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From an economic point of view, it has only been possible hitherto to
introduce a hydroxyl group into the aromatic system via a plurality of
intermediate stages.

The cumene process has become established industrially for preparing
phenols starting from benzenes. In this process, usually, the cumene
prepared from benzene and propene is peroxidized and the oxidation
product is then cleaved into phenol and acetone.

In addition, the benzoic acid process starting from toluene is used, in
which process the benzoic acid prepared from toluene can be
decarboxylated to give phenol. The decarboxylation step, i.e. the loss of
an organically bound carbon, however, consumes at this early stage any
price advantage of toluene over benzene. The process is therefore only of
interest if the target product is benzoic acid and free capacities for
preparing phenol are utilized. -

ther processes for preparing phenol, e.g. via chlorobenzene (chlorination
or oxychlorination of benzene) or the sulfonation process (preparation of
benzenesulfonic acid) have proved to be uneconomic. Reasons for this
were in part the unsatisfactory selectivity, corrosion problems and the
production of unwanted by-products.
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The oxidizability of benzene by dinitrogen monoxide on vanadium
oxide/molybd_enum oxide/tungsten oxide catalysts has aiready been known
since 1982 (lwamoto). Zeaolite catalyts of the ZSM-5 type were discovered
for the direct oxidation of benzene by dinitrogen monoxide in 1988
(Gubelmann, Rhone-Poulenc). The mode of action of zeolites is
fundamentally due to their microporous channel system having pore
diameters of the size of the molecules to be oxidized.

The use of iron-containing zeolite catalysts of the ZSM-5 type for oxidizing
benzene by dinitrogen monoxide is described by Volodin, Bolshov and
Panov in J. Phys. Chem. 1994, 98, 7548-7550.

The following documents also describe the oxidation on zeolites, in
particular of the ZSM-5 type:

3rd World Congress on Oxidation, 1997 Elsevier Science B.V., RK
Graselli et al., (Editors), '

M. Hafele et al. (University of Erlangen-Nuremberg) and

G.I. Panov et al., Applied Catalysis A: General 98 (1993) 1-20.

The reaction which is most developed in terms of process engineering is
that of dinitrogen monoxide on acid zeolites of the ZSM-5 and ZSM-11
type with various metal additions (e.g. iron). The reaction is usually carried
out at atmospheric pressure and temperatures of 300-450°C.
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Although changing other parameters such as higher reaction temperature
(zeolites are considered heat-stable up to about 800°C) leads to higher
benzene conversion rates, it also leads to lower selectivity and greater
deactivation of the catalyst. Increasing the partial pressure of N,O can also
increase the benzene conversion rate, but this is likewise at the cost of
selectivity. A gradual improvement can at best be achieved by increasing
the partial pressure of benzene. The selectivity and the resulting amounts
of phenol increase somewhat. Nevertheless, it is still desirable to increase
the selectivity and degree of conversion further.

The relatively rapid coking of the catalyst which occurs at the temperatures
usually used leads to a loss of activity and the catalyst must therefore be
regenerated relatively frequently (about every 48 hours).

The dinitrogen monoxide used for the catalytic oxidation of benzenes in
the processes described above has to have a very high degree of purity.
Contaminants such as oxygen or hydrophilic gases such as steam or
ammonia can inactivate the zealite cétalyst to the point of inactivity. Only
inert gases such as noble gases or nitrbgen can be tolerated as
admixtures.
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activity. Although a few zeolite structures may be hydrophobized by
dealumination, this further restricts the selection of suitable zeolites. The
dealumination is, furthermore, an additional pracess step and leads to
unwanted amorphous contents in the zeolite. In addition, the extent of the
dealumination cannot be set specifically, so that with regard to the
pracess, this must be determined empirically. This means that fluctuating
quality grades of oxidizing agent, such as differing admixtures of steam,
cannot be used.

It was therefore the abject of the present invention to provide an economic
pracess for the catalytic oxidation of aromatic compounds to give the
corresponding hydroxyl compounds with high selectivities even at a low
dinitrogen monoxide quality.

