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for the production of propylene oxide and especially
to the work-up of propyl ene oxide production reaction
m xtures. DESCRI PTION OF THE PRI OR ART Propyl ene oxi de
i s produced comrer pRalPyy ERE ORDEPROCESEri n process
10 and by the Oxirane hydroperoxi de process. In an

effort to inproveAdesROONDDESTHE INVEWYICaNe oxi de
production, a substantial anobunt of research has been

done in an effort todempedopHE INVERATONOXI dat i on
process to propyl ene oxi de which does not involve the

use of THQ|pPé§eﬂ?inv@ﬁtidnh%la@ééotboéjﬁﬁcbﬁ‘fd?fth@&‘%ngog\lﬁ}f';::#B@ylene

product such as styrene or net tertiary

( . Ly .
etopiste. amsl qsPsPiAly @ dig tworkapeoh BEIPYIREE] exidey Rygduction reaction
oxhid@tdon procedures with nolecul ar oxygen carried
out in a liquid reaction mxture using as catalyst a

slurry of solid dESFREATIGNRF JHESPRWRAREppropri at e

5, 455, sugtre;fie ¥ BBUEeq spm SRR R pigygun process

| RVENSYI ol OxiTane bydrdperosidaiprereshe present invention, a
rel ativyel | bai | j 0 : | ;
cont ai 1 BLtHeRof Hipir B eECpeRinicd10t pReefRARIAR: produstion, =
wisthstgotialdamautt aif ysseasttuhas dden lnoneiin aaneffarhte develop a direct
oxli i ' ' I Sy ' I .
7 ESRRERE SRR Bl thftel PuiEf bbb gl vklve MRS S chiorine
i roelthel cogrogudidnatf a@sthpr egyine rpeodidt dectbes atyrarsparetbsl tertiary
andtr% o¥ered | eaving the solid catalyst particles in
t BE®0 0oi 1i ng solvent liquid with this stream being
recycl €uormizirighessultxi lokatel baen BRIhEveDESCRIXRIELICGN @ecddiifes with
DRAVl\H\‘E The attache(g dEavvi n i.él ust.r at es chemat i Calalté/l ot 3
pra2fred” SFYAe“IHER M dh 2 BEAAC EBBESCR B P taly
slurry of solid catalyst particles in an appropriate solvent. See, for example, US
6,441,204B1, US 6,498,259B1, and US 6,555,493B2.
SUMMARY OF THE INVENTION

In accordance with the present invention, a relatively high boiling solvent

which may also contain methanol and/or water is used in the oxidation with solid
catalyst slurried therein and the oxidation reaction mixture is continuously
removed from the oxidation reactor with lighter materials including product
propylene oxide being vaporized and recovered leaving the solid catalyst
particles in the high boiling solvent liquid with this stream being recycled to the
oxidation.
BRIEF DESCRIPTION OF THE DRAWING
The attached drawing illustrates schematically practice of the invention.
DETAILED DESCRIPTION

Referring to the drawing, reactor 1 is a conventional reactor for the

oxidation of propylene to propylene oxide. Suitably, propylene, oxygen and

hydrogen are introduced to reactor 1 via line 2. Although these components are
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introduced to reactor | via line 2. Although these
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seadrﬂrtlaﬁommolumndl stillation colum. 15 An inportant

i i h 5t
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t h¥hg 8t VNVaRosEed SOIveRk aloproyiE the @ﬁ'ﬁtam@@rﬁ%ﬁhéﬂt@armes
cagan @bneAERE, bOGebyldd1es the %%b%@aﬁ‘o% by st rrhb%h%ﬂ}ed light

to recover propyl ene oxi de product. Unreacted
mebAPPANANtS 47N, At eQuUrsR phe dtTtaer, trapied Be by Sistiatipnl ted recover

wheropyRRB! &idd dk&uct. Unreacted materials can, after separation, also be
recycled where appropriate.

