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CATALYTI C CONVERTER AND METHOD FOR HI GHLY EXOTHERM C REACTI ONS Backgr ound
of the | | Field of the Invention 5 The pr ' tion
rel ates ‘Pé(;g{&iég?al ytic converter or reactor system and to%}elgérodg@ééﬂf or
carrying out- a highly exotherm c reaction such as that between an olefin
and an organi ¢ hydroperoxide to forman oxirane conpound. Description of

the Prior Art 10 Substantial difficulties are encountered in
‘carrying out highly exotherm c reactions where reactants and/ or products

of pr opyl ene. and_ aPOAISAT @W@@:E gg%@&%ﬁﬂhﬁhiifdﬁg
hi ghly exotherm c react | on desired product is very

tenperature sensitive. Renoval of the exotherm c heat of reaction
W t hout causi ng excess terrper Backgrounsbobtheslanentianser i ous probl em

Conventi onal C rsl for.exothermc react lons are usually of two types:

(D) QJencht t of multiple fixed beds with cold feed 20
guench gnjected i BESH the catalyst is
pl aced 5|n t he tubggagr a véﬁte??édr?gerg%%aéCébt%g'dh%%ﬁt‘%e%ghanger | f the heat
of reaction ¢osreagiar systen iand: tor g rogess foicanyimg det adhighli exotheeaic

renmoval . Thi s can be ove recycli col d reactor ef f | uent

Lhis resul 1 SaAtPREUSLax oA oeerods i, 656 SRR b ekopsianidtbla e
tubul ar r eacfopin &9dkirARs eBRHAUNRKI bi tive when high heats of reaction have
to be renoved through heat exchanger surfaces operating with a | ow heat

transfer coeBegetiption offtherRriokAd| so a terrperature gradient fromthe center

of the 6Ub e whi ChSthfé nal’ (ﬂﬁ fdul tf&ntaare e?\cguR{ d°%h \A@é ?ylng out highly

exothermic reactions where reactants and/or products are temperature

sensitive. For example, the catalytic liquid phase reaction of propylene and
an organic hydroperoxide to produce propylene oxide is a highly exothermic
reaction, and selectivity to the desired product is very temperature sensitive.
15 Removal of the exothermic heat of reaction without causing excess
femperature rise presents a serious problem.
Conventional reactors for exothermic reactions are usually of two
types:
(1) Quench type which consist of multiple fixed beds with cold feed
20 quench injected in between beds
. (2) Tubular type in which the catalyst is placed in the tubes of a
vertical shell and tube heat exchanger
If the heat of reaction is high, the first type does not provide sufficient
heat removal. This can be overcome by recycling cold reactor effluent but
25 this results in the disadvantages associated with back-mixed reactors.
The tubular reactor cost becomes prohibitive when high heats of
reaction have to be removed through heat exchanger surfaces operating
with a low heat transfer coefficient. There is also a temperature gradient
from the center of the tube which is often detrimental to a process which
30 requires nearly isothermal conditions.



30 requires nearly isothermal conditions. WO 98/ 32530

-PCT/ EP98/ 00410 2 European Patent 0 323 663 describes a fixed bed catalytic
react or and process for carrying out .the epoxidation of an ol efin by

react i orivQ@ $ organi c hydroperoxide at substantially i PCTERMEQM410
conditions. ‘As described in this European Patent, all heat generated by the
exothermc reaction is 5 renoved by vaporization of the | ow boiling
reaction m xture conmponent, propylene in the case of a propyl ene/ organic
hydr oper oxi de system Sufficient propyl@ne is fed to the reactor to renove
all of the reaction exotherm and the reactor is operated at the boiling
pressure of the rEHOPean Ralrnt P32 663 clesaribes efixatbed qatalytideeactoscur r ent

downf | f_aiquj . hase. T ' it
Fepresent  aRnEhasPdEs Rt tabing oRMB ket Xtifion R By ARAR By cBarioR Nl Ay ol ving
a nul ti-r eackgunid hydrdpdrosidaiat @ub@faﬁtiﬁﬂ@%ﬂg@g%ag R@nditidhisP Wn% fdseAbadd

appar atus described in European Patent 0 32 have a nunper of severe
di sadvant ag# thigyurepeas Paiget.i ahheabgerenatad by theexothemid reactiapdsi zat i on

f | ] i . ] f
or opyl Bne. mieroyel, VaBoliZalch of he ARG PoactBLBIRE SPERERR pat ent
shows feedi pgogflefd Ilths edsepratpi! propyisiie/BRIiO hyRIrBbrdidds S&istem.

hydr operoxi de tq the reactor, which necéessarily invol ves recovery and

recycl e of Pafidenbpicrdens ipfegylathe seagiorde iemevesall obthe reaction

Addi ti onal | 0 I : rs to,descrj.be
react or out ?éé?mﬁtr' Q‘é s% &Iraetﬁgfr Qggaﬁhrgéeg%%eéf a@éé b%?ﬁ@@%?gf %@Pﬁ rﬁé‘?*’%’bpear
consi stent wikiuré iresvetpamaniresras © provideea bociirsht doifiowof a iguieand/r e
l'i kel §/9 the actual out|et pressure would be 150 psi_or less and this

resul 19 in &gaskN3snihe % Is 5kl todepresant asvimppyament over the

requirement then currently employed methods involving a multi-reactor discipline with

interstage cooling.
The procedure and apparatus described in European Patent 0 323
663 have a number of severe disadvantages. Where the reaction exotherm

15 is removed by vaporization of propylene as required in the European Patent,
excessive amounts of propylene must be fed as'liquid to the system. In fact,
the European Patent shows feeding 16.67 moles of propylene per mole of
ethyl benzene hydroperoxide to the reactor whfch necessarily involves
recovery and recycle of large volumes of propylene at great expense.

20 Additionally, although European Patent 0 323 663 appears to
describe reactor outlet pressure of 26 bar (about 377 psi), this would not
appear consistent with the vapor pressure of the liquid reaction mixture.
More likely, the actual outlet pressure would be 150 psi or less and this
results in an additional and very important problem which is the requirement

25 for refrigeration and/or recompression of the great propylene recycle stream.