Surprisingly, it has been found that porous glasses can catalyze
outstandingly- the 'catalytic oxidation of aromatic compounds to give the
carresponding hydroxyl compounds even when cantaminated dinitrogen
maonoxide is used.

The present invention therefore relates to a process for preparing
hydroxyl-containing aromatic compounds by catalytic oxidation, the
catalytic oxidation of the aromatic compound being carried out by a
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condi tions of , gucfgﬁgf,‘ahe qual ity of the dinitrogen nonoxide to be
used or the tﬁyéf o J'Cct compound. This was not to be expected,
since the specialist literature for a high benzene conversion rate wth
si mul t aneous! yrHakghyRhtChhve oY tHr8e Ri¥ARASIonal structure ("cage structure”) and
therefore have a large surface area. However, the pore system of the
porous glasses used in the process according to the invention has a
predominantly different structure, so that, compared with zeolites, they
generally permit no three-dimensional access and therefore one would
expect a substantially decreased catalytic action (if any at all).

To what extent the channel system caused by the preparation process or
the composition of the porous glasses used in the present process is the
cause of their catalytic action may remain an open question, but the
process according to the invention, even when low-quality dinitrogen
monoxide is used, leads to high conversion rates with very high
selectivities.

The dinitrogen-monoxide-containing gas used can be a mixture of from 5
to 100% by volume of dinitrogen monoxide and from O to 95% by volume
of another gas.

The dinitrogen monoxide content of the gas used in the process according
to the invention can likewise be from 80 to 100% by volume, together with
from O to 20% by volume of ancther gas. |

As other gases, use can be made of air, oxygen, nitrogen, noble gases,
carbon dioxide, steam or ammonia or mixtures thereof.



suggests "special" zeolites, e.g. of the pentasil type such as for instance
ZSM 5 and ZSM 11. These zeolites have a three-di nensional structure
("cage structure") and therefore have a | arge surface area. However, the
pore system of the porous glasses used i the process according to the

. o " - . S o . th
Jeotitea t hey e HEERRSAnctidd-fotaRihe B (et G, 380 Atain SRERRCRY TV 0
one woul d expirorganis ipudities, 2. gy fraemcar axtitiontprogess: (216t No@-FrePacatipnat
all).  To whajy gif Wzé%nﬁﬁgggixh M§tt§ése ﬁahhgﬁié rﬁ:r?%%ér}éﬁoﬁro?ﬁafpﬁé beRl) pr ocess

or the conposition of“the gl ass use e present process is
the cause of their catalytic action nmay remain an open question, but the

proc e_s; accor dirgga |t Qar‘?tiBQltér nﬁﬁ{ﬁﬁdﬁﬂenﬁvﬁh tMé e Brd st qtmbhtiem dthe :1 arogeatic
nmonoxi de is use eads . conver.si on rates ver i

sel ectivities. COmﬁﬂ%ﬂgﬂﬁ?ﬁﬂ%bgﬁlﬁf&ﬁm&H@@@@é 'Pﬂic\??gc’tgﬁrs a[%@%"%aﬁuﬁg 3

m xture of frotldendsp XEHesOyr iedlogenatbd dbemzenegeandoaioai the anidatio?nmfg to
95% by vol une anoQ S.. . ini . | de..content of the gas
use%l in the prB@&ang%E%{o&?%ﬁ:s' Fﬁgﬁ]ﬁiqﬁﬁb&{#&ﬁﬁ&n '%gﬁgﬁ%gﬁ %‘e be from80 to

100% by vol une, together with fromO to 20% by vol une of another gas. As
ot her gases, u 1L, s b €% ,hgzar bon
ggl;p(f%nﬂ}?g}ﬁi gﬁgﬁe Yyritick of"{ﬂ%@é&eg}; motdfr%%eﬁordﬂ%hgl%sgéé IES

di oxi de, steam m Xt ur es

di nit r ogen- nonaigpdiesporservechinag e beatermporNassiopdAtarhbeIPYaH T Cole-o-

| norgani ¢ I NUBEAICYS is &idually QBtaBs OkidhAldsOit PARGRS BAFCY- The  selectivity

Nerr] O preparation in situ-of N&errJ cont ai ni n% %Qﬁust e%‘?? frtorln tage
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system, the benzene conversion rate usually drops greatly with decreasing
temperature. Under comparable conditions, therefore, a zeclite behaves
considerably less expediently.

