Caim1l as enclosed to I'PER W claim 5 1. A process for

‘oxi di'zi ng an organi c conpound having at |east one C-C double bond
or a mxture of two or nore thereof, which conprises the follow ng steps:
() preparing a hydroperoxide, 10 .}. (rn) reacting an

organi ¢ conpound having at |east one C C double bond

or a mxture of two or nore thereof with the hydroperoxide prepared

in step (I) in the presence of a zeolite catalyst, 15 crre)
regenerating tseoripihablst fledti al |y deactivated zeolite catalyst used in
step (I1), wherein the regeneration conprises at |east the foll ow ng

st ages: (a) heating up the catalyst in a stream
of inert gas; 20 (b) - addi ng of oxygen at a
tenperature in the range of 200 [err]C to
800 [err] G (c) regul ati ng the anmount of oxygen
such that the tenperature | . ) is in the range of
from 400 [err]C to 800 [@xidation of a1r50rganic compoupdhpvingatdeast i ng t he reaction
of 'step (I1) using a zeolite catalyst containing - t he

catal yst ré&generated in step (|11 )ene C-C double bond

The present invention relates to a process for oxidizing an organic compound having
10 at least one C-C double bond or a mixture of two or more thereof by reacting the
organic compound having at least one C-C double bond or the mixture of two or
more thereof with a hydroperoxide in the presence of a zeolite catalyst, regenerating
this catalyst, and reusing the catalyst for the above-mentioned reaction following its

regeneration.
15

Processes for oxidizing an organic compound having at least one C-C double bond,

especially olefins, preferably propylene, using a hydroperoxide are known.

US-A-5,374,747 discloses such an epoxidation process using a titanium-containing
20 molecular sieve having a structure which is isomorphous to zeolite 8, and the prepa-

ration of such a molecular sieve.

US-A-5,384,418 discloses an integrated process for preparing epoxides by reacting a
hydroperoxide with an ethylenically unsaturated compound in the presence of a
25 titanium silicalite.



:2- _Other processes fof preparing epoxides in the presence of zeolite
catal ysts are disclosed, inter alia, in US-A-5,463,090 and EP-A-0 230 949,
the first of which produces the hydrogen peroxide used for oxidizing from
an ant hraqui none process, whereas the |abkter discloses the epoxidation of
propyl ene with hydrogen peroxide in the presence of titaniumsilicalites
defined therein. According to US-A-5,599, 955, propylene, which is nobst
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(MG derici, G Bellussi, U Romano, J. Catal., 129 (1991), 159 - 167,
JP-A-03 114 536). The DE 195 28 220 relates to a process for the
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by using said regenerated c& e ptrocess eneration of the
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contai ns Qgt WegpH p&tﬁﬁgcz%%%%ggfﬁﬁgwgr oxi de, in the absence of

ole- fins at a tenperature r]C, and wherein the
regenerated catalyst is used again in the epoxidation of olefins. EP-A-O0
743 094 discloses a process for regenerating a Ti-containing nolecul ar

si eve by heating .the | ecul ar sieve at fromnmpre than 150[err]C to | ess
than 400[err] &t o At dn Shese, catplytic apactions RBA deposts fig Toygacd #iee semBe use
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ket ones, the oxiedausing cathlyststhavingethidrgphres; foberample zeblitei catalyste lsutls aand

ket ones, and f?r .ol eiﬁ.i ?ﬂ eﬁ{o idation, .DE-A-44 25 672 di scl oses an oxi dation
catal yst Based R St RROHAHRE 99 es having a zeolite structure
and a process for preparing epoxides fromol efins,

These organic deposits can be mostly removed by calcining the catalyst or washing
with solvent (M.G. Clerici, G. Bellussi, U. Romano, J. Catal., 129 (1991), 159 - 167,
JP-A-03 114 536).

20

EP-A-0 743 094 discloses a process for regenerating a Ti-containing molecular sieve
by heating the molecular sieve at from more than 150°C to less than 400°C. This
reference also discloses that it is possible to use the catalyst regenerated in this
manner for reacting organic compounds, for example for the hydroxylation of
25 aromatic compounds, the ammoxidation of ketones, the oxidation of saturated
hydrocarboris to obtain alcohols and ketones, and for olefin epoxidation. DE-A-44
25 672 discloses an oxidation catalyst based on titanium or vanadium silicates

having a zeolite structure and a process for preparing epoxides from olefins,
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-3 - hydr ogen and oxygen using the catal yst described therein. It is
‘al so‘stated that the catal yst described therein may be regenerated.
Above- di scussed US- A-5, 599, 955 al so nmentions the possible regeneration of
the 5 catalyst used in connection with 4he process described therein, but
no details of the regenerati on procedure are given. As can be
seen fromthe above, there is extensive prior art relating to integrated

processes for ar i epoxi des, . but af prag

regeneration 3‘19 E fﬁfg ffﬁﬁcﬂsﬁngafp%& ‘é‘té(%}a‘i"g%ft% gﬁ@rflﬂe 3‘#5 s%?#%tr%l on of
such a step i Rb@lyst@eseritRdahdreilmeS BeTegeneratedeMi NS unsol ved. This step and
its integration i'nto the overall "process are, however, critical for

the economic viability of such a process. It is in principle possible to
conduct regenerations as disclosed in EP-A-0 743 094; these are, however,

econom cal |y upvi e be low te t ures, Us [ ei nd the
15 resul ting Mﬁ%?s‘&j%sﬁ El‘.ﬁﬁo.ﬁg?%gﬁ)@so mentibns tPQs §1b§ regg}eé% r},@
present inyentda@Ryst esean@\éb&%cﬁmpmﬁeﬁe%pﬁoeéss Q¥dcfbdd thdreit) LA H8'Aefails of the
compound having at |east one C-C double bond, regenerating the catalyst
used in tregeneration prosedunglaregiveinng t he regenerated catal yst for further
reaction in the process. 20 We have found that this object is

achi eved by the process of the invention. The present invention
accordingly provides a process for oxidizing an organic conpound

having at | easks e4fbéséend@ordl tBe RBHE, Berdt isextdndive for taYtOre%nEQG Gnfef@fe80f . 25
whi ch conprises the follow ng steps: () prepari ngl a
e

hydr oper oxi de,processes for preparing epoxides, but the problem of practicable regeneration of

10  deactivated catalyst and the useful integration of such a step into the overall process
remains unsolved. This step and its integration into the overall process are, however,
critical for the economic viability of such a process. It is in principle possible to
condugt regenerations as disclosed in EP-A-0 743 094; these are, however,
economically unviable because of the low temperatures used therein and the

15  resulting long regeneration period.

It is an object of the present invention to provide a process for oxidizing an organic
compound having at least one C-C double bond, regenerating the catalyst used in

this process and reusing the regenerated catalyst for further reaction in the process.
20

We have found that this object is achieved by the process of the invention.

The present invention accordingly provides a process for oxidizing an organic
compound having at least one C-C double bond or a mixture of two or more thereof,

25  which comprises the following steps:

)] preparing a hydroperoxide,



4 - (1) ‘reacting an organi c conpound having at |east one

C- C doubl e bond or a mxture of two or nore thereof
wi th the hydroperoxi de prepared in step (I) in the

presence of a zeolite catalyst, 5 4. (I11) regenerating the at
| east partially deactivated zeolite catalyst used in -
step (11), and (v conducting the reaction of step (11)

using a zeolite C(ﬁ?)éll ys&ga@%% Shdaslic cog{pggn(% 113ving at least oxﬁ]?-@t: QBhBIk ¥ohd

regenerated in step (I11 s step relates to
the preparati on of a hydramixtuxeé oftwoFerimdré ¢hepaof pdthale hfdrépeeoxide prepared ent

I nvention, hydroperoxide refers to hydrogen peroxide as well as organic
conpounds of the fornul énﬁgﬁﬁgﬂ'ﬁlﬁ/ﬁgﬁ%ﬂ%%&z%ﬂ?wafa?@cl oal kyl, aral kyl or
aryl . In the process of the invention, preference is given to using
hydr ogen peroxi de. 20 Processes for preparing the hydroperoxi des are
known and will herein only be recited briefly for the synthesis of
hydr ogen pér oxi de(Il) regentiating derat heastopartikdly deagtivafed rzatlity catglystessdird vi a
an ant hr agui none process_ or directly from hydrogen and oxygen over
nobl e metal catalysts. Stp(l),and .

av) conducting the reaction of step (II) using a zeolite catalyst comprising
the catalyst regenerated in step (III).
10

Step ()

This step relates to the preparation of a hydroperoxide. For the purposes of the
15  present invention, hydroperoxide refers to hydrogen peroxide as well as organic
compounds of the formula R-O-OH, where R is alkyl, cycloalkyl, aralkyl or aryl.

In the process of the invention, preference is given to using hydrogen peroxide.

20  Processes for preparing the hydroperoxides are known and will herein only be

recited briefly for the synthesis of hydrogen peroxide.

Hydrogen peroxide is preferably synthesized via an anthraquinone process or

directly from hydrogen and oxygen over noble metal catalysts.

25

In the anthraquinone process, a mixture is prepared which is referred to as working

solution hereinafter. This mixture comprises a solution of a 2-alkylanthraquinone,



25 In the ant hraqui none process, a mxture is prepared which is
referred to as working solution hereinafter. This m xture conprises a
solution of a 2-al kyl ant hraqui none,

- 5- preferably 2-ethyl-, 2-butyl-.52-hexyl-, 2-hexenyl-,
particularly preferably 2- et hyl ant hraqui none, in a solvent m xture
conprising a qui none solvent and a hydr oqui none sol vent. The qui none
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m xtures of two or nore thereof, such m xtures being preferred. The
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t et r aal kyl @r etxylenesodtightr alkydrormativg having ¢ao 0 ppreferablst Uitoek], oarbon atoniswe Of
nore thereof, tetrabutylurea being preferred. The wor ki ng sol ution

i s hydr ogenat SBIXHIESPIRYACHBOR Rereph SyRbapistresingprafonter r] C,

preferably at fromabout 40 to 70[err]C, over a commercially available
catalyst 15 <containing at |least one transition netal, preferably fromO0.5
to 20% by wei ght Pd on carbon, nore preferably from2 to 15% by wei ght
Pd on carbon. Theehydadquinose solventhie generallyaselevtgiefiomrthé p@up @omistingaofSalisyiensi on
or a fixed bed. containing solution is

The resul ting hydroqui none-
oxi di zed wi t h RiwsRiglss, ﬁlkéfp @h&m?lgmam nogjk ﬁlcghql% ai&fl@vclﬂbsmomsgﬂw N&N-an
oxygen- ang nij: 104 ' ' i . : ' esent
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for exanpl e a twolhere thereol tetfEbatybireatadingprefesred.ar ri ed out at a reaction
tenperature of from about 20 to about 100[err]C, preferably from about 35

t o about 60[err] C, until the hydrogen peroxi de content of the solution
is constant and the conver- 25 sion of the hydroquinone into quinone is
conpl ete. The working solution is hydrogenated with hydrogen at from about 20 to 100°C,

preferably at from about 40 to 70°C, over a commercially available catalyst
15  containing at least one transition metal, preferably from 0.5 to 20% by weight Pd on
carbon, more preferably from 2 to 15% by weight Pd on carbon. The catalyst can be

arranged in the form of a suspension or a fixed bed.

The resulting hydroquinone-containing solution is oxidized with oxygen, preferably
20  with air, more preferably with an oxygen- and nitrogen-containing mixture in which
the oxygen is present in deficiency, based on the total mixture, in a suitable
apparatus, for example a bubble column. The oxidation is carried out at a reaction
temperature of from about 20 to about 100°C, preferably from about 35 to about
60°C, until the hydrogen peroxide content of the solution is constant and the conver-

25  sion of the hydroquinone info quinone is complete.

The resulting hydrogen peroxide mixture is subsequently extracted with a solvent
which is not miscible with the solvent mixture, preferably with water, methanol, a

monohydric alcohol having from 2 to 6 carbon atoms or a mixture of two or more



The resulting hydrogen peroxide m xture is subsequently extracted with a

sol vent which is not mscible with the solvent m xture, preferably
with water, nethanol, a nonohydri ¢ al cohol having from2 to 6 carbon
atons or a mxture of two or nore -6-

- 6- t hereof, nore preferably with water. The resulting hydrogen -
peroxi de m xture may then be used directly in the reaction of step

(I'1) of the pr Lavent h . - '
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cited therejn. In the process of the 10 invention, hydrogen peroxide is
preferably prepared fromthe el ements according to t he process
described in DE-A-196 42 770, which i,s incorporated herein by

reference in i Fathermereethe hydrogen pergyide prefarably ised Soreexidation inHibe mressats s
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the surface of %é)ecif_i cal I% shaped carriers. Such carriers can be customary
packi ng refrence in 1ts entirety.

The essential aspects of the process described therein will now be recited briefly
15 below. |

According to the process described therein, hydrogen peroxide is prepared
continuously by reacting hydrogen and oxygen in water and/or C;-Cs-alkanols as
reaction medium over a shaped catalyst body containing palladium as the active

20 component. This process yields a hydrogen peroxide solution having a hydrogen
peroxide content of at least 2,5% by weight, based on the total solution.

Shaped catalyst bodies are catalysts in which the catalytically active component is on
the surface of specifically shaped carriers. Such carriers can be customary packing
25  elements, for example Raschig rings, saddle bodies, Pall® rings, wire spirals or wire-
mesh rings, which are composed of various materials suitable for coating with the
active component. Details of the above-mentioned carriers can be found in RSmpp-
Chemie-Lexikon, 9th ed., p. 1453f. The packing elements provided with the cataly-

tically active component are introduced into the reactor in the form of a loose bed.



25 el ements, for exanpl € Raschig rings, saddle bodies, Pall rings, wre
spirals or wre- mesh rings, which are conposed of various naterials
suitable for coating with the active conmponent. Details of the
above-nentioned carriers can be found in+Ronpp- Chem e- Lexi kon, 9th
ed., p. 1453f. The packing el enents provided with the cataly- tically
active conponent are introduced into the reactor in the formof a | oose
bed. . . . s .

Preferred shaBEeéerBegd?}?ge‘?]g%le%tl?g‘r'leng S ‘\7\%%“119%%‘3 léad%la |i‘fej(5%%d HleriDr%'ed in
VDI - VAr Weineattas, éHapet BE1) inkhe fahgd im1aogde@ mmom 1 to 10 nm
Preference is given to using shaped catal yst bodies which are installed in
the reactor 5 in the formof arranged-packi ngs and which have a | arge
surface area for their volume, due to a nultiplicity of throughflow
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preparing hydpegeideecardingeto dris @eddasstart degceibed, Fordedadipld, e ERPOD @G33ug62) s ed
for this 15 purﬁose. The process described therein involves
I nt roduci ng SHAr 'Wtﬁlé@@ﬁph%&%&%and oxygen into a liquid stream

of water and an inorganic acid in the presence of a cat al yst
conprising®a netal of transition group VIII of the Periodic Table. The
liquid 20 streamhas a velocity of at |east about 3 mls (10 feet/s) to
create a cont iAnfisther gre¢gss for preparing hidroganypethxides whivth cga alsb bb itegrated irto
continuous liquid phase éﬁ\s_regards further, . . detailgs of }his process
for preparing U @FSE%N ohdhe),inveation 6 ostem B, iss disglesed dn (WO 96/05138." This

above-menti On%ﬂpl?é%ﬁb‘ﬁ‘?@incorporated herein by reference in its entirety for the process for
preparing hydrogen peroxide described therein and for the apparatus used for this

15  purpose.

The process described therein involves introducing small bubbles of hydrogen and
oxygen into a liquid stream of water and an inorganic acid in the presence of a
catalyst comprising a metal of transition group VIII of the Periodic Table. The liquid
20 stream has a velocity of at least about 3 m/s (10 feet/s) to create a continuous region
of finely dispersed gas bubbles in a continuous liquid phase. As regards further
details of this process for preparing hydrogen peroxide, reference is made to the

above-mentioned document.

