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FI ELD OF THE | NVENTI ON This invention relates to inproved

catal ytic processes for deco 03|)n(gB 5 al k};/ or aromati c hydroperoxide to
forma nixture contai nithg BREFQYIPOSITION BPROCIESSES ket one.

BACKGROUND OF THE | NVENTI ON FIELD OF THEMENWENTAON?r ocesses for the
production of m xtur.es of cgcl ohexano CcyC thxanone from . - '
cycl ohexane are curH&Rvepug @%%?W%BY;W‘FE‘P&FSSE% or degomposinthce and

are wel | flesaiky)edaromdtitcchydroperoxitie teeforinl mixthre contiiifa tisccomesponding

typical i ndu%&’oéﬁ %g%}lce cycl ohexane is oxidized to forma reaction

m xture Cycl ohexyl hydroerOX| de CHHP) The resulting
CHHP is decorrposed A Yeldl: ¢ a catalyst, to form

a reaction m xtur — , s In the
industry. such a %ngltlsuupgl | S%ﬂo&%%ﬁ%ﬁﬁ%x @%one&%ﬂgﬁﬁz’?gﬁq xture.
and can be r é¥elohgxanongifiomicyclohaxgage ate currently gficonsidesableicommerdiali s an
' rrlportan]ore? aanaﬁdageeﬁﬁ@gejécﬁPe@?ﬁﬂhé hfegdt H@feftﬁ'en In accordzﬁﬂ@%ﬂ)sat on q
pol yners, nota es e . t,0 the e volunes o aci
consuned in ttmgé g&'&*ﬂﬁ tifepeyslahexang ‘ﬁﬁ?‘ﬂﬁ%ﬂtfgnﬁ'ﬁ’ﬁc@% ég"? or :
pr oduci ng adlcpntaxrangdyeinhex)ﬂhyﬂropemmr(ﬁl-ﬂm) lEheursadting CpiHIV isde benefi ci al
cost 20 ad

RE {)tﬂgcg ahogmonally Jan the agr%cﬂ%:é Bfa cftﬁly?\!bto foH'nSd g@t d{}ﬁrl ng

4,326,084, disc
cycl ohexane tcontaining &)'trleh@tainghanﬂ Gmcml@x@m?aimmgn@ﬂy such a mnam if or

subsequensly ﬁﬁwn@.qsmg (kiSndrfiestdl) Mkibreind &nfuerreacmwaﬁaué@m roduce
containing K rovenment 1 nvolves the us ertai n .transition

rotal 5 R Rd Yhich bR BpOTA FIASARE 1 PISSSSt 1R BTSPABRE SEARL al vt &
for cycl ohexaofadensation palysitirs, motabiyipdlivinhidds.c Dufp o theilarge vohgdstnudigio thi s

Do 1 o G ot iy s o PR bl SRRGRAARA  Plaebigror” O

(80-160[ er r | @roducmp adipliccasit angd wepriecursars cambo hgdd te prexidé beneficial cosint ai ni ng

sol i ds,. le atdd‘éﬁnt%?e g esults obtained with certain cobalt(ll) fatty acid 30
e.g.,

salts, e. 2- et hyl hexanoat e. Druliner et al., US.
Pat ent No 4, 503, ZBmlingr etale 36S Paemayo. ﬂsﬁ?ﬁcﬂféddlsc“’se an-ERpPYed eatgyticess for

oxi di zi ng cyqir@mg mﬁ&zfr@d?cﬁvh&ﬁ.ﬁﬁttb Fomi'h ¥dadfién ﬁﬁb&hﬁd ¢Unfdining CHHPHHP, and
for subsequentl the resu {f?ﬁ%&wlfﬁ%ﬂ) grma m xture
cont ai ni ng K23 BYBRNRE JOdOBR 28T q err]
MQ2, or 35 coﬁmﬁﬁMg Eﬁ)ﬂhd Ad The impsosensent invebies thesusp pé certain transitiby siesalf or
cycl ohexage e from
about  B0Lar r RSOt 1.3rbis(AfridyiiaBaR AR Rel b lhulle@ ORI
oxygen. oxxdatxon and CHHP decomposmon Accordmg to thxs patent, these catalysts
demonstrate longer catalyst life, higher CHHP conversion to K and A, operability
at lower temperatures (80-160°C), and reduced formation of insolubie metal-
containing solids, relative to results obtained with certain cobalt(Il) fatty acid
30 salts, e.g., cobalt 2-ethylhexanoate.
Druliner et al., U.S. Patent No. 4,503,257, disclose another improved
catalytic process for oxidizing cyclohexane to form a reaction mixture containing
CHHP, and for subsequently decomposing the resuiting CHHP to form a mixture
containing K and A. This improvement involves the use of Co304, MnO,, or
35 Fe;0,4 applied to a suitable solid support as catalysts for cyclohexane oxidation
and CHHP decomposition at a temperature from about 80°C to about 130°C, in

the presence of molecular oxygen.
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PCT/ US97W3525409931 - Sanderson et al., U'S. Patent PQEUSS7A582 163,
di scl ose a process for deconposing tertiary-butyl hydroperoxide in the

liquid phase overSdnderjoutet £14/U.8. Patent IfQéBiWM,Y@,@EH&!&E% paéchedglfdfppor ter g_
titania, zirggnia, .or nj.xtur t hereof .. .1 0 prepar, t he correspondi ng
al cohol . The&g?'gﬁgﬁlgﬁ argﬁ"ﬁilrl}y&%ﬁ%lﬂ%m(@?gﬁ&fme Pre %?gy“@ﬁy of
secondary hyaffesfiee ampunts of upsupportendditanis czirconia, or mixtures theteof, tocprepare

| mpr ovenent f &p@é | SRPARAGH ;]

m xt ur es instggggx;r&?gqgﬂfg rag:}%rl%g?{gﬁe e?al&%{lil%}lglpes |Eﬁ'}a&rdé§?et%ﬁcs[%é .‘B? 3 art.
O her 3 dHjseeandapnlydraperaxidgearespt diselopgdesent i nvention will becone
apparent to thoseFurther imptdvenistré heeded Fortiydoperbaaeasdnipdsititn el | ed
description which hereinafter 10 &Oldlpm' .. . .

SUMVARY OF 1’?114%‘‘‘f’r‘ii‘i/ENf’FEi‘}‘Ei\F'0 overcome the defigigneies inhgrent in (i priof e Ptherent

i nvention, iohjects/andl advanageesf the prgsentindention will becomefappdrent thykisseper oxi de
or secondary, rs ' . .11 . dec osition.
Feact i on m e iRE St ulen AR QTIRE BN ool Rhh whish herSpER s |

The i mpl@verfoRowWsonpri ses deconposi ng a hydroperoxi de by contacting a
hydroperoxi de with a catal ytgg M op VENAEORPUS catal yst sel ected
from t he groufgzpco Si st %?o and Hf _nydro es or oxides,
Preferably, the caxaceguiance with thepresent Fiveptionh AmBroKeaipEecestes are pr@videdm t he
gL oup consi shiwlgclph hpdfdperoAidecsriskédmiary hydroperoxide afdecompdsel t@Q’onﬁg

The i nprove .. ses_deconmasi secongar roper oxi de

by cont act | npoamBea e SRR HsfEr SRABigR DrSEaRit seohal Bl keie o

het er ogdfous cat alysimprovernemcomprises decomposipg adyslrapteraxidoby Zontactihgli

hydroxi des 4 h)gh?é’éorﬂ?i;ﬁhgﬁﬁx a Eﬁtﬁéﬁ%%ﬂoﬁm 6%&3’5@1&@@%%@1%&%3{%&?&0 ha

menber sel ecte consisting.o carbon and

T 25 the grompmonsitmECt NP i FromesmmuRidesE Brafabiv, NEamlyst

The present i‘s@gppvrtearbﬂmméﬁsdléa@é@mﬁ_tﬁé proRpTofisikig &m@ph&g{g,a .
hydr oper oxi de econg gtlon step in an industrial process in iI'ch an al kyl
or aro ??T{:a{}ﬂ%gmd Is oxidized to forma m xture of the

corresp@@di ng al ctheimprovementradsokesmprises Hecopsposingld secondayy hpdreperoxidean be
L di ved e el : q
oxi1 di ze toﬂgﬁ%@t @éé&tgnd%& Pi@ﬁ%@oﬂid@%ﬂ&&ﬂﬁlﬁﬁgo ouht 3f 21

cycl ohexano e I ndus rocess T ves two steps: first,
cycl ohexane heicrogenqussatalyspsgiesied fromdhe groyp copsisimgof Zr and Fidmdroxideyy CHHP;

second, CHHRyf sxiglaC TreRMly, thOEAIPS 8 sippetted n aQRéRbEY sBiectéd from theénd A As
previ ously nentioned,. roifﬁe@sgg for tpe g@f@l on of cycl ohexane are

wel | known i$f°PH§°‘P§‘?‘E{)ga‘{ 26tz Cav AP Xhose skilled in the art. 35
By "hydr2Sper oxi @ETAR FRDBESCGRIRTIODNIOE THIR PREFERRFD BMMBODIMENTDRal

gr oup - OCH attachgge bpes&t(i%éﬁ%%n%%&s improved processes for conducting a

hydroperoxide decomposition step in an industrial process in which an alkyl or
aromatic compound is oxidized to form a mixture of the corresponding alcohol
and ketone. In particular, cyclohéxane can be oxidized to form a mixture

30 containing cyclohexano!l (A) and cyclohexanone (K). The industrial process
involves two steps: first, cyclohexane is oxidized, forming a reaction mixture
containing CHHP; second, CHHP is decomposed, forming a mixture containing K
and A. As previously mentioned, processes for the oxidation of cyclohexane are
well known in the literature and available to those skilled in the art.

