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processes for producing adipic acid and its precursors can be used to provide
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Druliner et al., (WO 98/34894) used a heterogeneous gold catalyst in an

25  improved catalytic process for decomposing alkyl or aromatic hydroperoxides to
form a mixture containing the corresponding alcohol and ketone.

Two common problems in CHHP processes, especially in heterogeneous
catalytic processes, are the presence of water and acidic byproducts in the CHHP
containing reaction mixture. Both of these can deactivate the catalysts, resulting

30 inlower conversion rates and/or lower K/A ratios. One method to eliminate the
acidic byproducts is by the addition of a neutralization agent, such as that
described in U.S. Patent No. 4,238,415. This, however, results in undesirable
salts, which need to be removed from the final product. In situ drying of the
reaction mixture to remove water has been used in both hydrogenation and

35  decomposition processes (U.S. Patent Nos. 5,550,301 and 3,927,108), but these
methods do not remove the acidic by-products along with the water.
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reagent. In one embodiment, the heterogencué cataiyst is supported on a catalyst support

25  member.
DETAILED DESCRIPTION OF THE INVENTION
The present invention provides an improved process 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 aicohol
30 andketone. In particular, cyclohexane can be oxidized to form a mixture
containing cyclohexanol (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
35 well known in the literature and available to those skilled in the art.
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25 preferably 1%Au/0.1% Pd on a-alumina,

Some of the heterogeneous catalysts of the invention can be obtained
already prepared from manufacturers, or they can be prepared from suitable
starting materials using methods known in the art. Supported gold catalysts can
be prepared by any standard procedure known to give well-dispersed gold, such as

30 sol-gel techniques, evaporative techniques or coatings from colloidal dispersions.
In particular, ultra-fine particle sized gold is preferred. Such small
particulate gold (often smaller than 10 nm) can be prepared according to Haruta,
M., “Size-and Support—Dependency in the Catalysis of Gold”, Catalysis Today 36
(1997) 153-166 and Tsubota et al. , Preparation of Catalysts V, pp. 695-704
35 (1991). Such gold preparations produce samples that are purple-pink in color
instead of the typical bronze color associated with gold and result in highly
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25 . The results of the CHHP decomposition reaction, such as the K/A ratio or
 conversion rate, can be adjusted by choice of catalyst support, gases added to the
reaction mixture, or metals added to the the heterogenous catalysts of the
invention.
Preferably, metals added to the heterogenous catalysts of the invention are
30  for use as promoters, synergist additives, or co-catalysts are selected from Periodic
Group VI, hereby defined as Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt. Most
preferred is Pd and Pt.
One preferred gas that can be added to the reaction mixture is hydrogen.
An advantage of the addition of hydrogen is that the K/A ratio can be varied
35 according to need. The addition of hydrogen can also convert impurities or by-
products of the reactions, such as benzene, to more desirable products.
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to about 2 weioghdegyltrizthokysilane. afrefermd ek amplesbbsilameninglude RiFRtl6rcerboh at | east -
one sil anggw tf Al efiﬂcﬁ ' ﬁaﬁ i |y d il out the.
i nvention. Suitabl'e po rg_’l oxg%gllse%ﬁg}g t chfogpﬁiﬁﬁ%g# t&%ﬁ%ﬁ%ﬁgnﬂgﬁér ein Ris
organic or i nM‘@f&ﬁFf&ferg‘?%ﬂlﬁg?S ae-B=-8 carbon poasd Rizethoxyrnd xeadixgires of
pol ydi net hyl sislianeanee édnediplated balivalBte "Weik B¥tent of the silane, based on total

silanized catalyst is typically about 0.05 to about 3 weight %, preferably about 0.1

to about 2 weight %.