The process according to the invention is preferably carried out -at
temperatures of 200-700°C, particularly preferably at 250-550°C.

The porous glasses and microporous amorphous mixed metal oxides used
in the process according to the invention can be prepared according to
DE 195 06 843 A1.

The porous glasses .used in the process according to the invention are
prepared by the sol-gel pracess.

In one embodiment of the present invention, the porous glasses consist of
50-100% by weight of oxides of elements from main group 3, of main
group 4, of subgroup 3 or of subgroup 4 of the Periodic Table of the
Elements, including the lanthanides and actinides.

In another embodiment of the present invention, the mixed metal oxide
matrix of the porous glasses can comprise at least 50% by weight of
compounds of the element titanium, silicon, vanadium, aluminum,
zirconium or cerium and/or up to 50% by weight of one or more metal
oxides in very fine to atomic distribution selected from the group of the
metals molybdenum, tin, zinc, vanadium, manganese, iron, cobalt, nicke!,
arsenic, lead, antimony, bismuth, ruthenium, rhenium, chromium, tungsten,
niobium, hafnium, lanthanum, cerium, gadolinium, gallium, indium,
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the abovementioned metals and oxides. Preferably, use is made of alkoxy,

mixed alkoxyalkyl, alkoxyoxo or acetylacetonate derivatives of the

described metals or.metal oxides in the acid to neutral pH range in the sol-

gel process. This is followed by mild drying and slow calcination, the end

of the calcination being at a temperature of 120-800°C.

An alternative method of preparation for this type of compound is the
thermolysis process (KW. Terry et al., J. Am. Chem. Soc. 1997, 119,
9745-9756). However, a disadvantage here in comparison with the sol-gel
process is the decreased possibility of variation during preparation, so that
in the final product only a very few element ratias are possible.

The production of nonpolar or hydrophobic porous glasses follows, for
example, from the patent DE 195 45 042 A1l. The polarity of the inner and
outer surfaces of porous glasses can be set, for example, by
capolycondensing alkylsilanes or aryloxysilanes having non-hydrolyzable
alkyl or aryl groups R’ of the type R’-Si(OR); with the other components of
the sol-gel process.

R and R’ can be identical or different and are preferably aliphatic
hydrocarbon radicals having up to 6 carbon atoms, such as methyl, ethyl
or isopropy! groups or pheny! radicals.
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or uor.i de-ca ze i near po ri zati.on or_pol.yconde | -

hydr ol yzabl e §Hﬁﬁ'§?f§3c &?ﬁg’?ﬁﬁé%‘%@he@%&%@t@ﬁeﬂf i%éﬂaﬂgfﬁégesaﬁ@q%ﬁ%é's.
Preferably, useatedains®iOgfAROKOKID, orid€d. al koxyal kyl , al koxyoxo or -

acetyl acetonate derivatives of the described netals or netal oxides in the

acid to neutral pHrange in the sol- gel process. This is followed by mld
dryi ng and sl decase ohhydmphobizedopdrasés glassesiisc pavantagess.ng rartigular,

tenperature ofn DafOY &4 h@q ﬂé’fbraéférﬁéﬁtaéf the dRkREnthoRbGBA! @hb@rthfsgr

this type of conmpound is t thernmolysis process (KW Terry et al.,
Chem Soc. 19€psurese constgnbizigh)selegivlyer, a di sadvantage here in
conparison with the sol-gel process is the decreased possibility of

vari ation durin reparation, so that _in the final product.only_ a very few
el ement ratiod! %C@'tﬁﬁ’s&? [PeEOUS ﬁﬁﬁ-ﬁ%ﬁog%ﬁ &ﬁno?gﬂotﬁ%&s& 'jﬁeﬁﬁé@pﬁggyc

