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BENZENE AND/ OR TOLUENE TO PHENCL AND / OR CRESOLS WO 00/ 59852

PCT/ US00/ 0898920/8§3KGROUND OF THE | NVENTI ON The present appcirtgoomesnsi S a
U.S. non-provisional application based upon and claimng priority from
Russi an Application No. 99106881 which is hereby incorporated by reference.
The proposed lmﬁcbmdletﬂmﬂmtmfmehﬂmfsw A8 fo zpaimémmmre
specifically to a nmethod for the productlon henol resol by the
direct selective oxidation of PEEEN@hANRY @ LSy neans of a gaseous

m xture containing nitrous oxide N20 in the presence of a heterogeneous
catalyst. The catal ysts used are zeolite-containing catalysts nodified by
special treatnment and additives. io The known nethod nost simlar to the
proposed nethod is a neans of oxidi zing benzene and/or toluene to phenol
and/ or cresols using nitrous oxide as the oxidizing agent, wth a

het er ogeneous catal yst containing a highsilica pentasil zeolite which is
nodified in a prelimnary step in which netal ion pronoters are added by
appl ying a conpound of netals such as iron, etc. i5 to it, then activating
the catalyst at a high tenperature between 300 and 500C, and bringing the
benzene and/ or toluene and the nitrous oxide into contact with the
nodi fi ed het erogeneous catal yst at a reaction tenperature between 275 and
450C (U. S. Patent No. 5,110,995, IPC C 07 C 37/ 60, national code

568/ 800, 1992)) zo In the known nethod, pentasil zeolites (ZSM5, ZSM 11,
ZSM 12, ZSMR3), nordenite, H beta zeolite and EU-1 that have been nodified
with small amounts of iron ions at the zeolite synthesis stage have been
shown to be highly active in the direct oxidation of benzene to phenol. At
tenperatures of 400-450C and a contact tine of 2-4 sec (space velocity in
ternms of benzene 0.4 2 5 h-') and a benzene: N20 nolar ratio of 1:4, the

yi el d of phenol reaches val ues 2 WO 001 59852 PCT/ US00~08925 of 20-30%
with a selectivity of 90-97% Oher systens nodified with transition netal
ions (M, Co, N, V, Cu), have been shown to be | ess active
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t han iron-conai ning zeolites. The di sadvantages of the known nethod are
related to the need to introduce the iron into the zeolite and to control *
t he state oWwadessdszon ions, the | ow val ue of the space velkoriusop/sasbenzene
and the quite | engthy contact tine necessary to achieve acceptable, but not
especially high yields of the final products, as well as the | ow
selectivity achieved at el evated tenperatures. The result produced by the
proposed nethod is an increase in the yield i o of the final products and
an inprovenent in the selectivity and activity of the catal yst achi eved by
creating strong Lewis acid sites in the zeolite. BRI EF SUMVARY OF THE

| NVENTI ON Accgkﬁ)m?gﬁﬁt@mﬁmhﬁT@wmi ng material such as benzene or
toluene or a conblination thereof is oxidized to form phenol, creosols or a
conbi nation thereof. The oxidation is perfornmed at a tenperature of 225 C i
s to 500 C in the Thepresent application| is ta WSt reryprovasiena napplication bgsesgent

whi ch conpris i | : | @4* ' ding to
a speci al proggﬁé&%(})ﬁ?%pﬁﬁgygg?ée@g#ﬁsggé| [ ?glrlué',%?ﬁ@%;g%@?}gggi S
first cal ci netiemby iOrp@ateddyi refexemceor at 300 - 850 C in an inert gas.

Next, the zeolite is inpregnated with Zn ions by ion exchange or by

exposing It 10 an AsQIBedd Aot febiiedtb tRe eI chgariéSinthidhE idfer egnat ed

zeolite is heated In r-an inert gas to at erature o 850 C.

DETAI LED sDESCRpeRifically GFa methad\igEite prodactiomef phegiel and rresolydhe digedtne can
use a pentasi L'le%%togf%ﬁ'#ﬁgﬁi’enggnaqautﬁ aegﬁ%%i?ﬁég%é te with an

Si/ Al ratio o? reagents naybe aratroo
NzQO benzene anclitginingitreone ofide N2(him the presence(of b heBerogai@os £alaBsR The

il e e R

and%or hel i umand additives.

