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0050/ 46638 1 Noble netal -free catal yst conposition 5The present invention
relates to a noble netal-free, solid catal yst conposition, its preparation,
.i-ts use for produci ng hydrogen peroxideg and its use in the epoxidation:of
ol efins. Hydrogen peroxide is nowadays w dely used as a cl ean oxi dant, for

10 exanpl e for.the bl eachi ng of per_and cellul ose, for the renoval of SO2
from wast e 53%{3%,mqtﬁlrﬁge@%&a}gggcgmpmﬂ} in sem conduct or manuf act ure,
and for sterilization, for exanple deodorization or disinfection of packing
material . | #horQaiientC BRvestioh rBYSEOOND RERBKI dendtiugede Pasdiiigul arly in
epoxi dat | é”c&é@é&& %ﬂﬁ?éi@%ﬁd OEEEE bkt RN ef €5 My ng Fdu¥inge can
al so be gengr&JF NS ud clor,ding to, t pflor%§%§§ % qﬂﬁ? péroxide is
nowadays pr 85SFEFT FPGKLAS AN, A5 P8 AFhiTRENEPRF @F o954 Enn's 20
Encycl opedia of Industrial Chem stry, 5th edition, vol. Al13, pp. 443 ff).
The subst eppoh, Sydll PREBRIAONd SolgASySISHAY §88d1 £0a RYbak Tbalild@nR! es6ACe
of a metal 8:%{““ P lecBUER %e%%h'iﬁg! &N altrpae%k aRf Bﬁ‘ﬁ\\,\ﬁhogéc Kede il %gg{a&élf”’
het er ogeA&oli cata yze% repar atj Ve ;jprocesses Jjn Wi ch n&ﬁle netals on
various supBEri% F5Om SATkE gaRes ¢ st e SHEGE ORGT QBLEFTHRd® Thus, in US
5,320, 821, PeEpicendussoryBerefaciugserrd foat sF§silizntirepafer eFar@den

per oxi de frdevddicimitdopnts. dilinfecthon eyf pRCEOAT M¥Gekidl scTrosegantie use of
silica or zepémisfisry,08¢ifedentipeiopliaéiiyimseat phtt Bl akPy0idPpox3batios! 0ses
the use 3& 2h& GRRHAGRYXE 965 QU@L BRE, Widte3ByBFogen peroxide can also be

generated in situ.

According to the prior art, hydrogen peroxide is nowadays
prepared largely by the anthraquinone process (cf. Ullmann‘s
20 Encyclopedia of Industrial Chemistry, 5th edition, vol. Al3,
pp. 443 ff). The substep of hydrogenation is here usually carried.
out in the presence of a metal catalyst such as palladium black
or Raney nickel. In addition, heterogeneously catalyzed
preparative processes in which noble metals on various supports
25 are used as catalyst have been described. Thus, in US 5,320,821,
Pd/heteropolyacid is used as catalyst to prepare hydrogen
peroxide from the elements. Purthermore, JP 5017106-A discloses
the use of silica or zeolites together with platinum metals and
EP 0 537 836 discloses the use of zirconium oxides together with
30 pd.

i

However, these processes often require the use of halogen
compounds as promoters and stabilizers, as described, for

example, in US 5,320,821,
35

In organic oxidation reactions, it is possible to use hydrogen
peroxide formed catalytically in situ directly or in combination
with peroxo-oxygen transferers (cf. G. Goor in G. Strukul,
"Catalytic Oxidations with Hydrogen Peroxide as Oxidant”,

pp. 13-43, 1992 Kluwer Academic Publishers). In particular, known
heterogeneous oxidation catalysts are titanium~containing
zeolites whose preparation is described, for example, in DE
3047798. Zeolites of this type are used to transfer oxygen to
monoolefins and diolefins (cf. EP 0 100 119 and EP 0 190 609).
Compared with the industrial oxidation by the chlorohydrin
process {cf. K. Weissermel, H.-J. Arpe, "Industrielle Organische
Chemie”, 3rd edition, VCH Verlag (1988) pp. 284-289), the process

40
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. However, these processes often require the use of hal ogen conpounds as
pronoters and stabilizers, as described, for exanple, in US 5,320,821. 35
ILn organic oxidation reactions, it is jossible to use hydrogen peroxide

- I?;g?;g Skbfééfz?iél@/ toNEBi § UL rl‘i?t hils Ofnd @g‘i@it‘f@écj@}dfoﬁaﬂﬁ ’ FiQJJ:OXQt:ﬁXygen
Hydr ogen PeF%%%%e’a$§§§?%%% %XJ‘§% Bﬁéﬁqﬁ% %’f%ﬁ\/\/gﬁél%g en%lgr%ﬁ’ i shers).

I n particul BFSPEHown het er ogeneous oxi dati on catal ysts are
titani um containing zeolites whose preparation is described,

for exanpl e,

imr; nE))EI 2;)'4:2 98 -nJ .Z%}léin{.ei?zo@f (%:l?inﬁ b)ﬁﬂﬁuzg! & 1‘9%92 19447 @Qi rREs G Qi’é&cﬁ:@bé%d
Tl e e b e

with the ingustr n

Wi sser el . PEATOSCTORITER | QYRR FEEBLILS (AIdAPLBReToTS oo 1L 3041 4t PBR, VOH

Verl ag (198eplyplowgeaghign natespromeared withshydpamse perexisialiarg to EP 0

100 119 hasobserwstli.ant age of making, for exanple, propyl ene oxide

obt ai nabl® in high selectivity frompropene. 5 In J. Chem Soc. Chem

Commun. (1992) 1446-7), Tatsum édgscribes t he hydroxyl atjon of henzene and
d

the oxidati R H9HLIePER i #

69T INPGER Vgt 8PP1R Behatadi um on

TS-1 silicaratalyshst containing titanium zeolites and processes for
preparing propylene oxide from hydrogen, oxygen and propene. The

15

catalyst systems described therein are very satisfactory, for
example, in terms of reactivity, selectivity and stability.

However, they nevertheless have the disadvantage, like other
heterogeneous oxidation catalysts known from the prior art, of
containing an expensive noble metal as catalytically active
constituent. This is a significant economic disadvantage,

20

oxidation products such as propylene oxide.

particularly for the large-scale industrial production of the

It is an object of the present invention to provide a noble

25 metal-free heterogeneous catalyst which is also essentially free
of halogen atoms and can be employed both in the preparation of
hydrogen peroxide and also in the catalytic oxidation of organic
molecules such as, in particular, the epoxidation of olefins.

30 We have found that this object is achieved by a solid catalyst
composition comprising a base metal component, phosphate and a

nitrogen component as essential constituents.

Metals suitable according to the present invention are the d and
35 ¢ elements, i.e. elements of the 4th to 6th period from the
groups IIIB, IVB, VB, VIB, VIIB, IB, IIB, IIIA, IVA and VA of the
Periodic Table, i.e. S¢, Ti, V, Cr, Mn, Cu, 2Zn, Ga, Ge, Y, 2r,
Nb, Mo, Cd,’'In, Sn, Sb, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Exr, Tm, Yb, Lu Bf, Ta, W, Re, T1l, Pb, Bi and additionally Fe, Co

10 and Ni,

The present invention accordingly provides a catalyst composition
(hereinafter referred to as metal phosphate) which is obtainable

by

a) - preparing an agueous mixture comprising
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only low reaction rates conpared w th hydrogen peroxi de are observed. 10 In
addition, DE-A 44 25 672 discloses inproved noble netal catalysts
.eontaining titanium zeolites and processes for preparing propyl ene oxide
from hydrogen, @xygens&r¥l of apebéastl ltmel basat el sa)6¢Eet fAOMCaNORE the

therein are very Sa&léﬁé&?@so'h)imﬁeraﬁﬁﬁ%phﬁmbéﬂs AB, 0§9-[4525‘Ct4'8\45§.)’ 57-75
selectivity and sta % Fbmever t hey nevert hel ess have 't he
er

di sadvantage, |ike 0O heferogeneous oxi dation catal ysts known fron1the
prior art, of cdnh] aamlgamoaepplmplamobbe amd al as catalytically active

20 consti Buent si_gni f I C e advantage, particularly
for the | arge- s&éfL H'Pg téﬁﬁﬁ? %%Gg tﬁ§“%X|dat|on products such as

propyl ene obl)deevapozras:mg bhe eague@iqst helptbyewbtaaredtansn drping ciede a
-nobl e 25 net al - tae£1 gl eoagesteitn eatal yoimed) eithsonldaheaseqénslld y free
of hal ogen atowmgfa@obssew@e@qnb@w ¢4l ?%l@r%\ﬁtt iyon ‘of hydrogen

peroxi de and also in he catal ytic oxidation of organic nol ecul es” such as,
in parti @@ ar, the epoxidation of olefins. 30 W have found that this
obj ect i s aTheeaprbdup mizuhrel cfasdbygstaxdmpesefevsblgowbtasned) by base net al
conponent, ghosPheilny a8Ré conpdnepgeni FOMPONGAY 851 PSiteRhi aﬁumtsbuueﬂts.
Q/Fte ﬁL s gu' t3hte ACCRARALNG: t4h e eBﬁézﬂEoﬁdﬁ%m £ ﬁfs%aE@@ QB amelﬁlﬁs
VB, VIB, VI Fﬁha’f‘leﬁrzle Egl}q%‘ﬁ\ qﬁ"\‘}%b%%a e %?EQQ?Q EQTQ% Wt J‘”§%c
Ti, V, Ol RRIPRAENtE,capgbe Gissolved OB STAATaRLY SHEOR reCe.  pr
Nd, Sm Eu, aggthqq} Bgyeveg, preference 1s glven to separately preparing two
solutions, one of which contains the base metal salt and the
other contains the posphate [sic] component, and subsequently
combining the two solutions. The nitrogen source required can be
20 present in one or both of the solutions.

In the preparation of the metal phosphate catalysts of the
present invention it is advantageous to first dissolve the metal
component in the form of readily soluble salts in aqueous

25 solution and then to add the phosphate in dissolved form with
steady stirring.

The method of selecting the most suitable pB and tempereture
range for the preparation of a particular catalyst composition is
known to those skilled in the art. In the preparation of the
component solutions or the agqueous mixture it is usually
sufficient to work at from 10 to 60°C, preferably from about 20 to
30°C. However, depending on the solution behavior of the
components used, heating of one component solution or of the
agqueous mixture above the value mentioned can be employed. During
the preparation of the component solutions or the mixture,
particular measures for adjusting the pH are usually not
necessary. However, depending on the solution behavior of
individual components, the addition of pH-adjusting substances
such as customary acids or bases, or customary buffer substances,
can be advantageous.