polr OU_St gl afss teﬁaﬁe@i {oommanf wp;tszxaepéte]fns‘ bpmb]gthees)aaem OPESI®H0r Bl D42 The. fThe
polarity o e _inner and.outer rfaces Qr Qu a ef., for
el & by coS8l Oheh Rttt (ot BorS Sy %P§x§%r??%ﬂ§‘se‘5h%%‘9ﬁ§§ i

non- hydr ol yzalikewskekydssile avifHouylosspsf BONwErsionerats pad RelSHVER) a8 1SNPWHI t h

t he ot her conﬂp%né)%é_ﬁgleghe sol -gel process. R and R can be identical or

different and are preferably aliphatic hydrocarbon radicals having up to 6
carbon atons, such as nethyl, ethyl

The pore size and the total surface area of the glasses used are of
importance. The mean pore size should be between 0.1 and 1 nm,
determined as reported by Horvath and Kawazoe (J. Chem. Eng. Jpn. 16
(1983) 470 ff.).

Am

The total surface area of the porous glasses in the dry state is preferably
at least 50 m%g, particularly preferably 50-5000 m?g, very particularly
preferably 75-1500 m%/g, in each case determined by the BET-method
according to W.F. Maier et al., Tetrahedron 51 (1995) 3787 ff.

Examples

1. Preparation of porous glasses

1.1 Zirconium dioxide-silicon dioxide glass
1 ml of tetrabutoxyzirconium, 10 ml of tetraethoxysilane and 8 mi of
ethanol are dissolved successively in one another and 2 m{ of 8 N
hydrochloric acid are added with stirring. After gel formation has

taken place, the material is heated to 65°C at a heating rate of
0.5°C/min, kept for 3 hours at 65°C, heated at a heating rate of



-

or isopropyl groups or phenyl radicals. The netal oxide reacted
with this non-hydrolyzable group originates fromthe abovenentioned |isting
of nmetals. As ligands for the starting conpound, that is the sol uble netal
conpound, use is preferably made of halidg§, al koxi des, oxyal koxi des,

carboxyl ates, oxalates, nitrates, sulfates, sulfonates, ace% Ia?er;con es,
gl ycol ates or ani no@X&tyiratae250%hensacingd &t itais teapsratied ci;' urther

Alferr]err], Ti O egls. The?droBEl displals@ Méﬁoﬁbdbb’ﬁﬁr@lﬂmﬁhbaﬂdﬁpor ous

gl asses is advantageous, in particular, in the event of a high water
content of the dini BEJg&@0fBrExi de, since this ensures a constant high
selectivity. |In ad@igrd dizrhétep@ P4ng! asses, fluxes can al so be used. These
are al so taken to nmean support systens or m xtures based on SiJerr] or-
Alferr]Jerr]. The use of a conbination of porous glasses and (crystalline)
zeolites is |iKedi salypnssinbbridetitoonturh dicxidd-sitioon dicxidenglesse and
selectivity, as shown in the exanples. The pore size and the total surface
area of the glasses used are of inportance. The nmean pore size shoul d be

between 0.1 and 1 n@43e of tigebutyialueirsim,edi0byniHerieHaH-RFRPARYAEGTIEUM .
Chem Eng. Jpn. 16 o¥983) 4 GttdethoxysliBRet Mid25s il farcethaner apé dibsolped ous

glasses in the dry state is preferably at |ea SO%e 14 r.ic% rliy
preferably 50-5000 SEEEESSINELY Qe %"‘Lﬁﬁ‘aﬂ 9”&‘@%&?58 57@1381588@(3§Fr ‘g in
each case det erni nedrdurdtbe iBte oairsedbfaqomirtwily stioing. fn thdaceursetofehis,
Tetrahedron 51 (199 787 ff. Exanples or R | a
glasses 1.1 Zi rcom%%’apgan&?— g]qg%%%'? i §§| Cdf.eAgtﬁg?;ef‘tfér(?ﬁhtﬂ;n Res Yken
place and after siow preliminary drying at room temperature, the
material is heated to 65°C at a heating rate of 0.5°C/min, kept at
65°C for 3 hours, heated at a heating rate of 0.2°C/min to 300°C
and calcined at this temperature for a further 3 hours. The product
shows a monomodal pore distribution.
BET: 290 m%/g
Pore diameter: 0.69 nm