In certain processes, as exemplified in USP 6,008,388 and USP
6,005,123, improved oxirane compound production is achieved when various
promoters or additives are incorporated in the reaction mixture. Examples are
various phosphorous or nitrogen containing compounds as described in the
above patents. Such additives may be relatively high boiling and in accordance
with the present invention these additives can be retained in the high boiling
solvent liquid phase with the slurried catalyst and returned to the reaction zone
after separation of the light materials thus providing a special advantage of the

present invention.
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additives are incorporated in the reaction m xture.

Exanpl egs &fil€oe &%ﬂe@%@ﬁt@éﬁ%@éw& 21 lrWe‘hﬁQrgEFbwdes a convenieni
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To??!‘t tﬁcyg{:eé@%%s%avg& {.li“t 3? %1%(:23 %el?s%@ LWilbiity for

t hiagdrbben raat taxygemp ramyﬂ@ln as oeo(mbatlmg dilyte tstakgldnt atnthes oxidation
to react to form unwanted by-products such as
Yf glycol and nethoxy glycols during

pr ot r acTiesl selopar aiidudd hale Geblbiligs poift ket feadt 488°C, Moreferably at
practice of the present_invention resides in the

Seleast 189C. 16XamPIES &, PHiaAIR SV BET PHISRPSQiSwihiEh mpye water
sobyeple SN PeoRbRR I RALIARNGEAC oK Brodiie nteh|§| col, polyols,

condi tions encountered I n the pr SS
sohllber pthers srich ay drtagdrimamndokediks. dspaeiplly a@ferred is methoxy

¢ Nghd | ¥ @b Llaf by - h
coparenBhend yRosAH ab by AbndRRn(Y el uhth are bycorodugt of he
at rdagden. 130C, preferably at 15 |least 180C. Exanpl es
of suit@ab \ I [
wat er ﬁ bg%?srgl e V\%fcff}{c?atlﬁfsu oljle%gtfb% % E?rr;\@’?h&ﬁ lﬂaé(cc%?dance with
gl keain pmﬁe;ipraspy?ref%regil iy diwel reaptidry of wppylhm@ hze(yg@l aed bydrogen
S“&Qngs %%H Hie\éé‘iepro%q dA Ei?anlidrheﬁmcgﬁt%e?étglg%ty %’r&%ﬁ-{e@ﬁﬁamum-
propano I'propylene nononet hy
et h@ntawing:hedltee cb’gahmt&dumable)fort%e mrthacﬂmcmss of this invention will
generally have a composition corresponding to the following empirical formula
XTiOz (1-x)SiO2 where x is between 0.0001 and 0.500. More preferably, the
value of x is from 0.01 to 0.125. The molar ratio of Si:Ti in the lattice frame work
of the zeolite is advantageously from 9.5:1 to 99:1 (most preferably from 9.5:1 to
60:1). The use of relatively titanium-rich zeolites may also be desirable. The
zeolite may or may not contain extra framework titanium.
The catalyst preferably comprises a noble metal supported on the above
described zeolites. While any of the noble metals can be uiilized (i.e., gold,
silver, platinum, palladium, iridium, ruthenium, osmium), either alone or in

combination, palladium is particularly desirable. Typically, the amount of noble
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i n accordance with known procedures. Preferred is the
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N R e L e 988 1§ 9n008hSe 150-650°C, preferably 250-600°C, anc
most preferably 300-550°C are employed.

Additional improvements are also achieved where prior to or during

epoxidation the catalyst is contacted with solutions buffered to slightly acid tc

30 basic pH. The preferred pH range is 5-8, preferably 6-7.5. See, for example, US

Patent No. 5,646,314, Especially advantageous is the use of sodium

ammonium, and/or potassium salt buffered solutions. Excellent results are als¢

achieved with calcium and magnesium salt containing solutions. Other Group | «

and Il a salts can be used as can compounds such as triphenyl phosphine. The
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residues fromthe resulting catalyst. |Inpregnation
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ed U.
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cepb e 0, 3008282 500 L SR0AY P L9900 e o

and2:88-1:10 to 5:1 and is especially favorable at 1:5 to 1:1. The molar ratio of
oxygen to olefin can be 3:1 or more but preferably is 1:1 to 1:20, and most
preferably 1:1.5 to 1:10. Relatively low O, to olefin molar ratios (e.g., 1:1 to 1:3)
may be advantageous for certain olefins. As the carrier gas any desired inert
gas can be used. The molar ratio of olefin to carrier gas is then usually in the
range of 50:1 to 1:50, and especially 20:1 to 1:1.

