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(57) Abstract

The invention relates to the field of organic synthesis, more specifically to a method for the
direct selective oxidation of benzene and tol
zeolites are first calcined at a temperature of 500-950°C su

uene with nitrous oxide

gents — zine ions or zinc oxide —

fficient to dehydroxylate it. It
by applying a zinc compound to it. The catalyst is then
with the nitrus oxide is brought into contact with the modified catalyst at 225 to 500 °C.
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production of phenol and cresol by the
in the presence of a heterogeneous catalyst. Commercial high-silica
is then modified by the addition of modifying
activated in air or an inert gas at 300-850 °C.




6 Cctober 2003 METHOD FOR THE OXI DATI ON OF BENZENE AND/ OR TOLUENE TO
PHENCL AND / OR CRESOLS BACKGROUND COF THE | NVENTI ON The presénbcappkicabiodn
is a US. non-provisional application based upon and claimng priority
from Russi an Application No. 99106881 which is hereby incorporated by

ref erence. The proposed invention relates to the field of organic
synthesis, nore 5 speC|f|caI ly to a nmethod for the production of phenol

moane of a oadIBTLRD R S SRS R R RS AN s TR Heeathce of

a heterogeneous catal yst. The PM[SANDI gﬁ;gg@fml t e- cont ai ni ng
I'VES

catal ysts nodified by special treatnent 10 The known net hod

nost siml ar F-Jlig(? means of oxidi zing benzene and/ or
toluene to p%@K Wﬁfgﬁwmoﬁhrous oxi de as the oxidizing
agent, with a heterogeneous catal yst containing a high- silica pentasil

zeolite which i Smdgfeﬁﬁtldppﬁlcaﬁﬁhlxmﬂwﬂ &bA er s‘lﬁ'ﬁaﬁhﬂﬁﬁrx&hoﬂ BQS

pronoters are added by applying a ound s suc s 1ron,
to it, thenupon and rlaaming prigrily\fsematussian @lppﬂ.ma@m Nmr%lbé&&iewﬂua%b and

500C, and b ;“iﬂ r toluene and the nitrous oxide into
cont act w’tﬁbﬁj mgéiﬁfl eg&ﬁgl?g?%gen ous catalyst at a reaction tenperature
bet ween 275 and 450C (U.S. Patent No. 5,110,995,1PC C 07 C 37/60, national
code 568/ 800, 199Rhp proposed invention relates to the field of organic synthesis, more

5 sPeFificaily to a method for the production of phenol and cresol by the direct
selective oxidation of benzene and toluene by means of a gaseous mixture |
containjng nitrous oxide Nz0 in the presence of a heterogeneous catalyst. The
catalysts used are zeolite-containing catalysts modified by special treatment
and 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

2s h) and a benzene:N20 molar ratio of 1:4, the yield of phenol reaches values



20 I'n the known net hod, pentasil zeolites (ZSM5, ZSM 11, ZSM 12, ZSM 23),
nordenite, Hbeta zeolite and EU-1 that have been nodified giddcsvat 2003
anounts of iron ions at the zeolite synthesis stage have been shown to be
hi ghly active in the direct oxidation of benzene to phenol. At tenperatures
of 400-450C and a contact time of 2-4 sec (space velocity in terns of
benzene 0.4 25 h ) and a benzene: N20 nolar ratio of 1:4, the yield of

phenol reaclies, er. 2003 of 20-30% with a selectivity of

go- 97% Ocher systems rm%l(?c&w%y\ﬂ 9??9?0'%@?‘?’1'%“?@%510(11&&%% Co, Ni, V,

Cu), have demsikstmwmethbione (Mg €G] VECu), gl Bé&{]ﬂfo%ﬁﬁg‘? &%ﬁéﬁg‘lf % tes. I::)E
s we