35 By “hydroperoxide” is meant a compound that contains the functional
group -OOH attached to a carbon atom.
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hydr oper oxi de in which the carbon gtom attached to roup is
further connected tBy Gerepndamy hydroperoxide™ igmeppf %@mx‘demwggﬂ‘g

" cor r espondi NGafdonafiem at@ekkd 16 Ahé SGOHKomyiskfettheratonhacted tndnly bwo oﬂlcr

al cohol or ketoqe conpound forned by the direct deconposition of the

hydr oper oxi de “AF W thout the breaking of any carbon-carbon bonds. For
exanpl e, cycl ohexyl Bydcmpespoxxdldgaloghel”%d(‘)‘msyohéﬂglspf@n Xisdmeangithe i t s

cor responding ﬁd‘m’hg} k&ggeﬁgﬁg d'fobthéd By tfe)diteehdecdRPositiod oftitd Ohexanone.

Advant ages ™ of e present enous cat al yti.c processes, relative to 10
processes enplhydropereride fegment %Ht the,brgaking of any easberscarbpn bonds. Fer o

met ?I { l'i gand %ﬂlf% élBBéﬁﬂﬁydrbi@ﬂHeQﬁéﬁcﬁ?&ar%' mf,cmtpermmev&sh wa el d; of
usefu roduct’s sence olu met,a unds. For
exanple, in orf@"es?md"é&g\@ﬂl?fgana I‘P(ﬂ?id g%ﬂﬁ?ﬂfeéwl(?ﬂfiﬁﬁﬁaﬁmﬂﬁd to be
bel ow a det ect abl e Advaitages of the presedd hetetngerdus catalytic procésses, relative/ted :

0 AP eSSV B s or 110

cycl ododecyl hytdetalihgmd mhixtures i bngywaéamtd ,d@proved ylelds of usefaihe CHHP
deconposi tion Og%aﬁ&§5£1§ tﬁ@ﬁbﬁﬁceosf’sfomm@ﬁxewné&h Suﬁﬁsd@'or exam?lbféih'(ﬁfey of

conditions an e variety ol vent cl 0
Since CHHP is QW"G&W?WG&FU%‘@H F ‘E’F‘l“‘aﬁss@“%‘g 0 Wa‘i’s/}ﬁi"ﬁlrfé‘xane

from catpjoyppl: oxi dati on of cycl ohexane, a conveni ent and preferred
solvent fqr. the deco sition t '

cycl ohexaaé Such alhf ¥PPP @BWCB?CS £1§"os§e 'ggegsfgﬁggg% g%b(?ﬂléé?ﬂom?l rst
step of the cyalkaiecorarematic Hﬁdmpcroplda&égsemrm tteutyl hydroperaidesf t he

constituents R Pp&s ,agch as 25 distill at.i on
or aqueous ex?‘?’}@ @?ﬁ&%ﬂ%ﬁ‘%&e‘ﬁ%gfbg e?%: amg B ot her Cigrrpurltles

The preferred concedhe &HIR mommqurésw ha pade
T XtUre Can ¢ apdted bOSbAbHs S HaMdboREHY of Qow&ﬁ%ﬁcuu@mg QRMPYtselfn t he

about o B9 Since GEfidh s pally prodicsd fghralf BOF eosiuph DRI FEE' £ o
t he processes ﬁtanytie okitdtioh bDeycichiegane, a convénientand prefersai mlve]n[:fmdhabo ut
170[err]C. Te n@;crp QZ)& {)’@-SE‘QP e ifveakich s &cﬁcﬁ)femu tSubR QAlrfixt are

typically pref ssures _can erably range m about
69 kPa to abouuse@moemd(fxmmﬁm step of MP hexang Oaﬂd@y@a m%ceﬁsf emafigsout

276 kPa §6§n@9pﬂfe chifftudtanidtbbeefifergved w@lm,&oeésaéﬂdcﬁqs React i.on

time varies in I nverse re tIOI‘JtOI’eaCtIO% eltg) turdethand E#/gllcally
ranges f r & abdistillatiqmor aqueousgxtractioptofepgye carboxylicacids and o
previously, the het dhe gecterted Eaticehtystion offCHHP mmbahﬂl-mdecombusiaon feed Nb

and ' hydroxi deg & carthigS b abdht 0. 8V REfRII D92 L. Headn e Nydr oxi des
' industrially practiced route, the preferred range is from about 0.5% to about 3% by
weight.
30 Suitable reaction temperatures for the processes of the invention range
from about 80°C to about 170°C. Temperatures from about 110°C to about 130°C
are typically preferred. Reaction pressures can preferably range from about
69 kPa to about 2760 kPa (10-400 psi) pressure, and pressures from about 276 kPa
to about 1380 kPa (40-200 psi) are more preferred. Reaction time varies in
35  inverse relation to reaction temperature, and typically ranges from about 2 to
about 30 minutes.
As noted previously, the heterogenous catalysts of the invention include
Nb and Hf hydroxides or oxides for all hydroperoxides and Zr and Ti hydrox1des
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suitabl e st agippdftedh Slid) isSa mmy prefenedreétb%flm@mivehﬁbﬂ hSorRé BfthEhese
met hods can j cl ude sol fe sol ie t echni que
is a process ?r}ff 85’9*‘56?3?4%55 b thWg“??‘hFﬂ‘%%‘M?‘P%al’eadY P"ﬁ Yomj 5 first -
plr Epar gd by mgg?:atw%r‘ﬁ,ﬁ muhdyedmgg{rprmmeds%gnmﬁtebleatasmfgmbteﬁalsﬁlgiﬂgo't ﬂs '
al koxi des or gpioal kil S b ot SPeXERlethoFdBan Bl BIGRigoS2d i th @

At eFERe 1 A9 ficluds sBf- Bt

reagent to AL sor. A
typi cal dkanpl e i dhe sol-gelmtmmtrmmpmcemermatfeee(m fid salbtierd i n

et hanol . \\at ey ‘1! ﬁﬂ%t bfeﬁﬁ:‘aed %9'&#558fv:ﬂésmta§ﬁ§ﬁe&ﬁs&%ﬁéﬁa§f 5 % dﬁ@oﬁlbﬂfse

hydrol ysis, i merizatl qQ " Cross g proceeds,

the free fl oﬁf‘ﬂﬁ‘ c%Bquahﬁ(i’ééEé@\z"ﬁminﬁ?ﬁa;p pY'ys then dessd w1tharqu¢§ tual |y set

E:I 0 a rijgi d "ipétidte reblotive g@lb{meﬁﬁitidrﬁdt&hﬂbre&uﬁbﬂsﬁ :typi&f!dxﬁlﬁi)MEE of the
esired nmate na vent. t |n ts open

por ous {ek’?%‘&m&@m%g‘%ﬁi@@ﬁ?ﬁ 6’ﬁ§ g‘@m&% ?gateli’ %tlh Tei t her

si npl e Hfat i bapeias catahy3t to initimte hydralygisaisradded. p-ﬁmmlymeanatmemgel or the

ent rapped 504:1’6§£l§nk C{;%c&e‘?%@ E’!ﬂowm nsof ﬁ@#eﬁé‘e%’iﬁ()kg&!xg Hper critical

fluid such as "uce a ero CI nati on of
these dried F%ﬂ“é‘l‘q lé‘(l""§t fan ’égléng'ed Thenger &?%ﬁ‘%%ofég@eﬁ[lﬁkﬂf ggtworko theesul t s

in products Wikl rhaterislabtivh a@dagsaweymm Sélﬁfaﬂt\m}ﬁﬁ it8 e%gsmm tantly
hi gh surface_a cat al yst

solid supporftgucg‘érﬁ 83'5 ﬁBlr MJQ%PC dned m?:’%%@t?ﬂ ?lf‘hr?ésmﬂﬁe gearﬁ% B2 of

anor phou’%ﬂ anﬂowgisdm lairito prdduceran a&egei(nrlthmemfappcd solvent mypbe reriovad dyage
I
particle sizgg Pﬁ'&eﬁxgﬁ +Witth Qg%p}‘crcﬁﬁrhgpﬁﬁfdss bl hgﬁg%,‘ﬁ’e;a g Ordt?clgcarkero%el process

paraneters as_reactor resi | e an ESI

General |y, t Kinahealeimgtionaf thess dries materjals 4o elevated tempgzatyres (280363ut 0. 005 mm

to 30 abOUfesﬁltﬁTIﬁ prodhésb Whidh typichIlg haveSutty Podus sRacthral afd cdrdtditkdtly?/ g are
preferred ce |ncreased surface area of the catalyst has a direct

correlatlon 8%d . deconposition rates in batch experinents.
Suppor t s2%avi ng mSc@z,IAnrz@grcmbnn‘ acFi0O, catalystrselid snppmmlcambbamanpﬂonyed but

i nherent brit t endant
problens in néjl - (T n an acc ‘;%{'&gﬁmﬂ%@t&g%@hé?g%m is c%&?gf(.)%; will 35
establ i sh a ppaweal wragmetuclt bize fomp@natelarstaﬁuymnwﬁb@nen@ upomsushar ea.

