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WD 2008/ 002364 PCT/ US2007/ 011890 01-2674A PROCESS FOR

PRODUCI NG HYDROGEN PEROXI DE FI ELD OF THE | NVENTI ON 5
wabmsiomsent i on relates to a process for reactiPQI/us2007/011890

hydrogen and oxygen to produce hydrogen peroxide.

BACKGROUND OF THE | NVENTI ON Hydr ogen peroxide is an

i nportant internedi ate chem cal useful in such to

applications as water treatnent, pulp and paper

bl eachi ng, and organic synthesis. At present, the
01y ci al process for produci ng hydrogen peroxi de

i nvol vepRraOUESs ROR FROBUCING HHMDROGENREROXIDE U. S.
Pat. Was. 4,428,923 and 6,524,547). The process

requi res nunerous reaction and purification sections,
uses a |arge vol umrEDD GRTHENNVEMTON ovi des a

l esﬁ‘gtsgﬁgﬂ'gl%gﬁl teg at% agF)rJBégé ‘?ﬁgf}aacﬁﬁg Wg?&%eé?ﬁand oxygen to
prodiuiet hyainogsn pgbixaen and oxygen in the presence of a

suitabl e catal yst, particularly a noble netal

catal yst (see, e.g., U S Pat. Nos. 4,335,092,

4 772, 458, 5, 2BACKEBROYNDIOFSUAE INYENTIOd S,

i—@dgc% gg%ﬁjdﬂsg%?’an @nﬁgé%rﬁagten@\eaﬁﬁ %ﬂ@mlcﬁal Q%qullrgsuch

ap@@jgatqu§5 9@58vatgrn dregj@gmgogg@gﬁ\d RAPEF olﬁlﬁggymg,u Carpdaé)rgamc

syhiHeRld. & prés fR58A1, §8e cbR&lBial frodess MaBirodiitng hgaﬂbgen peroxide
| nprove hyd

rogen peroxi de yield. v e
inpaivaRoREINSGEoTR ALY dRteD (§8P.eSn TR Pt Nos; 326,023 and
6 §@Jé Sﬁ’ﬂ} d¢HQ gr8&éds féﬁ@ﬂé@ Myirmedolis ﬁedﬂtueam piiificatid® Bections,

i scl ose ydr ero
w58 rfgrap KABETS, 8% ool PaT AP aldsnankases o REbUfoen
perakigeyst inpregnated with an or gam c

\?\glt g%/cp ?ﬁgngp%tg){lﬂ% §gn2$$g e mtardgtb)} 3 4RSR lrQQ}f*tﬁ)H Bf m{drogen

orts, nNew’processes
artty dxyEgEn irp éed pirelserfoeood amuihab@enatary@t op@rtjewlarly teh noble metal

o 5B S0 S AR R R 2P 208,02, 5,846,898,
5,061,8185 6t1@8«37 Kfr 2,884, 2113r 6376026 BB87,81@g.A3PI18x BR49,140;
f%o,gﬂ&pl aft&bé?éﬂ%%s‘ Dol 181 858N GRdO20ds/00Med7). A

Ca I onicC
promoter such as chloride, bromlde iodide (e.g., NaBr, HBr) can improve

hydrogen peroxide yield. However, these promoters are generally soluble in the
reaction solvent and their recovery is troublesome. EP 0 498 166 A1 discloses
a hydrogen peroxide-producing method using a catalyst comprising a platinum
group metal catalyst impregnated with an organic halogen-containing compound
that is insoluble in water.

Despite these efforts, new processes for making hydrogen peroxide from
hydrogen and oxygen with improved productivity and selectivity need to be
developed.

SUMMARY OF THE INVENTION

The invention relates to a process for producing hydrogen peroxide from
hydrogen and oxygen in the presence of a noble metal and a cationic polymer
comprising a halogen-containing anion. The cationic polymer improves
hydrogen peroxide yield, and it can be easily recycled.
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conprising a hal ogen-contai ning anion. The cationic

pol ynmer inproves hydrogen peroxide yield, and it can
wheoosasisby recycled. | WO 2008/ 002364 PCT/ US20871/09089011890

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process uses

a cationic polynmer. A cationic polynmer is any pol yner

that is positively charged. The positive charge may

reside in polyner's side chains or its backbone. The

o1 sul f ont BRI H Rl DN Ser e Ry EfgRe "o

pho&m@qnba@%s LSES arGaiohie myrﬁaur yA ceionicaulymet & anyapylymer

quat er nar Po S 1t ai
g 7 BT OB BRI S ROy S COISSem o Ea i, BB sice
chait! & Ns Ybackibonsi unThe neatidiics tpatyreére mayl @crréalnh@smnomum,

PRRPY Ry EOr Wi Sfie 2 Bnfih o pfiggphorium
iod Inedy, balpriharly, sedééndssy.etertiaryi ne quaterharyy | Pelyawsrel containing
arlrérixtpﬁgﬁﬁ &oe}%g?t n@e"érked %qe 'Bré‘l‘ﬁﬂfe@%réqﬁéseé)&ont]a_nﬁng Q!Jaternary

r conpr Ses a en-contaln I Ng
arﬁlnehemamrﬁ Mdsé prefestpshatesthose coneainng e ng'@'@ﬁim ions.

Qactloﬁd B@Kﬁ’\%ﬁ ﬁf’%ﬂgdrﬂg n dth&FuREtior=PEidips su%ﬂ Qasr@ztﬁéﬂ raﬁ%hol

ereo en-contal ni ng ani on Ny € a na Id

estary aniing  carbexylig @ﬁ\dc satosenARg tfﬁﬂl“% ﬁaf’én&%%&aw%ft e,
phengyd dstioriid b@@rﬁj@r c&ﬁﬁhsﬂ% a&ﬁﬂbgﬁ%gc&ﬁalhldgeamsm Padreeably,

ani ons i nclude | ori de

' hl t
hBrSHoaR 15 BRBRAdTO PO GONTAURG of SHISF Bt BEDIGR: e

arfd AlGRARBEHF € The, rfalo@brcbérﬁéw’@mﬁn theay Bach mlweu bmnlon

ARG EPRIAINERFIRLE: BHOPRP Bt br el aPEE, Apie. o the

likeh! Batadle apesrehiriades, e, Ochldwiade bcldnmte,, pemiiatate, bromlde,
eri odat.e,..and m xtures th 20

N N AT e

dithlerapdfenosridd, tdrel middrepr tfegeofed P@fbm'edn dnionF haree in@rganic
many .suita e C, R0