10 The known method most similar to the proposed method is a means of
oxidizing benzene and/ or toluene to phenol and/or cresols using nitrous
oxide as the oxidizing agent, with a heterogeneous catalyst containing a high-
silica pentasil zeolite which is modified in a preliminary step in which metal
ion promoters are added by applying a compound of metals such as iron, etc.

15 to it, then activating the catalyst at a high temperature between 300 and
500°C, and bringing the benzene and/or toluene and the nitrous oxide into
contact with the modified heterogeneous catalyst at a reaction temperature
between 275 and 450°C (U.S. Patent No. 5,110,995, IPC C 07 C 37/60, national
code 568/800, 1992).

20 In the known method, pentasil zeolites (ZSM-5, ZSM-11, ZSM-12, ZSM-
23), mordenite, H-beta zeolite and EU-1 that have been modified with small
amounts of iron ions at the zeolite synthesis stage have been shown to be
highly active in the direct oxidation of benzene to phenol. At temperatures of
400-450°C and a contact time of 2-4 sec (space velocity in terms of benzene 0.4

25 h?) and a benzene:N20 molar ratio of 1:4, the yield of phenol reaches values
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Furthernore, the heterogeneous catal yst may be used m xed wth a binder in
the formof silica gel or alum na. The nethod for oxidizing benzene and/ or
t ol uene t o yaheieksand/ or cresols is acconplished as fol | pgwusodhsst arti ng
materials for the catalyst are conmmercial forns of the zeolite are: io (1)

the high-silica zeolite ZSM5 (2) H beta zeolite Commercial zeolite ZSM 5,

advant ageous| of 20:30% withia/ selettivily iob9@PZ4t therrsysteh® modifiedadiehk ably with a

rati o of 40-100. .iLs used. ZSM 5 zeql i i\spnodified with c ounds

cont ai ni ng Zn]b?llf’h@’bﬂf‘efagwr}?i%bﬁée@v%?ﬁ:‘nf }P"?va?tc%g',‘ sﬁ"‘g“é?l Pﬁrqggéghvfnd ot her
salts of zi ncthafiliroByconfdin@gyeblifeg. it W th aqueous solutions of zinc salts.
In a prelimnary step the zeolite is calcined at 400-950C in air or an

i nert gas (under atj.c conditio r ina flqw). The.indicated tenperature
ensures the dehyd?@?ﬁ‘%ﬁqcv@ﬁ"a&_?s?ﬂ@‘_eg‘é'ﬂm‘@f&?aéfié%?t?g@ ReRefCi npr egnat ed
Wi th an gqueouwgrodatetheQrboriintd tHeGeblifelatidto WbhtRolthd Sfat@df th¥ ireh ifhsl the © 2N i n
an ao anount sufficient to add_zinc oxide at a rate of fromO.1 to 10 w%

After inpregni@i vriue phihespagq Yelogity inbengeneanddhe quite jangtihyt epndacs Himsoo 500C.
Inis 1P eonahdcaitall RERARvETRLhRaBlE HAROL SHREAIP UNISIIERS e firh) SeVer al

steps with internedi ate activation at 500- cidic fornms of the

zeol ite may bproduets, asovell apthedowrseleghiyisy gchieverias elevateddemperatutess t he
hi gh-silica zeolite nmay be prepared by ion-exchange of 4 WD 00159852

PCT/ USOO 08925 t herHugediflt ﬁid?fuc&&‘ﬁylﬁé’bﬁdp@sé’& fridtiyd i8 Al HRYSase Ph H{eiﬁ@ld()f an
ammonium salt, a nitrate or chlorite or "by treating the Na form'of the

zeol i t e Wi t h efthefnalpredyets anfan igtpravemens in she seleshvity and getivity efthe. The
d fi ' i : his, f 30 to 100%
egree o '0%%3&9%@@%3;8%9? Qfg%ﬁgg%goggggn@ﬁaﬁs&s% WPLkdlite. F OM 0 0

(nost prefer e’ls e zeolite can al so be used as
a starting material for preparing the zeolite containing Zn.
J BRHﬂ?SUNﬂwAJ%{Cﬁ?ﬂiE%hﬂﬂﬂ@TﬂDhl g

According to this method, a starting material such as benzene or

toluene or a combination thereof is oxidized to form phenol, creosols or a
combination thereof. The oxidation is performed at a temperature of 225 °C

15 to 500 °C in the presence of a zeolite catalyst and an oxidizing agent which
comprises nitrous oxide. The zeolite catalyst is treated according to a special
procedure to form the catalyst. Specifically, the zeolite is first calcined at 500 -
950 °C in air or at 300 - 850 °C in an inert gas. Next, the zeolite is
impregnated with Zn ions by ion exchange or by exposing it to an aqueous

20 solution of zinc salt. Last, the impregnated zeolite is heated in air or an inert
gas to a temperature of 300 - 850 °C.