The solid capalctsd Sarfthefel\CasirBMRH refRefc@NlinkEarkOdts R RAct NBwEES. by

R K e W RO o7 T
can be s3@r r abolutyi inm. Catalysts havmg a surface area larger than 10 m2/g are preferred

since increased surface area of the catalyst has a direct correlation with increased

decomposition rates in batch experiments. Supports having much larger surface

areas can also be employed, but inherent brittleness of high-surface area catalysts,

and attendant problems in maintaining an acceptable particle size distribution, will

35  establish a practical upper limit upon catalyst support surface area.
The solid catalysts of the invention can be contacted with CHHP by
formulation into a catalyst bed, which is arranged to provide intimate contact
between catalysts and reactants. Alternatively, catalysts can be slurried with
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The process of the invention is suitahl e for batch or for continuous
CHHP deconposreactipn prsaresysing techniques known mghg a1y The propess of the inventign 5

and inert gaslﬁsﬁ@bﬁﬁpbﬁeﬁt@@%?hﬂbus CHHFUKédmlﬁﬁnmefbd&seﬁl glhe[]

conversi ons of proc react ant.s_to clo exane i s

oxi di zed directly ﬂiﬁﬁfl ?‘?ﬂoﬁan?lﬁma"dﬁﬁ'f gnd {nsrt@agﬁ?‘j m H&"W‘?ﬁé‘

CHHP decorrpos ntikimnes ﬁbvdeamghéﬂ comyersians ©f pracsssarastants to K@pdlﬁgrswswwme :

parti ci pats oNcyciBRtkahs ii5aaib ateiy (3 3hd Al th AXdibidd /K Shd A beind fotmegat et
84 e en |

No. 4, 326, re con ar e, incorporated eln
The processesbﬁﬁ deemupepition Ekis aneillamyprogsss idimown ass'cyelpherasy t he 10

LO| | owi ng non hﬁﬁiﬁa‘tlﬂﬁ" %afifsf)?&%nbé&ﬂd&lﬁfﬂDMﬁ& setal.| Ut$rm|&shat ur ef\ are in
ogr ees No. 4%|2%%82n31e%nm ern(t:eenrt]st gigwﬁxcﬂare m?éorg%ggz}éWEI o ess otherwi se

i ndi cat ed.
Experiment 1 The processes of the present mventlon are fuﬂembusmdw_thexi de 15

Commercialdy i.].abl t '
heat ed |n{6 S &ZO"Lrﬁggfngn% rﬂﬁé‘éﬁﬁ} {egdfnvm hni F‘e@@lﬂg;@grattorr waf‘ergr\?ﬁ%or)
at 80[err]C Cels:usmdailmgnntagpn@rq@sw@lhgnlem ervdsedndieateds i al was st ored
in a tightly capped vial pri orEXPEREIENTS for CHHP deconposi ti on.
Experinment 2 20 ul f at ed Zi rconi um hydr oxi de
Cormercial |y avail able sul fated zr (oHEXpesineds (VEl, Flenington, NJ)

were heated in a stream of wat er s Z#toaiuath rbi‘ldaltrogen (30 torr water

L) 15 o et sl 2 I SO S, PR

deconposi ti onhe@8d i m a stream of water saturated with nitrogen (30 torr watepwaporpatt 805C

No2Q[err]  xHgQ) [ lb/(gﬁ r?ﬂrlgnrg con moned material Qv stipéd {rfd ﬁ% ove p%b& SRl ved

into 50 nL dry te rah un niL{rogen In a

wat er was add®os totesyng for GHEP %?%PW%d an exot hernic reactlon

t ook place, generating a gel ati nous Wekp&ihé®Q pitate. After thoroughly 30
stirring r 30 mnutes, the precipitaj.e was collegted by filtration, :
washed wi . water and tet 1 I suction dried. The
white solid was thealomihemially available suliated Zr(§H)} @ellets (MEIf FiemingtonyNJ)

Experinment 4 ﬁgoqaly Si2 35
5 g of sili ca;%err%ﬁﬁift%dsm( t{earn Ewgtﬁlbpor t furated “"d’%a“‘“&?é I\‘f%tél] VZE’OWN
was dried in 808Gifer! heoyr. (Iir@aemm mndamor@éwémql was stored mvgmbdcapmén '

into a m,glrpgg,ﬂb{egﬁﬁ%ﬂ,rgj}mpdé% ndrl ed silica was slurried into
asolutiog of 1 [err] in nm_ d )éacetonltrllefor 5 mn and
then the 3l vent was reroved by Experiment 3

Nb,Os * xH,0 - Niobic Acid
10 g NbCls was dissolved into 50 mL dry tetrahydrofuran under nitrogen
in a glove box. 5 mL water was added slowly to this solution and an exothermic _
reaction took place, generating a gelatinous white precipitate. After thoroughly
30  stirring for 30 minutes, the precipitate was collected by filtration, washed with
water and tetrahydrofuran and then suction dried. The white solid was then dried
in vacuum at 100°C for 1 hour.

Experiment 4
(OH)4_2x on SlOz

35 Sgof sxlxca granules (cataiyst support grade, Aldrich, Mllwaukee, wh)
was dried in flowing air (100 mL/min) at 200°C for 1 hour and taken into a
nitrogen filled glove box. The dried silica was slurried into a solution of 1 g
ZrCl, in 25 mL dry acetonitrile for 5 min and then the solvent was removed by
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PCT/ US97 M6 38/99931 evaporation. The dry granul es were t hESTETAF3 n
flowng air saturated with wat er vapor (30 torr) in a horizontal tube
furnace at 1%6{&1]0@ The d?;]Q fihﬂle; Wenadhen heated in flowinghit satraded dvithas dried in

reveal od 5 et ParorAan i a Reiodital B fitade 1B63C or 30 min. Vil ©

Experi ment 5the white solid was dried in flowing dry air at 100°C ftpr@@(m andxollgetedi O :

5 g of silic s gy REe, zA drich, MIwaukee, W)

was dri ed mg %zé&%lédﬁ%xﬁ‘}@n% %t 209 e?r]C for 1 hour and taken
g;enm é

into a nitrogen filled glove ried silica was slurried into -

a sol ution of 1 g 10 Ti (i -propap( g)14)4| o?,ﬂ;mg dry tetrahydrofuran for 5
mn, and then the so%ty

nt La n, Th y '
granul es were then aﬁ'elé‘ifgrﬁmfl?%(ﬁfws ‘*ppo dde é‘?%?c&f&i) r vapor
(30 torr) i nwas bried fofiowingtait@ 00 milatis) att20000 fer ¥ habrfand taken into20 i n.

a1yt nenel el oflex 8 driol filcd Waldndica o 290LBLELET GO SO 1 1

and SIS reve cont ar ni ng % Ti .
15 10  Ti(i-propoxide), in 25 mL dry tetrahydrofixga formin, gnd then the solvent was

NoOx(OH) [err e ‘92"; The d afinled wele thérfh&hitad ! fRswihg alral yst
support grade AI§ vapﬁarlwau e‘3 & ! i

dried in f]| ng air (100
mL/mon) at 26WpEied with yater W%B%Fr(3§r§€m ‘ZA’WJPPWZHP{\%?B“"‘ ﬂmacw&#ﬂ&ﬁé”ﬁ ¥i 1l ed
gl ove box. TBe niihi @ﬁxﬁlyluﬁawmwﬂlwasldrddumﬂowmgsmutt30&'1Cdbr I0miz@nd NbC15
I n 25rrLdry rllefor Ve was removed by
evapor at i on. %ﬁ%&%ﬁy&w’lﬁﬁﬁfee rﬁkft%g% h “rl ?%af o?mn?llg ai r. which had

been 15 bubbl ed through anmoni ummmmm._é solution (15M, in a

hori zontal tube furnace at 1@&9)[(@1.() besi@Y mn. Finally, the white
solid was dried in flow.ng air ?ia{rggéﬂwd col{”ﬁ?ted
Anal ysi s reveal ed 58 pbsibieg WE‘GM‘@W%@“&@“ grade; Algfic aukee

Experi ment 7 was dried in flowing air (100 mL/min) at 200°C forll B&ﬁx@ﬁ[t&l{an] inttra

