; e3ei QF LLMOINAOO&QB\ QTCQKSS 1 PROCESS FOR CATALYTI CALLY DECOMPOSI NG ORGANI C
- HYDROPEROXI DES The present invention relates to a process 5 for deconposing
. organi ¢ hydroperoxides in the presence of a catalyst. O gani

hydr oper oxi des are inportant inter nediates in the preparatﬂﬂwmmmmwmwwm | s,
‘ket ones and acids, and are thensel ves often used as raw mat |
organi ¢ synt H&12896hg t hese organi ¢ hydroper oxi des, cycl ohexyso1s9*

hydr operoxi de is prepared by the oxidati @an of cycl ohexane. Catal ytic
deconposition of the latter |eads to cycl ohexanone and cycl ohexanol. The
latter two 15 conpBBROESARYOBeCABAL¥TTICALLNt DECOMPOS IAS QRGANIAY dat i on.
Adipic acid is an inportant chem cal internediate used in the nmanufacture
of many pol ymers, such as pol yani dEEPRPRERAIDESt hanes for exanple. This
conpound may have many ot her applications. 20 The deconposition of organic
hydr oper oxi des and especially of cycl ohexyl hydroperoxide (CHHPO may
firstly be carried out by honbgeneous catalysis, that is to say in the
presence of a catal yst %s%ﬁ%gﬂn?nl?“%nFé%%tF%%aﬁ?§tE?e§ PhES=®Pat ent
FR-A-1 580_206 25.describes the oxidation of a cycloalk in_Liquid phase
fol | oned by HEH 9 GTPOREIE T 93 k9| DY EPEREr S31EE €31 LEFoRe PRCERS -
cycl oal kane thgga cagﬁf%§96968 2 obtained, in the presence of a soluble
chroni um deriVat$ V& a3 %a%élyst. Li kewi se, the article fromthe Journal of

Mol ecul ar Catal ysis (1%§§%%Tf§1h§@95§eég§iags1$§ed§ﬁ?6£93ﬁtthﬁtH§e of

organic salts, such as ¢ t 5 octanoate or of conplexes, dissolved in the

organi ¢ |iquige@asesi i Wh&hptb8ar£BEEh08Et 8KESHOL 3¢ CketibBYCANGt he use of
such i nexpensive salts has drawbacks since these catalysts very rapidly
becone deactiysi®d, £3@Sing thenséDvesestpehati€etinatheadOmatutktiags To
remedy these problens, nore conplex catalytic systens have been
recomende@, btcdrgsnieonpyexiessbet ween a netal and porphyrins or
pht hal ocyani nes. Such systens have, for exanple, been

Among these organic hydroperoxides,

cyclohexyl hydroperoxide is prepared by the oxidation
of cyclohexane. Catalytic decomposition of the latter
leads to cyclohexanone and cyclohexanol. The latter two

15 compounds may be converted into adipic acid by
oxidation. Adipic acid is an important chemical inter-
mediate used in the manufacture of many polymers, such
as polyamides and polyurethanes for example. This
compound may have many other applications.

20 The decomposition of organic hydroperoxides
and especially of cyclohexyl hydroperoxide (CHHPO) may
firstly be carried out by homogeneous catalysis, that
is to say in the presence of a catalyst dissolved in
the reaction mixture. Thus, patent FR-A-1 580 206

25 describes the oxidation of a cycloalkane in liquid
phase followed by heating of the cycloalkyl

hydroperoxide solution in the cycloalkane thus

L

*G00002*




15 described in the patent US 5 672 778 and the articles published in
.Catalysis Letters 20, 1993, 359-364 or 36, 1996, 69-73. Conpl exes based on
. cobalt and on simlar |igands have al so been described in the article
publ i shed in Journal of the Anerican Chem cal Society 20 (1985), 107, pages
3534 to 3540. It has al so been proposed, for exanple in European Patent 270
468, to use rAATREIqAR%Nd a coordi nate based on
bi s(pyridyl-2-imno)-1, 3isoindoline. 25 Zhese catal ytic systens have
drawbacks, especially associated with their stability (oxidation
resi stance) ahtaimed, conptlexipyesemke ngt t heselublg2896a88uB expensi ve. |t
has al so been proposed to deconpose the hydroperoxi de by heterogeneous
catal ysi s, tHRrivtVveasitRERLYPEeskhcewbsea EReaprysichet fuPBsERGed in
the 5 reaction m xture. However, these catalysts often have a rapidly
decr easi ng actousndl hiXoleculay %%??%Y%&Sbg?%ﬁsbue?sfoPagﬁﬁnﬁ? , tPo
elution of the catal ytjc phase. Mregpver, it has_ al so been_ propps to use
10 catal ysts W € ?$ S stBF 2 s?ﬁ%??éﬁeﬁﬁ%gﬁ'mfFﬁhtﬂ aggﬁﬁgosition
of the hydroperoxide into ap al cohol andior a,ketone, xidize the
hydr ocar boh (REPEEED en ? S %T?%Mﬁ%bs§ﬂév?%té? E%%véF g%ﬁgyield from
hydr ocarbon tp, al ¢ d; t el d LS xi dation is

% &iﬁﬁ?gg 1§§gﬁff?eﬁggnrégpﬁgéﬁ taﬂg%rg%é?g.

. l l n H
called in the ﬁ?ése echni an oxi dizing sfer". It consists

in transferring one of fhg-pxygephalQes 9fF thenhydegpenexi-desheckhe
hydrocarbon in order to obtain the correspondi ng al cohol. European Patent

0331590 describesqtdifoaiers 0fiRc20thesBUeAEQUSs L aby§t rRpsallyoBeasiieUM
conpl exes) which is used to obtain an oxidizing transfer of around 40~. The

obj ect of thejeieseritéeayepsbOingsthemptovpdecaphoset hat ehegeneous
catal ytic systemwhich is economcally beneficial and nakes it possible in
25 particubarmiotebéai n a high | evel of oxygen transfer. Mre specifically,
it provides a process for deconposing organi c hydroperoxides in the
presence of a To remedy these problems, more complex
catalytic systems have been recommended, such as
complexes between a metal and porphyrins or
phthalocyanines. Such systems have, for example, been
15 described in the patent US 5 672 778 and the articles
published in Catalysis Letters 20, 1993, 359-364 or 36,
1996, 69-73. Complexes based on cobalt and on similar
ligands have also been described in the article
published in Journal of the American Chemical Society
20 (1985), 107, pages 3534 to 3540.
It has also been proposed, for example in
European Patent 270 468, to use ruthenium and a
coordinate based on bis(pyridyl-2-imino)-1,3-
isoindoline.
25 These catalytic systems have drawbacks,