(B B SRR bR PR aBOLARGS Bl

perchlozatedbtomigde! pramatei iedide, Reriddeis. Antb ABFEFES thereof.  More

pl%?&’f‘?ec[ %Rl&ﬁs%%' Pléﬁégéémﬁwrﬂaél iR, =P hﬁﬁhﬁ‘es thereof, and the

Vi n uncti ona cationrc nononers include, e.g.,
mmhpmmdwlqiymw ni um hal i des, N- vinyl pyridinium

hal i fesre AbeNblrly! bakdeib-Wapd ror FM@thr&mbhwmb@méigmf the
N, N, N- trial ky Ialld¥lammn|umha

inveniiettr {1 GRp)BERA the FBHIRYE AAASLIR PrEPRERS by [polymerizing a
cationic monomer, preferably a vinyl-functional one. Suitable vinyl-functional
cationic monomers include, e.g., N-alkylvinylpyridinium halides, N-
vinylpyridinium haiides, N,N,N-trialkyl-4-vinylphenylammonium halides, N,N,N-
trialkylallylammonium halides, [2-(acryloxy)ethyl]trimethylammonium halides, [2-
(methacryloxy)ethyl]-trimethylammonium halides, (3-acrylamidopropyl)trimethyl-
ammonium halides, N,N-diallyl-N,N-dimethylammonium halides, [2-(acryloxy)-
ethyl-]dimethylbenzylammonium halides, [2-(methacryloxy)ethylldimethyl-
benzylammonium halides, and the like (e.g., U.S. Pat. Appl. No. 2005/0209396).
Suitable polymers can also be prepared by polymerizing cationic monomers
containing phosphonium or sulfonium ions (e.g., P,P,P-trialkylallylphosphonium
halides, [2-(acryloxy)ethylltrimethylphenyl-phosphonium  halides, [2-(meth-
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(et hacryl oxy) et hyl]-trimet hyl anmoni um hal i des,

(3-acryl am dopropyl ) trinmethyl- amoni um hal i des,
woRddsdoabd yl - N, N- di net hyl ammoni um hal i des, PCT/US2007/011890

[ 2-(acryl oxy) 30 ethyl-]dimethyl benzyl ammoni um

hal i des, [ 2-(nmethacryl oxy)ethyl]dinethyl -

benzyl ammoni um hal i des, and the like (e.g., U S. Pat.

Appl . No. 2005/ 0209396) Sui t abl e pol ynmers can al so

acg/fm@ret gﬁigﬁﬁ%&ﬁ}ﬂ;ﬁ hﬂ ETIP ng G on:‘lf‘a Pa(mdépropyl)tnmethyl-
phBsphdhitimi phkddsai b yF-giatgahoethyphdsghodiem halides, [2-(acryloxy)-

eSS SR USSR A

beazylsdrmyshemuhm hbhdénetmallxmwlghiﬁmnwm ielidied e @llyldialkylsulfonium

hafﬁgﬁdl gopayd =N F’P%Eﬁom vith %ﬁfé'?o\ﬁh}i PhBALINGRS (styrene,
proRidras rdﬂwydyénzeebh 9br]ylic aeldh pthybacrylate iﬁﬁ@p‘h@rﬁ'k@)ﬂ

o bieanothér (HEhAAC Y| QXENE! Rl TR Wiade by polymerizing a

ben os honi uni haI yl al kyl sul f'oni um
mdmbmelres) f@rm Wl Uﬁbmpwilymﬁrf%n@ PPV RIESYT 3°Coﬁ5‘§| DSk ESor is

thé??ytrg?eﬁr r e, Viikfla i &r ):Sfd'ié!ﬁatlﬂh')‘ Oﬂﬁlﬁ Sa (ﬁélﬁgéﬁl%ontalnlng

propyl ene, IVI n enzene, acry ic acid , ‘y
coarmqunatt@ fomdhe SPFPﬂéaat'OF'ﬁ RANPREr Pfﬁmﬁ’!ﬁf of;sucht maneers
po%%é!ﬂ?al’blé SbVH%dhbnp%MVﬁéhiétﬂﬂ\ aincli@eo naylbwriditgsn a-(N,N-
honopo ner or a co cur.s e
d'@'hﬂﬁww@a&vane(se %V'ne'syx ﬁzgﬁ? oYf"QP“'BPE?%Sﬁa?qﬁ’Eﬁ’RWWGS
an@ldlihakmmmasal mlyngobmaramumwanmoyemylhacnyeues ednd (2-

58550 SoS) 1 558 8h ASBAETL P, S Pt

Potymy apyefi. diﬂ_c 5(1949-70 NI,‘.ZNQ Brad. lﬂbl\am Bo). Sitly(1886% 283). Polymers
benzi.m daz

prgin%lgiﬁ%y oI & YIQWPH% ne %Mr’&w(yglﬂl yI p 0@ pqqmethgllammo)styrene are
prafelrtséol Mimgpyrielirss pélRreira orhapalyropes erytormiynyérs) ere pawigularly
pr%ﬁe aI Wlp%EQrﬂ%) %trgéﬂr gpté%%c raYéoa Ee's fé@@greﬁh%yl 'c5ﬁdensat|on

pcaﬁ(\émzz(tmsaﬁ}‘. in2he rea?q:t@;! b@weyzma Q@mePn@l@sﬂS)ahgséfee e.g.,
50 4&{ gep%{ ﬁ%@b?@?‘gwlﬂa\%% Rfdiamine and an epoxide
Vi Nyl pyri

I ne [ 'am no) styrene are

(speebarr UeS. RatajNoyt 668, ﬁEboWﬁ%r%ppksrmﬁBpmﬁwﬁ%ﬂmher reacts

wit? P YTRY| Shalffe® (@tﬂ&lt 'b%ﬁ!’e' YmethyEfidited n-grop9l YARIide) or a
recursor can al so yre pared by caqndensati.on

hmpmmafae.(w 5@, ¥} e PR PoRSTERdGRIPniC olmRe  Alky!
br@ﬂ%é’s g'h Brorhigiee ety Bromide, Gﬂ)p%éﬁﬁﬁﬁie UeSzylF!Hbmlde) are
q}n or between ﬁ"gé e. and(il g OXI
piptareed aogj reanahl 1s3Beniy. Eig BEpYRg)S LSt EXROP ik
pr eciyiiss abt ﬁétéd%ery tce asmnpletely tdonaert ankivie, pladspdénd, esrhpioether
gr%LSTJ‘ tg ammonlmﬁl phggp'xrgomum Bf Q&YAnlﬁlﬂllgﬁé dﬁ)po‘ﬂtror‘?of free amine,