HTT ) Bl gy oty Theicd os ltdnBed BB soof o0 - 07

hour and20 ak dbGlgim25 ml drycng:ewnitnld foul 5 ghip\and s, the h@lV@@ wasdemoredPYini na was
slurried intq ?P‘?QM‘@; &Iy aﬁl}%ﬂd% \ 'Lmﬁﬁé?ﬂ@&iéaeih ﬂohﬂn@&r Nihidh had been

tetrahydrofura en the s venggm rmved evapor ation.
The rojab kdnhmlgh mmmﬁwlmf&fo ytiopy( Ed with

wat er vapor (fﬁQxaE@ﬁtr 100°C for 30 hiin thﬁlly Ztaamiuetsmww dﬂed:ih mWﬁ@&ﬁ dtor 30
mn. Finall y mere%[f@ep ancg?vi?ecteg Analy51s revealtjzc{l a Jnlapenap gon%ll;un%t 300[err]C

for 30 min ard
Exper i meds 8540wt % Nb. Ti[err]Si[err](ferr]

sol -gel materials ) ﬁgfgﬁ@&ﬁwt hyl ort hosilicate (Al drich,
M | waukee, W) was m xed with y methanol in a nitrogen
filled glove box. 2.84 g Ti(i- prEih&OHM2 9Ba-Al0;
6 2 g of a-alumina (Alfa Aesar, Ward Hill, MA) was dried in flowing air
(100 mL/min) at 200°C for 1 hour and taken into a nitrogen filled glove box. The
30  dried alumina was slurried into a solution of 1 g Ti(i-propoxide), in 25 mL dry -
tetrahydrofuran for 5 min, and then the solvent was removed by evaporation. The
dry granules were then heated in flowing air saturated with water vapor (30 torr)
in a horizontal tube furnace at 100°C for 30 min. Finally the white solid was dried
in flowing air at 300°C for 30 min and collected.
35 Experiment 8
Ti, Si, 05 sol-gel materials
15.2 g tetramethylorthosilicate (Aldrich, Milwaukee, WI) was mixed with
50 mL dry methanol in a nitrogen filled glove box. 2.84 g Ti(i-propoxide), was
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PCT/ US97/ 15332 added and stirred thoroughly. 25 nL 3M anmoni um

hydr oxi de sol utj.0 s.then i slowl,y into the stirred solution
whi ch t hen qui"cdﬁ‘Fg aé@F‘P%%ﬂe mmhﬁd-lz(ydwﬁtpiﬁg ammonium Hydroxidmiolytinnovwasithenas
added, the geldrippedalpydyfinto tRdstirred sohdidnhelnichvtisnephickly gelledVi OrteWltt sith@nd
acetone and s ' i ci.ned,i 5 fl ow ng
air (100 ni/ m%’hg?ﬁgb dé?’?‘?&“?%?”@%%ﬁérg%@%éﬁ?%&%? “&Pa?ﬁﬁﬂ%" Witbed solid.
This material idhwateiand aggtensandesuetignetiddniad, The et get was then taltinet $n of

appr oxi mat gl y flowdng af . - heker Bl : Wy :
dent 1 cal i a0 ?%?@d?ﬁg??‘?gﬁlh%@%ﬂ%ﬁ?ﬁ% Qéfa%‘?'faﬁ% 8Pl 4
added in the iThs rial containgd ppprogimatgly 10 wt. % Ti. Other materials of

Exper i rr:ant 9 approximately 1 wt. %, 5 wt. %, and 25 wt. % Ti Wdr€ prep@iei®h hh Sdenfitdl gel
mat eri al s

Vard Hill, MmyProsedure by adjg?‘g‘éf’?y/g‘%ﬁPﬂ‘Z‘%ﬁﬂ%’fT’é‘%ﬁ"%gﬁ&)& ;ﬁ%“- Aéf %?ezg{jéd

10.01 g of acepiutieset one di ssolved in 10 nL isopropanol. The solution
was refluxgd for 1 hour and then 15 Eﬁg&krﬁg‘,’thhe sol vent was renoved in a

rotovap. The resulting m xture was th i ssolved in 100 nL
i sopropanol . 22.83 g of tetramet hlikSkOnsol-gélgnaterialnd 22 n of

i sopropanol was addad drgbd 28.4'% TRE-pidpxille) SQUIH A&ar ve‘a.%qg ' 1.2 m
of concept rﬁ%ﬁd I;g:l in f?_GR‘{a:?%ZB}H )z%(ﬁr ‘was a igl[égp@)r%%sw se,
then 15 nt  C1sSopysHdn Pl t5pmpopan treves added 10.81 g af acerylagetone
i sopr 1(:)pan_ol Waiisst salietddn 10 inel. ROpropundll dWesoluﬁbt:Ms\wmv&Hitbxf Bﬁoﬁ%d@grﬂ"hour s at
room t enpgea n ANLE . itrogen. .. . e
sol ution %s ;é Eglr? H'c ﬁzl% sglgg{l 0 a }fﬂﬁge‘?ﬁf' %tﬂ‘{&]‘éﬁpaag’%{ﬁﬂ‘“é‘}& Pt vy then
40[ err] C, 350d@isselvediin 00 miuisopropinel P2.88 giaf tetramethylorthsiticate and ThamL
resul ting sol ioftisopropan8l WAL 4dde?S 12; "B4giidn2 SOVE mi2gf then
cal cined at 400 efrr]gpc l.ﬁl er 2§ n_?tg?x?)ﬁgg o'l(rq 1 ngﬂ'r 9‘ %@Fbélvée@'%?%gﬁour S
at 600[err]C ﬁﬂ{i“eﬁ‘“ fed 1A & derontzed MsiRs was added dropwisgi them 16 oL wt . % Ti .
Exper i rant 10 more isopropanol was added. Afterﬁ nlnin, 8?] mL ifo i&ﬂrﬁﬁéﬂo%ﬁ& Ec}]dcﬁﬁ/:’ﬂﬁe' )
mat eri al s . - t raet orthosilicate ri,ch, waukee,
W) was rr12 ?<ed y\?\lll '?Y‘{ sg)dmon %@g%}ﬂﬁ{l §°’e@§§1%7 atlfﬂﬂ'é'ftelﬁ p?’?ﬁﬁ%f"f“%ﬁ iar@a'g?f Phge
t echni ques. 1nnEgenzr OCl [err] was added and stirred thoroughly. A
stoi chionetric anmyye g t)ll\%f ol i he
stirred sol uti 89 ;@cﬁ% ¥ t@ﬁ%i, C ‘§/ tga'l‘bgﬁlg%Lgﬁoclg?ég%ge?%a[@L‘ea att
added. the g_ef" v i%’eﬂ?‘ Vi ligyidi©R2 ah 10 efmein faps hewrswiThe resabingtsolidt er and
suct | oneg%c;E i pebduthwwpisﬁaeimm d ilfﬁxeﬁﬁbiéi/é} add :tlfénfclafb\mvm_ At a|t>9°ocl§ &Q&r L/ mi n)
a e QUL .ener.a a ar | solid o
conposi ti6n SB{tlr'r(%eL%r ho; %?reﬁgy %%@gé@& yad r'n’gli'%?&?%”‘gg groduct
conposi tion 3gowAingd®.6%1.38 Ticol % Zr2:Si2 were prepared in a
simliar manner using appropriate ratd .Of - reagents.
7 ‘HxPerifent 10
Zr,Si,0, sol-gel materials
| 2.08 g tetracthylorthosilicate (Aldrich, Milwaukee, WI) was mixed with
30 10 mL dry ethanol under nitrogen using syringe techniques. 1.78 g ZrOCl, was

added and stirred thoroughly. A stoichiometric amount of water was then dripped

slowly into the stirred solution which then quickly gelled. Once all of the water

was added. the gel was aged for 30 min and then washed with 100 mL water and

suctioned dried. The wet gel was then calcined in flowing air (100 ml/min) at

35  500°C for 1 hour generating a granular white solid of composition 50 mol %

ZrO3, 50 mol % SiO,. Other materials of composition 33:67 and 67:33 mol %

Zr0,:8i0, were prepared in a similiar manner using appropriate ratios of

reagents. '

was
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Zr[err]Si[err]dJerr] sol-gel materials 2.08 ¢
tetraethylorthosilicate and 1.78 g Zgetihnt11 Wwere separately m xed

with 5 nL dry ethanol under nitriﬁggngumpg Esgrti mge techni ques, and a 5 |
stoi chionetric anount of water ~ 2 Ssol utions were then
m xed, whi c2.081p edttagthgyidritediliciteanddl. 78/ @ Zr@gb dvdre serafateliymixed t hen
washed with 1 t'g}besg- | : gel was then
calcined in f '%W%ngremms%?é}g’g@#ﬁ%sn qu%%gfj}é?lgf% oral hour
generating a stpichiomatriodmeunt obwater ovas added. Thaiposolutions BerawbeEn mixedy, 50
mol % Si g er r&hic%ﬂﬁklé{gélﬁg.' ghe gexfwssoag@a%xtammt&d thépwashc@HtS To@ 1! %
r r red in

