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| NORGANI C OXI DE EXTRUDATES FI ELD OF THE | NVENTI ON
The invention relates to an extrudate conprising an
i norgani c oxide and a 5 conb-branched pol yner.

BACKGROUND OF THE | NVENTI ON I norgani ¢ oxi de
extrudates are useful cata sts or catal st carri ers
(Stiles, A B., DR EXTRVDAT,

Cat al yst Supports and Supported to Catal ysts (1987)
Butterworths Publishers, pp. 57-85). Cenerally an
extrusion aid, SudflEap QEIWEMHVE;NSIH@N s, pol yacryl iC
acids, cellulose, or starch is used to faCJ [ it

et 16i YOI felIPS Jo A RXIpLS CamPHRRSGI WersAls oxjde and a

o0 E b8 WA 310”4 110474 2nd 6. 706, 658).
Despite many efforts, there is a need for ngw Hvsi cal
saafgfsﬁ:&&f@%@@%@%j@%& VENTI OV
The gsgica Coéﬂ%x@ﬂd&’é%edgg%%flﬂ%ﬂ{_ﬁh'& c%'i‘alxﬁéﬁdi‘ﬁé‘ﬂsc(Stiles,

ranc e cal ci
A. eBt r fJSuppzorrts QthefruThas Almal”yﬁmm&@nd Supported

Chds {rop7) BuyereubS iAot o TEEE  Tghay gy Btusion

alcﬁcéﬂdhcaéiﬁbﬂ'etr%"rcb(ﬂwgeﬁol?éc@'nc @éltﬁ;e'%eﬂ@lﬁbé' Bt thr@fﬁs uBed to
presence of a 1 adi umy gol d cataly Br epar ed

facwltate @xwmonn@rmd tlmpmneathse(tphya@ab anwmr me(z anicah peopssties of

oxGREET g Ehuafie Bl iRa et gu Ao IE: 4 18474, and

6,1082688). PDRSBINE endrly afi6As Ciheesl is hamsad fermew trrbcdseeki tbemake
ext rudat e. Surprisingly, incorporation of a

exyedates it iRRrIoged phusicangndoemechanisatpraneeias.
properties of inorganic oxide extrudates. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 30l n one aspect, the
present inventi cBUMMARYEQFTHRINVENTIONsi ng an
i norgani ¢ oxide and a conb-branched polyner. The
i nor gdif énventigBsisaal %{t&iateﬁ%ensmg nargapig gxidle and a

comtfﬁr‘én‘&}ﬁééeﬁoly%ﬁ ”Fﬁe'ééﬁﬁneé‘”é’xtmq%%‘ §Suddifil 68 a JJiSbf/st or
i cas ani as, 2|rcon as
catedypiecAraer,. sl'he a:rafen‘tlonaﬂuwmnaﬁcludes m:prdo&sanﬁoaqqrepanng vinyl
sj i ca-mgnesi as Zeoh’ﬁfﬁﬁ nd the |ike
achlals SRTIPHSVED SBRctrg, Ry, FqaEsacinantewdgngor an oxygen-

coﬁthnﬁQ ﬁé in ﬁﬁ@%r@’séﬁéeﬁ‘@f% 'ﬂaﬂé‘dluﬁﬂgolfduﬂﬁ‘ély%'t &r@ﬁan@ﬁeﬂnth a

lica, Anorphols,” Kirk-
calerngﬂb llmmtruﬂataqemrminveaumm aalsmynejudem @nedxidation process,

wiiht Bamerées eafiing of & v sfiadi S iNahbbh dijogge in the
préverecest By daltinsd) Rahsifo®r AReAIS zeblie Bxtiudhage.Pr ;&g‘f)ﬁsingly,

t he hydrothermal process, or the flane hydrolysi
incorperatiomafe cambtrandeed polynmfcimpraves theymechianicah ipieperties

in Kirk-O hnmer Encycl opedi a of
of ﬁg)ggng g%mec%ﬁéﬁ%%&onl ine edition, 2006).

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention is an extrudate comprising an

inorganic oxide and a comb-branched polymer. The inorganic oxides are metal

oxides, non-metal oxides, mixed oxides, and the like, and mixtures thereof.

They include, e.g., silicas, aluminas, titanias, zirconias, magnesias, silica-
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t ol norgani ¢ oxi des al so include hydrated inorganic

oxi des (or hydroxides). For exanple, when an inorganic

oxide (e.g., silicon oxide) is forned from an

i norgani c oxide precursor (e.g., a tetraal koxysil ane),

a hydrated inorganic _oxide (e,g., hydrated silicon .

QJ%M’@S@rS'B‘FQ'F'@B\'?%y%!PQﬁ(mP@"qS?%_ﬁ afdies,| Haygadne B dike. and
u . . | S e . T

PEERS IReRE, ShADITcks MR, EF siig ERIRELBRAR sica, and

fameak ysilicec ofsaee SNatigr bld. ubatidelihesSilice;| Warorpbogs,” Kirk-Othmer

éet r §a| ;kgloggxygz!éﬁaﬁnmesp al é:%tchgagallgkmoe%ihtpﬁ%iﬁgﬁhgqoq)h oSyitable titanias

fd’ne%ré@ﬁér Altife, CRAAES € Br P niRRIrE T Eotﬁxg)ﬁ Q' Titania may be
ydrated 1 norgani c oxides (or hydroxides uring the
produeed oloy othet icblasicler yiacass, Sinet sbilfate nyogess, cthexihjelsothermal

i ncl ude soporous mol ecul ar. si.eves su 0

IBRRSR o Haimes qutrobela, pf G T zehl®e (dg, Egprian. T A-
“*ﬁﬁhiuﬁ?ﬁc&%oﬁﬁﬂs,wméﬁgﬁi@e i%ﬂﬁ%tﬁ%r“@h%@b@dia of Chemical
Sieves," In Studies in Surface SCIrence an alysSTs:
Tachnotogy. onlime editioar 280@ves (1998) El sevi er Sci ence

B. V. . 1375-. 94. . ui.t gable clays can be found .
T+ RBiaablt 3icR s dnghuge R 8IndiPtRe 580RNer Rififoxices)
EsrobxdrfipleCivien andinbRiii®RXide e@%ld difcdd @i‘iﬂbg is formed from an
Reactions (1992) Kodansha Ltd., Tokyo, pp. 49-98. ] _
inerganicexiderareisep de-gusa tetyralkoxyisianelola aydratachinorganic oxide

(45 BB S, B S GBI B TSN Bffaedlc oxice

prsyaRors Vistichzeasi t @etdlcchydroridesal lakaxgsiany, al glkexditanates,
are extensively mned in 30 many parts of the world.

atkomiedunainates, nohealkexygirgopatesmiitRy dhmisiegh al iMpey oinclude, e.g.,
t%ﬁ?éqk&fsifé?%; Zeol | tt?t?aé‘l%ﬁ{tﬁgﬁuﬁﬁ' ity toefSbi@Ryzirconiums,
yst's a e

or’ chem cal react’i ons t take plac
triakkokyalwimidiumst h&hesenpricoedors aaret teverfstl th dndrgahid exides or
catal ysts are used in nmany .organi ¢ reactions,
hyskaigdi ingraanicRxides (QrdwcEexidas) Hinglhg formaliqn, phihegxtrudate.
see : . I ' =Sk
Toohrof SipiS gag Al iblde AitodeRaye AR Tar Bves such as
NeEMail AIMCMSESit seeVaituli, VO, (et A4 ) Pilertial Applicatiores for M41S

V. . 13-22. Transitign nefal zeolites eolites,
BinkoMBsoRrofis MG ASIRYES | ¢ Blidies i, Siiface, Science_and
f I ' i te
@é%h&g_sse M%(% c_fgg@l g M&e&ﬁér Q%K}%s ZL @%Q'W@'%é‘rc'gf]?%%re”ﬁ?sayﬂﬁp' 1375-
Rkl ective Oxidation, pp. 33-38). Atransition netal is
Sc 1 S liRbiexuRes £l be 1AGn 1B ChaPHire2a i a8 Golepial Catalys
Nigteria®? Zdolit€! CIAR. alB. HenstobIyWARIY tiReOrgaMe! Re@btions (1992)

metal zeolite 1s Used Tor an oxidatlon react!on,
Kedanshal ltdl, T okyo, pp.e4®PBed are Ti, V, , and W Most

Mo
[ ¢ arfifed Are JstoRy RSBl elig, 888 Rihr BPffneq tppotures.
Genérally they ebetaRrNbne oh erorehenSil GeAAIUB) PS ot e like, R thddition to

oxygen in the |lattice franework (see R Szostak, ) )
oxaRNal Mamn geplitee eceunbaigeallyas Blirgrals and qrevgxiansively mined in

) . Primci . tioat '

aBLERrs:0! PO R oG SVALRRE ARERIS Mt pmercialy for

specific uses. Zeolites have the ability to act as catalysts for chemical reactions

that take place mostly within their internal cavities. Acidic zeolite catalysts are

used in many organic reactions, including cracking, isomerization, and
2
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15 anounts of inpurities, e.g., boron, iron,

al um num sodi um phosphorous, copper, and the |ike,

and m xtures thereof, may be present in the lattice.

