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Conventional reactors for exothermic reactions are usually of two types:

(1) Quench type which consist of multiple fixed beds with cold feed
guench injected in between beds
(2) Tubular type in which the catalyst is placed in the tubes of vertical
20 shell and tube heat exchanger.
If the heat of reaction is high, the first type does not provide sufficient heat
removal and proper reaction temperature control may not be possible.
The tubular reactor cost becomes prohibitive when high heats of reaction
have to be removed through heat exchanger surfaces operating with a low heat
25 transfer coefficient. There is also a temperature gradient from the center of the
tube which is often detrimental to a process which requires nearly isothermal
conditions.
Epoxidation can be carried out using multiple fixed catalyst bed reactors.
The fixed bed epoxidation process may be practiced with a fresh bed last or
30 fresh bed first rotation plan. See USP 5,849,937. Fresh bed first is préferable,
since the downstream, older beds can be run at a higher temperature. This
obtains the maximum activity at the best selectivity and with a minimum heat

input and capital expense. One problem with fresh bed first however, is that of
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20 Under normal conditions, control of conversion at an intermediate level e.g. 50%,
is almost impossible to accomplish. This can be seen from Figure 1. When the
inlet temperature is raised, the conversion suddenly jumps from 20 to 99%.
Upon reducing the inlet temperature, the conversion suddenly drops from 99 to
2%.
25 BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention, the exothermic reaction
between an olefin such as propylene and an organic hydroperoxide such as
ethylbenzene hydroperoxide using a solid catalyst is carried out while
maintaining the concentration of hydroperoxide in the feed below 8 wt % by
30 either diluting the feed with a process stream depleted in hydroperoxide or by
using a plurality of epoxidation zones and feeding only a portion of the total
hydroperoxide feed to each zone.
In accordance with one embodiment, the invention a reactor system is

provided comprised of a series of reaction zones packed with solid catalyst. The



hydroperoxi de feed to each zone. In accordance with one enbodi ment, the
invention a reactor systemis provided conprised of a series of reaction
zones pacwed3mi4shs sol id catalyst. The 2 WO 03/074505 PCTPUBIBODGB6H
reaction mxture fromthe first reaction zone is separated into two

portions, Or’é%ctlcprpﬁ'ﬁ*t% #osthnee ﬁ‘@ﬁ}féécﬁﬁmtﬂmbh@ skpadtdintd1vd pbBibngodia t he
remai nder passi ng to the second zone. The recycl edggao%#ﬁl on is adg% xed with
5

col d feed tmr@orm ing rsﬁm@atqW@fa%t%thedtfﬁtr@n?hﬁ‘er@ "IRESHBEdP 819 ng t he
tenperatureg égonﬁh?oﬁ§acfh@We§¥6%&t¢Hrﬁo@@§Sald'ﬂgxédwvﬂﬂ'ﬂf&oldh@Feéd tisds @t ion

zone and permtting convenient control of reactant conversion at, a desired

i Pt er medi at prehegtiig andwdlb(tﬂ@@rthﬁifﬁ@d whilermegrsating thedepReIATE, Of aiedciPrser i es
of reactjon
fed to e% Ch@gﬁg%as@gg@%g%ﬁ‘&?&%t crtlbr‘?EoPé aﬁcﬁ'?gitrmtﬁﬁlg QYJERBRY @ryde bei ng

Flgure 1is an
illustrativef rpbo@n&omemmeméﬁ%radyldieﬂpédlaﬁa leneelconversi on  versus feed

inlet tenperatur, ac%ra%néé(%tﬁ o e %de,}?e(netvé@n LEQEEL P r@gctlgﬁgeb{&ene and

et hyl benzene hyd Oper oxi orm propy de using a solid catal yst.
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the invention is especiall i c e to highly exothermc reactions such
as thosegbet WeenFigureoil é$ an lllustrgtlvqa)lpmbwf eﬂw}bw}zdnarhlydmamme byrdrecgien oxi de,

e.g. ethylbenzen erOX| | n order t e n
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of ethyl benéﬁ@@tkﬂ%ﬁ@@ﬁ hydrdperoiide tpfapyprepgene oxitieusingraopylideratalysti de.
There are provid c i on ,zones