196 34 406A, di scl oses a .net hod f or oxi di Zi ng benzene as
their deritVaRipOscoRtaing geelies.ne correspondi ng hydroxyar omati c conpounds
characterised in that the reaction is carried out in the presence of a
zeolite catalyst (pentasil or J3-type). This zeolite catalyst has been

previ ousl y DE ¢ 204064 hxsdl@ée@% YRR foR5 xiizin Al ur m 300 .- 800C.
The catal yst can als a metal - contarnin %B'%ref]%%l to@%ﬁi?st lasitheir as a

Zn- cont ai MPAPLES W&'gﬂﬁo 1eibE comesppading h)@im:@empﬁnabuh@cmnﬁﬂéhatrd%&m@éﬂ dation

reaction aruedtﬁ{qug ida % di sadv es of the known nethod are
related to the need 1o -3 ntr%hnctggPﬁéeqcFB %?E%W&S&@smwbo%@pcb cont r ol

the state dhistZelitecanlysdns beadmevnbw vediddew e w&t@ﬁva%@xaﬁ% Ufb@Glfdor N benzene

and the quig, n nta necessary to achi eve accept abl e, but
not especi aI i(‘ﬁl Qﬁ) Vi e ga?ysf FAR 3lsqbn 2 mejalgnntaining skicametdolimssuchas how -

sel ecti vi t?na@dmlmegisnat:atelz{eﬂ@é Rkab SR Eﬂdfu?e% f ul t produced by the
proposed mgthod s an increase in the y {nﬁ orthE of it e fi0F S Fiom

The disadvantages of the known method are related to the need to
introduce the iron into the zeolite and to control the state of the iron ions, the
low value of the space velocity in benzene and the quite lengthy contact time
necessary to achieve acceptable, but not especially high yields of the final

products, as well as the low selectivity achieved at elevated temperatures.

The result produced by the proposed method is an increase in the yield
of the final products and an improvement in the selectivity and activity of the

catalyst achieved by creating strong Lewis acid sites in the zeolite.

BRIEF SUMMARY OF THE INVENTION

According to this method, a starting material such as benzene or
toluene or a combination thereof is oxidized to form. phenol, cresols or 2
combination thereof. The oxidation is performed at a temperature of 225 °C
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



of the final products and an inprovenent in the selectivity and activity of
the catalyst achieved by creating strong Lewis acid sites jnyf éebgleoié&f.
BRI EF SUMVARY OF THE | NVENTI ON According to this nmethod, a starfing

materi al such as benzene or toluene or a conbination thereof is oxidized
to form phenol, cresols or a conbination thereof. The oxidation is
performed at a tenperature of 225 Cto 500 Cin the presence of a zeolite
Cat al ySt aﬁ(bm,]o@m ﬁrbt ﬁg3@§er85d\k@ﬁhanmgé§eﬁe . {H‘eO%é%li?% de The Ze0| | te
catalyst is treated according to a special “procedure to m t he cat al yst.
Speci f i cal igypregnatedewithiZa iops byrisn exelanige ed betexpOding itfoQit ARIoR003 - 950 C
inair or &}Iugggofz%%o &‘ (My] an i hert gas. Nei<_t,_ the zeolite is inpregnated
with zn ions By COATERM fgat she yyp tgdzpofite isdeatediguaipas an dmértit | on of

zi nc salt.gdsastatetﬁmrhmié@gggbedgg@e@ te is heated in air or an inert gas
to a tenperature of 300 -- 850 C. DETAILED DESCRI PTI ON OF THE | NVENTI ON As
the high-silica zeolite one can use a pentasil; the pentasil may be the H
form of t HREFAILEDARESCRIPTHQON O THE INVENTIONof 10 to 200. The reagents
maybe taken in a ratio of N2O benzene and/or toluene from1l:7 to 10: 1. 2a
6 COctober 2003 hg, m xture of benzepe and/or toluene with
nitrous oxide %{/Helt’)}géggpﬁ?eztgomet%’ea%q 1364 Pgputasil; the pestasil maxbether gon
and/ or H form of the ZSM-5 zeolite with an Si/Al ratio of 10 to 200,