The anmount of inpurities is preferably |ess than O 5
% nore preferably less than 0.1 wt.% Pref

alltylatmu, §R¢§NI Qahl@ag g ws@yr%%ltasm ang echnology,
Zet rA | i I4?‘5)94 ) Elsevier

Soﬁhrﬁﬂmv I\{bpelaazeferabl y, the val ue of x is from0.01
125, The lar .ratio lattice o
£ ¢ arfeaRTIOnMetb Zpelies: (7 ﬁtegdoawagesugmsltl%rmgt%s in their
e
frafotic) SP MsdtiP SRR o MR Srdarle fshormations, such as
oxilaltion abacwls( m NeWalDevétepmen&:ln SElective INidatidri 397)33-38).
0 a |ncIu S 1 (titapj,um
A Gandiion 1Bl 5 BrolSri alRmaRte THediet aw AbUeRy asefrom Sc to
zZnt OPF&f@%d%PéHs‘Pt ?nettélstd‘rétTlOf\/ M ESMES, Cr, Zr, Nb, Mo, and W.
alumnosilicate), T1S-2 (having an MEL topol ogy
Whenaltog duansitiont imetal Feoliteeisz@ad. loratm oiisdadiohi reacton, particularly

raRiaA i 81 Meeand ol dofdisifidsl; Fretiied Mahium zeoites
aré wmumtmmfatés) T(th&ﬁbélﬁéhté@t aPrét@taWItha/ camséuZﬁMeté’mahﬁother
al so suitab or use he nost prieferred is TS

tham Zidaniume snlg:ogremchlop(yg@i apahedlatticet trerrmvwbn(@eeoﬂ aﬁvzostak

“NEh RSB ERCIRF O aE ) Melactler, Siles: Pripeites o

SyAthgsis and Uasetifivativn A1989) Vah NugkanadReinBbRl, pphe05a82). Small
zeo |te IS crystallized, it usually contains the

amgUitsi @f 1RBRETHRS. NG -CagdIRrORi tNeNh @'P@"&q’?st%d"ﬁ“’ phosphorous,
coBbEHSI fre ft: e G P ey, BEHRLELACH, A°Blice. The

amwmlotﬁtlmmnﬂes lsepﬂelférablySIess ¢loan 0.5 wt. /Wmoret bﬁeferably less than
extrudate conprises a mxture of two or npre inorganic
bxiV‘GIe/s o) éetﬂrr%r@taa;wnealnatessegwra&v ahByY@ d& . composition
r I K
colfe8fiiding! 6, ! IoISWAS oifbificd Bl RHOEHTISR.. hte x is
betweerv®. Qﬁﬂﬂpandrﬂ 56001 hdooa paéfesablynithet h@ue| ofi x as tioml©.01 to

o B SIS e, o AR LIS ot
adDéht‘éG@bu@l?"ﬂbhﬁe@Sat Pel Yoer, Wbﬁweréblg_afrmx)d 59 to 60:1.

si de-chain, and a polyether si de-chain he carboxylic
Pa@tlm&arbhareferfagl tidanipm geolites Aareditanium silicaliteso(see Catal Rev.-

SEEE- 348 1951 ol BB BsshhDua s F GG bicave

1, @rfﬂ@@lﬂ)m slitalirohsighfein MR etopbRigh a@@g&t@g@tﬁat of the ZSM-5

epresented by R wherein nis from

alyspigpgiligatey, T$xa16h9@|ngoar2ytEL tanelaay analegenstenthet owe ZSM-11
t

alFtBLCEET. ol 363, 8 EcTa H BagehCrdly 1 4%01.038).

Tltanm:rralzedhm havimgr eradte‘vtcﬁkesttuctamatscmonphbtm to zeollute beta,

s SRS 5 B 8 oA -
gro Zedlité i h@Fe[ll?ﬁ:reé’QFéqqﬁlluth%rﬂ)?és@h@é%Tfra‘?tdo@a?nc templating

y ene gro s su ene, propy

agent4 deet w.endl. Sl FaprNoy 6840, 510) 2Buitabie demiptating agmtts include
eferred ar t hyl ene and pro Ien e preferre
2l e <iaferianh ARSI pETPERyATRy Plne. WG & Zeolte is
cryRfallize rﬂﬁéh&ﬂkﬁcoﬁﬁilﬂé)%(@rdiﬁélhlenl‘émﬁ@tﬁwg agent within its crystal
oxypropylene/oxyethylene copol ymers.
pol yet her side-chain may be 3attached to the backbone
of the conb-branched pol yner by any suitabl e chem cal
I i nkage. The |inkage nay be an 25 ester, am de,
i mde, ether, amine, or thioether functionality, or a

car bon-carbon bond. Preferably, the polyether
SI de cha| ns are attached to the poI ymer backbone

ey o
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5, 393, 343). The nolar ratio of carboxylic

si de-chains to pol yether side-chains in the

comb- branched polyner is not critical. Typically, the
nolar ratio is in the range of 1:1 to 200: 1.

Preferably, the ratio is in the range of 2:1 to

stiustuser A Zeslie: seriakiRg ap‘@(%%‘i"‘ég 8gRpt May *P%é'@??’r 'Hdhe present
|Hvrb}r{'n%{\°fPr%?er¥b hcteﬁlg%éin@g%%cﬁrlt and a

pol' yet her nacr eni ¢ carboxylic

nmonorwhen dh@ rerxtradam cmnpnses:ammrelwhhe ob omatednorganic oxides,
car boxylic {% such as a

XYy,

% Bo "étoé‘ aygiene @é“rr% ‘%fc érﬁﬁwrrrrewe%npm ip the art.
Fec}rh% bl% Qﬁri’@@dhtélsrﬂ@é‘%ugﬁfeﬂl?\'enieélfténr‘nﬁyté’ctlgs the active
car bon at ons | es 1nc e acrylic acid
coet praneny lof theacatalyst aod time siliea bihdsvand staergthensithalextrudate.
4- pent.enoi ¢ a nmal ei ¢ acid, .nal eic anh rid
itgcg'I eceé%ﬁ“giaten%ﬁﬁ%srﬁsc a£qrpp- %F%m&‘%dc MR comb-branched

' t er g0 r e
s et HagRbanes &7 "a'“%XZ"'@ SloenaifCand a
mlyeihemerdhmham i Ehe@acboxyhc eide-chaid maryabermprrae hmﬁrbd)eylrc acid,

f
3 palef pol GompTuik Rty T Risferro g cRINE §idf ghain i a
c@%ékyné@%w %,@l@;lp q-OQOHpL her macrononomers have a

yet her chain and a carbon- carbon doubl e bond,
vvhl C hT heapolpether sw@rcmm ishereser@bly represgrted Byt he

pol yet her chain. Exanples,inclu pol yet her
nmonoacryl ates, polyeth w%‘er-yl ates, polyether

nonoal | yl ethers, pol yeth r nono eat es, and

Vﬁ%ﬁ%%ﬁ@n})"n fiﬁ rQatﬂ?)SrﬁrPf gﬁgﬁgrgfibo@o% Sa?ﬂg? If:l I.‘ts 21% organic

r |
SRR Bctvos o T b 5 JARL A e covlons

tmlridyl ehbeorolyethernoaydeontdiy| e axinere plrffqrenerrepeatmg units

but.y d the |ik d tu
Dl R R TS ielES B ok, Aento et Bl §F Akl Biiphatic
dro@p OShturatdty @lrﬁ?ﬂdtrcgrgi?&ﬁﬁs af&eprafdrvsd. hePartrcularly preferred are
nnacr onmononmer can be a linear or a branched pol yner,

a@lejlemrcgreupmucbr ag etbprlenywmropwlale,amahutwﬁm, |aoprqwlene or

SARRIERE! st irrB T 1R, Ao cald pBRuIdELy v Thieg preferred

poNetheishy | arRe ghysstiingBLr Ypolyesgydlkyleré hacsyl at e[ﬁol¥oxyethylene
pol y(1, 4- butyl ene glycol) acrylates or net hacryl a
nelyaxyErapyiesies agcydPToRens/pxyathyena copplymarsor

th t
oy oS S-S Al B ARERRY £, Hlodine of the comb-

brapched polynmsd b¥ nmypsduwme @ihremid:él liikage. etl'herlﬁnkage may be an
poly(et ylene g allyl ethers, poly yl ene
estsrc aMidaoiyAg 8 :saméﬁﬂal QTHB'qqﬂR%' fUﬂﬁHO'FﬁMY u‘Pre% carbon-carbon

i ProB1ET Y55 RIS SRS BT 1o e pomer

bhackpore hraugh @iny ester, amrylbatoesmﬁde oiunrrbomalrty yhat ims the comb-

and acrylates or net acr | at es. of

RR)eesyP e coRATaH, PlsReNEngras iRl & ﬁa pylter acrylate
rﬁécr@ﬁﬁ&iﬁﬁﬁé’r‘ ﬁ»‘e@SU‘Q P‘é‘t W@’@ 034 208) anyhh QH¥ er ' prepared by
copol et her macromononer can
grgftmgeaoﬂglaemraamme ¢ arpay(@cedicnacidy L(bee,r etga, U S. Pat. No.
£§$3%§4§ ng a hydroxy or carboxylic acid group with one