.25 In an alternative embodiment, a mixture of at least one silane with at least
one polysiloxane is useful in carrying out the invention. Suitable polysiloxanes

have the formula: [RnSiO - ] wherein R is organic or inorganic groups; n=0-3;

2

andm<2.
For example, polydimethylsiloxane (PDMS), vinyl phenylmethyl

30 terminated dimethy! siloxanes, divinylmethyl terminated polydimethyl siloxane
and the like are suitable polysiloxanes. PDMS is a preferred polysiloxane. The
silane useful in the mixture may be the silane described above with R=8-20 carbon
atoms, R'=alkoxy and x=1 preferred. Weight content of the silane and
polysiloxane, is about 0.1 to about 5.0 weight %, preferably from about 0.2 to

35 3 weight %. The ratio of silane to polysiloxane can be 1 silane:2 polysiloxane up
to 2 silane:1 polysiloxane. '




30 term nated di net hyl siloxanes, divinyhnethyl term nated polydi nethyl
siloxane and the like are suitable polysiloxanes. PDVS is a preferred

pol ysil oxane. The silane useful in the mxture may be § A@ez(ﬂgscrl bed
above with R=8-20 carbon atons, R =al koxy and x=1 pref erred

content of the silane and poneroxane I's about 0.1 to about 5. 0 wei ght

"~ 9% preferably from élﬁwuﬂal&sﬁndpolyﬁlbxamﬁr@mmﬁfercﬁlﬁalvmldmb @fcaﬁiﬂeane to

pol ysi | oxane c¢ I |Iane ol.ysi | oxane.
5 3" FEBRUARY 23’%5"%% {’anes an }'g %Iaggg%%g %e%es a,%ﬁ i 1 abl e
or can be preﬁ%‘@tﬂ’ pe dteadenks, ‘Rtr?d; ey arki1280). %cmeﬂ:@dtdf@édmdam:rl bed
o hod or g sore Qﬂﬂﬂﬁ@ﬁtﬁ:ﬁ ande BRALEHA D ﬁtlrreagllhddw%ﬂ%ﬁl cat a‘%m agme%e-rhe

met hod of adltlonl not esp C|aIIy critic

treated with tR6vaYs g exam S frBiéanesndgitiongan be made aga epprehy bfzeqlt%me
addi tion can berngae, fieat shirypPs Ahyweoasipeduri® @yin bYatb@sﬁﬁeoﬁerrmanasuaﬁurry, a

filtration ste dr ngor .at _a Size ergfio as a fluid
energy mll, el.%s %ﬂlr#%xg mFm?ﬁS’HJrZ&I QF e éﬁ?"(&'ﬁ’& d i, ereaten fedail det aj |
in N edenzu, etn Eiedemm's::t ﬁ’dﬂénPatbﬁt N&, 5801 739.20rp¢stbﬁﬁdm§bﬂ&dhﬂﬁorﬁiih 1

m croni zi ng |t|o can n.conj unction with the
si | ane or ost@gpgﬁ%}g@ onm?nhe S %}ez‘%af’%lﬂﬁ qntmﬂﬁqegﬁ%rber {'

embodi ment Qhaﬁdfi@o’étmﬂleﬂrléﬁtmeédupwrt he use of ot her menber s of Peri odi ¢
Goups IV and Vin atemale of
the invention m?ﬁpé—r F&tnh rebye@e treat ggaﬁwscaﬁé?nopl Sun GP%J]@- Ar e%?\%ﬁﬁés

equi val ent SB‘F@%‘émﬁb&caﬁfSLﬁm@mP suttAs.aTheeatalyss ) x,
RXP(R) 3-x , ot efthaﬁmnﬁmwf)mal meeéatéumeeémarﬁdgﬁe@a}e%s oA ;shoul d

