; e3ei | f DDEJF. *d 6D TI KRP PROCESS FOR CATALYTI CALLY DECOVPOSI NG ORGANI C
HYDROPEROXI DES The present invention relates to a process 5 for deconposi ng

~organi ¢ hydroperoxides in the presence of a catalyst.

hydr oper oxi des are inportant inter nediates in the pr epaﬁmﬂmﬂmmmm H)hol S,

ket ones and acids, and are thensel ves of iten used as raw
organi c synthesis. Anpng these organi c hydroperoxi des, cycl oh&R$#*
hydr operoxi de is prepared by the oxidation of cycl ohexane. Catal ytic
deconposi ti on of thROCBEEeFOReaATALYTEIYALDNERETONPOZINGE YRIcaNEanol . The
latter two 15 conpounds nmay be converted into adipic acid by oxidation.
Adipic acid is an inportant chem GBDROREROXIDES e used in the manufacture
of many pol yners, such as pol yam des and pol yuret hanes for exanple. This
conmpound may have many other applications. 20 The deconposition of organic
hydr oper oxi des and especi al |y of cycl ohexyl hydroperoxide (CHHPO may
firstly be carried out %@eH%ﬁ%ﬁ@ﬁédu%v%%ﬁ%@Wsr%latﬁ%tt@satprgggsSn t he
presence of a cata di ssolved in the_reaction_m xture. Thus, patent
FR-A-1 580 2cf6°r2559c%§'&i?%’é“s9 t?@%ﬂ%éwwmr%%%%wk%% Pﬁewasﬁd phase
fol |l oned by Cﬁﬁtl ncgé1 of t e cycl oal kyl hydroperoxide solution in the

t

cycl oal kane ined, in the presence of a soluble chrom um
derivative as catalyst leemn t he artlile fromthe Jougnal of Mol ecul ar

Catal ysis (1988), 48, pag%amﬁa_‘}f% G GELLTT 2ES ( HEPDERSD b?'{faﬁl c salts,
such as cobal é%é%géﬂgﬁuéhé" {g %gggge gﬂg@§g¥%d k@téﬂ 50 ﬁnlc I|qU|d
tBkes ace

phase in whic e reaction wever B USE-0f - sue

i nexpensi ve salilds h%ﬁrmméél%t@@é@n @éyéésré(@waﬁgﬂgiy become
deactivated, causing themto precipitate In e 10 m xture o0 renedy these
probl ens,1 gorig) cRAreXe Cahaldd s Syst ens have been recomended, such as
conpl exes between a netal and porphyrins or phthal ocyani nes. Such systens
have, for exanple, beemnddnglestidasrdanidehpitpérdidided/2 778 and the
articles published in Catalysis Letters 20, 1993, 359-364 or 36, |996,

69- 73. Conpl exyesldiesed drydofedtoxinte s sprepared i lgantlse hexwedat son been
described in the article published in Journal of the American Chem cal

Soci ety 20 (X853 clidexanmesCa58U tic 3dompes hatoml b beenlptoposed, for
exanpl e in European Patent 270 468, to_use ruthenium and a coordi nate based
on bis(pyri dweazﬂ% RhFrel diemneng il o5 ivhewrel al Jhe clayserntwpave

dr awback C|aII asso iated with their bl]lt (oxi dation
resi stancd) &RFAHEITS %%W%%igl%%rﬁ Date ' e85y

oxidation. Adipic acid is an important chemical intex-

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

T
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expensive. It has al so been proposed to deconpose the hydroperoxi de by

het er ogeneous catalysis, that is to say in the presence of a catal yst not
dissolved in the 5 reaction m xture. However, these catal ysts often have a
rapi dly decreasing activity, this loss of activity being due, for exanple,
to elution of the catalytic phase. Mregver, it has al so been proposed to
use 10 catalysts which make it possible, sinultaneously with the
deconposition of the hydroperoxide into an al cohol and/or a ketone, to

oxi di ze the dlyelsDgad Poin Usied BseSOh¥ENbE 4hys1ableWeAgokhEmt ot al conversion
yield from hydrocarbon to al cohol and ketone to be inproved. This 15

oxi dation isdeplvetive dbecptedest . techewist, ftrédarancdyygenmt kaasfer”. It
consists in transferring one of the oxygen atons of the hydroperoxide to

t he hydrocarfournal oofiemolecobéni Gatakysbsr ¢spoail| ngsal pabek. 1Bor @pean

Pat ent 0331590 descri bes the use of a 20 honogeneous catal yst based on

osm um conpl Bk@sdesdiy thes stlusedse cobbvuganan sxyyen suahséer cobadtound 400.
The object of the present invention is to provide a novel heterogeneous

cat al yti cd syRFeFemt e T sobcormipd ex¥esy Bepeplvedl lanthaakeganicpossible in
25 particular, to, obtain a, high | evel of oxygen transfer. Mre specifically,
it provi des w-FrHeRRAFYriRedHpostRYy BryahienhyakepePbRFEes in t he
presence of a 4 catalyst into a m xture of alcohols and ketones, in which
the catal yst conprisesiQ¥eYehst tiRHIFEt PEnFUFDatREXEERaLYEi B8LEF acti ve

talli I t.] ted int |id t_ch . th 5
Compri 51 ng. Tl BT RECAN I RST DR RF aCREs L EHER KExPnEsEARbBrDBrasRe

obt ai ned by i f i 0, . | yst the invention
is a heterod%%%%%%§%€ﬁg1y§%@$ﬁ2§ %@%Rbggg%%%ggéﬁegéga¥§ Eggstandard
techni queg f api e acturing catal ysts referred to as supported catal ysts.
Thus, the term "incorporated" used above covers all fornms of I|inking