¢ ‘al kyl ene oxides in the presence of a catal yst

as described in U S Pat. No. 6,034, 208, the teachings

of which are incorporated herein by reference. In

anot her exanpl e, poly(1,4-but4lene glycol) allyl ether

is prepared by polynerization of tetrahydrofuran in

the presence of allyl alcohol and a base io catal yst

such as potassi um hydroxi de or sodiunrhydroxide. A

solid base catal yst may al so be used (see, e.g., US.

Pat . hbs 6, 680 406 6 455 711 and 7 074 944)

o Y — _ _ .
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20 acid, nmethacrylic acid, or a mxture of both.

When a conb-branched pol yner is prepared by

copol yrmeri zati on of an ethylenic carboxylic nmonomer

and a pol yether nacronononer, other conpnoners may be

cop ner zed,. The c oners include Ieflns A

aro arVr@H9|o rf%;ﬁfBa’é)g'C Q)fj?\fhaﬁsh@rg 4 WIST@SF%%QS in the

coH‘IHJWanEHéH Cﬂd BER nGUHtigdRt ¢ |§§Ily dhemeSlar %tﬁfsqhathédange
foni ¢ acids, unsaturated phosphonic acids, and

of rI:1kt=§> 2Q01d. Rrefarakly, theaatiofis inTthe rangeof 2ok tozimﬂnorrer
used, i gner a referably <2 .vvt.O/of the, .
ot BreiBnae oD trandind botndh Goat B reelhind Hate or biienic
%ﬁ?h@fn%h?é?ﬁé BAHYATpbRetidt Masromdesmen WrSet hadboxyli
ca 4,958 andr6 81%@5? t he teachi ngs of \Aﬁlr?%rg?e oxyie
mamerpmrap@@emmrlnomam\ed@mie bopgd anthataaehoxlic igseur such

as;B.ebRe, KA ERai)fir Sil: BF 2 ERROaIf Bhglide. psuitable

etipaeioxdrboxylie! iMoromep contzeiy frem Bhet 1@ earidrsafoms. Examples
car boxylic side-chains, including carboxylic acids

inchagie &G @sic; Anethackia agish IsstPNicaGidHYRYIRERIC agidadmentenoic
ac@{, Igﬁ@é@?éééfé Ia'?‘ %% ?éﬂﬁy&rl Tride, @EBnBQJB?d %egé’&ﬂ% ABfeS f@haric acid,

cutrambhm: raeid, candnﬂﬂ)&ums thereof. i CPr@Fetatay,OIﬂne: ethylenmloarboxyhc
aci ds, ,or dicarboxylic acid nnonoesters.

MRRPBER, i RENYIC, aﬁ:gyl 2Vl iagichr meEhacaicy raplsﬁo pleicy agid, maleic
anﬁzﬁrﬁ ide, Jﬁﬁagghg: @Qt?%fﬂgh?'éy;mo nerﬁ@fgréblghh‘r% hénylic acid,
methgcryhe acial, pha-mnxtureyjf both.ene, sul fonated st yr ene

nnal.gi.c cr onitrile, t adi_en
Suc SsanBrpyeft At omnpngerabars epaiiether cligiaand s carbon-
caﬂ)’cﬁﬁ@ﬁ&ble%hob%hi@h td&nZQe ‘@ith%(T aP "tl?é halbfyor Wﬁhﬁ'nothbopolyether
% of the total polyner her am nes are used
charm gr af t Exemplas boxintiudepol polyetheo fo"nonoamylabesjesu pelgether

maRengraISs: PhYsERanedL RS poNeM i BERamalRSE, and
poffefist- mEh@fdﬁﬁérB%S Phe %Wdﬂl@eﬁﬁé?ﬂohf@ﬂﬁé‘%&@hwmh%rkbén be

grafting a polyether amne to carboxyllclp mer are
andakyleggeaxida polgnephaving & ngrrm auezage dnelecaiar epaight (Mn)

withHFifeCge e P08 Al AGEIL STREBHIRE: Hides duoluce
etlwwhé bridep propyierec bgide P9 2yhiEylenecoxides, @ld themkéednd mixtures
ng_any suitabl e nethod, such as mulli

thq{ﬁ@%dﬂrﬂ‘@ PW@"‘@MF’QFFOBPPH%"@@nBWW'VcB@YGP é@"&nﬁ tq,6 Rydroxy
gré%etﬁén‘gbﬁe Itérrérn& gﬂﬂnﬁlnl?érné% Bbe ]Iﬁgépor Hrb‘?éﬁ%r‘?é& Yolfhner, a
hopmplotymerdonan depolgmer parets a maledomrcnfaeblabk xaoaolyfhel 10

o otpies B Tavéifir omatiamauemers, st qwprRTes fslyoo)
sl SETANMNIS, oo ARTETS oot SVMER oot
pob/( t.dHuitylenetgiyadt) acrglatassor melhim:ylataso patyl ethyleneeglycol) methyl
ottt RS PE FitPat Y Bies e ol BetRRCH{RE} 25 o) avegaylene
anM\ﬁbﬁypr‘oﬁylbh@ Brock BF efaﬁﬂbﬁﬁ copolyméﬁhep@W ﬂré?ﬂbﬁé Qlﬂlcol) allyl

he 1'nvention are nmade by extrusion, act uri
ethﬁrace@,ly(ethylwnecgiyczplhauséretbers; @otytorsmaletnﬁrgmgwi amncz;n@!eates

and Rt v i TR, el Poniuley Fororpenegers are

poM(mpylmeglycfdlpalcrymwb bﬂnfe@lﬁan e, Ipolyi(ethyleneagigadolp isrylates
Any conventional extruder nma e 30 used. The

extrudate usually has a diameter of 0.5 to 10 mm in
particular froml to 5 mm A suitable screwtype
extruder is described in "Particle Size Enlargenent,"”
Handbook of Powder Technol ogy, vol. 1 (1980) pp.
112-22. The conb- branched pol yner serves as an
extru3|on ald Am extru3|on a|d helps the n1X|ng
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10 aid, the netal (e.g., its oxide) is generally

i ncorporated into the extrudate during cal cination.
The extrudate may conprise other extrusion aids,
including, e.g., alkyl amnes, carboxylic acids, alkyl

ammoni um conpounds anmi no al cohol s, cellul ose,
eimethase/laenerand eickylates 5| athgenyiadas of an' oxyethylene and

SRPYNTARA SORLRER, Pt OK e 8 ALGRR bF methacryiates of an

exyeytefidres/oxypropylenetcopbiysnert ur an) s, net al
carbox | ates, and the |like, and m xture

t her eof . .
Exanpl PBWGU@H'U%’QS‘%’SC&}%E? RERPAS M&F‘e oxyalkylation of an

|
QBN U e G aRP £ by DN RPBHONHE 15 B wit gne or more
Jkylghal dgidesén dke opr)asemea agb ca oadalistl asaedescrided sin U S. Pat. No.

