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01- 2674A PROCESS FOR PRODUCI NG HYDROGEN PEROXI DE FI ELD
OF THE I NVENTI ON The invention relates to a process

W0 orspesst i ng hydrogen and oxygen to produce hpCr/ogmEn7/ 011890
per oxi de. BACKGROUND OF THE | NVENTI ON Hydr ogen
peroxide is an inportant intermediate chem cal useful
in such applications as water treatnent, pulp and
paper bl eaching, and organic synthesis. At present,
the conmer ci al process for produci ng hydrogen peroxide
/9 ves ant hr aqui none aut ooxi dation (see, e.g., U S.

Pat NopROEGESS FIOR RRUDOCHIG, IIMDROCEN REROXRE
requires nunerous reaction and purification sections,
uses a | arge volunme of solvent, and provides a

| ess- tlcﬁlan i deal yiREOD@F Wi DOENTIEN i de. Hydr ogen
er gxi de :
Eyd%&éﬂv ggj@tg%eto@gﬁo&%? gglgh%ag:?ig r@gﬁﬂgﬁé oxygen to

prﬁ@]cdbmogepapmmudaarl y a noble netal catal yst (see,
e.g., US Pat. Nos. 4,335,092, 4,772,458, 5,236, 692,
5, 846,898, 5,961 ,948, 6,168,775, 6,284,213,
6, 375, 920, 6, 3BACKEROYNIBOFITHE INEENIOMNO; U. S,

200&7”85%%@9%?'%)“0@ %359%53,%’1“ @QQAkQEh@@ﬁgmléﬂdlseful in such

ronoter such as chloride, bromd
applicitipas( @sg watmagreatmp} eHlp iandr é\?@ehwa’aﬁf@ﬂgpmloﬁamc
sy}ﬁth%'s% AOYR%EA, tﬁ@%éﬁmﬁ’ér@n&%@"c&s@f& preaediag lhydsgenpetoxide
e reaction solvent and their overy

inyalyRR PEGARLINGIRS GUIASXIORYEN ASSSt Gol TSad af’ Rpsr 4135923 and
6,524 9217}1 eTRE Qﬁ*hl@éi&réﬁ%ﬁrb@d\umrﬂgs seantibal aret pordfigatios isegtions,
o S M P P Pk SRR A 18 o yooen
peroxiget er. Despite these efforts, new processes for

e e 505 ) e e PBSB AR BGEBT Wdigen
and oxygen in the presence of a suitable catalyst particularly a noble metal
catalyst (see, e.g., U.S. Pat. Nos. 4,335,092, 4,772,458, 5,236,692, 5,846,898,
5,061,948, 6,168,775, 6,284,213, 6,375,920, 6,387,346, 6,630,118, 6,649,140;
U.S. Appl. Pub. Nos. 2003/0215383, 2004/01561658, and 2005/0025697). A
promoter such as chloride, bromide, 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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devel oped. SUMVARY OF THE | NVENTI ON The i nventi on
relates to a process for produci ng hydrogen peroxide
w0 e@sbpsk ogen and oxygen in the presence of arP@DDE®07/011890

metal and a cationic polynmer conprising a

hal ogen-cont ai ni ng ani on. The cationi c pol yner

i nproves hydrogen peroxide yield, and it can be easily
recycl ed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
process uses_a cationi ela] lymer is
any pol ynePETRLE 'PP%%@!‘E‘ bér@bgh@?'gi@ygmoggsiytive
charge ;ﬂBﬁeéﬁ@ﬁé@l&Ealdiahbﬁicher.sAdmtioha:i pulyroer ist any polymer

backbone. Th t ' e ot
BB PRNCRBOs 1 BT AR D) Zeibe R BBhHErs side
chafi¥D or Ung Obacﬂdmaphon‘rhm cairmmmol)beerprmamrgqntain ammonium,

d
PRSP AT PRt (BisuOHTLERT CrHe AAMETRI or phasnhogium
ioas endyhbe qarmtyalsecmgjm,at%hamr pr auatennamy: | Balymeys sontaining
rﬁ%\%&lﬂnﬁ.ﬁo& cé\'% b0 Fad OMdRL 'Hr@@rr@ﬂ%ré%o&%’ Ebrqﬂamlﬁ@'huatemary

oni ¢ poly a
arhonootuno fens. gm@rs&mdagreem;e coarmalgsf)N aé'@fd @yridinium ions.
T%&n&éﬁé ER\’&Y lrr#éif %ﬁdtgm &ﬁéﬂﬂﬁcﬂcﬁi’é@ chﬁfbs' dueh asdétfler, alcohol,

ereo e cationic yner ri ses a

esier, sgune, anpeHwic Rgidaketane, W@#@r l&tﬂ ?ndt’ﬂ'é &% RO s

sel eméegatfdrﬁ’énpbﬂ@n&f &lﬁpﬁ%saﬂdldtﬁsrpéorﬁblhﬁfg aeion. Preferably,
brom ne, iodine, and m Xxtures

| thﬁaﬂqj@@n @Owlgptﬁpr{@orgnt‘hgrgrﬁag og@srgtnp%pf &Qronggy gﬁc?rgwe iodine,

aﬁhahﬁ»qafésqcaaieajfnmh@ wb@aﬂabma.rmﬁ breisyi Inadyebe phiealicbe] deyanion,
al koxi de, e | Sui tgbl e

halﬂe%a%nta@' SU@W‘%ﬁ gRBoRYiRlsy RPENOY %ﬂ'@’?‘g?gﬁa"de and the
ik, orslﬂ@blénramrmtsemosmb de.g.,pelbddiat ehlomter peudiiorateat lromide,