As inert carrier gas, noble gases such as helium, neon, argon, krypton,
and xenon are suitable in addition to nitrogen and carbon dioxide. Saturated
hydrocarbons with 1-8, especially 1-6, and preferable with 1-4 carbon atoms,
e.g., methane, ethane, propane, and n-butane, are also suitable. Nitrogen and
saturated C¢-C4 hydrocarbons are the preferred inert carrier gases. Mixtures of
the listed inert carrier gases can also be used.
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olefin that is supplied per unit of time. Typically,
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hygrgen to oxygen can usually be varied in the range
:02-1:10 to 5:1 and is especially favorable at
1: 5 t o TheXolloWiey exdraplerilatstratesfthe pxygom. t o ol efin can
b 3:1|or nore but preferably is 1:1 to 1:20, and nost
Zq@pqﬂég—%rably 1:1.5 to 1:10. Relatively low 02 to

ol ef i n Realctur 1rigtd 0STRetoGvhicHislfel Q/lallrr%) 2 aBBt wlbs/hr propylene

eous for ol efi ns the carrijer
%ﬁ@a@‘q%@% u 9&%@%%%@@@ apADSBRF N o of
oI efi {1 Hed t6 addot@T 1 gasmee 13 berurgwaﬂdoh T8- M}@qpﬁsﬂ{wm%t% Pd
0 i ner

d al D 1.
o FPURY i GesrbRe Toais BB b1 iiep Y REs et granomethyi

kretRéioRolveRO afish xRNt aﬁa% aUpbifRY epdrrﬂ @rd(HbBUPWStB@C and the
ni trogen and carbon dioxide. Saturated hydrocarbons

wi $ohvent/gatalyspeeina FPyptisiay 68 md%pieéd! et dbfed toireartar hat the rate of
JOhsArOMEhe sﬁurgled é’gﬁélgﬁnﬁasl\l Ehé\fe?agep:pglw 'siZAN g gbout 30
a | trogen” a te

utane, are also suita satura
Clm@ﬂOﬂWdrocar bons are the preferred inert carrier

o so b iEHEFE i rs0BroRties narbugBhAdBiH 5 et gooo
Speseitddt datwaen ﬂﬂet\raasloelpcmnmundm aﬁe peagiphecnditioneridiregctor 1
t Qnélpﬁ ta'?"aec fobﬁe;mBgégL@'%%g 6@%1 N é)cglﬁbl%geslgﬂre of er{bout 33 bars.
Resrdence time is about 240 minutes.
A reaction mixture stream is removed via line 4 at the rate of about 649
Ibs/hr, the composition by weight of this stream is about 16% solvent, 4%
propylene oxide, 1% oxygen, 0.05% hydrogen, 1% propane, and 79% other
lights, and the stream is passed to flash separator 5 wherein the stream is
flashed at 150°C and 2 bars. An overhead stream is removed via line 6 at a rate
of about 544 Ibs/hr. This stream comprises about 4.6wt% propylene oxide and is
passed to separation for recovery of propylene oxide.
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m xtures of propyl ene, propane, hydrogen, and oxygen
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5 formin the reactor or in the feed and di scharge
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m xture stream.is conti nuousl renoved via |ine 4

pHEﬁé}P@@r%%ﬁ%ﬁHEéea@ﬁ%1§¢ﬁ§hﬁ¥¢§fﬂp%§ﬁﬂﬁ'|Ma@%H%59W§FtW“h
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preferably up to 10 psig, and at a tenperature
sufficient to vaporize the reaction m xture conmponents
whi ch are 10 |l ower boiling than the sol vent.
[Ilustrative vaporization tenperatures are 100 to
150C. The followi ng exanple illustrates the invention.
Exanple Reactor 1 is a CSTRto which is fed via line 2
about 55 I bs/hr propylene, 15 20 |bs/hr oxygen and
0.7 I bs/hr hydrogen as well as 468 Ibs/hr inerts. Fed
to reactor 1 via line 3 is a slurry of Pd on TS-1
conprising 0.1 wt% Pd prepared as described in USP