phosphine, or thioether groups (e.g., 5 to 95 mole %) may be present in the

cationic polymer. The cationic polymer may be formed in the HzOz-producing
reaction from a polymer precursor. For example, a crosslinked
poly(vinylpyridine) and HBr may be directly added to the H:Oz-producing
reaction, and the desired cationic polymer is formed in situ.
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hydrogen halide (HCI, HBr, H') to formthe desired
cationic polyner. A kyl brom des (nethyl brom de,
werdvghodssom de, propyl brom de, benzyl brom deRCEHUS2002611890
preferred post-treatnent reagents. Ethyl bromde is
used in Exanple 1. It is not necessary to conpletely
convert am ne, phosphine, or thioether groups to
?m’mnl um phosghonihum or sulfoniumions. A portion of
ree am ne osphin t hi oet her grou
to Q'Qerﬁﬁt'en%&ﬂﬂ? ber ?r@g[é’n't‘a?ﬁ nyfgoe c%\fqrg%? gnoég?ular yeight
(MEESf afldaen QQ)OIDOEMHRJ erabelfSOMmSI akt reasih®,000, most preferably
Ing 30 reaction froma pol ymer precursor.
it ig-gf Ie@}@gﬁ(& @ a crosslinked pol y(vlony?/pyrl gl ne) and
HBr Tieycdtnit pelgltdey isquiefera iy tdnessHRK o seidugdentis solubility in

i el et Gafifssiihnitln 80l Rl =gt sned n

the atti. oDivinyfEnzese, for ekampls, Wa)abewqegrﬁfegrogelmagent One

exgﬁ-@? er%fﬁ%u&ﬁ' bﬂ&:'\/glﬂa{mﬁrafs 'aﬁgﬁﬁc g?rQ-QQcheMbree resins (see, F.

Its nost preferably
Helferich, ag_l;i‘ame_gg WeGravyll cBaitqko‘ﬁPE‘pBBVyl?@r (1962) pp."47-58).

Ar{?c't;1 b Crely oq;ern%?ajfy' gbsGirt Oarﬁlﬁgucs‘ijﬂshﬁjté@'éfﬁinbl téfniﬂ@nuﬁn or

reactl Crosslinked pol yners are
sukatimted sMmeRivRIOITOYRS- [Seifable catiopicpelymeys, V@‘eﬂ%’ﬁéed by

ex@ﬂénﬁﬁ@nmeeanﬁﬂﬂeb , Uspg 615aﬁr Qﬁﬁﬁd)ﬁikﬂn%rﬁ@ﬁmb iocBPexchange
exanp such i oni ¢

re?'Bn(-eeQ(cﬁ'HﬁQE hase; rﬁ§m€s%V@|l ple rg@ #&?Qﬁng Iqa?%ﬁ:ompany) with a
haﬁ&ene@em NB@; awottir | hafsn-catpiaing ahion.(e@LIBE)s pif4), or by

regﬁtmg pp Lﬁr@@e qﬂnﬁ%nlﬁglrﬁ%wg%nge r g\lgel% ot?ass&?eltsﬂ}sa?]sg Svailable from
R iHEAs) itthpsn allyl hallolee( ettt |bmm‘uﬂepo1le;th*yslrlgdlday Beth gelular
Mﬂ?rﬁmt%wgiéﬁragzﬂ%ggeu& na" cgﬂ 55 lgsed O’k/lbcﬂiret"i’cf‘ular jon-

exch ange resi ng
emaaage esesiss,awehittabtendistornf R@umqmnatﬁs ccdrrp/my) sm/all hoglular

t
oS Have o Pligine, IR5 BabGEfs S0k i Baricuiery
prafeérregl.containing resin (e.g., weak base resins al so

aV&l"i'f‘?'@h?eJén??&c@sB%@h% h@@l%) mitdi h S%ﬂaBlekb(éle&hétﬁl% include
romd thyl 1odide). Both gelular

qu,cisl t platimen, P@M@h'ﬂﬁ@’éﬂ-r%@‘%u'@a S'B‘&’Us@@”'“%’ rhodium,
a le"u&{ﬁéé QHéi%f' OfrefEEN }oBR: MASARS ardMPds IrPtcwrusl R, Ab and
a onerates of very snall gelula rosphere
chesiherssho Lale A RhbopenesieGicdt Bo pRFL ditger Slohe or
med?rﬁtﬂhé@cﬁn palladium is particularly desirable.

The noble metal may be essentially elemental (e.g., colloidal Pd, Pd-Au
alloy), or it may be supported on a carrier. Suitable carriers include carbons,
zeolites, titanias, silicas, zirconias, niobias, aluminas, silica-aluminas, titania-
silicas, zirconia-silicas, niobia-silicas, clays, ion-exchange resins, and the like,
and mixtures thereof. Zeolites generally contain one or more of Si, Ge, Al, B, P,
or the like, in addition to oxygen. Zeolite may contain transiton metals
(“transition metal zeolites,” e.g., titanium zeolite, vanadium zeolite). Titanium
silicalite-1 (TS-1) is a titanium silicalite having an MFI topology analogous to that
of the ZSM-5 aluminosilicate (see U.S. Pat. Nos. 4,410,501 and 4,666,692).
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20 The present process uses a noble netal. Suitable
nobl e netals include gold, silver, platinum
w@2ioBaekizedn i ridi um ruthenium osm um rheni UPGET/US2007/011890
rhodium and mixtures thereof. Preferred noble netals
are Pd, Pt, Au, Re, Ag, and mxtures thereof. Wile
any of the noble netals can be utilized, either al one
in conbination, palladiumis particularly

des able. 25 The, n bl e

el elr'{gﬁ'fealar? 'Qy Partay ro'ie&g%t'?’as n%éa%?ng‘é‘%ﬁ? %0%4 bf the noble
mé’taVc&apsummrtwdwmu asedasi the. satuice i ltke ewble meéel Suntable

i ncl ude cap eoI t il
conPOLEAS ag\c bmgg sld,ﬁﬁ?%ss hgﬁfgsgz_e aﬂs’u étﬁ&"fﬁes bromides),
CafbdX@th@S (g, lacatate)z and aniige sr phoamna.cgmpée@mfmb!e metals

cl ays ha S, dbe liksax tﬁ‘me ibhosph
ﬁ’r xt Lﬂaé'?gp“ﬁ’g@ﬁz ?&%é“z)"ﬁf’l%s g%ﬁg}la ly contlz% n onng porosp ine)
palftadier)f Si, Ge, Al, B, P, 30 or the like, in addition

to @(ﬁ‘lg‘%{\r t%&@xc{aﬁoﬂ%‘&?té%ttﬁé HOB[;. Ahetd| i@ RotTBlitRda®  Palladium,

( tran onrre tltanlumze0|é
fow instainasn mayl be dn. arTj axigatiom state janywhese frqmrd 1ip #4 of any

coﬂﬂnﬁﬂidﬂ‘bﬁ%uétﬁ@khé&ﬂ"‘&‘été&g PH aUﬁievEQﬁ@'déﬁVe@@&id@ﬁwstate or

alum nosilicate (see U S

coRSnatieny ), SURHAR 815D, HI)TOBleVBH0SPORSYEd afer being
dPEtiteP2R0 T Ib#eet mBhepe fang oncparaially (plné-aeduced Satisfactory