especially associated with their stability (oxidation

resistance) and their complexity, making them



0472896968 4 catalyst into a m xture of alcohols and ketones, in which the
- catal yst conprises at | east one rutheniunbased catal ytically active
~netallic element incorporated into a solid support chosen fromthe group 5

conprising nmetal oxides and carbon bl acks, such as the carbon bl acks

"obtained by pyrolysis of organic conpounds. The catal yst of the invention
is a heterogé&@ €% %l yst that can be obtained by any 10 standard
techni que for manufacturing catalysts reBerred to as supported catal ysts.
Thus, the term "incorporated' used above covers all forns of |inking
bet ween t he sexpemsiaad the rutheni um conpounds) or conplex(es). Thus, this
term covers both absorption of 15 the rutheni um conpounds on a support and
coprecipitation of the Eutheni ahfanbdeanpptenpsed 5P HRECHBPESr £heThe

rut heni um may be sinply, deposited on the surface,of ,the support, especially
the surface d$Y%¥°P%%%¥1@%r?&iHebﬁF%geB?oPﬁe°§Eﬁb¥FF?'OFEB h&PwiSe it may

20 be linked to the said support via electronic bonds. The suitable
supports for B¢ 1hvEReiBRe gvaﬁt8§e6u§?§aﬂ¥§é 8°ﬁi§HSEBEXF§i%ns§%Face ar ea
and are oxpdation resista

areater {nin SORRENG BHOGNTRGeO0NFYEos BPOAFcP IERARC SO0 hErY. TATE Phe

preferred supgorEélgadégeeég¥gﬁééggivfﬁg§xgg@%:gogg 8§igggggi§9pports for

t he 0472896 T NVERt I on, ron”i _ e of alumnas, “rare-earth
oxi des, such BéigsfaHalOEOLaQ%QﬁnglO%bd31ugaaﬁoefuEhebe%aqggiaagnes!um
oxi de, silica and various carbon acks preferably having a high specific
surface area,pﬁagggh as, for exanple, acetylene blacks. The catal yst of the
invention may al so include other netallic elenments for inproving or doping
the catalytic activity mbrebeerut henhdm afsonbeahl beopberEnte ssiet able to
act as dopants, nention may be 10 nade of the transition metals such as :
t hose bel nogi agthbyScouphidh, m8ke 3b, pdbsibbe, 6bimibtango8sdfy whdhPeri odic
Tabl e of Elenents as published in Handbook of Chemi stry and Physics, 66th
edi ti on (1985th6888¢chbypdhétChenpakthrubldropsroxsdreaniton amaplrshel
particularly be made of .
and/or a ketone, to oxidize the hydrocarbon used as
solvent, thus allowing the total conversion yield from
hydrocarbon to alcohol and ketone to be improved. This
15 oxidation is called in the present technical field “an
oxidizing transfer”. It consists in transferring one of
the oxygen atoms of the hydroperoxide to the hydro-
carbon in order to obtain the corresponding alcohol.
European Patent 0331590 describes the use of a
20 homogeneous catalyst based on osmium complexes, which
is used to obtain an oxidizing transfer of around 40%.
The object of the present invention is to
provide a novel heterogeneous catalytic system which is
economically beneficial and makes it possible in
25 particular to obtain a high level of oxygen transfer.

More specifically, it provides a process for

decomposing organic hydroperoxides in the presence of a



titanium zirconium vanadi um niobium tantalum chrom um nolybdenum

. tungsten, manganese, rhenium iron, cobalt, nickel, rhodium palladium

_platinum iridium osmum copper, silver, gold and rare-earth 20 netal s
such as | anthanum and cerium The deconposition reaction of the invention
"is carried out in |iquid phase, the concentration of the hydroperoxide
bei ng betwee@%ﬂ%@%ﬁék%0~ by weight in the reaction mxture

Advant ageously, this 25 concentration i s4between 0.5 and 20~. Vari ous

sol vents may be used such as al kanes, anong which nention nmay nore
particul arly detaidet ofnto 02 12806968 of hakepkolsepndnkeh@leFsodBt ane;
cycl oal kanes, anmpbng which nmention may be made_by way of il]ustration of
cycl ohexane amhfialycthrctarrly st oReNPEL pSEr dkat HBFE, OBAcHUEReBEHPRNE,

t ol uene and xyl ene; hal ogepated 5 hydrocarbons; and m xtures of these

sol vents. HovWe&eRd atahpilcrbhy it Hv?h%?t§?it% BHE™RHHr oper oxi de is

ychonexant, HFCRURTTH HRUTHE PtTar oRe boshRRst: FFan FascPPBrB e 10
dvant I ied out i t] ] h i dati f th
hycr ocarboh (TRREHEERhaI vAT e ifer 14, GRERA0 DIAEKE Ttk IEp Bhep) oo

wthin the |im I g d i, s LoD JRY.bPEaHsed as it stands
or after cert%%%é%%2§¥|?%%n?gpﬁﬁﬁgdbggnpfg%%%gg in aolgananner known per
se. It is als ipse to use a solution of hydroperoxide in the solvent,

& (
for exanple SubS antially pure cycl ohexane. The ampunt of catal yst invol ved

may vary widely, especishéYycgeaepstngrophéhencendibhons ander 20 which the
process is carried out, nanmely a continuous, sem -continuous or batch

process. |n geseedbgehbSudndabhlestcahatystnekpr ebsaednad hynmehar percent age
of active netal with respect to the hydroperoxide to be deconposed
r epr esent 30f r stanNd900 1t éch2feuanfo2Smpnefectbryngr oatolpsteoreferredt hin
the context of a continuous operation of the process, it is obvious that
t he anbunt ofto as supported catalysts. Thus, the term
“incorporated” used above covers all forms of linking
between the support and the ruthenium compound(s) or
complex(es). Thus, this term covers both absorption of
15 the ruthenium compounds on a support and
coprecipitation of the ruthenium and a precursor of the
support. The ruthenium may be simply deposited on the
surface of the support, especially the surface of at
least certain pores of the support, or otherwise it may
20 be linked to the said support via electronic bonds.
The suitable supports for the invention
advantageously have a high specific surface area and
are oxidation resistant. Metal oxides having a specific
surface area of greater than 10 m?/g, advantageously
25 greater than 100 m?/g, are the preferred supports of the

invention.

