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(54) Title: REACTION SYSTEM

(57) Abstract: Reaction gases such as hydrogen, oxygen and propy-
lene are reacted in a slurry of solid catalyst in solvent, the reaction being
carried out in a series of separate zones with intermediate removal of the
exothermic heat of reaction by indirect heat exchange.
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al so inportant that attrition of the slurried solid
catal yst be maintained at a low |evel since excessive
catalyst attrition causes operational prob
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heat of reaction 25 be eff|C|entI renmoved fromthe
— bﬁfoéeat&ét zixﬁ tlazz i‘)@e tmg mEFfar I @QIW"‘TFE“WW fk@uatfoﬁy refer to the "Guid-
%nld 00 e re, l-S}t %m 7 e event 0 reé rﬁtw anée otes on Co sand ﬂ;ﬁldtlo s appearing at the begin-
ameg an ning 0 eac re a dls uelo t e Gazette.

reaction process and systemis prOV|

production of propyl ene oxi de whereby high 30
reaction rates and selectivities are maintai ned while
| ow rates of catalyst attrition are achieved. A tower
reactor is provided which has a plurality of separate
reacti on zones wherein the reactant gases are reacted
in a slurry of catalyst particles in appropriate

sol vent. Heat renoval zones are provided between the
reaction zones in order that heat of reaction can
efficiently be renoved by 1 WO 2007/ 133363

PCT/ US2007/ 009062 indirect heat transfer. Each of the
reaction zones is suitable for propyl ene oxide
producti on by reacting propyl ene, oxygen and hydrogen
reactant gases in a |iquid nediumconprised of a
slurry of catalyst particles in a solvent such as

met hanol or nethanol and water. The conposition of the
reaction m xture can 5 be separately controlled in
each of the separate reaction zones to give inproved
product selectivity. The reaction slurry mxture
passes from each of the separate reaction zones to a
shel I and tube cooling zone which is provided with a
plurality of tubes through which the reaction m xture
passes, while on the shell side an appropriate
coolant is provided to renove reaction heat. A
perforated plate 10 having special hole size and
spacing is provided to ensure that the m xture of
gaseous reactants is introduced to the reaction zone
as finely divided bubbles.



10

15

20

25

30

BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng
draw ngs illustrate the invention. Figure 1

wo bdoussazed es 15 the overall process whil e Fi geeBU007/009062

illustrates the perforated plate through which the
feed gases pass. DETAI LED DESCRI PTI ON Referring to
Figure 1, reactor 1 is a tower reactor which, as
shown, has 5 20 reaction zones, zones A - E As
depi ct ed, oxygen, hydrogen, propylene and recycle
gases are introduced via line 3 and the solvent is

i ntroduced via |line 4. REACTION®YSIBMOf catal yst is
retained in the reactor. In zone A as in the other

reaction zones agitation is provided by the flow of
reacti on gases aBACKGREUND OFHE INVBNT@ENT or at ed

bf 26 reacti on gaset P Bt HEVERTON S 5ol Vent s

intr odheedresbmxmvtehﬁo@eefabesauedrg pivgreve’ redctiom of gas phase
{ . I I :

(5541 685 yRoN DTS Al SR AR RHEEY Hlgventor

s dspegiaflp Gsefsl dor fhenproduttisine ©f opropyleses okidenby .reaction of

FEREASEE. cflen SaB RSB & gty Criele frokartirdmblol -1

7. A coolant such as water is introduced to the shell

side of the tubepegorPTIORDB TRHRIPRIORMRT ect heat
exchange the cool ant renoves the heat generated.

< \ b
the r @t?reﬁu?tf?”z%fn‘érop\}"epﬁ@%Pﬁﬁ?a%'ggsqfﬁonSﬂ?‘ %ﬁ@n and
hydicgenl 0§in§- a 2oM@ rslle /M etaB proreibdUBE 00 catiR6e byl hew, well

£ EARRY OUCAC N E D N [T TN T KO

fe 7 10)¢92, ¢Sk 16, 010, 19kand (Hedike. The reaction mixture
passeg ction zone B to Ling.zon

P eact TR G S enaibetS 08 AriCaltife By SAnES aseous
ceadtanly momesiutry ofaolid cratalgstepaitickesoini agsuitable liquid such as
methano! or methanol and water mixtures. )

In such systems, for economic operation it is important that high reaction
rates be maintained as well as high reaction selectivities to propylene oxide. It is
also important that attrition of the slurried solid catalyst be maintained at a low
level since excessive catalyst attrition causes operational problems and requires
more frequent catalyst replacement. '

Since the reaction is exothermic, it is also important that heat of reaction

be efficiently removed from the reaction zone.