re d.of solid

epoxi dati on cat a?‘%'ﬁe Iﬁ%tf%‘e? &Br@'f’%a%zta? 'BYW'IOBEFQ%%%% Hlnﬁ‘ﬁ%%gr o'il de and
P(ragp%/I enﬁ Iéltémdtn)(a}[@*abhéfoﬁﬂém\Keﬂﬂ@ﬁ or 1. Also fed vialines 4 and 3 to
ctor is a portion of the treamrecycled from25

reactor 12 which is adni xed w tﬁktyﬁg-%géﬁ%g%}%b@ed in sufficient amount to
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hydroperoxide, e.g. ethylbenzene hydroperoxide.
In order to illustrate the invention, reference is made to attached Figure 2
20 in the context of the reaction of ethylbenzene hydroperoxide with propylene to
form propylene oxide. There are provided reaction zones 1 and 2, each packed
with a bed of solid epoxidation catalyst. A cold feed stream of ethylbenzene
hydroperoxide and propylene is fed via line 3 to reactor 1. Also fed via lines 4
and 3 to reactor 1 is a portion of the effluent reaction stream recycled from
25  reactor 1 which is admixed with the fresh cold feed in sufficient amount to reduce
the hydroperoxide concentration in the total feed to reaction zone 1 from the
normal 10-20 wt % to below 8 wt %.
In reactor 1, the exothermic reaction of the hydroperoxide and propylene
takes place with the formation of propylene oxide. The reaction mixture passes
30 from reactor 1 via line 5 with the net equivalent of the feed passing to reactor 2
and a portion being recycled via lines 4 and 3 as above indicated to reactor 1.
In reactor 2 the mixture introduced via line 5 reacts to form additional

propylene oxide and the reaction effluent is removed from reactor 2 via line 6



takes place with the formation of propyl ene oxide. The reaction m xture
passes 30 fromreactor | vialine 5 with the net equivalent of the feed
passi hg two@acss 2 and a portion being recycled via |ineXTUusandsss4as
above indicated to reactor 1. In reactor 2 the m xture introduced via line
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renoved fromreactor 2 via line 6 3 WD 03/074505 PCT/ US03/ 05864 and can
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An alternate embodiment of the invention is shown in Figure 3, also in the
20 context of the reaction of propylene with ethylbenzene hydroperoxide to form
propylene oxide.
As shown in Figure 3, there are provided reaction zones 101, 102 and
103, each packed with solid epoxidation catalyst. A propylene feed stream is fed
to reactor 101 via line 104. An ethylbenzene hydroperoxide stream, preferably
25 an oxidate stream from ethylbenzene oxidation is fed to the reaction system via
line 105.
Normally in this reaction where all of the propylene and hydroperoxide are
fed to the first reaction zone, the hydroperoxide concentration by weight is in
excess of 10 wt %, usually 10 to 30 wt %. However, in accordance with the
30 present invention as shown in Figure 3, only a portion of the total hydroperoxide
is fed to each of the reaction zones 101, 102 and 103 by lines 108, 107 and 108
respectively. The amount of hydroperoxide added via each of lines 106, 107 and
108 is regulated to provide a hydroperoxide concentration in the feed to each of
zones 101, 102 and 103 of less than 8 wt %.



Normally in this reaction where all of the propyl ene and hydroperoxi de are
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conprised of | es%etaeﬁtfh §fﬂ%nt%d?fb{ d6P 621 EmovaddialPacti®thidadkiRed HAR to
form addi ti onal propyl ene oxide. Reaction effluent fromzone 102 is renoved
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The reaction mxture fr s renoved via line 111 and conponents
t her eof 18epar at edhbyresstivennixitial froeczangutd’ i r@ﬁ@ug% Yiar bre rEldc@nen zones