A further problem with the system of European Patent 0 323 663 is
the poor reaction selectivity which would result at the low propylene
concentrations in the liquid phase in the lower part of the reactor.

30



25 for refrigeration and/or reconpression of the great propyl ene recycle
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Description of the Invention In accordance with the invention, a reaction

system and process is provided which isgespecially useful for the '
production of oxirane conmpounds by reaction of an olefin such as propyl ene

wi th an organic hydrC’perOXiﬂgegDes%HﬂF'gﬂ?oF‘thE'dV@nﬁBﬂt act catalyst, the

I nvention being characterize y e 1oltowng Teatures: (1) the reaction
is carried out i nacobrdaricetwitiothe dmention, acteaction systarg;andpregasstis25- 75%
of the total heat of reaction, (reacti.qn exother for 10 it he temis
removed by previded whichisiespes V(S'fsehﬂg‘a"g’? MPEH%O’&B%PQ&%"%F°W8{'X‘§P<1 f eed
wi th one or i b t\ ' ¥igle 75% of
the toral nElreapiod i SlefRIH A8 PranlIfs W shfignic hydiperodte

ef f ect Bvel y usingaesolics coateit idatalysht theninvieatieni beéing ¢haracterived bygdbe

streans due _to a rise in the tenperature of the reaction mxture to rise 15
20- 100 er r ] follawipgdeaiite$:cacti on system and as heat of vaporization by

yaporizing 1540 (4§ Va8 .r%ﬁg@idmis bﬁﬁfé«ﬁggtﬂsﬁ@ﬂurf%nmf Bpapae! iedttiBHSt em

Description of t Draw e attac Fi gu Il lustrates a practice of
the inventi @enesj gures 20 2 and 2a .illustrate cold feed preheat nethods.

Elegg ; ?pf i i)lnl ustr a(EfSab%r&t 2151795% %tf itr\{ee to%ﬂ%ait% r(ejgcﬁor}ae(réagc\:/t?or}\t -ie%ihe%s fi ed ._
10 the system is removed by preheating cold reactor feed by direct contact of
the cold feed with one or more process streams from a reaction zone;
(3) about 25-75% of the total heat of reaction (reaction exotherm) for
the system is effectively removed as sensible heat in the exiting liquid and
vapor streams due to a rise in the temperature of the reaction mixture to rise
15  20-100°F across the reaction system and as heat of vaporization by
' vaporizing 15-40 wt% of the net reactor product from the reaction system.

Description of the Drawings
The attached Figure 1 illustrates a practice of the invention. Figures

20 2 and 2a illustrate cold feed preheat methods. Figure 3 illustrates an
alternative practice of the invention.

Detailed Descriptidn

Practice of the invention is especially applicable to highly exothermic
25 reactions such as those between an olefin, eg. propylene, and an organiq
hydroperoxide, eg. ethylbenzene hydroperoxide. Various important

considerations associated with the present invention include:
(1) the use of a reactor system having a plurality of separate reaction

~ zones;

30 (2) the provision of cold feed to the reaction system and the use of



Practice of the invention is especially applicable to highly exothermc 25
reactions such as those between an olefin, eg. propylene, and an organic
hydr oper oxi de, eg. ethyl benzene hydroeperoxide. Various inportant
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of a reactor systemhaving a plurality of separate reaction zones; 30

(2) the provision of cold feed to the reaction system and the use of WO
98/ 32530 : PCT/ EP98/ 00410 4 25-75%
of the systemreaction exothermto prehé%t the cold feed through direct

contact with_a store?mfromthe reaction system and (3) renovi ng t he
remai ni ng 25279&%of the sysiem rerction,exetbammiteprabeatths enld faedithrotghe exit

streans resulst. : Al O(;ﬁ'@ﬁ ' . and0f 20-100[err] F of
t he reactiona"r#é}%tﬁ;rrég u‘@lltﬁr:g%;';ssagﬁte hr%%#tmé@g%@t ?89 system and by
removi ng 15-40 wt {8)otembeingetherreatdining 25-765% of fise totabheal oinddotionest | on
system The invention ¢can be.llustrated by reference to the specific

enbodi ment prefsibiedeatin theexdt stirares resyting from gvioderatatasmperatiyre ige
productg on ok Qg-ofbd@Sf i ASadtibr! ﬁﬁ)&hfé’ Guﬂfaa Fﬁfa%?;&b% Qﬁg@.@ﬂt é'gg IRRHoN

et hyl benzene hydr oper oxi a relatively co -qu err]F)

corr:plrib sed ofsyﬁtgm badztly\aemm'lidfgt15-406Nt|%tdf)thbe'f§t3‘5|a?ﬁdn miﬁﬂmrélﬁ hae\gi ﬁnd
et hyl benzene roperoxide is fed viag line 2 a as propyl ene ichis
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150[err] F beﬂh%%%eﬁﬁér%o&ﬁ@ﬁ@%%@ed% it Sk Figlf 1. Wit Hggé%ée and 12

in 15 this e Iment 1s re propyl ene vapo omreac whi ch
was vapori zei hyeapdoduntioni f propytener axitie aby ofeactiant ob rpropglerichand

Goscr i Bod. oBviRerzeDRs MYRBSRATBKEles  antPlativehaeoid ligdid' Teed "(eg.186%)
' comprised of ethylbenzene oxidate, ie. ethylbenzene, 1-phenyl ethanol and
ethylbenzene hydroperoxide is fed via line 2 as well as propylene which is
fed via line 3.to contact zone 1. By cold feed is meant feed which is 50-
150°F below reaction temperature. Also fed to zone 1 via lines 4 and 12 in
15 this embodiment is recycled propylene vapor from reactor 5 which was
~ vaporized by and contains exothermic heat of reaction from the epoxidation
reaction in reactor 5, zones 8 and 10.