6, 555, 493B2 i n di propyl ene gl ycol nononethyl ether

sol vent. The solvent has a boiling point of about 188C
and the solvent/catalyst slurry conprising 66 w %
catalyst is fed to reactor 1 at the rate of 20 105

| bs/hr. The slurried catal yst has an average particle
size of about 30 mcrons. In reactor 1 the reaction
m xture is thoroughly agitated to ensure good contact
bet ween the various conpounds. The reaction conditions
inreactor 1 include a reaction tenperature of 60C
and a reaction pressure of about 33 bars. 25

Resi dence tine is about 240 m nutes. A reaction

m xture streamis renoved via line 4 at the rate of
about 649 Ibs/hr, the conposition by weight of this
streamis about 16% sol vent, 4% propyl ene oxide, 1%
oxygen, 0.05% hydrogen, 1% propane, and 79% ot her
lights, and the streamis passed to flash separator 5
wherein the streamis 30 flashed at 150C and 2 bars.
An overhead streamis renoved via line 6 at a rate of
about 544 | bs/hr. This stream conprises about 4.6w %
propyl ene oxide and is passed to separation for
recovery of propyl ene oxi de.



6 WO 2005/ 061472 PCT/ US2004/ 037140 Liquid bottons
conprising 9.5 w %catalyst in the solvent is renpbved

wor@slerg2 3 and recycled to reactor 1 at the rBCEUSI004/037140
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105 | bs/ hr. Make-up solvent with slurried catalyst is
adgagh-as needed to line 3 (not shovvn) 7 V\D

2005/ 061472 PCT/ US2004/ 037140 claim 1. a

cont i ntrous 'PribEeREULHS W‘Pf@sérf%ﬂlet P'ES’ﬁ'uFTl‘Prh‘r\r @d@??t&ﬁ‘ zone of

ZBFtﬁ)y%fne B&iBBY b N aitigd SrépyidrRacHihn GnddsQmt %ﬂ@?éﬁ tdh reactive
nol eCcul ar oxygen at reactive conditions in a

s 6PRARNSIB At gV $Riveat sentaingRReldancxiHalian spipkyst g‘””'ed in the

skyiEnCthd 1%&8\%%&%H{&Pé@mb%s'éﬁ%lgyﬁ@%@ol\)’gﬁt ®Bving a boiling

conpri ses enploying a solvent having a boi l g poi nt

opovmt of aldsast1t3160 Ct;coammuawdamoymg@maph@\ bqtrl atreamrirom the
lgn SiJn%arﬂasHﬁ tl%ﬁ/er goei %; ﬁ%ts féf?/gg&g fr].oﬂwv‘@rﬁe said

b I ng comp onent as vapor rom e sai tion

I lreqantldn $iuid sameandandt ogayblingga diquidglirey el selvgntedsaitalgsitsiurry

a I r ing step to the

5%81 t?lgglﬁglié ctﬁlbotﬁ){g%é)gg%r}gaédﬁ%?b&gocess of claiml
wher ei 2 t heTizoproeeds dfadaim beheiemgtheaiohtenbhagt boilieggoint of at
80C The process of claim1l wherein the solvent is

Bﬁ e glycol nononethyl ether. 4. The process

Of cl agm 1 whepricass BE ciih viehetetn iR Bokynipis oppridpliend Slycol

5. Thgﬁqr)g(:ﬁ}s% of claim1 wherein the solid

e B ANERt al yst  conprises a noble netal on TS-1

6. The4pr OCﬁ%Spr@Eeég cﬁldlﬁlﬂa WhBERIMthe ReIveat isthethoxy propanol

epoxi datl onTcat al ri ses Pd on

TS-1 8
he pro ess of cI aim 1 wherein the soh% epoxidation catalyst
comprises a noble metal on TS-1.
6. The process of claim 1 wherein the solid epoxidation catalyst

comprises Pd on TS-1