are shown ”?:o@;g}ﬁ %%her‘e%f C;Hra%@ b?%h@&r‘g%hﬁﬂecm a greater or |esser

nunber, zones € use ractice the i nvention as above
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possible to oper oxi de~¢concentr adding all olefin
and hydr oper oxi déradicehef theadivieotionz arse absvec escripedc althwse clusel dontradsafl t i n
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accordance vadtdlysthitern procedures. See, for exarrpl e, US Patent 3,351, 635
o 2PBr Pr 1t o AR Sl oBIHI3 Y R o FRE BRE colEBRA Y ERCt o
adding all olefin and hydroperoxide to the reactlon zone, such a procedure would
result in substantially increased costs and difficulties in separations and recycle.
20 The epoxidation reaction of the present invention is carried out in
accordance with known procedures. See, for example, U.S. Patent 3,351,635
for appropriate temperatures, pressures, and reactants.
Generally reaction temperatures are in the range of 100°F to 300°F,
usually 150°F to 250°F, and pressures are sufficient to maintain the liquid phase
25 in both reactors 1 and 2, e.g. 500 to 1500 psia.
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 as well as to U.S.
5,760,253.
30 The invention is especially applicable to epoxidation of alpha olefins
having 3-5 carbon atoms with aralkyl hydroperoxide.

The following examples illustrate an preferred practices of the invention.



usual |y 150F to 250F, and pressures are sufficient to maintain the liquid
phase 25 in both reactors 1 and 2, e.g. 500 to 1500 psia. Known solid

het er ogenemus/catal ysts are enployed. In this regard, refrTersne/0sss4made to
Eur opean 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 gXAMIPIE as to U.S. 5, 760 253. 30 The

invention is esp ially ap abl e to epoxidation fins haV|ng
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PCT/ US03/ 058 4 EXAMPLE 1 Referri n? to Table 1 and Figure 2, propyl ene and
et hyl benzendine Ryairtiopete of ooyt detx 18t Ibghut 1100C and 1000 psia are

i ntroducgd to zong,lyi # zc!den¢ via ah%é gteargoﬁéeatqﬁe an%usf 14%@60%%8@5 5

Also fed to zone 1 via nes e rate of 1.4x106 Ibs/hr. is a
portion of toegtidn efdpe ﬂ@heoraeﬂflugﬁtasagcy%ycl e. The reaction mxture passes

through the sol | Gneabatien mbte! ;slassse%eu%ﬁ th98lid BataRAPYEY if hesghr om vi a

line 5. The I|qU| reaction mxture Is separated 1nto'a recycle stream

whi ch 10 r endrissernovaddhetedon viailine bi nes 4 and 3 and a net reactl on stream
whi ch passes to qhg: F(féj?({ &%n 2misRGack! 8&%9@ I%td 2% féc%lep EH the
sane titania on SI yst used in reac reac urther

exot her MOc mrewchs ’mreettopﬂomayhmseﬁl and t3haret awbbmmsmmmmﬂamwakes
place to fo ropyl ege cagt. vent a i ch
contains a &Sﬁﬁgd% dQOB8 fi‘nzol% ?ng Slsoséa]d(gd Q’@@t@ ‘J’at?rpegbtea%gar ért&%g'ggh
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t he catal yst in reactor, 1 the e er.m eactio ropyl ene with
et hyl benzené""ﬁb%%' BPZ5E W IraneEids é‘% \R,Iatcﬁ%? f%mrp(gpwa?n%ﬂx@ propyl ene
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refers to the process
propylene with ethylbenzene hydroperoxide takes place with the formation of
propylene oxide. Pressure entering zone 1 is 1000 psia.
As a result of the reaction exotherm in zone 1, there is a rise in
20 temperature of the reaction mixture of about 74°F.
The following Table 1 gives the weight percentage compositions for the
various process streams. The Stream No. designation refers to the process

stream in the corresponding line or zone in the attached Figure 2.



streamin the corresponding line or zone in the attached Figure 2. 6 WO
03/ 074505 PCT/ US03/ 05864 TABLE 1 Reactor with Recycle Fresh Feed Recycle
Net ProduwO oGomsdfhed Feed Stream No. 3 4 6 3+4 Tenp,

Pr essure,

| b/ hr

psi g 1000 1000 1000 1000 Conposition,
EBHP 14.5 0.001 .001 7.25 C3= 52. 8 4ﬁqug$ 6 50.7
ACP 1.8 2.1 2.1 2.0 EB 23.5 23.
1.4x10 -4x-1-0- 6 2.8x10 2.