25  The hydrogen peroxide used in the process of the invention can also be prepared by
contacting a secondary alcohol, for example a-methylbenzyl alcohol, isopropanol, 2-
butanol or cyclohexanol with molecular oxygen under conditions suitable for
obtaining a mixture comprising a secondary alcohol and hydrogen peroxide and/or a
hydrogen peroxide precursor. Such a mixture typically comprises a ketone



25  The hydrogen peroxide used in the process of the invention can al so be

prepared by contacting a secondary al cohol, for exanple
[ err]-met hyl benzyl al cohol, isopropanol, 2- but anol or cycl ohexanol
w t h nol ecul ar oxygen under conditions sgi.table for obtaining a

m xture conprising a secondary al cohol and hydrogen peroxide and/or a -
hydrogen peroxide precursor. Such a mxture typically conprises a ket one
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Ferrini et_al. in "Catalytic Oxidation of Al kanes using Ti t ani um
Silicate ih the Presence of in-situ Generated Hydr ogen Ferroxide", DGAWK 10
Conf erence on_Sel ective Oxidations in Petrochem stry, Sep. 16 - 18 1992,
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up to about 5@03. or a polyner, i.e. a

Step (I)

15

This step of the process of the invention relates to the reaction of a compound having
at least one C-C double bond or a mixture of two or more thereof with the
hydroperoxide prepared in step (I) in the presence of a zeolite catalyst. -

20  For the purposes of the present invention, "organic compound having a C-C double
bond" encompasses all organic compounds having at least one C-C double bond.
The compound in question may be a low molecular weight organic compound, i.. a
compound having a molecular weight of up to about 500, or a polymer, ie. a
compound having a molecular weight of more than 500. However, the process of the
25 invention is preferably used for low molecular weight organic compounds of the
type described above. These may be linear, branched or cyclic compounds which
may contain aromatic, aliphatic, cycloaliphatic groups or a combination of two or
more thereof. Preference is given to using an organic compound having from 2 to 30

carbon atoms, more preferably from 2 to 10 carbon atoms. The organic compound



conpound havi ng a nol ecul'ar wei ght of nore than 500. However, the process
of the 25 invention is preferably used for | ow nol ecul ar wei ght organic

conmpounds of the type descri bed above. These nay be |inear, branched
or cyclic conpounds which may contalg aromatic, aliphatic,
cycl oal i phatic groups or a conbination of "two or nore thereof.

Preference is given to using an organi c conpound having from2 to 30

carbon atons, i & Rb& ALY &l Aifhdid SodcoicHl BiWeder % alsa possipfifor fhe

conpound

used is nore porgifi¢ abipodid adedPidakidve MBRORAEDhE ethyRIRMRY unbdturhfid adodBle

possi bl e for the organi ¢ conpound used to have nore than one
et hyl eni cal | y Randatsis dheepseciopesample, mbbms ontrienes. {The coarpeund‘ may esmtaipl €, in

dienes or trie 1) ddi t i onal naI
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of . two or nore t ereof The doubl e be term nal or internal.
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i ncl ude unsat unadted of tetd or racre @ these compounder i vati ves thereof, such as

esters and gl ycerides of such unsaturated fatty acids, and ol i goners
or polymers of unsaturated organic conpounds, sueh as pol ybut adi ene.
Exanpl es of such organi c conpounds i ncl ude: ethylene pr opyl ene,

<oprone, § ﬁef;%{n‘%fE@ﬂ%xﬁ%ﬁﬁtﬁﬂﬁeﬁenﬁ%%@@? B En iRy fap 5"

nonene, 1 d e cdemivativea mdraﬁ esuch as esiete amh glycel:ldesj@lcbﬁ@l@ Oftsatukated Fit§ GRS Sand1

-t etradecene, % t adecene, 1 - hexadecene, hept adecene,
-oct adecene, 1° QQHW%(P@ 1ery of ynsalyeaisdeorgans conmoundss sych as pelybetedianger s of
propyl ene, styrene and ot her vi nyl aromati c organic conpounds havi ng at

| east one C-C doubl e bond, diphenylethyl ene, polybutadiene,

pol yi soprene, cyclopentene, cycl ohexene, cycl oheptene, cycl ooctene, cyclo-
oct adi ene, Exayngllescbd dacheorganic compaunds indludecat ri ene,

di cycl opent adi ene, nmet hyl enecycl opr opane, net hyl enecycl opent ane,

met hyl enecpcl ohexane, vinyl- 25 cycl ohexane, vinylcycl ohexene, nethallyl
ketone, allyl chloride, allyl brom de,

ethylene, propylene, 1-butene, cis- and trans-2-butene, isobutylene, butadiene,
pentenes, isoprene, 1-hexene, 3-hexene, 1-heptene, 1-octene, diisobutylene, 1-
nonene, 1-decene, camphene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-
pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene,

20  di-, tri- and tetramers of propylene, styrene and other vinylaromatic organic
compounds having at least one C-C double bond, diphenylethylene, polybutadiene,
polyisoprene, cyclopentene, cyclohexene, cycloheptene, cyclooctene, cyclo-
octadiene, cyclododecene, cyclododecatriene, dicyclopentadiene,
methylenecyclopropane, methylenecyclopentane, methylenecyclohexane, vinyl-

25  cyclohexane, vinylcyclohexene, methallyl ketone, allyl chloride, allyl bromide,
acrylic acid, methacrylic acid, crotonic acid, vinylacetic acid, crotyl chloride,

~ methallyl chloride, dichlorobutenes, allyl alcohol, ally! carbonate, allyl acetate, alkyl
acrylates and methacrylates, diallyl maleate, diallyl phthalate, unsaturated

triglycerides, for example soybean oil, unsaturated fatty acids e.g. oleic acid, linoleic



acrylic acid, nethacrylic acid, crotonic acid, vinylacetic acid, crotyl

chl ori de, net hal | yl chl oride, dichlorobutenes, allyl alcohol, allyl
carbonate, allyl acetate, alkyl acryl ates and net hacryl ates, diallyl
mal eate, diallyl phthal ate, unsaturated triglycerides, for exanple
soybean oil, unsaturated fatty acids e.giobleic acid, linoleic '
-10- acid, linolenic acid, ricinoleic acid and esters thereof

i ncluding mono-, di- and trigl-  ~ _ yceride esters. M xt ures of
two or nore s@el, ienlendeiacid, riciagleie peif|apd estars theseofdncleding moRpH dircendsrigl-

exenplified a é’rgde SRR al so be used. Thus, the present invention
particularly pro M () process of the present type where the organic
conmpound having at | east one C C double bond is selected fromthe
group consisting of a linear or branched aliphatic olefin, a linear or
branched 10 _aromatic olefin, a |inear or branched cycloaliphatic olefm
each havi ng upMixgirgpof two o merosichtcompounrdsd espepiplky mixtures of \the epmpeinds
t her eof . jjnvention is particularly useful for

5 frrelglgffedparb%ee;‘ 3%:{ glgo 5@&8{1 P y

L ex
reacting | ow nmo

ar wel efins, e.g. ethylene, propylene and
t he butenes, especially propylene. 15 Catal ysts used in step (I1) of
the process of the invention are transition netal - " cont ai ni ng,
m croporous and/ or_ nesoporous_and/ or nacroporous solids. The

oxi dat ij on of |Thws.ribe pressnd invigptiopnarticasty meddesre praeass efithg presentyyes whegp| v
%0 . e oL P : oy
carrie Qi Pigr%}zxilg?cy&x{p%ﬂﬁd g%@ﬁg TEidl GRER '&b&t@e Boid ?s??él@clfédt g:ﬁ}g' tﬂrém ‘e

particularly pre tes contarning transition ne

preferably a zelp tensisting asfna Nigedri drabianohed aliphati¢ folefin] Wnlineahrarnbranthed
ni obi um iron or vanﬁd' um _and especially a titanium silicalite,
10  aromatic olefin, a linear or branched cycloaliphatic olefin, each having up to 30

carbon atoms, and a mixture of two or more thereof.

The process of the invention is particularly useful for reacting low molecular weight

olefins, e.g. ethylene, propylene and the butenes, especially propylene.

15

Catalysts used in step (I) of the process of the invention are transition metal-

containing, microporous and/or mesoporous and/or macroporous solids.

The oxidation of low molecular weight compounds in particular is preferably carried
20 out using transition metal-containing microporous solids, particularly preferably
zeolites containing transition metals, more preferably a zeolite containing titanium,
zirconium, chromium, niobium, iron or vanadium, and especialiy a titanium

silicalite.

25  Zeolites are crystalline aluminosilicates having ordered channel and cage structures
with micropores. For the purposes of the present invention, "micropores”
corresponds to the definition given in "Pure Appl. Chem." 45, p. 711f., particularly p.
79 (1976), and refers to pores with a pore diameter of less than 2 nm. The network of



25 Zeolites are crystalline alumnosilicates having ordered channel and
cage structures Wi th m cropores. For the purposes of the present

i nvention, "mcropores” corresponds to the definition given in "Pure
Appl . Chem ™ 45, p. 71ff., particul arly_g ) 79 (1976), and refers to
pores with a pore dianeter of |ess than nm The network of

such zeolites is conposed of SiCIerr] and Al err] tetrahedra which are

K B COTUES o B BSTR i A B TR 5y ™
Zeolite Str Ucbﬁigr%g-[ gges. A'ﬂ:rle\'ﬁ@\\(r'&rthe Eﬁ&\m’?gtructmes m *‘Bg%dlm"ﬁg’?}a’ﬂ (V)

Fur t her nor e, are zeolites which contain no al um num and

partly r SpMadilcier a&d(D ¥ Olsontith8Adad ofZeokitel Sutuctucee Typeist, ditsevier 4t kd.f es,
especially thi8e haledg crystal structure of the MFI type, and
possi bl e ways 8 ring them are descri bed, for exanple, in EP-A-0

311 983 or EP—A—O 405 978. Apart fromsilicon and 10 titanium such
materials fray al so contain further elements such as al uni num

zirconium tin, iron, cobalt, nickel, gallium boron or small anmunts of
f1 uori ne. Furtherffioes, there aieueolites whichzeentaint ps ablesmmh laed heen THEY Jppartly y or

whol | I d,b I - I L h Th
ol ar ot 1 o oF R SRR dh bl gt 20 G L e AR B um

or iron to thernslMtaicnié bf &6 MHIltise, hhd ﬁ@s&;ibl@@éﬁ/o?br Parmgﬂ&eme'é 8¥cribed
zirconium chromium niobiumor 1ron i's usual he Tange from?O bl 1

to 0.1 for exampleiouR?-fodl dllcSEhaniEipAdh 4m<|97§t Agettufromasiticoments {0 be
i agr ams aha, SRR mERH e BB et fofber Kigparts S 35 A
infrared (IR) za:&ormlaﬁ,tﬁn, %68, OBALIE hickel, 2lHuibstoslbf dnfdll dnicumtsedfifRibtine. net al

titanates or crystalline and am)rphous Ti o2 phases.

The titanium in the zeolites described can be partly or wholly replaced by vanadium,
zirconium, chromium, niobium or iron. The molar ratio of titanium and/or vanadium,

15  zirconium, chromium, niobium or iron to the sum of silicon plus titanium and/or
vanadium, zirconium, chromium, niobium or iron is usually in the range from 0.01:1
to 0.1:1.

Titanium zeolites having an MFI structure are known to be identifiable from a

20 particular pattern in their X-ray diffraction diagrams and, in addition, from a skeletal
vibration band in the infrared (IR) at about 960 cm™, and thus differ from alkali
metal titanates or crystalline and amorphous TiO; phases.

Said titanium, zirconium, chromium, niobium, iron and vanadium zeolites are
25  usually prepared by reacting an aqueous mixture of an SiO, source, of a titanium,
zirconium, chromium, niobium, iron or vanadium source, e.g. titanium dioxide or an
appropriate vanadium oxide, zirconium alcoxide, chromium oxide, niobium oxide or
iron oxide, and of a nitrogenous organic base template, e.g. tetrapropylammonium

hydroxide, with or without added basic compounds, in a pressure vessel at elevated



Said titanium zirconium chromum niobium iron and vanadi um zeolites are
25 usual |y prepared by reacting an aqueous m xture of an Si(Jerr] source,

of a titanium zirconium chromum niobium iron or vanadi um source,
e.g. titanium di oxide or an approprhat e vanadi um oxi de, zirconium
al coxi de, chrom um oxi de, ni obi um oxi de 3 iron oxide, and of a

ni trogenous organi ¢ base terrpl ate, e.g. tet rapropyl anmoni um
hydr oxi de, with or w tPo rﬁqqed basi c c&) ounds, in a g ssure, ve eI at
el evat ed temperature for several hours or some days, res tmg in a crystalling product. .

tenperature f 1 am,g Eﬁl o
product. The cz:li'ys'ﬁﬂ}lcr y@og%:{%eﬁhg{eg uét 1 géﬂf? dPE‘zr%g%b"%@ étr}né}] 3 i rre and
baked at high rbmnmhabrgamcttmtrogen baseeInthe reshléing pgsadnrptha |tltanngmnr firoaium,n t he
resul ting powder, thelgtanlumor zi rcqQni um ' a blun]}l i ron
and/ or vanadi R, BIO Hlmdfmlaég@f"?ﬂfal 1S PRESPifat elar\%t IPFI ¢ zephtE rewor k

In varying spr GRgkdwd?k Sin! Va&ﬁge;?mg&nﬁﬁs ﬁ”foﬁ‘-xf vel & %Epgo?de%&dﬁﬁuoﬂ_ OTo

i nprove the catalytic charac tics it 1s also possi to carry out a
subsequent unptmathere:atalym;a clmahtengmsapmalsmj Ipyssrblct ho @asyplout Bcwubsequéntdr ogen

d t d ft h,the tit
D coni um ohrispih by wisbife epesiedly with & soifionted SWiseerE AR ForEinepe
agai n dried angifiqkqdid, tafes wiadh lﬂfe a&mm Bdofiuk) ch}arﬁafmﬁ&b&ﬁtﬁoﬁl kal i

nmetal compounds in order to convert the zeolite fromthe form’into
the cation for\fmadmm zeelstalptowdgr mustdmagmncdnedland(bakadnﬁus:tmg fottpwed bpaum

i ron, vanagdi um z te er i then ace [ nto sha d .bod

descri bed ﬂm@ fc8p1|p8 éBIof‘feé 0 Spuvert 5r7rF \éﬁzﬁum
chromi um ni Obfoﬁfﬂnﬁé théa&ﬁdh‘féﬁr?%ls'résﬁﬁmg titaniurABF zu&hﬁﬁﬁrdlﬁﬁmaﬁpmobﬁﬂl are
those having a pentasil structure, Emallythety W t h X—ray

assi gnment to izorBEARAdiIDR zeqign ponmley is pivEessed/ixito aGhapedeiRidy as descriigd, G S,
BOG NON, EMT,begBl(jl KFl, FAU, DDR, MIT, RUT, LTL, MNAZ, GVE, NES, OFF,
SGI, EUO MFS 22 or MFI/MEL m xed structure. 20 Zeolites of this
type are described, for exanple, in the above Meier and O son

reference. Al so possible for the present invention are titani um contai ning
zeolites having the structure of UTD-1, CT-1, CIT-5, ZSM 48, MM 48,
ZSM 12, 15 fReeferred pealitesrare Biapiuny gisponiem oheproiumysioiawm ewvanalivm zeobites.t es

are descri bed, t 9 t he

rel evant cont entu% %F fe\%ﬂﬁé1 %ﬁogg%%n%gﬁepoﬁge%%ggagﬁ%%ﬁ%e’ (?cg‘lflg'r é‘%%@)

their entiretywith X-ray assignment to a BEA, MOR, TON, MTW, FER, MF I, MEL, CHA, ERI,
RHO, GIS, BOG, NON, EMT, HEU, KFI, FAU, DDR, MTT, RUT, LTL, MAZ,
GME, NES, OFF, SGT, EUO, MFS, MCM-22 or MFI/MEL mixed structure.

20 Zeolites of this type are described, for example, in the above Meier and Olson

reference. Also possible for the present invention are titanium-containing zeolites
having the structure of UTD-1, CIT-1, CIT-5, ZSM-48, MCM-48, ZSM-12,
ferrierite or B-zeolite and of mordenite. Such zeolites are described, inter alia, in US-
A-5 430 000 and WO 94/29408, the relevant contents of which are incorporated

25  herein by reference in their entirety.

Nor are there special restrictions in the pore structure of the catalysts used according
to the invention, i.e. the catalyst can have micropores, mesopores, macropores,
micro- and mesopores, micro- and macropores or micro-, meso- and macropores, the

30  definition of "mesopores" and "macropores" also corresponding to the definition



Nor are there special restrictions in the pore structure of the catal ysts
used according to the invention, i.e. the catal yst can have

m cropores, Mesopores, Mmacropores, m cro- and nesopores, nmicro- and
macropores or mcro-, neso- and nmacropores, the 30 definition of
"mesopores” and "macropores" al so correS'plcs”eri ng to the definition

- 13 - given in the Pure Appl. Chem reference given above and
referring to pores having a dianeter of from> 2 nmto about 50 nm or
> about 50 nm giversinetbe Purel Appl. Chem. refefBhee giutroabpye andseetereing torphiresthavingtehe

i nvention can al so be rial SOpPOor ous de containin
:itvl ealst one t& p%ﬁoxﬁ%’%pr‘n%abg%?&mr%@%gpt@e : %“ PXI cont ai n: nlg g

transition netal and silicon. Parti cul ar preference is given to

si licon-contai ni ng mesopor ous oxi des whi ch additionally contain Ti, V,
Zr, Sn, C, Nbo or Fe, especially Ti, V, Zr, C, Nb or a 10 m xture of two
or nore t her'eoﬂ'he catalyst usedl dooording tecthl dnventioyvan alsef bens matedial dwsed on a

exanpl e, pyl ene are reacted. in the r.esent nt.ion, particul ar
ot ef br ehce 1" ERBRRES CHER oS etk At st AL Rsiab A aicod Or EGriragéh o
havi ng excl usi ¥&itnb a\tanbitien nétaxsd silgdowel y m cropores such as, for 15
exanple, titaniumsilicalite 1, titaniumsilicalite 2 or

titaniumcontaining zeolite [err], nore preferably titaniumsilicalite
1 or titaniumsilicalite 2, especially titanium silicalite 1.

