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reactants and/or products are tenperature sensitive. For exanpl e, the
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using a solid cata|yst to produce propylene oxide is a highly exothermic reaction,

and selectivity to the desired product is very temperature sensitive. Proper
15 control of reaction temperature presents a serious problem.
Co.nvention.al reactors for exothermic reactions are usually of two types:
(1) Quench type which consist of multiple fixed beds with cold feed
quench 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 possiblé.
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 re_(quires 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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30 fresh bed first rotation plan. See USP 5,849, 937. Fresh bed first is
preferable, since the downstream ol der beds can be +un at a higher
tenperature. This obtains the maxinumactivity at the bést Jib! &8 vity and
with a mninmum heat input and capital expense. One problemw th fresh bed "
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problemis that the fix bed reactors are very flcul th
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system §@r PrLORYLIEA® igdesproduction by reaction of propylene and
et hyl benzene hydroperoxide. As can be seen, there is a ste? i ncrease in

15 hydr oper oxi deTe dkistrisi tis. iRfeFRcRds 8RR g Figher WRAR&T aflRt®f iResie an

inlet tenp lé’:tt%n%e'raﬁufee@&laeg HYbrOMA G KSR RPEBR%bOE ERNYRIGHPReddtizas from
a relatively lowlevel to nearly 100% Wien inlet tenperature is tlaen

reduced, hyeperfoxi B@PyERPerai®n PORHFIRS rdar eROWR uAt i Progyleqe  an
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a nmuch Iovver normal conditions, control of ‘conversion at an
i nt er med$ at bydrepetoxiley.cobOeksion Wit nﬁ@’?%lm)o@éﬁitbleénﬁ%a%%oﬁﬁ!’l 3R. IM#i s can

be seen from F:]é]r'é{{u?e RS Ehg&dﬂ/rﬂ&?t /%Héd%o T &ohvEricH Sj@l‘}#pstﬁ'gm a

conver si on %ud y~junps Fom to 9 n reducing the inlet
t em per at ur eslativiedy tonveres itomesddd@i’y  d¥ogps ifletoteng@ratore moghen reduced,

hydroperoxide conversion remains near 100% until at a substantially lower
temperature hydroperoxide conversion suddenly falls to a much lower level.
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 embaodiment, the invention a reactor éystem is

provided comprised of a series of reaction zones packed with solid catalyst. The
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i nvention, the exothermc reaction between an olefin such as propyl ene and
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cont rg' of rl@%ﬁé@ﬂﬁt?‘ @%v%rsmﬁeadtaawe@perr@dda péieg feficaszehievel . In
accordance with anot her enbo reaction zones is
used with a portion of the tlg{;gi%%@ﬁ'?%@?oﬁ*%@wwgé$ed to each zone.
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et hyl benzene hydr oper oxi de conversion versus fe inlet tenp rature for a

typi cal syst efrsupiepdinie IPERETAtYE ToF 2 BrigR) Fetiem ”&Yfﬂl‘”@‘ﬂ FRAGHER PEREOPYene
hydr oper oxi deaﬁooetﬁgbéﬂzrérnenwhmrmw@ f8fh Eﬁap@«le‘ﬁeldxmecﬁ@ ¥ $blid FhtayEe 2

illustrates a practice of the invention, ure illustrates an
alternative pract iFigref? fllstraiesenthrapice] of @ETWNEE[@TD@QWFP?I ity$tateTeNce of

the i nventi Orblfe?na%%@?f Cq,lcjeyéfﬁ%qh{,&ﬁghe to highly exotherm c reactions such
as those between an efin, ene, and an organic ydr oper oxi de,
h b ff EEI d hyd d

e.g. ethylbbenzene hydroperOX| de D BHESGRIATIQR rate the inventi on,
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of ethyl benzene hydroperox propyl ene
reactions such as those between an olefin, eg propylene, and an organic

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 exofhermic 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 po'rtion 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



form propyl ene oxide. There are provided reaction zones 1 and 2, each
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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 hydropefoxide 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 1'04. An ethylbenzene hydroperoxide stream, preferably

25  an oxidate stream from ethylbenzene oxidation is fed to the reaction system via
line 106.

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 106, 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 %.



to about 4 to 8 Wt % An alternate enbodi nent of the invention is shown in
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104 and hydro ' f.ed via lijne:.106 are reacted in zone 101 in contact
with solid epﬁfﬁ%ﬁ{f‘gﬁﬁ "gtaf’my?é‘{de?‘%“ orm propyl ene oxide. The reaction

m xture f1lom zone T& réactiosovddrevifien izone1 003 iademayeédwiiah lineldi t1 anall
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The reaction m xt upraclideod¥ zidanvddBioh Sag aove diegtdbdd ntovid Iol@ed cotosipanent s

t her eof- seqoar ated by Cé)liventi onal techni gues. three reaction zones
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While it would be possible to lower the hydroperoxide concentration while
adding all olefin and hydroperoxide to the reaction 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.