between the support antb themédt NEfe sen SEFHDENES) mEte COBRpEELES) . Thus, this
term covers both absorption of 15 the rutheni um conpounds on a support and

copr eci pi t at¢atraDft 1 desysit dred i hvaricteén precomnended , t qecrugport. The

rut heni um may be sinply deposited on the surface of the support, especially
t he surface odmpletemdbettesdmi an Pporas aid thershpping, oor ot herwi se it nmay
20 be linked to the said support via electronic bonds. The suitable
supports forphtizalomyanines adveeh ageoieny have, af br gexsmptef i besorf ace area
and are oxidation resistant. Metal oxides having a specific surface area of

greater tharfaRrief HRIVERR RROIRTE WSS of tat e78 tHAR 100 APLr§clefe the

preferred su Is of the inventjon. As exanples of suitable supports for
the 5 invéﬁﬁﬁfé%?éﬁﬂ?cﬁﬁ YHES neietoF S ot lni ha3 rdrd-édft R¥oxPdes, such

as cerium or, dant hapuym oxi. 46, 24 Loopl um oxi de.and maggesium gxde. silica
and vari ous ¢ar bon Dl acks preféerably having a high Spécific surface area, 5

such as, forlf@@ﬂ@é %a@é;eé_Végr@e&%&cribed 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



The catal yst of the invention may al so include other netallic elements for
i nproving or doping the catalytic activity of the ruthenium As netallic
elements suitable to act as dopants, nention rmay be 10 nade of the
transition netals such as those belonging to Goups | b, 2b, 3b, 4b, 5b, 6b,
7b and 8 of the Periodic Table of Elenmeris as published in Handbook of

Chem stry and Physics, 66th edition (1985/1986) by The Chem cal Rubber Co.
15 Mention nmay nore particularly be made of titanium zirconium vanadi um
ni obi um tanezabengivhrom um nol ybdenum tungsten, nmanganese, rhenium
iron, cobalt, nickel, rhodium palladium platinum iridium osmum
copper, silver, gold ahtl haseadsrt he2d petalosedudtiv d@edommidsanitheand ceri um
The deconposition reaction of the invention is carried out in liquid phase,
t he concent rAyfasareroxhdenhhyr bptesrodaebuisngatellwmsdrs 0 thadnd s8@% by wei ght
in the reaction m xture. Advantageously, this 25 concentration i s between
0.5 and 20% S¥¥rtBukheoPyefeECRaPine Gatalysthngs dikcsmdyedamonghshi ch

ment i on y nnrﬁﬁﬂarticularl he nade 6 hexane, heptane and isooctane;

y of
cycl oal kanes® Cafbhg* Wit EhUhEnt 1BHEVEY ' bERRESe B 2P tSF Ofitiesfexs én of
cycl ohexane . I tane; aronatic _hydrocarbons, such ags _ benzene,
t ol uene and g%ﬁ%ﬁ%? ﬁ%&%g@ﬁ%?gdan%ﬁyaFXCa%%&ﬁs,°§ﬁd°%i§F§F§§tyf t hese
sol vents. , ahL S I ted that, since.the hydroperaxide i's
general |y pro%%%édd?%’tEgyfgfgﬁgiga gSIS P5ACFN 4 ﬁ%ﬁré@&?@gﬁfcfor exanpl e
cycl ohexane, ,Rys@xi dation of the latter, the deconposition reaction is 10
advantageous?y carried out in a solution comng fromthe oxidation of the
hydr ocar bon (cycl ohexangrebhethi ¢b fe BYdoBEEAxEdeneanaeRlLy akon |ies
within the limts indicated above. This solution y“be used as it stands

or aftericertatalgotstvhuent fakavetbpesstismeyedinildaheol@lekyikmown per
se. It is also possible to use a solution of hydroperoxide in the sol vent,

for exanpl e shésdantinpbsytponeofythehbydrepetbsideointcobncatabyst i nvol ved
may vary w dely, especially depending on the conditions under 20 which the
process is cardied auketomeel yoaocsddizaubbe, hydmbcasbbnnuses as bat ch
process. In general, the anpunt of catal yst expressed as a nolar percentage
of active nef@lveRth Feuperilovingethodeopatogpuversiba yéeddpbson
represents fromO OO o to 20% and 25 preferably from0.01 to 10% Wthin
the context BYIEOEHPPRUbAs2bpeRati BRdoketrBEpEBCESS EMPErovedebFhdgs t hat

t he anou of .. catalyst wth.respect to the hydroperoxide has no neaning
and thatP%he°¥é??5§°Pn%?c%%%%egbbget ypfﬁﬁﬁn5e¥ﬁﬁéﬁlﬁﬁﬁhéﬁ?lﬁhéan

Lemperature bs,genctalhyebel veep 20,200, 3 200C-nd pref epably bet veen 80

and 130C. Atno errc pressure or pressa pféssure wil |

?ien;uz 1 ¢l eNiné %oRPbh ahfoh8eofY EhONRYAPEpE Rk Ee! L8B! HePRYRG,-The reaction

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 oxygen 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