ety

wt

F PCO/UB8Y05388

149

%PO0 5.9 5.95.9

MBA 1.6 14.0 14.0 7.8
ropane 5.8 5.8 5.8 5.8 Rate
geo 5 Referring to Figure 3,

propyl ene and et hyl benzeng Fafl eqaPoREc/el T NaHHodl8I0] DBhbimEcerege] oy ed
as startindmterials. The entire ampunt "of th nrnnv ene feed it passed
by means of| | i féreaguNent o |t he rdactof 102 whi ch i & a xed Bedtreact or
cont ai ni ng [@M AP RPE at e [sof T Epoxi datgpm tatat Tle totg ity of the
et hyl benzene hvg%nﬁér[:oxi de feed streamto the system passes Iidﬁe 10 105 and
is distri butecﬂ’rempecpislgvel y vil800i ne| 1080Q00 neacti600101|vi a N0G@ 107|to
reactor 102 fd vt 168—to—+eactor—103—The—arount—of —ethytbenrzene
hydr oper oxi dg R??gﬂh&td/lnto each of the reaction zone|feeds is controlled
such that the comeentratijon ofp hydr ppersoxi de ent®pi ng each .9t he three
reactor zo s—Jess that— 8 wt 9% oflthe total feed to he resnective
zones. 15 In eacﬁBﬁpthe reactii40$1 zones0 % fleed- ture pas egséthere
t hrough at reactecga condiltl orsp au thithggkor mati ag @f propyl gog oxi de
product_ ThHe reaction. mxture fromzone 101 passes vialline 109 to _rzone
102. The agpropri™Bé amount of Ghydr opel®Xi de is *f rodliced 1f-Be 107|and
passes to Zone 10ZcpM adm[Xtureg 51 51 50
EB 23.5 23.5 23.5 23.5
Propane 5.8 5.8 5.8 58
Rate Ib/hr 1.4x10° 1.4x10° 2.8x10° 2.8x10°
EXAMPLE 2
5 Referring to Figure 3, propylene and ethylbenzene feed at about 50° C
and 1000 psia are employed as starting materials. The entire amount of the
propylene feed it passed by means of line 104 into the reactor 102 which is a
fixed bed reactor containing an appropriate solid epoxidation catalyst. The
totality of the ethylbenzene hydroperoxide feed stream to the system passes line

10 105 and is distributed respectively via line 106 to reactor 101 via line 107 to
reactor 102 and via line 108 to reactor 103. The amount of ethylbenzene
hydroperoxide intfroduced into each of the reaction zone feeds is controlled such
that the concentration of hydroperoxide entering each of the three reactor zone
is less that 8 wt % of the total feed to the respective zones.

15 In each of the reaction zones the feed mixture passes there through at
reaction conditions with the formation of propylene oxide product. The reaction
mixture from zone 101 passes via line 109 to zone 102. The appropriate amount
of hydroperoxide is introduced line 107 and passes to zone 102 in admixture
with the reaction effluent from zone 101. In zone 102, likewise reaction between

20 hydroperoxide and propylene takes place with the formation propylene oxide

product.

Reaction effluent from zone 102 passes via line 110 to zone 103.



with the reaction effluent fromzone 101. In zone 102, |ikew se reaction
bet ween 20 hydroperoxi de and propyl ene takes place with the formation

pr opyl enewaxo3ge4s0pr oduct . Reaction effluent from zone 102 pazsws/osdea | i ne
110 to zone 103. 7 WO 03/074505 PCT/ US03/ 05864 Additional hydroperoxide

i's introducegidichal hitop&Bxide igfiogtibeevialliing ftosan ebifdixtart with HrMeFoes 102
such that the feed enteri nt% zone 103 |likew se contains less than 8 w %

hydr oper oxi dE&™M EANG dpe sushatitie eem antering ene A0 aNEes CeRiains frsisdkrad  and

propyl ene t ajges, ch%ger‘élkha t ez "fBé'é%laut@fwapfé&@ﬁér?'B@tv@@rﬂﬁyzdrép&%&f&ieﬁ
reaction zones 10 and 104 contains a packed ania on silica

cat al yst pr@ﬁ@r@@pH%%%@ﬁPE@G With the serpradionyiof PEPYIeNs oXidgt ent 3, 923, 843.
The follgwing Tatﬁa%h%fgéé(:‘ﬁéntzBﬁesC%@OI%'stdrfamdh O?nmﬁs ¥ ¥aLRUP LR BERSRIaST M eams