In the embodiment described, two reactors, reactors 5 and 15, are

employed, each having two reaction zones packed with solid epoxidation
20 catalyst. '

Contact zone 1 is a conventional vapor liquid contact zone suitably
having several sieve trays whereby the vapor and liquid streams are
intimately admixed. By this contact and mixing, exothermic reaction heat
which resulted in vaporization of propylene in reactor 5 is used to heat the

25 relatively cold feed components to re.acti_on temperature. In the process,
most of the propylene vapor from reactor 5 is condensed. As a result of this
heat exchange, 25-75% of the total system exotherm is effectively removed
and used to preheat the cold feed streams.

Alternate configurations for zone 1 are shown in figures 2a and 2b.

30 In Figure 2a, the contacting is achieved by spraying the cold liquid feed into



enpl oyed, each having two reaction zones packed with solid epoxidation 20
tatalyst. Contact zone 1 is a conventional vapor |iquid contact zone

sui t abl yw%\é' p&gseveral sieve trays whereby the vapor- and i’t‘i‘/ﬁ’gsl ans

are intimtely adm xed. By this contact and m xi ng, exotherm C reactlion
heat which resulted in vaporization of propylene in reactor 5 is used to
heat the 25 relatively cold feed conponents to reaction tenperature. In
the process, nost of the propyl ene vaporgfromreactor 5 is condensed. As a
result of this heat exchange, 25-75% of the total systemexothermis

effectively gRmpse t | daf it rga ; rpat e
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vessel recei VigWe?R ooniasiingds aehisvedamainly; by aotstatic “'I“?‘ﬁ%’r d 't|9ﬂ35 oduced

ot to i ) b . 2b,
contabti ng. | SORERRG I3 MRERYF BY nfhobiRoTMeteRa gl infaurdnblci e 20 1
achi eveldl by liguiddeveli fccanamicapdll didtgte thendptimum torleopatticaldr practiceui d -
| evel . Economics wll digtate th ti mum f.or . rticular practice. From
coxt act zone 1, t#éo'ﬂ‘e%érgﬁc Y g’ ﬁ%ﬁ%}*@dilgﬁﬁﬁg‘w%ﬂ%wm& V‘?Id"\?p?)er
zone 7 of regpLibedzond 76?'%5&@5.3}1‘61%?@3?&{/&%!&'?l%rﬁ"tl%glr@&ﬁeﬁé% oft reans

is not sufficient to heat the liquid mxture quite to reaction tenperature,
suppl enent al stieamscis nat pufficland dtabhaab ather liguidvmixturen qaile 0 reactiomnt i s

passes at rolropaRsh suppBMerpRinsS a5 Hrrioviind Y boatel 2A WEEInalY bed of
titani pgon selémesiielidilnng apgsl as described in Exanple VI of U S
Patent 3,923,843 the
From upper zone 7, the liquid reaction mixture passes at reaction
conditions through zone 8 which contains a packed bed of titania on silica
catalyst prepared as described in Example Vil of U.S. Patent 3,923,843 the
disclosure of which is incorporated herein by reference. During passage
15 through the catalyst bed in zone 8 the exothermic reaction of propylene with
' ethylbenzene hydroperoxide takes place with the formation of propylene
oxide.
As a result of the reaction exotherm in zone 8, there is a modest rise
in temperature of the reaction mixture, eg. 10 - 40°F. In addition, the
20 remaining reaction exotherm is consumed by vaporization of the propylene
component of the reaction mixture. ‘ '
The reaction mixture passes through the solid catalyst in zone 8 to
separation zone 9 wherein liquid and vapor components are separated.
Propylene vapor is removed via Iirie 4 and passes to contactor 1 wherein,
25 as above described, the vapor is used to preheat the cold reaction feed.
The liquid reaction mixture passes from separation zone 9 to zone 10
whfch is also packed with the titania on silica catalyst used in zone 8. In
zone 10 further exothermic reaction of propylene with ethylbenzene
' hydroperoxide takes place to form propylene oxide.
30 Once again, the exothermic heat of reaction is accounted for by a



di scl osure of which is incorporated herein by reference. During passage 15
‘through the catalyst bed in zone 8 the exotherm c reaction of propyl ene
with et %bgglségﬁe hydr oper oxi de takes- place with the formati on of propyl ene
oxi de. , It of the reaction exothermin zone 8, thdte/FR8H0H¥dest
rise in tenperature of the reaction mxture, eg. 10 - 40[err]F. In
addition, the 20 remai ni ng reaction exothermis consuned by vapori zation
of the propyl ene conponent of the reaction m xture. The reaction m xture
passes through the solid catalyst in zorie 8 to separation zone 9 wherein
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m xture passes from separation zone 9 to zone 10 which is also packed with
the titani at®8eBaIation zaneal 1 whergipdiquid and ¥apor componentsoaresaparated.

exotherm c r + \M hyl benzene hydroperoxi de, t akes
place to for mBB&%%% 2%88@%%8936&“1}& qb to &Eﬁa%aﬁn)ﬂ"ﬁ%@"eﬁﬁ HQPH?C heat
of rea6ti ondescrbsdtin vdpdpis Wsedito praffeal e ¢8kfreaction feed. . .
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zone 10 toget her APigRIficapbadyamntage efithis medefoperation sasidesin thefaote -
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propyl ene to
control means 52 is provided to insure that an appropriate liquid level is

maintained. Supplemental liquid propylene can be introduced via line 50 to
maintain the desired reactant ratio and the mixture of reaction liquid from
reactor 5 and newly added propylene passes via line 51 to zone 14 of

15 reactor 15 and from zone 14 into reaction zone 16 which contains a packed
bed of the titania on silica catalyst used in reactor 5. _

In zone 16 further exothermic reaction of propylene and éthylbenzene
hydroperoxide takes place to form propylene oxide. Exotherm heat of
reaction from the reaction in zone 16 is accounted for by an increase in the

20 reaction mixture temperature of about 10-50°F and by vaporization of
propylene.

From zone 16, the mixture passes to separation zone 17 wherein
vapor and liquid are separated. Propylene vapor is removed via line 18 and
the reaction liquid is passed to packed catalyst reaction zone 19 for final

25 reaction of propylene and ethylbenzene hydroperoxide. Zone 19 contains
the titania on silica catalyst used in the previous reaction zones and reaction
of propylene and ethylbenzene hydroperoxide takes place therein.
Exotherm in zone 19 is accounted for, as previously, by a small temperature
increase and by vaporization of propylene.