BRIEF DESCRIPTION OF THE INVENTION
In accordance with the present invention an improved reaction process
and system is provided for the production of propylene oxide whereby high
reaction rates and selectivities are maintained while low rates of catalyst attrition
are achieved. A tower reactor is provided which has a plurality of separate
reaction zones wherein the reactant gases are reacted in a slurry of catalyst
particles in appropriate solvent. Heat removal zones are provided between the

reaction zones in order that heat of reaction can efficiently be removed by
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5 zone 12 and reaction zone E. From zone E the
reaction liquid is separated from solid catal yst by

wo bdobgss3k3ibes 13, the reaction |iquid passing wipubiodBoooos2

14 to appropriate separation neans for product

recovery and sol vent recycle. Vapors are recovered
fromreactor 1 via line 15. In each reaction zone,

except for the |owest, neans 16, which preferably 10

are suitable tubes, are provided for recycling

éntlirest heat tanafer, Each efthReractionganesis suitalin forgrepyleRe oxide

SRSAUCHOR | By FedARY bﬂb?yreﬂe%xp&rpwa wdrsaeﬁ headt8RCHLESE in a

m Xture passes are a slze and nbe }0 ensur t hat

g MU SOMPABSES i 4 y°"“"ryeﬂf09%t6'ys\/\3?6'r° gssin; gsolvent such as

Ph&hand|ast rae®lanbl aﬁdi Wéwghmé lkenpesitibaYf The asadidNUAKXtUre can
Fl ow vel oci t

th

Peeoarael| iaulisd engh o e ePate adtoh Zis It Give mproved

@addlcy séleativity. tTrcmrea'Ef'm slatrgInyi gfure\lpasies fsorargaich\of the separate
a

RSB R B AR R ST @ praiy
@aum@smm wrmcrame rebttat midufeopasdes, méiletarotihecshellbside an

%?Jé F %%@rgt 'rg\ﬂd&g td %ehogxz%\égflgr‘mﬁ?\%rapal ? hperforated plate

| za 1on |1
;blaemrmeomi hote lsmeqare;is spa@ng isiprgvidesttp easursdhahfiieoédure of

EP%segusefé%rc?a @Fﬁh%ﬁ&t{(& toURE rédttib 'ané ¥k S)Qﬂwded bubbles.

tani um ze ite synthesis typically conpri
reacti ng a titanium conpound, a SI I i con source, and a

tenpl ating agediiERt DRSERPRICN OFETREDRAWIRGS | e
suffi CI ent to forma titanium zeol |

tit ani'Of ASPPRANYOI L@nNgs; Husteat F.tPsﬁ"\tﬁﬂt'Qeot'TL'%fe 1 illustrates
su@bbe&nsmbeeéwd/aue Fijura2eillnsitates the pdrforated plasenthrough which
ng1 xides and. titanium halides. Preferred titanium

S CR PSP t ani um t et rai sopropoxi de, titanium
tetraet hoxide and titaniumtetrabutoxide. Titanium

:ﬂ ;ﬁshqunoﬁia;j?dlez | nc[IB gjéﬁ'téqam um Fﬁfgm (F)T ie}:j:r;ﬁg

ti t aniReferriegrtadligwei ldeea@or Gig a dpwver rgacior avhiclp @scadwwn, has 5
i BGdtiezois Rh8s L Ei ML eidpicted, Byb8h IR drahéh Chropylene and
recycle gases are introduced via line 3 and the solvent is introduced via line 4.
An inventory of catalyst is retained in the reactor. In zone A as in the other
reaction zones agitation is provided by the flow of reaction gases and solvent
slurry, and perforated plate 22 is provided to provide small discrete bubbles of
reaction gases to the reaction. The solvent is introduced above the perforated
plate 22.

From reaction zone A both gases and liquid containing the slurried
catalyst pass upwardly to heat removal zone 5. In zone 5, slurry and bubbles of
gases from reaction zone A pass upwardly through a plurality of tubes 6 which
are mounted in place by tube sheets 7. A coolant such as water is introduced to
the shell side of the tubes 6 via line 8 and by indirect heat exchange the coolant
removes the heat generated by the reaction in zone A, the coolant passing from

zone 5 via line 9.
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fumed silica and silicon al koxides. Preferred silicon
al koxi des are tetraethylorthosilicate,

wo eforasmsehyl orthosilicate, and the |ike. pCT/USZO%/%)g()GZ

Tetraethylorthosilicate is especially preferred.