Practice of the invention as above described allows close control of 15
reaction conditions wth_acconpanying inprovenent i n,reacti on selectivity
and catalyst life. Wiile it would be possible to | ower L?]y gper oxi de
concentration while adding all olefin and hydroper oxi de to the reaction

zone, such a procedure would resuléxAMPs_ bstantially increased costs and
difficulties in separations and recyvl—eéﬁ The epoxi dation reaction of the
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of 100F tO|I%g0;i:atthél$é{@|o|f$bé§)t0“:4im62§@ﬁr and pressures are sufficient to
maintain the liquid phase 25 in both reactors 1 and WQH%SOO to 1500

t

psi a. Khown sol iAdsthé&cetngeifedudadiesl 40 %ﬁbtr@rrfﬁt%ﬁd" ot $8Trigdhar d,

reference i p&fg pl i cation 0 323 663, to UK

1, 249, 079, F{Qbo fékgﬂ';%égn%%glugm %QFeoggg 3,923,843 and 4, 021, 454, as wel |
as to U.S. 5, 7Gme2r*:eactlc30nmktera neesssi BrPUs 1B el Aty id tatmastaro!

epoxi dati on of._ al {h%fréf%sm JRayng 3-5 carbon atonms with aral kyl

hydr oper omacPé1 STH O¥e OW n exarrpl es illustrate an preferred practices of
the invention. Thelliquid UEaQtGIDB mlmmﬁemanaéﬁcbmtpn@ repycrapitean afdciFi gur e
2, Pronyl eng and Sl penzaghies BAHLPEHOH U8 LaskndraRoubichI0G.a0¢, 1000
psia are in at e rate of about 1.4x106

| bs/ hr. 5 Aksotof edne (2 m:aeudn vbae |2 isexsal pactdd3wi theheamattdare on F4aD6
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e solid catal I n reactor di1s renoved
t her ef r om with ihpebzerEhieydropprogide ealetsi thal:emo%Drmm erdps(le@@pm@t ed into a
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packed 1@ t hort ﬂeceseéfglyt;u drapar@dass gddcribed in Example VI of U.S. Patent 3,923,843,
During passage through the catalyst bed in reactor 1 the exothermic reaction of
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 Ifor the
various process streams. The Stream No. designation refers to the process

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



catal yst used in reactor 1. In reactor 2 further exotherm c reaction of
propyl ene with ethyl benzene hydroperoxide takes place to form propylene
.oxi de. Reactor- 1:is a conventional reactor which containsial gggkepigoed of
titania 15 on silica catalyst prepared as described in Exanple VI1 of U S
Pat ent 3, 923,843. During passage throJ@kBLIEhe catal yst bed in reactor 1 the
* exothermc reaction of propylene th et @b ene hydr oper oxi de t akes
place with the formation of propyl ﬁgtow/lﬁ ®ssure entering zone 1 is

1000 psia. Ag a result of theFrregﬁ(be@n GR@H)/HQV MNR P%&ﬂﬁ:’fLCéllﬂSTn%d'l%e@ rise
in 20 terrper ature of the reaction mxture of about 74F follown

Table 1 gives th§’“\ﬁ/émd1*ﬁ pel cent @ge copposftions fof the var|3oﬂ§ procless

streans. The [StTE designmatigm Tef ersgd o the TESY btr\f@%’rﬁn—l’he

correspondi ng |.n§g'8“' zone in the%attachez8 i gure 528 1 JUL 06 TABLE

4 Reactor w th Rmcteepﬁgesh FeédORecycl| elONet Pr odtagio Conbi nedid®®ed = Stream

No. 3 4 6 3+4 f 185223149 Pressure—pstg—1666—1660—-210600—1000

Conposi ti on, \&Omﬁ‘gdﬁ'%‘ Wld 5 959 EBHP 14.5 D 001 .00l |[7.25 C3= 52.|8

48.6 48.6 50|7 MBAPD.6 14.0 14.® 7.8 | ACBol. 8] 2. 1581 2.0 EBs52Z3.5 .5
5 8

23.5 23.5 Pr(\n:\nn 5. 85865 Ratie I bh/hr N1 4x106-1.-4x10 2.8x10 2 18x10
EXAMPLE 2 5 ReferrFRGPto Fi

Q
ur 1§5 propyIOéJrQé and etoﬁﬂl benzene f-éad at |about
0

50 C and 1000 pSigare enployedras St@rtigg nRterpg@gsS. [he endd Fe amgunt
of the MBA 1.6 : 14.0 14.0 7.8
ACP 1.8 2.1 2.1 : 2.0
EB 23.5 23.5 23.5 . 235
Propane 5.8 58 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 syetem 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 introduced 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
react|on 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.



