WD 2004/ 035559 PCT/ US2003/ 027158 EPOXI DATI ON SYSTEM

W TH FI XED BED REACTORS BACKGROUND OF THE I NVENTION 5
wo-b@DsEF THE | NVENTI ON The present invention pel/asms3/027158

an epoxi dation reacti on system which uses fixed bed

reactors packed with solid epoxidation catalyst.

oxirane conBORIRST LR SIC b EREDBERRERIERE®

catal ytic reaction of an olefin with an organic
hydr oper oxi de. SeBACKGRGUXNDNORTHEMNYENTION. Pat ent

3,351,635. In certai [ . bed reactors

5 packed with solid hg{%ﬁégnﬁm%%b@gtl on cat al yst
are enptiygesesiatvention relisreepdtidation Padatioh sys@AOWBIBH uses
and U. S. Patent 6

, 365,761, 15 There a ertain
pr Brdehad rgacior %‘”f%@g\)ﬂ"z‘ﬁo}"? ﬁ@%’“%%ﬁ’nﬁgﬂifs at i on
syst ens. hond t he omggdelngiFmBMORmﬁé})ns of )
organi ¢ hydroperoxi de reactant cause pr ens_ Wit .
heat S ENOWREP PEAYGE DGRBS COMPPUNTY RUTHAS PIQRlaL oxide by
10 Cakatal st rela@ieh iof ahidhTin @itte an aFganis BRlreparbride atSde, ¢ example,

t enperat ures and b%/l f eed poisons. Al so process
sebagie UpRatert 3326898 i nproved at higher ratios of

20 ol efjn dpiafty depBBAiMENEE. fikbneves, rudaoe hpaked! efithn solid
to hydroperoxide ratios are used it is, necessary to
r ebeleergenpauy epoxigalion catalyshranyIRPXeht %‘Feef TSOﬁ %iﬁH‘P'e' Uus.

thips MRS 628 932 d¥RN$ 8. PhicAEs,385,7810ce€ss economics. | n
addition, It is inportant that hydroperoxide

15conver sToerebareseeeain arphlems s assigst eW"Hb.tfHePoPIGd epoxidation
ecggﬁg?ng. aRsh 3¢ ¥ hERAPORGh JdMReRFRRAB of BIRRAIK Bfdroperoxide
provides an | nproved system and process for ~oxirane .

congantant gauseuRoblemsu Withgheatxiemnayal apd dempegaturgregprol in the

DEg%%ggL%\]gI&Et c?e%%ﬁ\y%%ﬂﬁgtg@’iaw aEJbﬁ“eJQtre%SaQ Righ t@iﬂf‘%@?ét@f@s and by

ol gani c roperoxi de are passed _
t hifeathoisons. orAlst peoceh selepinityrie -areatiysimpipyas af Bigher ratios of

zoﬁsggllfegget&ng&&rgé&%%aepr hi gh activity catal yst, the

being fed in parallel to the reactors ,
and t heHolefém Weémghigbd olefinster iydropgFraxideafratias, afeused it is
re%%tciegs%ry to recover and recirculate large amounts of olefin and this has an

adverse effect on process economics.
In addition, it is important that hydroperoxide conversion be essentially
25 complete both for economic and safety reasons.
The present invention provides an improved system and process for
oxirane compound production using fixed bed reactors.
BRIEF DESCRIPTION
In accordance with the present invention, olefin and organic
30 hydroperoxide are passed through two or more fixed bed reactors which are
packed with fresh or high activity catalyst, the hydroperoxide being fed in parallel
to the reactors and the olefin being fed in series. Thereafter, the reaction
effluent from the last of the high activity catalyst reactors is fed through one or
more additional fixed bed reactors packed with used, partially deactivated

35 catalyst to complete the reaction.
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Effluent from reactor 2 passes via line 10 to reactor 3 where it is

combined with hydroperoxide fed via line 7 and 17 and in reactor 3 further
25 reaction of propylene and ethylbenzene hydroperoxide takes place with
formation of propylene oxide.

Overall, there is a stoichiometric excess of propylene to hydroperoxide fed
to the process and by feeding propylene in series to reactors 1, 2 and 3 while
feeding the hydroperoxide in parallel to these reactors the reaction in each

30 reactor is carried out at relatively high olefin to hydroperoxide ratios thus
ensuring very high selectivity to propylene oxide. This, of course, requires the
conventional use of mol ratios of propylene to hydroperoxide in excess of the

stoichiometric ratios for the reaction.
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the catalyst and active oxygen species employed. For example, the desirable

25 temperature range is generally somewhat lower using a titanium silicalite catalyst
than when a titania-on-silica catalyst is utilized.

Where the olefin is propylene and the hydroperoxide is ethyl benzene
hydroperoxide, it is particularly desirable to control the temperature of reaction
mixture in each reaction zone such that the temperature does not exceed 125°C.

30 Controlling the temperature in this manner will help to maintain high reaction
selectivity to propylene oxide while still permitting a high degree of
hydroperoxide conversion in a particular reactor.

The catalyst employed in the present process may be any substance

which is insoluble in the liquid phase of the epoxidation reaction mixture and
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Catalysts of this type are well-known in the art and are described, for

example, in U.S. Pat. Nos. 4,367,342, 4,021,454, 3,829,392 and 3,923 843

European Patent Publication Nos. 0129814, 0345856, 0492697 and 0734764,

Japanese Kokai No. 77-07,908 (Chem Abstracts 87:135000s), PCT Application

30  No. WO 94/23834, German Patent Document No. 3,205648, and Castillo et al.,

J. Catalysis 161, pp. 524-529 (1996).
One type of such heterogeneous catalyst particularly suitable for use in
the present invention is titania-on-silica (also sometimes referred to as

“TiO,/Si0;"), which comprises titanium (titanium dioxide) supported on silica
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In reactor 2 the feed components enter the epoxidation catalyst bed at
63°C and 1000 psig effective to form propylene oxide. The reaction effluent
passes from reactor 2 via line 10 and is introduced to reactor 3 with the
ethylbenzene stream from lines 7 and 17. The composition by weight of the

30 effluent from reactor 2 is 41.5% propylene, 6.9% propylene oxide, 16.3% methyi
benzyl alcohol, 27.5% ethylbenzene, 0.4 % ethylbenzene hydroperoxide and
7.4% others.

In reactor 3 the feed components contact the epoxidation catalyst at 73°C

and 1000 psig effective to form propylene oxide. The reaction effluent from
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