30

35
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Er, Tm Yb, Lu H, Ta, W Re, Tl, Pb, Bi and additionally Fe, Co 40 and N
The present invention accordingly provides a catal yst conposition
(hereinafter referred to as nmetal phosphate) which is obtainable 45 by a)

" preparing arnadugRsksusTintklfe dcsliNgs aeITPLA653&1hde) af SAdferabigt
| east one b%%%gggé% @%I ggg trga% gggn tgq] %I goepnt Se \Qaggﬁg; AL numbers

21-32, 39-4 t d d
i )at | eas PPORBOATE (K eﬁngo’ﬂl’rfc,ré’geé’nﬁoﬁ’f o?‘gts? On]taﬁfpréﬁg%ofé t§‘(’J"1nu1z:i|non

obt ai ned and2ag¢i af %l?%ltc&t &l Q/SEL-lcérrﬁogr?T‘brPrt 3e13 ‘P’Eﬁ% ot th o MiltAout

gentle warsing, so as to retain its catalytic activity. 10 The aqueous

m xture of %ggge nﬁeétﬁv@r 8&8&%@9’%&%&#e&ebﬁtrx%%%&ké’i Q?%(Iilgggeg 4 ‘C}%%Qfé )

i) and iii), T n’a

for instanceéPafiPg sePhXHyre of §B?v%’ﬁﬁse%\k€"%’t‘thr’né: By ¥REY WFRL Bent
is water. TwideSrargm@Eménis %%ﬁﬁrﬁéadﬂxs@%@@mégebﬁeﬁch%rsoéébalhﬂuewf them
one anot her cohipuends usedefl Bowenweer i dtgiyexdtantagpanstsd prppeparaqugoiso
sol uti onst® erauwefondiviiceoatal 415 doneehosstdetadl psséivbandnt Beder to keep
the time and energy requirements for the evaporation of the
agueous mixture as low as possible, provided that the formation
of the catalytically active metal phosphate of the present
invention is not impaired thereby. Thus, for example, the metal
15 component and the phosphate component can be present,
independently of one another, in a concentration in the range
from about 0.1 to about 1.5 mol/l, for example from about 0.25 to
about 0.85 mol/l. The nitrogen source(s) can be present, for
example, in a concentration in the range from about 0.1 to about
20 ¢ mol/l, for example from about 0.25 to about 3.5 M. When
ammonium ions are used as nitrogen source, the metal component,
phosphate and ammonium are preferably present in the mixture in
approximately equimolar amounts, with the concentration of each
of the three components being able to be from about 0.25 to about
25 5.85 mol/1.

During evaporation and drying of the agueous mixture, the
conditions are preferably selected such that complete loss of the
nitrogen component from the catalyst composition is essentially
avoided. In particular, the conditions should be selected so that
the proportion of nitrogen in the catalyst composition after
completion of drying is reduced by not more than about

20-90 mol%, preferably about 50-80 mol%, based on the nitrogen

35 used.

30

The method of selecting the most suitable drying conditions for
the particular catalyst material is known to those skilled in the
art. As shown by the accompanying examples, it is possible, for

40 example, for drying of the catalyst composition at a temperature
which is too high to result in complete loss of nitrogen. This
loss can be detected by means of a distinct, characteristic
change in the X-ray diffraction patterns of the solid
composition, as is shown by comparison of the attached X-ray

45 diffractograms (Figure 1 and Figure 3). In particular, the fine
structure in the diffractogram which is conspicuous for the
catalytically active phosphates of the present invention can no
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.ofher contains the posphate [sic] conponent, and subsequently conbining the
two solutions. The nitrogen source required can be 20 present in one or
both of the solutions. In the preparati &n of the netal phosphate catal ysts

of the presebéngery det detedted.S HotuaEE AGARURMOLE £1dSilridhas MM dthes "EL &l

I e Iutlon and
Chen to add tTer Jfﬁ%%?ﬁ?"g&?aﬂ o SSPLARE R0 bE Dootb ISR, ok R he °

nmet hod of se ed?ln ? 'suitable pH and tenperature 30 range for the
preparation of a partlcul ar catalyst conposition is known to those skilled

in the art5 tre thaapyepassly Ql&thretxﬁ@td-lO@SBQB Rits Ysukhe éigfentth(i é&ﬁffw
mxture it igg %ﬁ&dsuﬁf gx%ﬂzéléo f&@é&{sgmﬁgt Ie(r)[] e g{/fofrab' y

from about 20 to r

the 35 componem & 4 %%gd{: h%laltnieﬁﬁ bF %r%%ééﬁﬁﬁn’é?ﬂg S SFERi FPPWr 187 te k0 ueous
m xture abov®Pa%re &y g UBPFHItiS0MeB0 dhfye 36 nHT &y cxboubul P riep talboupr 2904Cat | on
of the com ofedr abobht 1dhs dd0PRe aridittheerepidud obtainebasuthss fvay is

adj ust i ng1Phérisd dneais st |atmpe pheeixe $Rekyur&oave \Faiom dsmqhonabe@ttmwc

sol uti on behgwd ffradly4Prd GioudUsd €PERBANE Sood, hﬁnaﬂgfélc%g ? #P5k adious{ing
substances SM@Wxﬁ§b8g§t9ﬂﬁ%y ac djgﬂﬁc.aggﬁ %&gguéﬂgg%Q L8 about 5

substances, Ca%ob%ours?ngo%géggnslple from about to 12 hours.

15 ‘
This gives solid phases which are able to form hydrogen peroxide

from hydrogen and oxygen by heterogeneous catalysis without noble
metals and halogen-containing promoters.

20 In the catalyst composition thus prepared, base metal (M),
phosphate (P) and nitrogen (N) can be present in a molar ratio of
M:P:N = 1:0.9-1.3:0.9-1.7, for example in a ratio of
1:1-1.3:1.1-1.5 or about 1:1.1-1.2:1.1-1.5.

25 For preparing the aqueous mixture as described in stage aj,
particular preference is given to using water-soluble base metal
salts such as halides, e.g. fluorides, bromides or chlorides,
hydroxides, nitrates, sulfates, cyanides or other water-soluble
salts. The use of nitrates is particularly preferred. Base metals

30 used are particularly elements having atomic numbers 21-32, 39-42
and 48-51. The oxidation state of the metal ion can vary and be,
for example, +1, +2, +3, +4, +5, +6 or +7. However, preference is
given to those oxidation states of which water-scluble salts
exist.

35

According to a particularly preferred embodiment, use is made of
salts of iron in the oxidation states +2, +3, +4, +5 or +6, in
particular +2 or +3, and salts of tin in the oxidation states +2

or +4, in particular +2.
40

Most preferred is the use of water-soluble iron salts such as
iron{III} nitrate and water-soluble tin salts such as tin(II)
chloride.

45
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4 The aqueous m xture produced as described in stage a) preferably

conpri ses the base netal ions (M such as base netal cations, phosphate (P)
and nitrogen source (N) in a nolar ratgo in the range of about 1 : 0.8-1.4

2 0.8-4.0, jlg %@pbsmaoﬂenks%hicﬂ ¢hn DREhSERRG 'a&eofmrge%r ghkon of the
ndi v dual COORCRLoeRE S kel Hel A ARIERYS M |dHiBoBbodihp RECSEN

i nvention cB ar g I's_essen g det e er oarby t-he
sol ubility bhe t"f?é"e(’:'o 'l‘f;}l(fs' a8 g ‘\‘%‘%vgfeel?ﬂrfsg Wﬁﬁ? é’&%"f’ ﬁepare
aqueous 10 Bﬁﬁﬁre@ﬁg Wi sivesr §°a§h%d¥ﬁ?eﬁ€r'd§%r-§§lr§§§§| Sl ®@forder to keep
the tine andrﬁwmﬁpheqin reerientBidioridrine phospivat,| hydodgerdphosghete sorm xt ur e
as |l ow as ogenﬁﬁ@yxbm@ §8as ideduebiBt séemutdlont.he catal ytically active
nmet al phosphate e present invention is not inpaired thereby. Thus, for
exanpl e, the netal 15 conponent and t he phosphate conponent can be present,
i ndependentlﬂ:‘/tme@neoamswenh;ichnc@ dencopiryed rdordihe tartge presentbout
0.1 to abouinderdtiwml Ate Aidiriexacpd eardd ameabatdér-Gialnble, aimilie ReB8a)hidd .

The nitrd9egs BAHRBLEESE C T FRrPES SBImp1Lar whXH M8 ,bér&naz&%@anaf@tlon in
the range foamARAYL, Jnét%aégoyh@sooi Y Aboéa,{en@ieﬁpé dskopbebout 4. 25

to about 3 ni u " et al

component o%lﬁﬁansa%Teamﬁmﬂ%rwpéfeﬂ She, MBLERrS A biE e FRRIir o i n
appr oxi mat elr‘%/t&@qﬁPfﬁﬁl B L e hRr et wit s NE Bﬁc@?ﬁ PELPBRY 0fSeSRBA2EY e
t hree conporerttiaryeanineshlor selbe theneodbwhicl) £2% solubbutin25he. 86lvesit/ | .
During eVBpgsad isedondingrit RfeOprédtmtadneetisicn X Eranplédadendinky ans are
preferably galegned sHEdatl aeRPPIRlRs 88918 J'®0 3 lower alkyl groups
and lower alkylammonium salts having up to 4 lower alkyl groups.
The lower alkyl groups are preferably C;-Cg-alkyl groups such as

methyl, ethyl, n-propyl and n-butyl.
20

The preparation of the nitrogen—coﬁtaining metal phosphates of
the present invention is preferably carried out using ammonium or
lower alkylammonium phosphates. Particular preference is given to

25 using ammonium dihydrogenphosphate.

According to a specific embodiment of the present invention,
iron(III} nitrate and ammonium dihydrogenphosphate give, after
drying, a catalyst composition which displays an X-ray

30 diffractogram comprising the following characteristic diffraction

lines: ¢

2-Theta d
9.37 9.429
35 18.37 4.824
28.01 ' 3.183
28.78 3.099
40 35.05 2.558
37.87 2.373

According to a further preferred embodiment of the invention,
tin{II} chloride and ammonium dihydrogenphosphate give, after
drying, a catalyst composition which displays an X-ray
diffractogram comprising the following characteristic diffraction
lines:

45
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30 nitrogen conponent fromthe catal yst conposition is essentially avoi ded.
In particular, the conditions should be selected so that the proportion of
nitrogen in the catal yst conposition agter conpletion of drying is reduced
“‘by not nore than about 20-90 _np| % prefer?bly about 50-80 nol % based on
the nitrogen 35 used. The ne?ﬁBHe%? sel ectifng. the nost suitabl e drying
conditions for the particul an2¢cagal yst matjérdat i s known to those skilled
in the art. As shown by the acconpanying gxanples, it is possible, for 40
exanpl e, for drying of the cdBaP$st conpodft?®h at a tenperature which is
too high o result in conple;g égss of nitroggg. This | oss can be detected
by means of a distinct, characteristic ch ﬁg n the X-ray diffraction
patterns of the solid conposihi o9, as is 4Bowge by conparison of the
attached X-ray 45 diffractograns (Figure and Figure 3). In particular,
the fine structure in the dikBrattogram wjdcdsls conspi cuous for the
catalytically active phosphates of the pre¢sent invention can no
0050/ 46638 5 | onger be det ec28d??However, |Bhé2%mst significant effect of
the I oss of nitrogen is a de Lease in or gngégte | oss of the catalytic
activity. 5 The catalyticall% active metalf~p phate of the present
i nvention is obtained, for exgnopse, when fhegggueous m xture is first

The 2-theta values indicated above were determined using copper
15 K(a) radiation {wavelength 1: 1.54056 Angstrém; wavelength

2: 1.54439 Angstrdm). Further diffraction lines are shown in the

accompanying Figures 1 and 2.