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

2a



hel ium Furthernore, the heterogeneous catal yst may be used mxed with a s
bi nder in the formof silica gel or alum na. The nethod fore @dtdib&NQo03

benzene and/or toluene to phenol and/or cresols is acconplished as
follows. The starting materials for the catalyst are comrercial forns of
the zeolite are: 10 (1) the high-silica zeolite ZSM5 (2) H -beta zeolite

Conmmer ci al zeol i vant.ageously with Si/A ratio greater than
10 and preferably w %E %ef%l HS%W‘P’%LEE%%%GW%af@/é&tOMesnthrmsi s

modi fi ed wi ¢xide omqyobendiiutedniv&hHniBed o415 b change fromnitrates,
I's chlori detgqland ot her salts of zi ngt?gor b;%?%fa i §%F‘ta"§f6\?}tg¥ aqueous

sol utions IWRne salts. In a preliminary step the zeolite is calcined at
400-950C in air or an inert gas (under static conditions or in a flow).

The indicated t gqpeia t he dehydroxyl ation of the zeolite. The
zeolite is then i rrpreg{n%tg’e%l%q%%rﬁéﬁﬂe%‘ifh?%g’sgﬁ% Hsed mixaed withrate with
a nor nal i t ybinflexinitNe fornd Bf silicagePOr alifkiHa. SUf fici ent to add zinc oxide at a
rate of from0.1 to 10 mt% After inpregnation, the zeolite is activated at

a tenperature of..300 50 Thj s i npregnati on process may be acconplished in
one step or in %ﬁ?%ﬁ?é%@%‘ﬁ‘%ﬁ%@ﬂﬁé&d&(m telsteneadipherail ah@Por 00C. 25
Aci di c for iesels i RecaiRplisHeR)l ABg1RGdsed to prepare the catalyst. The

acidic Hformof the high-silica zeolite may be prepared by ion-exchange of

The starting materials for the datalyst are commercial forms of the

zeolite are:
10 (1) the high-silica zeolite ZSM-5
{2) H-beta zeolite

Commercial zeolite ZSM-5, advantageously with a Si/ Al ratio greater
than 10 and preferably with a ratio of 40-100, is used. ZSM-5 zeolite is
modified with compounds containing Zn ions by ion exchange from nitrates,

15 chlorides and other salts of zinc, or by impregnating it with aqueous solutions
of zinc salts. In a preliminary step the zeolite is calcined at 400-950°C in air or
an inert gas (under static conditions or in a flow). The indicated temperature
ensures the dehydroxylation of the zeolite. The zeolite is then impregnated
with an aqueous solution of zinc nitrate with a normality of 0.1N to 2N in an

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

3



3 6 Cctober 2003 the Na formof the zeolite with an aqueous sol ution of an

anmonium salt, a nitrate or chlorite or by treating the Ng fQ ,Jp)bof t
zeolite with an aqueous solution of an inorganic or an organic aci .
degree of ion exchange of sodium by amonia or a proton is from30 to 5

100% ( nost peied Ragbhf dfshe f.the zeolite can al so be
used as a starting nateri g?&?ﬁwbtgggla% é)(z\sﬁé?? ution pf an@smmeniimgaltra  The

zeolite i s ubEmtasr shlositaloy by, trestirigethd Nattbembithe HRbT i E{Hi) ed WI th a
f

bi nder. Anor lLica gel .wth a specific surface area o n2/ g
or al unina (%}glﬁ%ﬁ%’fﬁﬁllﬂ? IGOnLAD ofganicsidof is used as the bi nder. 10