1.3  Zirconium dioxide-silicon dioxide glass

1 mi of tetrabutoxyzirconium, 10 mi of tetraethoxysilane and 8.4 ml
of ethanol are dissolved successively in one another and 2 ml of
2 N hydrochloric acid are added with stirring. After gel formation has
taken place, the material is heated to 65°C at a heating rate of
0.5°C/min, kept at 65°C for 3 hours, heated at a heating rate of
0.2°C/min to 250°C and calcined at this temperature for a further 3
hours. The product shows a monomodal pare distribution.

BET: 250 m%g

Pare diameter: 0.65 nm

1.4  Vanadium oxide-silicon dioxide glass

1.2 g of vanady!l acetylacetonate, 10 m| of tetrasthoxysilane and 8
ml of ethanal are dissolved successivefully in one another and 2 mi
of 8 N hydrochloric acid are added with stirring. After gel formation
has taken place, the material is heated to 65°C at a heating rate of
0.5°C/min, kept at 65°C for 3 hours, heated at a heating rate of



1 m of tetrabutoxyzirconium. 10 ml of tetraethoxysilane and 8 m of
et hanol are dissol ved successively in one another and 2 m of 8 N
hydrochl oric acid are added with stirring. After gel formation has
taken place, the material is heated to 65[e0r]C at a heating rate of

o 7 oG Bl er ] o mi G aPofte A SGe AldisErRec A R SRR

further 3 houhsursT Fdepproduct srquaammnmmdrstbwt@mu stribution.
BET: 500 nferr]/g BET'ég@rr’ﬁ/g' aneter: 0.74 nm 1.2 Al unm num

oxi de- zi rconi um di ox] de-si |icdn_dioxi de gl ass 0.45 m of

triisobutyl al umi numPore diametest0.66tNMa- n- pr opoxyzi r coni um 27.5 m of
t et raet hoxysi | ane and 25 m of et hanol are di ssol ved successively in
one anot her and . 5. g rog(é?grl c acid are added in the

course of 10 mn t‘rﬁnﬁqr}t?ﬁnﬂf{;ﬁ s"I“ﬁ R AOXGR.988Sof this, | t he

tenperature increases to 55[err]C. After gel formatlon has taken

| d aft | t
aterial i o heat od i By 4] BLelyBRHdNS 1ol OB IR Elitne phe & U at
65[err] C for 3 hour stharzitase chssmfbaucwsrvahelmﬂng appihen o‘mc}r?rrn gf 8
300[err] C and Btk %det Bt agﬁst 2 @'1 Usrtx?rlrflg”Aﬁerf gét F@tatidhones. The

pr aduct nononodal pore err] /g

Pore di aneter: 0 69t<ﬂfﬁ” plage, Zh?c@ﬁf%’ﬁ' df d’i@%ﬂ%d §PI5%§naH|305Fﬁgn% g
1 m of tetrabutoxyz 5°<€37ﬁwnkep3t0am’65€rb foetd petROHestddhit aheating nate of

of ethanol are diss b er a 2 N
hydrochl oric acid a?’eyﬂ %‘\’/\ﬁéﬁ é ”?ér?aﬂﬂ iﬁ%gﬁ'sgsmreggﬁ%ﬁ? :Fég)rné’ﬁf]%rgher S
taken pl ace, the matheursalThesproelateshdves 6mi@marh@iatpone isitibytip. at e of
0.5[err]Cmn, kept B%T:%%ﬁlbc for 3 hours, heated at a heating rate of

Pare diameter: 0.62 nm
1.6  Titanium dioxide-silicon dioxide glass

0.14 m! of tetraethoxytitanium, 10 ml of tetraethoxysilane and 8 mi
of ethanol are dissolved successivefully in one another and 1.8 mi
of 8 N hydrochloric acid are added with stirring. After gel formation
has taken place, the material is heated to 65°C at a heating rate of
0.5°C/min, kept at 65°C for 3 hours, heated at a heating rate of
0.2°C/min to 250°C and calcined at this temperature for a further 3
hours. The product shows a monomadal pore distribution.