According to a further preferred embodiment, the catalytically

20 sctive metal phosphate of the present invention is combined with
an oxygen transferer as further catalytically active component.
For this purpose, for example, the generally solid oxygen
transferer can be suspended in the agueous metal salt solution
prepared as described in stage a) above and the suspension

25 obtained in this way can, as described above, be evaporated and
dried.

while the metal phosphate of the present invention is suitable,
in particular, for use in processes for preparing hydrogen
peroxide, the metal phosphate combined with the oxygen transferer
is preferably used as heterogeneous catalyst in organic oxidation
reactions, for example in the epoxidation of olefins.

30

35 The invention accordingly also provides a process for preparing
hydrogen peroxide in which hydrogen and oxygen are reacted under
conventional conditions in the presence of the metal phosphate of
the present,invention and the hydrogen peroxide formed is
separated from the catalyst composition.

40
The invention additionally provides a process for the epoxidation
of olefins which comprises reacting the olefin catalytically in
the presence of hydrogen and oxygen. The olefin used can be any
organic compound containing at least one ethylenically

45 unsaturated double bond. It can be aliphatic, aromatic or
cycioaliphatic in nature, and it can have a linear or branched
structure. The olefin preferably contains from 2 to 30 carbon
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‘evaporated to dryness in a pressure range from about 10 to 1000 nbar, e.g.
about 15 - 50 nbar, at from about 10 to about 200[err]C, e.g. about 100 -
..140[err] C, and the residue obtained in8his way is 10 dried in air at
at nospheri c apeRs s Mckeathéh Ghel @ty 1801 Gyt wRSREEFdHled d@ﬁsi@rb%bhycéﬁqsa
about 50 tog Qeéﬁ 1%&%& 1d & p%taféﬁe%r oEr 9936&1}&?4“ ol ﬁgp
140[err] C a g}%ﬁ”é° N (iu ng L5an _be fral g o \ﬂ%o 20 hours,
for exanple f‘ Uk 0 Jff ho nﬁlll § 8 Fes %51 § gﬁ SEP FCRR” ar e
able to for ﬁf"ﬁ?@%‘g@ﬁ%@?oﬁ‘ﬁé’%&i‘d’h?%ﬁ%fgéﬂnﬁﬁb‘“%ﬁey&é'ﬁrﬁw SOUBgencous
cat al ysi s Swetheutbmigiges - nee ki iglea hrifdag g eerbony hi funegiprenvtxane. gzoups, t he
cat al yst conpose tgmupshos giepagedupdase netal (M, phosphate (P) and
nitrogen (N) can be present in a nDIar ratio of MP:N=1:0.9-1.3:0.9-1.7,
for exanple in a ratio of 1:1- 5 or about 1:1.1-1.2:1.1-1.5. 25
For prepari RgPioRl SfaaBles rﬁ&ﬁ&‘F@ aée@é&ﬁﬁeﬁtﬁﬂ%gér‘a&en%art i cul ar
preference Rsbyiens résusind) waner2soitdiico Badebytmddlengal pentsmels, as
hal i des, 18. gsoptetar,i texends procdeses| witemeisfesecdned,0xhdeSendy I at es,
sulIat els Icaa@é&etﬁ-;sorc &ﬁ@éed&@h@r Pt Lt el t §1cytiQp Haea&ieﬂatfat es is
particul ar r e
havi ng atom ﬁ nﬁee?@ﬁ?%%?arge Eﬁ § %’%i’%fgﬁ R?i glgg{:%!llélx %e ng?#&f he
netal ion c& raRGTBE-C éx’ﬁ ae '+§r 3“195“196 or +7.
However , 3y Bheykanesics a@%@e Ryl Adeehe @Ak sraarvlases ofalifilch
wat er - soldbhetlsadnys asrEst o1e8iE Acddr dlinpliedcaapidi ildmodehic pradider estlers
enbodi nent , ahgegliyrerades 0bf salchSufbaturtddn fhbey adidal | otysdmt,es +2, +3,
+4, +5 Of +§.md¥hylstyrene, divinylbenzene, indene and stilbene. Mixtures of

salid olefins can also be epoxidized by the process of the present

invention.
20

The process of the present invention is particularly suitable for
the epoxidation of propene to give propylene oxide. For this
purpose, the metal phosphate of the present invention combined
with the oxygen transferer is advantageously used as catalyst.
While the metal phosphate component catalyses the in situ
production of hydrogen peroxide, the olefin is epoxidized with
the aid of the transferer component.

25

3¢ It is here economically advantageous to allow the reaction to
proceed only in a pressure range of about 1 - 20 bar at about
5 - 70°C, in particular at about 20 -~ 55°C. The molar ratio of
Hy:0, can be varied in the range from about 1:1 to about 1:20, in
particular from about 1:1 to about 1:10.

35
Oxygen transferers which can be used in the catalysts of the
present invention are, for example, titanium silicates having a
pentasil structure. As examples of silicates, particular mention
may be made of those which are assigned X-ray crystallo-

40 graphically to the MFI or MEL structures or MFI/MEL mixed
structure. zZeolites of this type are described, for example, in
W.M. Meier, D.H. Olson, “Atlas of Zeolite Structure Types”,
Butterworths, 2nd edition, 1987. It is also possible to use
titanium-containing zeolites having the structure of ZSM-48,

45 ferrierite, 2SM-12 or f-zeolite. In place of the titanium, it is
also possible for, for example, vanadium to be present in bonded
form in the zeolite. Likewise, titanium-, vanadium-, molybdenum-,
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particular +2 or +3, and salts of tin in the oxidation states +2 or +4, in
particular +2. 40 Most preferred is the use of water-soluble iron salts
.such as iron(lll) nitrate and water-solSuble tin salts such as tin(ll)
chloride. 4phenidid@r4éangsferPionghihing arpOPENbSs \dHidesCas descaiipeayss

accordi ng t ggt bes RS gt Dgnyeﬂtdﬁgsaégn "Bitsarhaspied ¢ and orthophosphoric
acid and the water-soluble, noble netal-free salts thereof. Particul ar

preference is given to the use of water-soluble salts of 5 orthophosphoric
aci d whi ch frbe naipivesyenatopedy dasydnphasih areforred Hhidragempsiosiglakes. i ons in
aqueous sl HhiOilg M MFOOBENELMMINC eSrbt e Gde PLefIRHDBedcapsildiizgngoat he
T sal s heyBor o SR, PoRfriny BACel ' HILEhIGR dlhite She SLIIELA -Tree
wat er - sol ub?é OX19§ are 2LAFPREQ r;t%g %%oveerﬁﬁﬁplgone%tfr%sneo%egg 1G9 is also
possi bl e t oR&REPIFPCAMSALRLIH FOTREURAT o065 GEFECT RIS ﬁ‘é’?%’r jise Witk

t hereof . Al 95 withsiue she additdiop of cemmanisy solution, &lycadfyi oleflyoridet s
t her eof %ﬁlah atmersdlizele $uitaddesolivesdentvonsetnier aotpogndo drdee Poesent

i nvention. €S 1)elLahafiioHe&aRBNiéONaD ar 6ot cvEr) Arkplard g yhakéng up
to 3 |ower QLKM , BOWURe free hyroxide of tetraalkylammonium salts, such as
in particular tetrapropylammonium (TPA) (cf. DE-A 3047798). As
described in DE-A 4138155, the use of expensive TPAOH can be
15 avoided if TfABr:together with ammonia are used in its place. The
latter method in particular avoids alkali contamination of the
titanium silicate; alkali contents of <100 ppm are desirable in
order to later obtain a sufficiently active epoxidation catalyst.

2 . . . . \ A \
0 The crystallization of the single-phase titanium silicate having

the MFI structure is preferably carried out at 140-190°C,
particularly advantageously at 175°C, over a period of from about
2 to 7 days, with well crystallized product being obtained after
only about 4 days. Vigorous stirring and a high pH of about 12-14
during the crystallization can distinctly reduce both the
synthesis time and the crystallite size.

25

It is advantageous to obtain, for example, primary crystallites
30 having a particle size of from 0.05 to 0.5 ym, but in particular
less than 0.2 um.

After the crystallization, the titanium silicate can be filtered
off, washed and dried at 100-120°C by methods known per se. To

35 remove the amine or tetraalkylammonium compound still present in
the pores, the material can be subjected to a further thermal
treatment in air or under nitrogen. It is here advantageous to
limit the temperature rise to <550°C.