The content of binder in the. catalyst Is from5 to 50 wt% preferably
20- 30% Nltrﬁhéde ted@fiidn b n.a nmxture with an inert
gas _ nitro g&r helium Aro t|c hygr 0CAF {%ﬂgma FehpEofends gorpdQibne -
are used as I@Gb‘sﬁﬁeéﬂrébleflaﬁof%b eleNa\f@rM@Mﬁ@&Bm@Cm(% . &ﬁ b

Ni O

cresols. Th i.nt roduced a rate to give a mxture
havi ng a m)%asr %E a?h%téqd@@EW%aEﬂ?m@mmZn preferably from

1:2 to 4:1. The space velocity for the substratelsfrom02t05h-

ordinarily 0.5-2 Thelzeclibeisnaedtdsancatalyat 8dorah ure - 500C.
The cont act tlgge aof .the reaction mxt)ﬁ)?e W trh ttﬁ%bgg%)%vé? Fg sec,

normal Iy 1-4¥ bipger. g%g@é'l’ Qus ﬁﬂ@afgebmnth hspedfictsaifaae Qrén @MGOLHUG of the

correspondi qu t are separated and anal yzed
by anal ytical ‘et hods ﬁl cata égjigrg %%@FF a‘ﬁ&sﬁ‘é@éﬂmbﬂr@
r egene¥at ed The conteritif binder idQhe aafmysms afcfdlgwc@o ﬁ;% pretéBey ga%b’isr ous

oxide, or in a mxture of these gases in inert gas a peri-o
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 N2O having a molar

15 ratio of N2O:substrate from 1: :7 to 51, preferably from 1:2 to 4:1. The space
velocity for the substrate is from 0.2 to 5 h-t » ordinarily 0.5-2 h'l. 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 14 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 1IN zinc nitrate. The amount of



- . EXAMPLES Exanple 1. 25 10 grams of HZSM S5 zeolite are
g];l gi ﬁeQO;{SQOOC in a flowméf air for 3 hours and are nodi éi edtbyeber 0g3
inpregnated to the zeolite's noisture- holding capacity with an aqueous
solution of IN zinc nitrate. The anount of 4 6 October 2003 zinc nitrate
added amounts to 2 w % zi nc oxi de, obtained on deconposition. The

. . : ; he
| ting zewiddig dd&n drid o . hour,s to convert t
:ftSlrJate 190 Zi ncrﬁogitegae in taﬁeﬁs zeo}tﬁ??e c/ﬁéﬁ’%gfgsl&é’lo é?‘é\?fi(ﬂn @%‘%‘I‘W“W{h 2%

] ite i ciead2:t086°Qfer 2 Rold ' gramof s
anr gsg/; StWme;fip.hlt?Sdbgzwnga | aced in arqugr tS)z(tggPWgtEg&ereactor,
?ud 7 mn‘q’gfars‘gggfﬁ‘%f"e’ﬁgtfil%rsﬁi,‘e Fﬂ‘g‘”@ gls. |l gram oficatalyst withri%ai(rj fI?\r/]v (60

|/ mi EPSEAS Vi : acti.on,is run under e

1[“ o{ ImO\r/]vi) ngt %ggc{i ti onsg:; @ng%%ﬁ%ZO %%If'l% eLb %{6%&8%%‘# &@ﬁyg‘é‘?mkfgnzene V

= 0.3 h- 1. Wppeéthe same pastidatsideyaid phse@heaa\/mﬂtz&&shéblﬁéﬂﬁé,ﬁd}y The
.tion up_.at, T=440C, NzO CoH6.= 0.5:1 = 0.5 h'"1. The yield of

[)ﬁg(r:lol was A)\?\nn?ﬁt%re ofk. the Fatalyst ‘anBdéilm'_ﬂsﬂdﬂh(ﬂbmdhhjm)tat\m_s ;

prepared astehipdrsairelof 450°€¥6€Ph. [ reabot e B und S t\ﬁgz&g“ was activate

[ = dat V=
t 600C. The reaction was run at T=440C, the benzene Yeer e
8. 5 h-1 at @ndlers: TatPe° RolrOghdie=(0:15 spaceThaocity of benzene V = 0.3 h-l.