DETAILED DESCRIPTION OF THE INVENTION

As the high-silica zeolite one can use a pentasil; the pentasil may be the
H form of the ZSM-5 zeolite with an Si/ Al ratio of 10 to 200.

The reagents maybe taken in a ratio of N2O:benzene and/ or toluene
25 from 1:7 to 10:1.



The zeolite is used as a catalyst, either in the pure formor conbined with
a binder. Anorphous silica gel with a specific surface area of 100-600 nR/
g or al um rveo gi29852400 n2/ g) or a m xture thereof is usedPCIISONESILH nder. 0
The content of binder in the catalyst is from5 to 50 w% preferably
20-30% Nitrous oxide is used either pure, or in a mxture wwth an inert
gas nitrogen or hd&urthermérep thet mixtimedf benzemerand/ obmiuarevith ditt@isuene - are
used as the substrates for {he sel.ective axidation,to phenol.and cresols.
The sunst r at ST PV BB qlftked Wit 3RiSe b7 SOESL ARG HERANY R0 havi ng
nmol ar i s ratikel@m.N20aubstrate from1:7 to 5:1, preferably from1:2 to 4:1.
The space velocity for the substrate is fromO0.2 to 5 h-1, ordinarily 0.5-2
h' 1. The reaction proceeds at .a.tenperature, of 225-500C. -The contact tinme
of the reaction m%&emq,&etlﬁéergg&ﬁoy&atpg’sgqu L86C MISFHHETYR 1- 4 sec.

The gases eximiha&ﬁ\rm@fdrheoﬁﬁmtﬁfloﬁﬁamm xture of the corresponding
phenol s and heavy products 2 o that are separated and anal yzed by

anal ytical nethod The, catal yst. may be easi]y d reversib ener at ed
by cal ci ning at 43‘8‘-365%°3:§°ra3/’?‘1lhéw Fre "@(fégﬂf‘e’?ﬁ E"r%%mté?%? or in a
m xture of thge®lgidaecomplishedrak felkswd, or a period of 1-3 hours. EXAMPLES

Exanple 1. as 10 grans of HZSM5 zeolite are calcined at 900C in a fl ow of

air for 3 hours a are nodifie ei i pr egnat ed the,zeolite's

noi st ur ehol di ng cg[gﬁcffwnmerézﬂs g%ﬁﬁ%fé}glgﬁﬁr% ,ngn?ﬁm °Hnﬁ8fﬁ}et rate. The
amount of 5 zedede59852 PCT/1JS00/ 08925 zinc nitrate added anpbunts to 2
Wt ~ zi nc oxi de, obtained on deconposition. The resulting zeolite is then

activatedq at 780C., 0 .h [ the nitrate to zinc oxide in the
zeol i t e *ehannel s. ) él}eéﬁgg%mgg%g?@g%&{%h 296 Zn0/ HZSMt5 (Si/ Al =21),

particle size 0.2-0.5 mm is mxed with 1 gramof quartz of the sanme
particle size and (Rl &betaizeolitequartz or steel reactor, i.d. 7 nm Prior to
reaction, the catalyst is activated in an air flow (60 m/mn) at a

tenperature of 45 I wa_ cid ' gt : §.ng -

condi tions: Tz450§ﬁ8@?€0@%: , gb%%‘%a\sdéégélél?wgfggl r'fgg%%&%*egm& 3 h'.
yexanpl e 2. ithaitil@ andipaéfprablyveithprratia o€ 40-2Q0, iswmdeda SM-5zeoliteds r eact i on was
run at T=440C i = X = 0. ] i 0, was 39~6
with a sel ect’fn\"/’lhl?gd? Mgé?mg"\z‘}%’n%%\‘émﬂg‘ g%%gm(t:\%P glloﬁ)s%(’k\;\ﬁéxggepérgg‘grg gglegfs in
Exanpl e 15, exddqtidéstanid dther dditShf Zint,ordytiaipyegnating itwithaguecussso@HE€. The
reaction was run_ at ,T=440C .t he benzepe was. deli.v.ered 7~0.5. h'1 at a
ol ar ratio g e pretmifar YL SR rRRE 8 Blogboi it

