0.33 wt. % propadiene

21.3 wt. %-23.5 wt.% propylene

dissolved hydrogen Hy/(MA+PD) molar ratio= 0.75-0.83
balance-isobutane

The selective hydrogenation was conducted at an LHSV of 367 to 369 hr. ™',
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same catalyst supported on a mesh. Selectivity is defined as:
propylene made/(methyl acetylene + propadiene converted) x 100.

The results are given in Table I below.

Table I
Pressure propadiene
catalyst support Temp. (°C) (psi1g) H.A(MA+PD) conversion (°o) selectivin (o
mesh 56 415 075 34.6 882
extrudates 49 400 0.83 292 714
Example 2

A selective hydrogenation catalyst containing Pd and Ag on an inert support
was ground in an Eiger ball mill for fifteen minutes at 4000 rpm to0 make a slurry of
25 weight percent solids to produce a mean particle size of 1.5 micron. To this slurry
mixture 1 weight % of Nyacol alumina sol was added on the basis of the solids weight
in the slurry and the slurry was diluted to 17.3%. A 0.8 millimeter thick stainless
steel sheet containing 12 micron fibers with a porosity of 90% was cut, corrugated
and formed into 16 different sheet sizes. The different sheet sizes then were coated
with this slurry mixture by dip coating of the individual sheets. The excess slurry on
the sheets was removed by shaking and dipping on a paper towel. The sheets then
were dried at 120°C for 15 minutes. After drying the sheets were stacked bundle-wise
for a heat treatment in air at 500°C. A total of 22 bundles were made with the average
percentage of catalyst on the coated bundles being 14.4%. These bundles were loaded
into a fixed bed reactor and successfully used for the selective hydrogenation of
MAPD in the gas phase.

Example 3
A selective hydrogenation catalyst containing Pd and Ag on an inert support

was ground in an Eiger ball mill for fifteen minutes at 4000 rpm to make a slurry of
21 weight percent solids to produce a mean particle size of 1.5 micron. To this slurry
mixture | weight % of Nyacol alumina sol was added on the basis of the solids weight

in the slurry and the slurry was diluted to 10%. A stainless steel sheet made of 12
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T &gH'! % TA e £ €2 thonoliths were made. The different monoliths were then coated
with this slurry mixture by dip coating of the individual monoliths. The excess slurrv
on the sheet was removed via an air knife. The monoliths were then dried at 120°C
for 20 minutes and treated in air at 500°C for 1 hour. A total of 22 monoliths were
made with the average percentage of catalyst on the coated monoliths being 8.63%.
These monoliths were loaded into a fixed bed reactor and successfully used for the
selective liquid phase hydrogenation of 1,3 butadiene.
The disclosures of all patents and publications referenced in this specification
are specifically incorporated herein by reference in their entirety to the same extent as
if each such individual patent and publication were specifically and individually
indicated to be incorporated by reference.
It is to be understood, however, that the scope of the present invention is not to
be limited to the specific embodiments described above. The invention may be
practiced other than as particularly described and still be within the scope of the

accompanying claims.
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1. A process for selectively hydrogenating an impurity in a feed
containing hydrocarbons, comprising:

selectively hydrogenating said impurity in the presence of a selective
hydrogenation catalyst supported on a particulate support, said supported catalyst
being supported on a mesh structure, said mesh structure being a three-dimensional
network formed of a plurality of layers of fibers that are oriented randomly in the

layers.

2. The process of claim 1 wherein said fibers have a diameter of less than

30 microns.

3. The process of claim 2 wherein said fibers have a diameter of from

about 8 microns to about 25 microns.

4. The process of claim 1 wherein said impurity is selected from the group
consisting of acetylene compounds, dienes, and mixtures thereof, and said feed

contains at least one monoolefin and said impurity.

5. The process of claim 1 wherein said impurity is selected from the group
consisting of olefins and dienes, and said feed contains at least one impurity and

one aromatic compound.

6. The process of claim 1 wherein said impurity is selected from the group
consisting of acetylenes and a compound containing adjacent double bonds, and
said feed includes a compound containing double bonds separated by at least one

single bond.

7. The process of claim 1 wherein said feed further includes carbon

monoxide.
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area of from about 0.1 m* /g to about 300 m? /g.

9. The process of claim 8 wherein the particulate support has a surface

area of from about 1 m? /g to about 200 m® /g.

10. The process of claim 1 wherein said supported catalyst comprises

palladium, platinum, silver, nickel, or a combination thereof.

11. The process of claim 10 wherein said supported catalyst has a metal

content of from about 0.05% to about 25%.

12. The process of claim 1 wherein said mesh has a void volume which is

at least 45%.

13. The process of claim 12 wherein said mesh has a void volume which

is at least 55%.

14. The process of claim 13 wherein said mesh has a void volume which

is at least 65%.

15. The process of claim 14 wherein said mesh has a void volume which

is at least 90%.

16. The process of claim 13 wherein said mesh has a void volume which

does not exceed 95%.

17. The process of claim 1 wherein the supported catalyst is coated on

said mesh structure.

18. The process of claim 1 wherein the supported catalyst is entrapped in

the interstices of said mesh structure.
18
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19. A process for selectively hydrogenating an impurity in a feed
containing hydrocarbons, comprising:

selectively hydrogenating said impurity in the presence of a selective
hydrogenation catalyst, said catalyst being coated onto a mesh structure, said mesh
structure being a three-dimensional network formed of plurality of layers of fibers

that are oriented randomly in the layers.

20. The process of claim 19 wherein said fibers have a diameter of less

than 30 microns.

21. The process of claim 20 wherein said fibers have a diameter of from

about 8 microns to about 25 microns.

22. The process of claim 19 wherein said impurity is selected from the
group consisting of acetylene compounds, dienes, and mixtures thereof, and said

feed contains at least one monoolefin and said impurity.

23. The process of claim 19 wherein said impurity is selected from the
group consisting of olefins and dienes, and said feed contains at least one impurity

and one aromatic compound.

24. The process of claim 19 wherein said impurity is selected from the
group consisting of acetylenes and a compound containing adjacent double bonds,
and said feed includes a compound containing double bonds separated by at least

one single bond.

25. The process of claim 19 wherein said feed further includes carbon

monoxide.

26. The process of claim 19 wherein said mesh has a void volume which
is at least 45%.
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28. The process of claim 27 wherein said mesh has a void volume which

is at least 65%.

29. The process of claim 28 wherein said mesh has a void volume which

is at least 90%.

30. The process of claim 29 wherein said mesh has a void volume which

does not exceed 95%.
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