2-chl S 2. .6- di
bioRiRor OBREF or PEIPdRIPond RRET I RAIE o pRfoBalitdle 26
diealbbsphenokidanpares mfxtumeer geneaf. anPraferred eagipher fige, inorganic
(c%gh?%ﬁéeno R&! g)tﬂ:)nor?%r np GOSF | ﬂ%;gé?tﬁczgﬂb% Ldifl8ride,. chiorate,

hereo erred ani ons
pancblocd!tleobrqmldebbmﬁ\a'@,, |¢d1de deeriqgiaie. A m@gr%meé%qf; More

p%?&ré&%n[&%t are 8hiBF&&dbioniBEOdRe, and mixtures thereof, and the

most preferred is bromide.

There are many suitable ways for preparing cationic polymers of the
invention. In one method, the cationic polymer is prepared 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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There are many suitable ways for preparing cationic
pol yners of the invention. In one nethod, the cationic
w@eiopnea3ed s prepared by pol ymerizing a cati oni BCT/US2007/011890
nmononer, preferably a vinyl-functional one. Suitable
vi nyl -functional cationic nononers include, e.qg.,
N-al kyl vi nyl pyri di ni um hal i des, Nvinyl pyridini um
haI [ ﬂfs INkNI Nl-t r: al kyl - 4-vi nyl phenyl ammoni um hal i des,
[i yl a nlum l | des, . .
ey RESP BURRASPIPRIHER 1y DN ufiREPIARIgoPopymethyi-
hbgﬁﬁém@my hawdéset pE-iallylidimethylphosphoniomh dlalides., [2-(acryloxy)-

etl{ﬁ]ﬁ_ra?tém%?p ;{(fogﬁh%rﬁ ﬁ@”‘;%ﬂ%ﬁgg‘;" ﬁbﬁdmg'i}?édrﬂ&?y)ethyl]dumethyl-
behzyl(;ﬁmsphomwrr hatidwd, - Jidiyiakyisulfoeiay| bahidesi afyldialkyirudfonium

naliieer G opple ey B Bredpa e Wﬁ"@%é%@%é%g??m“e
prdﬁnyldaméqldéwpyjbgm aanyliaksid, B@ybaeqyl@rt%cﬁf@yt gdkeheri zi ng
cat 'Rné&otngﬁgn%hgdcw .erfag pepﬂﬁéghwn%@fbys Laadmémg a

ions (e al | honi um hal i
mérrier iy Ifmpehwppo'rymwry@ m%ﬁwm%wgﬁﬁﬁﬁr ulie precursor is

| ( e | gh
N e r i e .
comquesto ormp. tbp:ﬂqsyred cﬁ%ﬁl@ﬂﬁyﬁ? Yﬂi%bhgﬁg 5 e monomers

pdri];ﬁfl\iéugz_ga;bvé Ogy) n%o?ﬁgﬁ]?dggmtehyéthﬁéilnﬁrg{aﬁoagmwrmes 4-(N,N-
en

digkyspne Fore 0eY apaﬁ%ﬁ%yv'gwwﬁl vidigyiamines,

all@id'néikﬂbl%éfﬂlrféﬂ f @itbicetrdrs, dez-)dtall()klm'oinpm&hysl aeyldies, and (2-

B ot el o BB Ged b . Libonym. Scl. Part

Pdl?ﬂhymtem 3617) (1997))i112¢P; Prop. d?mvmeScn&j_h@@%hZBai i Bplyeners

d
oot R DR, 3 SO ens
prbfﬁ?fed Miatietidiree golymisys dhdmopalymeroer mnqlxmmsi) erg pwrtlcwarly
prg f"ldo gen é%yrﬁ‘ép' cxﬁg{ﬂp%é'?\d didd fﬁn;BrEB&ege%'yr @8ndensation

es of such nomer s
quxahymtlomlalsen kiye ada@ttqnobﬁmrﬁa diamine & adihalige (see, e.g.,

Gé' a0 | dj ge u@b% o‘ri‘rBé't‘\Qéeﬁayai%ﬂﬁﬁe and an epoxide

bénZzim azo Vi n ui nol i nes,

(saej ylgjd HiSyPatriNest, 6@&5 2713 ug.pﬁjﬁgg{mﬁr,@gcursor further reacts

I3 té’llk)geﬁé\ﬁfes (et('\?l' @'ré%l@é' ki) abdide, acp ?l eBloridall or a
- | am no) e met hacr%l at es, dand t
hx@e@en é*agde @*C'P&WmH'ééE fegp; thg. desire

bromides (methyl bromide, ethyl bromide, propyi bromide, benzyl bromide) are

cationic pol)l/(mer Alkyl

preferred post-treatment reagents. Ethyl bromide is used in Example 1.

It is not necessary to completely convert amine, phosphine, or thioether
groups to ammonium, phosphonium, or sulfonium ions. A portion 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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Polvm Chem 35(7) (1997) 1219; Prog. Polvm Sci. H

(1985) 283). Polymers prepared from 4-vinyl pyridine,
wQ@200800923p4/r i di ne, 4- (N, N-di et hyl am no) st yr eneP@r/&S2007/011890

preferred. Vinylpyridine polynmers (honopol ynmers or

copol yners) are particularly preferred. A polyner

precursor can al so be prepared by condensation

poljyrre(rji rz]alti (cj)n, as in the reaction between a diam ne

and_a di halide (see, e. B 1546809 U. S.