2007/ 133363 PCT/ US2007/ 009062 The tenpl ati ng agent

used in crystal synthesis is typically a

t et raal kyl ammoni um cation, particularly

t et rapropyl ammoni um cation. The tenplatin a ent is

t ypi caheyeaction mﬁtqrﬁeanﬂer@ama@t%pa%%w'w through zone 5

i&fﬁé AkkiNELaREUBAzonE B TWNEE fGRAST Fddchien Qékéshﬁlace The reaction
enpl ati ng agent and an anjoni c speci es.

The
Flé’ftPEPaPEW i GRTUSD 7P pstot%"f?%lzp?eu@eﬂh%@ rgaction heat is
Ferflowed, dBen al redetiomn zbneltGs, cootingtAine, 1‘a,n|daabh@1 lzoke D, cooling

ggtﬁ? jg{]z%ﬁ %e aalﬁéﬁ/elngirrir%gi@uzr%%y% rttg.lixlredaef‘on Ii]qund is separated from
selid aatalpstl bymiter utubay dr3H xthee reacmbnahanbydi&a:mtgﬂ iviamline 14 to

Bob L AR e TR0 YU ey, Vs

ace &mvar@siufgomfreamorahiviaﬁinpe‘cﬁ ites is carri ed out by a
hydr Otrhgé%ﬂal' n‘gH $bAk! é)ﬁé&)’t Rt RE 16WEK2RIaRE 18 Whepreferably

prepare I ni ng titanium conpound, sil

QEﬁJ sw&ablarﬁ@bqs@ e ar@ﬁge%&mecwawsowﬁ@m%d ﬁwéryripéée rﬂ%t lower

fdactibRt £8ne. X iRCEadPCUEHE ZoHE hhesmleg qhmlghw.@ﬂ B lP&action
present. Al cohols such as isopropy eth and meth

yl
R Pastes Heeticr peg a“&’n’&”’T‘E%’pﬁooW”'%I“é%HSPCtI%‘ ey 1§ readily
PsRBGe | MyatRF ﬁi‘ el @r@fer@iﬁ&ﬁ&bﬂ\tyaltﬁdmgh h%(ﬂér%cktﬂérﬂﬁ'can be used.
[OCEeSS UuSse epar e i um zeolites
Plsbtaigeldy pbus st rtviee Sevah s Hivesds AlSHGIVGE o tuseo

&dﬁlmmmca(ta&stﬂﬁtiohed in terms of noles of tenplati ng

PO TR A IEH 1€ MR rEine] nedan G8VEHlR %' el

hebiel metal prageted T301 Sa@BELOaIEi@ugBCSucﬁmmwaS@rd c8alyats which
gﬁé 8fe tf%lf rih% %é@ﬁ aéénybé om about 1000- 5000: 100 and

eso ven ratro nay be in the range of

0- 500Thepreparation of TS 1 by hydrothermal crystallization is by now well

known and the preparation techniques previously used can be employed to
prepare catalyst for use in this invention.

Titanium zeolite synthesis typically comprises reacting a titanium
compound, a silicon source, and a templating agent at a temperature and for a
time sufficient to form a titanium zeolite. Suitable titanium compounds useful in
titanium zeolite synthesis include, but are not limited to, titanium alkoxides and
titanium halides. Preferred titanium alkoxides are titanium tetraisopropoxide,
titanium tetraethoxide and titanium tetrabutoxide. Titanium tetraethoxide is
especially preferred. Preferred titanium halides include titanium trichloride and
titanium tetrachloride.

Suitable silicon sources include, but are not limited to, colloidal silica,
fumed silica and silicon alkoxides. Preferred silicon alkoxides are
tetraethylorthosilicate, tetramethylorthosilicate, and the like.