40 ppe presence of the catalyst functions necessary -for the olefin

oxidation can also be checked by IR spectroscopy; at about
550 cml and about 960 cm-l there are significant bands which
indicate the presence of the desired solid state crystallinity

25 and also the necessary epoxidation activity.
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and | ower al kyl ammoni um salts having up to 4 | ower al kyl groups. The | ower
al kyl groups are preferably (ferr]-Cerr]-alkyl groups such as nethyl,
_ethyl, n-propyl and n-butyl. 20 The praparation of the nitrogen-containing
metal phosphgiiesigh 348 iERSEREpAFRERNI ORid Svdy @RA1 abc':d’oﬁﬁ?:&i gd put using
amoni um or 1,ouel 2l ky h{%mkgé‘%%%ﬁpt Eé-tfea%%ks.‘d'fﬁosgh%t%é? £SHe 9 Ven
to 25 using éﬁnnnlunl | hy.dr ogeh sphate. ” Accordin 0 sgeC| C , .
enbodi ment GRFSERBEpT EERRLOR BV (T® PROAPITH jFoR PRERRIS AbE AoltiAn Of
di hydr ogenptromshtatenitsate andeammpniungphasphate ¢ap boribidialdy eharged
di spl ays & a2bd ape3freblliy geloimaxintdsapiwsi zepltite &ah | thwnnpecaddexttioni stic
gigf 1;r7act | ON ddrt@8ns 2eHR! @tirring. The9z8dlite suspensforf2dn38hen be
3505 SveRosabeR & et 30 - 200G, S pfelfutar trom apeht S €0
preferred erPSaFmefiasr SERRSPRRAS PENTSWGHYA PFeERTET1 de and armoni um
di hydr ogenphosphate give, after 45 drying, a catalyst conposition which
di splays ®h pf kdii €y f{HaCaRdl ot UMbkt iend T kabkl préagichavest &id,Sithe
diffraction @35 known from the prior art can be employed. Examples which

may be mentioned are shaping with the aid of a binder, ion

exchange and/or impregnation with metals, surface modification,

for example by means of CVD (Chemical Vapor Deposition) or

15 chemical derivative formation, for instance silylation. It is

also conceivable to deposit the catalyst composition of the

present invention on a solid, inert support. Suitable inert

supports are, for example, spheres, pellets or extrudates of

aluminum oxide or silicon dioxide. To prepare the supported

20 catalyst composition of the present invention, it is possible,

for example, to add the support particles to the abovementioned

aqueous metal salt solution prior to evaporation, if desired

together with the abovedescribed oxygen transferer, and to

- evaporate and dry the mixture as described above.
25

Depending on the organic molecule to be reacted, the catalysts of
the present invention can be used in the liquid or gas phase or
else in the supercritical phase. In the case of liquid phases the
catalyst is preferably used as a suspension, while in the
gas-phase ox supercritical procedure a fixed bed arrangement is
advantageous. '

30

Deactivated catalysts can be reconverted into an active form by

35 controlled burning off of carbon deposits and subsequent
reduction, for example using hydrogen. In the case of a low level
of deposits, the catalyst can also be regenerated by a simple
washing process. The washing process can be carried out as
required at neutral, acid or basic pH. It may also be possible to

40 restore the catalyst activity by means of a hydrogen peroxide
solution acidified with mineral acid.

The present invention is illustrated by the following examples.

45
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0050/ 46638 7 2-Theta d 12.79 6.915 13. 04 6.784 5
19. 09 4. 645 20.21 4.389 23.01 3.861 10
23.90 3.720 26.18 31400 30. 33 2.944 The 2-theta

“val ues i ndi %%Eﬁglgiiove wer e determ ned using copper 15 K([err]) radiation
(wavel engt h 17 71.54056 Angstrom wavel ength 2: 1.54439 Angstrom. Further
diffraction lines are shown in the acconpanying Figures 1 and 2. According

to a furtheprppafetiond of mow direen phospitattm icaltwllystl {oataQyattAye net al
phosphate of the present invention is conmbined with an oxygen transferer as

further catalytically active conponent. For this purpose, for exanple, the
general |y séPi 8 RRAMFERPYLERR Re2sPTeabl b FsPé ) i9f drenghtidoddtrata

sal t sol uti bexphydeated (Riedes ciei Baen) ety sijssa)vedcite rany térpeyrspaasinn 25
obt ai ned i n26biml Wiy dedbnized dateri &ndl tfamsEerbed evaponal eglassd fdasrd.
DAl oL L O s 0 D RS0 L ool o
'O u h h 4 ¥ sol
phosphat amggb éggm tvg?n}pﬁrgggre 1¥1g)?gﬁ§nrlfnosg eeélgnized water and the
phosphate solution formed is added dropwise while stirrxing
vigorously to the iron nitrate solution.

15 The solution thus formed is stirred for one further hour at room
temperature. The reddish solution is then transferred to a rotary
evaporator and evaporated at 90°C and 15-20 mbar. The solid
obtained is dried overnight at 120°C in air in a convection drying
oven. The product displays the X-ray diffractogram shown in

20 Figure 1. The 2-theta values obtained and the associated d values
and the relative intensities for the diffraction lines determined
are summarized in Table I below.

25
30
35
40

45
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is preferably used as heterogeneous catal yst

reactions,

I n organi c oxidation

for exanple in the epoxidation of ol efins.

35 The i nvention

..accordingly also provides a process fak2preparing hydrogen peroxide in

whi ch hydr oggsmand oxygen are reacted under conventi onal

presence of the netal phosphate of the present

peroxide fo TS
i nvention a a

P
whi ch corrpriEeslb?ljea

?ﬂ prov

cting th

T T OTIT1
des a
b ol ef

conditions in the
i nvention and the hydrogen

3
p

hydr ogen &ndjloxygen

fAabi C
ef e
Zf‘zgség

thy
in ¢

@m@tur@sgand 3o can
g% canta i ns

g e

H’% Bps ¢4 é@%as Bhboge

8ns, |hyEroxy4-23r oup

unca?ilons 4.8548n0 |GtBups,
256 ol ¢3.933 aria.got hyl
22.878 3.8839 1.16
23.318 3.8117 4.15
25.657 3.4692 0.64
26.803 3.3235 4.81
28.012 3.1827 17.15
28.781 3.0994 23.32
29.827 2.9930 1.52
30.518 2.9268 5.15
31.884 2.8045 1.36
33.061 2.7072 1.72
33.673 2.6594 4.07
34.097 2.6273 1.55
34,553 2.5937 2.63
35055 2.5577 3.87
35.505 2.5263 2.77
36.054 2.4890 3.85
37.875 2.3734 833
38.409 2.3417 1.88

9372 ol ¢9.4287useld08.6m bk28any off 384 co
NioosB | y  {&7880s atjucst ed

H [ th l dat on fI " I %
rocess elepoxi dat} on of ¢ e in
catalvﬁ@e Ty lﬁ the plesence
BHBAd ¢ 6446a|
ubl e bso4s |t [rrs2be dbkizphal
g/s402 | i heprrzor |bpgnc
$0m 2 tgg car 13 (959/4
at ed %¢1 e bo n h?
The | n c dit 'gﬁal
tons, Boxy! {o¥8ps 401
34 5 et §é242§r| dgpsl298ul f|Rd48
Hitro ¢gad4PSs or|220M980 daanps
36E, Pr ope3ng, 2.0427 1.36
37 45.296 2.0004 2.85
38 45.845 1.9777 1.91
39 46.866 1.9370 }12.05
40 47211 1.9236 2.99
41 47.572 1.9098 349
42 47.980 1.8945 3.60
43 48.885 1.8616 1.38
44 49.403 1.8432 3.37
45 49.984 1.8232 1.72
46 50.926 1.7916 2.77
47 52.684 1.7359 0.97
48 54.474 1.6830 1.44
49 55.583 1.6520 1.08
50 56.274 1.6334 2.13
51 57.138 1.6107 2.13
52 57.938 1.5904 3.02
53 59477 1.5529 3.54
54 60.963 1.5185 1.41
55 61.654 1.5031 1.38
56 64.950 1.4346 1.58
57 66.206 1.4104 1.88

i nNg
iC,
hed

638

at | east onefxthyle
aronatic or cl oal
structure. oIef
8 atonms. Mork t han
present, forfjexanpl
conpri selfPun®iona
carboxylic er fu
bri dges, carigonyl f
Typi cal exa es of
10
15 |1
12
13
14
15
20 |16
17
18
19
20
21
25 2
23
24
25
26
30 27
35 ,

The 2-theta values indicated above were determined using

copper K(a) radiation {wavelength 1: 1.54056 Angstrom;wave~
length 2:1.54439 Angstrém).

The catalyst contains 22.2 % by weight of iron, 14.0 % by weight
of phosphorus and 8.3 % by weight of nitrogen, which corresponds
to a molar ratio of Fe:P:N of about 1:1.13:1.5.

45
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1- butene, cis- and trans-2-butene, 1, 3-butadiene, pentenes, 10 isoprene,

hexenes, octenes, nonenes, decenes, undecenes, dodecenes, cycl opentene;
cycl ohexene, dicycl opent adi ene, nethylfgecyclopropane vi nyl cycl ohexane,

" vinyl cycl ohexene §LIyI chloride, acrylic acid, nethacrylic acid, crotonic
acid, vinyl id, allyl alcohol, alkyl acrylates, alkyl 15

nmet hacryl ates, oleic acid, linoleic acid linolenic acid, esters and
gl ycer: ges 8ke S4€ R aneatat teci habbyaned 4 tBbYSLRntas FRLEM i fbenlehe )

i vi nyl benz e ke r al so be
epoxi di zeg gQE%Htﬂ_ %bess o ﬂf%?“%éigﬁgéﬁ |%§ak’09#% éprocess of the

pr esent |nvent|on S partlcularly suitable for the epoxidation of propene
to give pronykeéa @utdelaverfitted pitpesglasbeinsdr (PBosphadpaciky) his
present '”VS QHEB'E&Qc%&AW&%@ s @RuaBet { aNdoehgl 18 BAvanbageously
used as cat ghy E%ol agd eehh IRk, ghospch;s%dwf;e%e%Pss%f&ysmtﬁ@%e' n situ

producti on 8? d of
the trangpef@f? oﬁ"é(ﬂ °g%*b iS¢ fF’Q T'l"éraet @c?oﬁo‘ﬁt?’sﬁ '3 lﬁﬁ’v’%t‘é@eﬁ‘bgf to all ow
the reacti oA0t®limigdecBhepressyry be cdhal dncangeeditoaifubay usipg par at
about 5 - 70fitreddd amd,phitaldy,apxpgembdf0 BQ/midh[ier mpterddhemphfiterati o
of H err]: Ckea¢dicmnihe yars eduirs, t tige raitgelbvemn ol Jerdtedcladt the 20,

in particul asnééfam %Q@usnélﬁzédo 8b9uits Tyl Qo1 3R QA 95 rB?éﬁ' e%%aewm&h can
be Used 11 ¥0EFAALEShS OF {IUnBEERE N1 NN, MLl LoiiTPLE the

titani umisi )
reaction product 1s 3.2 % by weight.

Example 3
20 Preparation of a tin phosphate catalyst (catalyst B)

In a polypropylene beaker, 54.5 g (0.29 mol) of tin(II) chloride
(Merck) are dissolved at room temperature in 250 ml of deionized
water and transferred to a 2 1 glass flask provided with
25 stirring. In addition, 38.3 g (0.33 mol) of ammonium
dihydrogenphosphate (Merck) are dissolved at room temperature in
950 ml deionized water and the phosphate solution is added
dropwise while stirring vigorously to the tin chloride solution.
The suspension formed is stirred at room temperature for a
further period of one hour. The mixture is then transferred to a
rotary evaporator and evaporated at 90°C and 20 mbar and
subsequently washed free of chloride using H;O. The solid obtained
is dried overnight at 120°C in air in a convection drying oven.
The product displays the X-ray diffractogram shown in Figure 2.
35 The 2-theta values determined and the associated d values and the
relative intensities for the diffraction lines determined are
summarized @n Table II below.