sel ectivity odn2@Pbgas@nddratatic chhditions of ircd flow) Thecipdicatbdatemiperdturenpl e 1,
except that the catgaIE)(st . 0 usced nd tgﬁ: cg*lc?sni ng.t er attm required to
dehydr oxyl at eeftSHEESéﬁsﬁF‘i‘Xf&FVlﬁﬁ?wgﬂleﬁﬁ e Flz%"l’dgfsftgggbt.np‘ﬁ@a?gvl ite used
was 2~ Zn0/ H Wethan(@guedhssdhitici6F dific MtatowithiatRemalitySSFUAN e2Ntih af

conditions: V=1.7 h- NZO: Hs =1:7
20 amount sufficient to add zinc oxide at a rate of from 0.1 to 10 wt%.

After impregnation, the zeolite is activated at a temperature of 300-
500°C.

This impregnation process may be accomplished in one step or in

several steps with intermediate activation at 500-700°C.

25 Acidic forms of the zeolite may be used to prepare the catalyst. The

acidic H form of the high-silica zeolite may be prepared by ion-exchange of
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The results are shown in Table 1. 6 WO 001 59852 PCTI US0O0~08925 Tabl e 1.
Yi el d of "phenol from benzene oxidi zed over 2~ ZnO/H beta zeolite

(cal cul at e@ofpakesh®0) s (V=1.7 h'1, NzZO CbHb =1.7) Catal yPCR&/SQN08I2S
tenperature, C420440460Zn0/ H beta27.3 .38.538.0 Exanple 5. Catal yst
prepared as in Exanple 1 is loaded into a 1-cnB reactor to (particle size

1-1 21mT)T-h Tol d@Naif6rndl 6f &ié%sﬂte&?itl\/iﬂg &dﬁﬁilsoﬁmoii?«ddfﬁ]t\&huhéf;i@n aaflt,falzofiol uene
=1 1. ereactlon terrp_eraturels e yle . a.mxtureo o-, m,
p-cresol s i snstrate orghlgrite orby treating %for@r%fémz itewithyan aqueoune, xyl ene,

and phenol agg,HBR oFBh MorPiniP bPAH BEganicldtgdy atio of o-, m, and pcresols is
30:40:30. i5 The exanples~cited above of the use of a Zn-contai ni ng

high-silica zeoljte catalyst in the oxidation of benzene and toluene to the
coaespondi ng THe&seTes afiemexchangs of sediw by ammoniacy aprotonds emidGiong agent
denonstrate fQd J L GEI0 Seh & sedt) The
rate of %onvgpg%énoéegﬁf?ﬁgggﬁ%n cat a ys?f may @g&?%ﬁ}g@ﬁk%g&tﬁg«e 0-77~

Wi th no reduesastarting gwiterial for prepadag theomplitepntpimingtZabi | ity of the
catalyst is increased by adding zinc ions or zinc oxide, which act as

strong Lew s aci dgpe b@, 1t M\isedasQlchiafy %)thb@&ﬂh@@%ééﬂﬁh&'&n?&ﬁ&?“‘” ty are

St, . .
achieved in the oxidation of toluene by nitrous e over Zn-containing
zeol i te cat aWith a binder\\donsuphowssilicagr! withoa spgifis surface area of 100-600

m?/ g or alumina (100-400 m?/g) or a mixture thereof is used as the binder.
10 The content of binder in the catalyst is from 5 to 50 wt%, preferably 20-30%.

Nitrous oxide is used either pure, or in a mixture with an inert gas -
nitrogen or helium. Aromatic hydrocarbons - benzene and toluene - are used
as the substrates for the selective oxidation to phenol and cresols. The
substrate is introduced at a rate to give a mixture with N20O having a molar

15 ratio of N2O:substrate from 1:7 to 5:1, preferably from 1:2 to 4:1. The space
velocity for the substrate is from 0.2 to 5 h?, ordinarily 0.5-2 h’. The reaction
proceeds at a temperature of 225-500°C. The contact time of the reaction
mixture with the catalyst is 0.5-8 sec, normally 1-4 sec. The gases exiting from
the reactor are a mixture of the corresponding phenols and heavy products

20 that are separated and analyzed by analytical methods. The catalyst may be
easily and reversibly regenerated by calcining at 400-600°C in a flow of air,
oxygen, nitrous oxide, or in a mixture of these gases in inert gas for a period
of 1-3 hours.