be referred to {1 cl ai g%haéus%g)ret at.i on. hexanol or obenzene
CHHP Cycl ohexyf @8 FHlans jovenion sa ﬁé@x (3511)@'93-1: efthoxysi | ane
('Si CBH17( GHBCH20) 3) T’Ifdnﬁallbwlrﬂg(ﬂmﬁngldihs Ard wsel heRth bl DedbRrieR aifort O
illustrate theg PME?&JPI% tio Rut are not intended to limt it in any way.
EXAVPLES 25 Af yst's wer e prepared by Engel hard Corp., 1729 East
Avenue, Erie, PA 19503 for E. (eld®ersnole Nenours and Conpany, using a
proprietary procedure baged on t procedure shown below. 10 g --
60 nesh a-alumna was slurried i n{l%ﬂ&%@% Ton of 0.2 g gold chloride and
0.02 g pal | adi um t et r aan¥HEPchI or iCsighexgbydropevaride and one drop of 30
conc. HCl .20The slurry weg stirred@eMHeYaRBet he pH Was adjusted to 9.6 with
0.1 M
OTES Octyltriethoxysilane (SiCgH;7(CH3CH,0)3)
The following non-limiting Examples are meant to illustrate the invention
but are not intended to limit it in any way.
EXAMPLES
25 | All catalysts were prepared by Engelhard Corp., 1729 East Avenue, Erie,
PA 19503 for E. 1 du Pont de Nemours and Company, using a proprietary
procedure based on the general procedure shown below.
10 g~ 60 mesh a-alumina was slurried into a solution of 0.2 g gold
chloride and 0.02 g palladium tetraamine chloride in 50 mL water and one drop of
30  conc. HCL. The shury was stirred gently as the pH was adjusted to 9.6 with 0.1 M

sodium carbonate solution. The shurry was again stirred gently while 0.69 g

sodium citrate solid was slowly added and then stirred for 2 further hours. After

filtering and washing well with distilled water, the solid was calcined in flowing

air for 5 hours at 250°C.

35 In Examples 1-7 (Table I) vials were analyzed directly for the amount of
CHHP remaining, 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)



sodi um car bonate solution. The slurry was again stirred gently while 0.69 g
sodiumcitrate solid was slowy added and then stirred for 2 further hours.
After filtering and washing well with distilled water, 5 }

calcined in flowing air for 5 hours at 250C. 35 In Exa?rz):ég?%%\d%drﬁl e 1)
vials were analyzed directly for the anount of CLIP remaining, using a 15
m DB- 17 capi | | arcjhyt pblysitoxand. e Qhidgh Was bit@ed fbm Xasd'W. Scienfiig | i qui d
phase of the cealygy yas conprised of (50 wt % phenyl) 6 3 FEBRUARY 2005

met hyl pol ysi l-oxane’ The col um was obtained fromJ. and W Scientific,

Fol sum VA. GC anal {§eanalyses fohthe ampunts of GHHRHnBAch soletiarhwere! calchbiredwer e
calculated usygge iHaQqeAAl I ON: 5 wt. % CHHP = (area % CHHP/area % CB) x
w. %CB x RF. P R'F.Cp (GC response factor for CHHP) and %CHHP
deconposition were dgr# mned fromcalibration solutions containing known
anounts of CHI RP 10%h &I%&%ﬁ, Zkraeab-CIHHP GeaatodeB ) ¥ win% I8 % Baciaps:

R F. CHHP= wt Y%CHHP/ ar ea¥CHHP Wt %CB/ ar ea%CB 15 %CHHP deconpostion =100 x |-

(area % CHAP/ ar ea YRPRDyEp(GQ REpens A SIRbPCERPYakB)iCHIDP abcdnibosipap! es 1-7
(Table 1) the jnitial concentrations of .CHHP in each vial wer

appr oxi mat el y %ﬁde&m%?g%ég?ﬁ?" %%@Plﬁﬁuﬁpﬁ SAntapge froAYpts HEQ‘H@PS, are
only appr ok natnsl GBcandyesichleulated fivim tife eGBatpuas: g sol ution ratios used in GC
calculations were arbitrarily all nade equal to 0.25 ng CBI g sol ution.
Since an 20 unheated sanple of gl. 5 @vwa%p-mlggg@ﬁl@nd 30 L CHHP/ CB
solution was analyzed with eac - O CHHP UeCorpos ti on product vials

made fromthe sane CHHP/ CB sol ution, a®tatBtacad¥dhges in CHHP/ CB rati os
coul d be cal cul ated. EXPERI MENT 1 Preparation of -2 w % octyl derivatized