30

40

45
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' pent asi |

structure.

As exanples of silicates,

particul ar

nmenti on

may be

made of those which are assigned X-ray crystallo- 40 graphically to the MI
or MEL structures or MFI/MEL m xed strygture. Zeolites of this type are

length 2:1.54439 Angstrim).

The catalyst contains 37.0 % by weight of tin, 11.2 % by weight
of phosphorus and 5.1 % by weight of nitrogen, which corresponds

35

Example 4

to a molar ratio of Sn:P:N of about 1:1.16:1.16.

Use of the catalyst B according to the present invention for the

40

catalytic production of hydrogen peroxide from the elements.

A steel autoclave fitted with a glass insert (25 ml capacity) is
charged with the catalyst from Example 3 (100 mg) in 10 ml of

45

methanol and the autoclave is closed. In an explosion-protected

facility, hydrogen is fed in at 27°C while stirring (30 min;
10 ml/min). The pressure is then increased to 40 bar using
nitrogen and, finally, oxygen (100 ml/min) is metered in. After a

“‘descri bed, trgélgxialgpl e, in WM Mier, DH dson, "Atlas of Zeolite
Structure Types™,  Butterworths, 2nd edition, 1987. It is also possible to
use titani unpcopt-ai-Ri-Rg—Feohi-tes—hay S - Sh-4-8—45- .
ferrierite, pS%k12 c?‘?ﬁ*]-zeoﬁite I f pl G%kof 1%’3%?53ta1i urﬂ it| i al $0
possi bl e f or |aumber exfanpl e, Janadi unfto be BBent |in bondgd formlin the
zeolite. lg kppwse, tfii.a07 umiz gggnad b?’m’ y_bgen 178.986 oPR46636.69
rheni um -or ngst en ai S ous|+@xi des esc i n
5057296 or _D%A_g440'_‘ql :gganwgﬁg%drge igfﬁd e abo #Sﬁt [ o% ghar t:é:gi" af |
preferred ti ‘fnl um i 11 cat eq. §£av @ggan | penf st ij&‘{ﬁ re h(?
prepared by ttystall 1200y a 9;7% es|Sgel npri si Rat ef> ti tjahf-fn
source and s{¥icon ditpe i|A-16%/ apﬁ%gri manne?08G7t h RHBA4SI orf 268
organi c, 1t [ogen- cdaédihi ng5288doufEe7 un hydr p3h&2nal |2846i t 118688 wi[t h
or without the addit|iles2pf 349018 a pduti of3p al kal32.180 f | {;mvide 1G3.85
m neral i zer. j$ui t abligggod r 0dgBaLONt P3N4NG BINPOUNdIsy Ve, | D1248xarRbes
1, 6- di am nohgexane (dfgsfP O |9Q4sd81)140f5 Prigher abl ys34 e sal4 ggq70r [4hgsfr¢e
Pg[ ;));I de of ﬁraal kéa ni #% | t 3?0.%;10 sin pﬁ.}d7cul 2L 6500 275

propyl a ni um|CT (dar- - A 7 . As

) 15 |11 121 4.185 13.8 4 34,033 2.6321 10.66
12 23.016 3.8609 50.81 35 34.861 2.5714 34.55

13 23.501 3.7823 19.16 36 35.228 2.5455 10.33

14 23.903 3.7196 44.03 37 36.115 2.4850 19.16

15 24.093 3.6908 38.00 38 36.541 2.4570 13.02

20 |16 24.365 3.6502 8.72 39 36.754 2.4432 8.72

17 24.980 3.5617 [16.68 |40 37.464 23986 |7.75

18 25.678 3.4664 16.58 41 37.744 2.3814 13.35

19 26.187 3.4002 57.59 42 37.898 2.3721 10.44

20 26.482 3.3629 15.93 43 38.241 2.3516 32.72

25 21 27.531 3.2372 18.95 44 38.678 2.3260 26.70

22 28.655 3.1127 66.52 45 38.927 2.3117 10.55

23 28.915 3.0853 22.82 46 39.223 2.2950 15.61

a The 2-theta values indicated above were determined using

30 copper K{a) radiation (wavelength 1: 1.54056 Angstrdm;wave-
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described in DE-A 4138155, the use of expensive TPACH can be 15 avoided if

TPABr together with amonia are used in its place. The latter nethod in
particul ar avoids alkali contam nation of the titaniumsilicate; alkali

contents of <10 dswable in ord o later ob alnasuff|C|entIy
active epoxi d%?l o ca?&'% é]? QY ?8 #%h o sllﬁ'gi%l‘f?d\t@ dpAad ethe

titani um si | FRRREUFaHFR ‘Eaﬁlc,yzﬁﬂl' Qt%lqjc?t BYeWpight cric hydrogem peredidetang
140- 190[ er r | fpunshibyi Baras |9f dedametisn tsityation s Sher whBr aomteatpef itk of
from about 2réartiosapsodudt Hswell Trysteliighzed product being obtained after
25 only abgut 4 days. Vigorous stirring and a high pH of about 12-14 during
the crystallization can distinctly reduce both the synthesis time and the
crystallite Example  j s advant ageous to obtain, for exarrpl e, primry
crystallltes 30 having a particle size of fromO 05 to 0.5 [err]m but in

particul ar e t i lOI‘l titani
silicate can L L aggf%t@g{r;e%f ?ertll:ghlﬁﬁcf%;léggr %ﬁ afﬁégé err?ﬁe ods
known perige. 538" emove the anine or tetraal Kyl anmoni um conpound still
present in the pores, the material can be subjected to a further thernal
treatment im &durOhetRUETagk {(bOYEEhpadi iy h@r&a%%\éan%:ﬂ&?%% fOokimt the
tenperature ¢di5e ek fSﬂthrs; .@caég EQEQ'CR) §€rﬁ:coo oL Lhe sata XS %#Jnct lLons
necessary f o the o] | Lon ‘?Fé:} nh f?%dr%v rgoé)(?opy
at about 55 FPFI%?Pgh é’ﬁ& P §%‘l‘)“actrﬁ é‘F?] a‘? é”hérfté %"r’g‘?FlF‘Hcé $0 FRRs

whi ch mdliaﬁlé h&LpFERT FEOBf 2t SrePRRISIGr EUnRe) jayest atrexiodsedl | inity and

al so the neddssdnytepord dwlioghesst iolisay. mixture is formed. Subsequently,
800 g of a tetrapropylammonium hydroxide solution (40 % TPAOH,

Alfa, diluted to 20 % by weight with deionized water, alkali
metal content <10 ppm) are subsequently added and the mixture is

20 Stirred for one further hour. Subsequently, the alcohol mixture
(about 460 g) formed by hydrolysis is distilled off at from 90° to
100°C. 1.5 1 of deionized water are added and the now slightly
opaque sol is placed in a 2.5 1 capacity stirring autoclave. The
closed autoclave (anchor stirrer, 200 rpm) is heated at 3°C/min to

25 a reaction temperature of 175°C. After 92 hours, the reaction is
ended by cooling. The cooled reaction mixture (white suspension)
is centrifuged and the solid is washed a number of times with
water until neutral. The solid obtained is dried for 24 hours at
110°C (yield 149 g). Subsequently, the template still present in

30 the zeolite is burnt off in air by heating at 500°C for 5 hours
(calcination loss: 14 % by weight).

The pure white product has, according to wet chemical analysis, a
titanium content of 1.5 % by weight and a residual alkali metal

35 content (potassium) of <0.01 % by weight. The yield is 97 % based
on Si0, used.

The cristallite size is about 0.1-0.15 uﬁ and the product shows

© typical bands at 960 cm~! and 550 cm-! in the IR spectrum.

Example 6

Preparation of an iron phosphate epoxidation catalyst according
45 to the present invention
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- 0050/ 46638 10 Titani um zeolites prepared in this way can, according to a
preferred enbodi nent, be added to the netal phosphates of the present
invention. For this purpose, for exanphg, the sol ution of a netal nitrate

“and ammoni u ph al h l.ci ned
titanium ze? %\ﬁ&i%@% g J‘w’lo§t€6 \ﬁ’é e stllr%n(&ffpfﬁl&% & | ite
suspensi on d§ﬁe9ﬁ% §, fa803 BF%I 266 zean F@ular
from about S@sesibed[iay IEF@P%cPe-r Sélpﬁﬁéﬁﬁbf' |féle(§'|efr@t!uc3@d3pgeé%tﬁ% mol) To
nodi fy the oFt amyshiunorfibgitogerphaisphhee pans alissohvedtinowateheambttheds
known from &J&%sgﬁaeé f1utiah e RAFUOYRT1e BaRias vWitgle HRYLDS IENti oned

are shapi ng I on exchange and/or inpregnation with
netal s, sur \ggg ﬁ%ﬁ@c%ﬁg%%&gg}%g%gﬁpl e by nmeans of CVD (Chemical Vapor

Deposition) or 15 chem cal derivative formation, for instance silylation.

It is al so ahecpinadatutdodepmsied ulsetrah@ctgmiedcaapmsfrdﬂaﬁry etvapdmatpresent

i nvention 0&naa§§it£’on,' REEhsSeHIAN of Sy éa@i & itB8E fm Séi&ﬁ.@hb.itérﬁ?onf or

exanpl e, FPReLEs1c Aeldelsh B1 Sxlddig &aa? MUK AR Ohe ShldO con

di oxi de. Topre are ‘e Sup go ?C}X corrp83|t| ﬁ
"nvent i on, E FEARCEAYSR BVEF G RE TS PROSAISPE pAITIHRIE Lo ¢ he
aboverent i oFb8 &8 ﬁﬁtﬁPb%ﬁﬂqen§6Vu@FEﬁp[ﬂﬁqﬁPlﬁBté#aéSP ion, if desired
together with the abovedescri bed oxygen transferer, and to evaporate and

dry the m th’ﬁreecgéaﬂfsﬁ:c bH@Qi:?sb%e-i % by weight of iron, 6.8 % by weight
of phosphorus, 3.7 % by weight of nitrogen and 1.1 % by weight of
titanium.

Example 7

20
Preparation of propylene oxide

In an explosion-protected facility, a glass pressure autoclave is
charged with 60 ml of a 50 % strength agueous methanol solution.
25, g of the catalyst from Example 6 is added thereto. After
heating the catalyst-containing suspension in the closed
autoclave to about 40-50°C, nitrogen (30 ml/min), oxygen
(30 ml/min), hydrogen (60 ml/min), propene (20 ml/min) are
metered in while maintaining a constant pressure of 1 bar. After
30 2 hours, the off-gas stream of the reactor contains, according to
gas chromatography, a C3 fraction comprising 101 ppm of propylene
oxide as well as 17.7 % by volume of propene and 0.11 % by volume
of propane. These values are still observed after 6 hours.