S RS0 O G3ebS, S, PO, B Bcto.
Tyﬁcfé!l&/ th%témabrht&)fhrfwlmmm $>kr)esmit welative ta 'duegcsarrl?uf fratherange
al i de 0 car boxyl at es
Of?'é’"c};% OS%&’e%(gY"’é)/c péﬂ‘{?r%ﬁéf R {c??énwg({zphl ne conp?/exes of
n0b|'ﬂwerrﬁbale8m'étdla>rgthe quplploated umgHie )metal ohdingripnesent invention
oy BB b A PR KB NEE c BREEl onn
wittih and tisc aurro@adédadlyum layeorofi potvarrre, Swiipbir pql,yrgﬁrs and
tegﬁﬂﬁg%é 98¢ %Beégsuc l;lé LB §1fpdbheﬁnﬁoble metal with a

Rat ron o t| on st at es. achi eve
palgsier aieoctesmbednlnsﬂa‘ﬁ eF’at Apple dTHh- n%lPi @05@2&193% i [pnone

%{%ISF‘ edgs}ﬂﬂl'@bh% RIS ﬁ%@lo%nd tﬁ&t %pr@hé@ noble metal is

osite the carrier be full artia

erpre@srll@d%rt byl 2 GadipnisiRalyaesas e%mbw.qboasr@ ? F‘réﬁ'&‘é? %%Hebw)

hOV\B@ﬁ* erpﬁn@th&éio@%ﬁ PHiskB e réqvirgd fortRE peddeds. Although any

a %y t he amount of nobl e net %f rEreselnt rel at |(¥)e) and
SQ‘HC?Shé?fc drpgen jang AXYgRN CERGRE Yseds PMBRICEUIET PYOS)

m‘Mec%arﬂiﬁfr@éé‘stlz)%ré ptr@feE'eW( Phe irioldiheatioodfl leydnegeal tcooxygen

I-E hSz)Suu erc)lolrstp?'efer%iy wutl;1n3nt t%e r%gwgetzh? 1p‘{ d3 ?oe% 1' Wgrrét ﬂwgfbrably the
H,:0. ratio is within the range of 1:5 to 5:1.

In addition to oxygen and hydrogen, an inert gas may be used. Examples
of suitable inert gases are helium, argon, nitrogen, methane, ethane, propane,
and carbon dioxide. Because it is cheap and readily available, nitrogen is
preferred. The inert gas advantageously provides a way to keep the oxygen and
hydrogen levels in the reaction mixture outside the explosive limits.

The process is performed in the presence of a solvent. Suitable solvents
dilute the gaseous reactants to a level effective to allow them to safely react to
form hydrogen peroxide. Suitable solvents include, for example, hydrocarbons
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may be pol yner-encapsul ated. By "encapsul ated, " we

nmean that it is contained wthin and is surrounded by
wa2doapexseof pol yner. Suitable polyners and tepdmiUspoes011890

for encapsul ating a noble netal or supported noble

metal wwth a polyner are described in U S. Pat. App!.

Pub. No. 2005/0201925. In one 20 particul ar exanple,

t he nobl e net aI or the supported noble netal is

ARS8, 2 WD SRS T bone

(e @e cmtmaﬂmﬁ@thahb eciiobensend) ﬂdwngtecahydmoanb@es) afitriles (e.g.,

a5 o S4B SR Pt % PP Rl

havatdpprediatblgdsadgtailitytio tbe ysgpbient. 25)>(y|ggngga)d selvents qre preferred
f bl f. 1
TI'%r g}qzqr g\glt%j \@PL\JEn?'_gbgafe?ﬁ?? % I|g€nd nd t e}e%dﬁgge%ondmons

Suiitablet coxygénated adiientnaneo vm&9genxw RO, hydfocarbons
(af i élé %ﬁi%r stQ?s UsftGhe @%@pin%ﬂ.kéaf céﬂ‘ﬂioha@ibﬁ’denﬁh& mixtures
are I Um argon, rogen met h ane, etha

ne
thmpand’refqrﬁ'ﬂ c@fYQ@ha@F’oﬁPHQNtSBé'@%Mg% lawers aliphalis glgphols,

8@@1@“4/ ?&11 ;E%Qgéélléglﬁcgﬁ subh BE ngéﬂahél aﬁ\aﬁbﬁf'éﬂdr@ﬂyl aldihiol, merlt-lbutyl

to ke
aicasl. pdiiondhel SuRITEHet RePah. FIUATITAH HBnE Cridieo be

uselde Péﬂicgﬁdrwepﬂeféﬂécs oxﬂ'd&\amwgﬁﬁénlssar@ewéwrmmandl hearbon
presence

Sui t t t
diggdecand w@&et%‘?@ thﬁlégb"aﬂfigf"vﬁgs 3?'FL5° t‘%‘%’ a co-
sdhﬁbrﬁafteksy préReably 0a Ifquidndnysr sgemerniterabxiuid . urler t tabl esaction

solvents include, for exanple, hydrocarbons 5 WD
coOWPNS02364 PCT/ US2007/ 011890 (e.g., propane, butane,

i sobrHeapecess mmnss paryorersssin,a bentoyonatilow. ﬁ?Wﬁ@&hb@hgatCh
f
mﬁéaT &fgfj%%ﬂ&;) it %Tﬁ%r G eesd Erhé %Hﬁﬁ‘%ﬁ%ﬁ’."t’{r‘% ') Rk %ble metal

aruk ftgecationic polyoantreay Peafsed albléys‘ub’mqli anfperchesh étria preferred
éﬁ’&% @Y&a er%rsgﬁf‘ea\phr‘ﬁn§ %%dé &t/ 1 't<5‘ 2bb€ba$9| YBBtreaction is

Vo 1At ents are erred he oxygenat %
pertdroet at estqammrettﬁg |eifeatwq @mradmme ‘i?ﬁéfeﬂead‘t‘,?‘t"lir?f ydrogen

pgrgQQi' L0 ranl LHttt@E'lp rﬁﬁb&eﬂﬁﬁlﬁdthéoffé('@et &f 8¢ tved(®°C, more

Xy g eh contal rocarbons (al cohols, ethers,
pl‘@éﬂébbﬁ@(@t@n@éo the | i ke), carbon dioxide, and

m Xt I‘t”rﬁa%/ bé %@K/Qﬁtfage&ﬁ§fcﬁbééfdn@(:}tgeB&ttﬁlde%dldseimbEJde lnorgamc
o S A 4! PO i SR S SHUBBIBN, Kol 2iffmonioe
aéner hydrebydmicoadidl cpyrebhosphbricherid, i dasticeardd m Breuaed is typically
addeJ wntfhln {: leulc’)gr{gneagF 8 1 { C%](% Spr%?er}aelk/S(?wt% 100, more preferably
from 1 to 10, parts per million (ppm) based on the weight of reaction mixture.

The hydrogen peroxide produced by the process described above can be
used for many applications. In one particular application, the hydrogen peroxide
reacts with an olefin to produce an epoxide. Methods for conducting such a
process can be found in copending Appl. Ser. No. 11/312,036.

