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In addition, it is lmportant that hydroperoxxde conversion be essentially "
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The present invention provides an lmproved system and process for
oxirane compound production using fixed bed reactors. E
BRIEF DESCRIPTION
In  accordance with  the present - invention, olefin and organic "
30 hydroperoxide are passed through two or more fixed bed reactors which are
-' pack‘edr with fresh or -high activity catalyst, the hydroperoxide being fed in paral_ie! '
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, paﬁially d_eactivated

35 -_cata!Yst to complete the reaction.
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 hydr oper AT CRYTS SRR SOTHFOTTSTaRBPTINS SXp Fndhunreacted
- furt BRipyleRe - ikepadseanviaf line O@Ytbeftﬁzc&iﬂdze&/he‘t‘ebﬁnisemembmed with
_ g %g&%gé(rlo%getfgg e\na H{ngg e? Vemmtdh%faonrdn?r} Irga%to(}f 2ptruﬂﬁé/r Fekttion of
propylene and the ethylbenzene hydroperomde fed theret_o takes place tq form
propylene oxide. - ' ‘
Effluent from reactor 2 passes via line 10 {o reacior 3 where it is
_ combined with hydroperoxide fed via line 7 and 17 and in reactor 3 further
| .25 reéction of propy!ene 'and .ethylbenzene hydroperoxide takes place with
formation of propylene oxide. - ,
, Overall, there is a stoichiometri.c excess of propylene to hydroperoxide fed
to the process and by feeding propylene in series to reactors 1, 2 and 3 while
‘ feedmg ‘the hydroperoxsde in parallel to these reactors the reaction in each
30 reactor is carned out at relatively high olefin to hydroperoxide ratios thus
'. ensunng very high selectivity to propylene oxide. This, of course, requires the
. 6onventiona| use of mol rafios of propylene {o. hyd_roperoxide in excess of the

- stoichiometric ratios for the reaction.
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to 1:20. The organi ¢ hydroperoxides usable as t he
active oxygen species in the 25 epoxidation process
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Secdndary and tertiary hydroperoxi des are preferred,
however, owing to the higher instability and greater
saf ety hazards associated with pg! mary hydroperoxi des.
.The organic hydroperoxide preferably has the genera
structure: 3 '1 0 APR 2007 'R -COON 5 R3 - Wherein
R, R2 and R3 are the sane ®*di¢berent and. are

sel ected fromthe group consi st ng of hydrogen,
C1-C10 al kyl (e.g. nethyl, ethyll t-butyl) and C6-Cl2
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Iag E?ﬂtﬁfc%g &ﬁﬂ&ﬁgtragfﬂ ﬁfcﬁio Emﬁ@aﬁbﬁ’tﬁt | b ?e We?@)ﬂde ethyl
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OIQ-,tI Y S99 68 BhpRlyk@n Wi |1 depend upon the

- hydr opéer oxi de and hetero%eneous cat al yst sel ect ed for.
20 use, t hee|copesndrapemsthiirepsraxide it #iet feadstemam mvgduted to the

- hydr qpes Bé& ﬁjeeactc% Rf iR rdifat R asf @it GRARAY ébgrn congentrations
factors. The erature, pressure, an Y rc)’h

ol ef i fr@a'he'ewt r1 ﬁﬂqwelahfge@cergeareév@aple ofl! heeettwmqmentrat!on
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genergdd, %m%m?adt&!\'er using-a t| tani um sili cal ite
cat ‘aI yst The temperature, pressure, and liquid phase olef in concentration rahges
selected for use with the present invention will vary somewhat depending upon
_the catalyst and active oxygen species employed. For. example, the desirable
‘25 temperature Tange |s generally somewhat lower using a trtanlurn srhcahte catalyst
' than when a titania-on-silica catalyst is utilized. '
Where the olefin is propylene and the hydroperomde is ethyl benzene
' hydroperomde it is partrcu!arly desirable to contro! the temperature of reaction
ml_xture 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 permiting a high degree of
hydroperoxide conversron ina 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



“ than when a titania-on-silica catalyst is utilized.
- Where the olefin is propyl ene and the hydropero@ JeAPR 2007
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anal ogous et rﬁé’ttalﬂ? ‘fﬂi@YﬁSMﬂBP%ﬁlﬁmﬁnam stlbstamces comprising an

zeol i h@ﬁganﬁ:ec&ybbrﬁcorﬁ?&undw SlllCé‘h ﬁl'ljrgreﬁ'ﬁ)é'a)l C lpbmatlori \ﬁléh an inorganic
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oxygen,.co itaniumis prefera
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[25si tandearoourdiedrbraRbsita. Bk 1€ alout 108! 6AVELRYeirdy ﬁ@&'p‘l’éﬂ%rmd
o 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,
o | Japanese Kokai No. 77-07 .908 (Chem Abstracts 87: 1350003) 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 parﬁcularly suitaﬁle fof use in
the present invention is titania-on-silica (also .sometimes teferred to as
"TiO/Si0;"), which compris'ers titanium (titanium dioxide) suppbrted on silica



The proportion of the inorgani c oxygen conpound: of
titaniumcontained in the catalyst conposition can be
vari eths hut generally the catal yst conposition 2 { APR 2067
cont ai ns, based on total catalyst conposition, at

least 0.1 % by weight of titanium w th anmounts from
about 0.2% by weight to about 50% by weight being
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b 041 b
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Reaction  effiuent comprlsed by weight of 58.0% propylene 4.6%
~ propylene oxide, 10.8% methyl benzyl alcohol, 18. 2% ethylbenzene 8.4% others
passes via line 79‘ and is introduced to reactor 2 with the- ethylbenzene

95  hydroperoxide stream from lines 7 and 16. | -

‘ In_r reactor 2 the feed cemponents 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% methyil
benzyi alcoho[ 27.5% ethy!benzene 0.4 % ethylbenzene hydroperoxide and
_ 74% others. : i
In reactor 3 the feed components contact the epoxidation cata!yst at 73°C
-~ and 1000 psig effective to form propylene oxide. The reaction effluent from



- propane, and 0.1 %others is passed at the rate of ZﬂAPR 2607
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