35

After the end of the reaction, 260 ppm of propanediol are also
detected in the liquid reaction product.

Comparative Example 1
40

Influence of the drying temperature on the catalytic activity of
the catalysts of the present invention.

Example 1 is repeated, except that the solid obtained is

45 additionally calcined at 550°C in air for 5 hours.
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25 Depending on the organic nolecule to be reacted, the catal ysts of the
present invention can be used in the liquid or gas phase or else in the
supercritical phase. In the case of |igpid phases the 30 catalyst is
preferabl y #AE0c2ftheisRoloddls B!k by Ldidfe 0BT I230 R0 ALGT 1] Cal
procedure a Tl xge Beq arrangemgnt Ls. agvant geous. activaled catal ysts
can be recoﬂ?é??‘_éfﬁemageﬁﬁgg}:&ﬁ\?é%S?nﬁnpos BERT r Y e@%eﬁm S PEPRCh1
carbon depo®P¥sdiFrlay§hsbgudittinsddy: Foanged K-Exu i if rastagram dheyenin | n
t he case of Faghoev 3.elbe 3+thidpoyvialues tdetaratiabdsand dheabhssodimtedgdner at ed
by a si nplsevaasés nhdoraeesslative WAGHhSIL Hs06ESEhe AL FRa60idn QdneEt as

required at gaebbiled Ackdofindia%kd B rdi1d¥zobSMnhe POSSIDIe to 40

restore the catalyst activity by neans of a hydrogen peroxi de sol ution
acidified with mneral acid. The present invention is illustrated by the
fol |l owi ng efahpeeslI 45 0050/ 46638 Exanple 1 Preparation of an iron
phosphate catal yst (catalyst A In a pol ypropyl ene beaker, 116 g (0.33 nol)

of iron(laol) nitrate|paxahydratp-higdel de Hgen) arg dissdlvedgat rpom
tenperature in 250 nif of deioniged water and tjransferred tdq a 1 1 gl pss
flask provided with $P4®8F ng. Separately therdfrom 38.3 g}(0.33 nol
1 20.400 4.3499 17.26
2 21.922 4.0511 2.25
15 3. 23.783 3.7382 i 2.19
4 25.897 3.4375 100.00
5 31.470 2.8404 1.42
6 35.615 2.5188 9.04
7 36.517 2.4586 2.25
8 38.096 2.3602 17.43
20 9 39.195 2.2965 8.87
10 41.394 2.1794 10.82
11 43.246 2.0503 154
12 44.543 2.0324 _ 2.54
13 45.388 1.9965 2.19
25 14 48.546 1.8738 14.24
15 53.113 1.7229 833
16 54.824 1.6731 1.89
17 56.403 1.6300 1.65
18 58.292 1.5816 9.52
30 12 61.647 1.5033 4.73
20 65.650 1.4210 : 14.89
21 66.327 1.4081 5.44

a The 2-theta values indicated above were determined using
35 copper K(o) radiation (wavelength 1: 1.54056 Angstrom;wave-
length 2:1.54439 Angstrom).

Comparative Example 2

Use of the nitrogen-free comparative catalyst for the catalytic
production of hydrogen peroxide from the elements.

Example 2 is repeated, but the catalyst from Comparative Example
45 1 (100 mg) is now initially charged. After a reaction time of

4 hours, the autoclave is slowly vented and the contents are

analyzed. Only 0.17 % by weight of hydrogen peroxide are found by
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10 of ammoni um di hydr ogenphosphate (NH err]J]Herr]PJerr]) (Merck) are
di ssol ved at roomtenperature in 150 m of deionized water and the

phosphat e solution fornmed i s added droF&nse while stirring vigorously to
“the iron nitrate solution. 15 The solutrgon thus fornmed is stirred fqr one
further houMeaps FomMAGOREEFLE idratihan, cthf Hatey| ERTtaRt oft Wi G835k 4PRr r ed
‘to a rotarypedpot dtso.dn¥ ey Hedghted at 90[err] C and 15-20 nbar. The solid
obtained is dried overnight at 120[err]Cin air in a convection drying
oven. The product di splLays jhe X-ray diffractogram shown in 20 Figure 1.
The 2-thet5ac\93?ﬁ’é§tlo‘ﬁ0§|x%%£%ﬁ3d the associated d values and the rel ative
intensities for the diffraction lines determ ned are sunmarized in Table |

bel ow. 25 3@r3padéritn of A0SR d2cdBRitewhitRodK a metdl ThGripRIRMt]

d % 50l 3 d % nunber
Nunber 5 ?cwrgf’?&( % §17’32‘”T 9.?152’%““”1‘00. 00 28 © 38. 864

2.3153 2.46 2 10. 063 8. 7830 1.08 29 39. 445
2.2825 3¢2IfA7a polypropylene beaker, 18.9 g (0.3 mol) of boric acid (Merck)
are dissolved at room temperature in 250 ml of deionized water
and transferred to a 2 1 glass flask provided with stirring.
Separately therefrom, 38.3 g (0.33 mol} of ammonium
dihydrogenphosphate (Merck) are dissolved at room temperature in
15 950 ml of deionized water and the phosphate solution is added
dropwise while stirring vigorously to the boric acid solution.
The suspension formed is stirred for a further period of one hour
at room temperature. The mixture is then transferred to a rotary
evaporator and evaporated at 90°C/20 mbar. The solid obtained is
20 dried overnight in air at 120°C in a convection drying oven.

The catalyst contains 6.1 % by weight of boron, 20.7 % by weight
of phosphorus and 9.6 % by weight of nitrogen.

25 Comparative Example 4

Use of the catalyst from Comparative Example 3 for the catalytic
production of hydrogen peroxide from the elements.

30
Example 2 is repeated, but the catalyst from Comparative

Example 3 (100 mg) is now initially charged. After a reaction
time of 4 hours, the autoclave is slowly vented and the contents
are analyzed., Only <0.01 % by weight of hydrogen peroxide are

35 found by means of iodometric titration. The water content of the
reaction product is 0.6 % by weight.

40

45
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14. 270 6. 2015 0.58 30 . 39. 540 2.2773
MY, - =, 2 5 s T, 0 0
J !al 1! 378 4. 8236 0 g| THIS SHEET,HAS BEEN| 41 172
4.01 7 - 18.723 4.7354 | 4. REPLAGED 34 42. 423
oWAg 8c 1l aimy 371 4.1543 5. 98 35 43. 475
1.19 9 22.564 3.9373 1. 60 36 44. 307
1336 40noble méE&lgfﬁee caﬁ31§839b0m96h1¥§on obtalfable by 45. 296
52.85 15 11 3. 81 4. 15 38
1. 9%}7 Prepargpg;an aque°“25m6§§ure °°§P£6%%P9 0. 64 39
1.9370 i) 2a08ali3 of at lessig@me basg m3d selecigad from among
1. 9236 2+R8 d¥ements h2GimyAtomiclndits 21472, 189-4241
1.9098 344.95]15 57-75 an®.-818k3; 3.0994 23. 32 42
1. 8945 j 29 827 2.9930 1.52
10 18616 ) Spljgsgitate kgnsg A 2.9268  5.15 44
1.8432 iiijagslegst ove né’&r‘%ﬁ?&‘ sourgeg M 1.36 45
1. 8b32 evaporstipg the aquepugepixture opfpjned apdygirying dgp
1.7916 cat2lyst 20mpositi@B thus formed.5594 4. 07 47
1. 7359 0.97 21 34. 097 2 6273 1.55 48
1. 6830 1.44 25 22 34, 593
15 27 gRogatalyptgodBosition a5 glatied b glai 1) yhereif they,
1. 68gueous sojytign compriggscpetal iopsgi¥y, phosphate ions;(P)
1. 62063 a nitrpgepSsource (F¢. DB4a molaZ #8Bip of 3. 85 52
1.5804 P : 31 82126 0.8-1.43¢.8/6-4.0. 2. 3734 8.33 53
1. 5529 3.54 30 27 38. 409 2. 3417 1.88
1.5185 1.41 55 61. 654 1. 5031 1.38 56

20 3.g33pcatalysigcomposition as claimed in either of the preceding

25

30

35

40

45

claims, wherein the base metal salt is selected from among
water-soluble salts of metals having atomic numbers 21-32,
39-42 and 48-51.

A catalyst composition as claimed in any of the preceding
claims, wherein the base metal salt is selected from among
water-soluble halides, hydroxides, sulfates and nitrates.

A catalyst composition as claimed in any of the preceding
claims, sherein the nitrogen source is selected from among
nitric acid and the noble metal-free, water-soluble salts
thereof, ammonium, amines, ammonium or lower alkylammonium
salts.

A catalyst composition as claimed in any of the preceding
claims, wherein the phosphate component is selected from
among metaphosphoric and orthophosphoric acid and the water-
soluble, noble metal-free salts thereof.

A catalyst composition as claimed in any of the preceding
claims, wherein the nitrogen source is selected from among
water-soluble ammonium and lower alkylammonium salts or a
water-soluble nitrate salt of the base metal used, and the

~ phosphate component comprises dihydrogenphosphate ions.

This Sheet Has Been Reﬁaced
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" 57 66. 206 4{ IU J!HH“ ﬁuﬂ‘ —lhe 2-theta yalues indicated
above were determ ned ush 4 ] THIGaSHEET BWAS @EENQI ength 1:
1. 54056 Angstrom wave- |engt ho2: 1. 5443& at al yst contains

"22.2 % by ght f Q ]

wei ght of ﬁrog Zat \ME?E‘% %%P S?’P%%Is 1o a. D g’% %d I?"gabout
1 1°13: 1.5 45 Claipae, Waereim 5 %x% FesaLcR JroR aBoRg di ng.
to the present iSdl&ft F%tif--"d’rmlghér@%tld} hiec opidatian shate +Ardrdgehd petdxi de
fromthe el ementand/Arstéadndsdth aventainiad win hina theassidatsieont st&be ni2
capacity) gs chamggdrwih the catalyst fromExanple 1 (100 ng) in 10 m of
met hanol and the autoclave is closed. In an explosion-protected 10
facility, hydrogen is fed in at 27[err]C while stirring (30 mn; 10

m /mn). Thé-prdssatalyst iapmpophtien s clained vk anyi of the prgerding,
finally, oxygen diBAGspl simtainabldeniey ervegporating tidre agneard indixthiraecls 4
hours, the autoalagvedi sréh %Ma){;evsmaﬁdaa ekbere ¥ epbs utANsl ¥geshodt 70 %
by wei ght1®f hydregeps,perad de. i‘f&nf&dﬁ 2 LGl 2b9<‘10'£§xhr agiﬁr%r@@ on.