3 4Fbeapris POUTREBIP AT E Ptioel Pesay el weiont
(MR) 8f at léaSt 2%0 Mere prefEabl &) MnSs alh leasp 5l 000e most preferably

recurs rther reacts with an al kyl halide (ethyl
't'gPB}ﬁa&E%ﬁgghyl i odi de, n-propyl chloride) or

hy?rrtb@ecattmfc gely(ridClis rjrBerabﬂ/)crd)sshﬁb@dntQ hfedmm @@lubility in
call Qni c

e g T
the et elDrverd'It;mmene.rf@atewenmler. duge hegsegtap crogpliingagent. One
exgrciﬁﬁie Eﬁ&ppéaeéo Bﬁlyhﬁarn@t all ‘f‘éﬁ@f’i-)éxéﬁbrfgénpéﬁﬁ@(ﬁee F.

ver am ne, or thioether grou

Heiffeich, o Gathantien VerawHil (aas S omPPOKeINeALIRAD RS 58
Argér‘ﬂ r’éE ge‘?x%?%@hbBﬁteerrarﬁlhboﬁédE%hnﬁé@tmﬁlnﬁae Anmodiun, or

resent t t Th
subatituter éﬂw'w%'rgrﬁays b§r3'ftei9\ge%{at1%ﬁ'?qaw'a!3'rﬁ'2§5 Ewgf a@%geed by

ex'bﬁéﬁélhgntrfe" Qmoﬂ E@b){ "OH" )pbﬁ%\w ﬁﬁfmorﬁ@rlh faaiping, ioh-exchange
crossl i nked V|nyI

o s Praga reb e oDl Rt e eds i) win 2
hdiige (@as] Cﬁ?dBﬁ';ibl' offie? Hatdgemecontaining aridni(e.gsi BrOFhE4), or by

refging an A felariang) S5 (5or Weeh DA Fe8 Waiable from

chl'lirﬂf&? n-eebalsy wnhSari\/bIkylshaitdel (etstl bForddie, nmesbyl |pd|elebr Botty gelular
s _at st. 10 t

Shas Rt olobreitianod Jeslf, oa; f PRQHIE MeBroretiouier fon-

exobangeomesmsil avhich osamsistked pablomerates: eOf\Ne/IeFY keroah @slular

m%{%s%ﬂseggsigbl/% ashth " ¥Epérel a Pd VinB¥lpRRés ngn%‘; &e particularly

used as’ crosslinking agent
prefearggd.e of such cationic polymer is anionic

i,vgg me aﬁﬁ%“ﬁé g?ide%é Use8& nbbleHabidi eguitabld AbiBESRaRIMcIude

any, Inc. (1962) g 47-58
goidi oihves, platinys, e@ll?é#tam W'd&tmt %ﬁtfeﬁrw'n@ 'Ff)‘&im ’t‘WePht"%vo'hOd'“m
arr M ASiur8SMRBIdAM Bfeferred noble metals are Pd, Pt, Au, Re, Ag, and
mixtures thereof. While any of the noble metals can be utilized, either alone or
in combination, 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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substituted ammoni um groups. Suitable cationic
pol yners nmay be prepared by exchangi ng the anion

W@ 2008/09236H") of an amoni um cont ai ni ng i on- exckEmn§2007/011890
resin (e.g., strong base resins available from Rohm &
Haas Conpany) with a halide (e.g., A", Br") or other
hal ogen-contai ning anion (e.g., BrGa", 104 ") , or by
reacting an am ne-containing resin (e.g., weak base

res al lable fr R h
hal :'I‘Eérq asl’"%ynaov %‘@Bt?ﬁu&ag rq;,grﬁxlloﬁ §‘ @)?& )t (%HB! ofltﬁé( Inoble
m?/gdcmpbon@tdr aonglex uaeda)ashtaag@mes |qﬁ§he mbbasm%ﬁd Suitable
croretic ch t
coifbgr B il GRS SR cafifes IR SHERGS flomices)
cattnbdylam:(@gmaeetamm)danmamm@pephomnamwwéﬁxqsmilr@bqumetals
R e e L

I'ver, platinum
papadlibergi um iridium rut hem um osm um rhem um

r ho%%r&?%&@x@ﬁﬁ %tét@%f 39@ nobleei@id) g8 nBPEhtﬂ:a'ITEP%llédlum

m xtures thereof.
fomiirystafice, henayobe dnn@n a%dzﬁ@n E@t%tanvv\mﬂe feemn@rto al*gn%r any

co blhﬁlﬁgpé@éﬂ bﬂ@atld?ﬁétla?ég UTQ) 'a‘éhlé%éﬁh@ \deRirkd oxidation state or
esira [ e netal tgg entlall

cogtnglinal of( @Xgiatloeorstaé‘?%a|th¢>d otlg. Fpis) |°8{)3F"X‘6‘P iAftefafeing

depRsieP I WS dfrier ARy b@rfullﬁwrt pertially pre-redicednc Sadiefactory
carbons,  zeolites, tltan as,