Catal yst 25 10 g of catalyst (I%Au; 0. 1.Td @&e@%@ggpg}&r%@)sphjr es) was
| 0.1

slurried ¥nto 25 HCHAE decotpestion = 1G0 xfilt+ 1 0.1 nL
wat er was added and the slurry stirred foreade ERER/anga 38CB)igt i | ani zi ng
reagent octyltriethoxysilane (OIES) was added to the solution which was

then capped and t urfhBzdmglesWt(Tabled) théGhit\béRcettakibng OF CHLIPIif esdhdgs) house
LT SR AL R DR it
then dried at araodyiapprokiowitebecanse tho ambuitedICHyedr @rselutionlrhifwtusedina®0 t esti ng
in CHHP deconRarblaishs wdl it SRV NG E A R4S b.2550g CB/ g solution. Since an
20  unheated sample of 1.5 mL p-tetradecane and 30 pl. CHHP/CB solution was
analyzed with each set of CHHP decomposition product vials made from the same
CHHP/CB solution, accurate changes in CHHP/CB ratios could be calculated.
EXPERIMENT 1
Preparation of ~2 wt % octyl derivatized Catalyst
25 10 g of catalyst (1%Aw;0.1%Pd on 2 mm o-alumina spheres) was slurried
into 25 mL dry toluene in a nitrogen filled glove box. 0.1 ml water was added and
the slurry stirred for 30 mins. 0.33 g of silanizing reagent octyltriethoxysilane
(OTES) was added to the solution which was then capped and tumbled slowly ina
70°C water bath for 4 hrs under house vacuum. The slurry was then filtered and
30  the spheres collected, washed with 100 mi. ethanol and then 50 mL acetone and
suction dried. They were then dried at 110°C in flowing air for 1 hour before
collecting and testing in CHHP decomposition. The recovered catalyst is
extremely hydrophobic and did not wet when immersed in water.
EXPERIMENT 2
35 Preparation of ~0.6 wt % octyl derivatized Catalyst
10 g of catalyst (1%Au;0.1%Pd on 2 mm o-alumina spheres) was shurried
into 25 mL dry toluene in a nitrogen filled glove box. 0.1 mL water was added

7




extrenely hydrophobic and did not wet when i Mmersed in water. EXPERI MENT 2
35 Preparation.of -.0.6 Wt %octyl derivatized Catalyst 10 g of catalyst (1

%Au; 0.1 %°d on 2 mm a-al um na spheres) was slurried i t ol uene
inantrogen filled glove box. 0.1 nL water was addedrl‘%?gggé%ﬁ@sm%

and the slurry stirred for 30 mins. 0.1 g (OTES) was added to the solution
which was t herfng figpdemasidred fob3euinsl dvilgy(OTESH waS Gdeetts thdwathich §hich hr s

under house Vagd B belo d.t spher es
col l ected, was hedwvantc-gbqeoo nttﬁﬁeﬁ%)%gﬁamgﬁlag ’{%ﬁ*@%‘%@l?gt&ﬁgﬁﬁn@ﬁﬁwﬁc“ on
dried. They wer'@WiHbn! %oy wgs then filigrdiand thespheres enllecteds washhdwith bef or e

| ect | d 10@ a4l etfa ' ion Gri A
col | ecting an ellich a bl SOBG0 RS L RuciTHBLEECUSS Sl R HAIT 1S

extrenely hydr G_and.did pot wet_  when_inmersed in\
Prepar at i ongof %?glfbb{f%n%towf%‘%ﬁ 1chour befere sellecting ang tasting im@HHPof cat al yst
(1%Au; 0. 19°d ode@mpusiioal Tht necos@be caslystiestrmsly hRFopHddlandRlidthot ey

toluene in a ni i d gl ove box. 0.1 nL water was added and the
slurry sti rredwglt%l? @@e{tﬁnﬁ‘%gﬂ%&%ﬁ%g (OTES) was added to the solution which

was then capped and tunbl ed sl ow y i BXBERIMEMEer bath for 4hrs under house

vacuum The slurry was t I [ spher.es | l.ected, washed with
15 100 nL iqhanol and thggé%g%hh{zggcg'tlg%%a% ls%@?’?%?d aitaé%s.% They were then

dried at 11oc in fHo&iohgatalyst {¥Am0 h%Rd ob framer-eluning sphepshwas dhasitd ng i n