The use of a c st h partlcu nmechani.cal stability i, r rred
T he 20 r RuRFUR orettieRte Bf Vo 1 siEp RO, TisSoRoruh pided Wk
Particularly SHd&r@é’Haﬂ fc@ﬁtaid’"l‘ﬁv Zr, SIE’LCrgmeorqfeeeEp% brlly 4,5V 2y IctoNBesR d t o
structure as descri bed in DE-A-196 which” i's incorporated

herein by A&f emxmequwopsmmthcreof/ with respect to the catalysts
descri bed therein.

If low molecular weight olefins such as, for example, propylene are reacted in the
present invention, particular preference is given to using titanium-containing zeolite
catalysts having exclusively or virtually exclusively micropores such as, for

15 example, titanium silicalite 1, titanium silicalite 2 or titanium-containing zeolite ,
more preferably titanium silicalite 1 or titanium silicalite 2, especially titanium
silicalite 1.

The use of a catalyst having particular mechanical stability is preferred, if the

20 reaction of step (II) is carried out as a fixed-bed process. Particularly suitable for this
purpose are catalysts having zeolite structure as described in DE-A-196 23 611,
which is incorporated herein by reference in its entirety with respect to the catalysts
described therein.

25  These catalysts are based on titanium or vanadium silicates having zeolite structure.
As regards the zeolite structure, reference is made to the above-mentioned preferred
structures. These catalysts are characterized in that they have been shaped by
strengthening shaping processes.



.25 These catal ysts are based on titaniumor vanadium silicates having
zeolite structure. As regards the zeolite structure, reference i s nade
- to the above-nentioned preferred structures. These catal ysts are
characterized in that they have been shaped by strengt heni ng shapi ng
processes. -14- - 14-
Sui t abl e strengt heni ng shapi ng processes which can be used include in
principle all strengt heni ng shapi ng nethods customarily used for

cat al ysts. Pr Suitabde steerigthegingeshaping processps which sei beviusedeincludt appringiple adlone by

extruding i n custamat truders,, for e | e to tai n extrudates
havi g a_di aneUErETRETAPING AR SRRy e s G e FIeO B SR o s
mm | f bi nder $raaeke@vhainSBping iPddhe RS it &ud bﬁr@@&?ﬁr%ﬂ%ﬁﬂé' y

;
prece- ded by a m xing or “kneadi g procedure. Extrusion may be
fol |l owed by a toabtaineixhydates havingeydiamtter ofasudllyi fram é o 10 dun.espeiallydfmm2 nut ed,

e by o7 PUERTRACIE RGeS BaRERT 5 v, el W hERB R Bl L ' ©
granul es and e byeabesk 6pkidading ppeediee. ERRIRA miy Be WllohRiHyta cBdRRE 10

contain virtually no finer fractrons than those having a m ninum particle
di amet er of  step. Gherepuhing extrudates prg camprintited, ibdesised; pesierably to b

i dat i | d . ' % b i ght. pf bi based
on the totar i stnglS BhuRg Rkl dBnber oRIRYS o 5 mith eltbiefly Al 050 2°°°¢
contents are fri@nPélels, gRndlés Riid WRb Ghdped R81ARSH Bddies fhfraed ih 4 diffeRit Rdniei ght .

Sui t abl e binders are in principle all conpounds, used for this purpose;
pr ef er encel0i s cgntgiiyvirtaally no fines figetiong thandhose brving ¢ nyRinges patgiclesliametesrof

al um num borqp5HB¥osphorus, zi rconi um and/or -titanium A binder of -
particular intérest is silicon dioxide, which may be i ntroduced into
the shaping step in the formof silica sol or tetraal koxysil anes. 20

Oxi des of magnesi um and berylliumand also clays, e.g. nontnorillonites,
kaol i ns, bentonites, halloysites, dickites, nacrites and anauxites,

can al so be uda@ paefemederabediment the shapedipxidationsatelyst ysed contpianyp ke H% Y

shapi ng proce i r e ' . [ uva .
customary ext f‘?ﬁg (; 5 ?%&%%{eﬁ 8%&%&%@% %‘é‘ﬁu%%é Pagbcgﬁﬂggu}l éé%ersﬁ glﬁ%erre 25
usual 'y bursnt cohfensaregfrend. Yol 7% by welhe Gesseially Honi DicY5% bepveight. Suitable The

above-nenti on i tani,um,and, vanadi um zeol ites are typica]l repared as
ebclinc}ers are in pnncgple a?l compounds used for this purpogg; pre ere%cepis geven to

compounds, especially oxides, of silicon, aluminum, boron, phosphorus, zirconium
and/or titanium. A binder of particular interest is silicon dioxide, which may be
introduced into the shaping step in the form of silica sol or tetraalkoxysilanes.
20  Oxides of magnesium and beryllium and also clays, e.g. montmorillonites, kaolins,

bentonites, halloysites, dickites, nacrites and anauxites, can also be used as binders.

Adjuvants for the strengthening shaping processes include, for example, extrusion
adjuvants, a customary extrusion adjuvant being methylcellulose. Such adjuvants are

25  usually burnt off completely in a subsequent calcining step.

The above-mentioned titanium and vanadium zeolites are typically prepared as
described above in the general description of the zeolite catalysts used according to
the invention. The resulting titanium or vanadium zeolite powder is then shaped as

30 described above.



described above in the general description of the zeolite catal ysts used
according to the invention. The resulting titaniumor vanadi um
zeolite powder is then shaped as 30 descri bed above.

- 15- It is also possible to regggerate oxidation catalysts based
on titanium or vanadi um silicates having zeolite structure and
containing fromO0.01 to 30% by wei ght of one or nore noble netals
fromthe group consisting of ruthenium rhodium palladium 5 osm um
iridium platinum rhenium gold and silver, which are also characterized

I n that they have heen shaped by . strengtheni ng shapi ng processes. Such
catal ysts are E]t % apsﬂipé’é?l 48 IFE‘?“BEEA&/XI‘%@"%%@B@FS baggd-en B?N% 6F panadivay

herein by refe £ hAVind : | Lt donfain '

t herein. 10%&@%%5611?&\}#8&8 2|teof a ovée&?lnéb{:1 onne FIS%II’] V\ﬁ%ﬁ%b gﬁ%@tg’gg%il
appl i es with reymod habl¢ metals from the geougtdoasisting offrathimigmp Hdhss,galladits,

- t he oxidation

“bi nd d_the adjuvants and the structyre of, A A
c :51'? aF;Zt gn 5 Gsrin, “’Paslé"]w’ ThenimogQld, a?‘ﬁSIBE[’ Rhidheare alsg gberacierized i r om
0.01 to 30% b kbt ' B | . : 20 ' [
0 y th’é?'t}ﬂ:? havé geerﬁlﬁﬁ&i B*] tsiiferfgﬁﬂeﬂ]ng, f ﬂg%lgé’ gg%e/gs@’ Sifch Qgﬁla'sﬁgg? gn

particular fromO0.0l to 8% by weig ve- ment1 one
nmetal s, in eacHisclosesl inaDEAA 96123 66fyortich df irtcbmporated héreinalyi ruferences Bnisli um

zeolites. Particular eference is.gjyen.to palladium The noble
netal s can be &Pt fyefﬁ‘pti%c? Sté??%ﬂb@‘i&?ﬁ?mche form of suitable noble netal

conponents, for exanple in the formof water-soluble salts before,
during or after the 20 strengthening shaping step. In many cases
it is nost advantageous, however, to apply the noble netal conmponent s

to the shaped &¥haavpssaidhabiivedn coringeticntweith DEeA-4B6P3 611 appdies with pegarditolthe i T a
hi gh tenperaturge treatnent .of the nobl e netal talyst is desirabl e, The
noble 25 net a‘ife"g@’ﬁﬂ’&ﬁéﬁ?%m%mcsﬁesdglbq blggerfan ﬁ@ agjilysuly ap steycture of
particul arly byheloXidation catalgi§hange, inpregnation or spraying. The

application nmay be carried out using organi ¢ sol vents, aqueous ammoni a
solutions or supercritical phases such as, for

The catalyst disclosed in DE-A-196 23 609 contains from 0.01 to 30% by weight,
15 especially from 0.05 to 15% by weight, and in particular from 0.01 to 8% by weight,
of the above-mentioned noble metals, in each case based on the amount of the
titanium or vanadium zeolites. Particular preference is given to palladium. The noble
metals can be applied to the catalyst in the form of suitable noble metal components,

for example in the form of water-soluble salts before, during or after the

20  strengthening shaping step.

In many cases it is most advantageous, however, to apply the noble metal
components to the shaped catalyst bodies only after the shaping step, especially if a
high temperature treatment of the noble metal catalyst is undesirable. The noble
25 metal components can be applied to the shaped catalyst particularly by ion-
exchange, impregnation or spraying. The application may be carried out using
organic solvents, aqueous ammonia solutions or supercritical phases such as, for

example, carbon dioxide.



_exanpl e, carbon di oxi de:

-16-- It is quite possible to produce noble netal catal ysts of
various types by neans of the nmet hods mentioned above. Thus, a type of
coated catal yst can be produced by aying the shaped cat aI yst bodi es
with the noble netal solution. The thickness of this noble netal
surface | ayer can be increased considerably by inpregnating, 5 wher eas

t he catal yst prtlcles e coate anlaII |forrr1 th nobl.e et al
across the crolds QBEHROSH lSﬁOPWQ“%"er%Ed“B%tﬁ té’é \(,)ﬂ rpﬁa}?sg@’ﬁange

I'n the processpyghobd tenfidmeat blﬁﬁe gﬁ S{P'Bp ro?fc%ﬁt'éﬂ'ccﬁtal)%t Ghry B8 produced iy a

zeolite catal yst obt ai nabl e cess onprises the follow ng
steps: 10 spraying the(shapedcmtabrsngodiesnwxh d:hmrmblcsmngl sphztmmt The thdekngssofx of
two or nore thereof, Wt e co

t
al cohol and wa balﬁcfn&al surface layer gan; 5>e R?Fé F#@O@i@éﬁqlilgbygapg;eﬁr&?’s one
cal cining of t@ﬁeﬁﬁﬂh&"dﬂfa@ys@baﬁibfé@ afd éoatedlﬁbstantlallyhﬂnféhﬁlg with n6blethétal

catal yst preparation process, a zeolitic material, preferably the

zeolites descradseasmwrmsecmﬁutheshep@b@ld@sm@ecm0§m¢mhﬁm¢ the titanium
or vanadi um zeolites described in nore detail hereinabove, is
processed with a m xture conprising at |east one al cohol and water, a
bi nder, optionally one or nore organic 20 vi scosity enhancers and ot her
prior art addi Idﬂl@%rdc@ssQﬂ'ttEé ﬁv&x@h@%&t@?&ﬁrﬁ@é Rr i 16 using a zeOMERhfaBAst Thi s
pl astically deformable materi al obtai ne I ntimate m xing,

especial l y kneabtmngblebvamrmemhaehmnsgﬁ@a followingistepss i s t hen shaped,

preferably by extrusion, and the resulting shaped body is dried and
finally caliei ned. 25 The catal yst which is particularly preferably
used according the invention and its preparation may be nore

particul arly descri)beginfigingQl thRWomprising a zeolite or a mix of two or more thereof with

a mixture comprising at least one alcohol and water, and

(if) kneading, shaping, drying and calcining of the admixture of step (i).
15

In step (i) of this catalyst preparation process, a zeolitic material, preferably the
zeolites described in more detail hereinbefore, in particular the titanium or vanadium
zeolites described in more detail hereinabove, is processed with a mixture
comprising at least one alcohol and water, a binder, optionally one or more organic

20  viscosity enhancers and other prior art additives to obtain a plastically deformable
material. This plastically deformable material obtained by intimate mixing,
especially kneading, of the above-mentioned components is then shaped, preferably
by extrusion, and the resulting shaped body is dried and finally calcined.

25  The catalyst which is particularly preferably used according the invention and its

preparation may be more particularly described as follows:



-17 - The zeolite used according to the invention is preferably a
titanium, zirconium, chrom um, niobium, iron- or

vanadi um contai ning zeolite and especially a titanium silicalite,
which in turn is preferably a mcroporoud7titaniumsilicalite, nore
preferably a mcroporous titaniumsilicalite having pentasil zeolite
structure. What 5 was said in the general description of the zeolite used
according to tTR ZeBlnisedAccording 16 R Mivertionis préfelablyY 4 tigiiung| Litedriwm,, pore
di stribution and preparation of the zeolites al so appljies here. :

Sui t abl e bi ndehepominm-udebipm-, jonned yanadiamtcoptainieg zagliterAnd igspecially e didaniwp t hi s

pur pose. 10 .er Is LV C Qun egl LAes
G Foon, al uniSisaiEn st i dh 3 AaEpHE e BiconhR eyl AReEL ore
bi nder of par tprefefably 4 Rii@bpsroud Gtafiubd Siliealite havify pesitabil Asblite stroetyred &Vhat

I ntroduced into the shaping step in the formof silica sol or }
t et r aal koxysi |asestid incthgeasnernl desgription ef the zeolite ysed agrording o ths iaveien e g.

koxysi | ¥#e1d B i f G ot e AP fon e. g.
andin t es, 15 "eoadBBH ool B Rif; p bt ind Hefdditor ACaklRs o1

added in step dldo)appliestheee. pr ocess of the invention are, however, a

metal acid ester or a mxture of two or nore thereof. Particular exanples
of these are orthosilicates, tetraal koxysil anes,

tetraal koxytitanates, trial koxyalum nates, 20 tetraal koxyzirconates or a
m xture of t : e Parti : ' S are
tetraal koxysrfsalﬁéglwggdgg]ﬁ% éei% nﬁmégle ﬂle&womﬁsg?{r%ﬁg?ﬁ%ggog ?ﬁg%}a’% 5.

t et r aet hoxysi | Breferentetis givew poxyapdumds, espetidllyt oxddust afxglidiohagleminune, boron,
correspondi ng tetraal koxytitani ym and tetraal koxyzi-rconi um conpounds and 25
trimet hoxy-, tRHOSRhQBIS, ZIrConig, yHtanipm %Sﬁ‘ﬁ?’épé Wﬁ&f‘ Htergst is silicon

t et r anet hoxysi 4; : ; ' + hel.ng: | Vet red.
The cat al yst vé%?’gﬁe |wéu °€a‘?§5?E%F‘g‘?agéégﬁé?’?‘g%@“%?égg?ﬁ@gr @l ngi’ E¥1(l)19% Eéele&

i nvention in ttetaalkoxysifanesn Okidas sifapmgndsnnty andnbenyliBinprantl ealabl glaysp €@ about
80% by wei ght,

nore .. . . . . . . . .
montmorillonites, kaolins, bentonites, halloysites, dickites, nacrites and ananxites,

15  canalso be used as binders.

Preferred binders added in step (I) of the process of the invention are, however, a
metal acid ester or a mixture of two or more thereof. Particular examples of these are
orthosilicates,  tetraalkoxysilanes, tetraalkoxytitanates, trialkoxyaluminates,

20 tetraalkoxyzirconates or a mixture of two or more thereof.

Particularly preferred binders are tetraalkoxysilanes. Specific examples are
tetramethoxysilane, tetracthoxysilane, tetrapropoxysilane and tetrabutoxysilane, the
corresponding tetraalkoxytitanium and tetraalkoxyzirconium compounds and

25  trimethoxy-, triethoxy-, tripropoxy-, tributoxyaluminum, with tetramethoxysilane
and tetracthoxysilane being especially preferred.

The catalyst which is particularly preferably used according to the invention in the
form of a shaped body contains preferably up to about 80% by weight, more



-18- | preferably fromabout 1 to about 50% by wei ght, especially from

about 3 to about 30% by wei ght, of binder, in each case based on the
total nmass of the shaped body, t he bi nder content being cal cul ated on
t he basis of the amount of netal oxide formed. 5 The nmetal acid

ester which is preferably used is used in‘such an anount that the
resul ting metal OXIde content in the solid is from about 1 to about 80% by

ht , f b b I,50% | |
o about 3 | BOIERY fom S60mb 3 io,pbord; i 6 RIELE epeclly Tt o Bratdut,)
mass of the shgpg Q)nght, ?ﬁﬂﬂder ea@t?cé%@'%aﬁhroﬁalﬂé’ tde4) nRf8 Bf fHe oﬁ ove

m xtures of two or ment 1 oned bi nders ca

used. the bisderscontent éburgocalmbteﬂ on xthe besis ofitthé Rmoyntaof lrrw&ltomﬁae

al cohol and wat.er gs pasting aid 15 when preparing this shaped body. The
al cohol content®™¥%this mixture is generally fromabout 1 to about 80%
by wei ght, freferabl y fromabout 5 to about 70% by wei ght, in
particular ¥rom about 10 to about 60% by wei ght, in each case based on

the total weight of the m xture. 20 The al cohol .used is preferably the

same as the al Tbhotetal aejdosstartwlich ishyefeeetbw usedi id used in sxhen e}m@mmm used
as a binder, but the of, anot her ritic her

Ay al cohol  caltSHlng sl odsieateat in B SSEisdrotnABo it apftaPhibigrejen
nmonoal cohol's  preferfiRly iffdeh Eﬁdﬁ‘inzjto taBoﬁ’c 509 WWe?éh@ rBpétidily WediR labibt ST icPdtRdut

pol yhydric al cohol S can be 2 used. Use 1s nmade In particul ar of nethanol,

et hanol , pr opad®% barweight, mles@hcaacnhaspépnthetotalmwpéthglsh@edbnﬂxtures of two
or nore thereof.
10

As can already be seen from the above, mixtures of two or more of the above-

mentioned binders can also be used.

