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 reagyes, ¥gbdieak! t ober. 2003 of 20-30%w th a selectivity of

go-97% O her sé?toems r?o%ll%'é%y\ﬂftgf?'g’?%a&tﬁ?’f Di5tems modifed withth, Co, N, V,
Cu), have Bemnsiitmwetabione (Mag TR VeCy] Rave | s i i zeglites. DE
196 34 406A, di scl oses a .nethod for oxi dijz’i ng Bée(ﬁ{zlsélﬁogﬂgﬁﬁg‘? &%ﬁéﬁg"%s wel | as
their deritVaRiPOsCRtHINg Geelies.ne correspondi ng hydroxyar omatic 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 ous| y DE é96 24064 BissIadeh BRI fohxidi ature of from 300 - 800C.
The catal yst .can al sg be a netal - cont aﬁlﬁllz% Sﬁefl%%. Cfeato@g'beiﬁst‘@??as“é@ﬁr as a
Zn- cont ai SERYPIEET MERNEO Jebp comespruhng hainoxyemperiatomgsmiOthat e gat i on

reaction angatbeQPcti@r% can 2 Geink di sadvant ages of the known nethod are
related to the need to |hi rg&hnctggPﬁéeqcFB af“l‘??'f? Flysy@srpsibordhpelo cont r ol

the state dhistzeelitecamnlysidns bedieevibesy el whBe HBAHS MELQSILY,A N benzene
and the quigl, necessary to achi eve accept abl e, but

NGARY, ntact tine 0 achi
not especi al Flyj(ﬁi' %By?';fhcfscagaﬁy St AR alsorbe 2 mealyeantaining sikicaetdolimssuchas b ow
sel ecti vi t ¥naghizvieg sititate elad. ot RIPRRBLYHRES for the oxidation reaction are from
250 - 550°C.

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 a
combination thereof. The oxidation is performed at a temperature of 2‘25 °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



The result produced by the proposed nethod is an increase in the yield of
the final products and an inprovenent in the selectivity an Lvity. ({
the catalyst achieved by creating strong Lewis acid sites ?n&fc#egéléo%(? t.
BRI EF SUMVARY OF THE | NVENTI ON According to this nmethod, a starting

mat eri al such as benzene or toluene or a conbination thereof is oxidized
to form phenol, cresols or a conbination thereof. The oxidation is

perfornmed atgso %@h‘m‘ta_t-ufg:o@f_ %"@iﬂgnﬁ%%g rN&H?p-fgz%%ﬁgée of a zeolite

catal yst and an oxidi zi ng agent” which conprises nitrous Pde. The zeolite

cat al yst iganﬂ'@ﬂi‘aﬁh(ﬁtdbngbydomenﬂmnigabrbpreﬁgmiﬁ & toQud RuBde catal yst.
Speci fi calé(%m -ég%féﬁlgl ia[ﬁ_e S H_{rst cal ci r‘]de%eit 200 6 October 2003 - 950 C
in air or arvggy LASt it Hepregpate te istheateddl air er as inéntpr egnat ed
with Zn i oges thia tenipetdtitaaf808/- 8yo e@posing it to an aqueous sol ution of
zinc salt. Last, the inpregnated zeolite is heated in air or an inert gas
to a tenperature of 300 -- 850 C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As
the hi gh- SPETAJLEPPESCRIFEQN O REHEAINEBENTION, the pentasi| may be the H
formof the ZSM5 zeolite with an Si/A ratio of 10 to 200. The reagents

maybe taken in s : :benzene and/or tqgluene from1:7 to 10: 1.
2ay 6 october 20 3t.rh% ngh—%ihcg?zgohpe onecan useapentasd; 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 N.O:benzene and/or toluene
from 1:7 to 10:1.
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Furthernore, the m xture of benzene and/or toluene with nitrous oxide may
be diluted with an inert gas - nitrogen and/or argon and/ore dedldbd® 2003
Furthernore, the heterogeneous catalyst nay be used m xed with a s binder
in the formof silica gel or alumna. The nethod for oxidizing benzene
and/ or toluene to phenol and/or cresols is acconplished as follows. The