e A i O g PR, B g soucton
Tﬁildﬁaﬂl?nth@- @’thlﬁt&Sfl nd;olle)bieaal $xréserm$elab1/aysthe| caTH N8 Itfaﬂ@erange
resi t h f
orgaa i 2ot Prefed Ol Yo, "W B b o
t he ThHek @pbienmatiali dri thie sttmp@xtyzgemblaenetlai of ﬁlw p@@ﬁﬂlﬁ.lmventlon
nsition met " ) Lo
L
withihi aad i isesarroTigied byi @ taylertdnlpgmﬂsf?rl i cvitable Ralymgrs and
teéﬁm%ﬁn% tsf|8 %bg?é{swego%o@ %}%Eﬁﬁ‘t ro;f.ufdbﬁeé%ﬁe metal with a
palyBe6 260 2 eskiibed iar B-$ioPghr APRIRD- r Mot 2006{0204 925 In one

pérﬂ&ﬁFP" Q%%g% Ch@hcﬁ‘oﬂé tHganady ethgﬁ‘ts*i!«bpéﬁt!%'@0lﬂ!BE‘IeOfmetal is
ex use e source of the nable %
erg;ﬁp[su[gt@d by a cationic polymer as described above (see xample 6 below).

Oxygen and hydrogen gases are required for the process. Although any
sources of hydrogen and oxygen can be used, molecular oxygen (O2) and
molecular hydrogen (H.) are preferred. The molar ratio of hydrogen to oxygen
(H2:02) used is preferably within the range of 1:10 to 10:1. More preferably, 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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conpounds include nitrates, sulfates, halides (e.g

chlorides, bronides), carboxylates (e.g., acetate),
wa@pasamsne or phosphi ne conpl exes of nobl e nmet BEBUS2007/011890

(e.g., palladiunm(ll) tetraanmm ne brom de,

tetrakis(tri phenyl phosphine) palladium. Simlarly,

the oxidation state of the noble netal is not

critical. Palladium for instance, may be in an

(e GorspPRINT SMaRe aRHAGs dalieDH Syfed: nalocBified nyqrpgerbons

(e! @esdlé}ﬂdrmﬂahg oshlstaicazene, clordninated bydrotatbondhtritsies (e.g.,
nobl e .net

acRloE) Y Ry SRy sBlveP P BrEEet, e‘f?‘nq"a’r&g"?&‘oﬁﬁiwger‘

haSatdpirediableysalabiliyyini the poivent minygepaied AoV are pEeiered.

Th%t ¢ gylfé]eer%a‘t s'éﬂé‘ht qg aﬂrgfe?aﬁlgd%"?lhhi‘&nunc-fé!rpk@'ré&otlohh&ndmons

relative to the carrier
Suitablen . ¢>¢ygenategie awﬂvawtsonar@ ouaten PBYIRN-PNiginiAG  Ayslrgcarbons

(a@gfﬂolfso ﬁ‘n \9% e/%te;@qdwmse diRt e Rle)t B§rb%‘r'|p@i6khéd aR@lh&tures

ineawiofares Profaressh yaatEieny cobatpaHt e dlowere aiRhpic Riohols,
e%)%f;faﬁ% eqr r%ﬂéIlIESl%IWSUBH Bs "i‘ﬁ‘é{hbﬁols éfﬂa‘i’lbbn qebroyl aldohpk terdbutyl

ners and
altonspatd d0% seaenBTEIdTE? TGP SR ASBNE'S,ganyplso be
uéls!igt hl;%at%/ﬁ!%‘ reféreed] s fddnatet Bﬁlvlbhﬁ atBaWate%pmethaFm:ﬂ), carbon
articul.ar t
dispdiled ans mnﬁer%%mq?e%ﬁsﬁ ettt P8 T8 e ol el 8 co-
solvei] iOR prefratiipra diyuite T & bsubenbritical (fhde Wderpthe 62action
%}%I&%. Oxygen and hydrogen gases are required for the

s. Al though any sources of hydrogen and oxygen
can Tree poedss miEyee parformeiera caminugng fiew, setni-atch, or batch

R4S 5B 4 5 B DRI sl e oho ol mea
andthe amtgmncobolynm may be: L@edl\tﬂﬁeﬂpwmrqaﬁ*%ﬂ ethe IHip- p(ﬁeferred
O@érb& 55 Yt ghhﬂe Ll wihg Qhé’frarkiéoit 9 te2b0- bdr@ qﬂ@'rbbéﬂbn is

en an rogen an | ner as may

mmdeat lerpereiiise et tog%r@egcwh@ %%?'feﬂirﬁm‘aw&&ﬁ hydrogen
p@o&{d‘ég%'?efe@dlpadiecenﬁiepﬁﬂ%s RAtRIR3R range of 0°C to 100°C, more
preferably from 20°C to 60°C.