10-generally between a few m nutes and 4 hours and can be adjusted in
accordance with the production objectives, the anount of the various
~constituents of the catalytic systeminvolved and the ot her paraneters of
the reaction. 15 At the end of reaction, the products nay be recovered

and/ or separated by any suitable nmeans, 4or exanple by distillation. The
hydr oper oxi des enpl oyed in the process of the invention are in general
primary or secondary 20 hydroperoxi des derived from al kanes, cycl oal kanes,
aromati c al kyhtBY¢e@Canhons, mike udieO Bt iag cohdd sOfanahiket dirssi by has one or
nore substituents such as especially an al kyl group or a hal ogen atom nore
particul arl ywaiehl ehieneagtafistaldonipes sard aty dledaitk @mes i Heaviuag- from 3 to
20 carbon atoms. As exanpl es of such hydroperoxi des, nention may be made of
cycl ohexyl hbdsedecexpdgticpillgdededyle meBaiydicopdremernte, tetralin

hydr oper oxi de, et hyl benzene hydroper oxi de and pi nane hydroperoxi de. Anmong

t hese hydr opéncrirpesatede intot ke spdrid weppoirtocdosien igrom ddret gndup

cycl ohexyl hydroperoxide, 5 the oxidation of which results in cyclohexanol
and cycl oRex §RBRE 1 SEREs Bebalngxildesr sadi saadonn bleeksr e garcit isen t@dfe adi pic
acid - one of the base conpounds of nylon-6,6. The exanpl es bel ow, given
sol el y by wafegPOROPLAGKEaPPERINGD PYi PYESOLYSie Ofe OL9@EHG on and its
advant ages and details. Exanple 1. Synthesis of catalyst A (Ru/Zr02
cont ai ni ng 5W"WSRI{'S15 The Zr Oz support was precal cined for 2 hours at

500C. After calcining).,.the zkrgogia %13 g).mas %Laced in 500 M of water
and left at room tenperdtuf8tPor S5 AfndtEs TR ERTO™N fiSng The pH of the

soluton v BULUSLBALA.PHL8 990k 0n 0f pNERCH DO PTG aLUT e 20 ucs

t hen raised 1rri n agqueous "solu RuC 3~nH20,

sol d by $HREM:-GARGWY %Qcﬂhiﬁﬂ% %o%ip%n@%a@%gg§ﬁ§H%%kdﬁ@%t%h%%f%¥¥%%.at 90C

over 20 mnutes. The m xture was or 15 mnutes wth stirring. The pH

was then agais adj gsppdritea8lthy 2% saddinlisontpl MNaz2GD3 and the sol ution
was stirred for 3 hours at 90C. Next, the m xture was cool ed to 40-50C and

then 9 fil rehedrpbiatedkeuwas abbivecicesetre &Nt Falrin@noFagHinkd reper ati ons
with water until a neutral pH of the washing water was obtained. The solid

was dried fobet@ekautheatuppdtamcdcahe radhanisth)Compouidh@)r or 5 Exanpl e
2: Synthesis of catalyst B (Ru/Y200 acetyl ene black containing 5 wt % Ru)
The Y200 suppomplexiescet Fhase Bhisk tegpperwvess! oty sSkEmrprdompradcal ci ned
for 1 hour at 500C. 10 After calcining) the acetylene black (10 g) was
pl aced i AS5080/ THLhERLEM SRAPCERESt O & FURPEES &0d oom tenperature with
stirring. The pH of the solution was adjusted tqo pH 9 by addition of
Ne2CD3, The CERBEFAPUFEIEE Lok PaFSbdeRAiTe 286 fr PRETHE oIk 1B An
RuG'3 15 sol yhi 98,4 n WALeLut AR Ral peClsitipl?y FePbosTtEelon dhe
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



t hen added at 90C for 20 m nutes. The m xture was left for 15 mnutes, with
stirring. The pH was again adjusted to 8/ 9 by addition of Na2C03 and the

" solution was stirred for 3 hours at 90C. 20 Next, the mi xture was cooled to
40-50C, and filtered. The cake was subjected to filtration-washing
operations wth water until a neutral pH of the washing water was obtained.
The solid was dried for 18 hours at 120C and cal ci ned at 400C for 2 hours.
10 Exanpl e 3: Synthesis of catalyst C (Ru/ Y200 acetyl ene bl ack containing 5
W % Ru) The X200n848ROT he}RS off ﬁagl 6LNRdabobrl aAMi nB At YRQACER i . After
cal cining, thée acetyléne bllack (10 g) was placed in 300 m of THF and |eft
for 30 mnutegiagbst oglitheaBeeak R Wt Nafthbhufd oxAdeQ! ghreenglunRU3( CO) 12
in tetrahydrofuran (THF) (about 100 m for 1.12 g of Ru3(CO 12) was then
added at roopxi@apehat magnéfiovebx3Qelni sulleésa dha Wextivne wasbogft for 30
mnutes wth stirring. The solution was then placed in a rotary evaporator
for 4 hours ¥laokstprpEeabbilyg; havimgphehighpsessufec 20@ feper) ardlze THF was
t hen evaporated under 20 mmHg. 11 g of solid were obtained. 15 Exanple 4:
Synt hesi s5of seahahyst £Or( RuARPUSL nacesHilahai kdaskwt-% Ru) The al umi na
support, sold by Condea, was precalcined for 6 hours at 750C. After

cal cining, the 20 al unThe Cabagyshasiptheednventdon Mayt ak&Cer and | eft for
5 mnutes at roomtenperature with stirring. The pH of the solution was

adj usted to PRCOHUE§ ggaﬁri PRt Lig2edsMeRrhE oD MREGVE NS t HOP IS sed (to
90C in 45 m nutes Lth, stirring of the solution.,, A sqglution_qf, 25 RuC 3 in
wat er (about *B8 tggyti?Qgcﬁl gtﬁueﬁ3fhﬁa§uF &R 140defSa ™ dver 20