Example 2.

10 The catalyst was prepared as in Example 1. The reaction was run at
T=440°C, N2O:CsHe = 0.5:1, V = 0.5 h'l. The yield of phenol was 39% with a
selectivity of 98%. '

Example 3.

The catalyst was prepared as in Example i, except that the HZSM-5
15 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‘i, N20:CsHs = 1.7.
The results are shown in Table 1.



yield of phenol was 35%wi th a selectivity of 99% Exanple 4. The catal yst
was prepared as in Exanple 1, except that the catal yst 20 uSetceasiset h®o(3
calcining tenperature required to dehydroxylate the starting H form of the
zeolite differed. The zeolite used was 2% zZnQ Hbeta (Si/ Al=25) and it
was cal ci ned at 800C. Reaction conditions: V=1.7 h71, N20:C6H6 =1:7. The
results are shown in Table 1. 5 6 October 2003 Table 1. Yield of phenol
from benzene oxi di zed over 2% ZnQO H beta zeolite (calculated for N.0) 5
(V=i.7 h-1, N20:C6H6 = 1.7) Catal R st- yeaction tenperature, c 420440460

ZnO Hb t e 27.338.538.0 Table 1.
Yield of phenol from benzene oxidized over 2% ZnO/H-beta zeolite
{calculated for N2Q)
5 (V—l?h’NzOCsHe-l?)
Catalyst Reaction temperature, °C
_ 420 440 460
1 ZnO/H-beta 273 ) 38.5 38.0

Example 5.

Catalyst prepared as in Example 1 is loaded into a 1-cm? reactor
10 (particle size 1-2 mm). Toluene is delivered at V=0.25 h! a¢t a molar ratio of
N20: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
pPhenols 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.



a Exanple 5. 10 Catal yst prepared as in Exanple | is |loaded into a 1-cn8
reactor (particle size 1-2 nm). Toluene is delivered at V=0 .Q5tdbar g4063
nolar ratio of N20:toluene 1:1. The reaction tenperature is 425C, the
yield of a mxture of o-, m, p-cresols is 21.1%wth selectivity for
cresol of 75% Benzene, xylene, and phenol are the major by-products. The
ratio of o-, Véhile the iwentibs has teen4lesdfibed wvilh eefexaiml i8S, }éfglq.egbove of

m,
t he use of - i-pi hi_ghg Si | i eolite catalyst in the oxidation
of benzene %@o ué?felpwéﬁtbﬁégw?t@gagﬂ’d%e Sgﬂ%ﬁﬁwm&mm:ﬂxi de
bei ng used aRathe mxy bezhike AU fanas . fql L, ow advant ages
conpared to knogv‘ivn‘s (_:a}t’al ysts: 1) ¢ he rat ehgﬁggtﬁ\t}g)?%{'%ﬁdg%&%f’?‘?é‘t@i ven
cat al yst mayheseof withens depating fros0the&ropitd the inveshiin, IR ddUiBBnSftdny LY

98-10Q%) . & abi | i of ,the catalyst _is increased by adding zrnc
i(ons o%/()zi %%%Q?ﬁ%nwﬁg%ge{idggo §‘§?%I%E§W a!é%irleﬁst,ion@rmé@tisi mgtﬁnlei te. 3)

H gh acti vi tea SHEItRE i vEndnakr HEy£Rid | datian of ol uene by
nitrous oxi dedgj\::‘eérS Zn- cont ai ninngmznggf]??% Cat%ffg?gfﬂ{)%ésggl&ﬁo%gpeébggeogw l e
the i nventi drhergforadeis intendeditbat therinventionemt betlimite@ e tes pagticaghodi ment ,

it will be h skilled in the art that various changes may
be made and&gaﬁé?\%?gﬁqfé&ﬁé@&%iﬂ%%%ﬁi ?ﬁ%ﬁ"‘ﬁ?m@lﬁ@%ﬁﬁ’Fﬁfrymg out the
this invention, but that the invention will include all embodiments falling