30 The reaction mixture at a temperature 20-100°F higher than the



hydr operoxide ratios in the reaction feed is thus avoided. 10

'Liquid reaction mxture passes fromreactor 5 via line 13. Level control
means S5l g s,%r s5yi ded to insure that an appropriate |iquid gcgyeposiosto

mai nt ai ned: . Suppl ement al 1iquid propyl ene can be introduced via I|ne 50 to
mai ntain the desired reactant ratio and the m xture of reaction liquid from
reactor 5 and newl y added propyl ene passes via line 51 to zone 14 of 15
reactor 15 and fromzone 14 into reacti@n zone 16 which contains a packed
bed of the titania on silica catalyst used in reactor 5. In zone 16 further
exotherm c rg r®bf HPRMECEDA nikElire SRRy FeRiector B BaSSes txsdpatationrs pl ace
to form propyl ene oxide. Exotherm heat of reaction fromthe reaction in
zone 16 is @opeuBOeih Whicthywaporians lguid are separated. Psepylpbe Yapatuise

zone. 16, "1 neomavetiia e 2didnd o abic tept BB b AL CRuRU OBIMAER DL o

are separ at glg 33 0opyl ene vapor is renoved via line 18 and the reaction
liquid is passed to packed catal yst reaction zone 19 for final 25
reacti @& of propyThesapoy steamotameved Nadlings:P3xil §and.3hasiyell @& ®iens t he

of ' pr opy! endiauifh SRR EMAvEE iaulhng, 22, Bl SeRbie o M@l HisraBBl 4 0C "
in zone 19 'd‘eﬁéﬁﬁhﬁﬂéﬁd/hhﬁém hgﬁtd@rc@mpwﬂnlfs aky separsbd byadisgiiation frormcr ease
and by vaporization of propylene. 30 The reaction mxture at a

t enper at ur e the- heayier rmatenalsdn aeeerdanee wntb\d(@wezswedures Where

passes to sARAPHE EhteSERoRknia uch Gapielly drtsfodered o8 bdoRd ©

Propyl e VaRQicdotdaRe® ith thiednVémtiory, thendpbhetrehams remeved vianlines23ct

- mxture is renoved vi a

18 and 21 comprise by weight 15-40% of the net reaction mixture removed
ie. the sum of streams 23, 18, 21 and 22.

The heavier materials are likewise separated by conventional
procedures into products as well as streams for recycle.

15 The embodiment of the invention has been described in the context
of a two reactor system, each reactor having 2 reaction zones. The two
reactors could be combined into a single apparatus, or alternatively a
number of reactors greater than two can conveniently be used, if overall
economics so dictate.

20 The use of two reactors p'ermits the first reactor to be operated at a
high pressure sufficient to retum propylene vapor to the feed contactor zone
1. The second reactor can be operated at a lower pressure consistent with
the optimum temperature and propylene concentration required for the final
reaction phase. '

25 As above indicated, Figures 2a and 2b describe alternative contact
means for preheating cold feed by contact with recycle propylene vapor.

in Figure 2a, cold feed is introduced into contact zone 101 via lines

102 and 103. The liquid introduced via line 102 is sprayed via spray nozzles

104 into zone 101 while the liquid introduced via line 103 is passed via jet

30 105 into zone 101. Propylene vapor is introduced via line 106 and in zone



line 22. 5 The vapor streanms renoved via lines 23, 18 and 21 as
well as the liquid streamrenoved via |ine 22 are sent to a distillation

operati lg ropani zer wherein |lighter conponents are se ara}s y
di still %% fﬂgm the heavier materials in accordance wt H’(ﬁ' 9413
procedures. \Were appropriate |light conponents such as propyl ene are
recovered and recycled. 10 In accordance with the invention, the vapor

streans renoved via lines 23, 18 and 2lgconprise by weight 15-40% of the
net reaction mxture renoved ie. the sumof streans 23, 18, 21 and 22. The
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pressube suiid line202tto static mixingozoriee263y Zurre 203 Hae Baftids whithiisurezone 1.

The second reactor can he operated at a | ower pressure consistent with the
opti mum terri”é‘?r e"%ﬂﬂfﬂﬁub(gm'@ﬁ‘&c mm%’gm%mjﬁ% pasees via fing

reacti on phagg.toiassel 20 ; Hggyﬁﬁlltogﬂl [ a{ads escri be
alternative ?og?actssﬁe%nﬁswpgfégﬁgﬁggﬁ ng co 8@%‘&2%%?& W T éér'ecycl e
propyl ene v&eheated Kggidr passes vid dnéc206 its thetreadtorewhiletuncondeasédzone
101 via lines_1 I ntroduced via line 102 is sprayed

2 and 103. The l.igqui
via spray nBE%ﬁgnﬂﬁr‘?rﬁpﬁegéff?e"'l%%O%hi le the liquid introduced via |line
105 LI0PESE20 | Wl apperbE ot idine S50 Ay ahlepbing
upon the economics of a particular practice of the invention.

The extent to which the exothermic reaction takes place in the various
reaction zones can be readily controlled. By proper regulation of reactant
composition, ﬂow rates, temperature, pressure, and catalyst contact time in

15 a reaction zone, the reaction which takes place in that zone and hence the
reaction exotherm which is generated can be suitably regulated.

In accordance with the embodiment of the present invention, as
above described, about 25-75% of the total reaction exotherm is used to
vaporize propylene in reaction zones 8 and 10 and this reaction exotherm

20 is essentially used to preheat cold feed in contact zone 1, a small amount . .
of the vapor is not condensed and is removed via line 23.

Of the remaining 25-75% of the total reaction exotherm, this is
accounted for as sensible heat in the netjsystem exit streams as a resuit of
the modest increase in the temperature of the reaction mixture upon

25 passage through zones 8, 10, 16 and 19 of about 20-100°F and as heat of
vaporization by vaporization of propylene in zones 16 and 19, resulting in
propylene vapor removal via Iines' 23, 18 and 21 comprising about 15-40 wt
% of the total of the streams removed from reactor 15 via lines 23, 18, 21
and 22.