CHHP deconposintd DImITdi¢ t6186GRME " : t I ic, and
did not wet V\ﬁ]%n im%igggoi n ﬁ%@%ﬂ%@%@g@?&% %S%a%%@%é%%&%%ggqi on of
CHHP usi ng hyd 5W5‘B'| Py rﬁ?@#e@-@éﬁ@@@kﬁ%ﬁdﬂﬂi%@@B@n@qmb&hrun in
bat ch r eact or ywwhen capped and aiintlecbsiBiyaha e hake batiBRLES wihdripgept a_and
pl astic caps. - [e.inser 0,a bl ock alum num heater/stirrer
appar at us t hat dﬁgﬁlng's \%8 g{ugyéw i tﬁ?%ﬁ%?‘? ?‘ﬁbthﬁ S%EESd’th%"t% iVghed with

Tef | on(r) -Boat E¥ sk iethabelrand theacs0 mi alcetonsarid sustiorcded) eThevividie theSandd Of
n-tetradecane £% NEMSwi i I of Lven lyst, a stir
bar and the vial 1(s\/\(gi: _seﬂ“@%%@%@%ﬁﬁ%@#f@%&ﬁ?%&r oxi mat el y
10 ni nutes to <CSYOPeSIEgHt Thevecenstid wthlyst Bastremalythydmphabivmed did nbb%& had

been attai ned. wiNg¥tnmertediifSvatdrart of each exanple, 30 L of a stock
solution of CHHP and CB (chl orobenzeneg! GC (gas chromat ograph) i nternal
standard, were injected. Stock sol ut rsted of 30 m xtures of about

20 wt % CBOi n CHHButcH HecoliidRitonef CHIPBiR BRFopHLIANT nf b GfayeRnbi ned
re removed from the alum num

heat or /a1 rrer af t oo BAGR U o Bt v B Pl s v
sealed with septa and plastic caps. Vials were inserted into 2 block aluminum
heater/stirrer apparatus that holds up to 8 vials. Stirring was done using
Teflon®-coated stir bars. Each vial was first charged with 1.5 mL of n-tefradecane

25  solvent, approximately 0.01 g of a given catalyst, a stir bar and the vial was sealed.
Vials were stirred and heated approximately 10 minutes to assure that the desired
reaction temperature of 150°C had been attained. Next, at the start of each
example, 30 uL of a stock solution of CHHP and CB (chlorobenzene), GC (gas
chromatograph) internal standard, were injected. Stock solutions consisted of

30 mixtures of about 20 wt % CB in CHHP. The CHHP source contained up fo
2.0 wi% of combined cyclohexanol and cyclohexanone. Vials were removed from
the aluminum heater/stirrer after a 4 or § minute period and were allowed to cool
to ambient temperature. Results indicate that the silane reagent does not

35 significantly reduce the catalytic activity of the gold catalysts.

i
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to anmbient tenperature. Results indicate that the silane reagent does not
significantly reduce the catalytic activity of the gold catalysts. 35 8 3
FEBRUARY 2005 TABLE | Met hod of Approx Reaction Tineg, 9 VAR50

Ex. Cat al yst, PrepW % Tenp., Cnin, CHHP CHHP co CHHP Tii o FERRDA 0
1(1%Au+0. 198°d) / a- - 215044. 693. 5724. 0 A1203, 0.0141 2(1% Au + 0.1%

Pd) / a- - 215044. 692. 9337. 4 . 01203, 0.0126ra®eni vati zed (1% Au +Exp.