It is essential to use a mixture containing at least one alcohol and water as pasting aid

15  when preparing this shaped body. The alcohol content of this mixture is generally
from about 1 to about 80% by weight, preferably from about 5 to about 70% by
weight, in particular from about 10 to about 60% by weight, in each case based on
the total weight of the mixture.

20  The alcohol used is preferably the same as the alcohol component of the metal acid

ester preferably used as a binder, but the use of another alcohol is not critical either.

Any alcohol can be used, provided it is water-miscible. Accordingly, monoalcohols
having from 1 to 4 carbon atoms and water-miscible polyhydric alcohols can be
25  used. Use is made in particular of methanol, ethanol, propanol and n-, iso- and tert-

butanol and mixtures of two or more thereof.



-19-- Usabl e organic viscosity enhancers |ikew se include all prior
art substances suitable for this purpose. Preference is given to
organi c, especially hydrophilic, polymers such as cellul ose, starch,
pol yacryl ates, polynethacryl ates, polyvi y[.alcohol,

pol yvi nyl pyrrol i done, polyisobutene and Eolytetrahydrofuran. These

subst ances 5 pronote primarily the formation of a plastically deformable
mat eri al duri he . .kneading, shagping and drying ste bri dgi.ng the
vty par t 1 Qe e S RG FRFhosrS ke, Peludh el pEtr ah s e ey of

the shaped body, gy | iR PolienanE Eafl RorgdIESEpecially RYRSHANC Polfnds

renoved from the shaped body during cal ciniFng. her “a
that can be adueld aar eclhlisee stasch, apulyeetyildtes, cpolpmethatsylsies,h pakyvinyl alcohol,

Subst ancgs. SuGROXYEPRLAR AP YRRIER SHh PP RE SRR | PSS RBOREE  os od
0 EP-A0 5 ondRBe Ottt SodSRoR YR ARsicll ReBPhANE LBk R AN

contents of which are I ncorporated herein by reference in eir

entirety. 15 kneading, Ishapisg @ndsm'yingﬁpﬂi}ebridgiw& pﬁmpaaﬁlde and eddifiorstlyad of
T actor 1 eactSHe B erdanietl sabilsy o lne Siaped D63 gt S ARG, e "1

mat erial . Prefsgbstiiess &€ réthdWA fidn HeGREHea b 'dihﬁxi;gﬂm&%?ds . Wwhich can be
baked out by calcining after the shagiiﬁjng ggyep. rboxylic acids are 20
particularly preferred. It is also possible to include m xtures of two or
nore of the above-nenti oned additives. The sequence in which

t he conponent s, of the.material contajning the porous,oxidic terial
are addeq . gt pRgiETR theilan B hdle 8 s B ReRE Aorrd BB 15 | oved
by the 25  orgaalie/lathh6Mait YeoRdPbaR&L ord iehihddcoR6ld] tahd € carbbndis E6htaifin
finally the mxture containing at |east one alcohol and water, but

al so to changeubstenceesiichias caleiumrarhpsate. Such fudhey addidvesiasdistlospd émBBide@r and
additives. 389 041, EP-A-0 200 260 and in WO 95/19222, the relevant contents of which are

incorporated herein by reference in their entirety.

15

It is also possible to use acidic additives instead of basic additives. Among other
things, these acidic compounds can cause a faster reaction of the metal acid ester
with the porous oxidic material. Preference is given to organic acidic compounds
which can be baked out by calcining after the shaping step. Carboxylic acids are
20 particularly preferred. It is also possible to include mixtures of two or more of the

above-mentioned additives.

The sequence in which the components of the material containing the porous oxidic
material are added is not critical. It is possible to add the binder first, followed by the
25 organic viscosity enhancer and the additive, if used, and finally the mixture
containing at least one alcohol and water, but also to change the sequence of binder,

organic viscosity enhancer and additives.



-20 - . Foll owi ng the addition of the binder to the pul verul ent porous
oxide to which the organi c viscosity enhancer may have been added, the
usual ly still pul verul ent material is honogenized in a kneader or
extruder for 10 to 180 minutes. This is _9q. generally done at from about
10[err]C to the boiling point of the pasting aid and at 5 at nospheri c
pressure or slight superatnospheric pressure. Subsequently, the

T P act CRPRyide e RARF o B tiAdb oS B Byt i olide DGR BYT

shapi ng can i nofgahieciistasitp eenbavicet GahyoHhvel BedhUadiied, e LARIP WY pulvertfint
customary prior art kneadi ng, and shapi ng apparatuses or processesgﬁenerally

used for fmuenst ésshomegedizedin af kneadstonsxaudesfapdf te diB8| minutegofiis ds

As i ndi cated ahov fe ce 1S ..0{een t rocesse rein. the,shaping is
carried Oggnegaglygc)ﬁ(cﬁeu.t%?ﬁfam% icou g:t t8 n@? @0@% rqﬁ’gi ro\gf}ﬁ? B?SQ’Qﬁa% Iag‘ilta form
extrudates havifibsphetle pisifet 6F shight YBp&rathlo¥pHerie "pRBRE, Subqaday! @d M
especially fromabout 2to about 5 mm Such extruders are deScri bed,
for “exanpl e, i FeMAlNINERYMPORPILY lard Badiide andrthe resultingcimintere his rkneadadi wntil a1t h
edition, vol. . ol owi ng extrusion, the resulting
shaped bodi es ﬁ%aég%lﬁgg&%qab%%%eﬁ%%ﬁ%F[fl)e/&about 20 30[err]C to about
140[err]C (from 1l to 20 h, atnospheric pressure) and cal cined at from

about 400[err]C to about 800[err]C (from3 to 10 h, atnospheric pressure).
It is possible to commnute the resulting extrudates. They are preferably
conmi nut ed Knegding,and shaping eansinopringiple: be sarried wuh ysing pay tof ¢he nuhenous er * of

fromO0.1 tqg,5 ' v f . mn These pellets
or o sl 690 o SBtpday it REkiudife h8 Wik dohaanllBl or processes detrdlyREed
cont ai n vi rt ualféntherpreparaon 61} foe example, ishagedichralyst Yodiesng a mi ni mum particle
di anet er of about 0.1 mm ‘

As indicated above, preference is given to processes wherein the shaping is carried
out as extrusion from customary extruders, for example to form extrudates having a

15 diameter of typically from about 1 to about 10 mm, especially from about 2 to about
5 mm. Such extruders are described, for example, in "Ullmanns Enzyklopédie der
Technischen Chemie", 4th edition, vol. 2, p. 295ff, 1972.

Following extrusion, the resulting shaped bodies are dried at from generally about
20 30°C to about 140°C (from 1 to 20 h, atmospheric pressure) and calcined at from
about 400°C to about 800°C (from 3 to 10 h, atmospheric pressure).

It is possible to comminute the resulting extrudates. They are preferably comminuted
to obtain pellets or granules having a particle diameter of from 0.1 to 5 mm,
25  especially from 0.5 to 2 mm.

These pellets or granules and also shaped particles formed in a different manner
contain virtually no finer fractions than those having a minimum particle diameter of
about 0.1 mm. ST ITHULITIO LT L



-21 - Al t hough there are no special |imtations concerning the
appar atus used for the reaction, step (I1) of the process of the
invention is preferably carried out in a reactor battery which is
packed with one of the catal ysts which caﬁlbe used according to the 5

i nvention, consisting of fromtwo to sevéft, "preferably fromtwo to five,
reactors, the catalyst being in the formof a tablet or an extrudate
formng a fixed bed or in the formof a powder form ng a suspension.
Exanpl es of usable reactor types that may be nentioned are stirred
tank reactors and tubular reactors with or w thout external

circulation. 1Although thdre ardheorspeciali hmijtations woncgreing xthel @pparatusiiusedh dor the

referably hydr i de-. i ni t i si :
ompoung. havi ngoREO R AL PEocsst o e ivention 3t FeTeptily B putdn & feadlod ™™ ©
Jerr]-Cerr]- Odaﬁ%x‘yrlvhi&?fsﬁ:aﬂ(eﬁfvﬁm&ofﬁﬁ@&wfsﬁewhiblﬁ c&PB ael aecoriinp tc?‘ﬁhe

organi ¢ sol vent, eferably a (Jerr]-(err]-al cohol, especially preferably
met hanol , arsd lifventiomwensisithgtof ftame twieto seweh, prefatably frooviwyotorfive, reactbrssthisl y t o

t he - i de, at f .. ._about 2 C t t_ 120/ f |
From about 30" (isbbeing iy Briptm of nasbibihrah, St Hrolist b ifred RS R i B o
can be fresh mephaReh pewdeEfohang!a & JoR dE£dnipRs! dfeusable reaRfo@Xjpda tha@hay 20

The ratio of the conpound to be reacted to_the hydroperoxide is not
critical and i sbeimentioned arg stied tankareaciors fand fubiilas iragtors wish pr pathauiotsternal 1 o,
preferably from.ab 1:1 to about - 6: 1. _ The hydr oper oxi de
content in the ?@H@ﬁ " (wi thout conpound to be reacted) is 25 generally
fromabout 0.1 to about 10% the nethanol content is fromabout 10 to

90% and th¥ water content is fromabout 5 to about 50% The
amount of catal yst present in the reactor may also be varied within wde
limts. therougantions & hyslrgpsroxidesenntnining, o preferally s dtydiogere nperexide-

conplete the dec:scin eﬁjmgr gtrae%}r{ gcpmprising an organic compound having at least one C-C double

bond, preferably a C,-Cy-olefin, more preferably propylene, is contacted with an
orgaxlfc solvent, preferably a C;-Cg-alcohol, especially preferably methanol, and
15 converted to the desired oxidized compound, preferably to the epoxide, at from
about 20°C to about 120°C, preferably from about 30 to about 80°C. The preferred
solvent methanol used can be fresh methanol or ‘methanol recycled from the

epoxidation.

20  The ratio of the compound to be reacted to the hydrbperoxide is not critical and is in
a molar ratio of from about 100:1 to about 1:10, preferably from about 1:1 to about
6:1.

The hydroperoxide content in the reactor (without compound to be reacted) is
25  generally from about 0.1 to about 10%, the methanol content is from about 10 to

90%, and the water content is from about 5 to about 50%.

The amount of catalyst present in the reactor may also be varied within wide limits.

The amount of catalyst present should be sufficient to complete the desired reaction



-22 - within a short period of time. The optinmum anount depends on
many factors such as ‘tenperature, ratio between conpound to be reacted
and hydroperoxide, reactivity of t he conpound to be reacted, reaction
pressure, residence tinme, and flow rates,9f the conpounds i ntroduced

into the reactor. The reaction tenperatu Is generally within 5 t he
range from about 20[err]C to about 120[err]C, preferably from about

30[err] C to abaqyt 100[,er.r.] C,..nore, preferably from about. 30[erf]C to
about | BO er 1 G2 2ot O SRR optinioa gy (HpapgS B RRY BSIPTS b ¢ he
desired react 1éifipdA e PatioWetv@fl comboitd tdiHR réitted andthgex%%kfa@,' tedctivipire f

period of tine. residence tine'is generally wthin"the range rom
about 10 mi n tthe cdopdund4o he rqactedl,ceadtion pressure,alesidencd Gime] and flowlrates ofithl, per

10 reactor. The reagtion pressure is erally chosen in the range .from
about 1 to ab&gmpounds ingeieeTinto e seasiat The seactitn eseRiraves it geneply W bar
The reactign fﬂlé}déxgé ftom Bb&t S0ty about 12006, breftrbily Ergfd{%boﬁ‘go“@%tab

tenperature, resi nce time and reaction pressure s be sel ected

so ‘that the hyldoeQemore prefecabiy romi sbout 302C td ebait 30004 The ehependvhry shbulieast
90% in particular 99%aor nore. 15 . After the reaction has_ended, the
oxi dati on pr odigaerakiy hseehosen, sphaicibs rdasizerd reastion can bgog¢asried gyt wathin and any

bypr oduct s. Tﬁg’?{@?ﬂw id8e ﬁglgo S AL, e Qes?céhcé)@ﬁngH %egﬁag%“fi‘ﬁﬁn the gange

separation ne pretere eing given to dis Separa
met hods. 2Grom AbyutUlifcminytr dbedt 24 Yapieferabdynfiomngbonatd mgnad abedtst hope C- C
doubl e bond and the .sol vent .obtained, can. i kew se be separated off

and recycl¥@d treactefe Thereastionpressurtig generally chogenyin the rangs;frosg about 1 to abouthe
ti f st | ' ' ; ' t-
reaction of s 1]%9 b%% %ﬁ%@%&?@&u‘t 6t Pitout £ ."H%Lirééaﬁon Bﬂéhglfegs ?»?e){ée}éblgar .

25 continuous on the reactor used, Tor exanp ed,
novi ng bed, in liquid fbing(TThe réeetomtempemture,sesidesos tima and reagticoncmrelssare should
stirred or unstirred manner. It is al sp possi bl o carry out the
reaction in a ieﬁWQéeqﬁar‘ the Dyisronepide.canyersiopis %ée%s.t S(.)o%apre?era%y 2¥hase
system This repglih piibSlaiPdh 8F mbley carried out as a fixed-bed process.

15

After the reaction has ended, the oxidation product formed may be separated from
water, solvent and any byproducts. The separation may be carried out by all prior art

separation methods, preference being given to distillative separation methods.

20 Any unconverted organic compound having at least one C-C double bond and the
solvent obtained can likewise be separated off and recycled to the reaction of step -
(ID) if desired.

The reaction of step (II) may be carried out continuously, batchwise or part-
25  continuously depending on the reactor used, for example a fixed bed, a moving bed,
a liquid bed or else as a suspension procedure in a stirred or unstirred manner. It is
also possible to carry out the reaction in a one-phase or a multiphase system, ase.g. a

two-phase system. This reaction is preferably carried out as a fixed-bed process.



-23 - . Once the epoxidation has progressed to a certain degree, the
desired oxidation product may be separated fromthe reaction m xture
by any prior art separation nmet hod capabl e of separating the oxidation
product fromthe reaction m xture. -RBef erence is given to using
distillative separation nethods. 5 The resulting oxidation product
I's obtained essentially free fromthe catal yst used, especi al |l y when
conducting t h@ﬂ&a@x&iég@xﬂﬁﬁﬁx has prbgRRskdPfo0 & Geftainadugrdenthd esireleoxidationwor ked
up further wthout additional catalyst separatjon steps. ., 10 ) :
Unconverted stpeduchdnayabe separated frem theaeantign mixture by ARYdPTIE\ATh §CRAFAUCBast

one G C doubl e bo | XL Ur e . of. ‘%@Q‘h:r
unconvert ed hﬂ#‘g?) r%&%tgee?’? s%;pa? a@§n&§e&§§aﬁl§%%8§‘[%;ﬁ B{ngn r%eag%?e [ ne't he
same manner Orprefepdhise@is divenito isihg distllgtive separatiodudthalls. wat er or al cohol and

oxygen, for exanple. 15 In certain enbodi nents of the present
i nvention, sgspecially when preparing the hydr operoxi de starting froma
secondary al cohol, in which case the hydroperoxide- .containing mxture

used for oxidation_al. . A .

correspondi ng ?{fﬁ@bﬁfﬁgﬁ%@@d‘%&?ﬁn %géﬁssgiét?aglg%e& %rgq{?%c%tﬁlytsuég%ndary
al cohol by espécidliydiviee beridubtings the regutidn ra Gy fixedebed niroces) eand anay dasiben  of
step (). Hydrogenatign 20  reactiagns of this type are well known in the

art, and the hyekedup Siuthshwithoytaddifiongl cqtalyst separgion $tfPf-ed over a transition

netal catal yst containing, for exanple, Raney nickel, r ut heni um or
pal I adi um It is also possible to dehydrogenate the secondary
al cohol, if present, by known 25 nmet hods to obtain additional products of

val ue suchi@s Uhyoneeged Starting omgrad, i.e. the organic coffpeynd hdving at least one C-C
double bond or the mixture of two or more thereof and unconverted hydroperoxide,
can be separated off and recycled in the same manner or cracked to form products

such as water or alcohol and oxygen, for example.