It may be advantageous to use an acid. Suitable acids include inorganic
and organic acids, e.g., nitric acid, sulfuric acid, phosphoric acid, hydrochloric
acid, hydrobromic acid, pyrophosphoric acid, acetic acid. The acid is typically
added within the range of 0.1 to 1000, preferably 0.1 to 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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and carbon di oxi de. Because it is cheap and readily

avai l able, nitrogen is preferred. The inert gas
wa@edwanoasgeousl y provides a way to keep the oxyPenuszud7/011890

hydrogen levels in the reaction m xture outside the

explosive limts. The process is perfornmed in the

presence of a solvent. Suitable solvents dilute the

gaseous reactants to a level effective to allow them

Sol ventaXAMEL R, QAT BRE PO RR I BEYERIND” ©

pr 0m&tuM@n@inmgsmwaneylpyrw-mmsmx@%necss)s]mked obtained

bR BT BR9R12 o i A DRI B g

wifremiking &eret onithen edledancroory treneeretiire ol Menselid is isolated by

f"@%ﬁa‘g{'@?{’éd qﬂtrﬁg&éqwgﬁp oq%guq)éyv%%ﬂg ﬁrﬁéﬁlﬁ%@gﬂr@tﬁoﬁstant

welglef SitreecoTéredsojid éAdditive éoB\ﬁéW) ¢®t§m%f2§rvﬁb%)5fa
l'iquid under the reaction conditions. Suitable

oxygenat ed sol vents are water, oxygen-contai ni ng
hydr ocar bons ( alFXdHMPLE 25PeérS-1 ‘Eé%él%’ Tket ones, and

the 4d_ lr?e')é prePaRe b@' foNbdfg ?F&eﬂh?@suﬂi%élokééﬁﬁqf) :S. Pat. Nos.

Pr ef
4 aﬁé éggla@d aeg%gégﬁf %Pfgﬁd@éﬁécll)%épgﬁmg lﬁ\'@(irﬁgr?{gpedures
d|§ﬂ8§’éﬂ)in U'S;'l Cﬂlﬁd’t%ﬂﬁl 5?665017@ Ats%htpl@m‘}ébra%'l Ao S- 1a(vdmta|n|ng
\ xt ures
8Q%nT 2i11s #0fe silisaPingah tqakﬂ%ffwaﬁr%fééd g:gtzoﬁ)@éf‘igf 88" g) is
slﬁﬁiet‘dqmdietéﬂ:&d/\ma@é V&]th B olintoche hurngd iz agesousnidtraammine
ur ereo en
A P BB ARD AA  E ohgo, 1500

issadpested itd i7c3d withudel wirtd equehes rezooniom bmdmp(tde@@utlcmeThe

B St ek CoREABRG e if Al 8t'30'pAtIn 2 30°C yater

bath far 80 mhinnUThis sblidis isotted Dhdi iltredigineantk the filtgrcakigds washed

| .C | I
RS RR PR DSBS M 126 1L ffepBysg by vaten
The eofidiie dried it @in peernight et 6pon tﬁmpzzo?eiuz%r@*d ﬁ"r?@ in a vacuum
ov&’f"gtt sPE 1*0? 8her TRL Wdaablid id Sé'lEiﬂééW &l d@%ﬁ&ﬁbir\@ Heating it to
uce th eS| red anmount of er oxi o
Wﬁ & arapte or10F Giperand peging; "ith rQ PSHar ?gln&éefb\ae%@ tp00°C
atl 2niehe HYI@hS R E00°ErfeM 20 Checaffitiéd solid is transferred to a
quartz tube. It is treated with a gas mixture (nitrogen containing 4 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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It may be advantageous to use an acid. Suitable acids

i ncl ude i norganic and organic acids, e.g., nitric
wa@edod/oosed furi ¢ aci d, phosphoric acid, hydrochP@F/iU82007/011890

acid, hydrobrom c acid, pyrophosphoric acid, acetic

acid. The acid is typically added within the range of

0.1 to 1000, preferably 0.1 to 100, nore preferably

from1l to 10, parts per mllion (ppn) based on the

ght of

B o s
30PQY itMBrshargad iwatht hy’mﬁgelh rtootRo paig; ierwl thenap‘pﬂrgeétw@h a gas
migﬂ(re% 2% %glge%hgfxtg%)é;lgmf r(1)| rgggr&)ato\’\ﬁ h6lo Fi @2 H Gﬁ'nle Tehetidh PlREfe in

ucting process can
eabB téstuode nsnsmma neigngtidalhl at BPC foNd h b@rcsgzt ig3®olerhto room

temﬂggagm?kngl ﬁigrﬁ%ﬁggﬂﬂgf & Yor! IILIYdJrgé rbliBe! AV E3ER Ofblution is

nize nany
det@rmiiaéd s lighiat clamnam)gtanhyt H-eC)spl T&ibleoi %‘T%NS bath inchding

At RVt AR D Vo Y PR T o Vit ==

pol Y 8- nmmyuapytq gpiné out srattesbogsyity $aniqnbeRe casrRarRdgvithin
t
th%ﬁ%’ﬁ}%&% g?)e'}aesﬁo#‘ﬁég Pr%n%e(ﬁ gA téétdfrbﬁlhbne E@mpie

th m xing for (ﬁl
shoulsl et l‘PQ)CPf@QﬁTQ(’eWﬁEPéI%F@“ arﬁéfeé?ﬂtu%(% 16 %teéaw Test