10 within the scope of the appended claims.



t hereof without departing fromthe scope of the invention. In addition,
many s nodifications may be, made to adapt a particul ar situdlqisbess 2003
material to the teachings of the invention wthout departing fromthe
essential scope thereof. Therefore, it is intended that the invention not
be limted to the particular enbodi nent disclosed as the best node
contenplated for carrying out the this invention, but that the invention
will include all enbodinents falling 10 within the scope of the appended
clainms. 7 6 October 2003 .WHAT IS CLAIMED I'S: 1. A nethod for oxidizing a
starting material selected fromthe group consisting of benzene, toluene

and conbi rw%#ﬂn% ‘Eﬁﬁfﬁ%@éfsan oxi dati on product selected fromthe group

consi sting phenol, 'cre and conbi nations thereof, wherein the
oxi di zi ng agent conprises nitrous oxide, and said oxidation is perforned
in the presence of a Zn _ion inpregnated zeolite catal yst wherein the

zeol ite has bedn Aymeathadioneyidiging:a statting matteniad seléctéd from3ROgroup50 C in air or

at 300 - 850 C i i e i npregnated.with Zn ions by ion exchange
or by exposing th%gﬂagdé%eﬁe oﬂeaﬁgﬁﬁ%%go@ f ﬁtf‘?"éﬁh‘ﬁ?or}amﬁ“nc salt, and c)
activated by heatdxidatioh@rédupt edseeidefion @edryep cdrisahg oPﬁl%eﬁHI, LR8I gas to a

tenperature of 300 - 850 C, wherein the reaction is performed by contacting
the starting mat @PF‘&P“‘%%‘H“%W@“’E&“&FWQ thepxidizing pgent pempmdesni t r ous oxi de

at a tenperature fdrous oxide, and said oxidation is performed in the presence of a Zn

ion impregnated zeolite catalyst wherein the zeolite has been

a) calcined at a temperature of from 500 ~ 950 °C in air or at 300 —
850 °C in an inert gas,

b) impregnated with Zn ions by ion exchzingc or by exposing the
zeolite to an aqueous solution of a zinc salt, and

¢) activated by heating the imgregnated catalyst in air or an inert gas

to a temperature of 300 - 850 °C,

wherein the reaction is performed by contacting the starting material

with t_he _cgtalyst in the presence of nitrous oxide at a temperature of
225 to 500 °C.

2, A method according to claim 1, wherein the zeolite is pentasil.

3. A method according to claim 1, wherein the zeolite is pentasil and is

the H form of ZSM-5 zeolite with an Si/Al ratio of from 10 to 200.



225 to 500 C. 2, A nethod according to claim1l1, wherein the zeolite is
pentasil. 3. A nethod according to claim1, wherein the zed iqcéqb§rpé)f|9t0§si I
and is the Hformof ZSM5 zeolite with an Si/A ratio of from10 to 200.
8 6 Cctober 2003 4. A nethod according to claim1, wherein the reagents are
taken at a ratio of N20: benzene and/or toluene from1:7 to 10:1. 5. A

nmet hod according to claim1, wherein the mxture of benzene and/or toluene
with the nitrogen oxide is diluted with an inert gas-nitrogen and/or argon
and/ or helium Q H'é nﬁ'ltHOd aﬁ,cordi ng to claim1, where the catal yst is used
in a nixture wtH*FHIOtFErorting e elaimp d nwhareisithe rwagenss areakehuana naio 9

of N20Q:benzene and/or toluene from 1:7 to 10: 1.

5. A method according to 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.

6. A method according to claim I, where the catalyst is used in a2 mixture

with a binder in the form of silica gel or alumina.