30 ~ An altemnative practice of the invention which employs somewhat
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the propyl ene vapor intimtely contacts and preheats the liquid feed.
Uncondeggasoasgspr exits zone 101 via line 107 and heated fraesiEmsiobstovi a
line 108. Inm Figure 2b, cold feed is introduced via line 201 and propyl ene
vapor 5 via line 202 to static m xing zone 203. Zone 203 has baffles

whi ch insure thorough vapor/liquid mxing. Fromzone 203 the m xture passes
via line 204 to vessel 205 where it is eferably introduced bel ow t he
liquid surface. Preheated |iquid passes via |line 206 to the reactor while

uncondensed gyt Sqfiphfent MvStavddin Figarg8/. 10 As wi Il be
apparent, other contact neans can be enpl oyed dependi ng upon the economcs’
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exot heBm whiiptroduced via line @023ty opei3eHwheraigul ististimatalyaniediwitbea wi t h
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zones 8 and ths omtddti Sndembtihgna cpotidar BF e exdthedPReHdad! b regtibr O
preheat cold feed in contact zone 1, a small anount of the vapor is not

condensed ar@eneyaieddnezone 2304 e sed dp preheatnthiencald deed st seactian t ot al

ti ' ' | 1.bl e. t i t t
exit streamsedi ey The hBRRRt it ab S ralis BRI T il s A0 850 Y he ™
reactiqgn m x308 ixte/R6Ne 304 whareirsiesy drbcontitted With Solidépoxidatiorrcatdiyef about
20-10[err] F and as heat of vaporization by vaporization of propylene in

zones 16 andd wherein wthybenzene fiydimpeidxids anshovepylene reactdo2fprmis. and
21 conpri si \r}:ﬁ'gﬁ?l%we J)é(}eA'OI@’E r%&ﬁorﬁ Hitxttfd Bhsdls fo Keprafidl S oh& B fohi O™

reactor 15 I NES
which propylene which is vaporized by the reaction exothemm is removed via

line 306. The liquid reaction product mixture is removed from zone 305 via
15 line 307 and pump 308 and is divided into two parts, one being recycled via
line 309 to zone 303 wherein it is admixed with and preheats the cold feed
as above described, and the other passing via line 310 to reaction zone 311.

Reaction zone 311 is packed with solid epoxidation catalyst and in

this zone further reaction of ethylbenzene hydroperoxide and propylene

20 takes place with formation of propylene oxide. The reaction mixture passes
to separation zone 312 from which propylene vaporized by the reaction
exotherm in zone 311 is.removed via line 313. The liquid reaction product
mixture is uncovered via line 314. |

Operation of reactor 301 is controlled such that 25-75% of the total

25 reaction heat generated in zones 304 and 311 is contained as sensible heat
in the stream recycled via line 309 and used to preheat the cold feed.

The remaining 25-75% of the exotherm is removed as the heat of
vaporization in the vapor streams in lines 306 and 313, and as sensible heat
in the liquid mixture removed via line 314 which results from a 20-100°F

30 temperature rise in zones 304 and 311.



and 22. 30 An alternative practice of the invention which enploys
-somewhat WO 98/ 32530

PCT/ EP98/ 00410 9 sinpler equipnment is illustrated in Figure 3. Referring to
Fi gure YOPHM33% s provided reactor 301 which has two sectPGHERIAOMOG wit h
the solid epoxidation catalyst. Cold feed conprised of ethyl benzene

hydr oper oxi de as above descri bed and propylene is 5 I ntroduced via |ine
302 into zone 303 wherein it is intinatqky m xed with a portion of the
liquid reaction mxture fromreactor zone 304. As a result of this contact

and m xing a porti exot herm o of, action geperated,jn.zone
304 is used to prgﬁ@a‘gﬁcﬁ{gg%%i\gég?"%&%@%?ﬁ %‘?{BBF'a‘?%?g?‘?‘Sng"/hgét ed
feed and r ecite wtalesithe@irddras irfllimes 306! 913 a3 14 303 into zone 304
wherein they are contacted with solid epoxidation catalyst and wherein
et hyl benzene hydr Bedesi c¥orkug s opgremplishedt in oaceardapeepwitndnowrie. The
reaction m Xf)nyc%cﬁ@3$es to separation zone 305 from which propyl ene which

i s vaporized byt ‘eaction exothermis renoved via |line 306. The liquid

reacti of product Thet gpexidatiors reasbr 0 the PreseMOinveAtidR is calridtf o8P h and
punp 308 and is divided into two parts, one being recycled via line 309 to

zone 303 whedegerdanceswitll welk énamwnncanditipnehcSee, fareexaimple) d48. Ratenbve

d i bed, t . ' L a: his ' 31 1.

React i on zond 51598 BEBARSH ROt B incRa el RipUT B b, 1 <
zone further reacGenerally sdatlibhesvnpeeatipsly archahe denge of P5OPF t6 28028,

t akes pl ace vml;’g for ion _of propyl ene oxide. The reaction m xture_ passes

to separati oWSYAIYe18dTF 19 gav i and pressures are spiiaieridorpaintain thadiqu
exot h in | | Ane:313. The |iquid reaction product
o5k el L SRS bl B loabo e
Known solid heterogeneous catalysts are employed. In this regard,
reference is made to European patent publication 0 323 663, to UK
1,249,079, to U.S. 4,367,342, 3,829,392, 3,923,843 and 4,021,454 the

disclosures of which are incorporated herein.