ZrJerr]:Si2 we 1 siml1ar nner, usin . _.appropriate
ragi 0s ]Of reag@m@_dp suctioned dried. The wet gefawas en calcine u?ﬂowmg aB(B_gri Prent 12

No( err] (OH) 5@00} InISalin)oR 5001 & 12hour generating a gramugr whi sglidiofbi um et hoxi de |

di I i nt 0. .25 - | . . Whi LS L nat.er -
added. and Yﬁ@oé&ogxtaoaéﬁépﬁlﬁ&éﬁzﬁi@gﬂ Wﬁ?@;ﬁhﬁi@%@% cSmBofgf0 1e
d then10har3desV amd 6h33ntod &b Zv@,:Si rerpaepazed ini & similiagmpahn@Opsing | in
;rjlperc(rainticglap%@gﬁgeggioggf)%g%ﬁ% as ggscri bed in Expearqi ment 9 avala.n ‘?’he '
of rd was e

recovered calcined at 500[err]Cin air for 2 hours.
b) An identical material was prepar cBXREEMENtEL oy nent 12a above except 20

the supercritical drying was cmoxqg}})jl_ax §dl-géPinaterihlC i nst ead of 200[err]C.
Experinent 13 . ST . N T 1] er ] wok- gel
mat eri al a) 3.2 gpiokium ethnxigy Wandissplyed Hgé)\%ggﬂd‘(’esgé_%moé‘ iv?ll?l!)e 25 m
met hanol .15Wi stiering, 1.8 gawvaterwasgaddad 8ndythessobrtionatiowed tigeln The igel was agedon
allowed to ge}.. ' 3 : L0 an
aut ocl ave an oéggyrglg?g%d\;m“%ﬁﬁﬂ%?g%?%m&ﬁgélﬁégaﬂ%aagﬂb’é@?ﬁuﬁggqﬂé‘t hod at

70[err] C as dwpercritical mathoe _prQ(%EmS deseriheddn Experiment S\abpxet The recoxgred 4 was
then cal ci nedsdlid WaOhE EdiEined aP500°Cah aft 899 hburs. | b) An

I dentical material was prepared as. in Experi,nent_13a., ab cept

the supercritical BYyihigengeal H&FW%H’*‘BBF%&F“?EOT gf‘?ﬁ'@‘f’ﬁé?%%éovﬁpexfﬁ‘fter r]C.
30 20 the supercritical drying was carried out &{03Ciinstesd df200°C.

Ti[err]Si[err] 2 sol-gel material . Experiment 13 2.08 ¢

tetraethylorthosilicate and 5. 68@ rfxg'?'n‘um‘r?o-prp oxi de were
separately mixed with 10 ni dr \NeQ 6D oy selege! mﬁﬂéen usi ng syringe
techni ques 213 Py o PRI WaUIRNed Bhto ISR nfcladibl. Whikas added.

206d Tor 30" niEngnilSuguaer was addedchon o sawpmR e dlor e r whtpedf "°°
dried. Ths Wefor®® middant iifh chatged16 €n attoclave and éxtaictedovit liqid @Dnin/ari n)  at
05/00'?1[ eorzr ]SICszor suzperl]t(:)r'ijtgcsal thethod%t %y@ Iaé ges%:ggwinoéxperimem 9 SESRO ST r@&bVRfed33 ol
solid was then calcined at 500°C in air for 2 hours.
b) An identical material was prepared as in Experiment 13a above except
~ the supercritical drying was carried out at 200°C instead of 70°C.
30 ' | Experiment 14
Tiy Si, 0, sol-gel material
2.08 g tetraethylorthosilicate and 5.68 g titanium iso-propoxide were
separately mixed with 10 mL dry ethanol under nitrogen using syringe techniques
and a stoichiometric amount of water (1.08 mL) was added. The two solutions
35  were then mixed, which quickly' gelled. The gel was aged for 30 mins and then
washed with 100 mL water and suction dried. The wet gel was then calcined in
flowing air (100 mL/min) at 500°C for 2 hours giving a white solid of;

composition 67:33 mol % Ti0,:8i0,.
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Ti[err]Si[err]Jerr] sol-gel material5 . 15 2.08 g
tetraethylorthosilicate was m xed w L y et hanol under

ni trogen using syringe techni quedi,S,08saj-gel meatérialn i so- pr opoxi de was added
and 5 stirred t g ?@I . kdd RHIR 'Ey@{ ﬁr- 8 nL) was
then dripped ?QF v y_%‘lﬁfléh?%égls .?’rg%‘fiff’?% ut| gg%? h eorllgléclijél%ckl y

gel I ed. Once RiHPEe usipg:syrings techniques 368 fifanium ise-ngepoxideswasaddedand 30 ni ns
?Ed theln was gﬁiﬂre\ﬂ:}?&oﬁgﬂyﬂh %&%goxﬁ&?c _amountt SfUGAteON %ﬁ rhES’wa%;ﬁf?en pﬁ@' was
‘hen calcined,in flowing-air - A at. err or ours

gi ving a whi tHo¥ly) intp SBE%B@PPP%M'%“ ﬂ’tB‘Fk’%gﬁ"E;-e&‘ ¢ afl of the,waten

Experi ment 16was added, the gel was aged for 30 mins and then washed with (34 fit) water and

Stirring §nt SRS b et W el sl BRed MBI G0 MRl 0

anmount W0 edard hourspiving a whitensolideof gomppgition 62:33 mel ¢ 3ti0h8iDer ned.
The solupon was 15 stirred an addi gkphfhentqem nutes after the addition
was conplete, and was all owed Q_SJ or 5 hr before being stirred
briefly to reslurry solids for fil tem sol ution was then

filtered without wmmg ogmtotc}i{;(mg\)%g g)’gm. %) wigslonlyphoured Rithlrbpid |
The solids wer.e.ground lo - 40 %ﬁh f‘“ [i eq Qs L %t In,air ﬁt 109[err] C.
Exper i ment 1 7St5H g into a solution of mL isopropanol, qg F?f‘f’@lﬁn@ raf“%’ﬁ car bon
5 g of granul aftagdeouwscimimoniah@dwhite pravipitatesinnediataly fdrmedl The édlotiomwyas
nitrogen 10 ' - : %ﬁ?ﬂ\ﬁ E:Qﬁﬂ a ' '

ni trogen 1? i %éﬁgd%%dgfeogég%fg{%@t%}eﬁ%ﬁe e ca?rﬁgns-\gvas g%ﬂ%ép %12?‘?;&%

sol ution of Itogitfondhehefors bringstirred briefiyqtogesiury geljdscor fisening.i The After 5
0 anl €5 ver & percs b BLEAS ALRLR wablig ahd dfed pRSTHIRAP I Bl R0 S Y at e
wi th anmmoni unf’ ids wege 3@&8&&0 (‘&/mﬁimdi‘ﬁ'&dtqwﬁﬁ@m ‘&S?Vlat'l{’gc’c-ammni um

hydr oxi de solution). The solid was fEgpédmgerintized in flowi ng air at

300[err] Gaf.or 1 hour and coll ect 4.
Exper i medt 18 30 _%LO"(OH)“‘Z" on carbop Qerr](OH[err] on
silica 5 g of granulated, acid-washgd sgacprut cathenavasgiriedun plomingr ade,

Aldrich, MIvauk @n(l\sb)muﬁﬁg)n at'F59°@ hef hbir ArldMéd@kat intd & ArdPeh HlRY at

200[err]C for 1 hour and taken into a gen,f1 17 ed glove box.

t
The dried si|8lg¥ebexs Thedriedearbon wag siugedinoa %ﬁlut?éry;fp I"g niobym ghlerde
ox?/cP! oride iilﬂ%mdrﬁgde;tbﬁ(tjrilé.h)ﬁme@fsttgﬁlt%ﬁinﬁié,@lie Solitioh wis évlrabﬂﬁtedtbeh35t .
Sol uttl on S vVapor a (0] r'yness n r 0\, r ul es wer.e eal e
to 0 o EVRRR i e feRoyrred Gl ety Beeb<CRATPEC s CRY R Aot f
hydr oxi de vapsngateiwith ammohirinb hydrgxidervapers (b5 bubblingrthiough b de
sol ution). ngﬂug% pg(gohd@%iuﬁon). The $H1idSFas' fhally WtfelIn Bbbvirdl aip@0L €711 C

for 1 hour a
300°C for 1 hour and collected. .