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention
and scope of the claims.
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used. Particularly preferred oxygenated sol vents are
wat er, met hanol, carbon dioxide, and m xtures

wao bmsea3c4 \When carbon di oxide is the sol e sol vErt/USI00E011890
co- solvent, it is preferably a liquid or a
supercritical fluid under the reaction conditions. is
The process may be perfornmed in a continuous fl ow,
sem -batch, or batch node. Preferably, it is

nd ¢ ndecabibu £ GUAHRINZE BTy RERPRRET 7
fi éﬁdﬁxbg@rvem c%drﬂtd#ﬁm%g @{lg(mxgdylpyMIW%aMdZ% ceosstiniedd, obtained
o2 Sl AR5, By OB L Fiteq o 70

with ﬁﬂw@fdrhﬁ hiéisérr edoledutonboot temypkretyee. Ahepsoliskisdeolated by

referab at, te oGt
ity Wagees Warenanp}, 2R el SpPatbomg o’ nstan:
weightarftregecosered sofid (Addla\ze 4. 358 g)am:néalae FZQSNtr%d?r"ude
i norganic and organic acids, e. g nitric acid,
sul furic acid, phosphoric aC|d drochlorlc aC|d

hydr obr oni ¢ aci EX&MPbﬁﬂoEﬁﬁEﬁ'ﬂcC EAHYSIcetic acid.

;I' gel quS 5"‘#’*%@%' %llg\ﬁln@dgl‘%&%@%‘ Hlsblﬂgedﬂ aﬁgg S)fP& Nos.

nor e ef e na
4,419, 50‘1@nd|d’a$$%2§@r Sﬂ“FY ﬁw (ﬁpHs ygee (‘ﬂ@""%@i RjRgedures
dnﬁéloé{o%tu@ PHLXNE! §,065147%. X EaagRe op epriyi difeddT BduEedtaining
rocess descri bed above ca sed fvar nianxoo is
808 1 0200 S11cR, bIOSE: ﬁgm%r%ﬁ"fgﬁfﬁiﬁ 2oh et 100 9)
st iRHAH IiGHE K Wder 02@801’615) Wltlritb tha sthref, iam aquqzm[sdneh'eaamme
or co su C
o a8 somion S SARBIA2 8o WER 595 B BEERRA AR pr
sfazijuszm g 7€3BMthe30 m:%laguebusjsinraomumbydm@m $aution. The
kil,l e
rop B Sth Soh sePiphing, ik sy, s LERA AL SoliBAY i @ 30°C water
bathdos B0 peinof Thésolid & isplated WO filtcRNO@RBthe filter cake is washed

STk %}%%Mséﬁ%? wgﬁ,ﬁéa r%@gﬁfﬁﬁ ﬁﬁ? followed by filtration.

Tlpw |sp(m4a/ drigd iy rirdoyreniohe et nocern%smp@é%mrq:kaéw thewy igj ; ¥gouum
ﬁ%‘;é‘? @"égi’oi: B 27HS grlgb tE'%hd by &ﬂblﬂﬁd Gr? aS ,ovéhdlﬂ bﬁ'b)y he’:lzlﬁﬁg it to

t th o
14058) e f@ema&e&ﬁvp@m aeidinoTg 19N fer 3 6. e hedipog 200°C

at H4G/hA LRA hol@A %ﬂ AoPd fBELNANThe caldinst Bl isntrénsferred to a
vacuum oven at b60C to. constant cover ed

agaits hsaddi is freajed Withga gqascm%taﬁenéfﬁgggw Q?”EJ“'“Q mole %
hydrogen, flow rate 100 mL/min) at 100°C for 1 h, then with nitrogen gas for 1 h

before it is cooled to room temperature. The solid obtained (Catalyst B)
contains 0.1 wt.% Pd and 2.1 wt.% Ti.

EXAMPLE 3: HYDROGEN PEROXIDE PRODUCTION
Tests are conducted in a 450-mL multi-tube Parr reactor. Five test tubes
in the readtor share the same gas phase. Each test tube has a magnetic stirring
bar and all bars stir at the same rate. Test tubes 1-5 are each charged with
Catalyst B. Test tubes 1, 2, and 3 are additionally charged with Additive A. The
amounts of the Catalyst B and Additive A in each tube are shown in Table 1. A
methanol/water mixture (9/1 by weight, 5.6 g) is added to each test tube. The
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EXAMPLE 2: Pd/ TS-1 CATALYST TS-1 is prepared by
follow ng procedures disclosed in U S. Pat. Nos. 10

W@ 2008008604 and 4, 833, 260. Spray dried TS-1 i s prEps20eno11890
by foll ow ng procedures disclosed in U S. Pat. No.
5,965,476. A sanple of spray dried TS-1 (contai ning
80% TS-1, 20%silica binder, calcined in air at 550C
21vvt %Ti 100 g) is slurried in deionized water

(200 . Intothe sl u anaueo tetr
reiﬁé?'l 'éoq‘ﬁﬂ(q9$do‘?'?ﬁ f'\‘%\rfee‘j ﬁlgh qe alﬁqnl %g 'Egérgﬁg heeteg to
305@; |t3‘s %uagged withdeyadtogét StopH)G amgs amdj thehecharged . vgth a gas

il 62 O0E o7 FTAER BoRTABRIND (D Bl 7E repERh ey in
eadh téﬁrmbé ifisfiosd wegpeticalyt &t 3@7C B0 nfh nefomet is stoioted g; room
ter{\me@gurfer iy hegf!ofnrggﬁtﬂ{ﬁ?t%na%q }E{hqoéélllt ro%ié Sin! %a@ﬁsmgtlon is

1 onl zed wat er
deltérn)unéd)lByoquidbyhrfqrmatogtapnblu (LOhe FEahedt i shaws éaat, mcludmg

vk e bedls MBS bEodbRED (0 B
cal ¢t usemnortaahtmpewt jout dhat test resaits ggnianly Be coporargd within
th%1 fné)fEx%lQl%é% anﬁeé%%‘f% ne @an{@l@@)f OA tésthirofhéfe Exampie

m n and_hol ding at 3 4
shiouldThet ke bomREERdith @nedTaTn diterant g Rle- %@mxz‘mple Test

#5 WPExarhblel § ahﬁepés@ d#SMnt Exé?ngﬁﬁél r(rbeqbwy @sé rilhé lsag&ﬂcatalyst but
containing 4 9 r.at.e