15 The invention is especially applicable to epoxidation of alpha olefins
having 3-5 carbon atoms with aralkyl hydroperoxide.
The following example illustrates an especially preferred practice of
the invention as described in the accompanying Figure 1.
Referring to Figure 1, propylene feed at about 100°F and 700 psia is
20 introduced to zone 1 via line 3 at the rate of about 662 lbs/hr. Ethylbenzene
oxidate also at 100°F and 700 psia is introduced via line 2 at the rate of
about 560 Ibs/hr. | |
~ Also fed to zone 1 via line 4 at the rate of 512 Ibs/hr and vice line 12
at the rate of 263 Ibs/hr is recycled propylene vapor from reactor 5 which
25 was vaporized by and contains exothermic heat of reaction from the
epoxidation reaction in reaétor 5, zones 8 and 10.
Contact zone 1 is a convéntional vapor qu'uid contact zone suitably
having several sieve trays whereby the vapor and liquid streams are
intimately admixed. By this contact and mixing, exothermic reaction heat of

30 the propylene vapor from reactor 5 is used to heat the relatively cold feed



Qperation of reactor 301 is controlled such that 25-75% of the total 25
-reaction heat generated in zones 304 and 311 is contai ned as sensi bl e heat

in thev%g??g%ecycl ed via line 309 and used to preheat tpergpdshohped. The
remai ni ng -75% of the exothermis renoved as the heat of vaporization in

t he vapor streans in lines 306 and 313, and as sensible heat in the liquid
m xture renoved via line 314 which results froma 20-100[err]F 30
tenperature rise in zones 304 and 311. 11 WD 98/ 32530

PCT/ EP98/ 00410 10 The vapor renoved via lines 306 and 313 conprises 15-40

wt % of t hecdmpahents toheastioretemperatirendn tB6 Pro@iss, avast 8f the prapylerie wor kup
I s acconplished in accordance with k%rﬁrocedures. 5 ; Tgle%
epoxi dat i orVaRQcfrogh rBRCIORCD (8 cQnfen iVigor sStrearp; eemptised L& dance

wth well %ﬁ%@&&% isSSﬁ'loJe?"Y}S)ﬁ@%%?t #l‘éfratgaéfe‘i‘és b Rdes the

di scl osure I'sS 1'ncorporated herern erence. Cenerally reaction
t enper at ur esergtrto revcovéry. r ange of 150[err]F to 250[err]F, usually 180[err]F

o2 erer ] R Rl o heslo b ke 2 B U e
catal yot o R AR b, i V¥ BB pimRey b BB S opean

3,829, 392, 3, 923Ffeta wpperdzdrad 74 e tigeid readtionumiducd pakses adireaction
i ncor porated herein

epoxi dat i orCY} iHPBﬂQ‘%H?‘Gf‘i W%%wh%ﬁﬁ%aﬁé ﬁﬁmgﬁﬁ ﬁ{alé'g%?ﬂ%%ihggbl °to
ract | ce.of R e B R S ont o J2mpaber T e
10 During passage through the catalyst bed in zone 8 the exothermic reaction
of propylene with ethylbenzene hydroperoxide takes place with the formation
of propylene oxide. Pressure entering zone 8 is 730 psia.

As a result of the reaction exotherm in zone 8, there is a rise in
temperature of the reaction mixture of 35°F. In addition, the remaining

15 exotherm is consumed by vaporization of the propylene component of the
reaction mixture. o

The reaction mixture passes through the solid catalyst in zone 8 to
separation zone 9 wherein liquid and vapor components are separated.
Propylene vapor at 236°F is removed via line 4 and passes to contactor 1

20 wherein, as above described, the vapor is used to preheat the cold reaction
feed.

The liquid reaction mixture passes from separation zone 9 to zone 10
which is also packed with the titania on silica catalyst used in zone 8. In
zone 10 further exothermic reaction of propylene with ethylbenzene

-25 hydroperoxide takes place to form propylene oxide.

The exothermic heat of reaction is accounted for by a temperature
inc-rease of the reaction mixture to 249°F in zone 10 together with
vaporization of propylene. The reaction mixture passes from zone 10 at 700
psia to separation zone 11 wherein liquid and vapor components are

30 separated. Propylene vapor at 249°F passes via line 12 to contactor 1



Referring to Figure 1, propylene feed at about 1 OO[err]F and 700 psia is
.20 introduced to zone 1 via line 3 at the rate of about 662 |bs/hr. :
Et hyl benzene oxi date al so at 100[err}F and 700 psia is introduced via |ine
2 at th&¥QWS®: about 560 Ibs/hr. Also fed to zone 1 vi aPFTHEEIH00410 ¢ o
rate of 512 Ibs/hr and vice line 12 at the rate of 263 Ibs/hr is recycled
propyl ene vapor fromreactor 5 which 25 was vapori zed by and contai ns
exot herm ¢ heat of reaction fromthe en idation reaction in reactor 5,
zones 8 and 10. Contact zone 1 is a conventional vapor liquid contact zone

are it mi BpRaliHS aRove e b i VAR TR YskRTo A8REROMR tofeted FOn

heat of 30 feed.he propyl ene vapor fromreactor 5 is used to heat the
relatively cold feed ., WO 98/32530 . L i .
PCT/ EP98/ 00410 11 sighifisaphadvarjage of thisimedeed operation residesinptheciast, nost

corpr i sed_ofAie SaBEnie KL IR Hrobyisnb YA F6actf 538 %nabhEETIn . of
125 1 b8/ hr eontactos¢rdnd recyeleavier ppackor 5. The uséb@%ﬁph%ﬁbrmdtot he
heat ed |IC]Uhd m xture at 201 [err]F is punped via line at the rate of

1871 Ibs/ hr ydrapesexide Jatios in, reagdiop feed isthis aypidedzone 7, the 1iquid
L o RS o AR ORIBLAF 819 01 D08 B SR, ,
in Exanpl e Mhé¢ 1& atitte ratetent 087 daShB#toudh liquidisvelcopbotieg 52t amdigh t he
el e eSS 1B SSafeel S5k oPmaead aBos Toe e ne
iAo AN PhStad 81t 12A0lRovia 148 1 ol b eS| o
and from zone 14 into reaction zone 16 which contains a packed bed of the
titania on silica catalyst used in reactor 5. In zone 14, the pressure is
reduced to 600 psia which results in substantial propylene vaporization and
a reduction in temperature to 225°F. '

15 In zone 16 further exothermic reaction of propylene and ethylbenzene
hydroperoxide takes place to form propylene oxide. Exotherm from the
reaction in zone 16 is accounted for by an increase in the reaction mixture
temperature to about 241°F and by vaporization of propylene.