Experiment 18
30 HfO,(OH),4 -, on silica
5 g of granulated silica (catalyst support grade, Aldrich, Milwaukee, WI)

was dried in flowing air (100 mL/min) at 200°C for 1 hour and then taken into a
nitrogen filled glove box. The dried silica was slutried into a solution of 1 g
hafnium oxychloride in 40 mL dry tetrahydrofuran. After 5 min stirring, the

35  solution was evaporated to dryness and the recovered granules were heated to
100°C for 1 hour in flowing air saturated with ammonium hydroxide vapors (by
bubbling through 15M ammonium hydroxide solution). The solid was finally
dried in flowing air at 300°C for 1 hour and collected.
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All reactions were run either in batch or conti nuous reactor node. Batch
reactions were run in stirred 3.5 ng MpﬁEsi als, sealed with septa and
pl astic caps. Vi al.s were ins

i e}%ﬁ’ Q’Hock al um nua%hﬁ gr/ stirrer
appar at us that héMhEeagionsgvers run git é‘i’?atc PT ?9‘"{ YorRisagghmogs Ratc
Tefl on[err] rmﬁbﬁlwﬁidrﬂn%ﬂ&reﬂﬁ Iml ighiss vials, $dalesk with septs hed glastiondapb. 1.5 nl

of n-oct aneﬁ@ \r‘&bé nsgﬁgﬂ ﬁ% ol g}c%l&n%ﬁx 59/36)’1’ %Lmﬁ:&h?ﬁnll%sdx crushed

cat al yst PPARTS 1 4 heat ed
for approxi Siasy Stiging w&@qxqwxngRﬂ@Q-medtmba@sﬁaemvmémsﬁm .

t enper at ur ecﬂﬁﬂed with 1bs>ﬁn. 8 -83baRE solventt appeéxxhiaﬁel§o@05 oPD. o@g&aegﬁ@w' e n

anounts (15 to tocK ol ut i P an

L2, 4-trichl SF"SB%"?E%}%F agyr %ﬁ the v1aﬁ ?Féfeggﬁéﬁ\%)wqrﬁFsth"éFﬁﬂard wer €

i nj ect ed. Stacdp %(‘iiomiﬁﬁtbﬁms@xfethatthe desired Feastion ¢ eaiieféxﬁavunts Of
£x

PR ﬁid“%w%a% et o TR st o saclh SpRPIe. S P (1o Frml S ofa r rom

t he al uh® numolnkabhmbstoli‘OI-HﬂP ahd ﬂ‘ﬁ}B @i2j4-efichlombereend)> GC @asinpl e. I n the case
of Exanpl es fn‘ %Qh%lﬁerm? stahdard; &:‘ére“ihﬁe edS Skt SBRRioRL consisted of
hos p 0

TPP(tri pheny uene was | each vial,

so as ituses0f weizhed ameRnts OETCRr(b2rLS vk wénhnﬁmﬁw@amv of starting
CHHP. Any  sources/Edit#inb® %B vﬂu%\éf dombin@ Wc[&ﬁﬁilﬂﬂ'aﬁ\d tyeldit#Rahéhel OF M [

i val ent d al ent
(i1 phenyl pREBlsSTE Sy trors B slfennsm heklptirih e g8d PR ei§mce on a 30 m
IDB- 5 gapf] | | @xgmplel Unmhe\sdsk ofiExamplesiad (Table I), Gli4085anl. of sauﬁ&mﬁﬁl Thet‘h I
i qui as L me
pol'ysi 1 oxand P FriPEEnTIBRAERiA Ty (ERE yA inflish By thringino eacn REMEIA Mo
Fol sum Cal ite pravide an excess of TPP relativertq Agaraeuns of staptingtTHHP) Anind  Exanpl es
22-35 (Tabl Qu&é&ted\(tﬁm qmﬁﬁtaa%l réREARh TPPIb Fdith akmﬂuﬁmﬁat er/stirrer, .

were allowed to, cool £ anal ed
T eotl y T oeyERBSEmol AR bEdunpent %G%PP@ e iphespfing oxide, THIAwagy ¥

c?pl Ihl arzol C ah¢tianalyzel for By G ofa BOneDBaS cibﬁhil?tcelumﬂhﬁh an internal qui d lphase
of the col uny se | oxane.
The col um \rﬁ%%%ﬁ{ f&fgé o}?’ﬁ h(qgﬁlop% 'Bsg{;%Fl" Hg&%ﬁ“@&%l forni a.
In both GC ahehyl escthyigolysiloxans. GFhetoR@mwes optpimeil froonk tand OV uS¢ientific,

wer e cal cul gif %ﬁﬁoﬁﬁ? equati ons: - w. % TPPO = (area %
TPPQO area % TCB % TCB x_R F.Tpp % CHHP = (area %
G o 68 6 TCB) R mpReri AT ote IGapg Bsamples 2-35 (TaR I3 iloaete ¢ . cri

(GC respgns &eﬁﬁ%@fmﬁpﬂnemﬁ@naﬁﬂue&aﬂﬂemer were AlRARAQD icu6ll t¥lambigre det er m ned
o™ Col o BB QA5 2R or e amo GRS kit P @7
using a 15 m DB-17 capillary column with a 0.32 mm internal diameter. The
liquid phase of the column was comprised of (50 wt. % phenyl) methyl
polysiloxane. The column was obtained from J. and W. Scientific, Folsum,
30  California.
In both GC analyses the amounts of TPPO and CHHP in each solution
were calculated using the equations:
wt. % TPPO = (area % TPPO/area % TCB) x wt. % TCB x R.F.1ppo
wt. % CHHP = (area % CHHP/area % TCB) x wt. % TCB x R.F.cypp
35 R.F.1ppo and R.F.cyyp (GC response factor for TPPO and CHHP,
respectively) were determined from calibration solutions containing known
amounts of TPPOQO, CHHP and TCB, and were calculated from the equations:

10
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PCT/ US97/ 15332 . w. % TPPQ area %
TPPO R F.[er T, rea % TCB

Wt . % CHHP/ area % CHHP LvL‘%TPP&area% = W. % TCB/ area
% TCB 5 I n batch Exyﬁﬂ es WM. QTQEFQBPMI'WBand Exarrpl es 22-35
(Table I'V), the initial concentrations of CHHP in each vial were

approximately 1 or 2 wt. %eﬁi _ W CHHR/aree%@HBPs. The GC wt. % CHHP
initial and CHHP final nunb GHRP ~  wi. YOTCR/28VORCBRt € because the
anount of TCB per g solution ratios used in GC cal cul ations wer e

arbitrarily all nade equal to 0.25 TCB/ 1 solution. Al so,
di f f erent TCB/ CHHPIR bmhuﬁmmpw@r%lzjé%@lq H) a@? Exasnplps 2236 {Talfle ﬂéhcth:: on

vi al s. ﬁhﬁaecoaeef g&w tﬁﬂéﬁ;ﬂneea% viki aepéa r&ﬁﬁﬁ 2234, 9 4EHHP/ T8

sol uti on

h t r d ct
vials made f rﬁhﬁ‘ﬂﬁé’ the abl%aﬁemf@éggdﬂﬂéh‘m ec&g&g%l Bllﬁégg'gsﬂ%?ﬁ
(Cl_l'_lHE{ TC:3| lr;:lt I Oﬁlyfhpphdubﬁte because(i?é adbavited TCB per g solution raﬁ?ﬁﬁ&'tdqg G3-21 15

abl e were run usin s re nstructed froma
el ong, 1/ achgulalibos SRRy A00R0S il |00 25 e TCHE g sdbor alsc" o
and bott ol Adiffeqentdl’ CB/CHIHP solutiphs/wereysed fmrsilffemnmctsamf reactiohadds.pr es sure
regul ators tOSﬂ'L @actg&'ﬁ 1E3rPS MEH@& e'qid f(ﬁﬁﬁ ?H({‘B'?&Rm frer .

passi ng hressUre regul ator. 10 re spheri c
pressure, wasWa wd with earhset PGGHHPgd opogition pr Qﬂmbwlsfmm fremahs mal |

tube. The reagifé OI‘H%P/"IQ% Sdlution, accd#&b '&Ha@%ém CHHPJ*F@BUA&G@E&ME ed
sol utions con%%ﬁ@)a edapprOX| mately 1.5 A(cycl ohexanol ), 0.6 wt.

% K(cycl ohexa 1- . % CHHP and m nor amounts of carboxylic
aci ds andl5nat er, meﬂlm 1351 Iaf Tabldddl) veere yal wisispxa centinuous readppr oxi mat el y |

g of catalyst, %%J»eﬁ%rhg l%qn ‘ﬁgngeﬁlg ip- %&Lfﬁ?ﬁgleﬁ{‘m&a?\aﬁeﬁgg@ %lv?%ogf f T -y

each exanple. Pressu
per minute. Gopaand l;@@m fArhquidsclunmmzaphﬁ mﬂpwmmnmtn@vxarbaehptessmpl e

wer e perfor m%gﬁ%&@ tb aﬁoé?%rész?ﬁg)wﬁ@v&&ac mie%@a&&cemuemﬁe@ asfsﬁn%qﬁ- % TCB

pr esent in eaci{} [ ution %I ven conti nuouls1 e WwWas ot known,
Cbut - thrpug % p syfe tegplater \aEgdurs itdo atmosp! glweswe,swm es of
feed sol W0 oncoligored3By nintikg @ valveltb dirsefiow t01®smAld tubea dthe RELRBIGhasHRatédi ON,

oo ok bt opaBR bRl whdtuhate, Fesd solthions donidihed bfa Aty 1 30 46T C7%¢ 11
Exanpl es 1- 4 Afelml@dxpnﬂgii),@ wat%ﬂ((w@amwewnbam VoGHHPsanidtrainoor
bul k. et al_hy igth G ealRR g EHRWAES vitiie bR o) B Rl oh % CHP

35 decorrp05|t|on res *i'cat e catal ysts prepared by sol - gel

techni ques. Approxisaately &g 02'23‘3575(,?949%3@ 102010, mesha twas placed thg aeasterosi t i on

{ es ‘ﬁ' ts f25 Net@ach exmpleZPﬂs&@§®ePa set {3 SPpdip Witha IR FedGatebrIghr.ge!
echni ques.