S84 ahe 65 REHS S Stk REpORId fiise by reference. In
6 t d i
Tl 18%mels, poMER-Billere] GyBo g SRS SPrélared by
mnalyerhenaaﬂlqn of tehsalsydremram ifo theoprgsence mfi ally] afcohchtand a base
nh- b hed 2 t t
GRIGEL SyPhee AdIBoHOY RYOBRE rs Roliunt aeFefde ool sBid base
maryspﬁ]agfa@@lb\éem\ééﬂ (sRed ey%watsr PatINed @,680,408"6458,711, and
extrudatée. The drying nmay be perforned at 10 to 2002C
%\97éﬁ4ﬁépher| c pressure or under vacuum The dryi ng

moy oEfeiald nEbty B BatthE e foBREdoBalfiafRieckiffbromer i

d&r@‘rﬁﬂ;ﬂhﬂmn theerapgedrorat 1:99 to SQCﬁbS/IVwI?ﬁUt THe preferred range is
gen cont ai ni ng at nosphere to burn off the organic

Pate 7p25. , residual solvent, extrusion aids,

EZFEI'?%W%%&&Q@& BaFl R frBobliey B SroriFpohmer. One
petoel #hlovdsr the £dPolymefitCanSetigterie carbdxyilis mo_nomer and a
beneficial to 8 initj allb[cal cine the extrudate in

Relwrther: MasHRBPROMEN dseenthPodet; MNes.i 34608 h@m%6,|895 513).
ERAAERGR Ine VigRORER € AP, e QRAEERY! 8 fomar s acric

a&oid anpg'mcfyimram mrrmnmttcr_msohmtb Generally, a cal CI ned

extr te after ation contaiafb<0 5wt

ci

car bo negp éﬂoéfﬂ'%bf%ﬂc RONTES 13 PLpare 36/&98?'%6}?"23“0” of an

gnehre:vee%f RyfChridieg PAATE% balyeitPAhObridribther, other
acetate. he rocess conprises reacting et ne,
ceonemeards dnaya e ompglymemlrzedn Tdwey gemoaorntesis nnalgdgaeleflns vinyl
t he presenc f, a ol d cata
yamdlissnyondied, BByl Bffes ARuiasisiscury] pliptiones, onjugated
A8héES At @atdd1Sulfdrvie i) -urisaftatRPbhsPHRi@8t”s, and the like,
catal'yst 1s generally prepared by inpregnation
aret nnxtqmthérgpﬂ ciheﬁmaumfcwmdnonneamsadeatgemeaalty €50 wt.%,

pfRlabE! T2 et o ol A FRgblfarEn figinods for preparing

mhbaﬁamne@qxﬂmhdrss Aré Sdeérérme@on@euts aPa@NNe¥d6214,958 and
amounts of sol utions used depend on the desired

&8ihe &8 te taaghmgsmvvfa@h are mearppsated hereireby refarence

t al .
ool el Suspipimeliid RETIBEATIG i, PGl Bigg motymer s to
reept asearbekylmepolyrﬂeadmtlﬂaapdygwbd amines Armérbdwhc polymer is a

F?‘F?”adl m chl ori_de, g ch ro alladite,, palladiu
Mg et aba?‘P’HBf'%‘?ﬁ s‘eﬁ Qr¥Ic %'Hﬁor'ﬂ%!léd'ng CabeXV"C acids,

0 r r

oA St“?o%ﬁbgw'?z%?%'l"é%OZ%ﬁfﬁﬁ'%% {efboRRE polymers
pal | adi um chl ori de or sodi um éhl oropal | adite are nost
20commonly used in view of their high water solubility
and ready availability. The pal | adi um gol d

catal yst may conprise an alkali netal. An alkali netal
conmpound may be added in the solutions of the

pal | adi um and/ or gold salts. Alternatively, the
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The cal cination of the inpregnated titania extrudate
is carried out at a tenperature in the range of 1009C
to 600C in an inert or oxidizing gas such as helium
n|trogen argon neon, nitrogen oxides, oxygen air,

M xt ures of

rbon di oxi and the like.
af%f PBRe Rf |6%§Y'@§£§es°f Vieie SRI0QXYIE ’T‘ﬂ"%mﬁfsghﬁ;g Fgnylic,
mé&th§EWlic, & RS &0 atic, td?ﬁaédm@nftaeéhlctQ&dSalo?' Hléhﬂﬂﬁ(yh@ acid
carried out 1 h nitrogen, oxyden or air, or mxtures
marroasters.  Gidronat icopotyinmars oaracndlcyabldt ogemettedrylicameid are
et en .5 angd 5 h. Fol | ow.ng t al ci pation
prelpBa. 1 nihe SPORS pobime e eieBarnyS - 3dech tast "other
etifyAENi€ ThordmbR2SUCA é%oétﬂlfé?ie %pﬁé%e@ﬁ\}lét?%dé“s@nﬁ@nﬂfé‘ddstyrene
salts to the corresponding netals. I'n general,
maleic\acighrasryanitrie usutadienenandthe like. Bodnothey eatgyelamc monomer

e i CORER s, AR o P25 o215, ot 10wt of

thé‘kﬂé%l er.primary am nes, carboxylic acids,
carboxylic acid salts, and carboxylic acid esters can

be Polyethes amines aretusereioegratt 19 caroxylic ipglymer to form the

deBi e, Epirl brslRfied Aol ) BBl it bRt tn ehihY group

withét the Woyrgr backiesre dr hianeepdrgrobpdr Thenmeodseof making
used, it Is nore common to utilize a m xture of
COH%P@@éheﬂ PohRersby Q@f'ﬂn@ asPayethep aming 1o @e?ﬁ"bﬁé}’ﬂctﬁmymef
r; T a
aréﬁ%%lbseg mtlﬁgo'iﬂagm%se *ngg% gﬁg a?‘(/oﬁ? 1 gg@%d I';Hoé’gtee%ﬁg r@srbf which

arerbeﬁelmywotrpcbﬁa}ed byeefemrwel sed of about 5 to 25 vol.9/0
hydrogen and 75 to 95 v%%%l nert

typi BRIMpke AY extsiale. 'Wrgﬂlﬁpgxlgeua@ Bl Rombbranched
h
ol ., Y Sy D AR 8t

kneadiagt i The gpemmlnl |; gmmrdlwearfiedmlﬂ.al& tempenaturgoin the range
[l a d, f .05 tp 3 wm, % d. .

of JBupe e, Petesdiialingdm Busaiihue? T a18ia,on kaeqging,may

bepﬁéﬂf&ﬂiéd”fhﬂaér Eh?gbr@ss'iﬁet PréterablyMat 6. 9—q|0datnT$§bhenc pressure.

aration netho of supported pal | adi um gol'd
Ty@@a yislastsdfes drmisele 120 in U.S. Pat. Nos. 5,332, 710,

o, a48e33urBig UGy eRy mele B,y Sl OB Tor Buuls, inapossan.

a Belvenh ray 'ef eiceleeieto ahe mpRlifes abSgitds édwernsememide water,
pal | adi um gol d cat al Typically, the viny

alcab@{sfateéhe@ GEtaESr @m@%s RaQRAtig sab@nt% %@paeneteﬁwc&\mts and

i e S48y YGRS B 8308 i, G, S ool

Wahedlaollhesmostqsretérréd omO0.1to 2.5 MPa, preferably from
over the pall adiumgold cata

| yst. .
Unr THe: SRS RS IERLeR e dyedaly SnLsigt & manyfacturing
prcgile'sgt ‘Whu% hmiaf C#I i§) ﬁ@ﬁe&‘ﬂ% A dbie’ HOSH o o fioé% RAehte long

oxXi e I'S so advan ageous rbon di oxi
objmts otalffized y‘.r(ms -$exdtioa. fEdtrusioruisi commonly usedcid priocess plastics
of, op erat| n because |t i.s ysuall d
or FR8. s BT AROrBEE B Galalyass: AR Gardsn o yiiiogh thay be
us@d' Rkl SiruaRs @§l§all5‘yq{8§a§iia?ﬁet%?%%'5% ?G‘nﬁﬁ,glﬂrbéi‘tlcular from 1
onpound and hydrogen peroxide in the presence of
to cEal mnhed A rsuileble @eremttype zedrudes isxdesdalbed dh t‘H’iertlcle Size

EnjdRiERlen R0 Habdbgek of Powdd TRBhGQBAY o1, F{4HE pp. 112-22

preparat|on nmet hods di scussed in the previous sections
apply in the present process. A variety of organic
compounds may be oxi di zed. Bxanpl es include 5ol efins,
al kanes, arenes, al cohols, al dehydes, ketones,

t hi oethers, and the |ike. In one preferred

oxi dation process, the organic conpound is an ol efin,
and the oxidation product is an epoxide. Suitable
oIeflns |nclude any oIefln haV|ng at Ieast one

R E—— o o o . T ~ o~
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io carbon atons. In a particularly preferred process,
the olefin is propylene and the epoxide is propyl ene
oxi de. Al kane oxi dation to al cohols, ketones, or
ot her oxygenated products is another preferred