15 In certain embodiments of the present invention, especially when preparing the
hydroperoxide starting from a secondary alcohol, in which case the hydroperoxide-
containing mixture used for oxidation also contains a secondary alcohol or the
corresponding ketone, the latter can in turn be converted to the secondary alcohol by
a hydrogenation step and recycled into the epoxidation of step (I). Hydrogenation

20  reactions of this type are well known in the art, and the hydrogenation is preferably
conducted over a transition metal catalyst containing, for example, Raney nickel,

ruthenium or palladium.

It is also possible to dehydrogenate the secondary alcohol, if present, by known
25 methods to obtain additional products of value such as styrene, for example.



-24 - This step relates to the regeneration of the at | east
partially deactivated zeolite catal yst used in step (I1). 5 The
activity of the catal yst decreases with increasing reaction time owng to
i ncreasi ng deposits which are nostly of opganic origin. These deposits

which are in particul ar organic, can be, inter alia, oligoners or
pol yners of the oxidation product formed, e.g. propylene oxide. In the
process of the present invention, the catalyst is regenerated if its

activity falls below a certain threshold value. This threshold value 10 -

generally corr onds tivit f f

| ess, and a{%ﬁvg%i‘ﬁ%fe% gxaﬁor? r6?9 ¢ ﬁ’E é%%:gﬂgly dg"{ﬁﬁ%]téd ?/titl Fal
activity of t heg-,aﬁgtsﬁhs\éaﬁn $tép {ID. regener at ed. I f the process of
the invention is carried out in suspension, i.e. using a zeolite catalyst

15 in the formof a powder, the catalyst may be separated fromthe
reaction m xture by customary solid/liquid separation nethods such as

smpleflltratl n, SS f||tr on. _centrif.u n, .etg. and
regener at ed’ The®r %ﬁﬂx %{ h& c?'tgly f)t ?cé?aﬁ%ﬁ W%'anegﬂn%JfaCtl°gah fmgg o
conti nuously seme&tngr& 12 Wlﬁ@l@ﬁ&ﬁﬁédtl@gafbi’@mbaérﬁém/ StthefY @&posits which B® in
react or and recycling it into the reactor in regenerated form 20

If the zeol ite Redicalay srgani¢, eancbe; Enenabip, oligopwaiarpolianass of the @xidation preduct

he catal yet i oM penguBABRYE i GERRKES BF ol b bbBRR e iflypeis'
reactor in a paﬁé‘dhdraie‘d&fﬂs actividFalls Haowacuemh tlmregtwlu:tralﬁé Thid theesholdsalie on

the catal yst, the catalyst may further hed with a soI vent for
the productlOf &eaealy Gﬁtfﬁﬁpﬁ%ﬁ 19 b ACVIY crfe@&/p .qtsrleSéar P@ff‘éfﬁ)l}( AP%o or less, apdg

vashimg O RBIGHA o be R feh chee R PR ARGAR e KR B

val ue which is régeeraga. i n each case. Parti cuI ar exanpl es of solvents
are water, alcohols, al dehydes, ketones,

If the process of the invention is carried out in suspension, i.e. using a zeolite catalyst
15 in the form of a powder, the catalyst may be separated from the reaction mixture by
customary solid/liquid separation methods such as simple filtration, cross-flow filtra-
tion, centrifugation, etc. and regenerated. The regeneration is preferably carried out
by continuously separating and regenerating the catalyst present in the reactor and

recycling it into the reactor in regenerated form.
20

If the zeolite catalyst in the reactor is packed as a fixed bed, the regeneration is
advantageously conducted in the reactor itself, i.e. the catalyst is not removed but

remains in the fixed bed in the reactor in a packed state.

25  To recover product of value present on the catalyst, the catalyst may further be
washed with a solvent for the product of value obtained after the reaction of step (II)
and before the regeneration of step (III). Solvents which can be used for washing
include all solvents capable of dissolving the product of value which is desired in

each case. Particular examples of solvents are water, alcohols, aldehydes, ketones,



=25 -. ethers, acids, esters, nitriles, hydrocarbons and m xtures of
two or nore thereof as di scussed hereinafter in the .discussion of the
preferred variation of regeneration in the present invention. 5
Cenerally, the catalyst is then heated #®85a streamof inert gas either in
the reactor or separately to effect regeneration. Oxygen is added to
the stream of inert gas once a certain tenperature is reached. This

t enperature i sthes)eciad, lestefs aimilel) HydroddBohPamb@istures of tWd 0t fiokd therddf aé er abl y
from about 250 to 600[e&;k0“ and nore preferably fromabout nore,  than
400 to about €opssed hereimRer inthei discussion of thenprafemed varationeofi rageneragion in s

regul ated in ner that the tenperature during regeneration,
whi ch tenpera#%ﬁ%ﬁ%%ﬁzqggggg' owi ng to the heat generated by burning off
the nostly organi c deposits, does not exceed about 800[err]C,
preferably about 600[err]C, nore preferably about 550[err]C, and does
not fall below about 400[err] C, preferably about 450[err]C, so that the
regenerati &n Generajly.dhe esfalystiis theaihsaied in 2 Bimam 9f ioert earecither inntha aeaging or

irreversible LS i on .t t her
hand. SEARARy 0 olib rERRARNAL Oxdged LARUPIHE SR LP Bt s ohie £ 7
or gani ¢ deposictsaidnggerature is fedched dligteatpeRyure Bgeaaallyfomabahty200 tb abguer at ur e
in spite of i ncreasi&g oxygen cont ent at the outlet of the

F

regenerat or, t3R8°Garefeiably frem abeteld0de VRO, #id ynore geeferably deom pbeytimore
. ' [ th ti { .11 ' i ed
o b G R SR R e,

subst ancesyy Thach £faheos Yighe fire temperatettRirnl ?%ﬁ&b%@ WhEthSBRPErRfeS Mereadel
subst ances whi ch are capabl e of rel easing oxygen -or renoving

car bonaceous roxgngitetheuedt generated byl bumingdoff b mestht prganic depositspdoistions.
Th t h ' f ' - I ni t o
Conpri Si b oxyFEsebout Sy aferBably 4oy SOTES et BT CROBE ASC o 3P ng
b i | | [ Rbiba W
substance is pfg ﬁétgﬁai%eﬁ'ﬁ@hwu?qw&?g&ﬁia?l& oDt 15‘0?’%];&@&45’[ ﬁferr]eg.d,ifa&}m ere

x and y are ected so that t ogen oxi IS neutr err]Q
an N err] O confradeadssufficiaitly rgpidly on the one hand and irreversible damage to the catalyst

-26 - 15  framework is avoided on the other hand.

Following the complete removal of the deactivating, mostly organic deposits which
is indicated by decreasing catalyst temperature in spite of increasing oxygen content
at the outlet of the regenerator, the catalyst is cooled down slowly, again under inert

20  gas.

As indicated above, the regeneration of step (III) is carried out in an inert gas
atmosphere containing oxygen or oxygen-supplying substances. The term oxygen-
supplying substance encompasses all substances which are capable of releasing
25 oxygen or removing carbonaceous residues under the indicated regeneration
conditions. The atmosphere is preferably a nitrogen-containing atmosphere
comprising oxygen or an oxygen-supplying substance. The oxygen-supplying
substance is preferably a nitrogen oxide of the formula NxOy, where x and y are

selected so that the nitrogen oxide is neutral, N2O, an N;O-containing waste gas



Stream produced by an adipic acid plant, NO NJerr], ozone or a m xture of

two or nore thereof. If CJerr] is used, the tenperature is in
the range from500 to 800[err]C. 5 The oxygen content in the gas
m xture used for regeneration is preferaBby | ess than about 50% by
vol une, nore preferably | ess than about 30% by vol une, especially | ess

t han about 10% by vol une, nost preferably |ess than about 5% by vol une.
10 In a furtheatar phadlicakby aafadipie agid pias,NOS NO3cozone @ital mikture [of tgarst r eam

may be noi stened with steam or sol vent vapor when the regenerated
catal yst has dBeFed¥reof  down to bel ow about 200[err]C, preferably about
150[ err] C, nore preferably about 100[err]C. The sol vents which may be
used for this purpose include the sane solvents as nay be used for

washing the at |east partially deactivated catal yst before the actual 15
regeneration. IPCE, ¥ ised, thetenfetaturad iscin @RSande!lfRin He0 & §08PCer in nore detail

in the di scussion of the preferred regeneration of step (I11) of the
process of gt he invention. After reaching the reaction tenperature
at whi ch step (I'l) is carried out and after sufficient sol vent

nmoi st eni ng, erfor e ener ted aI .S _I.nLr ed 2 into
The reactor ants e Bt ¥ dhe S MBI M edlorardn  pERAEHL sk hamt [ or
and reuseéboﬁpso%fw voh@sd, infdte (pief&hﬂp 1ésk Ithan db‘out B Gyt volutae, dspetillys 1N
the reactor as a fixed bed during regeneration, the reactor is filled
with the sol velass thasyabonl B4 by yeluss, mﬁetmfgerably less ihan@bpwis %o by velame( 1 1) is
carried out. 25 A preferred enbodi nent of the regeneration of an at

| east partially deactivated zeolite catal yst according to step (I111)
is described in detail hereinafter. In this enbodi ment, the

regenerati @ CRNPRirgRs ehibedintnt QMIROpHESRE D the invention, the gas stream may be
moistened with steam or solvent vapor when the regenerated catalyst has cooled

down to below about 200°C, preferably about 150°C, more preferably about 100°C.

The solvents which may be used for this purpose include the same solvents as may

be used for washing the at least partially deactivated catalyst before the actual

15  regeneration. Preferred solvents are described hereinafter in more detail in the

discussion of the preferred regeneration of step (III) of the process of the invention.

After reaching the reaction temperature at which step (II) is carried out and after
sufficient solvent moistening, if performed, the regenerated catalyst is introduced
20 into the reactor and the reactor is charged with the solvent for the oxidation and
reused for the reaction of step (II). If the catalyst remains in the reactor as a fixed bed
during regeneration, the reactor is filled with the solvent for the oxidation and the

reaction of step (II) is carried out.

25 A preferred embodiment of the regeneration of an at least partially deactivated
zeolite catalyst according to step (III) is described in detail hereinafter.

In this embodiment, the regeneration comprises the following steps:



-27 - . (a) heating an at |east partially deactivated catalyst to

250[ efr] CG-600[err]C in an atno- sphere containing |l ess than 2% by
vol une of oxygen, and (b) subjecting the catalyst to a gas stream
cont ai ni ng an oxygen-generating 5 -gpubstance or oxygen or a mxture
of two or nore thereof in an anount in the range fromO0.1 to 4%
by volune at from 250 to 800[err]C, preferably from 350 to

600[ err] C This preferred regeneration preferably conprises a
further step (c): 10 (c) subjecting the catalyst to a gas stream-

of "o or rior e (DnAIEBIE i 2alras hpuialy; deegtivated catayet fo S0eEANE iR an®eeBor oo
by vol une at froms%ﬁ&%tﬁgmg@g{egqegsk&nmsg%ﬁm Yof bk Saﬁﬁ to

600[err]C. 15 eration IS con ucte i n essentlally t he sane

manner when regener A lLysts ,J ave
been used as s pe‘st"il etﬁf%\meerfa&?%?t%/e%egﬁ%rsgi Frﬁgt:@g é g%%e#%ﬁangflxed
bed in the form OfsuBstEﬁ'b%Rﬁd))@gérI b1Cd hixtarechf two or\ez8 ﬂm@e’ﬁmaﬁhnmgncmtthéysts
crystallized on nets, for exagg e stainless steel, Kanthal or

packi ngs, and sur frauge fomtOshitocdd by otumeaftons 25 Gitg 890°G;rpf¢fh@bly komads0to
conprising Si G2, [err]-Al[err](err], highly calcined Tiderr],
steatite and an actd%% cat al yst surface Iayer conprising a zeol i te,
preferably a zeolite as defined above. If the catal yst has been
used in suspension, it nmust first be separated fromthe 25 reaction
solution by a separation step, for exanple filtration or centrifugation.

The r esul Thisyyeferrtd kepenératomr prefetably abegprises/afuetienstdple): ul ent cat al yst
can then be regenerated. Usi ng such pul verul ent catal ysts, the steps
carried outjpat el evated tenperatures during the regeneration process

are preferably conducted in rotary tube ovens. Wen
(c) subjecting the catalyst to a gas stream containing an oxygen-generating

substance or oxygen or a mixture of two or more thereof in an amount in the
range from 4 to 100% by volume at from 250 to 800°C, preferably from 350 to
600°C.

15

The regeneration is conducted in essentially the same manner when regenerating
catalysts in the form of powders which have been used as suspension, when
regenerating catalysts packed in a fixed bed in the form of a shaped particle, and
when regenerating catalysts crystallized on nets, for example stainless steel, Kanthal
20  or packings, and surface-coated catalysts consisting of an inert core comprising SiO;,
o-Al,03, highly calcined TiO,, steatite and an active catalyst surface layer

comprising a zeolite, preferably a zeolite as defined above.

If the catalyst has been used in suspension, it must first be separated from the
25  reaction solution by a separation step, for example filtration or centrifugation. The
resulting, at least partially deactivated pulverulent catalyst can then be regenerated.
Using such pulverulent catalysts, the steps carried out at elevated temperatures

during the regeneration process are preferably conducted in rotary tube ovens. When



-28 - regenerating a catal yst used in suspension, it is especially
preferred to conbine the suspensi on reaction and the regeneration
process of the invention by continuously renovi ng sone of the at | east
partially deactivated catalyst fromthe rgpction, externally
regenerating it using the process of the invention and recycling the 5
regenerated catalyst into the suspension reaction. As wel |l as

regenerating cabal 4 Gudig ub bhioid L b '

eoner at e St SECiyAing o SR el F Apdi A & eploidly effied 4 Sbibif

bodi es packed suspension readtioreuid thel regéherationggmoessaiof tire infertioncbyatontinumalyked i n

a fixed bed is preferabl carried ou gi(ﬂ? t he reactor jtself w thout the
t

0
need to di schal*g¥viie F‘?ﬁ‘%ld’%db% 3 reast et activated;eatglyst, from the rragtion,
subj ected to apeAgtl) tiRRGRGNEHAHE Fhe DIESS of TRE iMVRHERHERAd |
catalyst in the ?eagyt orgei tséllqg? invo?vees%s(g o%‘glong t he reactior@?erﬁoﬁg any
reaction 5 regeneratedegtalystdénto thersuspensiontéaporand t hen conti nui ng the
reaction. 15 According to step (a) the catalyst is heated to from
about 250[err]C to about 600[err]C, pr ef er abl y . about
400[ err] C-550[ err] C, especially about 450[err] C-500[err]C, in an atnosphere
containing | esstipdn ad Yedrerdhd! CRalyBss G5 Rh& Pk b8 $IWHERN1t0is 2tboPYoséible! 1B
especially ® | ess thégneo. 2%2) byyvol une, ol?‘n ox?gen, ’ef’?lﬁer i%ost%e Fagactor
or in an ext er regenegate patalysts in theermhebshapey! fdies; fop example shapedbediespagkedhr ri ed

t at heat i t bout 2 L1 mon_t bout
200 err] i, BrRfarLpRy THORBABRlonet S oPREted B %650t SASParPREEN
especi al | y1§. St&fied &itith e k@Actdriits Without the need to dilséhai'%ti é iReRtubS'theRB@RR t he
catalyst is heated to a tenperature at which the nostly organi c

deposits presesa theeigismot subjestasktp eneadditional mechanisaksiress. Theeegetrrationrgfdhent ur e
25 is control la%’l é’tiiﬁtﬂhe otxg%aea c:ont}entt and ch(])es not increase so ati to
damage t he cat gy Ef{/eg’? o EHYP yes stopping the ggaction, ﬁgn?vé%g?yaf?}? o1} ange
from about 250{1‘fbitﬁﬂeéérés@nt§ eerRHY 28 ek coRfilffi @ keackisrm about
350[err] C to about 600[err|C, especially fromabout 400[err]C to about

600[err]C, which is

15  According to step (a) the catalyst is heated to from about 250°C to about 600°C,
preferably about 400°C-550°C, especially about 450°C-500°C, in an atmosphere
containing less than 2% by volume, preferably less than 0.5% by volume, especially
less than 0.2% by volume, of oxygen, either in the reactor or in an external oven.
The heating of step (a) is preferably carried out at a heating rate of from about

20 0.1°C/min to about 20°C/min, preferably from about 0.3°C/min to about 15°C/min,
especially 0.5°C/min-10°C/min.

In this heating phase, the catalyst is heated to a temperature at which the mostly
organic deposits present begin to decompose while at the same time the temperature

25  is controlled via the oxygen content and does not increase so as to damage the cata-
lyst structure.