As examples of suitable supports for the



0472896968 7 catal yst wth respect to the hydroperoxi de has no neani ng and
.that the ratios indicated above nay then be nuch higher. The tenperature is
~generally between 20 and 5 200C and preferably between 80 and 130C.

At nospheric pressure or pressure above atnospheric pressure wll be
‘sufficient to maintain the cyclohexane in the |iquid phase. The reaction
time (or the *4&AGRER&B tine) is 10 generally between a few minutes and 4
hours and can be adjusted in accordance % th the production objectives, the
anount of the various constituents of the catalytic systeminvolved and the
ot her par anetisreerdfiarhe memtciommaiy Soatmade ehddbimiragt i BAYSrA_TpRoduct s
may be recovered and/or separated by any suitable neans, for exanple by

di stillati on.oRiReshy druperaxi GRELEAPHYRDTPERHR PFbeessZoF CPREPnvent i on

are in general primary or secondary, 20 h%drp erox%des derived from al kanes,

cyclpg:kaﬂes,o%ﬁéﬁmﬂﬁ @ﬂ%@tﬁ?@?r%ﬁ?@%on El% 2 aF nﬁ?TFOV?nﬁaﬁtoﬁhich

possi bly has one or nore s ituents such as _espegia n.a group or

SShﬁl ogen at dMaHER eF;O ?’Fb BrPVINE R o PR %P%%E%\? k%ﬁlé%a%ﬁda\réé%r _ogl kenes
aving from3 to car bon ons, such hydr oper oxi des,

mention may HEMTRAGES of LR cFHHER ?’h?%?d%géggP%gscgéélododecyl 0472896968

8 hydr oper oxi de, tetraJ+ﬂehg%%%ggégx5ﬂeth8tbﬂb@ﬁ@%SHemQ dg ppgr oxi de and

pi nane hydroperoxi de. Arbng ydroperoxi des, one of the nore useful
ones 1S very frFé%@dé"é’tfﬁé(fljt%‘@éi’ii@ygiéﬂﬁéﬁgé' g6r PmbhEvOxGUBLI @8pohgwhi ch
results in cyclohexanol and cycl ohexanone, these being internediates in the
preparation ofnQdipi£19Eid acopeiey bhethaseucnepoundsasf mayhdni6, 6. The

exanpl es bel ow, given solely by way of 10 indication, will illustrate the
i nvention andeiéfereyagtagaslantdodatai hs. desanpke fhenSynohhmairsbeat al yst A
(Ru/ZrOz containing c ._.~an" v

10 made of the transition metals such as those belonging
to Groups 1b, 2b, 3b, 4b, 5b, 6b, 7b and 8 of the
Periodic Table of Elements as published in Handbook of
Chemistry and Physics, 66 edition (1985/1986) by The
Chemical Rubber Co.

15 Mention may more particularly be made of
titanium, zirconium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, manganese, rhenium,
iron, cobalt, nickel, rhodium, palladium, platinum,
iridium, osmium, copper, silver, gold and rare-earth

20 metals such as lanthanum and cerium.

The decomposition reaction of the invention
is carried out in liquid phase, the concentration of
the hydroperoxide being between 0.1 and 80% by weight
in the reaction mixture. Advantageously, this

25 concentration is between 0.5 and 20%.

Various solvents may be used such as alkanes,

among which mention may more particularly be made of



15 The Zr02 support was precal cined for 2 hours at 500C. After calcining,
.the zirconia (10 g) was placed in 500 mM of water and left at room
tenperature for 5 mnutes with stirring. The pH of the solution was
adjusted to pH 9 by addition of Na2C03. The tenperature 20 was then raised
‘while stirring the solution. An aqueous solution of RuC 3~nH20, sold by
STREM (about AY2A96%8 1. 79 g of RuC 3~nHz0) was then added at 90C over 20
m nutes. The mixture was left for 15 mnGtes with stirring. The pH was then
again adjusted to 8/ 9 by 25 addition of Na2C03 and the solution was stirred
for 3 hours &e:80@, Nexptandeamd xi specvare coayetoabkanes)Gmerdt hen
0472896968 9 filtered. The cake was subjected to filtration-washing
oper ati ons wivhiciatesntinn |may neeitadie giy ofay hef wakhirhbrabier @bs obt ai ned.
The solid was dried for 18 hours_at 120C and cal cined_at 400C for 2 hours.
5 Exa~l e 2: SpRirhexang anf LYo taRs v2eruekt §1 RREr 8FAERRBnt ai ni ng 5

wt ~ Ru) The Y20Q support (an acejyl ene black, supposrt.sold SN2A) was
precal ci ned f$#°h ‘?fgﬂ?eré’fé%%ocfog%elﬁt%?cllc’éq,%?%lghgl?a%%%e%%g $l ene bl ack (10
g) was placed in 500 .M_of water.an fref ! t roomtenperature
with sti r?‘«?cngf.‘yd?’ﬁ%c%ﬁ?%?sth%n o’Ph’??‘glﬁé%a‘gsfa ,%%?2%%3%??9 by addition of
Na2C03. The tenperatur en, ral. J LAT | t | yt,Lon. An
RuCl 3 15 solution in water (%%bu £§%§§§l¥€$é§?§%ég % gEm%f%§emE§éthen added

at 90C for 20,p3 ThS [ Xg & 488y | §Ebahioea lbn M REt €6rmMbEhastirring.
The pH was agiﬂ\%ﬁ%}t{led to §‘§9 by a di?i onuof Na2C03 and the solution was

stirred for 300U Sot 1908 hy@rdextboh Ner st xénaRpEScgODbRExENe40bH0C, and
filtered. The cake was subjected to filtration-washing operations with

water until a0 sbn pbE of hé heaveshj ngheatiecompssbblannedacthensoki d was
dried for 18 hours at 120C and
10 advantageously carried out in a solution coming from
the oxidation of the hydrocarbon (cyclohexane) in which
the hydroperoxide concentration lies within the limits
indicated above. This solution may be used as it stands
or after certain constituents have been removed in a
15 manner known per se. It is also possible to use a
solution of hydroperoxide in the solvent, for example
substantially pure cyclohexane.
The amount of catalyst involved may vary
widely, especially depending on the conditions under
20 which the process is carried out, namely a continuous,
semi-continuous or batch process. In general, the
amount of catalyst expressed as a molar percentage of
active metal with respect to the hydroperoxide to be
decomposed represents from 0.0001% to 20% and
25 preferably from 0.01% to 10%.