as well as the fTow rates and tenperatures an ressures occurri ngﬁ
r

t hr oughout tdiesiligaeeaialygirpregared ms d@squbaganxasps w:w Us® F7ae864923863. _
CLLB LA o 18 P Fanlk Slaitss thedolietiob ol the ey brocgs e sy %%5 )

cqg 0) Oi LWell apthp-flayorates and temperatures and pressures occurring throughout the

reaction system.
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containing the olefin and hydroperoxi de at reaction conditions of elevated
5 tenperature and pressure through a series of separate reaction zones each
packed w wo @/besof solid epoxidation catal yst, the i nprawaneses/osdoer ei n
the feed to each of the separate reaction zones contains less than 8 wt %
hydr oper oxi deCledm: The process of claim 1 wherein propyl ene and et hyl benzene
10 hydr oper oxi de reacted to f rocess of

rmpr .en X1
claim1 wherein tﬂe sd? R S%?“ﬁ gﬁa@f)ﬁ'%ﬁ’%ﬁ e’é?tﬁiawc(fﬁg%{'lo&?s? faag In
aI p][ ocess L ocgmmlefat \aitryan @r)glauqnl dy@hgsmxmqwﬂm BbRPSRCHARIOA ndxtufe3- CO
olefin with an .ar rqper pxi de rlses ssmgamxture
15 cont ai ni n§PRA Yht?l Zﬁ‘% r?leo{ aﬁ%'?%%@??f%gg at r‘?qgi Pi ediongi pf SiRvaiad
el evated % ermsem;ﬁratruﬁe @ﬁd m@@ﬁ&értﬁrd@hw%nés P deParadd réé‘éi@haicﬁnerse@&éﬂ on
zones each &ﬁ%e Wﬂ HJ sol.i d epoxi datl on catal yst, the
i npr ovement ﬁ‘ebeq Pﬁﬁ?‘ PRAatin cAtalysly the iproYerBeRt Wﬁ?ret’réﬂ'éﬁl on
zone is diviged tdteach bf tfd sehhRAN reBBidi Zbfed ROWEIRD 4R i 9 Kit o
reaction zone Cg Wgreheats the net feed thereto and 20 a second stream

whi ch passes hy Xidgcond reaction zone and is further reacted therein,

t he hydroperoxi dep, concm@t bAice88 i clahf ie\ﬁ;ﬁer%m %mlern%a%hao hg%@ﬂ?ell}ée' ng

| ess than 8w % 5. In a process for the catalyti¢ liquid phase exothermc
react i on!®f E\ydr@er%'délaé@ reRciRc te faim arapylearigxidehy dr oper oxi de whi ch

conpri ses passinga m?ﬁb“ﬁr‘écee@oF@l@trﬁ'WWﬂ@r&@ ls&d BatdlYet Lﬁygrtﬁ Loy de at

reaction conditions of elevated tenperature an pressur oug a series
of separ at edsitieheatpypt zones each packed with a bed of soI i d epoxidation

o fet to each Tenott o Aosess B R daidyiC Rhih pRalt ke Bk Reahll AR P O
the feed to €adh defiictitvan 20nalkys hmgsenomn vzhuvtn corgpriggs pagsing a mixture
15 containing the olefin and hydroperoxide 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 wherein the
liquid reaction mixture from the first reaction zone is divided into a first stream
which is recycled to the first reaction zone and preheats the net feed thereto and
20 a second stream which passes to the second reaction zone and is further
reacted therein, the hydroperoxide concentration in the feed to each reaction
zone being less than 8 wt %.
5. In a process for the catalytic liquid phase exothermic reaction of a
C3-Cs olefin with an aryl alkyl hydroperoxide which comprises passing a mixture
25 containing the olefin and hydroperoxide at reaction conditions of elevated
temperature and pressure through a series of separated reaction zones each
packed with a bed of solid epoxidation catalyst the improvement wherein only a
portion of the total hydroperoxide is fed to each reaction zone whereby the
hydroperoxide concentration in the feed to each reaction zone is less than 8 wt
30 %.
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