m nut es. The gixtu g vas I%gt Eoralg gingte% i_th Stkﬁg ng. T@p pH was
again 11 bY ﬁ@ﬁ? BaER*F8°8f9 Sy 8adfti 67F6F "Ra2853  an € $61 ution was
stirred r u 9 I | h Xt l.ed - . then
fiIteredigvegaggh%? QBSIgg?n r?%PnTﬁgtggéeg&ggm?%egggggéﬁkﬁﬁégﬁ§%gaoo m  of
wat er at 40-pQCsrEapt fiblt pati gp, waghi BG, skeps 7bhand @l lopvwegeuntil a
neutral pH of the washing water was obtained. The solid was dried for 24
hours at 120fewibhout Tablei BifNgleh@nbxagpl publiSheldhasi siaeidmeatkalast E
(Ru/Laz03 containing C,.,~ 2 D' 1 The | anthanum oxi de support (sold by
Rhodi a) firsthgmisdeywant @hpsdicseatBEhtedifhicn caress 5386 N Ipy acheg t he

| ant hanum oxide in water (90 m) for 30 15 mnutes while the tenperature
was rai sed (€heff€advBnbBelodos). The sol ution was then cooled to 45C,
filtered, dried for 18 hours at 120C and then cal cined at 400C for 24 h in
air (5C/ &bBn). After caMenfiimg, melemozet Pamticeicad v be grdsa®ipl aced in 500
m of 20 water and left for 5 mnutes at roomtenperature with stirring.
The pH of thBiEBPREEMon2d&SCRd Nt ¥AREG TN 9 PRPPAYH t itGR G 82003, The

t t the sol yti th ised (to 90C 45 . nut ith
StITring. A COFBPRBR P oRYCAS IR wabBPoL BBouM I8N For S5 o of RUG 3

e LT, o SAEaoveT b, Leselle Bt dllla 15 T
12 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



and the solution was stirred for 3 hours at 90C. Next, the m xture was
cooled to 40-50C, then filtered over a No. 4 glass frit. The cake was then
~taken up in 100 mM of water at 40-50C. Four filtration-washing 5 steps then
followed until a neutral pH of the washing water was obtained. The solid
was dried for 16 hours at 120C wi t hout aal ci ni ng. Exanple 7: Synthesis of
catalyst F (Ru/magnesia 10 containing 5 wt % Ru) The magnesi a support (UBE

| ndustrie 100 A) (10 g) firstly underwent a pretreatnent. This consisted in
pl aci ng t he negaasi aheptaateandl@8opkcraher;, 3fchicalkesewhi bechye tenperature
was raised (to 90C over 15 3 hours). The solution was then cooled to 45C
filtered, drwhdchomeh6ibaumayabel®@Bei byawagvell, ididsthrenical cfned at 400C
for 24 hin air (5Cmn). The pretreated nagnesia was placed in 400 m of
wat er and | etyclloheganenands cytlooomanenparamate cwhyldrociarbiong., 20 The pH
of the solution was adjusted to pH 9 by addition of Na2C03. The tenperature
of the sol ut Bophwas bhoikeneai seduene 908 sydengs kedggespt@dth stirring. A
solution of RuCl3 in water (about 20 ml for 1.08 g_of RuC 3) was then added
at 90C ovér bydnPRaresnsThend BitREeFeChasPrert SPdVelsSni nutes with
stirring. The pH was agai n brought gagﬁ tg 8/ 9 by additiqn of zC03 and
the solution was stirrBGWEY¥PT3 RbuF2ouidgse, noted , StRECmi re was

cooled to 40h5 C then fiJtered over i No. é %I SS f&%ﬁ.fThe c%ke was taken
up in 100 nl PEPTRREEP*APC40 5568 SFGalYs PEP 5tF§n}ﬁas °ng “5{'efs then

foll owed unti| eyt ral shi I i_ned. e solid
was driedufo%oigtggﬁréﬁa p?ﬁ@%Q%??ﬁ%%f Eggc?ﬁgﬁ 3eE§§§%?§E§?5%yn§ﬁgsis o;
catal yst G : 1eS1 A <C ai ni = : i 4 t (UBE
oSt o 10p AEPTER B RREtALES Khie BlkotBobit s e A L e i
pl acing yhe EagﬁﬁéhggéﬂsW@t%%r&iéﬁ Sk ﬁﬂra3%oﬁh&ﬁk%§d@ﬁﬁ&gtEchﬁ"perathe

being raised up to ovér 3 hours. The solution was then cooled to 450
15 filtered, tdei estibatith RFULHeahylZdCarboan (@y@iloHeh@me)aliei Red o 400C

for 24 h in air (5C mn). The pretreated nagnesia was placed in 150 m of
wat er and | ethef aydidperoxtide abncearrteipear dtiese wiitthh nsttiber ildgnitd sol ution
of RuC 3 in water (about 20 ml for 1.62 g of
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



20° Rud 3) was then added at roomtenperature over 15 m nutes. The m xture
was left for 1 hour 30 mnutes at roomtenperature with stirring. After
“settling, the water was renoved in a rotary evaporator under 20 nmHg at