Once the temperature range from about 250°C to about 800°C, preferably from
about 350°C to about 600°C, especially from about 400°C to about 600°C, which is



-29 -. desired for the deconposition of the deposits, is reached, the

catal yst may be left at these tenperatures in the atnosphere defined
above if desired or if necessary ow ng to the presence of a large
anount of organic deposits. 5 In st2p-(a) of the regeneration, if
desired in conbination with | eaving the catal yst at t he indicated

tenperature, the bulk of the deposits is coked. This step involves the
removal from t Gesired ey e Heddimpobitiof @b tHeRp6sits,f 19 réHeHed, thel dhitBysP hidytedeft BOT
exanpl e hydrogen, water, carbonaceous substances. The renobval of the
deposits by cobtiesgytemperatures injtheatorosphereedafined abovgrif i¢singd or if nebessarprowing of

t ' 0. th tal yst i t b d
poss bty (c) off PhbsRRe bEEI o Rorkiiohets® L5 101 i ng = ke

catalyst to a gas stream containing nore oxygen, so that the slow heating
of step (a) of the process of the inventionis in itself an essenti al
step in the prevention of | ocal overheating of the catal yst. 15 In
step (b) of 5t himstep (e ihetresenerating, if desie én combinstion withjesring dhe eatalysyat

stream con- £ ad N g in st an [ .QX¥Qgen Qr, a

i xt are of o5 PERET ot BR ARG A dabeohy RECABTCTS RS
0.1 to about 4%nhyvaV @ottirthe ¢utatystroflthy substancds ffined dlthid plodess, dOettaniifte by
vol une, nore preferably fromabout 0.1 to about 2% vol ume, at from

b
about 250[ er r | &y¢r8eeL Yater.g08AcEPES S%ﬁ@@ﬁ-aﬁvemP%Oé%ﬁ%@;@ pgcekiogin 20

about 600[err] G : ' . - | yi ng
subst ances addgHS |Ste Eerd?l ‘f‘?scﬁ'u @@W%e%@l?ﬁ%ﬂe%ﬁﬁ%@ @%@ggygg‘g}l}iﬁgfed I n
this step tbrodgreatalystiof stepsf(b) dnd posdillgl (€)rof & process of tie frnghtich byssubjeetingani ed
by an increase in catalyst tenperature, so that the. 25 tenperature in the
regener at or nudie GIEAYSHIGASAS SHEPRCORRINIGINOIE @XY SR thatthe sloxpRpating of step r om
about 250[err] gyt : Pl : ) :

about 600[ err] %) #@%Ees@%g%%%%oﬂﬁgﬁrggﬁwa% %J;%Hgﬁggﬁﬁ%){;}% erﬁyéé%l%f) gi ng
subst ances i s ddvakawerhieatingiofithecatalyst. nmanner that the tenperature in the
apparatus is in the range from about 400[err]C to about 500[err]C
-30 - .

15 In step (b) of this regeneration, the catalyst is then subjected to a gas stream con-
taining an oxygen-generating substance or oxygen or a mixture of two or more
thereof in an amount in the range from about 0.1 to about 4% by volume, preferably
from about 0.1 to about 3% by volume, more preferably from about 0.1 to about 2%
by volume, at from about 250°C to about 800°C, preferably from about 350°C to

20 about 600°C.

The amount of molecular oxygen or oxygen-supplying substances added is critical in
that the amount of energy generated in this step through burnoff of the coked organic
deposits is accompanied by an increase in catalyst temperature;, so that the

25  temperature in the regenerator must not depart from the desired temperature range
from about 250°C to about 800°C, preferably from about 350°C to about 600°C. The
amount of molecular oxygen or oxygen-supplying substances is chosen in such a
manner that the temperature in the apparatus is in the range from about 400°C to
about 500°C.



Wth increasing burnoff of the deposits the content of nol ecul ar oxygen or
oxygen- suppl yi ng substances in the stream of inert gas nust be

i ncreased up to 100% by volune to naintain the tenperature required
for regeneration so that after 5 conpt¥#tion of step (b) the catalyst is
subj ected, in step (c), to a gas stream contai ni ng an
oxygen-suppl yi ng substance or oxygen or a m xture of two or nore thereof in
an anount in the range fromnore than about 4 to about 100% by
vol.ume, preferably fromnore than about 3 to about 20% by vol une, -

nmor e pref er abl with'iaefegdiig burdoff of the deg())si@ Q‘i%co%%% Qﬁ’mﬁfébﬁlﬁe@?‘%@n bPSxygen-

tenperature range defined for, step ( i procedure 1s  Usual |y
fol l oned here $uppliing sibstaacesniadhe stofamoef ert gas must he increased up so1fiPO%ibyg

bst [ t ' ti ' d t t
porat aro i st Cug 3RSl iRl RbiiRs Yer Jersion: Ao Bak vt
itself is mai neahplebrast s&[pt(Bme eathlyks Subiaeed! MARABRY a gas mmﬁ%@ﬁ?%ﬂf to

about 800[err]C, preferably from about 3%0[ err]C'to about 600[err]|C,
especi al | y fr o oXygen-supplying sulstanee PORygemboUmMEEE[of twd Cr mvye tipreobimranat el y

controlling th C ont ent . of .oxygen-suppl yj ng
subst ances in %ﬁgﬁ%glgHlsetl‘rag%%ﬂ&m%%%%a%bgubﬁ?%g?qm 39&4’%’ %ﬁ%ﬁi@gfg@é sits
i s conpl et e whitomtiherettharpshoat 8ne abdut 20% ©f ¥dl@B8 more prefeﬂlBP' Sémh BBt tof he
reactor outlet decy eaiglsi,ﬁ' n spite of increasing anounts of nol ecul ar

1% B"’@ﬁa

oxygen or oxyg@putihR Bxths trrensratwre range gefinediforsien (bXhe duration of

t he treatnent according to step (b) and step (c), if necessary or
desired, i& generally from about 1 to about 30 hours, preferably from
about 2 to about 20 hours, especially from25 about 3 to about 10 hours,

in each case. A procedureTiseusuaitynfollowed dieresiapwhivh e SHRGit M(bﬁtg%eﬂ &r gjgkred as
above. -

supplying substance in the feed gas stream is continuously increased as the tem-

perature in step (b) decreases.

15 The temperature of the catalyst itself is maintained at a temperature range from about
250°C to about 800°C, preferably from about 350°C to about 600°C, especially from
about 400°C to about 600°C, by appropriately controlling the oxygen content or the

content of oxygen-supplying substances in the gas stream.

20  The burnoff of the organic deposits is complete when the temperature of the efﬂuent.
gas stream at the reactor outlet decreases in spite of increasing amounts of molecular
oxygen or oxygen-supplying substances in the gas stream. The duration of the
treatment according to step (b) and step (c), if necessary or desired, is generally from

about 1 to about 30 hours, preferably from about 2 to about 20 hours, especially from
25 about 3 to about 10 hours, in each case.

The term "oxygen-supplying substances" is defined as above.



I'n anot her enbodi nent of the process of the invention the at | east

partially deactivated catalyst is washed with a solvent to renove
product of value still adhering to the catalyst prior to the heating
of step (a). Washing is carried out in sdth a way that the products of

val ue adhering to the catal yst are each renovable there- 5 from but the
tenperature and pressure are not sufficiently high to renove the nostly
organi ¢ deposili S‘anaﬂlev\fdnhbodiﬂmtcaﬂ ey piocess ¢ff eHeeirvbhtjoneee by leasn padially t h a
sui tabl e sol ve Sui tabl e solvents for this washing pr ocedure
i ncl ude t Hus &F&ct%qedeq%a%,‘/SF s wrashed pata a go ve@tctmaamqveanrpdm ofr valuge sti

readily squbI r I group
consi sting of avva%ﬂ%gqgan a@%@ﬁﬁt&d{%hﬂﬁgﬂ&l et hancgisr perdoo;‘)%llr?o%ﬂ(e’h

pr ﬁp?nol , 2- matdlueyy thiﬁt methml dtshofdbahletaﬂhﬁ'ing taili)dl.ltaﬁ?dé ,arabdchlrembvaﬂlmﬂxl deﬁnd

et hyl ene ycol ., an al de e.g. acetal dehyde or propional dehyde, a
ket one, e.§. ngﬁ gﬁ%ﬂle temperaztm[g@p peRseire e ngt sufficiently hightafemoye themosiine.

3- pent anone, é]ﬁa: 0 Nl A& h as
di ethyl ether o éépog‘;]@g%\’v%ﬂ The %éflgspirs &Qa %gﬁ}mggs&al o alél é“‘mg

propi oni ¢ aci dplvart. ester, e.qg. rret hyl for mat e net hyl acetate, ethyl
acetate, butyl acetate or ethyl propionate, a nitrile, e.g. acetonitrile, a
hydr ocar bon, e.g. propane, 1-butene, 2-butene, benzene, tol uene,

xyl ene, trimethyl benzene, di chl oronet hane, chl oroform carbon
tetrachloride,g h@mf 81830Q8n which th

1,1, 1-trichlor %ﬁgﬁglﬁﬁ%%@ tri c gépro%%a%fgﬁgaﬁ@e ﬂ%gfu > e?trgacm ocr oetehane
di br onoet hiane,actial gehctivinl pnodtwelsaeadrlbrlsohlbbeﬂmmlvemudrenprzfembésssedﬁctadvﬁnmr mor e

t hereof, if m.scible. Pr ef erenge en t | ven whi ch .al read
act as so: vent :gFP“Ph“émﬁlété‘& Phvates, gn a%ghélssggvmeﬂaagglm%ﬁ@\éq- ?PrQRﬁI“H 2t' Y
catal yst to b &ﬁ?&%ﬂeﬁ-ﬂ{eﬁf&l-z@féﬁ%bﬁsl-%taﬁ&cﬁ lﬁﬁiﬂ(ﬂ?nhﬁ:ﬁ alcothOBr Teﬂ@lene

epoxi dati on of fins are: water, alcohols anol , et hanol 1-

propanol , 2- prgipwhoin aldehyde,ne:g.- @epldabmeod)r prmpxloinldwlxyﬂ':, 2kefonerecg. acetbneyl
| cohol t hyl t
5 et byl — - burshfRnes 2 eyl Shuons 2 6eteons. TreaBen Hne kR BANENES one

or cycl OhePSan%}Q}ycloﬁ&anone an ether such as dlethyl ether or THF, an acid F formic acxd -
232 - The anobunt of sol vent used and the durafion of the washing

procedure are asetic acid orropipriglacidpan esten egronsthyldbrmae.mathyhacetattyeethidr at i on

The product oftbaft BoihfeeifH: Pt ooy § birerfh doBiohe) & rhiScabor,

e.g. propane, l-butene, 2-butene, benzene, toluene, xylene, trimethylbenzene,

dichloromethane, chloroform, carbon tetrachloride, 1,1-dichloroethane, 1,2-dichloro-
20 ethane, 1,1,1-trichloroethane, 1,1,2-trichloroethane, 1,1,1,2-tetrachloroethane,
dibromoethane, allyl chloride or chlorobenzene, and mixtures of two or more

thereof, if miscible.

Preference is given to solvents which already act as solvents in the reaction, e.g.
25  olefin epoxidation using the catalyst to be regenerated. Examples of such solvents
for the epoxidation of olefins are: water, alcohols, €.g. methanol, ethanol, 1-
propanol, 2-propanol, 2-methyl-2-propanol, 1-butanol, 2-butanol, allyl alcohol or
ethylene glycol or ketones, e.g. acetone, 2-butanone, 2-methyl-3-butanone, 2-

pentanone, 3-pentanone, 2-methyl-4-pentanone or cyclohexanone.

30



washi.ng procedure can be carried out at the tenperature of the reaction or
at higher 5 tenperatures, but the tenperature should not be so high that
t he sol vent used for washing itself reacts with the product of val ue
to be renoved. If tenperatures higher -32-than the reaction tenperature
are used, a range from5[err]C to 150[err] C above the reaction
tenperature, in particular also depending on the boiling point of the

sol vent s used,TheSamount of@BR/e héédsdilﬁfﬂlélcﬁfﬁt1on-r6fem&\@$d3hﬁg jrocedatiinR faan be
repeated nore than once, if 10 necessary. The washi ng pr ocedure can be -

carried out uredéealsbutsheaaeunt opsabvent aed the duration @6 theavashi éuovﬂlé@sﬂhﬂldd or

o cosureor ol Bossieot el 8 B tiuc o e BIOARES b By T ntiRnk o e cusPleF IPAnce |

gi ven to superwdshing padcefreTah be carried dht atltﬁe em@uiame uf &Btreabﬁbﬂ loy & highérch has
been used in suspen5|on IS regenerated th d catal yst |s washed

in an ext ednallcmpamuess, byl sﬁennea@taxey%uldansah@ksedngh] ﬂé'flt the solyest wsest fois a
fixed bed, Wasxﬂésﬂﬂ Birh &%{h' ?g%'dﬁct of vhilE FIJ @fﬁb%@e#‘ﬁffém&)g{anhg?}ugher

reaction. Int ase, e reac contarnrng the ca

regenerat ed i Shird the Gfction temPBRANGE aldRER], hir éﬂ&ﬁﬂ@toseb*@aﬁove%demmr
resi dual product of value. Subsequentl the solvent is renoved from
the reactor. temperature, hpartieulas a}sgtdep@l%fam the byiliag peit ofthe selyeats pesd, st t he

washi ng proced el i tica e;e but

the drying ter‘%@%&pfngﬁﬂg%‘hl g?sli“bgp cg‘gl#? fan be r%eea%eéﬁ&[ k*éap‘ nc?”i irfg

t enper at ur@ ofnebéiBary OTHE Blashif@ grdcodurvaah ibd Gakried e uﬂdeatuuuaspheﬁc pressure,

evaporation of the solvent in the pores, especially ){) m cropores of the
@

zeolite wyenslowated presiEe enfiven @adpraqupecu%g@sme efﬁensests given tohe
regener at! on OBt Btk or clevarf BAKKR 5 (UM Wed & RIFRE 0Lt
externally ina arafus under T hert d §3 &re-" I'n the
case of catal ygﬁraltb@u@rériticeﬂprbssdre.the catal yst in the reactor is

subjected to an inert gas stream at noderate tenperatures. It is possible,
but not 30 necessary, to dry the catalyst conpletely. Pulverul ent

catal ysts are usually dried until the powder is flowable. Nor is it
necessary Y, S PR

13as R 1 ik RGeSO AN Bl Yo susponsion fs regemerated, e o
cat al yst obt ameaﬂvemcaalgst is wash¢d jn s extemabdeatanlfi the xatalyseis papksd 9t raeam i n
an additional ste (d) I nert sfream,may contain élpfo} (t)heabout

20% by vol ume, T f?"é‘m"%?ﬁ@&g Ay be sagisd qut in the reactor use

reaction. In thls case, the reactor containing the catalyst to be regenerated is rinsed

one or more times with a solvent to recover residual product of value. Subsequently,

20 the solvent is removed from the reactor.

The catalyst is generally dried on completion of the washing procedure. The drying
procedure is not critical per se, but the drying temperature should not too greatly
exceed the boiling temperature of the solvent used for washing to avoid abrupt

25  evaporation of the solvent in the pores, especially any micropores of the zeolite
catalyst, since this can also damage the catalyst. In the regeneration of pulverulent
catalysts, drying is again carried out externally in a heating apparatus under inert gas
atmosphere. In the case of catalysts in a fixed bed, the catalyst in the reactor is
subjected to an inert gas stream at moderate temperatures. It is possible, but not

30  necessary, to dry the catalyst completely. Pulverulent catalysts are usually dried until
the powder is flowable. Nor is it necessary to dry fixed-bed catalysts completely.