Exanrgxnute 8C2 analyses for the amounts of CHHP remaining in each sample
were performed using the DB-17 column described above. The exact wt. % TCB
present in each feed solution for a given continuous example was not known, but
was in the range of approximately 0.1-0.2 wt. %. Samples of feed solution were

30  taken at the same times for each product solution, and both were analyzed for the

wt. % CHHP. The percentage decrease in wt. % CHHP for each product sample
could thus be calculated.

Examples 1-4 (Table I) give batch % CHHP decomposition resuits for
bulk metal hydroxide catalysts. Fxamples 5-12 (Table II) give batch % CHHP

35  decomposition results for titanosilicate catalysts prepared by sol-gel techniques.

Examples 22-35 (Table IV) give batch % CHHP decomposition results for Nb,Os,

Zr8i0 and TiSiO catalysts prepared by sol-gel techniques. Examples 13-21
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WO 98/ 09931
PCT/ US97 W@ 88/99931 (Table 111) give continuous % CHHP degg%l{)ssﬂgsssz

results for bul k netal hydr oxi de catal ysts and silica-supported netal
hydr oxi de ca byén :Eé(@éﬂiinﬁogsl% CHHP(&%binfpnélhbr) reshw\ﬁ)rtbhmmumy little

t her mal deco I on f CHHP. occurre h
conditions s I" ta?ys Ia : gge‘g e%gh{'dfr%ﬁdg %ﬁé svyx%g{pi%ﬁ/o

t - but yl hydr opmllmmws&@@cby little thdnmbdmmnosmnn 10€ CHHR o¢awred using
titanosilicatg ¢ el technique and

s: i caslsu;)pofﬁgﬁage%ﬁé gﬁ\‘ﬁﬁ&&? ﬁﬂgwpy SAnalg soes forI g]A)ut SBu

deconposi%ion vver@@mpkstiﬁm V) give batch ‘pkb I‘yjfhyéé‘l’l?ﬁ??“%(tc@é@pmed
above f eatal ¢ 8] techm Tabl e
POV Lo aécmmemgmm_ dﬁnid@ae Vyb@ﬁ; %@Wﬂ g}&}l techrdduds
currenehydropéﬂ%ﬁﬂ’&%‘suppomém}é% ég‘orﬁ%’é ? f or

ti Itan03| i Caﬁfcdiﬁ‘g@;d N&iﬁeﬂ@rd%htab aﬁ(b;malyéls on a DB-d&lcoluaumhas dps%edmébg:e

si lica-supporte C, ne
deconposi FPoﬁ On RS G%ﬂ&/ﬁﬁiﬁg %cég\pﬁslk@g &g%lg {3 4] L (Table Rﬁ'm
procedur 8 descri lﬁdmphsmaﬂﬁ)(mW)@Vﬂh@tW%@anﬂ@hmmlde El sevi er 15

publi shi ng tlfor Wanb i Gatblysidip 4. 756,
1960. Starti ané0 uc‘t% s&?‘f"o’ﬁs&l or g ystépreflaredBy s

by addi ng . ex (gsk?whmp@qm&ﬁmupm 86&“ % kﬁ“ﬂgs????fg/ Wgr ?o([ag?lr ]yzced
for 15 (NinisHeETOR Becdrhpdsitidrowersidone Gsihg MWEPGRGE0ddmevicuittationf or
amounts of | %é dulrel, gsfcn S in "Compr%ﬁen%]v”eeﬂx?%a? bﬁéﬁﬁry,’zﬁsevier
' 15 Publishihg Company, New York, Eds. C. L. Wilson and D. W. Wilson, p. 756,
1960. Starting and product solutions of CumeneOOH in n-octane were analyzed
by adding excess Nal/2-propanol solution, followed by heating to 70°C for
15 minutes and titration with 0.1 M NaS,03 solutnon for amounts of I, liberated

by CumeneOOH present.
20

12



PCT/US97/15332

[err]

%@@,9,9931

PCT/ US97

12

$'8L wo ¥6'l S 94 009 z 6'dxg  9‘oll00'0SL 2l
698 ¥4 b6l S szl 009 z 6 dxg 9°01100°0ISLL 11
811 0s°l oLl § szl 00§ z g dxg SZ'II00'0ISIL O
08 9s°1 oLl s szl 00€ 4 g ‘dxg STII100‘OISIL 6
L'v9 090 oLl S 44 00§ 4 g 'dxg 01‘01100°OISLL 8
6'Sy 260 oL’ 3 stt 00¢ z g dxg ol‘€li00’oISIL L
$'Is 860 70T § szl © 00§ z g "dxg S'€0100OISIL 9
g'LE 9z’ 20T 3 sz1 " 00§ z g "dxg 1°20100'0ISLL. ¢
‘dwossq  I9U5 dHHD e dHED . W SoHRL  D.FdWRL  dHID% M e L% M *a
dHHO %  (09)% '  (09)% M ‘owin], uopoesy ‘up[E) "xoaddy 30 poyoN 3 9shjered
maavl : _
0'82 Lze vsy ot ozl z .. 9idxg 1500°0 *CP(HOOLL ¥
T8l €1z 092 or ozl Z g 15000 *2°S(HO)¥0AN ¢
8'c8 Ty 092 ot 4| z { dxg £500'0 *CY(HoY 0z ¢
969 WA 8'6v 01 st { 7dxg 1500'0 *CTY(HOY OIZ NN 1
*dwossq dHHD % 18 @us uw ), ‘dwnsy, dHHD dasd 3 xg
ouy T AL A Do awi ], uonpeay 9% M xoiddy  jo poydjy “skjeie)

131dvi

13



[err] PCT/US97/15332

8 3319931

WO 98/ 09
PCT/ US97

¥4 161 96'} 0z
I'e 681 $6'1 b 001 - 80'1'CoIs F4
0°0S 09°0 0zl o
802 66'0 STl 82
¥'ST 88°0 81l 74 - szl 9 dxg 0’1 “CoIS /¥ TS (HO) *0aN 0z
161 €1 'l 24
x4 9Tl p9°1 £Z
6'LE 26°0 LSl (44 00! 9dxg 001 ‘oIS /¥T-S(HO)*0aN 61
'€l 99'] 26°1 A
o't oLt 16'1 8y
| 99'1 181 94 9| g dxg s0'1° XS (HO)*0aN 81
9'6p 09'0 61'1 U .
$zs 86°0 el 8y
o'ty 69°0 1Tl v szl ¢ “dxg vz 1CoIs 1 XU (HOY oLL Ll
8¢ 6L’ 98l vz _
9 £8'1 98' €2 001 91 dxg 101 *ThHooIL 91
L'9€ 9L°0 ozt 4}
g€l 90'f i 8y _
69 80°1 9’1 T (%4 p dxg 70°1 ‘Cois XU ¥(HOY 0Nz sl
'Ll 0s'l 181 29 _ _
zL 6’1 6L’ 8b
6'LT Lel 6L T ¥4 | dxg $6°0 *¥TW(HO)*0iZ vl
€L L 16'1 e
0’61 6’1 8l £T 001 p dxqg 00’1 ‘Co18 /X TV(HOY*01Z £l
“di103eQ [euy dHHD [eRIul JHHD 1y Do ‘daid jo 3 sAmeR) X
dHHO % (09) % M (09) % M ‘awn | “dway, oyl

ERE AR

14



PCT/US97/15332

[err]

91°f

STl

By Ao s

PCT/ US97/

14

1'8$ 8T S z - s 'dxg 11100'0ISIL ¢
699 860 8L'C s szl z - vl dxg 60100 ‘OISIL ¥
§'€S 16'0 9'1 3 14! 4 €E:L9 01 "dxg Hoo'olsiz €€
L'y o1l 96'1 $ szl z £E:L9 1 dxg S1100'01S1Z  Z¢
SIS el LT S szl z 05:0§ ot “dxg 1100'0184Z  IE
01y 86°| 89°C S szl 2 05:0$ 11 dxg 1ioo‘olsiz o€
LS9 L9°0 91 s Y4l (4 L9:EE 01 'dxg 81100'01S1Z 62
1'99 99°0 96'1 $ szl z L9:€E 11 dxg 01100°0IS'Z 82
6'ST Pl 96°1 S szl z - qg| “dxg S110°0 *TS(HOY 0N L2
0zL SL0 89°C s 74 z - e "dxg 01100 *CS(HO)*0aN 92
b'v9 960 89°C 3 441 4 - qzi ‘dxg 6010°0 *TS(HO)*0AN  §T
L'6L 0v'o 96'1 3 4 z - 2] dxg p110°0 *TS(HO)0aN 1T
£'8l £l's 829 S szl z - gi-dxg  zo10°0 ‘COISXTY(HOY'IH €2
03¢ 68°€ 829 S 5Tl (4 - L1dxg 20100 ‘OFTHHOOIN T
q03eq o0 JHHD  1oHW aHHD Do dHHO % M 1SAZ “doid ERT(CTR) g
dHHO % (OD)%w  (0D)% M “duso %I[OW  Jo POty