Within the context of a continuous operation

of the process, it is obvious that the amount of



cal cined at 400C for 2 hours. 0472896968 10 Exanple 3: Synthesis of
. catalyst C (Ru/Y200 acetyl ene black containing 5 wt~ Ru) The Y200 support
~was precalcined for 1 hour 5 at 500C in air. After calcining, the acetylene
black (10 g) was placed in 300 mM of THF and left for 30 mnutes at room
“tenperature with stirring. A solution of Ru3(CO 12 in tetrahydrofuran (THF)
(about 100 m 04%$836368g of Ru3(CO) 12) was then added at room tenperature
10 over 30 mnutes. The mixture was left or 30 mnutes with stirring. The
solution was then placed in a rotary evaporator for 4 hours (room
tenperat ure; cabatphervithresspeet 200thpnjivdrhpeTpRidgshereRocevapor at ed
under 20 nmmHg. 11 g of solid were obtained. 15 Exanple 4: Synthesis of
catal yst D ( Ruganimgnanéokkarnthg satiosRindTratgruAPRYSsBBFotensBrd by
Condea, was precalcined for 6 hours at 750C. After calcining, the 20
al um na (10 gpu@BshpPReEd in 500 i of water and left for 5 minutes at room

t t ith stirring. The pH of the solut] diusted to.pH 9 b
add i on of Naz003. ThelHenbBFEPEREURRS PaR FARARY PEOEDE PN A8 nut od)

with stirrgngzgé%§g§n§oég%h Qabggzgggtggg gh ggdgggbgc[n wat er (about 20 m

for 1.98 g of Wer én-a C over m nutes. The m xture was

left for 15 mnutes mﬁtﬂt@&k&é%%%caéggﬁﬁtkﬁa rag2elsurd4 42896968 11 brought

back to 8/ 9 by addition o e solutiton was stirred for 3 hours

at_90C. Next, athgehytitepuBssaonl 916040580€; chbap ol henedaouckra No. 4

glass frit. The cake was then taken up in 5 100 of Water at 40-50C. Four

filtration-waghingnekgpe theenkolh d gAkkk.a neutral pH of the washing
wat er was obtalined. The solid was dried for 24 hours at 120C wi t hout

cal cining. 10 Exanpl e 5rh8ypthesisnotimat abysthE ¢Bsikaned ecdmieai disng c
e n.iOV generally between a few minutes and 4 hours and can be
adjusted in accordance with the production objectives,
the amount of the various constituents of the catalytic
system involved and the other parameters of the
reaction.

15 At the end of reaction, the products may be
recovered and/or separated by any suitable means, for
example by distillation.

The hydroperoxides employed in the process of
the invention are in general primary or secondary

20 hydroperoxides derived from alkanes, cycloalkanes,
aromatic alkyl hydrocarbons, the aromatic ring of which
possibly has one or more substituents such as
especially an alkyl group or a halogen atom, more
particularly a chlorine atom, alkenes and cycloalkenes

25 having from 3 to 20 carbon atoms.

As examples of such hydroperoxides, mention

may be made of cyclohexyl hydroperoxide, cyclododecyl



The | ant hanum oxi de support (sold by Rhodia) firstly underwent a

. pretreatnent. This consisted in placing the | ant hanum oxide in water (90
m) for 30 15 mnutes while the tenperature was raised (to 90C over 3
hours). The solution was then cooled to 45C, filtered, dried for 18 hours
"at 120C and then calcined at 400C for 24 h in air (5C mn). After

cal ci ning, tHATEIHERm oxide (10 g) was placed in 500 ml of 20 water and
left for 5 mnutes at roomtenperature w8th stirring. The pH of the
solution was adjusted to pH 9 by addition of Na2C03. The tenperature of the
sol uti on was hydropereetde t ot 9o bierhvdreapauesifewn ehhgiPEREAGE A sol ution
of Rud3 in water (about 20 m for 25 1.08 g of RuCl 3) was then added at
90C over 20 miyiferergridesmdreipgre| BYdreBereXidfnutes with stirring. The
pH was agai n brought back to 8/ 9 by addition of Na2C03 0472896968 12 and
the solution was stirred9Ry BLPErRYAFORBEOXIERE, PRE AfxFFe™REE cool ed

to 40-50C, then %éitered pver a No. 4 glass frit, Th age was then taken
up in 100 m SFeHAt ePRGE UD-BOEY %%ﬁ?a??$¥r5¥F%ﬂbﬁﬁ¥ﬁiﬁ§ 308?58§lsﬁen
foll d til | pH eof th hi i Th lid
wes drred fortad FEHHECLeR Bt Ehott utfel R nty Y En e g heas o
catal yst F (Ra/,gﬁ?qgﬁa@&, ConLabmbosng YheeRilalbecmugneehs support (UBE

| ndustrie 1007~ g rrstly under a pretreatnent. This consisted in
placing the nagnesia:{onWetesa{dd0 gtiaforo38 gknehespubil eokBsuhasper ature
was raised (to C over 15 3 hours). The solution was then cooled to 45C
filtered, drigg ﬁgiogﬁghgurs at 120C in an oven, and then cal cined at 400C
for 24 hin air (5C/ mn). The pretreated nagnesia was placed in 400 m of
water and left for 5 mrThéesxahpleonbekowergivers wblblgt byrivayg. 020 The pH
of the solution was adjusted to pH 9 by addition of Na2C03. The tenperature
of the solotiindiastiben walitedlltust®8C=0ovbe dBvenniensindi thsstirring. A
solution of RuC 3 in water (about 20 ml for 1.08 g of Rud 3) was then added
at 90C over 2adviéantages and Astaiksure was left for 15 minutes with
stirring. The pH was agai n brought back to 8/ 9 by addition of Na2C03 and
the solution was stirred for 3 hours at 90C. 0472896968 13

Example 1: Synthesis catalyst A (Ru/ZrO, containing

5 wt% Ru)

15 The Zr0O, support was precalcined for 2 hours
at 500°C. After calcining, the zirconia (10 g) was
placed in 500 ml of water and left at room temperature
for 5 minutes with stirring. The pH of the solution was
adjusted to pH 9 by addition of Na,CO;. The temperature

20 was then raised while stirring the solution. An aqueous
solution of RuClinHy0, sold by STREM (about 20 ml for
1.79 g of RuCls;nH;0) was then added at 90°C over 20
minutes. The mixture was left for 15 minutes with
stirring. The pH was then again adjusted to 8/9 by

25 addition of Na,CO; and the solution was stirred for 3
hours at 90°C.