5 20% by volune, of a vapor of a liquid selected fromthe group

consi sting of water, an al cohol, an al dehyde, a ketone, an ether, an
acid, an ester, a nitrile, a hydrocarbon as decribed above in the
context of washing the catalyst, and a mog3uwe of two or nore thereof.
Preference is given to using water, alcohol or a mxture of two or nore

t hereof as vapor of a liquid. 10 As regards the preferably usable

al cohol s, al dehydes, ketones, ethers, acids, esters, nitriles or

hydr ocar bons, reference is made to the correspondi ng di scussi on of the

sol vents which can be used.in_ the.washing. precedure of nocess. of the
I nventi on. 1@ an?t{ﬁeﬁ' §‘idé'83‘?tr?3§?§ %?%Fnetr%wg‘og‘F %thﬁi Séﬁsﬂ?&?&g%d;lpép ng
out the cool i ngcpRpeétlddodovt in an ineft! ©8 strddm ift lah GAdiGioRdlistg @PVThil @ferf @&t
(quenching) can adversely affect the mechanical strength of the

catal yst. The neiSAmTha¢OnRiDBR ta shoyt 30%:hyerolume pyederably drom akpup 8.5 to about

adversely affe b ' l.nsi.n t he erate al yst
odi o uridrs Y SohB¥ Bg vER Y adiql SRR RisEous b BAEBEARL
reason, it is agviléstol,antabichytit, 2 Retohid)@n\edRe ran@tidfan ésthy] Ainitile dehydiesartdaov e
during the cooling phase. It is nore preferable, . however, not to add

the vapor untilas ﬂb%ﬁ@”atiﬁﬂ@ fantaxé o8 Washing thestalist. (a8 atuReeof two orwhi ch
recho o BERIBRAIEAoRRER AT sl oL SRR B o,

t hreshol d urei1s prefera

bel ow about 200thereof 43 vapoipsfaliuidy = bel ow about 150[err]C. 25

After the regeneration the catalyst may be treated by basic and/or
silylating 19 conpounds in order to renove acidic centers. Particularly
sui t abl e conmpounds are di l uted aqueous solutions of alkaline or

al kaline earth i [ . [ r n ,
al kal i ne or al k‘§¥?ér%é}d esgﬁg ﬁ“ﬁé‘%‘?@?@ é%rabcglrl]%l ’eaé‘;f’éhﬁ(?é,s’ %ﬁorﬁ?, étﬂerg’%&&’ s,
; ?4 - . . niuHEsabehychor:br?ﬁm,sm}t;m&m;is amaflﬁ sm? Ithyd Tsdn"ela:;g)nelidﬂgﬁdisc;uss.i(tm;c1 Iolf e
dieSir ?gn e?xy S| ggf\?e’nts which can%eruasgci motﬁ%/ \r;]vgsql?glg px)(/)cedsu;{'e o%%ee I%chss g%( t%ge inve tioenr.]e

15 It is also important to cool down slowly when carrying out the cooling operation of
step (d), since cooling down too fast (quenching) can adversely affect the mechanical
strength of the catalyst. The mechanical properties of the catalyst can also be
adversely affected by rapid rinsing of the regenerated, dry shaped catalyst bodies
during restart of the reactor for further reaction. For this reason, it is advisable to add

20 the vapor of a liquid as defined above during the cooling phase. It is more preferable,
however, not to add the vapor until the temperature is below a threshold temperature
which is defined by the boiling point of the liquid used for the vapor. The threshold
temperature is usually below about 250°C, preferably below about 200°C, especially

below about 150°C.
25

After the regeneration the catalyst may be treated by basic and/or silylating
compounds in order to remove acidic centers. Particularly suitable compounds are
diluted aqueous solutions of alkaline or alkaline earth hydroxides, alkaline or
alkaline earth carbonates, alkaline or alkaline earth hydroxy carbonates; Li, K, Na

—_—



5 Step (1V) This step relates to reusing the catal yst regenerated

according to step (Ill1). To this end, the regenerated catalyst is
recycled into the reactor (if the at |east partially deacti vat ed
catal yst has been regenerated externally)34and the reaction is carried out
10 or continued as described in step (I1). I f the regeneration has

been carried out in the reactor, the reaction is conti nued as

described in sheftds lahdOphesphmest b Glyld n i &, traalléb%; in the
process of the inventi on;p t he organic tg(l)énhguﬁ%aﬁ’a\%ih% %? tIeeast ngﬁ%-et: :
doubl e bond i stetrarlkexyeeproalyl silane andhesamethylene disidgnef a | i near or branched
aliphatic olefin, a linear or branched aromatic olefin and a |linear or
branched cycl oal i phatic ol efin, each having up to 30 carbon atons,
i.e. if an olefinis reacted with the hydr operoxi de, this olefin can
be obtai ned by dehydrogenating the correspondi ng 20 saturated organic
conpound to formthe ol efin and hydrogen. . Processes of this type
for convertinggal kane to the corresponding olefin are known per se,
in particular W respect to propane dehydrogenation. These processes are
known in the literature as STAR, CATOFI N or OLEFLEX processes and are 25
described in detail, for exanple, in Chem Systens Report 91-5, 1992, p.

50ff., and also referred to in nunerous patents, e.g. US-A 4, 665, 267
or EP-A 0 328 3B% saemeﬁtes to @Qéshl&t}lsset,abmegene?ated according 10 step (1ID). To this

-35 - LR WRAGIRE AR HRPALP IS e DacRP BOLH Hall fadiBflF | O7
cl eaving the al kane to ormthe efin, 1.e. prdpane 10 properie, for
exanpl e, and hgeactivated catilystihas beendregeneratedcattarhalyf) anditles rhetivnds dagied Bunum

spinel s doped with.nobl e retal s, chrom um oxi de/ al um num oxi de, and
al so suppo?‘fed%‘f(’é‘f‘f”ﬁ éiﬁfcé’l%ﬁilr’sﬁtep '

If the regeneration has been carried out in the reactor, the reaction is continued as

described in step (II) on completion of the regeneration.

15 If, in the process of the invention, the organic compound having at least one C-C
double bond is selected from the group consisting of a linear or branched aliphatic
olefin, a linear or branched aromatic olefin and a linear or branched cycloaliphatic
olefin, each having up to 30 carbon atoms, i.e. if an olefin is reacted with the

hydroperoxide, this olefin can be obtained by dehydrogenating the corresponding

20  saturated organic compound to form the olefin and hydrogen.

Processes of this type for converting an alkane to the corresponding olefin are known
per se, in particular with respect to propane dehydrogenation. These processes are
known in the literature as STAR, CATOFIN® or OLEFLEX® processes and are

25  described in detail, for example, in Chem. Systems Report 91-5, 1992, p. 50ff., and
also referred to in numerous patents, e.g. US-A 4,665,267 or EP-A 0 328 507 and
US-A 4,886,928.



Furthernore, pronoted iron oxide catalysts for al kane dehydrogenati ons are
known fromDE-A 39 23 026. The olefin wich is preferably
used as starting material, in particular propylene, can 10 also be
obtained starting fromthe correspondi ng-gaturated hydrocarbon by steam
cracking, catalytic cracking. Such processes are described in nore detail,
inter alia, in US-A 5,599,955 and US-A 5,599, 956 nentioned at the
begi nni ng, and These f#6ceRsds Ake characteridéd b)ﬁ&ﬂ EffiotAGhR rEaanREié “n{l dh%ﬁru?“ces
including the prior art cited therein "being ere n by
reference in t et ﬂ@mltﬁmtl; propéne to propdne, fdreexpmpleeaﬁd hfdrbm IWidelptused,
especi al Iy when, _c r|ed out a gn L nt egr at ed a process
e

in which all vOoFARESSFFANRE A calumpupy P’&Slﬁsdé)ﬂeacg’gﬁd&b&nm%uﬁhf?@mm

obtai n the ol efiitle/aRERiaGMIIdE, a{d%dsﬁgﬁonehgﬂé?ﬁuhh%%%lys& the epoxidation step
by dehydrogenating the correspon aturat ed “organi c conpound, since

the 20 epgxi dation step tolerates the unreacted al kane which is present
in addition to the ol efin and which conmes fromthe dehydrogenation

step and thus ers akae n s ation, cially a
progane/propengﬁgg éi?ap?i% %H858§‘§15r°§1t yS(S% ll(apﬁfggyéyagqpaggpsfqrgﬁ

al kane dehydr odireDEO 3928 026s0 be directly used in the 25 hydr ogen
peroxi de formation, for exanple according to the anthraqui none process
descri bed at the beginning or the process starting fromthe el enents as
descri bed at t he beginning in the discussion of step (1) of the
process of the i . . e g .

P36 TS SR RS i prefordl st i matersh in perionlarpraplgns, gen

coupl ed wi tib t lalo be obtsined E(ﬁftﬁigcfrdrﬁaﬁé térespdndii L Batfirhlel Hyﬂm%é?rbbﬂtb‘?fgit@ah?d
heat and energy s i ndi cated above, the process oOf

i nvention is péEFaFK‘@EJ %tf}lwcs%%l@kﬁ Sugls progeses afﬁrd@@gllbed sdmpreodetaiks inter dla, a
nul tistep procgsfg v;&]grs%@ gﬁdﬁgrgﬁgﬁ%?é? é_llgg l%gergl PﬁSBﬁ%nniH%?ag‘Hm&m %O}Jsed

in the process are pa’rtla or ¢co
art cited therein, both these references including the prior art cited therein being

incorporated herein by reference in their entirety.

15

In the process of the invention, especially when carried out as an integrated process,
i.e. a process in which all volume streams are closed loops, it is advantageous to
obtain the olefin, especially propylene, to be used in the epoxidation step by
dehydrogenating the corresponding saturated organic compoun&, since the
20  epoxidation step tolerates the unreacted alkane which is present in addition to the
olefin and which comes from the dehydrogenation step and thus renders a costly

alkane/olefin separation, especially a propane/propene separation, unnecessary.

The hydrogen from the alkane dehydrogenation can also be directly used in the
25  hydrogen peroxide formation, for example according to the anthraquinone process
described at the beginning or the process starting from the elements as described at

the beginning in the discussion of step (I) of the process of the invention.



preferably in conbination with an appropriate integrated heat and energy

systemin whi ch the amobunts of energy generated in the exothermc
process steps (I1) and (111) can be used directly for running the
endothermc step (1). 10 The Exapgges. which follow illustrate the
I nventi on. 15 EXAMPLES Exanmple 1 Synt hesi s of

hydr ogen peroxi de by the ant hraqui none process 10 kg of a Pd on

20
o 500 ko of aMRorRORERS) ke, IR 5eB. o0 lsR bt Ryl i gpe 7

2- et hyl - exathérhiia spattivinst scep(HPinvddiniepratedhiextant @néry sfitény vol une of
Shel | sol NF and 30% by vol unme of tetrabutylurea and the m xture was
contacted with hydrogen at 1.5-2 bar 25 at 45[err]Cin a stirred tank
until the theoretical hydrogen consunption had been reached. The

sol ution whic sl Kk I o} ts :at.ure and the

cat al yst sepap%st e %f%p %{5’%1 Fﬁﬂoﬁ%ﬁ&dﬁé ]‘Hye r“@&uﬁ%ﬁécﬁ% t%‘fl%gﬁgassﬁ?ut I on
was 5 integrated process, ie. a multistep process wherein the3streams of the Patioflszed

with diluted air (10% by vol ume of oxygen, 90% by vol ume of nitrogen) in
three bat ches 8MPORRNtS ySedaimthepracgsaare parialy oz (<omplately | closed lngpss Gense

peroxi de cont : Ak .. F | i i 15 kg of
D water wer e%g%f%rg’%lyt%%ﬁ&ﬁéﬁ % agfa% #gﬁ%@%téé}gte%ﬁie%ﬂa%ﬁ%%ergg%?é#xﬁéxa about
1% by wei ght ofhitlytie agpontsef endrgiegerferataiial thdéxdthvimsicirecesistesst (IT) aad (11T)

vi gorously forcat}ge‘rps'eg.dir'ght?ytaqueous ‘phase was, t hen

ctly for running the endothermic step (I). .
10
The Examples which follow illustrate the invention.
15 EXAMPLES
Example 1
Synthesis of hydrogen peroxide by the anthraquinone process
20

10 kg of a Pd on carbon hydrogenation catalyst (10% by weight of palladium) were
added to 600 kg of a working solution consisting of about 10% by weight of 2-ethyl-
anthraquinone dissolved in a mixture of 70% by volume of Shellsol NF and 30% by
volume of tetrabutylurea and the mixture was contacted with hydrogen at 1.5-2 bar
25 at 45°C in a stirred tank until the theoretical hydrogen consumption had been
reached. The solution which was now black was cooled to room temperature and the

catalyst separated off by filtration. The hydroquinone-containing solution was



separated off. This aqueous sol ution now contai ni ng about 9% by wei ght of
hydr ogen peroxi de was stirred vigorously wth the next 200 kg batch for 15
m n. Separation gave a m xture having a hydrogen peroxi de content of
about 15% by wei ght which was used-8d-extract the |last 200 kg batch in
the sane manner. This 10 procedure gave about 15 kg of an aqueous sol ution
cont ai ni ng about 20% by wei ght of hydrogen peroxi de. Better

hydrogen per oxixilitzed vt hiidaiPE 098 byvdlese bEdxYges 9@%155{ Polame of AitFdigei)fih oW
extraction, for exanple in a sieve-plate colum, a pul sed sieve-plate

col um or a 13hrepbasrhes of 30Q kg each in a jet tube reactoryntil the hydmgen pesyxidé: earitent of
hydr ogen peroxj de accordi 10,DE-A 196 42 77 In the,pr tion
of hydrogen pe“r'aéff’ q’cg(]’ol;bg‘f‘ﬂ% t%eoo’?‘?éo%’b%\?‘ét- ngm P%Péa"a‘ef wer%ﬁ#eldf;g?p@n t he
reaction vessedg dfSRdmdasreaviEdld now confaiied abdut 2% /bp PREbhbf Bydrbgen’ Riroxid

ide,
t hernostating and pressure requlation to 50 bar. Thi's reactor was fitted
with a 25 Scataafyhis mighee was stiged vigorarsiyrfoudd mine The iaguenus phase was theat t he

stirrer suppli : L.th ifo Y.\t i .qul ) r epar ed
s Tol 1 ons. " FOERPRE o T CiBlhls”sotton by Yol AU oPE Bl Fatenb 3P
were | ocated ihydidgen bedeidelf wishgtirfedadgadusly’with the 8éxecCi08rkpebdtihn €orf r0minhi ch

the product/gas m xture could be_  cgontinuqusly di scharged .
-38 - \WEpambiem gaYe # mikiee havingp hyrwoges petoxide oenicat of abeutald?h b of

the vol umes ofy gl JHLEWARLSed to extBt BE TRE2bY R HaRRIh M. ¥Rh HRnRE:. 208 ™

was avail abl e. o
10 procedure gave about 15 kg of an aqueous solution containing about 20% by weight

of hydrogen peroxide.

Better hydrogen peroxide yields may be obtained using a continuous counterflow
extraction, for example in a sieve-plate column, a pulsed sieve-plate column or a

15  packed column,

Example 2

20  Synthesis of hydrogen peroxide according to DE-A 196 42 770

In the preparation of hydrogen peroxide according to the above-mentioned
application, the reaction vessel used was a 270 ml autoclave equipped with stirrer,
thermostating and pressure regulation to 50 bar. This reactor was fitted with a
25  catalyst monolith, centered around the stirrer axis so that the stirrer supplied the
monolith uniformly with liquid and gas, prepared as follows. Feed lines for oxygen,
hydrogen and the reaction medium were located in the base of the reactor. A

discharge line from which the product/gas mixture could be continuously discharged



The catal yst nonolith used was prepared as follows: 5 A corrugated
net and a snooth net of V4A steel (1.4571, nmesh size 180 [err]m wre
dianeter 146 [err]m were placed on top of each other and rolled up to give

a cylindrical nmonolith 5 cm high and3g.cmin dianmeter. The ends of the
nets were fixed by weld points. The distance between the the ends of
the snboth nets was at 10 least 1 nm The nonol ithic support was

treated in suc i i ttl?enﬁ V@{}ﬁ ﬁf??ﬂ] ri ed
The nonolith vvaa? ggﬁd\tﬁ?glgtlggﬁwt agl&‘sjo § %%bnuagt&% % Vommﬁs #&?&JQ
concentr at ed hymieﬁedﬁiverdacticaﬁcﬂlumadf%ﬂ%mbyay&a@ﬁle of di Stl I I ed wat er at
60[err]C for 10 15 mn and rinsed with distilled water. The treated

nonolith was placed in 150 m of distilled water. 10 drops of
concentrated HNJerr] and 36 mM of a 1% strength by wei ght aqueous

sol ution of hyqﬁp?@@ Hdilo d f a palladium -

nitrate solution 09 y vvelhgﬁ g) glteg%gdgpfo \ng xture was heated first to
60[err]C fo 17 mn and then to 80[err]C for one hour. The m xture was
t hen cool ed”and the catal yst 20 nonol |th vvashed with distilled water and
dried at 120[err]C for 16 hours reaction nmedi um used for the

preparation of AGrrugaied nﬁbiﬂ!ﬁ(i‘ areoefér;@ﬁ of &{}Aoqteel (145 mesh size B0 i wing by

d
of brom de- (asSeari6 uilp MRl 0 188 R REOTDRE antilglen o BV e o5
reaction nedi uaymﬂmmrmamlm& 57éin &IQ{ #hdo$ cheacCdiaMetef ErtieUdhds 48 the héth wdke

oxygen and | /h of hydrogen (gases referring to standard
temperature an @xﬁ b!é ¢tdpointss Thehdistance betyyeansthel therends @F thersmqogn pets was he
product/ gag,m Yat EmBes continuously discharged at - the top of the
reactor. -39 - The

conver si on based on hydrogen was 76% (according to a determ nation of the
hydrogen content in the effluent gas) and the selectivity was 82% The
concentration of the resulting nethanolic hydrogen peroxide sol ution
was 7% by wei grihe maonolithi¢ gpport was\{featedgin suseepsiorcpvithracytone gnd distilled water

and then dried. The monolith was then treated with a solution of 25% by weight of
concentrated hydrochloric acid and 75% by weight of distilled water at 60°C for 10
15  min and rinsed with distilled water. The treated monolith was placed in 150 ml of
distilled water. 10 drops of concentrated HNO; and 36 ml of a 1% strength by
weight aqueous solution of hypophosphoric acid and then 20 ml of a palladium -
nitrate solution (1% by weight) were added. The mixture was heated first to 60°C for
17 min and then to 80°C for one hour. The mixture was then cooled and the catalyst

20  monolith washed with distilled water and dried at 120°C for 16 hours.