15



pCT Uso: MG spsat

i nventi on have been

departing fromthe Epiji} or gssenti

Ref erence shoul d @8ed
f oregoi ng specifigd?

tBuOOH, Area %
(TCB, Area %) final

tBuOOH, Area %
(TCB, Area %) initial

Time,
in

TABLEYV

Reaction

Temp., °C
- 125

Approx. Wt. %
tBuOOH

Method of
preparation

Catalyst, g

Tisio, 0.0100

Ex,
36

0.132

0.136

0.70

Exp. 9

PCT/ US97/ 15332 [err] WO 98/ 09931 .
Al t hough particul ar enbodi nent pcoiusdNES3sy esent

described in the foregoing description, it will be
understood by those pkilled i.n the X Jart that the invention is capable
of nunerous nodi f&cg}ions, substitutgg and rearrangenments w thout
tfriguigeseof the 5  invention.
atlec’t @ t e appenﬂé@ clarnms, rather than to the
on, as indicatirng tjhe scope of the invention.
w
=
[}~
2
823 EEEE
O o o SQUo © N -~
= E
o
E
=
O
-
o
o]
[¥]
g
288 - PN
© o o Ol N N & i
25
&
°
=
£
Vi v wn - E
> gl v v v on
wf B
ig b=
vi o (—gU
L B g °,
- WY Wy N
§ES 2 a9
o4 =
=ge " 3B
o S o. 3%«1 o -
¥ Bf . T T =
L0 D] et e e e
&8
< O
o ° ey B
B + g © &
» 3 E=100 -,
- -
= &5
wy
v = .
e 2 S
g s = °J'n o S S
s < & g2 22
S & = g°_°é"9
2 35 8 “Ylg & 5 §
= O Z 2 w5 8
E kO Z
&~ 0 O
= 8 Hesoe
16



17 VOwWAB 68)6593 1l PCT/ US97/ 153 3i¢tTUs97/15388

claim 1 An i nproved process for deconposing a hydroperoxide
to forma decoml)osi tion reaction_m xture contaiping_a correspondi ng

al cohol and ket one, Although particylar ephoriments ofihe RIEFFt Hyeationbavsbeene

h]%/dr oEer oxi de dugcibed iihctlhé ﬂﬁeﬁcﬁ?g Bescéipudﬁ,dpwilbhé drdestbdd By €iRisaklitled i@ﬂ?lﬁgt

of a heterogen at.al yst sel ec . u onsi sting o

and Hf hydr oxi %gglsa(t) SIRYgeen s capa})?e Off‘{‘&mr%s mﬁggﬁﬁgb%g&éﬁiﬁpﬁﬁg to

Cl ai m | wher ei iearrangemaniowishoutidepartisg from thespirisies gssenyalratipibutes ofl the

3. The pracesgvastal 3 i i st 10

i S support gg oﬁwa cat gfé;}g’te;‘g%%ﬂa’??@%ﬁﬁgﬁ‘g@e? P%ﬁd'? ﬁgﬁé@gﬁgﬂ&g@#&?g@ﬁg of

Si 2. Al ZHozegoing snegification; agandicating the scope of the inygptionr ocess. accor di ng
to Clains 1 or 3 wherein the deconposition reaction tenperature is
from about 80[err]C to about 170[err]C, and deconposition reaction
pressure is from about 69 kPa to about 2760 kl'a. 15 +5.- The process
according to Claim4 wherein the reaction pressure is

17



from about 276 kPa to ' 6. The process
accor di nNYa9segxi m | Bﬂyl i@l‘pﬁﬁm on m xture Cc OMIRAUSRI/18333 M about
0.5 to about 100 percents scye ohexyl hydr oper oxi de. 20

7. The progﬁggag,ﬁcordl ng to Claim?2 whereln the process is run in the
presence of cy01 exane, . The process according to Clains |
or 3 wherein the lroctsunprgved propess for decomesqss adwdroperideig form a

9. The pr oqea&npsﬁwﬂel&&mﬁt%@b&am Eb&TéSBGnﬁﬁ%alc}éﬁél dnd KOnRD
hydr oxi de or, oxi de su%_ﬁorted.

ocess accordlng
to daim9 WIRRVERE GEMPOSng WB?S’?%(W&@Y@WN"?@F I?yr‘iﬂﬁ’i)a&BBthel to about
25 wt. plr caydroperdxide with alcgtatytic amount of a heterbgenctns catplysvseibcpddfeqns f or
deconposi ng q-r:mp rma deconposition
reaction mx uél%ﬁggg‘?% "En %gﬁggw?drbgide%or?mﬁ% and 30 ket one, the
i mpr ovenent conpr3-si e@@mspmorrgnz eeCladm drvberginithehydroperexide is by

contacting theloRS&IRRbYerbyidE OPer oxide with a catalytic amount of a

het er ogeneous catgly sel ect ed fJ_om t-EF,rgrou consi atl ng of Zr and Ti

hydr oxi des Dr oheREQcess according to Llay W‘[‘)Fée‘&r‘B% gsrogeraysgrilysto Cl ai m
11 wher g n ihsuppened dﬁlh)caﬁfyst sipporapierdiftien i Gye) odiRihfwasmpLr oxi de.

The prgﬁe S & cordi nﬁ o Caim 11l wherein the heterogenous catal yst .
|s supported'd 34 aw 3upport selected fromthe group consisting of

Si 2, A1203. cdrheqrocessiackioling to Claims 1 or 3 wherein the decomposition
18 98442881 lemperat t 80°C to about 170°
petl User 19358 perature is from aboyt 80°C to about 170°C gnd decomnpgsition. 11 or 13

wher ei n t he TeRstigppeRssureds from abopb6R kP te aboyb2iedkbae is from about 80[err]C

to abougs170[err]%L, amip}s@esa,gra&%mlh@tb ClanmJ\ﬁﬁé‘r&inQHeEHaeﬁ&Uﬁr@sdlﬁefsr om about
69 kPa to a The process according to Claim

out .
14 wherein H Pé%‘ff%7gr¥?,5tt‘é§'§‘?}?é3ﬁgkpﬁ from about 276 kPa to about 1380
kPa. G.6. Thetprogessaemsdiag cwCliimg wher€indherebitiommirire t he :

RO Xl fom oBRI e TGP By S R0 Per cEnt by

wei ght cycl ohe roxi de he process
accordi ng t dydr Qﬂefﬁ&@f V\/nerel n the process is run in the 10 presence of

cycl ohezgne. 7. The prééess a&fb?dxﬁ% Q‘}@feﬁm@cﬁﬁéréinﬂﬁe pfocedsas Fin thkher 13
wherein the ppr ocessf | sl I‘hlé’l"l . he presence of oxygen.
resence of cyclohexan
8. The process according to Claims 1 or 3 wherein the process isrun in
the presence of oxygen.
9.  The process according to Claim 3 wherein the catalyst is Nb
25  hydroxide or oxide supported on SiO,.
10.  The process according to Claim 9 wherein the Nb hydroxide or oxide
is from about 1 to about 25 wt. percent of the catalyst. _
11.  Animproved process for decomposing a secondary hydroperoxide to
form a decomposition reaction mixture containing a corresponding alcohol and
30  ketone, the improvement comprising decompesing the secondary hydroperoxide
by contacting the secondary hydroperoxide with a catalytic amount of a
heterogeneous catalyst selected from the group consisting of Zr and Ti hydroxides
or oxides. _
12.  The process according to Claim 11 wherein the secondary
35 hydroperoxide is cyclohexylhydroperoxide.
13.  The process according to Claim 11 wherein the heterogenous catalyst
is supported on a catalyst support selected from the group consisting of SiO,,
Aly03, carbon and TiO,.
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14.  The process according to Claims 11 or 13 wherein the decomposition
reaction temperature is from about 80°C to about 170°C, and decomposition
reaction pressure is from about 69 kPa to about 2760 kPa. |

15.  The process according to Claim 14 wherein the reaction pressure is
from about 276 kPa to about 1380 kPa. _ _ _

16.  The process according to Claim 1] wherein the reaction mixture
contains from about 0.5 to about 100 percent by weight cyclohexyl h
hydroperoxide. _ ) ' .

17.  The process according to Claim 12 wherein the process is run in the :
presence of cyclohexane. _ ' _ | |

18.  The process acéording to Claims 11 or 13 whercin the process is run
in the presence of oxygen.

.
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