50C. The cake was oven dried for 16 hours at 120C. 25 41 m of 0.1M NaCH
were then added to the cake so that the7 atter could be stirred. The

sol ution obtained was then heated at 95C for 3 hours. 50 m of 0.1M sodium
14 hydroxi de were then added and the solution was left to cool to 40-50C
After two washtapgstw vhtAOPespeot wat eheahydbbGpetrbeidel hdswas dried for 16
hours at 120C in an oven. Finally, the solid was taken up in 5 400 m of
wat er at roamneiehpgrandrehast theedatdos3dndinated, abeoseectayt the@ ber 3
hours and then centrifuged (pH of the aqueous phase = 7) at 3500 rpmfor 20
m nut es. Themgohildighes. obtai ned was dried for 16 hours at 120C. 10 Exanpl e
9: Synthesis of catalyst H (Ru/Y70 acetyl ene bl ack i,gNZA) containing 5 wo
Ru) The SN2A Y70 acet yTbﬁetﬁmﬁéKa‘éHESoﬁ-ﬁ geneyR ks brtweery 20apgiched for 1
hour at 500C. The black (10 placed in 400 i of water and |eft
for 5 m nBte30@%CraBh Pé%@FQP&YebﬁFWﬁeé‘t BPr PRY. 1PRECpH of the sol ution was

adjusted to pH 9 by addition of ,Na2C03. The ten‘gerature f the solution was
then raised (to 90C ovBFM2EPHERGEBF SRPEHSsOF r PF§SUAS on of Rud 3 in

b d
s (e A B, MR
o b UGN B 9,819 9% 0 B 0B2CD9 e L sttt o

e mxture was cooled to 40-50C, then

filtered over a No. 4 ghassebbtlonThemeaker@sel 2@ demden thfe)migof wat er
at 40-50C. Four filtration-washing 15 steps then followed until a neutral

pH of theowaghhaga ey ChepatetbharBadmihieesObind Waholirise@ridoickh eur s at
120C wi thout "cal cining. 5 Exanple 10: Synthesis of catalyst J (Ru/ceria

(HSA5) cont ahahigt&awi ¥ RerofdanteAwicar iches pppduictisel dHjediodis) (10. 2
g) was firstly calcined for 6 hours at 500C in air. The cerium oxide (10.2
g) was pl acedhenahblnnl off the watdéousndoassdltuens off diley dreded yYRi(@cac) 3
in acetone (about 100 ml for 2 g of Ru(acetyl acetonate)3) was then added at
roon1tenperaBysEemThevwﬂ%Edr@nﬂaghbebﬂhﬁwrP@H@mﬁﬁﬁmﬁ<ﬁbdﬁ¥tenperature with
- stirring. The solution was concentrated in a rotary evaporator at 45C, then
15 dried forreecké@Ps in an oven at 120C. 41 m of 0.1M sodlun1hydrOX|de
were then added to the dr cake and the sql ution was ated for hour s at
95C wi thStirring. Oncé @epteé’ﬁauf’g &3 Ed6Ped T8 HCE%SJ(SHS[ Tis }ﬁ | tered

th hed 4 t with 100.m. of 2 d d f
o vt L sl 500 RO, o Tt il e o o
at roon1tenpgggmg&% 3 dﬁ@%ﬁlﬂ%ﬁﬂ% for 3 hours at 70C. After cooling to
45C, the soli S fiftere

then dried for 16 hours at 120C. 25 Exanple

11: Synthesis of catal ygf f(FepdaRsd ds @MpI2RRAGH »ﬂw@q;r &4l of 16 The
SN2A Y200 support (10 g) was calcined for 1 hour at 500C. The acetyl ene

black (10 g) t+¥Rs iRhaeed dnn AQRD i né&%llerpﬁm&ﬁ igr etbdsiddryni nutes. The
m xture was gradually heated to 90C (over 45 m nutes)
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



5 and a solution of FeCl3~6H20 (0.509 g in 50 m of water) was added to the
acetyl ene black at 90C over 13 m nutes. The pH of the solution was brought
"to 5.5 by addi ng sodi um bi carbonate. The sol uti on was maintai ned for 30
mnutes at 90C with stirring. After cooling to 10 45C, four successive
washi ng operations with 100 ml of water 8were carried out at 45C. The
product was dried for 16 hours at 120C in an oven. The solid was then

pl aced in the reactor in the presence of 400 mM of water, then heated to
90C and t he pHiyEseBs}idd edtdétordbid ChditbpdeatD3e, Stthyibgnwasenai nt ai ned
for 1 hour at 90C. A solution of alpha-RuC 3 in water (about 20 ml for 1.08
g of Rud 3) hydrdpercaiidedad 9DGoeehy@bopenoxide. The m xture was |eft for
3 hours at 90C with stirring. Once the product had cooled to 40-50C, it 20
was filtered, then waskreehanthéséthydrogeroxidesn euecesstba Boras to
obtain a neutral pH of the washing water. The_solid was dried for 16 hours
at 120C in amS@ﬂwﬁ.oq%sEy%ﬁw¢§y19ersgh@hﬁs¢30b@h%§yh|9x@r9p§cﬁxa69ed Ru on
Y200 acetyl ene bl ack) The SN2A Y200 sup§ort (10 gé was cal ci ned for 17 1

) ) (1
hour at 5P0CEherHiatiPenet YRtk (1854 thas? pFeceae%2888 AYof water and

stirred for 5 mjnutes. The m xture was gradual eat ed 90C (over 45

nm nut es) andF%%%&%ﬁ*%?%%?boﬂ%?%eaﬁﬁéﬂgsgnggr?%é¥%gﬁﬁ épp%ﬁSf 10. 5 A
solution of al pha-RuCl 3 i ter (about 20 o] ) was t hen
added over ZFTRHLR %O%I°€O IRRE AT xTur e so%eﬁ?éfggsg g%ﬂggg%géoc with
stirring. A(§PIH%igg_gf6CbC12~6kt0 (1.429 gin 20 mM of water) was then
added to the reattor at 90C. The solution was 10 mai ntained for 1 hour at