starting materi e cat al yst e commer¢ial forns of the =zeolite
are: 10 (1) theail?réﬁ&glﬂ(?l{gtgez%tﬁfeeo%@w aeluenevtith ritfamrer ci al
zeol i te ZSMnkide athyeby dijeedsivithvir ihedt Sid Ahit Oqggf ter _thap, 10 and
preferably with a ratio of 40-100, isg%used. %kh z/gog'li?rlggni@‘i}rﬁfdified W th

conpounds Jdesiumn ng Zn ions by ion exchange fromnitrates, is chlorides
and other salts of zinc, or by inpregnating it with agueous solutions of

zinc salts. In sl the zeolite is calcined at 400-950C in
air or an inert gggér{r{t?ﬁggﬁr}\égfe%%ggegﬁ%‘bﬁ ‘Ea}tﬂiﬁtﬁa)’lgﬁ&s?qim)’@dmﬁhiandi cat ed
t enperat ur indersinrthe fofm of eitiey gebay hRirhia, of the zeolite. The zeolite is
then i npregnated w th an aqgueous solution of zinc nitrate with a normality

of 0.INto 2N in,an 2 unt_sufficient to add zinc oxide at a rate of
from0.1 to 10 @?\ﬁm &P@%rﬂﬁ ihesizene pad/esitoluenedogitdncdtaad /ot a

terrperaturQrégolﬁggcégﬁﬁiSM&foﬁgwsgnat I on process nay be acconplished in

one step or in

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



several steps with internediate activation at 500-700C. 25 Acidic forns of

the zeolite may be used to prepare the catalyst. The acidig m e
hi gh-silica zeolite nmay be prepared by ion-exchange of 3 6 @(%éo%ogo:eﬁ%g}%]he

Na formof the zeolite with an aqueous sol ution of an ammoniumsalt, a

nitrate or Cﬁh@N‘atf@nﬁrof%Eé&%!wﬁh%eamog,gkglgé@; h? zeolite with an
|

aqueous solution of_ an inorganic or an*or 8t arpenmenyiwe sak, 4 on
exchange of BHmtgershlaxiteonby toeatingtial Na fb&nfdfqubggofi% éxt}%(}f/ﬁ é nost
preferable igolgg-gfﬁ;’%h.The Na formof the zeolite can also be U USas a
starting mat2rrar FREERMNYT B ergariciacid.cont ai ni ng Zn. The zeolite is

used as a catalyst, either in the pure formor conbined wth a binder.

Anor phous- si Thede oflibReRe i 4 f rea. of 100-60Q nR/g or
al um na (100- 400 9n%ag) lorea m ucifesgtﬁ‘g]r&le%?gf@nﬁ?@oora?spfq’fenﬂﬁi Fregrgomo The

cont ent Sof bl Mfefmpef preterableds p6:95%). f ThoeNG fobmbe¥ the%eoRtELE! AL Ko é_géd?O%

Ni trous oxid%' HSE Lther. pure, or in a mxture with an inert g
ni trogen or e+|§tum F‘%ﬁ%‘?ﬁe‘é"ﬁ%‘?%é% zeolye geatainingiZnol uene - are used
as the substrates for the selective oxidation to phenol and cresols. The

substrate is int rBeuzmditats wedaises Eatalst Sithai L EONLO hayl ng, a nol ar
15 ratio of 0'sugstr te from1l;7 tag*S: 1l pre eérgg%w%ﬁff?@ﬁ? 1. The

space vel oct't abgndern, Amesp pus gilica gel writloa 2pedific shrface arali HRYG0L4000. 5- 2
225-500C. The contact tine

h-1. The reagt/ alBhaR 2 rature o )
of the reacti o/_ng)&m xt urgﬁv{:ﬂ@t‘ﬁs{}tﬁe},ggpgwgﬁxw ereqf is ysed o thebinded.- 4 sec.
The gafes eXiheicegtentembinder 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. Tﬁe
substrate is int}'oduced at a rate to give a mixture wi-th N20 having a molar