Next, the mixture was cooled to 40-50°C and then



Next, the m xture was cooled to 40-50C then filtered over a No. 4 gl ass
frit. The cake was taken up in 100 m of water at 40-50C Four
_filtration-washing steps then followed until a neutral pH of the washing 5
wat er was obtained. The solid was dried for 16 hours at 120C w t hout

‘cal cining. Exat~le 8: Synthesis of catalyst G (Ru/magnesia containing 5 w~
Ru) 10 The néfveiPXfbport (UBE Industrie 100 ~) (15 g) firstly underwent
a pretreatnent. This consisted in placing the magnesia in water (150 nml)
for 30 mnutes with the tenperature being raised up to 90C over 3 hours.
The sol uti on fisdlsarmh. WUue erthke WEC suls] ¢itedrea, fukteation-w@shongs at
120C in an oven, then calcined at 400C for 24 h in air (5C mn). The
pretreated neRprREAtlors WidtsRter wotid afnoRterl P PEf EheovaddiRPnut es
at roomtenperature with stirring. A solution of Rug i n_water (about 20
m for 1.62 §afeR0"d%@A2IRRA ¢ HERP Bt ar2F ooht ¢ n%%ﬁ’a%%r]éo‘éﬁ ra4s

m nutes. The m xture s Jeft for 1 O mnutes at roomtenperature
with stirri ngl.Zd;%q earn‘ivgchjfcf:'rfbe, e %\Q‘ﬁ)éejé a%’én%e YeW in a rotary evaporator
under 20 R%‘rﬂg at 50C. The cake was oven dried for 16 hours at 120C. 25 41
m of 0.1M Na
stirred. The &) g \
0. 1M sodi um A7 26 2 X
left to cool ﬁ%é@'é&ﬁaﬁiﬁé § Woeaglj ngs with 100 M of water at 45C, the
solid was dri n an oven. Finally, the solid was
taken up in 5 400 nl oftwatero@tsEeesrt e(Rer atsEplend i b1&Ekf otpgOr i nut es,
heated at 70C for 3 hours and then centrifuged (pH of the aqueous phase =
7) at 3500 r maid®rbNiAutess ghecabtlted hfisr obtmbuedawnasodrced for 16
hours at 120C. 10 Exan~le 9: Synthesis of catalyst H (Ru/Y70 acetyl ene
bl ack (SNPR) zZbtrdnaicahgiming ~ the dbetBNade YoDackel Y0 eak Whacklsoeport (10
g) was firstly calcined for 1 hour at 500C. The black (10 15 g) was pl aced
in 400 M of \wmt®e0 antl ¢oefwater andi hefesfar povimueePerhit GR@MW th
stirring. The pH of the solution was adjusted to_pH 9 by_addition of
Na2C03. The tlesmreeratitee ifitheskbruindn WaR PHeRf r BReedOtEbIoBCWaFer 45
mnutes) with stirring. A solution_of Rud 3_in 20 water (about 20 m for
108 o bt Ruadusiad ip b didy FoSoelrest Apiitnar S0e FRICALALIE was
left for 15 mnutes wth,stirring. The pH was, agai roughs _bgck.to 8/ 9 by
addi ti on of N0 %fhdr?h%eéo‘t’}iﬁ%?%nsaiaEP%??rf%ﬁ %%?ugl‘ﬂ%ména uébt 25
Next, the, g xLyre ¥ae L0, &0E 0405300 thENEEL! § 87895048 RACTY) Whd! asS
frit. The Take was taken up in

then added at 90°C for 20 minutes. The mixture was left

for 15 minutes, with stirring. The pH was again
adjusted to 8/9 by addition of Na;CO3; and the solution
was stirred for 3 hours at 90°C.

20 Next, the mixture was cooled to 40-50°C, and filtered.
The cake was subjected to filtration-washing operations
with water until a neutral pH of the washing water was
obtained. The solid was dried for 18 hours at 120°C and

calcined at 400°C for 2 hours.



100 M of water at 40-50C. Four filtration-washing 0472896968 15 steps
. then followed until a neutral pH of the washing water was obtained. The
.solid was dried for 16 hours at 120C wi thout cal cining. 5 Exanple 10:
Synthesis of catalyst J (Ru/ceria (HSA5) containing 5 wt~ Ru) The HSA5
“ceria support (sold by Rhodia) (10.2 g) was firstly calcined for 6 hours at

500Cin air. %2%%§?§ﬁ1oxide (10.2 g) was placed in 100 mM of 10 water and
a solution of anhydrous Ru(acac)3 in acetdne (about 100 mM for 2 g of
Ru(acetyl acetonate)3) was then added at roomtenperature. The m xture was
left for 2 hours at roomtenperature with stirring. The sol ution was
concentrated in a rotary evaporator at 45C, then 15 dried for 16 hours in
an oven at 12Bxamplend: EynthgcisdpPfintRyALYSEdE UBMLYLRENASRINAONE the dry
cake and the solution was heated for_3 hours at 95C with stirring. Once the
product had cBiRel €8nEAIBARI P WAE RM)tered then washed 4 tines at 45C

with 100 M of 20 water hTh§ ﬁ8|id was dried for 16.ho r% at .120C i n an
oven. The solid was thehBakéRPufUPROEE0YAF BF &tn 8&mtt &%5&r at ur e

and then hsate ﬁﬁéaéfgﬁu%érﬁtA%gg% é%;gEng Li%ﬂﬁ; gé§§?e§%ﬁka%£&q was

filtered, hefRtd ours "at Exa hesi s of

talyst K (F d 0. I I 0 9 6 The SN2A
5208 gapporg ?%gogf ag% gg g%%eéﬁggpblﬁ 38? g?%%ggg.&%%g ggg?;ﬁene glack

(10 g) was plgeRdebs 400 -BbmoteBbebrand &likhr edikeing . NMandbastibpe mxture
was gradually heated to 90C (over 45 minutes) 5 and a sol ution of

FeC13~6H20 (0o80Rug(d¢d) 20ifl tetrualarprueanaddad)t qabbetad@vy mngd ack at
90C over 13 mnutes. The pH of the solution was brought to 5.5 by addi ng

sodi um bi car bonabeg dHera9lcd) on was Eheat added ber radmritenipesaatir80C with
stirring. After cooling to
10 over 30 minutes. The mixture was left for 30 minutes
with stirring. The solution was then placed in a rotary
evaporator for 4 hours (room temperature; atmospheric
pressure; 200 rpm). The THF was then evaporated under
20 mmHg. 11 g of solid were obtained.
15

Example 4: Synthesis of catalyst D (Ru/alumina

containing 5 wt% Ru)