1215044. 693. 0634.8 0. 1% Pd)/(x Al 2CG3, 0.0133 4Derivatized (1% Au +Exp.
1215044, 693. 8917.0 0.1 % Pd) [ a- Al 2 208PPIK 0132 5(1 % Au Pi6. 1 W%

Pd) / a- - 215084. 852 8740, 7 ALY °¢t?f01§’2%6oe‘iqﬁ%%| z“é@ﬂ(l%% :
2215084. 8 AT 846 P Biop : :
3215084. 953. 0%31180 Pd}’d)a:&AI ZCB 0. 0126 EXAI\/PJDES 8 41 C@mpl NUBSE reactqu
CHHP deconpogiiOzomiin presence of water 2 g of catalyst from Experinment 1

above wag | o 1 ubul ar_reactgr and.packegd between Lpert “fill]er’
particles. Aﬁ’f}%‘ @?’E@?to 65 mom B of g F Celegen beert i

3 Derivatized (1% Au -+ Exp. 1 2 150 4 4.69 3.06 34.8
0.1% Pd)/OL—A1203,
0.0133
4 Derivatized (1% Au + Exp. 1 2 150 4 4.69 3.89 17.0
 0.1% Pdy/a-AlyOs,
0.0132
5 (1% An + 0.1% Pd)/a- - 2 150 8 4.85 2.87 40.7
AlyOq, 0.0122
6 Derivatized (1% Au + Exp. 2 2 150 8 4.85 341 257
0.1% Pd)/ o-AlyO3,
_ 0.0129
7 Treated (1% Au+ 0.1% Exp. 3 2 150 8 4.85 3.04 373
Pd)/a-Aly03, 0.0126 : '
EXAMPLES 8-11

Continuous reactor CHHP decomposition in presence of water
2 g of catalyst from Experiment 1 above was loaded into a tubular reactor
5  and packed between inert ‘filler” particles. A flow of 6.5 to 6.9 mI/min of liquid
cyclohexane oxidate was fed through the reactor at 150 to 175°C and various
amounts of water were added. Results in Table Il indicate that the hydrophobic
catalyst maintains its activity in the presence of up to 0.9% water in the feed
although the ratio of ketone to alcohol produced falls as water is introduced.

10
TABLEQ
Method of Feed % CHHP  Rate constant  dK/dA
Ex. Catalyst and feed Prep Flow  Temp., °C Decomp. (g.feed/g.cat/hr) ratio
8 Catalyst alone - 6.5 175 97.9 603.6 1.66
9 Catalyst alone - 6.5 150 70.8 190.9 1.20
10 Catalyst +0.5%Water Exp. 1 6.5 150 76.4 2237 0.71
11 - Catalyst + 0.9%Water Exp. 1 6.9 150 60.9 154.5 0.59
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cycl ohexane oxidate was fed through the reactor at 150 to 175C and vari ous

anmounts of water were added. Results in Table Il indicate that the
hydr ophobic catalyst nmaintains its activity in the preﬁ%ﬁ%ﬁlﬂf 0. 9%
water in the feed although the ratio of ketone to alco produced falls

as water is introduced. 10 TABLE U Ex. Cat al yst and feedMet hod of Fl owFeed %
CHHP Rate conS'elst. dk/ dA PrTenp., CDeconp..feed/ .catll n)ratlo 8Cat al yst
al one- 6. 517597. 9603. 6168,

5150 8190, 10Cat al yst +
0. 59%Mat er Exp. 16. 515076. 45’2%@*"%%5@@@?38?’”33 %’Peﬂﬂﬁ tﬁg
16. 915060. 915 ewwlwnsmmeman@m netresponding Hh:ph@i\ﬁed lqatome,ess f or

deconposi ng a thyEHReRitbat Sdtadrids b o&%ﬁ%?&foﬁahﬁ'ihde% %j; el e

_contalnlng a corre dln al cohol an conpr|5|ng
deconposi ng tﬁlgdrﬁ E‘BB@S%& c@@iﬁ“&&?ﬁ%@@?@@ﬁ%ﬂ@éﬁé@bﬂﬂ@m h a

cat a: ytltchawoﬂbimgodﬂcfftalbathew@ﬁrsﬂauﬁemit@mfaﬁ Fethicof Yeh & F theTgol d

catal yst has been si i ze can en rocess
according to d ai mal %%Prém?’?s?'f‘f’é)rﬁﬂgg)rgéﬁﬂid’%h éﬁ?ﬂ%ﬂlpgen%ﬁ%fwgﬁ on a
cat al yst supp#sipportedrbe a catglystEhppart membsr. accor ding to daim2 wherein the
AL203, cagbon. Ti.CB. ThprcakRaREk G 2 VeSp SR ng to Q& m
| wher ei n{éj Pbﬁﬁé?lﬁmﬁom@empms}ﬂnwﬁdﬂgrfﬂéogmar&n Ti@,,pr ocess
according to ﬁg@) ahd zikRiL1 N the organosilicon reagent 15 has the formula