15 ratio of NzO: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 ht, ordinarity 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



the reactor are a mxture of the correspondi ng phenol s and heavy products
20 that are separated and anal yzed by anal ytical nethods. Theoeabvbystoomy
be easily and reversibly regenerated by cal cining at 400-600C in a fl ow of
air, oxygen, nitrous oxide, or in a mxture of these gases in inert gas
for a period of 1-3 hours. EXAVPLES Exanple 1. 25 10 grans of HZSM 5

zeol i te arezgwltAgtdadded | v |J:3fon.3. hours and are nodified
by bei ng in%lr_legnat ed toet%gg’zdélﬁﬁ??gvgwm%h%{%é’ %b&%eﬁé’l‘c%mlf‘%ﬁlwfﬂ-h an
I

aqueous sol Ghe sesudting meplitecisrthenartivafdent 480MMFortd héuf 1O aREH (RQ03 i nC

nitrate ad {s.-t0.2.Ww% zi nc._oxi de, obtained on deconposition. The
resul ting g@%fﬁggggglct%ﬂeé’a ¢ 3eQteghannels: 1 gram ofgatalystowithidder t t he

nitrate to ZhQyHRSNES (i /tAe e | ram of catalyst with 2%
700 HZSM 5 (ST AAD D (e 2HE ParkOeSta DS b 38 AL will Dptamtam of &
quart Z5 of tHearzapbthesame pertclesiznandphced in A quasiaristed re&UGL Y #aCt OF
i.d. 7 mnmlglrli %iot? rea Iiorth%%%e catal yst is activated in an air flow (60
m/min) at A tenperaf Ay afyst isagivatgehineamair iflow (60 milymimjddra t he
foll owing teatsirhtu8f 45545 06r 1 N2OrHStdi "]mrﬁﬁg& logity of benzene V
= 0.3 h-1. Exﬁg’%l e 2. 10 The catal yst wggo%lrsepare %stﬁlgﬁ&%%‘g e 1. The
reacti on weEondirons: T=A020 NG 68 1= space: vielodityofbdnend v Tlog pi el d of

phenol was 39% with a
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 thg 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'l, N20:CsHs = 1-7.
The results are shown in Table 1.



selectivity of 98% Exanple 3. The catal yst was prepared as in Exanple 1,
except that the HZSM5 is catalyst was activated at 600C. &hect&aet | Doy yas
run at T=440C, the benzene was delivered at V = 0.5 h-1 at a nolar ratio
N2O. CoH6 = 0.5:1. The vyield of phenol was 35% with a selectivity of 99%
Exanpl e 4. The catal yst was prepared as in Exanple 1, except that the

catal yst 20 used and the calcining tenperature required to dehydroxyl ate
the starting H formof the zeolite differed. The zeolite used was 2% zZnQ
H beta (Si/ Al=25) and it was calcined at 800C. Reaction conditions:
V=1.7 h71, N20:C6H6 =1:7. The results Baldedhown in Table 1. 5 6 Cctober
2003 Table 1. Yield of phenol from benzene oxidized over 2% ZnO H beta

zeolite (cal cul atggf Bfépmn@l f?’oégenzgnehox]idlzlg oov%?g% En(1)/7 bg?a;[ géolilfeSt -

yeaction tenperature (calculated for N20)
5 (V—17h’NzOC5H6-17)
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-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.