propyl ene feed it passed by neans of line 104 into the reactor 102 which is
a fixed bed reactor containing an appropriate solid-epoxidation catalyst.
The totality of the ethyl benzene hydroperoxide feed strednjtjpjit@Blosystem
passes line 10 105 and is distributed respectively via line 106 to reactor -
101 via lin Gitedl o lild1%0d Fadidea el ndQinudhe
anount of e%%&%%ér{?‘gﬁg%%ﬁ}ﬁeo%grg% g |V?1atrloduced ?nt%( eacl of th euer eaction
zone feeds ﬁr@na@nErT@IZIS@dh Mhhe teeatentérnacomechidriueivess whidiyellespdraxbde
entering e I, %0 h t ot al
feed to thgﬂr]go Eé@fo%\?‘éoxionesﬁ%%égl1noz“)’e§§?1't' rfal r%%a'roéa@%t}’v%ﬁwtzhal é)rés)ggtr >rag?eed

M xture passespiopglepetthesyghceatith theaiotmetorcaimopylersoxde h t he formation of

7 ne” 108 1 o zond-A025 THCHESY Bor Ca: RSB CBf Ryt GhUFOa, Bate -

i ntroduced ¢ gigcd FtaBRtpriepaseisad desooibed w2xampiawn oftluse Patnt B 92'3e84raeact| on
effluent fromzone 1 zone 102 e reaction betwee

hydr oper oxi He& %G’Wﬁ?%%?qlﬁﬁeg'f’%ﬁ(g? f)?rHE%S'W"'t% e VAR P EFES "?tb‘ﬁ/m%ﬁé oxi de
product. Regst kennehblusRt dndohaergukRZariiaseesurds actirnfg 1BuyBoane 103.

7 1 1 JUL 2006 Additional hydroperoxide is introduced via line 108 in

adni xt ure WieBRUYhEYEEFI uent from zone 102 such that the feed entering zone
103 Iikewi se contains |less than 8 w % hydroperoxide. In zone 103

addi tional reaction between hydroperoxide and propyl ene takes place with
the formation of propylene oxide. 5 Each of reaction zones 102, 103 and 104
contains a packed bed of titanic on silica catalyst prepared as described
in Exanple VI1 of U S. Patent 3,923,843. The following Table 2 gives the
conposition for the various process streans as well as the flow rates and
tenperatures and pressures occurring throughout the reaction system 8 ~'
911 JUL 2006 LOL6 O0 mMONOCcCLP. OONOONCcoxrr NOM OD
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TON Oi'l Ot 1 icgqO  rOco 00OLLza) EGANOQ<am(0- NF=
Drna (DQWOCL (D QLJI E a. o U1 1 JUuL 2006 Anended C ains |
claim 1. In a process for the catalytic |liquid phase exotherm c reaction
.0f 'a C3-C;5 olefin with an aryl al kyl hydroperoxi de which qoqrpjégiezﬁ
passing a mxture containing the olefin and hydroperoxide at r t %
conditions of elevated te ALY E.340d 5 pressure through a series of

' separate reaction zones eac packeg wth a bed of solid epoxidation

catal yst, tHhelainprovenent wherein the liquid reaction mxture from the
first reaction zo1ne is divi d(hafd\ 'knto a hi rst. streamwhich is recycled to the
first reaction zond AMIOHSSHELIE cHAVHG(AvIdRIasRE @t RifreAcie’ 6h@ SrFeam
whi ch passesolefirowith@nsegodryl W@ﬁdpbﬂfki@@ﬂﬂicﬁ%mcf?iswrpfalé'ﬁﬁg h&ARLGE ctohff;ﬁrﬁfkwgz

t he hydroperoxide 10 concentration in the feed to each Teaction zone i ng
| ess than 8 ¢ 9gfip andThydrppeyexids af regcipmcpndiiensiaf giewigd damparadure and

ethyl benaene e Ly(Ak QRRILEN! £13eAEE of RBELER 10adiBhMdNePA NG XN Uity & pdi%s
process of claim 1 wherein the solid catalyst is atitania on silica
cat al yst. 130fid epoxidation catalyst, the improvement wherein the liquid reaction mixture from
| the first reaction zone is divided into a first streém which is recycled to the first
reaction zone and preheats the net feed thereto and a second stream which passés
to the second reaction zone and is further reacted therein, the hydroperoxide
10  concentration in the feed to each reaction zone being less than 8 wt %. '
2." The process of claim 1 wherein propylene and ethylbenzene
hydrbperoxide are reacted to form propylene oxide. '
3. The process of claim 1 wherein the solid catalyst is a titan.ia on silica
catalyst. '
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