The alumina support, sold by Condéa, was
precalcined for 6 hours at 750°C. After calcining, the
20 alumina (10 g) was placed in 500 ml of water and left
for 5 minutes at room temperature with stirring. The pH
of the solution was adjusted to pH 9 by addition of
Na,CO;. The temperature was then raised (to 90°C in 45
minutes) with stirring of the solution. A solution of
25 RuCl; in water (about 20 ml for 1.98 g of RuCl;) was
then added at 90°C over 20 minutes. The mixture was

left for 15 minutes with stirring. The pH was again



10 45C, four successive washing operations with 100 ml of water were

. carried out at 45C. The product was dried for 16 hours at 120C in an oven.
. The solid was then placed in the reactor in the presence of 400 m of

wat er, then heated to 90C and the pH was adjusted to 15 10 with Na2CO03.
'Stlrrlng was maintained for 1 hour at 90C. A solution of ALPHA-RuC 3 in
wat er (about 7%8262%81.08 g of Rud 3) was then added at 90C over 20

m nutes. The mixture was left for 3 hourklat 90C with stirring. Once the
product had cooled to 40-50C, it 20 was filtered, then washed and filtered
4 times in suoresshbrback ato t 8/ Hbevi addi heerr af E&t@ﬂsﬁ*ﬁﬁ\ﬁﬁ@hlng wat er .
The solid was dried for 16 hours_at 120C in an oven. 25 Exanple 12:
Synthesis of TAltarier was etHeped FRTod NoBDSagkt $P8Re bl ack) The SN2A Y200

ReEES ot e el S DERRRETES ALl e T,

T 90C ' d

soul um bi car 3T o e SHTEE: 6%+ Eachia phID V2D, LBen EaF‘aﬁF%?ﬁ
ALPHA- Ru 20 0

20 ninutesgatf%@??fT%éaﬁgg%ur%ta%g"ggf% fg?gi Eour a?lgﬁa% pﬁﬂg?irsingve;
sol ution of CRCIZZ6HRO, (1o928,8a1 dn201 L ALubele duvBs Lhenaddedgto the

reactor at 90 on was mai nt al ned at 90C with
stirring. AdtﬁﬁtéPo&éggoEQafﬁgath@héoébﬂlﬁﬁﬁag'Hkﬁéadf@¥eﬁ4ahﬁbrs4aﬁ|aSS
frit. The cake was taken up in 100 mM of water at 40-50C and four
successi ve washpog WwPeEraht oBs1¥ehengarri ed out so as to obtain a neutral pH
of washing 15 water. The solid was dried for 16 hours at 120C in an oven.
Exanples 13 to 24: Catalytic results in CHHPO deperoxi dati oa 20 The
supported catal ysts were tested under conventional deperoxidation

condi ti ons0 4Exsmpleof: daysthesiEngffconalpietsEl f RuxL.aaPi erergfainigicohexane
(5~ CHHPO, as described in Patent FR2087375) were brought into contact with
about 170 ny bfwh&tBubgeneous 25 catal yst for several hours at 80Cin a
reactor on which a Dean Stark agparatus was fitted %for contlnugus renmova
of the water formed in The +8BRERRBHMIPXidReFUPPOBL7I896668Y Rhodia)

firstly underwent a pretreatment. This consisted in

placing the lanthanum oxide in water (90 ml) for 30

15 minutes while the temperature was raised (to 90°C over
3 hours). The solution was then cooled to 45°C,
filtered, dried for 18 hours at 120°C and then calcined
at 400°C for 24 h in air (5°C/min). After calcining,
the lanthanum oxide (10 g) was placed in 500 ml of

20 water and left for 5 minutes at room temperature with
stirring. The pH of the solution was adjusted to pH 9
by addition of Na,COi;. The temperature of the solution
was then raised (to 90°C over 45 minutes) with
stirring. A solution of RuCl; in water (about 20 ml for

25 1.08 g of RuCl;) was then added at 90°C over 20 minutes.
The mixture was left for 15 minutes with stirring. The

pH was again brought back to 8/9 by addition of Na;COs;



18 The catal ysts (containing 5 wt~ Ru) were used with Ru/CHHPO nol ar rati os
. of 0.5~. The residual CHHPO concentrations were neasured by potentionetric
. back titration (iodine/thiosul phate) and the cycl ohexanol 5 (CHol) and

cycl ohexanone (CHone) concentrations were nmeasured by GC. The results are
“given in the table below DC (degree of conversion) is understood to nean
the ratio of PAE2RARBER of moles of CHHPO converted to the initial nunber
of nol es of CHHPO 0472896968 19 12

Exanpl eCat aMet al Supportt DCCHoneNo. (m n) (~)/ CHol Exanpl eARuZi r coni a6097. 4/ 13E
xanpl eBRuY200andetrkeerne3081on0wB21 $bliaeieBx o 8CRoviz@0at 90°C.

acetyl ene6097. 30. 5515bl ackExanpl eDRUAl um na9097. 10. 5216Exanpl eERuLant hanunt
097. 70. 52170k Na&Ex apreRRFVHE R WRE2 FO92 80 t93 £HERATH e CREMR JrieSiexrs0D95. 30. 5
320Exanpl eHRuY70 ) .

acetyl ene11093V8Y. 28¥%h| AcRERERpEEIRUCITCAFBER. ¥GS65PEB LTHEKRE £EY200

| ene9095, 80. 48230l ackExanpl 1.GAY2Q0 .yl enel2094. 50..4724bl ack
8§3%9§S§8 20 1BBATREDE. VBEGEOEE ADr SAcbonpe¥ing o SRR YRR IS o dos. i n
t lyst.ibnta 5 al cohal , i zed i
nat "t e cat abyePscoher 2ed BMeayBri T8 ReBial E Ry AN T "

el erent, rut hgoi.up 1,AGOLBACALEd OBLE 2o34APQKL HAREN fhoTe ARYLUR

conpri sing carbon blacks
120°C without calcining.

Example 7: Synthesis of catalyst F (Ru/magnesia

10 containing 5 wt% Ru)

The magnesia support (UBE Industrie 100 A)

(10 g) firstly underwent a pretreatment. This consisted
in placing the magnesia in water (100 ml) for 30
minutes while the temperature was raised (to 90°C over

15 3 hours). The solution was then cooled to 45°C,
filtered, dried for 16 hours at 120°C in an oven, and
then calcined at 400°C for 24 h in air (5°C/min). The
pretreated magnesia was placed in 400 ml of water and
left for 5 minutes at room temperature with stirring.