Tetraethylorthosilicate is especially preferred.
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The reaction mxture is prepared by m xing the desired
sources of titanium silicon and tenplating agent

wE SPasHek t0 give the reaction mxture. It i Sp@t/8§2007/009062

typically necessary that the m xture have a pH of
about 9 to about 13. 25 The basicity of the mxture
is controlled by the anobunt of tenplating agent
compound (it is in the hydroxide forn) which is added
and the use of other basic conpounds To increase the

basi ciTh§ demplating; @aané, ussde iP eeprSiRli riyntipsifc is typically a
QéWéHI%rﬂﬁ*)onﬁ%mQét% I §ahaéauaﬂgakétraw@k%ﬁ1mohnﬁn catlon The

reaction m Xture. anot her SI1 C ound i s use
terapigiag @geehﬁotuﬂ'&a"xsuw%frbw?'%swa if @s @a?é“’?'ﬂ'éﬂg agent
icemipotAd 3briefsting kefl theTedraplating| dgeht raeadeauﬁ tdhidmit adpecies. The
and the i ke, The addjtion (?f ot her bas conp Pg
A TarmEaB (AR Se Ay el @s 3 VURHEE JeNde. nitate,
Sieklate, € .aihd, thgahkéiejc@rgpbuﬁd at eTetFa@lkmémmdhfum hagéroxides and
ounds I.n uge a ni um .
3% 2 'fyﬁ%'?{&oglﬁ%m rfﬁrﬂdf’?y’olr 3m§esasan<§e § 'gﬁigf)%né'f?i chyd":’x|de
tetraprbpdammonird Galdd, 388 ¢eefeCed USpp@iNg @geacompaingde

tetr ag%gxb&gqag%m&a.nmn@fbﬂae id ééde%ba‘ﬂ;/%'ré’gﬁ@&' um

hydr o 'am and tri Ffam ne. After
t he r Sxothesis rﬁfxttléﬁféums Zeotitesd is i Pa"@dr anitt by & hydrothermal

RRRIiAtiohe ofNY AeactibA e niiktlifd r@PhrelO byO'cBhdirIRG efHd tanium

sieve. Typically, the reaction mxture’is 5 heated at
&OMPRHEH aBilieen éP“’&Boé‘f‘d teoplating agsaticopneend jp the presence of

Wﬁtdlslogoﬁer %B%htsos&ﬂ @é’éﬁ;oh@ls&ﬁﬁylblﬁﬁ)dﬁﬁﬂéﬁénﬂ PAl%ohoIs such as
seal ed  ve ous pressure. refera

FeDr oA ST, e rtes) aREBal dre et and, iSHeRond  Algonol is
fespetiaboprieferdsthC t 0 about 200C, nost preferably from

about .150C about 0C. After the,desired reaction .
o, GEREraily 16 RvbeBmal Trohes, 438 J6 breGore] iR eoites
meawlvesefarmirgy ar neastidri euigture ovheteinf thet melaromatiasicbf additives (as

‘6%?9&5‘9} &E’%eio?%x%lgs Pmér{?plgﬁﬁgogg%%t H‘W‘% eif)&d?oatn%rﬁ(\oles of TiOy)

evaporatl on
icotranisa e fadloiving m@!ﬁruatlw Ti62:SiRveh 615010 (s randdentplatingsagent:

FiolIR)-56:386. Ofhe water: SiO, molar ratio is typically from about 1000-
5000:100 and the solvent: SiO, molar ratio may be in the range of 0-500:100.
The reaction mixture is prepared by mixing the desired sources of
titanium, silicon and templating agent compound to give the reaction mixture. It
is also typically necessary that the mixture héve a pH of about 9 to about 13.
The basicity of the mixture is controlled by the amount of templating agent
compound (it is in the hydroxide form) which is added and the use of other basic
compounds. To increase the basicity of the mixture, more templating agent
(hydroxide) compound is typically added to the reaction mixture. If another basic
compound is used, the basic compound is preferably an organic base that is free
of alkali metals, alkaline earth metals, and the like. The addition of other basic
compounds may be needed if the templating agent is added as a salt, e.g.,
halide or nitrate. Examples of these basic compounds include ammonium

. hydroxide, quaternary ammonium hydroxides and amines. Specific examples
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nol ecul ar sieves commonly referred to as titanium
silicalites, particularly "TS-1" (having an M

wo 806h £8Y3 anal ogous to that of the ZSM5 PCT/US2007/009062

alum nosilicate 15 zeolites), "TS-2" (having an MEL

t opol ogy anal ogous to that of the ZSM 11

alumnosilicate zeolites), and "TS-3" (as described in

Bel gian Pat. No. 1,001,038). Titanium containing

nmol ecul ar sieves having framework structures )
inchdsr prbasthyianyeenivme hdrexidep tgkabytylanymepiym  hydroxide, n-