#9 il Ek&hpRNs aWBS'l‘@éi #5 WEWB@@'(DGI@W uge itlkel sameacatalyst, but
vacuum oven at tQ constant. we %Ehe recoga?gt%gs are
aive Ve %"fi&fﬁ’l‘ly\ﬁéd%"f (§‘V§§3Q5’P RYRYLE nsﬁl’g Na:aa
cﬂﬁﬁ@dﬁn%lo?éﬂ Eﬁet&n@ﬁﬁdYﬁé’ g'ﬁc?- dormpositi@msainedifieyent Examples
roce ures i scl ose S S
arg rggg gﬁgy &ﬁfgr g BUQ%&J%J\ f&aﬂ glezJag clcgﬁqtssmm are abca.xt the
sabﬁef Q1H150w mgsplilcm;edueee the §a¢tdhetjdufﬁeremt$m¢!mts qﬁ@xygen and
h%{ﬁ%%gﬁt ccggysn?an?g 5g%?tn%3‘é?¥ i rggtn e%r%ﬁl@%%&@éé%agdlfferent
rates] a¢ a%eBult dfOGlffg)eritsaostlvmaS| eﬁ catalysts emplexpdaatRirthermore,
200 I A
th%ﬁ?lc %ﬁ'\"fﬁ %o G Z%' t‘l‘ Me?d'?'ﬁl on (cgﬁth I&Fr?lb%ﬁ%rB%de to /form
wler aadgﬂyg% mcad\déd)gelnt perpkdeds farmesk e F'@"‘Y Shefiffgrence
mbg%%'\'t Hﬁ ‘Pﬂ/g r I MR U bontisositdnU blsen comfidutading the

ntarning the slurry is rotated at 30
diffgrarice i na 939 Plasg campositions.

Table 1. Hydrogen Peroxide Production

Test Catalyst and Additive H202 (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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bath for 30 mn. The solid is isolated by filtration
and the filter cake is washed three tines by

WO e®B0O3Yi Ng it in deionized water (120 ni) foP¢DUEHODY11890
filtration. The solid is dried in air overnight at
roomtenperature, and then in a vacuum oven at 500C
for 8 h. The dried solid is calcined in an oven in air
by heating it to 1100C at a rate of 10C/ mn and

hol di ng at 11(}) t.he t.0
shaows fid Panyminacing et soniarpd S Sydedies fa§tive or no
eﬁé@ﬂdrﬁhy&ogé@bafcﬁddeeﬁeﬁo a quartz tube. It is treated
with a gas m xture (nitrogen containing 4 nole %
hydrogen, flow rate 100 nli/min) at 1000C for 1 h, then

W th ni t r ogenTegae 2 dﬂydrogerbé’bm>ed¢ Productionl ed to room

t blu unc“ﬁnc Cal h) TU
oP B e b ana 2 oSO RAE Ao Ly  @bH
PEROKT DI C2ROpHE (N0 T AGiGveAd000481a}d | n |a 4584TR

Ht i —Hbe—Par+r—teaetot i eSTT [ne
raac?or Q?é?'gs‘tt%gggﬁ} %%ds_'h%‘?:ézgﬁoégy test} tube %as a
nmagnat i ¢ Cattalysti B1(0.bag).dPdPri0.0028g)stir at ft he s2dre R

o Tact

r pte—7Fe +Hhes—-3 EW- et-wthr[Catat ygt B
T@stﬂuhgati'yggg(dﬁg ar e dgl gzallv c G
Addi &i ve G&atal%teBemﬂOrg)s of the Catalyst nd AdePtive
Ali-p—eadh—tdbe—are——shov

m xture (9/1 by weight, 5.6 g) is added to each test
t ube. EXAbIRIZE 50POLY (S FERENESEU4-AAN YLPYEAR NGy €R-p-

nitrogen. After ?TN‘R VISEHENYSPAeFMNEg 3C0CL it |s
charged with hydrogen to 100 psig, andE?hen charg

wi t insa gt reactarr eontaining e sahKinge FONRINNG (BYERP ge@ q), 4-
1)
visfflidhH @ o) B%t%rglli‘lfdrie‘ﬁ?lpﬁﬁ‘oébhlhé (5%) LBy hefoRicex0.4 o),

re it

ancggp@@.nq ®0 6‘6%&@%"@?')&?9%0"'@@1 é’dn/eeﬁPPaﬂ | lanad)ded After a

SHPBaR hOFba&OF s e@%BdsaHthe@t@dlta @te'bercm Mg folowed by
quid c r onat o

h
RN G S TN R UICHE T "
soR8riefiltdeed/ | washed! ¢v|t|h Sidiomiged anitert @npodiidd bud vdvam esen at
Tt brctie Sl SRR e RP A PR R ©
Exanpl e shoul d not be corrpared wth one froma
eXAMAIEE! PP ERICARSUBAIER) v JGRTERNIZED 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
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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#5 in Exanple 3 and Test #5 in Exanple 4 (bel ow) use

the sane catal yst, but give very different yields of
whyasoesm per oxi de. This is because reacti ons BCEUS2007/011890

conducted in closed systens and the gas conpositions

in different Exanples are nost likely different even

though the initial gas conpositions are about the

same. This is nost |ikely due to the fact that

as. 1 onct ESRUHUE & AYBRGGER AR oMOE HisdgmeRr uee

di If f fMevegmrocedureyf Baaneple 898 |repeﬁtetdi iekeentdhat @ataiwsrt Cisdised in
G
T ego‘fsl f{zataﬁﬁ g%?%&é@%% B %g% H"Pﬁl?e%ﬁ %r 3%, cehal Mﬂescontams

lon o ogen peroxid
abtoutfom mmg\mder Resditoapgear Gntableydir d@%fﬂp\'p%lﬂ'dﬁ@l@@ab@t ¢ gives
H‘é el Yiefd R rHélW% hva® @h&fe‘?&ﬁ&&%oh‘foat*é@wﬁ%t%%lyﬁ@
€n’ per oxi domposition al so contributes to
the dlfference i n gas phase conpositions. Table 1.