20 The pH of the solution was adjusted to pH 9 by addition
of Na,CO;. The temperature of the solution was then
raised (to 90°C over 45 minutes) with stirring. A
solution of RuCl; in water (about 20 ml for 1.08 g of
RuCl;) was then added at 90°C over 20 minutes. The

25 mixture was left for 15 minutes with stirring. The pH
was again brought back to 8/9 by addition of Na;CO; and

the solution was stirred for 3 hours at 90°C.



metal oxides. 10 2. Process according to Caim1l, characterized in that the
.support is chosen fromthe group conprising netal oxides having a specific
~surface area of greater than 10 nR/g, advantageously greater than 100 n2/g,
and carbon bl acks having a high specific surface area. 15 3. Process
‘according to either of Clainms 1 and 2, characterized in that the catal yst
conprises at 94€&489%MeB addi tional netallic el ement as dopant el ement. 4.
Process according to Claim3, characterik®d 20 in that the dopant netallic
el ement is chosen fromthe group conprising the transition netals of G oups
1b, 2b, 3b, 4Mexth,tisd, mizktane Basfcohbe®erp ol cSTE6I Ehen Eibhered as
publ i shed i n Handbook of Chem stry and Physics, 66th edition,K (1985/1986) by
The ﬁheniﬁaléﬂm%beﬁ ¥e. cb. 9kaspr bebks Boeofakagwed ERKPT ¥P &Raracteri zed
in that the dopant_netallic elenment_is chosen fromthe 0472896968 21
group conpri stOy mheot a¥atenrdh ﬁ%f%pg?'tF?%ﬁi%hitE?F&SHTWﬁ?ﬁ%Hﬂadium

ni obium tantalum chronjiu nol,ybden t ungst en, ._mapnganese heni um
i ron, cobalt,S?ﬁE%eFPe?EkﬂfLﬂWe a??%ﬂ?ﬂ%]nﬁFgf?ﬁuﬂﬂ 8§|§£65WF§§PP9
5 water was obtained. The solid was dried for 16 hours at

120°C without calcining.

Example 8: Synthesis of catalyst G (Ru/magnesia

containing 5 wt% Ru)

10 The magnesia support (UBE Industrie 100 A)
(15 g) firstly underwent a pretreatment. This consisted
in placing the magnesia in water (150 ml) for 30
minutes with the temperature being raised up to 90°C
over 3 hours. The solution was then cooled to 45°C,

15 filtered, dried for 16 hours at 120°C in an oven, then
calcined at 400°C for 24 h in air (5°C/min). The
pretreated magnesia was placed in 150 ml of water and
left for 10 minutes at room temperature with stirring.
A solution of RuCl; in water (about 20 ml for 1.62 g of

20 RuCl;) was then added at room temperature over 15
minutes. The mixture was left for 1 hour 30 minutes at
room temperature with stirring. After settling, the
water was removed in a rotary evaporator under 20 mmHg
at 50°C. The cake was oven dried for 16 hours at 120°C.

25 41 ml of 0.1M NaOH were then added to the cake so that
the latter could be stirred. The solution obtained was

then heated at 95°C for 3 hours. 50 ml of 0.1M sodium



5 copper, iridiumand osmum 6. Process according to one of the preceding
. clainms, characterized in that the anount of catal yst expressed as a nol ar

_ percentage of rutheniumw th respect to the nunber of noles of

hydr oper oxi de to be 10 deconposed represents from 0.0001 to 20~. 7. Process
“according to one of Cains 1 to 6, characterized in that the tenperature at
whi ch the dec®hP$89€98% reaction is carried out is between 20C and 200C. 15
8. Process according to one of Clains 1 14 7, characterized in that the
reaction is carried out in a solvent for the hydroperoxide. 9. Process
accordi ng to yéroxBie charactbenzadded ahdt thheseduténn wesalkfdr §6ar bon,
an al kane, a 20 hal ogenat ed hydrocarbon or a m xture of these solvents. 10.
Process accor@®ly €@ 4PaPAf0; BREFHCEWP| YaghiRgehut thhéO08oMmkeRE is a

hydr ocarbon identical t{o_that mhosi_gxidation |.eads ign%he hydr oper oxi de to
be deconposedwa®er 1dt #p 3 esth8cEBL#fnY2EodbhEdLFOF OBTfp2%0)

h terized [n that the hyd i d cat | [ bet 1~ and
50~ by wei ghi LebTh TBSPRCPUFD { RGPl bil72608088 2 HBFGRE<BP 881 afion. 12

oo Ak 0%t PePrfaBhy B8 PBoh temblrathELooLeiLERA B, 37! the
minutes, heated at 70°C for 3 hours and then
centrifuged (pH of the aqueous phase = 7) at 3500 rpm
for 20 minutes. The solid thus obtained was dried for
16 hours at 120°C.

10

Example 9: Synthesis of catalyst H (Ru/Y70 acetylene

black (SN2A) containing 5 wt% Ru)

The SN2A Y70 acetylene black support (10 g)

was firstly calcined for 1 hour at 500°C. The black (10

15 g) was placed in 400 ml of water and left for 5 minutes
at room temperature with stirring. The pH of the
solution was adjusted to pH 9 by addition of Nay;CO;. The
temperature of the solution was then raised (to 90°C
over 45 minutes) with stirring. A solution of RuCl; in

20 water (about 20 ml for 1.08 g of RuCl;) was then added
at 90°C over 20 minutes. The mixture was left for 15
minutes with stirring. The pH was again brought back to
8/9 by addition of Na,CO; and the solution was stirred
for 3 hours at 90°C.

25 Next, the mixture was cooled to 40-50°C, then filtered
over a No. 4 glass frit. The cake was taken up in

100 ml of water at 40-50°C. Four filtration-washing



fromprimary or secondary hydroperoxides derived from5 al kanes,

. cycl oal kanes, aromatic al kyl hydrocarbons, al kenes and cycl oal kenes havi ng
~from 3 co 20 carbon atons. 13. Process according to Caim12, characterized
in that the aromatic alkyl hydrocarbons have one or 10 nore substituents
"chosen fromthe rou conprising al kyl groups or hal ogen atons. 14. Process
according to oh @ims 1 to 13, characterized in that the hydroperoxide
is chosen fron1the group conprising cyclbhexyl hydroperoxide, 15

cycl ododecyl hydroperoxide, tetralin hydroperoxide, ethylbenzene

hydr oper oxi desteps pthemef by tioepdrontie. a. Agupaal ApE. AE. ANE. AREhANRg

2. ANE. Au. ANE. A2. A; Y. AaY. A(Y. AN. A E. A(E. A). Anb . AE. AE. Al@kc%

n: E} xsni d_Z] cedeel cedeadbstndda] Tapcapialicunsaficapdafea] é4] BapEs] 84] cal cal
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ca]ca]ca]ca]c%}éa?c%} %?EE]E%}EET&B?ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]c
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/110100122 =di ks
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c”a] ca] ca
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U c”a] ca] ca] ca] ca] ca] c”a L{%ﬁkfﬁgfiﬁfcgh%%?%g?EEESEQE& RABhia)