Val uaniecouBbRSashRbp O st ey e FeuBIRR g A axgrusion ai
S 18! HAAhG, hidlng,| BndoBidiiidink 0BBbIteH, At 9haY Dittove the

es In e those ai ni ng ogen,
reshgnical aant/ogr phpscalarpdopeh'beﬂ; i tkfe thanextnidatar esch as crushing

SETTL SRR e ROIOGHE a5 ese NB1ur i Bl AP RoaRdiirusion aid

rR&y dstohile ' BAdGihgNéf 'nﬁErbblﬁi% Ariftles tirifk tlh@“fkn‘éfadlng, molding,
arenes to phenols, henols to catechols, ketones

dryings and calginatiarn, arwor enswet ther mecharigal @tabdle/ ah#e extrudate

c&lﬁgfggagzu%sn" IIUR%LC rg%}log{ﬁ atﬂd“hg&ﬂéfg'r?ﬁkélae%ﬁg@s?gﬂedp disperse

soRrtt Phere BbraBgeheSls mgﬁ@@ﬁl‘feopéé@ CRENATEH Qids are usually
oxi nne). The oxidation step na performed using

recyoved huings caloinationy Whers apme ca@bowéatehs msed.as an extrusion

0, 3u8 R 1o 00 i Bttt e BBl HREPYIHE auring
calbimdtiorgeous to work at a pressure of 1-200 bars and
at a_tenperature in the range of 0-2509C, nore

pr ef Jrr@opgrtru@@iezrr@@ccomﬁ@seﬂtla%& p¥iusiPR Rids, Ingluding 9., alkyl
a%?'n)é Nt earblk n)ﬂ%blfcrééjl fﬁqﬂgﬂsaﬁ{rﬁorgbﬂwgorﬁgofmﬁ drfifio  alcohols,

f eac 1on co i ons

oelyiges; celitleseiatbersy datamar kpmiyacsylafesaqao@meimbs,rlates poly(vinyl
aromatic and aliphati¢ solvents such as tol uene and
; chPel(viayleyrraidan®s.c arRPl¥(aminat i c agi)sent spolyethers,

%tga;hyg& onr ?r IFrfé?ﬁ ot 8@5{956)??13%% ﬁlgé OI§nd ?h&fdré??hereof

Eiarmpib*se cufxygeltt&@sml sthersnt mcludel udedrarn:orcarboxymalaylsellulose
esters eto oxi de, and

RIS Bty pe LN 028,  angl Heraider shitast: o Preferred
d

ROIRGIKYRne? oRldch Catel ol @Iy |diidels Chaly ERIRIEnS [tkide)s, or

capdlymersuof s ethytareof oxité uand nptapylenenl axitde (ssezearUlSs Pat. No.

éiﬁg It may be advantageous to use a buffer in
g??hatlon step. The buffer may typically be added

to thhesekirGddte JQ'OHQE@QI oifrfses éiolbﬁki 90, wlo%, tsp?ei‘e%oly at least

hydr ogen per oxi solution. The buffer mm
240t h, dnerecpneierablytatdea&tr Ihwit.8% inasganic exi >emir®t leasted.1 wt.%

buff5 Pgﬁg}ﬁﬁgg in the reaction to inprove the |lo

'or selectivities. Buffers useful in

thi s THa ertrud@4tel imalyUske drield. SThé adtymgsepératioh remcveisdat least a
the nature and proportions of which in the mxture are

pation phaelvenls (819 owataiealcobels)froahthenexirysiade e Mg drying may be
RS PR B RPREIEEAPl L el fpchud” e arvin

roay sccutsin @imdraamingnt &mospheral cation. The ani on may
i ncl ude phosphate, 15 carbonate, bicarbonate, sulfate,
car bR aeIdede gmaya bier Halgined)otoatRIOdUGR)r 8x calcined  extrudate.
' i t . [
F"rb#érﬁﬁ%/ ehgl%ﬁréh rhé %gfrﬁeq gmna}? okygé.‘nge’gﬁt%uﬁﬁé affosphere to
btuern rodhtha/b@ammaterralpy(ergd; residisa)| saivent,hextruisier) ards templating
al kal i ne_ear

| k h h
derth SorBaBedgh 6k £SaeBate. B paicBBiaf midk bR esv ot at 400 to
1%40 khoreNBreférablys froMy 450N € G0eEt | SnetirAss, 2R is be}nefrcral to

preferred buffer conprises an anion sel ected from
group consisting of phosphate§ carbonate, bicarbonate,
sul fate, hydroxide, and acetate; and a cation selected
fromthe group consisting of amoni um al kyl anmoni unn,
al 'yl phosphoni um al kali netal, and al kaline earth
netal ions. Buffers may preferably contain a
conbrnatron of nor e than one surtable salt Typically,

' ~ - o — 1 r — ——
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30 netal phosphate, amoni um phosphate, and amoni um

hydr oxi de. The foll owi ng exanples nerely
illustrate the invention. Those skilled in the art
wi Il recognize many variations that are within the

inigdleaigine. e mridRlRiREs BerSREIosRTer (6 ghefiBgED; blium) to
. i iod : et . _ i L idd

théaﬁ;nsaﬂl?rd]réer, Ia te%éeregqaurb% c?oﬁt r@??gﬁﬁtgﬁﬁggb |tﬁg déw ce,’ and

then rhurnogén thrir orgadievimatedals in Samproggen-cantaioing Htmosphere.

Geeral, st afna Singple A8 g SabPRS coffaies ¥k e earon.
Pr_@pé?at§|9,ritbbmams><£ome/¥t@% dE@HeRErs in water, one for the

initiator, and one for the chain-transfer agent. The
pr odhietinventios inclydles lacpipsess for prepadamyinybaeetate. wihecprocess

colry 8| R plrldhe 47l G ARERRY B0t AE i Bfrnaining
gaseipottk resdrie of &ipatieldiumn-geld eatalyst! c&h?ﬂsiﬂg palladium-gold

produced after the reaction has reached steady state.
supperted ppta ealeipedtitania extiugdate ofithe im@niicnof water to

cov t d r.ea ' rged. i :
i ADSL AU ERI a0 S2Ghraly piHArRl! BFCrbpredation
teahiniquesox Yigplvallgna/ calgine o pitheiacextrutatenis aimuiiamgoushy iongas is
an oxyet hyl ene/ oxypropyl ene rati g of 70:30 by wei ght )
MQIROTAN B1S GatR SUBSesS Ny lyeatec ovith agugqus ggluyions of palladium
i G
anfdid salte, TS Shiealiofts sho e Tindy A i @lors 1SSt Bbpend
onaheulesired pansehfratienssof pallagiuralarikbgeit.ifgthe sinaheatghdt.t Water

. the initiator feed reservoir and an aqueo -

s fhRERIaYsPdBREnS e PRlRdIM AN ol EasS Heposted opiine extudate.
e SRS RILARIS i, B8l SSHBB iy orce, sodur
chippopalladited palladiurh eeditrade,e @alladizny/ hsdltatet heaurienoekloride,

fe 29 .rriUh for.the initiator feed  and rrida ..
tetj 5 R0 Al gLl telAhieraiale” Thad Tk fikey," ‘Slutons of
tetkRIARSTOALKE @cidan@ipalladinAt cRlorie e sHiurhhibepaNaditd Sre most
under continuous nitrogen purge. The reactor effl uent
comenenly gsed dn view of thais highhwaterrsohhility @adready ayaiahilty.

o e ol oble o Rk eyl BrfRloeCHt Sl g AT mera
compauhdrmag eaddddfiarthe solatioafthe pafiadivat @and/® gold salts.

reaction. The product collected is designated as
Alteg1afively. Ahe impiganation eldanisraxicydate mithykispallagiem and gold
sofufiBhs 'ié’@a#r%oc%tr b@f@ﬁé’%aﬂﬁ?ﬁl‘sﬁ/ﬁﬁ'th@%du%oﬁéas'&ﬂtﬁ)nlof fhe alkali

m xture of a met hacrylate of an
mejaly(mrhhp?m; 'ﬁhgprefpyl‘ledrwkaliann_étahi?pgkglsgigm. havi n% an ;

0X e/ gxypr.opyl.ene rati 70: i ght. an

o B s aIapaterh o HBb JE g slen JHangr xpitAte 5 GRETie@ Gt at a

I |~ i i | Aysicfi t

terfpofguceTithe (844 of 005G Go GbACdn ah fAaMTR hiciZg 9 ich as
hehlgacnitrogeg, hegare debB, nitrogehQiXidesieoxygenpatrj carboa dioxide, and
tnd Lk, FRBE 87 ing Bforo MEnBHATGeSPE atey SISbssBeo,IntF Bighly
useftll EnSTimeRe&f tA8dnvidhtionTthe fcicihAforf R cArridde bt lﬁ‘f nitrogen,

agent feed. The reactor effluent is diverted until the

OXYge{t of aif, aalixtyeshihereofst Calginationttisnesaamn ivary bukegenerally are
r%ecw ' |lected in the 5 second reactor for about

be@v ! g\t% éfrﬁdegghd of the period the second reactor is
heated for another 3 h to conplete the reaction. The
product is designated as Polgyrrer B (MW 45, 000).