From zone 16, the mixture passes to separation zone 17 wherein

20 vapor and liquid are separated. Propylene vapor at 241°F removed via line
18 at the rate of 238 Ibs/hr and the reaction liquid is passed to packed
catalyst reaction zone 19 for final reaction of propylene and ethylbenzene
hydroperoxide. Zone 19 contains the titania on silica catalyst used in the
previous reaction zones and reaction of propylene and ethylbenzene

25 hydroperoxide takes place therein. Exotherm in zone 19 is accounted for,
as _previously, by a small temperature increase and by vaporization of
propylene. |

The reaction mixture at a temperature of 243°F and a pressure of 575
psia passes to separation zone 20 in which vapor and liquid are separated.
-30 Propylene vapor is removed via line 21 at 243°F and 575 psia at the rate of



tenperature of the reaction mxture of 35[err]F. In addition, the remaining
.15 exothermis consuned by vaporization of the propyl ene conponent of

t he reaﬁqggﬂzggoxture. The reaction nixture passes through pichapegbisdo

catal ys .Zone 8 to separation zone 9 wherein liquid and vapor conponents -
are separated. Propyl ene vapor at 236[err]F is renoved via line 4 and
passes to contactor 1 20 wherei n, as above described, the vapor is used
to preheat the cold reaction feed. The 18quid reaction m xture passes from
.Separation zone 9 to zone 10 which is also packed with the titania on

silica catabgSbsHoshd the i§6idSreaktiorProduét ikthels rrabYEd Vicline @gtaton of
propyl éne wth ethyl benzene 25 hydr oper oxi de takes place to form

propyl ene 024BEF atitbedata at985 dbslbat of reaction is accounted for by a .

t t i f th tion m,Xtu 2 j
togethor i th vapdid YAPPLATERRSY typere viaiied Bac B el AT wel 28 ¢ o,
zone 10 at T@QidPgtrdah? rémdvedl ViaNine 22 dle SoAL ¢ Idistilatdonnsberation or

conponents are 30 separated. Propyl ene vapor at 249[berr,] - passes via
line 18 to cdeprapanizerwhersipligisieszesiponents are separated by distillation from

PCT/ EP98/ 00410, 12 wher ei n,, as above descli IS : reheat
the cold relfi§ hﬁﬁv'leéé'&aeteﬂa@ 'Brﬂcggr:ciqﬂcea‘&@é%ﬁg‘g@%ﬁfﬁeﬁ@%sh&%F%L"E)egefﬁati on
resides in Lgofdiiicd With thé hventibaN tes aaser sttedrherehovedwiadines23nigeact or
5 is condensed Iin 5 contactor 1 and recycled to reactor 5. The use of

very hi gh panglyl2dnsomprisadafissitoRl %e byawaight wfithe nehdprogict-eeWhare hus
oL, e RoRGARNGRanbbHef 4B AFIRRRerd P 0l stk s <
contrqpl er 52 andrhé heavier materials are likewise separated by conventional
procedures into products as well as streams for recycle.
The following table gives the weight percentage compositions for the
various process streams. The Stream No. designation refers to the process
stream int he corresponding line or zone in the attached Figure 1.

15



adm xed with 132 I bs/hr additional cold propylene feed. The resulting 10
-m xture passes at the rate of 1229 Ibs/hr via |line 51 to zone 14 of reactor
15 and f\ﬁzﬁ%ﬁ%ﬁ 14 into reaction zone 16 which contains a Qi\&!{ﬁﬁ

the titani'a on silica catalyst used4| n react or 5. In zone f e pressure
= Byl ene vapori zati on

i s reduced to 600 O I mi aiam=a 1am i zioa-iinaam oo Seta—re o
and a reduction int mpef Q. 225[ er In zone 16 further
exot herm c reaction r op <N etrygenze hyr erOX| de takes pl ace
to form propyl ene oxijde. from tlhe reas ctron one 16 is accounted
for by an increase i fy ThE TEac{i O M Xtgre—tenpe e 0 about 241 [err]F
and by vaporization grcq:g/l.g e., |Fr.om 7 jure passes to
separation zone 17 eng r%zoc; iyagor 3 tparated. Propyl ene
vapor at 241 [err]F denojed}vi g |ijne 18 38 | bs/ hr and the
reaction liquid is pgsSef TP packgd—Tatgtyst— pne 19 for final
reacti on of propylen 0 @t hy | bespzgne ryddoper@g . Zbne 19 contains the
titania on silica catjalyptbsed @9 Bhe greyi oys Leack i@ zones and reaction
of propyl ene and et hyfl behzéhe 25 hydrjoper oxi de t a es pl ace therein.
Exothermin zone 19 ifS—afcopntedffor—agpreviousty;Tbylia snmal|l tenperature
i ncrease and by vapor]i zal iBh Q| i opyl enewn Thg weactf opffm xture at a
tenperature of 243[e r Y asf =t pf¢ssur e fof> 579 psi a jpases to separation
zone 20 in which vap dliguidiare sdnaratdd 30 ropyl ene vapor is
renoved via line 21 A3bErdy nd 575 BaSi alat_theg raje of WO 98/ 32530
PCT/ EP98/ 001410 13 5 Fals ‘51%ih9 li qudl rdadlion ptpduct nixture is
renoved via line 22 U3TerT]F gt thelrate df 935 |l bsj hr. The vapor
streans renoved via s 2B, 18 _&nd 21fas wel[l "as tjhe
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liquid streamrenoved via |ine 22 are sent to a distillation operation or 5
-depropani zer wherein lighter conponents are separated by distillation from
t he he%?sﬁn%eri als in accordance with known procedur espcikpbgondis €d in
accorda the invention, the vapor streans renoved via |ines 23, 18
and 21 conprise about 31 % by wei ght .of the net product. Were appropriate
| i ght conponents such as propylene are recovered and recycled. 10 _
The heavier materials are |ikew se sepat@ted by conventional procedures
into products as well as streans for recycle. The follow ng table gives the
vei ght per cent agdnanisanplencorfversiohdasad enibydropeesxids is 889 andithe St r eam
No. designation refers to the process streamjnt, I&eg#:ohr espondi nl%.l i ne or
zone in t he molansalegtivityefrropylens to propyleng gxislejs 99%, thus demonstrating