' zwﬁnemm%m be wused in the process of

i nven A bi nder such as sjlica, alumna, silic
al uni Ahe' Q’ﬁo‘qaﬁ"% FINEE [S Yoemednit ufefea%?bartsmearthe and a
tie émfﬁaubncads efbmsta rfrhecmablsﬁev@et Jlypizally, CtheC AFgetibs afiixture is

0 d or | ex of | | adi u tinum qol d,
BRFRAES Emperairs Atsbaiaopf e Abau 2t ok oz about 0.5
Aburd X4 Lh_ﬂﬁﬁjlt Qdfmdéné .nPg: ls@éibdlm'eégbﬁtdn@%m astﬁagler?cﬁlsd pressure.

[ rti.cul ar esira e I S nos
Bl B he Rartom faiyes i heRed At  HGkwraline, fige from about
negm tb agout B0ty hiost 9fefé|@||b|yefrorﬁeib®ht a501O W dbeut 180°C. After

ex use sqQuUrce o he nobl e tal. For
e ed RS phe R e Heahtede My Shee | nol ude
t he nSuitatile zeolitel readesy métabdglaeiude. fijtratiarhand meehing (typically

W tR ae%)?l?sedo ep)glwtaﬁ{f\;qp%?at%n cé\'?t‘f' FL%@?E)I’\ éemzdth%mk
cont al g niganiumy xealitee useful irc the Bﬁ!ehtlgarm@erémE is ppitweaiclass of

ﬁ{gpél'{‘uﬁarogle%b&?m%}w rdféiref Y a o% Rtdrilim rﬁ‘ﬂp:lgﬁtes, partlcularly “TS-1"

a-contalnlng tiI'tanium zeolite w |

thaving @ tMbimtepriogy carsaiagaus 1@ that f thee Z&l\mf:e altrre-na'ﬁ-hcate

E8olfted)t apEyo-i @\%er@%ﬁt AEL fb‘p@lob?%r?é?\/%ddset@xhat of the ZSM-11
i on-exchange with, for exa 3363

PRMInEDRRI 0BERIRSS). aand: - et (7 siesealrd nins Aelgiapcfat.  No.
a0t EUSB‘r)anIfIIahﬁJrﬁQ:lohﬁﬂhnhl@%léb&léra&@veéi |haai'ngd‘%m@\hork structures

Bkt o, Feactien, SondLLone, YA Hs228uE D! SHFHCRNS1 may be
used in the process of invention.

A binder such as silica, alumina, silica alumina, kaolin and the like can be
incorporated in the final catalyst.

The noble metal source comprises a compound or complex of palladium,
platinum, gold, silver, iridium, rhenium, ruthenium, osmium, nickle, or mixtures
thereof. Palladium, platinum, and gold are particularly desirable; palladium is
most preferred. There are no particular restrictions regarding the choice of noble
metal compound or complex used as the source of the noble metal. For
example, suitable compounds for such purpose include the nitrates, sulfates,
halides (e.g., chlorides, bromides), carboxylates (e.g., acetate), and amine
complexes of noble metals, as well as compounds containing a mixture of such
ligands.

The typical amount of noble metal present in the noble metal-containing
titanium zeolite will be in the range of from about 0.001 to 10 wt %. The noble

metal is suitably incorporated into the zeolite by ion-exchange with, for example,
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The epoxidation is carried out in the Iiquid phase,
and it is advantageous 5 to work at el evated pressure

w®hoodn3Res bars gauge. Suitable sol vents used ipCT/US2007/009062

catal yst preparation and in the epoxidation include,

but are not limted to, Iower aliphatic alcohols such

as net hanol, ethanol, isopropanol, and tert-butanol or

m xtures thereof, and water. Fluorinated al cohols can

be used. It is al so ossible to use m xtures of the

@ tedgamreior Aalladivih sﬁgtséf;h ageeHaamMias paljedium dinitrate, dihalide

BrishAsel / water m xtures are pref erred. Supercritical

car bo% di gxi de Q| venélgg o be used. Aid i tional

sol vehteacHan gan H?fé%‘” argemp i 3G 9EPSAMEPPHA- t o

I pr O%emmloh%ghtr&d dinomtrdatuqmﬂ phage, @hmg ig ad\tdlh‘.ageous

i,nven n.is carried out nperatur

8 it e raied qrerut 5, Bigf e Baudbrsyighle SGVENE used in

watdlgstghreyaration Bndtia e epbxidation mcithie batgee o6t IDRifeRBI0, lower
r [ I 0-80 h ti ri t