90C with stirring. ﬁdt@ﬁecggéﬁﬁgegpbéﬁghg2§i§gﬁigcy@§yfbgtgggdogver a No. 4
glass frit. The cake was taken up in 100 of water at 40-50C and four
successi yg Washi gt OBR! ali DNSiVeh St eatéi eHe OUhvEALt 86nt @na@btiagn a neutral pH
of washing 15 water. The solid was dried for 16 hours at 120C in an oven.
Exanpl es 13 sQvadtadas ahydi det&sbEts i n CHHPO deper oxi dati on 20 The
supported catal ysts were tested under conventional deperoxidation
conditions: 40 g of oxidate (comng fromthe self-oxidation of cycl ohexane
(5~ CHHPO, as described in Patent FR2087375) were brought into contact with
about 170 ngEstmpieet hgbyebhesds et gayalyshr AcéBB/BXOnERREAINERE i n a
reactor on which a Dean Stark apparatus was fitted (for continuous renoval
of the water5f#We#eRUin the reaction m xture). 1$ The catal ysts
(containing 5 wto Ru) were used with Ru/CHHPO noJ ar ratjos of. 0.5% The

resi dual 1EHHPO concentTﬁ?i6592vﬁHQP%@%SYﬁ%xPTﬁF?iﬁ%Rﬁ %% ?ch%%fﬁ

titration (iodipe/thio hat e) and_t he cl ohexanol ( 1) and
cyclohexanon@t(gﬁﬁng) %ghgﬁnF? FFBﬁEgmeFégn§$§89838b§§8cgw$Wésresults are
given in the I e of .go sLeN)obs YRAGESLPAGet O NMean
the ratio ofpgﬁggﬁu%geswgfE%%%ESQ%EEEHEB% gggée??e%oto theEinitiaF nunmber
of noles of EHHPE. mindPes with stirring. The pH of the solution was
ExanplecatahbtalSupporttEKI}bnehb.(nln?(~ C}BIExaaneARuzlrcon|a6097.4/13E
xanpl eBRuYZOngggwaea@SQW97By53aéblta©ha§amh@@®wm temperature
acet yl ene6097. 30. 5515bl ackExanpl eDRuAl um na9097. 10. 5216Exanpl eERuLant hanunt
097. 70. 52870vxhdeExanpkakERalthghe3ica2?Q27189. 5329ExanpletRukagresicad®095. 30. 5
320Exanpl eHRuY70

acetyl enel109818601482061 AukExabpdeJRoD3r bpdSYREYQ (88302EX dAphéKRAtFeY200

acet yl ene9095. 80. 4823bl ackExanpl eLRu/ CoY200 acetyl enel2094. 50. 4724bl ack
1.79 g of RuCl;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.

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



20  CLAIM5S 1. Process for deconposing organic hydroperoxides in the presence
of a catalyst into 5 al cohols and ketones, characterized in that the

- catal yst conprises at | east one rutheniumbased catalytically active
nmetallic elenment incorporated into a support chosen fromthe group
conprising carbon bl acks and netal oxides. 10 2. Process according to Caim
1, characterized in that the support is chosen fromthe group conprising
nmet al oxi des having a specific surface area of greater than 10 ne/g,

advant ageousty) gegaler thhapat80waR/ gubgeetrear bon rhhagks ibaviwaghangi gh
specific surface area. 15 3. Process according to either of Clains 1 and 2,
characteri zegpkpat hahst Rethavakgst uaeliNr bSasudiralledst odne hadeiaishdna
nmetallic el ement as dopant elenment. 4. Process according to daim 3,

char act eri zega 28ri wathebt dhaedopahe eelldldl weseldededt fiox alBohemrisr am t he
group conprising the transition netals of Goups Ib, 2b, 3b, 4b, 5b, 6b, 7b
and 8 of theiPerCodnd dabténefl Btendnrs dsrp@bhicsired i n Handbook of

Chem stry and Physics, 66th edition (1985/1986) by The Chem cal Rubber 25
Co. 5. Prbcess according to Claim4, characterized in that the dopant
netallic element is chosen fromthe 21 group conprising the rare-earth
metals, titaBkamplei2¢ofynEhesafaffurptalysty R (REAYR00mA CorYdShem

mol ybdenum tungsten, manganese, rhenium iron, cobalt, nickel, rhodium
pal | adi um pPABChURPREBLRING; PuWE® BUdopper, iridium and osnmium 6. Process

di t f th [ | ai_ s, _ch [ inth t
of catalyst expressed ECalAGbar BEFEEntATe SOF (HOEHEN CAACH CHERS foct Lo
th mb f I d [ : d ts f
0. 00015 (0 209875V PPIRBLS VAR BPACAI LB oBh et SF A oF (5% C ohar act or! zed
in that whi it ti [ i ed t
2 botweb 2DE BRaCBODETIEE" 8 Py BLRS Seko AN (A gl e o 7.

characterized,i Bobhal bRewheas! hel n1ereaifded QU 30l for the
hydr oper oxi de.

temperature with stirring. The pH of the solution was

adjusted to pH 9 by addition of Na,CO3;. The temperature
was then raised while stirring the solution. An RuCl;

15 solution in water (about 20 ml for 1.79 g of RuCl;) was
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,CO; and the solution
was stirred for 3 hours at 90°C.