BET: 480 m%g

Pore diameter: 0.67 nm

1.7 Hydrophobized titanium dioxide-silicon dioxide-methylsilicon
sesquioxide glass

0.133 ml of tetraisopropoxytitanium, 8 ml of tetraethoxysilane,. 1.8
ml of methyltriethoxysilane and 7.9 ml of ethanol are dissolved
successively in one another and 1.98 mi of 8 N hydrochloric acid
are added with stirring. After gel formation and hardening of the gel
have taken place, this is heated under a protective gas to 65°C at a
heating rate of 0.2°C/min, kept at 65°C for 3 hours, heated at a
heating rate of 0.2°C/min to 250°C and calcined at this temperature



0.2[err]Cmn to 250[err]C and calcined at this tenperature for a further 3

lhours. The product shows a nononodal pore distribution. BET: 250
mMerr]/g Pore diameter: 0.65 nm 1.4 Vanadi um oxi de-silicon dioxide
gl ass 1.2 g of vanadyl acetylacetongie, 10 nml of tetraethoxysilane
and 8 - m of ethanol are dissolved s essivefully in one another and
2 n of 8 N hfar acfurtivérc 3abiodraar ¥hedgextiugt t sShows ra i mgnombdel ppre
formation hasdfs?rgﬁg | ace, the material is heated to 65[err]C at a
heating rate of 2r]C/rrin, kept at 65[err]C for 3 hours, heated

at a heating rate oBET: 54 10

0.2[err]Cmn to 25?5%5%91&8963?{{) ed at this tenperature for a further 3
hours. The product shows a nononodg‘rﬁ]pore di stribution. BET: 550 n2/g

Pore dianeter: 0.66 nm 1.5 Iron-containi ng silicon dioxide glass

1.2 g of iron &gt yHeariphddizd 10irah-cohtdigingaet sineorsi | @iitﬁq@élm&hﬂ‘slll%n
et hanol are dissol ved succasswely I n one another and 2 m of

hydrochl ori c acid are sr?stlrrlng After gel forrratlon has
taken place, the material is heated to 65/ err]C at a heating rate of

0. 2Lerr]amn to 2sptk Pt iaen T4 Ml e B Bbu Ry ER s U5 rer
hours. The product lsd)rmmea/lauah@mtéeanQ)Srrm afi ethandlareatissolved sugtassielp
glfg;lr L’e ggl e 06 ndbAC S RthelCalfd I'MI of'8 N hjbFHAIAHE SeR LA 2RlibbCRh
stirring. After gel formation and hardening of the gel have taken
place, this is heated under protective gas to 65°C at a heating rate
of 0.2°C/min, kept at 65°C for 3 hours, heated at a heating rate of
0.2°C/min to 230°C and calcined at this temperature for a further 5
hours. The product shows a monomodal pore distribution.
BET: 420 m¥/g
Pore diameter: 0.61 nm

2. Reaction of the catalysts with benzene and dinitrogen
monoxide/accompanying gas |

2.1 Experimental conditions

2 cm® of catalyst are packed into a tubular reactor having an
internal diameter of 8 mm. The catalyst is ground in advance to a
particle size of 500-1000 um. The reaction compartment is heated
to the preset temperature. The temperature is monitored via a
thermocouple. The amounts of benzene and gas are continuously
added in gas form, the gas flow rate being set to 60 cm*/min. The
pressure is in the region of 760 mmHg. The molar ratio of benzene
to oxidizing agent in the gas compartment is 1:5 in this case. For
laboratory experiments, the carrier gas used is nitrogen. The gas
composition is analyzed by a GC/MS system. As zeolites, use is
made of Fe-ZSM-5 from the UOP company and ZSM-5 (iron-free)
from the VAW company.