EXAMPLES
Example 1.

25 10 grams of HZSM-5 zeolite are calcined at 900°C in a flow of air for 3
hours and are modified by being impregnated to the zeolite's moisture-
holding capacity with an aqueous solution of 1N zinc nitrate. The amount of

5



VWil e the invention has been described with reference to a preferred ‘
enbodiment, it will be understood by those skilled in the art that various
changes nmeywoheissggsie and equi val ents nay be substituted fBCT/EBWNENSS t her eof
wi t hout departing fromthe scope of the invention. In addition, many s

nodi fications may be nmade to adapt a particular situation or material to

t he teachi ngimfnitrtate dddednimamtsio et zilepaide, obtaineon decopgpritional scope

t hereof. Therefore, it is. intended. th A pvention not be Jimted to the
particul ar em dF%’_&’l’E‘ga?‘aﬁ?ﬁs‘gﬁ“ﬁ Vﬁfgﬁﬁﬁ%g _@rﬁﬂ"é(?’é §or carrying
out the this rigyené e oxiidintthé@kedlite€chanvelst ﬂ%lﬁamdfkaﬂary%lmﬁU embodi nent s
falling iowthin the s of the_ appended clains. 8 WO 001 59852 WHAT I S

CLAI MED | S: ﬂ@ﬁN@é&Ms@gﬁg/p EIFZA)' particRisize .20 mmiisgmixedsvith digiemeht er i al
| ect ed, f bS] , i pat i
sel ectedgfro tagt)%ogg%%%géﬂe'sﬁgaﬂﬁ gga??g%u%ﬁm?geemqasem?a I ons

thereof, to a ) uct sel ect e group consisting of
phenol , creosoins Faivd te oeactiomithe catalystis activatedhisyasi air flow (68 mdy mimatagent

conprises nit j ihd i J j i he presence of
a zeolite cattéﬁﬁxﬁa%g)?g?%gggét@‘?fgféufgq%@p%?gﬁ%%glomess conpri sing
the steps of condlitivak:T=450%C, N2:CiHd ©1:41 space eelpeityofibenzede Vo3 KO0 - 950 C
inair or at 300 - 850 Cin an inert gas, b) inpregnating the zeolite with
Zn ions by ion ex%pmgfeé)r by i o exposing the zeolite to an aqueous
solution of a zinc"saFt, and c) activating the inpregnated zeolite by
heating it in air or an inert gas to a tenperature of 300 - 850 C, wherein

the read®ion is pdheeatalyst was prapazed asip Bxample br Thexpagierewiasrumpt h t he

catalyst i n 1o, MeNERLEH = 05! 9450, 9K IenaYiel bETREOFHAL S9Rvig2R 10 1 s 500

C. 2. A method accérding to clalm1,” wherein pentasil I's used as the high
silica zeol i tselecBvityoff®od according to claim1, wherein the pentasil is
the Hformof ZSM5 zeolite with an Si/Al ratio of from10 to 200. a o 4. A
met hod accordi ng @Qa@lgyed@f claim1l1, wherein the reagents are taken at a
rati o of NzQO benzene and/or toluene from1:7 to 10:1. 5. A method according

to any of claim1, wherein the mxture of benzene and/or toluene with the
ni trogen oxide i s THEcatalyst was Rreparedas-in Example 1.exeant taatdhe BiZSM-§on and/ or

helium ;5 catalyst was activated at 600°C. The reaction was run at T=440°C, the
benzene was delivered at V = 0.5 h'! at a molar ratio N20:CsHs = 0.5:1. The
yield of phenol was 35% with a selectivity of 99%.

Example 4.

The catalyst was prepared as in Example 1, except that the catalyst
20 used and the calcining temperature required to dehydroxylate the starting H
form of the zeolite differed. The zeolite used was 2% ZnO/H-beta (Si/ Al=25)
and it was calcined at 800°C. Reaction conditions: V=1.7 h’!, N20O:CsHs = 1.7.
The results are shown in Table 1.