oo 8l ShEB. vt af drendhs, siiiol BabopaRb e Eiftudinol or

prisfuzesithgreoh ahd watage Pludinated salgehai®.caasbe h@ed lt is also

&)Q)E ibfd t9%Gse | ARlred HiCheS uﬁ%f aﬁc&ﬁ:llé L(mh Ne&t8r. am%nd and

ton an Xenon are suita as nitro
ea«pltmaied mituces. arerefesedd Sm@rwymab%nbsamo e ﬁplvent can

| %1& bsSd%%e' aAéam#a@ 'soﬁ/@q RS bR sRled Mirbie &r dufsdy Bpdxidation to

atons, e. ane, ane propane and n-butane,
amerca/leétm%ﬁ@éplés Nltrogen and saturated Cl-C4

hydr 0 GPpoRRfAtioA fecofiing tefthe r.ﬁderct@hr iseéargaa Gé?ut aM zttumgarature
es cah al SO

arri e a i
Hoiechi I BRI RS L B0 oRramdtie nendtlions cbreferably at
gyﬂbagﬁmesah Elﬁts range of10-1 2620, e p?éfératﬂyl !m—&mcabmereactlon is
escC num O en C ncentr 1 oNn |
SE0iad, ot eV ed BT erc f6 Siesa) epan! 100 bars, gauge.
qmg@ﬁblynﬂmerrbngé ReB0 bars gager eacti on vapor nust be

expl ol B PRI B dpert BErere buethog Al BB cargon. krvpton and
ecepbos e Suiabiedasdwelings offegen and @ﬂﬂg’@n dioxidex c e Saaturated

qyd"&%‘i’b&]%e%ﬂ { -%f e%Bé‘HLﬁ‘J Q-é, eﬁ'ﬁ} ippé}elia%l)f mha‘t-tlacarbon atoms,
e.g., methane, ethane, propane and n-butane, are also suitable. Nitrogen and
saturated C+-C4 hydrocarbons are the preferred carrier gases. Mixtures of the
carrier gases can also be used.

A further consideration is the provision of high oxygen to hydrogen ratios
in the reaction liquid as above described. The maximum oxygen concentration is
governed by the flammable oxygen composition, i.e. the oxygen concentration in
the reaction vapor must be maintained below the level at which flammable or
explosive mixtures are formed in order to avoid explosion hazards during
operation. Oxygen in excess of that needed for complete reaction is fed at a
concentration preferably the maximum amount below that at which flammable
mixtures are formed.

The system is regulated to give as high a volume ratio of O/H; as
possible in the exit gases. Preferably, this ratio is at least 2/1.
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02/H2 as possible in the exit gases. Preferably, this
ratio is at least 2/1. 6 WD 2007/ 133363

PCT/ US2007/ 009062 Exanple In a specific exanpl e of
the present invention as described in Figure 1,
cylindrical tower reactor ééi?;sgg ovi ded which is 20
feet in dianeter and 140 f hei ght. The di aneter

i's seln bcsp@cme éxamiie Iof itisé @\veséellt @dlentioh Rt deMevibed in Figure 1,

S e et reaRRSC ko N e 8 05 e a0 feet
haighng nmdubutmer i6 setnolyhge bbuperfiGali vetdritypthat agulthdreate an
bei t A- E,
SR LR ol 2080 T 16 eet i gh. per f or at ed

pl at eCeoling sectwnsded 0, ddtarabd? ere peovidedeacipbavingl160.tubes 6
] I

E&geEQbeatt 15%90!'\’9;?% égﬁ@ bﬁﬁ\%d‘l efeg?wgwolﬁ é:BﬁXg‘:‘zI%nQdeones

rogen passes
AEEaW@ HFQVIﬁBﬁGIayh af whlchb%lﬂﬁdeﬁ}tdw’he form of smal I

bubbl pgrbrated ?%‘fé hohs EFB’Wde% just Qb’é\Fe %e' r{wél'r\s\tafp%? et nThe inlet

greater detail the conlguratlon plate 22. Plate
MaRora compriged t 9f eromenss  exyges @@F’ahy‘éfﬁge%p@f’rﬁeéuﬁﬁough the

%HSJ%UBH@ 288R bt 22EMAAS fiRay Histribtellin tie foRQTsAHll bubbles in
eseégerforatl ons be no larger in dianeter than