0.14 mM of tetraethoxytitanium 10 m of tetraethoxysilane and 8 ni

of ethanol are dissolved successivefully in one another and 1.8 ni of
8 N hydrochloric acid are added with stirring. After gel formation

has taken place, the material is heated to 65[err]C at a heating rate of
0.5[err]C/mn, kept at 65[err]C for 3 heyrs, heated at a heating rate of
0.2[err]C/mn to 250[err]C and calcined at this tenperature for a further 3

hours. The product shows a nononodal pore distribution. BET: 480
mMerr]/g Pore diameter: 0.7 nm |1.7| Hydrophobi zed i tapi um
di oxi de-silicon dioxide-ngthylsi|lifon sesqui gxi dg gl ass 0.133
m of tetraisopropoxytitaniji@ 8 |[m| of fetraethoxysi|l ang, 1. m  of
met hyl tri et hoxysil ane and 1% m |of| et hpnol |are|di sqol ved
successively in one another%hq@ 1. 98.m gf B N Mhydr achl grgc are
added with stirring. After [d&I=fqar Fin “andl Sha fbnildy gf2t
have taken place, this is heat ed |under R protective|gas {to 6b[erfr]C at a
heating rate of 0.2[err]Cmn, kgpt| at p5[efr] C|for |3 haurs, ted at a
heating rate of 0.2[err]C/in o |250[ery]C and ¢al cijned jat this [enperature
for a further 3 hours. The dgdugit |[shows a hononodalf porje
di stribution. BET: 54Q§d§/ Pore dianeter: (.70 hm 1.8
Hydr ophobi zed iron-containichgd ®iljicon| 2 df exi e naty||sdl i
sesqui oxi de gl ass 8 [m—of [Tetrael hoxysiTane, |1. 8 (M oOf
met hyl tri et hoxysil ane, 0.5{g of : iron acetyl acgtondte and 8 m of
et hanol are dissol ved successi velly
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in one another and 2 mM of 8 N hydrochloric acid are added with

stirring. After gel formation and hardening of the gel have taken

place, this is heated under protective gas to 65[err]C at a heating rate

of 0.2[err]C/mn, kept at 65[err]C for 3 hours, heated at a heating rate of
0.2[err]C/min to 230[err]C and cal cined atl3his tenperature for a further 5

hours. The product shows a_npnonpdal pore distribution _ ET. 420 nR/g
Pore dianeter: 0.61 nm 2. Reacfionfof the qataljystsf witp be1zenﬁ and
di ni trogen nonoxi dg/ acconpahyi ng gas 2.{\1 Hxperj nenfal ¢ondi{tions
2 cnerr] of catalyst areg packed | ntoja tuybul ar rﬂactor hayi ngjan
internal diameter of 8 mu Th catalyft i$ grqund lin advange t¢ a
particle size of 500-1000 Leranl The{reagtion conpartjrent}is heated
to the preset tenperature. wThestenferature 3 s [MnijtPredSvi pca | 8
t her nocoupl e. The anounts ne and gas 4r e qontTnuousty added
in gas form the gas fl ow ng set to 6Q cnfjerr]y mn| The
pressure is in the region mHgy The noljar rljati of of penzgne to
oxi di zing agent in the ga nent is|1:5)in tlhis [case} Fo
| aboratory experinments, t i pr gas used ijs nijtrogen. [The gas
conposition is analyzed b NB:sy;Lenlaﬁs zeol|ides| auspi S| made
of Fe-ZSM5 fromthe UCP pRe—LSM-B—-Hor—Hree) f4omthe VAW
conpany. 12
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- 15- CLAI MS: 1. A process for the
preparation of a hydroxyl-containing aromati c conpound by
catal ytic oxidation, conprising carrying out.the catal ytifCragT

aromati ¢ conpound 5 by a dinitrogig nonoxi de- confai n
presence of a porous glass at a tenperatu 1S
about 800[err]C CLAIMS 2. The process as claimed in Cal

wherein the aromatic conmpound is benzene. 3. The process
as clained in ClaimA, rmsa‘bnptemrwhigmydrmgd!rmonm»agmemaﬁm adbmpognds by