10

15

20

25

30

A sanple of Polymer B is titrated with an aqueous

anmoni um hydr oxi de solution to obtain a sanple

designated as Polynmer B-1 with pH = 2.8. Polynmer mB-1

cont a| ns 43 W . %sol id. EXAVPLE 3: COVB- BRANCHED
eactlo |s C rrled out

tos crlwing thexeaneliah Sierihe (RIS BroRuEhis Shamicalfeduced
ST e o

ragtdlsa Inugémarrab\anyagaownlmooedurev\aslggtcmtveaboml @ddeihg agents
;1 800 bmet hacr }W‘ﬁ 146 ., 1.7 nol), .
AB me@mw%s rboa map ogargns,” " olefins,
C
a?ea or |s eat eﬁrgk@seggﬁ!ﬁg@t 'ﬁg\rﬂﬁﬁeéfeeg Lcugégi%arcearboxyhc

acichrsadid, arch carbeetic r acid estesy Cagy fhef osetdhe Hm:hogem ethylene,
0,for the n"tflator fe

orapviend alkaine, Pucadine’ Hand ikaile oisiflanddd’ 418 Fidhty useful
ré QIR Agents; | andTetHyiend afd Ay drd§én angl palftoI SRE ﬂéfetréd While

under cont | nuous nltrogen pur ge. The reactor ‘e | uent
puse dydeagesdmayittig used it leamoremomamrr tonulilize aanyxtyeejpf hydrogen

PR 47O grScalicn o BiURPOER, HellutE AGERPr e [ JReRE mixtures
geﬁethﬂ@t@@htéw upnet diviut B volunid Petesin dot%ﬁ;ﬁy@ﬁo@@ 4hd, more

onpl éte the reaction. The product collected
tYP'@%JtYe@fQ\PPWP@BEdtOé abaubsute%otm% bydrogegians Z@twwpl % inert

ﬁéd@%ﬂ)natlr%'s Qypléallngwk@ 1EPc5 gq‘#l %’[Rhfpﬁq%%ﬁ%%yed for

tlﬁ’&%@nWaﬁHaagB&oWEB t6.600°C.
Ti t ani apowder (DT51, M | | enni unCheni cal s, 400g

car bdhgmealydiver-geldosatalyst pragucesh bynthe Nﬁtﬁeéﬁa@feém invention
BRI ol T 08, St BRRER Ay rOR 05 1o 1% gola

Morebpreéstablif ¢thé catatysticontains |f|$)nn 1025186 €15 ed. %cpaﬂadﬁllm amd from
Haake Rheonm x 3000 m xer (625 nL internal volune) and

q@ﬁéﬂjgg ﬁ’gg@ gma shaped bl ades for 30 m n. The

bl ad ;
ot at Ty SpatRmeIhdtsre stpport aia B 8P Gafisiseserived
irBQOA. datvbosnbi332THED,ds,B34&,046i 5 5571833416&&828,@636,696, and

G 5HSeTa e Gishoslik O RS a8 fedtiomtedhraw By asterence, are
aﬁo@hé‘émsﬁ F % (reBaMITRAlladH fh- V%%Qi Bhfdlysts, ~ The paste is

noved romthe m xi ng bo and dged in a seal ed
pl astliypidadly, ther vibyl acetatesispprepared bypassing acelial acid; ethylene,

1/ 8 | i nders us o
ek oaFD A Priber ot ind S48, 14 HRS GeS SFiftorh 10 to 220%C,
p@étetwlyltf@in a0 8r20080, Andl pre8éure8 BN FFRAET 46 215 MP4, préferably

h, then at 1052C for 16 h. Then the extrudates are
framn O htei2iMPai everthe pedladiume-goideeqialyst. lrreastedsgaraponents can

N IO ——
dicxid® (22 Glsat adw#tadgedus. @Ia?boﬁrmb)fld@@é b}artlwlailyaémmmr dilution

for 15 6 h before coolin y
"p>rftb|<s‘ér.<>tilaé@nofncwtéﬁe0&‘;acmﬁrﬁ%ca1 thacaysa 'é)éﬁr'dm&t"&s omeed during the
% ?. ] in Table 1. The crush strength of the calcined

ania extrudates is neasured with a Chatillon crush
st r efgtehinzenatigrz atso( Mo tieles CaP oxidlation tmoéexsceompuemgaeactmg an
for failure 25 asurenments i ave aged to
FGiir cerpaun a8d | WarReh e, THoItet pees by ko nealcined
thifsfioR mteh ZHeMERxtlate dfreThvériRpuat ed cyl i nder (17
nom nal outer diameter). The graduated cylinder is
tapped until the apparent vothe no | onger changes,
and then this value is divided into the mass to
cal cul ate bul k vol une. Voidage is determ ned by addi ng
the pellets to 50 nL water in a second graduated

cylinder and then tapping until all voids are fill ed.
25 The resultlng wat er IeveI |s subtracted fromthe

b oa o Y e — — ————f -
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30 water is taken as the neasure of the pore vol une.
EXAMPLE 5. Tl TANI A EXTRUDATES PREPARED W TH POLYMER B
15 The procedure of Exanple 4 is repeat ed,
except that Polyner B prepared in Exanpl e 2 (5.5¢g
sol i ds) is used instead of Poly

ExARpitable, aﬁﬂTmerreﬂm@mmes m@éﬁAﬁeghw Atrypates,ArRdc their

ol MRS gL ) ORIEE B SERY B e

prmmead of Pol yner A COVPARATI VE EXAI\/PLE 7.
TI TANI A EXTRUDATES PREPARED, 10W TH PC]_Y ETHY
O phyvariety #r@gawsc%rupeum S EXIPLeOR Sples include

oleﬁm%eﬁkahbé‘targﬁéé’ (HESNEIE AR d}? k?tﬂrﬁ@aﬂ'f?@&ﬁérs H'nWthellke

is used I nst Pol ynmer A Tabl
Pr elmma mefamd Pxiadioni mceSs Wheaonmni?:xcomaued is an olefln

angx e’ OX|dat|on pr&%@ is ar'1EX etprolf(lS e. Saundabﬁa olefifis mcF Jey any olefin
having at least one carbon-carbon double bond and generally from 2 to 60
carbon atoms. Preferably, the olefin is an acyclic alkene containing 2 to 30
carbon atoms. In a particularly preferred process, the olefin is propylene and
the epoxide is propylene oxide.

Alkane oxidation to alcohols, ketones, or other oxygenated products is
another preferred oxidation process of the invention. The process is valuable
because the oxygenated products are wusually more valuable than
nonfunctionalized hydrocarbons. Suitable alkanes include those containing
halogen, oxygen, aryl groups, and the like, and mixtures thereof. Examples
include ethane, propane, n-butane, isobutane, toluene, ethylbenzene, and
cumene.

Other oxidation reactions include, e.g., oxidations of arenes to phenols,
phenols to catechols, ketones to esters or lactones, thioethers to sulfoxide
and/or sulfones, ammoximation of aldehydes or ketones in the presence of
ammonia or an amine to make oximes (e.g., the conversion of cyclohexanone to
cyclohexanone oxime).

The oxidation step may be performed using a continuous flow, semi-
batch, or batch mode. Preferably, the oxidation is performed in a continuous
fixed-bed or a plurality of separate fixed-beds. It is advantageous to work at a
pressure of 1-200 bars and at a temperature in the range of 0-250°C, more
preferably, 20-200°C.

The oxidation process may use a solvent. Suitable solvents are liquid
under the reaction conditions. They include, for example, oxygen-containing
hydrocarbons such as alcohols, aromatic and aliphatic solvents such as toluene
and hexane, chlorinated aromatic and aliphatic solvents such as chlorobenzene

and methylene chloride, nitriles such as acetonitrile, carbon dioxide, and water.
11
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B Pol ymer C Pol y(ethyl ene oxide) Total m xing energy
(KJ) 42.6 42.7 44.3 48.4 Crush strength (1bs) 31.88
32.98 36.96 36.88 Bulk density (g/nil) 1.03 0.88 0.96
1.1

Suitable oxygenated solvents include alcohols, ethers, esters, ketones, carbon
dioxide, water, and the like, and mixtures thereof. Preferred oxygenated
solvents include water and lower aliphatic C1-C4 alcohols such as methanol,
ethanol, isopropanol, and tert-butanol, and mixtures thereof. Fluorinated
alcohols can be used.