The wat er contentescz)azme JLag lagrrlle&)r yet about 360 QX Y5 %

10. A catalyst composition as claimed in any of the preceding
claims,. wherein base metal (M), phosphate (P} and nitrogen
(N} are present in the catalytically active, dried solid in a
molar ratio of M : P : N =1 : 0.9-1.3 : 0.9-1.7.

15

11. A catalyst composition as claimed in any of the preceding
20 claims, wherein the base metal component present comprises
iron ions and the composition displays an X-ray diffractogram
comprising the following diffraction lines:

Z2~theta a
25 9.37 9.429
18.37 4,824
28.01 3.183
28.78 3.099

30

! 35.05 2.558
37.87 2.373

12. A catalyst composition as claimed in any of claims 1 to 10,
35 wherein the base metal component present comprises tin ions
and the composition displays an X-ray diffractogram compris-
ing the following diffraction lines:

40
eet Has Been Reﬁaced

T

45
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20 Preparation of a tin phosphate catal yst (catalyst. B} ln-—a-pol ypropyl ene
beaker, 54.5 g (0.29 mol) of tin(ll) chlori :iéH(SVSHEEED HAB BEENS|sol ved at room

terrper of deionized wateg; an

'fla l iﬁ ui%S stl-r-r-;-ng—-t-n—a.dd-;-t-n " ) of anmmoni um
di h D @ Mer cH) ar &-8P€%d| ved]at roomdtenperalure in 950 ni
delonlzed wat er and the pRosphatie.g®l utioh 1 s adders dropw se while stirring
vigorously to the tin chl¢ride solution. The suspension fprmed is stirred
at roomtenperature for a|30 fulBh@t peridd of 6nE8hour. {The mixture is
then transgerred to a rotdry evggo tor and evaporated at|{90[err]C and 20
nmbar and subsequently washed fr chl ofide u ?ﬁfkﬁo The solid obtained
is dried overnight at 120ferr] Gan,pir inja conygg%;on driyi ng oven. The
product displays the X-ray diffractogram $hown in Figure . 35 The 2-theta
val ues determ ned and thefassocgaien d values amdgdihe relptive intensities

for the diffraction lines|determ ned are summuarized in Taple Il below 40
45 0050046638 14 Table|l|l Pedk-20 2-Theta[edf120 d % Peak
- 0,
2 Thet alerr] d % nunber 26.18 3.400 hunber

30.33 2.944

‘15 13, a catalyst composition as claimed in any of the preceding
claims, comprising an oxygen transferer as further catalyti-
cally active component.

14. A catalyst composition as claimed in claim 13, wherein the

20 . -
oxygen transferer is selected from among organometallic com-
pounds, zeolites, zeolite analogs, aluminophosphates or meso-
porous metal oxides which each comprise at least one metal
selected from among Ti, V, Mo, Wo, Re and Ru.

25

15. A catalyst composition as claimed in claim 14, wherein the
oxygen transferer is a titanium or vanadium silicate having a
pentasil structure.

30 16. A catalyst composition as claimed in any of claims 1 to 15 on
a solld inert support.

17. Use of a catalyst composition as claimed in any of claims 1
35 to 12 for producing hydrogen peroxide from hydrogen and OxXy-
gen.

18. Use of a catalyst composition as claimed in any of claims 1
to 16 for the oxidation or epoxidation of organic compounds.

40 .
19. A process for preparing hydrogen peroxide, which comprises

reacting hydrogen and oxygen in the presence of a catalyst
composition as claimed in any of claims 1 to 12.

45
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?1. 9(%5 7. 4%%02074 SJHME I“‘Hl“jl l“l ﬁmlzﬁﬁglgﬂd ; 2612_7752

. 6.9147 85.68 29. 838 2. 9919 .83 4 REPLACED 13. 040 6. 7835
84.93 2720, mn %Qo@éés for? +3é4dpox {dHt 109 5f olefins}4uwfdh combr 5@5 re-26. 59

28 30. 867 acti 8?149':’ ole%g 4‘719 hyd@ogen a%d Jo@:yg Lﬁ :gni 1§re2% gi ?o%

29 31. 742 g 3 e
32.180 2. 7793 Catalygy qomposi 1°‘193§)§§am3‘21 ’é‘hfé’i’ 53‘:]11.%“‘ ° 1635 850
2.7241 16.04 9. 19. 507 4. 5469 14.75 33. 347 . 2.6847
17.55 105 23, %pp%&z,ess 4as38§§me301134:1a1§u320, where3.§ €19e7 olef4n6280 7.75
15 11 % 1854 13. 89 2.6321 10. 66
12 23. 016 5%%9 50. 81 35 34.861 2.5714 34.55 13
23.501 3.7823 19. 16 36 35. 228 2. 5455 10. 33 14 23.903
3.7196 44. 03 37 36. 115 2. 4850 19.16 15 24. 093 3. 6908
38. 00 38 © 36.541 2 4570n..13 02.20_ 16 24. 365 3. 6502
8.72 By 36. 754 8 72 17 24. 980 3.5617 16. 68

40 37. 464 2. 3986 7 Has Boen lagsd g 3. 4664 16. 58 41
37.744  2.3814 13.35 19 Il m m” 4002 5759 42 37. 898
2.3721 10. 44 20 26. 482 43 38. 241 2.3516
32.72 25 21 27.531 3.2372 18. 95 38.678 2.3260
26.70 22 28.655 , 3.1127 66. 52 45 38.927 2.3117 10. 55
23 g 915 3.0853 = 22.82 46 39. 223 2. 2950 15.61 a

The 2-theta val ues indicated above were determ ned using 30 ‘copper

K(a) radiation (wavelength 1: 1.54056 Angstronywave- |ength 2:1.54439
Angstrom). The catal yst contains 37.0_% by weight of tin, 11.2 % by wei ght

20
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of phosphorus and 5.1 % by wei ght of nitrogen, which corresponds 35 to a
nolar ratio of Sn:P:N of about 1:1.16:1.16. Exanple 4 Use of the catalyst B
according to the present invention for the 40 catal ytic production of
“hydrogen peroxide fromthe el enents. A steel autoclave fitted with a gl ass
insert (25 m capacity) is charged with the catalyst from Exanple 3 (100
ng) in 10 nRoble meithinbrearmhtalgstutampamidcios cl osed. In an .
expl osion-protected facility, hydrogen is fed in at 27[err]C while stirring
(30 mn; 10.d/mn). The pressure is then increased to 40 bar using
ni trogen gnl, 2% fafl & Sokygen (100 m/min) is netered in. After a
0050/ 46638 15 reaction tinme of 4 hours, the autoclave is slowy vented and

the contentg Q56 ARRLYTICHod caBalydY a/&ipq,la,&t%n%irowaﬂnﬁgw jde are found

by means of iodometric titration.” The water content of t reaction product

is 1.1 % byahei BFfPAE NG ARPREISDUS: BHREHTG APMPELELIRIt ani um zeol i te usabl e

according to the)prgsante 3¢ hPVEHdtOBne bh o mdtaGKsbl asted 2rdmCaRAE ik 1S

charged woth 455 0 QeddilzARh0Yg Ukhes! hiddls GYESEK)3dly OREL L PTG GEUN @
ol % (25

and 15 g of tetraisggﬁ(§¥iasgr anate are addéed whil%e sti rring rpm

ii} phosphate ions; and
iii)at least one nitrogen source; and

15 b) evaporaéing the agueous mixture obtained and drying the
catalyst composition thus formed. '

The catalyst composition prepared can be used for producing
hydrogen peroxide and for the epoxidation of olefins.

25
30
35
40

45



.15 bl ade stirrer) f
colorless, clear m

‘tetrapropylannonlun1hydrOX|de sol ution (40 % TPACH, Alfa di
" by weight with deionized water,

subsequent |y added
Subsequent | vy,
distilled off at frp

added and the now si

stirring autoclave.y #e closed autoclave (anchor stirrer, 200 rpm i
heated at 3[err] C M nTto~2b—a-—+teacti. ~VoNE A-V-2ay- 60 of-e++ } Cas Af t |
hours, the reacti & ig en&@8 by cooling. The cool ed reaction nixturél
suspension) is centyiguged and the solid is washed a nunber of tines
water until neutrali ®he solid obtained is dried for 24 hours at 110{
(yield 149 g). SubsgTigersksz, the tenplate still present in 30 the ze
is burnt off in air] b heating at 500[err]C for 5 hours (cal ci nati on]
14 % by wei ght). The [=e—wl3is BB roduct has, according to wet chemc
anal ysis, a titani wn centEenl grs-%’, 5,,% by melght and- a residual al kal
35 content (potassjyumggor <0.01 56by wei ght. The yield is 97 % based,
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" 0050/ 46638 16 In a pol ypropyl ene beaker, 116 g (0.33 nol) of iron(lIl)
nitrate (Ri edel de Haen) are dissolved in 250 m of deionized ter as
described in Exanple 1. Separately therefrom 38.3 g (0.33 noljt eHRHI um
-'di hydr ogenphosphate are di ssolved in wa2é®# and the 5 phosphate solution is
added whil e stirring to the initially charged iron nitrate solution. The

pi nk sol ution fornme % transferred to a Cowkey evaporator. |ni¥@ed%ion, a
suspensi on of 7 g of ti;gini unfsilicalit& fromI0 Exanple 51 n 50 m_gf
dei oni zed water is 38ded.and the suspensi on i s evaporated over a perifjod of
5 hours as descri bed ' qemget |y dried
overni ght at 120[-erH e_catal yst contains 10.1 % by wei ght of [iron,
6.8 % by wei ght off?rr& osphorus, 3.7 % by weight of nitrogen and 1.1 %fdby
wei ght of titanium jigkangpl,e 7 20 Preparation of propyl ene oxide In an
expl osi on-protect ed]®acilysty, a gl ass pressure autoclave is charged vith 60

m of a 50 % strengf us ngethanol solution. 25 1 g of the catal yst
fromExanple 6 is B4 ef'o,, After heating the catal yst-containigg
suspension in the cH ui.eel ave to about 40-50[err]C, nitrogen (3(
m /mn), oxygen ‘
— -3.861
= - 3,782 g3 720
54 - =3.562 ..4
J = 3.466
; = 3.400