Hydrogen Per owa@% B P%Fagearpéizsﬁuetﬁo&ucﬂd\ﬁDROGEN

PEROXI PRODUCTI ON procedure of Exanple 3 is

eMej except that T@@@ys} and 2 cont ai n | Adi#Pzi(RRMA

uue.P ) JC 9%%‘@((;0 @gg?al n—2% crossiinked pal y( 44430
nylpy g Sl P\/Py _aobt ained from-A-drich)

ot

esudt s Q@b@ﬁtQ({)T%SDe 2. 1tshows that 1370
Yy Y CRYEISHET.10'gy | 5 not treated wi th et hyReD

am delhas ittle or no effect on h\/ﬁlr oger—per oxida

eld. TRstalystB(§308¥en Peroxide Product i i dn EXARPLE

Y @5{5@@ ggsgk NYCPYR D|1 NE=CD p- 1400
r-eactor—dent AL Nt Nne
L= COUTIC AT 1111 ||H

solution containing styrene (32 g), 4- vinylpyridine

EJ 50, dEX?W shmammnmoms nﬁcommo&m@uyl

er oxi de

sol ut¢FR a(@cgn Cte "EG é)' F‘é'ﬁla\'h Hibe¥ rarg‘lé‘ég) o'(&ée.}]tubes
inAHE g@actbhghasreaaé Q&miesgay mm am@bH‘ltmt ribet r[as%ﬁ(agnetic 4tirring

bqlzqri aﬁfug ' gergdst{r glrn g%ﬂ]s?@ r Itg t 'Ilu]b%%tch\g'bts %P?]dg:aggcréfréﬁf with

at ure
Chidlyst e dTubes Bethdw ate dmrged nithh Qmtelyst Bankhedgamednt of gatalyst

mvgacclll\u{n b%\llg nshown in Table 4. Each tube contains about 0.1 mg Pd. After

an aqueous hydrogen peroxide solution (5390 ppm H202 5.6 g) is added to

Ly oo < 4=

D

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,
decomposes about 45% hydrogen peroxide under the same conditions.

10
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700C for 8 h. The copolynmer contains 3.4 w.% P and

1.6 wt.% N. EXAMPLE 6: Pd/ TS-1 ENCAPSULATED BY
WORNSRRISSZED POLY( STYRENE- 00- 4- VI NYLPYRI DI NE- PCT/US2007/011890

CO- P- STYRYLDI PHENYLPHOSPHI NE) A sol uti on cont ai ni ng

pol y(styrene-co-4-vinyl pyridi ne-co-p-styryl di phenyl pho

sphine) (1 g, prepared in Exanple 5), tetrahydrofuan

(8 g), and ethyl brorri de (0.3 g, Aldrich) is stirred

roomte r 2 I .30 mn. at
600C The g&ﬁ%@% r°%?”o%r8%ﬂesﬁ¥§%“o€%%§ Y
véntedtat|i on | ntcm@aygtol d trap. FQOtzhe sol Hﬁ@g@fecomp
Catalystf B (2 g) is added with The
renoved [in a vacuum oven af 50@@%& sol i Wl S ound

I Mt 01f 1 NeC4talyegeC, (owmg)ed wilt h &8b0ni zed wat eré and

dllarli

r ecoee; gg%t8WFgcde;jt a? yst

Bl 8. 062Catalysh BdD. 19 64.

4. + Jarie e ol |
;uuus ouuuhtam wergmmt.—rne

3, q) contains 0.02 wt.{%
Wt 2‘!‘18!178- . EXAVPI4E 7:

a-phlo-h

HYBROGEN-RPEROX]-DF }\: The-at uucﬁ'm e—ofzExanpt

3 szre_pe "’F@\g ggggp Qha Cat al yg C i|ls used 1 n Tubes
1, 25 ar|dCatalyasn@ (CettGeg)yst B |s5|399d i Tubes 3 and 4.
Euuhl tube—~contakns Ol.buul u. T ||g l'u rxcaul s dappeEdr .fl

Table 3. It shows that Catalyst C gives nmuch higher
y| eI d |EEXMRLE99 YD BOSEN EEROYDE DRCOMPQFITION

R
atCQﬂf’@J(le'eaol mira 4gsults appear in gkabledr.r It ashewn hy gemparing
Egﬁ%le% léb%?c% b'?hétn'g/éﬁm ¥rogia é@%cbﬁﬁ;o%ﬁl@g kﬂ‘?lﬁe %Bﬁ\%ecatalyst is

ube gnetic stirrin nd
fabter &t digherdemArEaiyesre AbdD xamute . 1Cat2‘V55ﬁdC%JS&Fé'gn'f'ca”t'y

fag{é"f‘ ‘nQSR{)g‘@nt derbRbaldsebmbositigh Bfan3Cardyst car e char ged

Catal yst B. The ampunt of catalyst in each tube
|s shovvn in Table 4. Each tube contains about 0.1 ng