It may be advantageous to use a buffer in the oxidation step. The buffer
may typically be added to the solvent to form a buffer solution, or to the
hydrogen peroxide solution. The buffer may also be added directly to the
oxidation reaction mixture. The buffer is employed in the reaction to improve the
reaction rate and/or selectivities. Buffers useful in this invention include any
suitable salts of oxyacids, the nature and proportions of which in the mixture are
such that the pH of their solutions may preferably range from 3 to 10, more
preferably from 4 to 9, and most preferably from 5 to 8. Suitable salts of
oxyacids contain an anion and cation. The anion may include phosphate,
carbonate, bicarbonate, sulfate, carboxylates (e.g., acetate), borate, hydroxide,
silicate, aluminosilicate, and the like. The cation may include ammonium,
alkylammonium (e.g., tetraalkylammoniums, pyridiniums, and the like),
alkylphosphonium, alkali metal, and alkaline earth metal ions, or the like.
Examples include NH4, NBus, NMey, Li, Na, K, Cs, Mg, and Ca cations. The
preferred buffer comprises an anion selected from the group consisting of
phosphate, carbonate, bicarbonate, sulfate, hydroxide, and acetate; and a
cation selected from the group consisting of ammonium, alkylammonium,
alkylphosphonium, alkali metal, and alkaline earth metal ions. Buffers may
preferably contain a combination of more than one suitable salt. Typically, the
concentration of buffer in the solvent is from 0.0001 M to 1 M, preferably from
0.0005 M to 0.3 M. The buffer useful in this invention may include ammonium
hydroxide which can be formed by adding ammonia gas to the reaction system.
For instance, one may use a pH = 12-14 solution of ammonium hydroxide to
balance the pH of the reaction system. More preferred buffers include alkali
metal phosphate, ammonium phosphate, and ammonium hydroxide.

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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Voi dage (0/0 67.9 71.4 70.0 67.9 Pore vol une (nJg)
30.1 32.5 19.9 26.8 15EXAMPLE 8. Au/ Pd- ON-TI TANI A

( CATALYST D) NaAuCl a (0.987 g), Na2PdCl4 (2.645
g), and NaHCO3 (2.760 g) are dissolved in water (24
m.). The solution is applied to titania extrudates
prepared in Exanple 4 (100 g) using a disposable
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solution (1.25 wt.%) is charged to the initiator feed reservoir and an aqueous 3-
mercaptopropionic acid solution (2.2 wt.%) is charged to the chain transfer agent
feed reservoir. The reactor is heated to 65°C and then the feed pumps are
started with a feed rate of 262 g/h for the monomer feed, 29 mL/h for the initiator
feed, and 19 mL/h for the chain-transfer agent feed. The reaction temperature
is maintained at 65°C and the reactor is under continuous nitrogen purge. The
reactor effluent is diverted until the reaction has reached a steady state and then
the product is collected in the second reactor for about 40 min. Thereafter, the
second reactor is heated for 3 h at 65°C to complete the reaction. The product
collected is designated as Polymer A.

EXAMPLE 2: COMB-BRANCHED POLYMER B
The reaction is carried out as described in Example 1. A mixture of a
methacrylate of an oxyethylene/oxypropylene random copolymer having an
oxyethylene/oxypropylene ratio of 70:30 by weight and a number average
molecular weight of about 3,000 (900 g, 0.3 mol), acrylic acid (136 g, 1.83 mol),
and water (610 g) is charged to the monomer feed tank. The reactor is heated
13
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The procedure of Exanple 8 is repeated, except that
the extrudates 15prepared in Exanples 5, 6, 7 are
used. EXAMPLES 12-14. CATALYST TESTI NG Cat al ysts
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rriBEURF Wit bt 2ot odd [P8¥3Y. 0% mol), methacrylic acid (146 g, 1.7
mol), and water (1,495 g) is charged to the monomer feed tank. Water (50 mL)
is charged to the reactor. The reactor is heated to 65°C and then the feed
pumps are started with a feed rate of 370 g/h for the monomer feed, 41.8 mL/h
for the initiator feed, and 36 mL/h for the chain transfer agent feed. The reaction
temperature is maintained at 65°C and the reactor is under continuous nitrogen
purge. The reactor effluent is diverted until the reaction has reached a steady
state and then the product is collected in the second reactor for about 12 h. At
the end of that period it is heated for another 3 h in the second reactor to
complete the reaction. The product collected is treated with dilute caustic
solution to give 40 wt.% solids and a pH of 4. The final product is designated
Polymer C.

EXAMPLE 4. TITANIA EXTRUDATES PREPARED WITH
POLYMER A
Titania  powder (DT51, Millennium  Chemicals, 400 @),
carboxymethylcellulose (8.2 g), Polymer A prepared in Example 1 (5.5 g solids),
water (217 g), and concentrated ammonium hydroxide (14.8 M, 16 g) are
14
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Pol ymer C Oxygen conversion (% 44.5 33.4 39.5 Oxygen
selectivity (%9 77.4 76.6 74.6 Oxygen yield (%9 34.4
25.6 29.5 EXAMPLES 15-17. TI TANI A EXTRUDATES AND
CATALYSTS Extrudates are prepared using three
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m"giat al yst Perfornmance Exanpl e

The paste is removed from the mixing bowl and aged in a sealed plastic
bag for 24 h. The paste is then extruded into 1/8” cylinders using a Thermo
Haake Rheomex 202p motorized with a Rheocord 300p drive unit. The
extrudates are dried in air at room temperature for 24 h, then at 105°C for 16 h.
Then the extrudates are calcined in air. The calciner temperature is raised from
room temperature to 500°C at a ramp rate of 12C/min, held at 500°C for 1 h,
then ramped from 500°C to 700°C at 10°C/min rate, and finally held at 700°C for
6 h before cooling down.

Some physical properties of the calcined titania extrudates are listed in
Table 1. The crush strength of the calcined titania extrudates is measured with
a Chatillon crush strength analyzer (Model DPP 50). The force necessary for
failure in 25 measurements is averaged to give the reported value. Bulk density
is measured by placing 40 g of extrudates in a 100-mL graduated cylinder (1”
nominal outer diameter). The graduated cylinder is tapped until the apparent
volume no longer changes, and then this value is divided into the mass to
calculate bulk volume. Voidage is determined by adding the pellets to 50 mL
water in a second graduated cylinder and then tapping until all voids are filled.
The resulting water level is subtracted from the total volume of the water and the
pellets taken separately to determine the void volume occupied by water. Total
pore volume is determined by pouring the mixture through a sieve basket,
shaking to remove excess water and then weighing the wet extrudates. The
increase in mass over the initial 40 g of extrudates divided by the density of

water is taken as the measure of the pore volume.

EXAMPLE 5. TITANIA EXTRUDATES PREPARED WITH
POLYMER B
15



15 16 17 Extrudate preparation Titania (WM.% 61.8
61.1 60.4 Water (wt.% 33.1 32.7 32.4 Polynmer A (WM. %
0.8 2.0 3.0 Carboxynnet hyl cel | ul ose, sodi um salt

The procedure of Example 4 is repeated, except that Polymer B prepared

in Example 2 (5.5 g solids) is used instead of Polymer A.

EXAMPLE 6. TITANIA EXTRUDATES PREPARED WITH
5 POLYMER C
The procedure of Example 4 is repeated, except that Polymer C prepared
in Example 3 (5.5 g solids) is used instead of Polymer A.