Ul c”a] ca] ca] Cgi@aic ] cpksaterar hcoaleaheal eakcsl Baliga at 500°C in
YNNNNNNNOPQVBPS\ SSSSSTUMKVWKXXYZ6ZnZZZZZ\W { vl gb] XI gb]

Ul c] ca] ca] ca] 2} catea] eatcahcakeakcaloa2 g) was placed in 100 ml of

10 water and a solution of anhydrous Ru(acac); in acetone
(about 100 ml for 2 g of Ru(acetylacetonate);) was then
added at room temperature. The mixture was left for 2
hours at room temperature with stirring. The solution
was concentrated in a rotary evaporator at 45°C, then

15 dried for 16 hours in an oven at 120°C. 41 ml of 0.1M
sodium hydroxide were then added to the dry cake and
the solution was heated for 3 hours at 95°C with
stirring. Once the product had cooled to 40-50°C it was
filtered then washed 4 times at 45°C with 100 ml of

20 water. The solid was dried for 16 hours at 120°C in an
oven. The solid was then taken up in 210 ml of water at
room temperature and then heated for 3 hours at 70°C.
After cooling to 45°C, the solid was filtered, then
dried for 16 hours at 120°C.

25

Example 11: Synthesis of catalyst K (Fe-doped Ru on

Y200 acetylene black)
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20

25

was added to the acetylene black at 90°C over 13
minutes. The pH of the solution was brought to 5.5 by
adding sodium bicarbonate. The solution was maintained
for 30 minutes at 90°C with stirring. After cooling to
45°C, four successive washing operations with 100 ml of
water were carried out at 45°C. The product was dried
for 16 hours at 120°C in an oven. The solid was then
placed in the reactor in the presence of 400 ml of
water, then heated to 90°C and the pH was adjusted to
10 with Na,CO;. Stirring was maintained for 1 hour at
90°C. A solution of ALPHA-RuCl; in water (about 20 ml
for 1.08 g of RuCls;) was then added at 90°C over 20
minutes. The mixture was left for 3 hours at 90°C with
stirring. Once the product had cooled to 40-50°C, it
was filtered, then washed and filtered 4 times in
succession so as to obtain a neutral pH of the washing
water. The solid was dried for 16 hours at 120°C in an

oven.

Example 12: Synthesis of catalyst L (Co-doped Ru on

Y200 acetylene black)

The SN2A Y200 support (10 g) was calcined for
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5 A solution of ALPHA-RuCl; in water (about 20 ml for
1.08 g of RuCl;) was then added over 20 minutes at 90°C.
The mixture was left for 1 hour at 90°C with stirring.
A solution of CoCl,6H;0 (1.429 g in 20 ml of water) was
then added to the reactor at 90°C. The solution was

10 maintained for 1 hour at 90°C with stirring. After
cooling to 45°C the solid was filtered over a No. 4
glass frit. The cake was taken up in 100 ml of water at
40-50°C and four successive washing operations were
carried out so as to obtain a neutral pH of washing

15 water. The solid was dried for 16 hours at 120°C in an

overn.

Examples 13 to 24: Catalytic results in CHHPO

deperoxidation

20 The supported catalysts were tested under
conventional deperoxidation conditions: 40 g of oxidate
(coming from the self-oxidation of cyclohexane (5%
CHHPO, as described in Patent FR2087375) were brought
into contact with about 170 mg of heterogeneous

25 catalyst for several hours at 80°C in a reactor on
which a Dean Stark apparatus was fitted (for continuous

removal of the water formed in the reaction mixture).
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measured by GC. The results are given in the table

below. DC (degree of conversion) is understood to mean
the ratio of the number of moles of CHHPO converted to

the initial number of moles of CHHPO.
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Example C Ru Y200 acetylene 60 97.3 0.55
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Example D Ru Alumina 90 97.1 0.52
16
Example E Ru Lanthanum 60 97.7 0.52
17 Oxide
Example F Ru Magnesia 270 97.8 0.53
19
Example G Ru Magnesia 300 95.3 0.53
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21 black
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24 black
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10 2. Process according to Claim 1, characterized
in that the support is chosen from the group comprising
metal oxides having a specific surface area of greater
than 10 m?/g, advantageously greater than 100 nﬁ/g, and
carbon blacks having a high specific surface area.

15 3. Process according to either of Claims 1 and
2, characterized in that the catalyst comprises at
least one additional metallic element as dopant
element.

4, Process according to Claim 3, characterized

20 in that the dopant metallic element is chosen from the
group comprising the transition metals of Groups lb,
2b, 3b, 4b, 5b, 6b, 7b and 8 of the Periodic Table of
Elements as published in Handbook of Chemistry and
Physics, 66™ edition (1985/1986) by The Chemical Rubber

25 Co.

5. Process according to Claim 4, characterized

in that the dopant metallic element is chosen from the
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respect to the number of moles of hydroperoxide to be

10 decomposed represents from 0.0001% to 20%.

7. Process according to one of Claims 1 to 6,
characterized in that the temperature at which the
decomposition reaction is carried out is between 20°C
and 200°cC.

15 8. Process according to one of Claims 1 to 7,
characterized in that the reaction is carried out in a
solvent for the hydroperoxide.

9. Process according to Claim 8, characterized
in that the solvent is a hydrocarbon, an alkane, a

20 halogenated hydrocarbon or a mixture of these solvents.
10. Process according to Claim 9, characterized
in that the solvent is a hydrocarbon identical to that
whose oxidation leads to the hydroperoxide to be
decomposed.

25 11. Process according to one of Claims 8 to 10,
characterized in that the hydroperoxide concentration

lies between 1% and 80% by weight with respect to the
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13. Process according to Claim 12, characterized
in that the aromatic alkyl hydrocarbons have one or

10 more substituents chosen from the group comprising
alkyl groups or halogen atoms.
14. Process according to one of Claims 1 to 13,
characterized in that the hydroperoxide is chosen from
the group comprising cyclohexyl hydroperoxide,

15 cyclododecyl hydroperoxide, tetralin hydroperoxide,

ethylbenzene hydroperoxide and pinane hydroperoxide.