‘?ﬁﬁt'BPé’PQ? ly no larger than 0.5nmin diameter to
cr eat giguré® rzenuslmbézd id gredter aathil thelRBhBguramon of plates22. Thrite 22

unber shoul d be s Y s vel.ocit
BF Bl ersitarsct? adin ofnifs resudf gates pass.
tr aaﬁmpdntaﬁtl that these gpasfopdtionsubbl ps Ibiger idodiaoteter than 1mm

RFLEHE o 3ot 4 bl drF LR BULER. Blopbf Bubbie size and

nven I"ene "oxi de
bubble populatlons The number of holes should be set to give a gas velocity

through the holes of 20 to 50 ft/sec, sufficient to create distinct streams of
bubbles that do not coalesce. |

In an illustrative practice of the invention, propylene oxide is prepared by
the reaction of propylene, oxygen, and hydrogen using a palladium containing
TS-1 catalyst (0.1 wt % Pd). Before feeding reagents to the reactor, the reactor
is filled from the top with 900,000 Ibs. of 10% catalyst in a solvent comprised of
75% by wt. methanol and 25% by wt. water. A small amount of inert gas is fed
to the bottom to prevent backflow of the slurry below the perforated plate 22. A
feed gas mixture of 5% H,, 10% oxygen, 15% propylene, with the balance
methane, is fed below the plate 22 at a rate of 400,000 Ib/hr. Solvent is fed
above the plate via line 4 at the rate of 140,000 Ib/hr.

The feed gases pass through apertures 23 in perforated plate 22 at a
velocity of 40 ft/sec. Liquid expansion is 20 vol. %.

Plate 22 has 2,000,000 apertures 23 each of which is 0.5 mm in diameter
at 7.5 mm spacing.

As the slurry and feed gases pass upwardly through reaction zone A, the
feed gases react to form propylene oxide. Zone A is kept at a temperature of
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ed fromthe top with 900, OOOIbs of 10
catalyst in a solvent conprised of 75%by w.
nmet hanol and 25% by wt. water. A small anount of inert
gas is fed 25 to the bottomto prevent backfl ow of the

slurry bel ow t he perforated plate 22. A feed

rﬁ@é’@ugaé fegding/cold salveptdhpente, aq@@@ﬁ?‘ob?f’ﬁe?fethev\fgﬁﬁ RreRylene is
harRBREd iMBH Ao pidpyletid HghowW the plate 22 at a rate

of 40Q,000 I b/ hr. SoI vent is fed above the plate v

ia
| i ne AThgr realiop $lumyrand|§1ase RasshHPWEY fRoyohathes® “inch 1D

? IitsBE08 irnPRirb ol I%at%&ch@ng@ﬂvftﬁro@bﬁﬁb Wa%relvtaah ﬂi m&oduced
3Q ve OCIty of 40 ft/sec. gw d exgaEJ& 0

o¥ia pne Be 19 SORING ZoNgHe, 8(53%&3 POXEL r@'a%’HJ S?SWrﬁﬁm'ed by
i #bdut 30egreesdCameter at 7.5 nm spacing. As the

sturr Xl'h%tn%oc;leefgl Y A0888 Feadt pragdiy Ptﬁ?%?o %ﬂ iR ShHEB wherein
Zbaeeﬂcnosl toefptm aropylemapridatisicentifued7 Swlid2datalysl edssead from

g,%;&és?éémé%ltg-@we ﬁéé?%,%fffzs 'Ang cold sol vent
ret and about 10% of the ee ylene is
converln onerB Asdiionat erqsiughign @ﬁ@rmlw omﬁé takeg plage and the

SledEtion ﬁ‘ﬁ@erﬁﬂé Eﬁs@@ﬁ@a%’y‘@{rgbdh EBBI)?(H%fbﬂJ“?O Qid ﬁﬁ)'ésldj In zone

coollngtu es In 1ndirect heat e anevmt COOIng
wHl dhe fpRatien exqthermy it @8din terpeved PMéaneqtm%oqmqhgnge water

Ziﬁfi@d@bedt\hﬁ lih€ 20t dri refolledr \Ba fhé! R Y thalvéabRsiemixdi® temperature
coql ed Eeé bout 10 dsér ees C. The cooled slurry and

tBfing PEAOguERL B to reaction zone B wherein

the reprd lréa"ct“bﬁ §|0fr§n el p@sese@xtwleeécﬁuoﬁomdm@dvhere further
Solid c aIy ral ed from_ Zo Q@ es via

Teetlo RkSn sy SRR 5ofa I HnBE BRdeprppXoinerm is
preadvet) thermé tor maychermeonm [d,ecmkvgschﬂeaae, and fidally to reaction
zone E.