COMPARATIVE EXAMPLE 7. TITANIA EXTRUDATES PREPARED
10 WITH POLY(ETHYLENE OXIDE)
The procedure of Example 4 is repeated, except that poly(ethylene oxide)
(Alpha Aesar, M.W. = 100,000, 5.5 g) is used instead of Polymer A.
Table 1. Preparation and Properties of Titania Extrudates

Example 4 5 6 Comp. 7

Extrusion aid Polymer | Polymer | Polymer | Poly(ethylene
A B C oxide)

Total mixing energy 42.6 42.7 44.3 48.4

(KJ)

Crush strength 31.88 32.98 36.96 36.88

(Ibs)

Bulk density 1.03 0.88 0.96 1.1

(g/ml)

Voidage 67.9 71.4 70.0 67.9

(%)

Pore volume 30.1 32.5 19.9 26.8

(mL/g)

15 EXAMPLE 8. Au/Pd-ON-TITANIA (CATALYST D)

NaAuCl, (0.987 g), NaPdCls (2.645 g), and NaHCO3; (2.760 g) are
dissolved in water (24 mL). The solution is applied to titania extrudates
prepared in Example 4 (100 g) using a disposable pipette while the extrudates
are tumbled in a rotating dish until all of the available extrudate pore volume is

20 filled. The impregnated extrudates are allowed to tumble for another 30 min,
and then dried at 80-85°C for 1 h using a hot air gun. The extrudates are further
dried in an oven in air at 105°C for 16 h, then exhaustively washed with warm
deionized water using a Soxhlet extractor to remove chloride.
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(Mt.% 1.3 1.3 1.2 Benzyl alcohol (wt.% 0.5 0.5 0.5
Amoni um hydroxide (wt.% 1.9 1.8 1.8 Catal yst
per f or mance Catalyst G H I

The above extrudates are heated in a 1.5” nominal O.D. tube reactor at
210°C in flowing air (flow rate, 200 mL/min) at 70 psig for 3 h. After the reactor
is purged with nitrogen, a gas mixture (20 vol.% hydrogen in nitrogen) is
introduced into the reactor (500 mL/min) at 70 psig. The temperature is ramped
to 500°C at a rate of 10°C/min, and held at 500°C for 3 h. The reactor is purged
with nitrogen and the resultant catalyst is cooled to room temperature under
nitrogen flow.

The extrudates (25 g) are contacted with an aqueous solution containing
5 wt.% potassium acetate and 0.5 wt.% potassium hydroxide (50 mL) at room
temperature for 10 min. The mixture is decanted, and the treated catalyst is
dried at 105°C in an oven in air for 4 h. Catalyst D is obtained.

EXAMPLES 9-11. Au/Pd-ON-TITANIA (CATALYSTS E, F, G)
The procedure of Example 8 is repeated, except that the extrudates
prepared in Examples 5, 6, 7 are used.

EXAMPLES 12-14. CATALYST TESTING

Catalysts D, E, and F are evaluated for vinyl acetate production in a fixed-
bed reactor (stainless steel, nominal 1 inch O.D.). The bed volume is 30 mL,
and the catalyst is mixed with inert alpha alumina cylindrical pellets (1/8” in
diameter, surface area 4 m?/g, pore volume 0.25 mL/g) in a weight ratio of 2.5:1
alumina to catalyst. The feed contains 84.7 wt.% ethylene, 9.9 wt.% acetic acid,
3.8 wt.% oxygen, and 1.6 wt.% nitrogen. The reactor pressure is 80 psig and
the space velocity relative to catalyst bed is 3,800/h at standard temperature
and pressure. The reactor is cooled using a fluidized sand bath, the
temperature of which is set at 1302C. The product stream is analyzed by gas
chromatography (GC). Oxygen conversion, selectivity, and yield for vinyl
acetate after 100 h on stream are calculated from the GC results and listed in
Table 2. Oxygen conversion is calculated by dividing the amount of oxygen
consumed by the total amount of oxygen fed to the reactor. Oxygen selectivity
is the amount of oxygen consumed in making vinyl acetate divided by total
oxygen consumed. Oxygen yield is the product of oxygen conversion multiplied
by oxygen selectivity.

17
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Oxygen conversion (c/o) 32.0 46.2 20.9 Oxygen
selectivity (%9 80.0 75.4 73.8 Oxygen yield (%9 25.7
34.8 15.4 EXAMPLE 18. CATALYST TESTI NG Cat al yst
Dis tested by followi ng the procedure described in
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Oxygen selectivity (%) 77.4 76.6 74.6
Oxygen yield (%) 34.4 25.6 29.5

EXAMPLES 15-17. TITANIA EXTRUDATES AND CATALYSTS

Extrudates are prepared using three different concentrations of Polymer
A (prepared in Example 1) according to the procedure described in Example 4
except that sodium carboxymethylcellulose and benzyl alcohol are used instead
of carboxymethylcellulose as extrusion aids (Table 3). Catalysts G, H, and | are
prepared with the calcined extrudates according to the procedure of Example 8.
Catalysts G, H, and | are evaluated according to the procedure of Examples 12-

14, Test results are shown in Table 3.

Table 3. Extrudate Preparation and Catalyst Performance

Example 15 16 17

Extrudate preparation

Titania (Wt.%) | 61.8 61.1 60.4

Water (wt.%) | 33.1 32.7 | 32.4

Polymer A (wt.%) 0.8 2.0 3.0

Carboxymethylcellulose, sodium salt
wt%)| 1.3 1.3 1.2

Benzyl alcohol (wt.%) 0.5 0.5 0.5

Ammonium hydroxide (wt.%) 1.9 1.8 1.8

Catalyst performance

Catalyst G H |

Oxygen conversion (%) | 32.0 46.2 | 20.9

Oxygen selectivity (%) | 80.0 75.4 | 73.8

Oxygen vyield (%) | 25.7 34.8 15.4
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Tabl e 4. Catal yst Performance in Vinyl Acetate

Formati on Exanple 18 Conp. 19 Catalyst D G Extrusion
aid Polymer A Poly(ethyl ene oxide) Oxygen conversion
(%9 51.8 50.6 Oxygen selectivity (%9 74.2 70.8 Oxygen

yreld (% 384 3MPLE 18. CATALYST TESTING
Catalyst D is tested by following the procedure described in Examples 12-
14, except that the sand bath temperature is set at 135°C instead of 130°C.
Test results are shown in Table 4.

COMPARATIVE EXAMPLE 19. CATALYST TESTING

Catalyst G is tested by following the procedure described in Example 18.
Test results are shown in Table 4.

Comparison of Examples 18 and 19 indicates that Catalyst D (prepared
from extrudates produced with Polymer A as an extrusion aid) gives better
performance than Catalyst G (produced with poly(ethylene oxide) as an
extrusion aid).

Table 4. Catalyst Performance in Vinyl Acetate Formation

Example 18 Comp. 19
Catalyst D G
Extrusion aid Polymer A Poly(ethylene oxide
Oxygen conversion (%) 51.8 50.6
Oxygen selectivity (%) 74.2 70.8
Oxygen yield (%) 38.4 35.8

EXAMPLE 20. TS-1 EXTRUDATE (CATALYST J)

Titanium silicalite-1 (TS-1) samples are prepared by following procedures
disclosed in U.S. Pat. Nos. 4,410,501 and 4,833,260. The samples and
calcined in air at 550°C.

TS-1 (60 g), carboxymethylcellulose sodium salt (Sigma-Aldrich, 2.72 g),
and polyethylene oxide (PEO) powder (0.88 g) are mixed in a plastic beaker.
This mixture is added to a Brabender Prep-Mixer muller (450 mL) with Sigma
blades in a 3:2 rotational configuration. The muller is motorized by a C.W.
Brabender Prep-Center Motor Drive unit (Model DT-51 with a 5 HP motor). After
the mixture is mulled at 20-30 rpm for 10 min, Polymer B-1 (17.1 g) is added and
mixed for 5 min. A Ludox silica sol (AS-40, Aldrich, 40.18 g) is added to the
paste at 30 rpm. Then distilled, deionized (DIUF) water (11.1 g) is added at 40
rpm mixing speed. It is mulled for another 5 min. The paste is transferred to a

plastic bag to be aged overnight.
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15EXAMPLE 20. TS-1 EXTRUDATE ( CATALYST J)
Titaniumsilicalite-1 (TS-1) sanples are prepared by
foll owi ng procedures disclosed in U S. Pat. Nos.
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4. The extrudate of claim2 wherein the ethylenic
carboxylic nononmer is selected fromthe group

consi sting of acrylic acid, methacrylic acid, and

m xtures thereof. 5. A cal cined extrudate of
claim1, . 6. The calcined extrudate of claim5
wheygéﬁk¥ﬁb calcination is performed in the presence

o g RO BT o anf, nTENEREERS poymer
copwrisingracpalymer baaklaors, 1 eaxboxylic side-Gtaim-ar@ a polyether side-
chain, wherein the titania constitutes at least 10 weight percent, and the comb-
branched polymer constitutes at least 1 weight percent of the extrudate.

2. The extrudate of claim 1 wherein the comb-branched polymer
comprises recurring units of ethylenic carboxylic monomer and a polyether
macromonomer.

3. The extrudate of claim 2 wherein the ethylenic carboxylic monomer
is an acrylic monomer.

4. The extrudate of claim 2 wherein the ethylenic carboxylic monomer
is selected from the group consisting of acrylic acid, methacrylic acid, and
mixtures thereof.

5. A calcined extrudate of claim 1.

6. The calcined extrudate of claim 5 wherein the calcination is
performed in the presence of an oxygen-containing gas.

7. The calcined extrudate of claim 5 wherein the calcination is
performed at a temperature of 450 to 7002 C.
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