Pd. After anTagleenuSydrsgen Geroxids Decdmpesitiohi on (5390

S o—each—tub tha ranct
gl/ :)nggi?tmndqfl us@%‘é'“ﬁf?‘ﬁvﬁe;l um Zﬁ?eurgact gﬁ%ybgﬁpeldo
tq 300C,| then charged wth heI (pny 0 450 psi(gole %)
B R (o TG X [r R WP =
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. '
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each test tube is stirred magnetically at 300C for 0.5

h before it is cooled to roomtenperature. The
w@ovsemssat i on of hydrogen peroxide in each soP@I/US2007/611890

determ ned by Iiquid chromatography (LC). Table 4

shows that Catalyst C causes little hydrogen peroxide

deconposition. Catal yst B, however, deconposes about

45% hydr ogen peroxi de under the sane conditions. Tabl e

pero DEMERBAY: HTGRGREN P ERERIPE SRR AN e s
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and dried in a vacuum oven at 600C to constant weight.
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p q@gﬂure of Exeaplwt and Additiveat ed except HiGat |TubBs
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brteri-d4 AN
af al%/sn 931?‘?8??3@1]&9)8’%}3%\'? RAP- ‘Wé'r s Q/’ém i ttTE
brions de Gatalyst Bgorio d)he solution. It i eﬁ@@ct eld t kat

suteh—eatalyst—system{a—nobleretat—and—a—cationrc
pol ynmer havi ng a hal ogencont ai ni ng ani on) can be
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significant
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| oss of bromde. It is particularly useful in a

fi xed-bed operation. Table 6. Hydrogen Peroxide
wee@dnexsson and Bromi de Leachingl claim | . ApQr/os®e%011890

for produci ng hydrogen peroxide, which conprises

reacti ng hydrogen and oxygen in a solvent in the

presence of a noble netal and a cationic pol yner

conprising a hal ogen-contai ning anion. 2. The process

g F|n11 wherein the cationic polynmer conprises a

fun PEWHallty sel ected fromthe group consisting of

anmoni ;Jm pebcagehdai Lprpdsecing ohydrogenanderdxideur which comprises
reo '
bRt 9B ST ST ARG Sl mott ac
a pat@nisgolymer lcamprigingteehalpgen-senigining AnENpol yner
COW' S9h N?ljol&éé ! é#nml %ér@ﬁ\st e catl cgﬁ? %ﬂﬁﬁ@rscd?ﬁpnses a

aimil ere n?he aogenls se ecte romthe group,
funotlmabtw sgleotedcfrbny thee graupoaeREstingh af asynARIUM, Rhosphonium,

Sl{ﬁﬁﬁm eshd heheek- th@reofrhe process of claim1 wherein

anion is I1norga . 7. The process of claiml
wher®i n Thee pegsiess ﬁPfsC'@El‘ e%tVé'%PrPF‘oFHQ [ratigpig pelymer comprises

,‘ém@ﬁ,litgﬁl,&% of chlori ged chl or at e, perchl orate,
rom de romat e, dat
Cherof TG, PToRESH b L8 HHeraliribe SaiBne FoVRE Gamgrises N

alk§l gyriamiGHa- .o&, The process of claim 1 wherein the

cati oni ol r.e 22¢!
hal i ¥e x'{)en C\‘??ﬁff p‘g?'ﬂﬁu n@p‘ﬁﬂﬁ{” #%ﬁeg%g%tggsfgom the
gr@hp@o&bﬁtnﬁg whehlerinet wrenm«)dndhaﬂmdeans maxtuegskipereof.

ngb THe érgge%%?ecu ‘?%e%l %é‘ qﬂ? IWT Lict he

aver ar wei g cat oni Cc
pol yfer Tite miockssiof claddd. wnerevrfmme grior issselested fegnirihe group

%ﬁkiét% noftcjﬁ?orﬁx%t 'cRI'%'r& ggéé'%ﬁﬁf Estr)]r%érl‘ﬁaél brﬁhfa(i’e 13§ideTB&|odate
e netal i's selected

amd onixtures thereof.

8. The process of claim 1 wherein the anion is bromide.

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 9 wherein the alkyi 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 1 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.

17. The process of claim 1 wherein the noble metal is encapsulated by a
polymer.

13
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group consisting of rhenium palladium platinum

silver, gold, and m xtures thereof. 14. The process of
wa@@smoBenwherein the noble nmetal is palladi umPABUSZE011890

process of claim1l wherein the noble netal is

el enental . 16. The process of claim1l wherein the

nobl e netal is supported on a carrier. 17. The process

of claim1 wherein the noble rret al is encapsul ated by

et 2P Eheimeapsih of vah) eheefLChontIarE] B, SpeRBRE oy

thecati@ss pofynadrai m 1 wherei n the soI vent is selected

fromdf herhaf;?#a%eg@%?'&é 9 %e@i& QH@'sfanve% he'edsd §fon the
ket onés, car bon di ox o, , wat er, m Xt ures %ere
gréop cfﬁhsashmg) otakobéblsc Bﬁuerﬁ, esigrer Ie¢tnne$;ecar leere tioxigls, yvater, and

n the presence of an acid. 21. The process
rn&ﬁﬂgggﬁﬁg ffurther conprising reacting the hydroge

per &0 d@hei precgas oif edlaim tlowpresindae dFaeiux .lsj@erfggneqm@ the
prggé}g&%@f@{ag‘hal m 1l wherein the olefin is propyl ene.
21. The process of claim 1 further comprising reacting the hydrogen
peroxide with an olefin to produce an epoxide.

22. The process of claim 1 wherein the olefin is propylene.
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