20 Next, the mixture was cooled to 40-50°C, aqd 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.



9. Process according to Claim8, characterized in that the solvent is a
hydr ocar bon, an al kane, a 20 hal ogenated hydrocarbon or a m xture of these
" solvents. 10. Process according to daim9, characterized in that the
solvent is a hydrocarbon identical to that whose oxidation |leads to the
hydr oper oxi de to be deconposed. 25 11. Rrpocess according to one of Clains 8
to 10, . characterized in that the hydroperoxi de concentration |ies between
1% and 80% by weight with respect to the 22 wei ght of solution. 12.
Process according to one of Clains 1 to 11, characterized in that the
hydr oper oxi de used is chosen fromprimary or secondary hydroperoxi des
derived fromgxagitanas, Syoiiealianes calanpid Ry vdyelrocadjpoise al kenes
and cycl oal kenes having from3 to 20 carbon atons. 1I3. Process according to
Claim1l2, chalackerdoredimirdiad wite Rrjomati c al kyl hydrocarbons have one or
10 nore substituents chosen fromthe group conprising al kyl groups or
hal ogen atons. 14. ProdEss Yaddoradippprto vare mfed@laiimed fax 18,hour
characterized in that the hydroperoxide is chosen fromthe group conprising
cycl ohexyl5 hydr Gfér°éxiide ails @fdiesdarreoyiiningir dper adely lemnt ralagk
hydr oper oxi de, et hyI benzene c;/dr oper oxi de and pi nane hydr oper oxi de.
. AH. A9S. AL. AS39 ) was Rlgemd im S0ommIA@IARBEfansfleft A BQy. AHy) . A
.AaS. A .A'S/>ia[T& alo

"ns{vql gh] X] E4FREE PEal<T HLRCA LT 4 idd) éa‘iﬂcfaﬂlé%ﬁcﬂ%]%%%faﬂ%l ca] ca] ca

Ra | 2ax#9% ' 1 | ||" rm/\
ST B L SRR e e AL L
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ﬂ g’\:} g:} gg} caj %:}B?Z%hiq Lftaésjc ai}ncla tcuareyéf]’aAFG 66%656?%(3809%11141@5' ;
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ca] c™a U] c”Ma] ca]ca] ca] cal]ca] ca] ca]ca] ca]ca]cal]c
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
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120°C without calcining.

10 Example 5: Synthesis of catalyst E (Ru/La,0; containing

5 wt% Ru)

The lanthanum oxide support (sold by 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,C0;. 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,CO;
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water was obtained. The so0lid was dried for 16 hours at

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.
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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
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100+ Z, ZI Z576 Zied, anEdth G 5 0% Bhdé ) sel1id0fas dried for 16 hours at

120°C in an oven. Finally, the solid was taken up in
5 400 ml of water at room temperature, stirred for 30
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 Na,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°cC.

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
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steps then followed until a neutral pH of the washing

water was obtained. The solid was dried for:16 hours at

120°C without calcining.

5 Example 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 500°C in
air. The cerium oxide (10.2 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 soclution 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 11l: Synthesis of catalyst K (Fe-doped Ru on

Y200 acetylene black)




& ()--5W ; 10% & ()--; 10% & ()--; 10% & ()--Z2Zz7Z77ZxB.C, 5W ; 10%
& ()--; 10% & ()--; 10%& ()--; 10% & ()--; 10% & ()--2Z727Z7Z7ZZeF.C; 5; 10%
C&()--; 10% & ()--; 10% & ()--; 10% & ()--; 10% & ()--, 10%

& ()--2z2z2727Z72w) >.C, 10% & ()--& 10% & ()--; 10% & ()--; 10% & ()--5W ;
10% & ()--222777Z{\=.C, 10% & ()---; 10% & ()--5W ; 10% & ()--; 10%

& ()--; 10% & ()--ZZ[[[ [[e/.C5W ; 10% & ()--; 10%

The SN2A Y200 support (10 g) was calcined for
1 hour at 500°C. The acetylene black (10 g) was placed
in 400 ml of water and stirred for 5 minutes. The
mixture was gradually heated to 90°C (over 45 minutes)
5 and a solution of FeCl;6H,0 (0.509 g in 50 ml of water)
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
10 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
15 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 RuCl;) 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
20 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.

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

Y200 acetylene black)

The SN2A Y200 support (10 g) was calcined for



& ()--; 10% & ()--; 10% & ()--; 10% & ()--[[[[[[[[}clCOW ; 10% & ()--;
10% & ()--; 10% & ()--; 10% & ()--; 10% & ()--; 10% & ()--; 10% & ()--[I
[TA/[2[MNIC 10%& ()--; 10% & ()--; 10% & ()--; 10% & ()--'; 10%
& ()--5W 2[7[<[=[@AB[rX>IC 1; 10%& ()--; 10% & ()--; 10% & ()--5W
& 10% & ()--; 10% & ()--B[H I[JI[KIL[T[]HC 1; 10% & ()--SW ; 10%
& ()--; 10% & ()--; 10% & ()--; 10% & ()--T[VIY[b[f[K[p[eFIC, 1; 10%
& ()--; 10% & ()--; 10%

1 hour at 500°C. The acetylene black (10 g) was placed

in 400 ml of water and stirred for 5 minutes. The

mixture was gradually heated to 90°C (over 45 minutes)

and sodium bicarbonate added so as to reach a pH of 10.

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°cC.

The mixture was left for 1 hour at 920°C with stirring.

A solution of CoCl;6H,O0 (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

oven.

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).



& ()--; 10% & ()--; 10% & ()--; 10% & ()--pla[t[u[v[W x[y[|bH C, 10%

The catalysts (containing 5 wt% Ru) were used with
Ru/CHHPO molar ratios of 0.5%. The residual CHHPO
concentrations were measured by potentiometric back
titration (iodine/thiosulphate) and the cyclohexanol
(CHol) and cyclohexanone (CHone) concentrations were
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.