From reaction zone E, the reaction slurry is passed through filter tubes 13
and the liquid mixture is recovered via line 14 and passed to appropriate
separation means for recovery of product propylene oxide and recycle of solvent
(not shown).

In each of the reaction zones, solid catalyst which is entrained is returned
via tube 16 to the next lower reaction zone for further use.

The following table shows the reaction liquid composition in each of the

five reaction zones.



reaction materials pass upwardly through cooling zone
10 via tubes 6. In zone 10 the reaction exothermis
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Intro uced via line 20 and renoved via |ine 21
reaction m xture tenperature being reduced from60 to
50C. 15 The reaction slurry m xture passes to reaction
zone C where further reaction takes place, thence to
cool ing zone 11 where the reaction exothermis
renoved, thence to reacti odABYME1D, cooling zone 12,

and finally to reaplerédht ComBbsiontiyolWeigt@ct i on zone E,
the regetion-slurry s passed through filter tubes 13
20 and|the liquid|m xture is rgcovered via Hégg 14 aHd
passed |t o appropri ait’mpylsmqsﬂxml on Pnepytenef Of ﬁ

of pr odgghe K OPYytgmEeOXTHe—andrecygig of —gotv 125
(not sfnwn? In each of the redqction zones{ saolid

catal ygt whiBh is|entraited is |retufd®d via t%%°16
to the[next g¢dower [reacti®n zond for 1fesrt heif use2.3%5
The f olH-eowrng—tabhe—shows—thereaction—tetid

i B . %0, o 90.4
conposiftion 1n eag¢h of the five reaCtion zones.
21)1) 7133363 PCT/|US211197/ 1111911625 TABLE 1 $&fZent
Cbnpositlon Py V&i ght Propylene OXi de Propyl ene
Sol vent G hers Zone A2 1.75 96.25 B 4 1.70 94. 30
C6 1. @5 gﬂe%tgltleg RUrPOges. 9|@ |gdmponant to maintain lower propylene

oxide concentrations in the earlier reaction zones in order to minimize ring

opening.

The overall selectivity of propylene reacted to propylene oxide is 85%.
Vapors exiting the reactor via line 15 comprise by volume 8% O, 2.5% Hj, 13%
propylene, 74.5% methane, and 2% others.
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to mnimze ring opening. The overall selectivity of
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02, 2.5% H2, 13% propylene, 74.5% nmet hane, and 2%
others. 9 WD 2007/ 133363 PCT/ US2007/ 009062 W C ai m
YVGFH@ﬁ“process_for the exothernic reaction of }
reactiqon gﬁﬁéspﬁdﬁle@s f6d tlfdh ¥x&theffilc ﬁéa@ﬁé%@t&ﬁaction gases in a
particles jin a solvent, the inproyenent i C . .
BB SL83id Catpsl Tl ibifosouBEs Ko ThRrOYCgRt whichy comprises
Lafgingt Bu de Ieatlibr Ry isefje hsf Separatdhaones drentrembving the
reaction i ndirect heat .exchange in coaling.zones
et fa dneinn BE HreEr PRACS 58 Tn s086 Fes ocates
peteesscaisecbtivewehctitre zemes. pr opyl ene oxi de i s produced
by reacti 0 r . I in
o eschce. ofhg WP 86 BRun °f WhEFei MoBUBRY R 1d"plodfced by
ceactionsof hydrogen,Toygenoanrd prefdyleneimthe presesce af e solid noble
' € m xture of nethanol and water.
jf?é%ﬁ@‘og%o‘ie&‘%e{ ?Ql%'y@t.

rocess o alm 1 wherein reactant gases are

i nt r o@uced The progess el staimi hwherain the selyentds syater or a mixture of

thEtRHAE shdiRatepr ated plate having holes 0.5 -1 mmin
di anmeter and spaced 5 to 10 mm apart. 10 ,

4, The process of claim 1 wherein reactant gases are introduced as
disfused fine bubbles by passing through a perforated plate having holes 0.5 -1

mm in diameter and spaced 5 to 10 mm apart.
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