? -3.33)
(]
-2,
o5 —— = 52 -2.9¢4 ]
; ~32.817

] 2,724 = -7

1 e 3. 685

4 §5832

b ] = -2.57 A
j — GP 48
) 5t Pam
= - 3.33¢352

] = erre .
e - | =27 260
o3 - == 2.248 -
= - 23308
&
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3
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(30 mM/mn), hydrogen (60 m/mn), propene (20 mM/mn) are netered in while
mai nt dai ning a constant pressure of 1 bar. After 30 2 hours, the off-gas
.Stream of the reactor contains, according to gas chromatography, a C3
“fraction conprising 101 ppm of propyl edé3oxide as well as 17.7 % by vol une
of propene and 0.11 % by vol une of propane. These values are still observed
after 6 hours. 35 Abttdr the end of the remnmn 260 ppm of prz;panedl ol are

al so detected in thggerqura 3
| nfl uence of the drygg tenperature on t he catalytlc act|V|ty of the
catal ysts of the pré~l-t invention. Exanple 1 is repeated, except th?t t he
solid obtained is 4psfditionally calcined at 550[err]C in air for 5}|hours.
0050/ 46638 17 The =plgnation loss is 58 % by weight based on the imjtial
wei ght of material.]Nstrogen is no |longer detected. The product now
di spl ays the distintt ™ changed X-ray diffractogram shown in Figure 3. The
2-theta val ues det ged and the associated d 5 values and the rel afive
intensities of the~ i f@action |ines determined are summarized in Taple I
bel ow. Table Il ]
o- - 4,350 7
J —_— 3.438
1
L3 U 9 .
°-
12 1 2,840
,j -
5 -
B o] -
il -2.519
] -2.45%
E - 2.360
- 1 -2.297
[~ -
A ~2.179
k 2,090
& = 1
E r
) E
;‘ J 1.824
& -
: -1.723
g‘__ L6732 ) -
) €30
9 -1.582
gl 3 -
1 -1.502
o 1 -
il ~1.422
) -31.408
ﬁ
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BASH Al iengeseblsphafl or r] 950971 0.Z4 0050/46638 9% nunber

a0 00 v ‘3"8‘29 L otes |1 BERGACEMENT SHEET
MI?!@E“I“H “Ill “m 4%5615 THE®) SHBED HAS BEEN cé 470
2. 4586 2.25 8 R%‘?%% @gg%%" 998
We claim 39. 195 2.2965 8—B7—16
2.1794 10.82 11 43. 246 2.0903
1. A %bié&netal free c@taﬂf’y%‘ﬂ: compositidnoébidinable by 4°. 388
21 14 48. 54 1. 8738
a) 5§r§H%Fln9 an aquequs;gygture COMPrisingqg 54. 824

1.8d)17a salt of 3y J@gst one base net@DGEelected frongHmmbddg
1. 581Ghe element® haviAg atomic numbdis 21-32, 39.6412,647

4, 73 20 48-51, 57-785288081-83; 1.4210 14.89 21
osphate S_LOA% The 2- theta val ues i ndi cat ed above
§ % gggerr] r adi at n (wavel ength 1:
ehfRFE ég% BA%5995% FOPFSR . #%bnar at i ve Exanpl e 2

evaporatlng the agqueous mixture obtalned and drying the
catalyst composition thus formed at a temperature of
about 30 to about 200°C.

2. A catalyst composition as claimed in claim 1, wherein the
aqueous solution comprises metal ions (M), phosphate ions (P)
and a nitrogen source (N) in a molar ratio of
M:P:N=13:0.8-1.4 ¢+ 0.6-4.0.

3. A catalyst composition as claimed in either of the preceding
claims, wherein the base metal salt is selected from among
water-soluble salts of metals having atomic numbers 21-32,
39-42 and 48-51.

4. A catalyst composition as claimed in any of the preceding
claims, wherein the base metal salt is selected from among
water-soluble halides, hydroxides, sulfates and nitrates.

2

5. A catalyst composition as claimed in any of the preceding
claims, wherein the nitrogen source is selected from among
nitric acid and the noble metal-free, water-soluble salts
thereof, ammonium, amines, ammonium or lower alkylammonium
salts. -

6. A catalyst composition as claimed in any of the preceding
claims, wherein the phosphate component is selected from
among metaphosphoric and orthophosphoric acid and the water-
soluble, noble metal~free salts thereof.

7. A catalyst composition as claimed in any of the preceding
claims, wherein the nitrogen source is selected from among
water-soluble ammonium and lower alkylammonium salts or a
water-soluble nitrate salt of the base metal used, and the
phosphate component comprises dihydrogenphosphate ions.

oo i



40 Use of tBASHiAkbipngeseblechmptt ati v@SOX7d yst foP-Ehe00304RG638

- production of hydrogen peroxide fromthe ejlerents—exanrple—4 is repeated,
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boric acisl (Meragi@/o@re4di ssol ved at roomtenperature in 250 m of deionized
water and transferred to a 21 glass flask provided with stirring.
Separately therefrom 38.3 g (0.33 nol) of ammpni um di hydr ogenphosphat e
(Merck) ar @-di IsGakadver qupesibiprran glaimed 15 90y af e dajesailied wat er
and the phosphatieiss| uthininadledole ewiipopatseg lid eqatous imigkturgodbusly to
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a rotary residue thus obtained at from about 30 to 200°C.
10. A catalyst composition as claimed in any of the pieceding
15 claims, wherein base metal (M), phosphate (P) and nitrogen

(N} are present in the catalytically active, dried solid in a
molar ratio of M : P : N=1 : 0.9-1.3 : 0.9-1.7.

11. A catalyst composition as claimed in any of the preceding
20 claims, wherein the base metal component present comprises
iron ions and the composition displays an X-ray diffractogram
comprising the following diffraction lines:

2-theta d
25 537 5155 HIIIIII llllll Illll Il llll
18.37 4.824
28.01 3.183
. 28.78 3.099
30
35.05 2.558
37.87 2.373

12. A catalyst composition as claimed in any of claims 1 to 10,
35 wherein the base metal component present comprises tin ions
and the composition displays an X-ray dlffractogram compris-
ing the following diffraction lines:
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A catalyst composition containing a noble metal-free catalyst
component as claimed in any of the preceding claims as well
as an oxygen transferer as further catalytically active com-
ponent.

A catalyst composition as claimed in claim 13, wherein the
oxygen transferer is selected from among organometallic com-
pounds, zeolites, zeolite analogs, aluminophosphates or meso-
porous metal oxides which each comprise at least one metal
selected from among Ti, Vv, Mo, W, Re and Ru.

A catalyst composition as claimed in claim 14, wherein the
oxygen transferer is a titanium or vanadium silicate having a
pentasil structure.

4

A catalyst composition as claimed in any of claims 1 to 15 on
a solid, inert support.

Use of a catalyst composition as claimed in any of claims 1
to 12 for producing hydrogen peroxide from hydrogen and oxy-
gen.

Use of a catalyst composition as claimed in any of claims 1
to 16 for the oxidation or epoxidation of organic compounds.

A process for preparing hydrogen peroxide, which comprises
reacting hydrogen and oxygen in the presence of a catalyst
composition as claimed in any of claims 1 to 12.
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cl ai ms, wheeei nc Bage inmt al and nitrogen (N) are present

in the catalytically actlve dried solid in a nmolar ratio of M: P: N 1

0.9-1.3y1, Oa9ndpie mRtA1Areed aax&uysemgsotsuemo@%waamaa@elﬁyany of the
precedi sy cl ai ns, wherei n the base net conponent!gbesent conprises iron
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fol | owi ng diffractidonal patt of akhtegst one base metad $glectyEd from among

9.429 18. 37 thd. €lemed®sOlaving atomic Birk®3Is2Q1-32, 39-42,
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ii) phosphate ions; and
iii)at least one nitrogen source; and

b) evaporating the agueous mixture obtained and drying the
catalyst composition thus formed at a temperature of
about 30 to about 200°C.

btained at fromabout 30 to

10

15 _
2. A catalyst composition as claimed in claim 1, wherein the

aqueous solution comprises metal ions (M),{Ehosphate ions (P)
and a nitrogen source (N) in a molar ratio of
M H P . N = 1 : 0'8-'1.4 : 0.6-4.00

3. A catalyst composition as claimed in either of the preceding
claims, wherein the base metal salt is selected from among
water-soluble salts of metals having atomic numbers 21-32,
39-42 and 48-51.

4. A catalyst composition as claimed in any of the preceding
claims, wherein the nitrogen source is selected from among
nitric acid and the noble metal-free, water-soluble salts
thereof, ammonium, amines, ammonium or lower alkylammonium

30 salts.

5. A catalyst composition as claimed in any of the preceding
claims, wherein the nitrogen source is selected from among
35 water-soluble ammonium and lower alkylammonium salts or a
water-soluble nitrate salt of the base metal used, and the
phosphate component comprises dihydrogenphosphate ions.

6. A catalyst composition as claimed in any of the preceding
40 claims, wherein the base metal salt is selected from among
’ salts containing iron in the oxidation state +2, +3, +4, +5
and/or +6 and salts containing tin in the oxidation state +2
and/or +4.

45 7. A catalyst composition as claimed in any of the preceding
¢laims, obtainable by evaporating the agueous mixture ob-
tained from stage a) at a pressure of from about 15 to about
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1 9. A catalyst composition as claimed in any of the preceding
claims, wherein the base metal component present comprises
iron ions and the composition displays an X-ray diffractogram

comprising the following diffraction lines:

2-theta d
15
9.37 9.429
18.37 4.824
28.01 3.183
20 28.78 ' 3.099
35.05 2.558
37.87 2.373
25 or wherein the base metal componeht present comprises tin
ions and the composition displays an X-ray diffractogram com-
prising the following diffraction lines:
2-theta d
30 12.79 6.915
13.04 6.784
19.09 4.645
20.21 4.389
35
23.01 3.861
23.90 3.720
26.18 3.400
. 40 30.33 2.944

10. A catalyst composition containing a noble metal-free catalyst
component as claimed in any of the preceding claims as well

45 as an oxygen transferer as further catalytically active com-
ponent.



-~
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structure t conposition as clainmed in any
12 on a solid, inert" support 15 14. A process for prepafﬁE @cﬁg{rogen

per oxi de, whi ch conpri ses reacting hydgogen and oxygen in the presence of a

catal yst COﬁPOSAtdéQﬂll§§tCéé}ﬁﬂ&ch.3anq lﬁlaa'ms chalig 9o, Amer@:Rr ORESS for
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with hydrogen a # 8 sence o
clained in any Qﬁ |ﬁg0 e85 #8° %ﬁf:§§a&8935 a ophosphates or meso-

porous metal oxides which each comprise at least one metal
5 selected from among Ti, V, Mo, W, Re and Ru.

12. A catalyst composition as claimed in claim 11, wherein the
oxygen transferer is a titanium or vanadium silicate having a

pentasil structure.
10 .

13. A catalyst composition as claimed in any of claims 1 to 12 on
a solid, inert support.

15 14. A process for preparing hydrogen peroxide, which comprises
reacting hydrogen and oxygen in the presence of a catalyst
composition as claimed in any of claims 1 to 9.

15. A process for the epoxidation of olefins, which comprises re~

s

20 acting the olefin with hydrogen and oxygen in the presence of
a catalyst composition as claimed in any of claims 10 to 13.
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