9 WD 00f 59852 PCT/ US00~08925 6. A nethod according to any of claim1l,
wheérein the heterogeneous catalyst is used in a mxture with a binder in

t he form okyciosogsad gel or alumina. 10 . A9Y. AR&Y . A& . Al .pETAIS00/08925A&& . Al |
.AfNn9 LAl Ghinml8f k w 6L

=~d: | } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca]c
a] ca] ca] ca] ca] ca] cal] ca] cRa] cRa] ca] caU] cal] ca! | AZg-Pi | CLW-ytoje [V]]ca]ca]c
a] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal] caU] ca] ca] ca!l WI9EU! ! U' k" v" Mi##$$$$U WxWBB&R&a' s(((5)u)))) *zupkfa\l V] U
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] dablesl.ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ¢

alcalcalcalcaU calcalca]ca!**,,,--./"/f///000
Yield of phenol from benzene oxidized over 2% ZnO/H-beta zeolite
(calculated for N20)
5 (V=1.7 h'l, N20:C¢He = 1.7)
Catalyst Reaction temperature, °C
420 440 460
ZnO/H-beta 273 _ 38.5 38.0
Example 5.

Catalyst prepared as in Example 1 is loaded into a 1-cm3 reactor
10 (particle size 1-2 mm). Toluene is delivered at V=0.25 h'! at a molar ratio of
N20O:toluene = 1:1. The reaction temperature is 425°C, the yield of a mixture
of o-, m-, p-cresols is 21.1% with selectivity for cresol of 75%. Benzene,
xylene, and phenol are the major by-products. The ratio of o-, m-, and p-
cresols is 30:40:30.

15 The examples cited above of the use of a Zn-containing high-silica
zeolite catalyst in the oxidation of benzene and toluene to the corresponding
phenols with nitrous oxide being used as the oxidizing agent demonstrate the

following advantages compared to known catalysts:

1) The rate of conversion over the given catalyst may be increased
20 to 50-77% with no reduction in selectivity (98-100%).

2) The stability of the catalyst is increased by adding zinc ions or
zinc oxide, which act as strong Lewis acids, to HZSM-5 zeolite.

3) High activity and selectivity are achieved in the oxidation of

toluene by nitrous oxide over Zn-containing zeolite catalyst.
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a o .
1109448 () - ! 19kedimens, ibwilkbe wadersteod by, thgsesdgiled in the-arydhay variops

- 0/Q.! _ QOM&' _ 0/Q.! _ 0/l b ' _ ' -
4 Emg | oo Bl %‘)a f Btfade %d?%@%%%%&%@@%gﬁiﬁéﬁg&@g S EA;*H& 15
1098 () - thereof without departing from the scope of the invention. In addition, many

5 modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out the
this invention, but that the invention will include all embodiments falling

10 within the scope of the appended claims.
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f | GLOYVE! ( ( ) é%/v %{ﬁ\@ tﬁ‘“\?“%ﬁ“d ‘@‘F‘P%ZF—‘EB% thersof, tp 3, gidation

1?%15‘%(& ) - zflﬁfsaig&Fﬁlsﬁ(l)}a(c)ed%wtﬁe 6% O/Neﬂﬂ#é#ésl%}s[awd @' & 10%+& ()-
ibog/; L& () ( 2$ ? mg& &“%%ﬂ%l ( gﬂdﬂ&‘&@&%\?&%ﬁlﬁs niprgus g¥igde; « g () -
10: 1015 and said oxidation is performed in the presence of a zeolite catalyst wherein

the catalyst is prepared by a process comprising the steps of:

a) calcining a zeolite at a temperature of from 500 - 950 °C in air or at
300 - 850 °C in an inert gas,

b) impregnating the zeolite with Zn ions by ion exchange or by

10 exposing the zeolite to an aqueous solution of a zinc salt, and

c) activating the impregnated zeolite by heating it in air or an inert gas
to a temperature of 300 - 850 °C,

wherein the reaction is performed by contacting the starting material
with the catalyst in the presence of nitrous oxide at a temperature of 225 to
1s 500 °C.

2. A method according to claim 1, wherein pentasil is used as the high-

silica zeolite.

3. A method according to claim 1, wherein the pentasil is the H form of
ZSM-5 zeolite with an Si/ Al ratio of from 10 to 200.

20 4. A method according to any of claim 1, wherein the reagents are
taken at a ratio of N20:benzene and/ or toluene from 1:7 to 10:1.

5. A method according to any of claim 1, wherein the mixture of
benzene and/ or toluene with the nitrogen oxide is diluted with an inert gas -

nitrogen and/or argon and/or helium.
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