420440460 ZnQ Hb t e 27.338.538.0 a Exanple 5. 10 Catal yst prepared as
in Exanple | is loaded into a 1-cnB reactor (particle sizeb 10Qtglgr 2003
Tol uene is delivered at V=0.25 h-1 at a 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 t W¥hilathe inyenfioodustteen Hescribed ovieh réfererBe to X \9rdlarr&€S0! S

is 30:40: 30. s cited ahqve of the use of a Zn-containing
hi gh-si | i Ca“ﬁ%&%&é@@égﬂ@gtﬂf}#w 893361 those skillad intheutthatd aridusene t o
t he correspehghgs maPdeqhsddhhd eBlrtva08i5ts QX B S as, t he oxidi zi ng
agent denonst ra%% t_ﬁg fol | ow neqadvant agéé‘j?f%%pﬁ??@%‘%?‘g?% €Y al ysts: 1)
The rate of thesaokwithent dﬂEﬁM&g’gh’v&e scapalof the iyerlton, e £ASSHN, g&ngp
50- 77%w t hnpé)diﬁg%gocti on i.n sel eg‘%i%i t%/m(98-_ 100% . 2) The stability of the
catal yst isinct W By Dedhade AlapthBagcular sikuaionier mattexial tactheas
strong Lew geaghir oftRe Il'jiz‘*%'i‘ﬂl'i%nz@ilhb{-l@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.



3) Hgh activity and selectivity are achieved in the oxidation of toluene
by nitrous oxide over Zn-containing zeolite catalyst. 6 6 (ct¥Heroexp@EPo3
Wil e the invention has been described with reference to a preferred
enbodi ment, it will be understood by those skilled in the art that various
changes may be made and equival ents may be substituted for elenents

t hereof without departing fromthe scope of the invention. In addition,
many s nodifications may be, nmade to adapt a particul ar situation or
material to the teachings of the invention w thout departing fromthe
essential scope thereof. Therefore, it is intended that the invention not
be limte i ar enbodi nent disclosed as the best node
contenpl at'e Iy$q9§§?§?? out the this invention, but that the invention
will include all enbodinents falling 10 within the scope of the appended
clains. 7 6 Cctober 2003 WHAT: IS CLAIMED IS: 1. A nethod for oxidizing a
starting mat erilal Adeathed fogoxidising netaging upateriab selected frgmahe ponpene, tol uene

const ot ing of  phesarisfs of el ot Bg Ao PR RIS R Apner or n tho o
oxi di zi ng agent oondguticagsoduat seletsl footh de: gr@ﬁkﬂccﬁ@isﬂn?&fﬂ%b[?@rek&s perforned -

in the presence of ,a Zg, i.on i npregnated zeolite catalyst wherein the
zeolite has been 2nd combinations thereof, wherein the oxidizing agent comprises
nitrous 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

c) activated by heating the impregnated catalyst in air or an inert gas
to a temperature of 300 — 85-0 °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.



a) calcined at a tenperature of from500 - 950 Cin air or at 300 - 850 _C
in an inert gas, b) inpregnated with Zn ions by ion exchande %taF ex?9si ng
the zeolite to an aqueous solution of a zinc salt, and c) activated by
heating the inpregnated catalyst in air or an inert gas to a tenperature
of 300 - 850 C, wherein the reaction is perforned by contacting the
starting material wth the catalyst in the presence of nitrous oxide at a
tenperature of 225 to 500 C. 2, A nethod according to claiml, wherein the

zeolite is penaazAl ) 3.d A rr&l hod according to claim1, wherein the zeolite
i s pentasil and*i ¢ TeHRdaceqsding &9 claipl swhereinithereagants zm takgin/ath ratiat i 0 of

from10 to 200. 8 o@m;ggﬁng&gﬁ,ﬁolu@eqﬁ%‘qu] @9p9rding to claim1, wherein
0 : s

the reagents are taken at a ratio benzené and/or toluene from1:7
to 10:1. 5. A nethod according to claim11, wherein the m xture of benzene

and/ or toluenesw 1 trogen oxide is . diluted with an inert
gas- ni trogen and o?‘eglrgggnéoéé{ﬂgquwgf F’d’?‘her@‘.‘dﬁ'ﬂﬁ‘{w&&fhﬁtﬁ’éﬂ@wﬁfﬁon o claim 1,

where the catal ystolueneusieiflthe Ritfoglh $kide & diltitddwith bh BA gab RidtdYenl O M Of
silica gel or alumpa. 9 )
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.