/S %,/9 S, oWI' tllms are
gigg veoodiffegant y'eﬂds OhbWalRIER PEIPKEGen RIS pEpayS A
corRlLefed int clb§ed3 Q9stefhst and ahendssngEnpdgitians | 'ﬁhélffsubntcExamples

ar%tbrgg/ét?ﬁ( taI st B)l co!né!al rﬁﬁ%ﬁ]ﬁa\é@ @Eﬁ] ?P 2 4 ?utthe

samﬁ@ qwmllscmedt Iil{blyidééﬂe rthe faetlthat diffeserPanmourds of @rxygen and
ve test tubes

oG SBLedneBted 3 peAbilS it BBt ERGhPles HroSA abafsrent
ra@ési dasresultrofatifierentsactivitiest ef caledysts @nugomd; Frusthermore,

| r
P SaIRNALT GRS PO ey sl of HVGPann ForgRBE 18 form
wafer tahd d3gpen pece BydrageAdeirokide l%fqrme@aara slupy. ghe difference
ms ﬂ% xké]“g-r@b r&dﬂosg 8@%)@@@0&4&‘%&5%@#5%6 cf)afrﬂautéé to the

ed to each test tube. The
duﬁemmgeap @S?QQZ‘@QW'QMSQO reactor is then cI osed
and flushed'with nitrogen. After the reactor is heated
to 30C, it is charged wth hydrogen to 100 psi g, and
then charged Viaole & GlyErogan Groxdea” g e oxygen in

NEEQgem) 10 I400ChEgt ahaeadd®@a | on m xt Ur ¢4203 (ppm)
1 Catalyst B (0.10 g), Additive A (0.0043 g) 3020
2 Catalyst B (0.10 g), Additive A (0.0017 g) 1990
3 Catalyst B (0.10 g), Additive A (0.0020 g) 2120
4 Catalyst B (0.10 g) 110
5 Catalyst B (0.10 g) 170

EXAMPLE 4: HYDROGEN PEROXIDE PRODUCTION
The procedure of Example 3 is repeated except that Tubes 1 and 2
contain Additive A. Tubes No. 3 and 4 contain 2% crosslinked poly(4-
vinylpyridine) resin (PVPy, obtained from Aldrich). Results appear in Table 2. it
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each test tube is stirred magnetically at 30C for | h
before it is cooled to room5 tenperature. The
wa@onsemssat i on of hydrogen peroxide in each sob@r/Us1w07/611890
determ ned by |iquid chromatography (LC). Table 1
shows that including Additive Ain the process
i nproves hydrogen peroxide yield. It is inportant to
point out that test results can onIy be conpared
within the sang
shayys et mabmiioneBd B B ekt 3B AV Rpiis HanTuR sy no
effétitdh ByRofe® peroxitid Jiewent Exanpl e. For exanpl e, Test
#5 in Exanple 3 and Test #5 in Exanple 4 (below) use
the sane catal yst, but give very different yields of
hydr ogen pero?atdez THydrogen Pecaide Prashuctipons ar e

SAmgvgeavan d H—€+6S me—ygas TCUIlfpP

LT85T £ ér ent Exang?%gl)yg%?@@ﬁgd%vh kel y di ffe:%n 2(39@‘8

hough 1 loatalpsttB €0.1Q @3 AddifrasA(DOI3@m)e abdut tIE7A5

act—tjhat

ff%reitéaé%ﬂﬁgaab 953595 ﬁ:eA Evgﬁ gen_get c%%%%rred

5 raacﬂiGmalyétrB(ﬂﬂﬁ@)dﬁVPEm.OﬁQ@g)proceed at 50

[ ot fferent—factTvigTes
cat al t@'y%t F oy § Furyl(]%PPr%?g t hese |cat al J\'/%ts

so5cat eﬂayalysttﬂheo deg)nposi ti on of hydrogen perofiﬁ)de

h f Arnm MWt Ay OMASA D e oD

or-ml—wat-er—and OAYYCIT— Ot ||yU| Oyt PTT UOXI de TS
formed in a slurry. The difference 20 in the extent of
hydr ofXAMRUED] B@LN@BWBENE-C&%HWLEURIDI%‘é@ RO

the diff Tabl e 1.

o ogen bor ot ST EADIEHIEGYCOHRREHINEYS,  To5 ©

Addilt | & e1-H2 RctaPrpntaining ta spiution eentfm"@g styigapt (3% 9k 4-
vuf){%))g% gggﬁg%g/@lg%e%bb%s&uﬁg 6&%&%(1 mgglmt ;IY&CAde (0.4 g),
an( gaeenes gplypin algohml) sp 'PnEio(b V‘f(%ggzo‘il@ iseodded ydter a-
iy g 5B s TS e
At A dIO°C SR RN AT (1o SOOI L g 6P petAidte. the
sofi@ns Filteredovidghesl Witk eididriked 4vater, myldpdrieddime) vaoasimn oven at

S R e L PR T 10

EXAMPLE 6: Pd/TS-1 ENCAPSULATED BY QUATERNIZED POLY(STYRENE-
CO-4-VINYLPYRIDINE- CO-p-STYRYLDIPHENYLPHOSPHINE)

A solution containing poly(styrene-co-4-vinylpyridine-co-p-styryl-

diphenylphosphine) (1 g, prepared in Example 5), tetrahydrofuan (8 g), and ethyl

bromide (0.3 g, Aldrich) is stirred at room temperature for 2 h, followed by 30

TV Oo0OQD OV TTO

min. at 60°C. The excess ethyl bromide is removed by ventilation into a cold
trap. To the solution, Catalyst B (2 g) is added with mixing. The liquid is
removed in a vacuum oven at 50°C. The solid is ground into fine powder,
washed with deionized water, and dried in a vacuum oven at 60°C to constant
weight. The recovered solid (Catalyst C, 2.4 g) contains 0.02 wt.% Br, 0.064
wt.% Pd, and 64.4 wt.% TS-1.
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shows that polyvinylpyridine that is not treated with

ethyl bromde has little or no effect on hydrogen
weeaexixet yi el d. Tabl e 2. Hydrogen Peroxi de Prednu$iooTio11890

Test Catal yst and Additive H202 (ppm) 1 Catalyst B

(0.10 g), Additive A (0.0043 g) 3470 2 Catalyst B

(0.10 g), Additive A (0.0043 g) 3600 3 Catalyst B

(0.10 g), PVPy (0.0029 g) 50 Catalyst B (0.10 g),

R

STYﬁfﬁIeQerbEN)beiﬂ@IaHImEﬁ is repeatad lexcﬁadhatrCat@msapnls miged in

T 384) Y ogti ﬂ?\pj;%h@% ﬁt% | neg?%g afidVd ”E en%’@l htains
abpet ox1 deg FEl. 4Rgpults appaan@o'ﬁeblpo'-i y(ltvsfmws ﬂmc%iﬁ)yst C gives
mlﬁ(ﬁ‘{ nglngpylg% ih M’.’amﬁ% h?@%@? e?m@&lg %gmgél"éoe\ﬂntl"i‘ Céat&lyst B.

en’’pur ge, |s cl osed and heated to
90Cfor 4 h, followed by another 2 h at 110C with

m xi ng. Aftef 'l*abéi§ a@@ntpﬁérbﬁe@ﬁ@a@@cmure t he

solid i tere with deionized w
ritesti n a vacuum ovenCétalySIOC for 8 h. Th é’b@@l(WﬁQ?