14 . . . .

og/ 32530  the efficiency and effectivenedsSf fHe fHVERHGA. [%;SEBS%&C;%E?EOM% N

thi s exanpl gonefraeion ianid dperationoflive systenv aralsubstaddigdly anidimizednol ar
selectivity of propé{ ene to propy| eneq%xi de['_ﬁi]s 99% thu dem)nsté\ﬁlti ng the
efficiBncy and eflnethe ba¥eexamplee 9070k the, reaslions exe {SHSeR (1R
constructio ' S Nt kel | bNidAcEgH. 5

In the abovgjrgﬁgﬁ’gﬁg,&%@?g%&t hg%roggc ?i(;anr?éegét %eﬁrén%ﬁi 283%385 t’ﬁg 'E)éraecﬁggt t he
col d feed i pxeténntis acosuritedfooby théYeniperatare dnredctor 5anchraactorss.

accounted for by the tenperature in reactor,5 and reagtor ,15.
The remaining 32% of the exotherm is accounted for by propylene

vaporization and removal of propylene vapor via lines 23, 18 and 21.



The remai ning 32% of the exothermis accounted for 'by propyl ene

- vaporization and r ne vapor via lines 23, 18 and 21. WO
98/ 32530 W claim 1. In a process for the
xiot

cat al ytWO PP d phasece rmcsreaction of a Jerr]- CPGIEPRPUI n with
an aral kyl hydroperoxi de which conprises passing a m xture containing the
ol efin and hydroperoxide at reaction conditions of elevated tenperature and
pressure through a series of separate rguction zones each packed with a bed
of solid epoxidation catalyst, the inprovenment wherein - (1) a
reaction sngraé;ﬁ.l.errpl oyed having a plurality of separate reaction zones,
(2) cold olefin and hydroperoxide feed is provided to the reaction system
and 25-75% of t hd.r ebca peocessdonthencaialytic lithgid phasetexotieerotic veastjion ein i s
used to preheat the, cold.feed through direct contact with a recycle stream
fromthe reéc&b' Q&fg’f‘e\ﬂt Eile blzgydropg%me Ci CORIRTHPSRBIHRI A i n t he

_reaction Syfzﬁig‘gﬂrésccfrﬁﬁ?m 1S oRAHISARY ?ﬁf%ergﬂﬁ!et& fa ﬁm%&{%&}%gﬁf i 8];]

20-100[ err] the reactfon mxture passage throug
system and aievated tempesaturé aad presbyre through apéerigs dDseparatdeeastion eact i on

e N o T N A Y
oo aren e, T B 618 rferin WSFPA ) bR oF | 2
stream i n ( 8ppatate reactgh eopes,apor stream :

(2) cold olefin and hydroperoxide feed is provided to the reaction
system and 25-75% of the reaction exotherm generated in the reaction
system is used to preheat the cold feed through direct contact with a recycle
stream from the reaction System, and |

(3) 25 - 75% of the reaction exotherm in the reaction system is
removed as sensible heat due to a temperature rise of 20-100°F of the
reaction mixture during passage through the reaction system and as heat of
vaporization by removal of 15-40% of the net reaction mixture as vapor from
the reaction system.:

2. The process of claim 1 wherein propylene and ethylbenzene
hydroperoxide are reacted to form propylene oxide.

| 3. The process of claim 1 wherein the solid catalyst is a titania on
silica catalyst. _

4. The process of claim 1 wherein said recycle stream in (2) is a
propyléne vapor stream. _

5. The process of claim 1 wherein said recyéle stream in (2) is a
liquid reaction mixture stream. '

~ 6. A reaction system for the catalytic liquid phase exothermic
reaction of a G, - G, olefin with an aralky! hydroperoxide wherein a mixture
containing the olefin and hydroperoxide is passed at reaction conditions of
elevated temperature and pressure through a series of separate reaction
zones each packed with a bed of solid epoxidation catalyst, the improvement



5. The process of clgaj erein said recycle streamin (2) is aliquid
‘reaction mixture sti@"wnﬂgj " &umn systemfor the catalytic liquid
phase eyeidaRhédeC I e W] - Clerr] olefin V\Atﬁc@WWI
hydr oper oxi de wherein a m xture containing the olefin and hydroperoxide is
passed at reaction conditions of elevated tenperature and pressure through
a series of separate reaction zones each packed with a bed of solid
epoxi dation catalyst, the inprovenent --17WD 98/ 32530
PCT/ EP98/ 00410 17 wherein: (1) a reaction systemis enployed having a
plurality oWwhephrate reaction zones, (2) neans are provided to preheat
cold ol efin and h%iroperoxi de feed with 25-75% of the exot herm c heat of
reaction from t hd1) eBcieagHon system: isr empleyed bavingoamivrality of separigc! e
streamfro ; pon system and (3) neans are provided to consune
25- 75% of tmﬁéegg%rt?ggﬁng’c heat of reaction of the reaction mxture during
passage through t(2p mears are pyotided by preRatlOSHesetifr armrrh?daipe'rcxitlacrease
and by vapori z ti@’?ﬁ é§-4gcy of the net reaction mxture fromthe reaction
system 7. W -36% ohithe #Xgibeanic heat ebreactigi fiamtthenreagtignyst i s
a titania oRysidm GRrough direct contact with a recycle stream from the reaction

system, and

(3) means are provided to consume 25-75% of the exothermic heat
of reaction of the reaction mixture during passage through the reaction
system by a 20-100°F temperature increase and by vaporization of 15-40%
of the net reaction mixture from the reaction system.

7. The system of claim 4 wherein the solid epoxidation catalyst is
a titania on silica.