The reaction medium used for the preparation of hydrogen peroxide consisted of
methanol with 0.4% by weight of sulfuric acid, 0.1% by weight of phosphoric acid
and 6 ppm of bromide (as sodium bromide) added. The reactor was flooded with the

25 reaction medium. A stream of 72.8 g/h of reaction medium, 48.6 I'h of oxygen and
5.5 V/h of hydrogen (gases referring to standard temperature and pressure) was then
passed through the reactor. The product/gas mixture was continuously discharged at
the top of the reactor.



Exanpl e 3 Epoxi dati on of propene with hydrogen peroxi de over a

fi xed-bed catal yst 10 Fl ows of 27.5 g/ h of hydrogen peroxide (20% by
wei ght, obtained as in Exanple 1), 65 g/ h of nmethanol and 13.7 g/ h of
propyl ene were passed through a reactor bgglery '~ consisting of two
reactors which had a reaction volune of 190 ml each and which wer e
packed with 10 g of titaniumsilicalite-1 (TS-1) shaped into all-catalyst
15 extrudates L RErsfonl o 4 t LIRSRE

40[ err] C and a]'ﬁ@&s regoﬁ%ﬁ@ggggg%gég’f&%/"g(g?&q%gqrga%h on %HIE(?E?%
exited from t heydsegenrdnteetiattins effineht gas) andvise sdleptivdtsovasi 82846 The cahoentgtiver i C

pressure in a S a vaporator.. . The renove . | ow ) I.lerg were anal yzed
on-1ine by gasoﬁ‘ggé ﬁ%r"éﬁﬁ%’p[‘efhﬁgpgmﬂmﬂg%&méﬂ? was Pzé’ﬁ'f‘?’?}%}ﬁt(“mn

col | ected, wei fadh anal yzed by gas chromat ography. 20 The
hydr ogen perox?’gg@blﬁvers?gh decreased throughout the running tinme from
initially 956% and reached 63% after 400 h. The selectivity, based on

hydr ogen per - oxi de, was 95% 25 Exampl e 4

-40 - Regener ati on of deactivated catal yst : The deactivated
fi xed-bed catal yst of Exanple 3, which was covered with organic

products, was rinsed with nethanol and then dried at 120[err]C for five
hours. 56 g of Example3 '

Epoxidation of propene with hydrogen peroxide over a fixed-bed catalyst
10

Flows of 27.5 g/h of hydrogen perbxide (20% by weight, obtained as in Example 1),
65 g/h of methano! and 13.7 g/ of propylene were passed through a reactor battery
consis‘ting of two reactors which had a reaction volume of 190 ml each and which
were packed with 10 g of titanium silicalite-1 (TS-1) shaped into all-catalyst

15  extrudates having a diameter of 2 mm at a reaction temperature of 40°C and a
reaction pressure of 20 bar. The reaction mixture exited from the second reactor and
was depressurized to atmospheric pressure in a Sambay evaporator. The removed
low boilers were analyzed on-line by gas chromatography. The liquid reaction
effluent was collected, weighed and also analyzed by gas chromatography.

20
The hydrogen peroxide conversion decreased throughout the running time from
initially 96% and reached 63% after 400 h. The selectivity, based on hydrogen per-
oxide, was 95%.

25

Example 4



9 the dried shaped catal yst were placed in a rotary tube. First, the
rotary tube was rotated very slowy (2 rph). and heated to 500[err] C at
4[err] C m n under nitrogen (20 1/h). A gas m xture containing 9% by
vol ume of oxygen and 91% by vol une of nit40gen was then fed into the
rotary tube at 500[err]C for 2 h. The vol une percentage of oxygen ~in
the gas streamwas then increased to 18% by volune at 500[err]C for 14 h
while 10 keepRegentfatiomofdeattivtedpatlygpnst ant (20 |/ h). The regenerated
catal yst was then cool ed under a steady stream of gas. The wei ght |-0ss
was about 7% Exanple 5 15 Reuse of regenerated catal yst
Flows of 27.5 g/ h of hydrogen peroxide (20% by wei ght, obtained as in

Exanpl e 1), The g%acﬁ(fﬁed)hﬁg@f)@%&qr&? E&MF@! Riién wapeaﬁ{zgnmﬁg,ggag%sed

t hrough a reac attery CoOnsisting of “Twd reactors

reacti on vol ungro@fictd, 3asitinsed tithanethatdl &idl then drivd a1 0CKeOfive hdurd. G6gg of t he
catal yst regenerated as described in Exanple 4 at a reaction

t enper at ur e5 of theojriedrshapeshentalystsuere iplased in s satasy dibepBirgathe rpfasy tehgcason

m xt'ure exi ted from the,second,r t d depressuri ze

at mospheri ¢ pr B4 geryﬁiggvly%m%%gﬁ%gy?egﬁgggpgﬁg}%glg%é o %\lﬂgbi lers
were anal yzed wgaklnﬂﬁu@é/c&ﬁaﬁmﬁgwgwwmegfa%n and 9194 By dhurh € 8€ hitrdBen

ef fl uent was colTected, weighed and al so anal yzed "by gas

chr omat ogr aphy was then fed into the rotary tube at 500°C for 2 h. The volume percentage of oxggen

The hydrogen peroxi de conversion decreased throughout the running tjme from
initially 96% ahgler@aéﬁ%nm% wereased ta 18%, by olumes #t,2005C fghéégl while

hydrogen pgg - k_eepingofﬂedﬁnoﬁé@%f 9ég/ocons'can’t&S(ZO /h). Tﬁé(?égéh&at@d catalyst was then

cooled under a steady stream of gas. The weight loss was about 7%.

Example 5

15

Reuse of regenerated catalyst

Flows of 27.5 g/h of hydrogen peroxide (20% by weight, obtained as in Example 1),
65 g/h of methanol and 13.7 g/h of propylene were passed through a reactor battery

20 consisting of two reactors which had a reaction volume of 190 ml each and which
were packed with 10 g of the catalyst regenerated as described in Example 4 at a
reaction temperature of 40°C and a reaction pressure of 20 bar. The reaction mixture
exited from the second reactor and was depressurized to atmospheric pressure in a
Sambay evaporator, The separated low boilers were analyzed on-line by gas

25  chromatography. The liquid reaction effluent was collected, weighed and also
analyzed by gas chromatography.



Dehydr ogenati on of propare to obtain propene 10 210 m of a
dehydrogenati on catal yst on the basis of chromumoxide/Al[err](err] in

t he formof 2 nmextrudates were placed in a doubl e-jacketed tube
reactor (length 50 cm internal diamdter 35 nm). The reactor was
heated to a wall tenperature of 550[err] C by neans of a salt bath

heat -transfer nmedium Propane was passed over the reactor adm xed with
ni trogen (vol uifherigdiaget hedXidd conversimt deﬂreasgd ithrdeghoat tie fulningotime drdmed

pressure of 1.5.h HSV, = Th fluent reaction mxture

consi sting of WB%%@”&P%@H@@@ ﬁ%‘r%{?e‘h m&sse@%‘f‘@d{’ilsﬁd 90 hydrogen per- and
| i quefied oRMeCRAPIFESI Ng to about 35 bar to separate the C3 products
fromthe hydrogen. This liquid gas mxture was usable in the

epoxi dation without further purification, since only the propyl ene was
reacted there and the propane was suffici ently inert. 20 Fol | ow ng
epoxi dation_ unconverted C3-propane/ propene m xture was depressuri zed
after testi ﬁg for absence of peroxide and recycled into the reactor for
pr opane dehydr ogenati on. 25 After a reaction tine of 3 h, the
conver si on of &é@a&éper pass was typically about 35% the propene
selectivity being 83 nol % (GC analysis upstreamof the- conpressor).
-42 - The deactivated catal yst was re-regenerable by adding air to
the nitrogen carrier gas (rmax. 2% by vol une of oxygen) after closing

the propane fe@thydrogenation of fropR bBtaih propene

10 210 ml of a dehydrogenation catalyst on the basis of chromium oxide/A1,0; in the
form of 2 mm extrudates were placed in a double-jacketed tube reactor (length 50
cm, internal diameter 35 mm). The reactor was heated to a wall temperature of
550°C by means of a salt bath heat-transfer medium. Propane was passed over the
reactor admixed with nitrogen (volume ratio 20:80) from a steel cylinder at a

15 controlled pressure of 1.5 bar (LHSV = 0.15/h). The effluent reaction mixture
consisting of propane, propene and hydrogen was cooled to 30-40°C and liquefied
by compressing to about 35 bar to separate the C; products from the hydrogen. This
liquid gas mixture was usable in the epoxidation without further purification, since

only the propylene was reacted there and the propane was sufficiently inert.

20

Following epoxidation, unconverted C;-propane/propene mixture was depressurized
after testing for absence of peroxide and recycled into the reactor for propane

dehydrogenation.

25  After a reaction time of 3 h, the conversion of propane per pass was typically about
35%, the propene selectivity being 83 mol% (GC analysis upstream of the

compressor).



Direct synthesis of hydrogenperoxide in water The sane catal yst as
in Exanple 4 was used. The reaction medi um consi sted of 10 wat er to which
0.4 % by wei ght sul phuric acid, 0.1 % by wei ght phosphoric acid and 6
ppm bromide (in the formof sodium bronid2) were added. The reaction
paraneters were as follows: 268.0 g/h reaction nmedium 291.6 |/h oxygen,
32.4 | /h hydrogen, T = 42 [err]C. The conversi on based on hydrogen was
obt ai ned by a The deactivhted ChiaBi Wils Rirejdnerablé HyQdaihg G oI nibogéh @it 9as
and was 43 %with a 15 sel eCtIVI%% of 70% “The concentration of the

obt ai ned hydr dmex 2% by xplumessoxygephafter closing shespropapetiseddisieght .

-43 - We claim 1. A process for oxidizing an organic
conpound having at |east one CC double 5 bond or a m xture of two
or nore thereof, which conprises the follow ng steps: (1)
preparing a hydroperoxi de, (rn) reacting an organic
conpound having at | east one C C double bond 10 or a

m xture of ct e thereof with the hydroperoxi de prepared

in’'step (I)5 in“t‘%esence of a zeolite catalyst, . (rren)

regenerating the at least partially deactivated zeolite catal yst used in

Direct synthesis of hydrogenperoxide in water

The same catalyst as in Example 4 was used. The reaction medium consisted of

10 water to which 0.4 % by weight sulphuric acid, 0.1 % by weight phosphoric acid and
6 ppm bromide (in the form of sodium bromide) were added. The reaction
parameters were as follows: 268.0 g/h reaction medium, 291.6 Vh oxygen, 32.4 h
hydroéen, T = 42 °C. The conversion based on hydrogen was obtained by a
determination of the hydrogen content of the spent gas and was 43 % with a.

15  selectivity of 70%. The concentration of the obtained hydrogen peroxide solution
was 5.6 % by weight.



step (I1), and 15 - (1v) conducting the reaction of step (I1)

using a zeolite catalyst containing t he catal yst
regenerated in step (111). 2. A process as clainmed in claim1,
wherein the organi ¢ conpound having at |egpt 20 one C-C doubl e bond
I's selected fromthe group consisting of a linear or br anched

aliphatic olefin, a linear or branched aromatic olefin, a linear or
branched cycl oal i phatic ol efin, each having up to 30 carbon atons, and a

m xture of two or nore thereof. 25 3. A process as clainmed in claim
2, wherein theéglaqu I s obtained by dehydr ogenating the
correspondi ng &t &A% ed organi ¢ conpound to obtain the olefin
and hydr ogen. S -44 -

4. A process as clained in claim3, wherein the dehydrogenation is carried
out in the presence of a heterogeneous catal yst containing at

| east one of tHe fAlpransssifpr oxidizing an orgahiereempsund haying at'least one C-Gdoubte | a,
Ti, Zr, H, V, Nb, Ta, Cr,. M, Re, Fe, Ru, Os.  .Co
Pd. ‘Pt Cu. SAg, Aut;ona,or Amix e%ot%(vogh ogg-thereqf, which corripn%?s thgfbllokﬁn&%ggg.s s as
claimed in any of clains 1 to 4, wherein the zeol.ite catalyst has 10

m cropores, mMesopores, macropores, mcro- and nmesopores,” m cro- and macro-
pores or micro-, meso- and nacropores.

4] preparing a hydroperoxide,
I reacting an organic compound having at least one C-C double bond
10 or a mixture of two or more thereof with the hydroperoxide prepared

in step (I) in the presence of a zeolite catalyst,

{I10) regenerating the at least partially deactivated zeolite catalyst used in

step (II), and
15
av) conducting the reaction of step (II) using a zeolite catalyst containing
the catalyst regenerated in step (III). '
2. A process as claimed in claim 1, wherein the organic compound having at least
20 one C-C double bond is selected from the group consisting of a linear or

branched. aliphatic olefin, a linear or branched aromatic olefin, a linear or
branched cycloaliphatic olefin, each having up to 30 carbon atoms, and a

mixture of two or more thereof.

25 3. A process as claimed in claim 2, wherein the olefin is obtained by
dehydrogenating the corresponding saturated organic compound to obtain the
olefin and hydrogen.

g
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6. A-process as clained'in any of clains 1.to 5 wherein the zeolite

catal yst is selected fromthe group consisting of a silicate
containing titanium zirconium 15 vanadi um chrom um or ni obi um and
havi ng M-I, BEA, MOR, TON, MIw -44FFER, CHA, ERI, RHO G'S, BOG

NON, EMI, HEU, KFI, FAU, DDR, MIT, RUT, LTL, MAZ, GVE, NES, OFF,
SGI, EUO, MFS, MCM 22, MEL struc- ture, MFI/MEL m xed structure
and a m xture of two or nore thereof. 20 7. A process as clainmed in

any of clains 1 to 6, wherein the zeolite catalyst used is

a
tal yst obt aipabl i | t he followi .
() “atidi ng to B nisinBtesS sPbRGRTSHUIE'S SRERY BF Schyifoncipucs St SRo: o
thereof a nixt ur etieigenc ofa eterdgeasdus eaalys! &ﬁﬂmingadtdea@@&ﬁrofﬂ%ﬂféuo&ﬁg)
).

(i) kneading, shaping, drying and calcining of the m xture of step

-45 - 8. ASHSF’GEté'ss as clainmed in any of clainms 1 to 7, wherein the
at least partially deactivated zeolite catalyst of step (Ill) is
regenerated by the follow ng steps: (a) heating of an at |east
partially deactivated catalyst to 250[err]C-600[err]Cin an 5

at gpsph_er e cgnt ali é,lrﬁg Ilaet?is ermeVZBfobTa,\@L Matgmmxmegpé;ku@@a, Co, Rh, Ir, 1t~11 (b)
subj ecting the ca S 0 a gas , streamcontaini ng an oxygen-generating
subst ance or oxygé&%ré‘é%sﬁ%pe%ﬁ%@esbﬁem@&{ hereof in an anmount in
the range fromO0.1 to 4% by volune at from 250 to 800[err]C, preferably at
from350 to 600[err]C. 10 9. "A process as clained in any of clains 1
to 8, wherein the regeneration of step

5. A process as claimed in any of claims 1 to 4, wherein the zeolite catalyst has
10 micropores, mesopores, macropores, micro- and mesopores, micro- and macro-

pores or micro-, meso- and macropores.

6. A process as claimed in any of claims 1 to 5, wherein the zeolite catalyst is
selected from the group consisting of a silicate containing titanium, zirconium,
15 vanadium, chromium or niobium and having MFI, BEA, MOR, TON, MTW,
FER, CHA, ER], RHO, GIS, BOG, NON, EMT, HEU, KFI, FAU, DDR, MTT,
RUT, LTL, MAZ, GME, NES, OFF, SGT, EUO, MFS, MCM-22, MEL struc-

ture, MFI/MEL mixed structure and a mixture of two or more thereof.

20 7. A process as claimed in any of claims 1 to 6, wherein the zeolite catalyst used is

a catalyst obtainable by a process which comprises the following steps:

(i) adding to a mixture comprising a zeolite or a mixture of two or more

thereof a mixture comprising at least one alcohol and water, and

25

(ii) kneading, shaping, drying and calcining of the mixture of step (i).

L
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(I'11)-of the at least partially deactivated catalyst is carried out in an

appar at us for conducting the reaction of step (1) w thout
renoving the zeolite catal yst fromthis apparatus.
-45-

8. A process as claimed in any of claims 1 to 7, wherein the at least partially
deactivated zeolite catalyst of step (III) is regenerated by the following steps:

(@) heating of an at least partially deactivated catalyst to 250°C-600°C in an
5 atmosphere containing less than 2% by volume of oxygen, and

(b) subjecting the catalyst to a gas stream containing an oxygen-generating
substance or oxygen or a mixture of two or more thereof in an amount in
the range from 0.1 to 4% by volume at from 250 to 800°C, preferably at
from 350 to 600°C. |

10
9. A process as claimed in any of claims 1 to 8, wherein the regeneration of step

(II) of the at least partially deactivated catalyst is carried out in an apparatus

for conducting the reaction of step (II) without removing the zeolite catalyst
from this apparatus.

I