ot S ?f’ 1.6 W 9% N 15 EXAVPLCE

d/ TS-1 E@g%%g 1ED Y QUATERNI ZED POLY(S VRE!\E%

O 42 VI \weriwtiS (§=16 gD p- “STYRYLDI PHENYLPHOSPHI NS %A
Or T T ON SR AET00 g) 260

ol v(stvrene-cao-4-vi n\/l pyridine-co-p-styry

ph‘@nyl PetalstiEh@. 198 g, prepared in Exanplle 5) 179
ETTRNy @rt&%\td;m%g)and ethyl brom de (Q. 3 g1400

drich is Stirred rnnmfnnrpnrafura for
followed by 30 20 mn. at 60C. The excess et hyI

br om deex AMFEID8-adYDROGEN I PEROXIDE IDECOMROSI TIONap.
To the sol ution

i xi TRPS PR CPRGHAER Irca 4oBrBl StufubS FREL PR i tost tubes
m5ﬂ§re5&‘t@r Sigdredhé &agfsagusjprnarsteo Eacrre'tepbmmerhas avastgaetic stirring
b‘B’O"E‘f“? (??'Icg%?tzgtﬁt "\‘I‘PED& aﬂagdr % re"ébo er eéa%wi d%x‘%ra}lh%h/esq with
C&alyit £.gTuben 8 aindst Bredéhangedonith, CatahsuB. Themmoyifidef catalyst
magadchestdﬂbé is sh%’w-rl;sm ]Tab?e X\D %Qgﬁl thS’@%QétaP@ééé‘iﬁQW /an1 ib%gOAfter
an aqueous hydrogen peroxide solution (5390 ppm H202 5.6 g) is added to
each tube, the reactor is closed and flushed with helium. The reactor is heated
to 30°C, then charged with helium to 450 psig pressure. The reaction mixture in
each test tube is stirred magnetically at 30°C for 0.5 h before it is cooled to room
temperature. The concentration of hydrogen peroxide in each solution is
determined by liquid chromatography (LC). Table 4 shows that Catalyst C
causes little hydrogen peroxide decomposition. Catalyst B, however,

O T nVWOTO

decomposes about 45% hydrogen peroxide under the same conditions.

10
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EXAMPLE 7: HYDROGEN PEROXI DE PRODUCTI ON The procedure
of Exanple 3 is repeated except that Catalyst Cis

wased 00364 Tubes 1, 2, and 5, and Catal yst B i SPUBES200TIO11890
Tubes 3 and 4. Each tube contains about 0.1 ng Pd.
Resul ts appear in Table 3. It shows that Catalyst C
gives 5 nmuch higher yield in maki ng hydrogen peroxi de
conpared with Catalyst B. Table 3. Hydrogen Peroxide

(015 g) 1430 Earhiyen opx R oottt 10 1 ¢ g

Il th-t JgatByst Creadtgr . Fijve 6480 tubes lo 4n the
haro tho canmn oo lebgo -
S-S FE—gaSpn Fact—test—tpbehasa
rr@rgngti d %??tfapﬁﬁaorﬁ‘@aq and |al | g\Ps stlir at tHe same
ates TLt(%talystB,(oaocg)S ar e chaeged wijt h Catdél yst C.

Tlbes—3+tand—4—pare at-get—w-th *aly‘r B—Fhg—amount
of chtal ;}%"i'uta'yisﬁngg:"I‘?QUbe its g\‘XR Table 4° Each
t be 5corft@ataistqot160g)l ng Pd. SADOer an aquedus

1t [ 200N e HI209 |l AV H
hydrogeA—perox-de—soetut+on-{5390ppmt+i262—5—67g) 1S

added to 15 each tube, the reactor is closed and
f | ushe EXAMPLESD:i HYDRDGEN S&RQXIDE DRCOMPOSIFIGHEC,
t he '
agli ) oﬁro%gg%ﬁl% w?%@g&kﬁ?étég%ﬁ%’gﬁe?{ gﬁaﬁ?éﬁs al@®erformed
atn&@fﬁefwrcaOI it RO @preak im Takier%e lt is shews| iy cpaparing
Exdifipies geé‘%e 3} El‘ltléirtﬁfdo(ﬁ}e?\ peto%8e td%@&hﬁ%sfﬁf)n Whlegﬁme catalyst is

per'oxi de i n each’s on Is eterm ned b

d
faster @dighprdsmperataye. Astn Exenyte GatabySLH %ﬁ%ﬁ&? stgrjpantly
fagt%ﬁ"ﬁﬁérddehtdé?ohﬁg rd%@&'ﬂp@ﬁfl&%ﬂ% daefgpesi tion.

however, deconposes about 45% hydrogen
peroxi de under the same conditions. 10 WO 2008/ 002364

PCT/ US2007/ 0388G. ﬁyd}bgeAPeM@@eaombemode

r‘nn‘rmq tion |est Cat a AVAS I_l’)ﬂ’) Dae

E 'igstgg 5280 gﬁaygl yst Bj(0. H3Og) 170 HsO{Beabypt C
) g MPLE 8: N PEROXI

DECOMPOSI TI ON Tests are compduc |n a 45[3)E(We%

m

r

-~

(No biTesby Catalyst ~ ~ ‘1—1'202 A De‘cﬁﬁwp’
' (ppm) (Mole %)
1 Catalyst C (0.16 g) 4570 15
2 Catalyst C (0.16 g) 4590 14
3 Catalyst B (0.10 g) 190 96
4 Catalyst B (0.10 g) , 205 96
5 Catalyst C (0.16 g) 4520 16

EXAMPLE 10: QUATERNIZED POLY(4-VINYLPYRIDINE)

A mixture containing poly(4-vinyipyridine) resin (25% crosslinked,
obtained from Aldrich, 2 g), ethyl bromide (2 g, Aldrich), and DMF (5 g) is mixed
at room temperature for 3 h. The solid is isolated by filtration, washed with
methanol, and dried in a vacuum oven at 60°C to constant weight. The solid
(Additive D, 3.58 g) contains 9 wt.% Br. '

11
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1 Catalyst C (0.16 g) 5150 4 2 Catalyst C (0.16 g)
5310 1 3 Catalyst B (0.10 g) 2980 45 4 Catalyst B

W@ 000800354 2910 46 5 Catalyst C (0.16 g) 5300 PCENSIPLE 1890
9: HYDROGEN PEROXI DE DECOVPOSI TI ON The procedure of