RxSi (R)4x wherein: R is a nonhydrolyzable aliphatic, cycloaliphatic or
aromatic group hafhi nEh%Rm?fé%%qcoeimgath(Hémlzdlecﬂnﬂmhﬂtwma isis a

hydr ol yzabl e @rcmhﬁxﬁhfdjop@oﬁgg not limted to al koxy, halogen, acyl oxy,
acet oxy, hydroxy (;# tures thereof; x=1 to 3. 6._The process
‘5

nd 0
according to d ai é?"é‘?efrs ?Oﬁ‘étdﬁ%ggtﬁ a3 f@gnﬁr%ggé}qganosmcon reagent
15  has the formuia R. xS1(R"4. wherein:

R is a nonhydrolyzable aliphatic, cycloaliphatic or aromatic group
having at least 8 to about 20 carbon atoms;
R is a hydrolyzable group such as but not limited to alkoxy,
halogen, acyloxy, acetoxy, hydroxy or mixtures thereof; and
20 x=1to 3.

6. The process according to Claim 5 wherein the organosilicon reagent

4~n
2

' further comprises a polysiloxane having the formula: (R Si0 J wherein R is
Qrganic or inorganic groups; n=0-3; and m < 2.
7. The process according to Claim 5 wherein the organosilicon reagent is
25  present in the amount of about 0.05 to about 3 weight %.
8. The process according to Claim 7 wherein the organosilicon reagent is
present in the amount of about 0.1 to about 2 weight %.
9. The process according to Claim 5 wherein:

_ R is octyl;
30 R’ is ethoxy; and .
' x=3,
10. The process according to Claim 4 wherein the process is run in the
presence of cyclohexane.

11.  The process according to Claim 4 wherein the process is run in the
35 presence of added oxygen.
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further conprises a polysiloxane having the fornula: RpSi ®4_A wherein Ris
2 , organic or inorganic groups; n=0-3; and m5 2. 7. The process
according to Claimb5 wherein the organosilicon reagent hb$ep&) in
t he amount of about 0.05 to about 3 weight % 8. The prgc%gss a@%ﬁ?gﬁg to
Claim7 wherein the organosilicon reagent is present in the anount of
about 0.1 to about 12. wdhgprocsss a@0rding Th€lapn Gomsseindeogold igubporddainm 5
wherein: R isagtyb; R is ethox3, and x=3. 10. The process according to
G aim4 wherein the process is run in the presence of cyclohexane. 11. The
process accordi ng tid- ClBe paogssppeserding thClapn 42 edwrdis theigold is frdme ab&50pr esence
of added oxygero atlddt 30 WEBRBAR 6 A0 st ad &y Eﬁ%ﬁeﬁﬁh ccording to Caim3
wher ei n thesgol d iﬁésuEﬁorted on Iu?ns na. fg e ezril'ocess according to

g

Claim 12 whérein t GProeess pesaTding if Claim 13 phermipthe sobl inpressatrandhe  of t he

catal yst and supporitmenedas welbdbfersddfatitles BSHin#S §RH R FrohPalfcdh@h Minka
wherei n the golagodt§g%esent on the support nenber as well -di spersed
it -

particl es having iameter fromabout 3 nmto about 25 nm 15. The
process accordi ng tlé. (Ths protessunepsiing & Glinll virtde h ekt selbttePEohpdi ¢ G oup

VIT1 is also pbgs&iy %A&M Qsoé]%sﬁéﬂiph@é@r ocess according to Caim15

wherein the nmetal is P ] 0Cess according to Claiml wherein
the procest®is runlfn Theprogssearsordingfo Glaim dfwhemin thy dragdnPd or Pr.

17.  The process according to Claim 1 wherein the process is run in the
presence of nitrogen or hydrogen.
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