& ()--; 10%& ()--; 10%& ()--; 10%& ()--; 10%& ()--; 10% & ()--5W i
'y[gf{[[[[[qRS-C; 10% & ()--; 10% & ()--; 10% & ()--'; 10% & ()--5W | 10%
& ()--[I[[[[[rmB9.C, 10% & ()--; 10% & ()--5W ; 10% & ()--; 1-0%&()"6

10% & ()--[[[[[[[}GC 109%W ; 10%& (Jg-; 10% & ()--; 10% & ()--; 10% i
& ()--; 10% & ()--[[[[[[[eF.C 10% 10% & ()--; 10% & ()--; 10% & ()--; 10%



& ()--; 10% & ()--; 10% & ()--[[[[[[[WM>C, 10%& ()--& 10% & ()--; 10%
& ()--; 10% & ()--5W ; 10% & ()--[[ {\=.C 10%& ()---; 10%& ()--5W
"y 10% & ()--; 10% & ()--; 10% & ()--] \e/.CBW ; 10% & ()--; 10%

& ()--; 10% & ()--; 10% & ()--; 10% & VWAL W\ Vel CGBW ; 10% & () --;
10% & ()--; 10% & ()--; 10% & ()--; 10%& ()--; 10% & ()--; 10% & ()--
\WWWW\-\o\nmiV I C 10%

Example Cata | Metal Support t DC CHone
No. (min) (%) | /CHol

Example A Ru Zirconia 60 97.4 /
13

Example B Ru Y200 acetylene 50 97.7 | 0.52
14 black

Example C Ru Y200 acetylene €60 97.3 0.55
15 black

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
20

Example H Ru Y70 acetylene 110 93.5 0.48
21 black

Example J Ru Ceria 45 97.9 | 0.63
22

Example K Ru/Fe | Y200 acetylene 90 95.8 | 0.48
23 black

Example L Ru/Co | Y200 acetylene 120 94.5 0.47
24 black




& ()--; 10% & ()--; 10% & ()--; 10% & ()--'; 10% & ()--5W 0\5\:\;

\AA@rXoI G 1 10% & ()--; 10%& ()--; 10% & ()--5SW & 10% & ()--;

& ()--@RGHIVINR]>IC 1; 10%& ()--5W ; 10% & ()--; 10% & ()--;
& ()--; 10% & ()--RT\2Z\i\mr\weFIC, 1; 10%& ()--; 10% & ()--; 10%
& ()--; 10% & ()--; 10% & ()--; 10% & ()zeWx\{\[\}\\\\|]O); 10% & ()--;

10% & ()--;

10% & ()--& 10% & ()--; 10% & ()--; 10% & ()--5W

VAVAWAWANNVWWUTS; 1, @10% "& ()- ;S10% "& ()- 10

10

15

20

25

CLAIMS

1. Process for decomposing organic
hydroperoxides in the presence of a catalyst into
alcohols and ketones, characterized in that the
catalyst comprises at least one ruthenium-based
catalytically active metallic element incorporated into
a support chosen from the group comprising carbon
blacks and metal oxides.

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 m?/g, and
carbon blacks having a high specific surface area.

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
in that the dopant metallic element is chosen from the
group comprising the transition metals of 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.

5. Process according to Claim 4, characterized

in that the dopant metallic element is chosen from the

10%
10%



10 10 ; 10% & ()--5W ; 10% & ()--\\\]L]]1|[:uT3; 1 ; ;L10%"& ()- ; 10%
"&()- ;10%"& ()- ; 310%"& ()- ; 10%"& ()- ;yS10%"& ()-]]179™MAN | [:uT3;
1y @L0%"& ()- Yy @109 & ()- ;10%"& ()- ; 10%"& ()- ;,- 10%"& ()-
vV ,- 109 ()- .y "M |[:uT3; 1 ; ;Y1Z109%&' ()- ;f/10%"& ()- ;- @ 0%
"&()- s+ 10%"& ()- ;9%10% " & ()- ;9%102@ & ()- " &a' a(a)a,aavU4; 1 F
109%!5& ()-S ;9,104 & ()-10 "10 "10 " ;810%"& ()- ;610%"& ()- ;,510%

"& ()-abbcc;dd|[:vW4; 1 y'110% & ()-; y' !'10% & ()- { y'1'10% & () -

Yy 1109 () - grolupleémpRiking; EhaO¥%akel pabdl| aethl sf #tfiebd4um]l ; S10%

"& ()-10!10!10! 7- 10% & ()-: ;- 10%& ()-: v - 10W& ()-:
;y' 110% & () - #i7¢bninyEgyaiveBim, 1niops 0% ta&ntRrlungledrosi@n, ; 10% " & ()- -
; L10% " & ()-- ; 0%"&'(2:--!;@0% & ()-ggg/ hf hhh| [ bU4; 1 1" 10%

"& ()- ; 10%m™eiylhdenyny, tgngpten) opengeapese; 1gbgniym,; ixopy, cobalt,

nickel, rhodium, palladium, platinum, gold, silver,

5 copper, iridium and osmium.
6. Process according to one of the preceding
claims, characterized in that the amount of catalyst
expressed as a molar percentage of ruthenium with
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°C.

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.

o. 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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characterized in that the hydroperoxide used is chosen
from primary or secondary hydroperoxides derived from
5 alkanes, cycloalkanes, aromatic alkyl hydrocarbons,

alkenes and cycloalkenes having from 3 to 20 carbon
atoms.
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.