Exanple 8 is repeated except that tests are perforned
at 60C for 30 mn. Results appear in Table 5. It is
shown by comparing s Exanples 8 and 9 that hydrogen

gfzrgrlgﬂe d ﬁ%{;‘goélt H%%EMSEE%P?%ﬁ@%f@faSter

Causrﬁé ;ﬁbeéwdreczﬁmamplé 344 espeaed egeeptibabRulsks 1, 2, 3, and 4

col R Bl 3 B4 p AL EaALSRIR, ot o

hyQrgen fevokidefprriatiCat apryesr nﬁ:T(aDlae At mamdlg‘sthe;_reactnon the

TS s 8 13 51 S o
brapides dasee dOXEHRMﬂmEctl@] elgurerRNREEESis. The result shows that
thg> g_lg( \iery ) %%Yalng] ? 6t Eﬂee s6RAbAT Nk Y expected that such

i nyl pyri 25% crossl i nked,
catﬁj;yaﬁ sysdemr (ﬁnlmtﬂﬁ”@ﬁtal Za@ a sahomic BPYIMEE ttazllrgg a halogen-

coﬁ{eﬁ’f‘ilhg té)mor?)"lf!anlzﬁé: ebSilyreci@edianadisedt repeatddhyeniiedaisigrificant

.TesoI|d|S|s iltration, washed
'0% Qﬁ?rom%aﬁd? patticylagy &g “ﬁ?ﬁ‘ %f'§%‘&&ﬁﬁ1°&%§¥'°§t 60C to
constant weight. The solid 15 (Additive D, 3.58 Q)

pcT) Chebin 10BN ERRIIES PHCTRbACCAR ISR FTsHIng

PH [ ON The gaenstldné Aelditieanpl e 3 |s HgPeatjed Br

except |[that Tubes 1, 2, 3, and 4 cont ai (paaal|ygppB)

and ‘Addlctata@sﬂs ((T ubeg)SA@mmaDr(s unaatsag)yst BEhly. <1

Resuyl-ts—of—hydrogen—peraxi of—ag i

st A (AP G EC T Qé@qdéﬁ’ O e TSRO [T <1
3 Catalyst B (0.10 g), Additive D (0.0071 g) 1950 <1
4~ | Catalyst B (0.10 g), Additive D (0.0071 g) 1770 <1
5 | Catalyst B (0.10 g) 600 -

12
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idis filtered out. The liquid sanples from Tests
? fgl IAfdeaih contains <1 ppm brom de, based on X-ray
diffraction el emental analysis. The result shows that
there is very little brom de | eaching to the sol ution-
It iswspeghed that such catalyst system (a noble
nmetal and a cationic polyner having a hal ogen-
cont ai i ng RWTS &in bhelusingi Ihydiro@eycberd)xmd weRed com?rsses

rr@Qem’Cgﬂﬁ*}cﬁfcg‘ﬁéﬂ gﬁ&lbx%jegﬂr;é %cﬁ\?gn)ﬁ iyt L%%%gg:];eac? Iraggg)biq-gtgt@ and

| Use
C%gr t:é%w%r eXNENEsIFY edbalvgemcamtdinBrooahida, lBacdy @Ege noble

02 Br mm1 Catal yst
;I'rgétfé@g;o@bﬁ% s?%% %92%! %ng ) 1650 <1 2 catal yst B

(0.10%), m@lcmr@me ® ¢@in0068herkinl 9kOcatibnic3pGigkat yﬁ];npgses s
(fgné{Q)ngt L e, D (0. 0071 gl 1050 <1 4 Catal

(0 ?y Ad %I ve”g %EE) HeHPL Cg sigtifgg ok @mneprigmalphesprdnium,
(9(9“@0'11@7) aa@mmrawhemnrm 1. A process for producing

dr ogen
hydr ogen | de h co ises reacting hy
aﬁd ogygeﬁ%i( E%OCE%I 9eﬁ M2 %rﬁ'f‘eg‘@né@*%ﬁc ohyokgrecomprises

nigrdonga cati oni ¢ pol ymer conprising a
ﬁ%ggﬁmcprp?al ni.ng a 0 yWherel n the noble 5 netal
i s not encap?[ﬂcgis'gé? B{f"”f‘h%""b‘éf%ﬂhéfﬁe cationfheolyrmet esmpoites N-
cliled m/rldlmhmnemm the cationic polymer conprises a f
functi onaJr sel ecte fromthe group consisting o
ammnl um \égoﬁﬁﬁ?n%rﬁa'msﬂjlWfbﬁfﬁwrﬁheafﬁ@lomrxnmselected from the

?Q?fpim”s’sg‘ei;ﬂi?‘@‘éﬁﬁ%??@g% o Ak D Fgreory
S o

proce TAFfEISitRIFe] whetedn Gatdndi is imobynrer
con‘pr VSGSfHE' prabkad oﬁpdézhfjﬁ ONRAPRih (M] r&;gads-r??elggllr 8%&)%? th% group

erein the halogen s sel @
&Pﬁﬂﬁt'f@o?fsqh&fidﬁgcfaﬂraéw rerehieratey boorhie, banshte GgHBE; p@Rfate.
ahd ke festiferegef . 15 6. The process of claim1 wherein
the anion is inorganic. 7. The process of claim]l
wher efn tThe racens dfslaiml ecbedit themnidias BrOHRe.

9. The process of claim 1 wherein the cationic polymer is prepared by
reacting an alkyl halide with a vinylpyridine polymer.

10. The process of claim 8 wherein the alkyl halide is an alkyl bromide.

11. The process of claim 1 wherein the number average molecular
weight of the cationic polymer is at least 5000.

12. The process of claim 1 wherein the cationic polymer is crosslinked.

13. The process of claim 1 wherein the noble metal is selected from the
group consisting of rhenium, palladium, platinum, silver, gold, and mixtures
thereof.

14. The process of claim 4 wherein the noble metal is palladium.

15. The process of claim 1 wherein the noble metal is elemental.

16. The process of claim 1 wherein the noble metal is supported on a
carrier.

13



consi sting of chloride, chlorate, Perchlorate,

brom de, bromate, iodide, periodate, and m xtures
thereof. 8. The process of claim 1 wherein the anion

is bromde. 20 9. The process of claiml wherein the

cati onig I | repared by . reacting an al kyl

hal i de- i Fﬁ%gﬁ‘% &?r"u i Waeitene sovertnis spiestedsdrom the
ofrEPams3ting ef elcnholheetabley bstend, ikdeores, asHhah Kixide water. and
bR AR therkds The process of claim 1 wherein the ’
nunber average nol ecul ar weight of the cationic

pol ymet8.i ghat plosast ob@BOM 25wvHReinThE RILESSSs %@ﬁ%@%o’qn the

| palagh &l .gationic polymer is crosslinked.
The pr%%ggéh%?gblain1l wherein the noble netal is

selected fromthe group consisting of rhenium
pal | adium platinum silver, gold, and m xtures
thereof. 14. The process of claim 1l wherein the noble
metal is palladium 30 15. The process of claim!l
wherein the noble netal is elenental. 16. The process
of claiml wherein the noble netal is supported on a
carrier. 13 17. The process of claim|l wherein the
solvent is selected fromthe group consisting of

al cohol s, ethers, esters, ketones, carbon dioxide,
water, and m xtures thereof. 18. The process of claim
I wherein the reaction is performed in the 5 presence
of an acid. 14
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