325% by Vol ume 10" kOB YA HORRE R By L
claimed in daim 1, otidatigm afhthediandmeatigesompeind dy- eoﬁltraﬁr@gergmonomde- .
gas conprises from %ﬁt&rn?r%oﬁ’éé’lfn‘(r% EP@séﬂr'cB'dfféDBSFbu%lgéé e aaﬂé%ﬁ drafrd 1o

20% by vol une_ o € process as
clained in Caim3, #hEEBE0The ot her gas is selected from t he 15

group consisting of air, oxygen, nitrogen, noble gases, carbon dioxide,

steam anmoni a an res. thereof.. . . T
process as cl ai ‘ﬁed i NePRsHsE asv\ﬂ@'r"e?%'”tﬁgmﬁeawhﬁﬁ”e ¢ 2ot ﬁ%'%BSV'E&t;s
gl ass i s bhededeisibedzénand 1.0 nm

3. The process as claimed in either of claims 1 or 2, wherein the

dinitrogen-monoxide-containing gas comprises from 5 to 100% by
volume of dinitrogen monoxide and from 0 to 95% by volume of
another gas.

4. The process as claimed in either of claims 1 or 2, wherein the
dinitrogen-monoxide-containing gas comprises from 80 to 100% by
volume of dinitrogen monoxide and from O to 20% by volume of
another gas.

5. The precess as claimed in either of claims 3 or 4, wherein the other
gas consists of air, oxygen, nitrogen, noble gases, carbon dioxide,
steam or ammonia or mixtures thereof.

6. The process as claimed in one of claims 1 to 5, wherein the mean
pore size of the porous glass is between 0.1 and 1.0 nm.

7. The process as claimed in one of claims 1 to 6, wherein the
catalytic oxidation is carried out at a temperature of 200-700°C.

8. The process as claimed in claim 7, wherein the catalytic oxidation is
carried out at a temperature of 250-550°C.

9. The process as claimed in one of claims 1 to 8, wherein the total
surface area of the porous glass in the dry state is at least 50 m?/g.

10. The process as claimed in claim 9, wherein the total surface area of

ous glass in the dry state is 50-5000 mzlg
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7. The process as clainmed in aim1l, wherein the catalytic oxidation is

carried out at 20 a tenperature of from about 200 to about

700[err] C 8. The process as clainmed in claim7,

the catalytic oxidation is carried out at ate ﬁsLS}BEEO'fHKSBﬁEN
about 250 to about 550[err]C 16 REPLACED

- 16 - 9. The process as clained in d'armI—wWhereln
the total surface area of the porous glass in the dry state is at

| east about 5010 eflie/ grocess as claimed in claim @0whétein phe tetabsurfacd arezedf i n.

fhe ary state o binedoindhes BNl baiulsiftiie g 5 O

11. The process as clainmed in Caim9, wherein the total surface area of

the porous — 12 TheOpRstessNaé hﬂatgﬁé/qr%ﬁaér?e o Qe an tabott whar C?Hdth%bo‘“

1500 nferr]/g cess as clained in aimil
wherein the porous per%giaﬁﬁsé}sapé@dopyﬁm@ sol-gel proceS§cﬁndg@q>n§:s$féc@°s%t and

gfgfr:s f,ﬁ sm(gf rrglt r]I e?%asals@% w&v?lght BEbgHEs %Efeﬁsﬂ%m%f AaR gmuﬁ@ Qif rAdin 4 of
the Periodic 109 grtg)up ?a%l%‘j%rof'ﬁ gpgfn.ygggoup ngfger{%cl aﬁt’%& ?"825 and

actini des. Elements, including the lanthanides and actmldes
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