PROPYLENE OXI DE PROCESS BACKGROUND OF THE 1 NVENTI ON
FI.ELD OF THE I NVENTION 5 The present invention rel ates
to a process for the production of propylene oxide
and especially to the work-up of propyl ene oxide
production reaction mxtures. DESCRIPTI ON OF THE

PRI OR ART Propyl ene oxide is produced comrercially by :
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hydr-oper oxi de process. In an effort to-inprove the
economi cs of pr @ACKGERCIN DO P TEIHLIBMENTION
substanti al anount of research has been done in an .
effort to devel op aFIHLTEOF THRIKNWENTIONr ocess to
propyl ene oxi de whi ch does not involve the use of

Chl or i T preseritheventpt psistebitom iﬁl‘bc@dwbhﬂfe moﬁmn of propylene

: uct such as-st ene tertiar
CPrids 2ner erReerelly PLbR! eriu oot o BER: Sk pRgpuckn reaction

opﬁm@t@gon procedures with nolecular oxygen carried
out in aliquid rEactlon m xt ure usi |g?%)aae catalyst a
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6, 498, 25 and US'6,555,493B2. 20 'S
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aﬁ&ylw %lyered | eavi-ng the solid catalyst particles in
boiling solvent-liquid with this stream being :
recycl lémlmtlmng hresulfsx hehet i wrmn B@hEFedDEtﬁClaxElﬁtrﬁhN Eecdddifes with
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*slurry of solid catalyst partlcles in an appropnate solvent See, for example, US
6,441,204B1, US 6,498,259B1, and US 6, 555, 49382
SUMMARY OF THE INVENTION

“In accordance w1th the present mventlon a relatlvely high bomng solvent
whlch ‘may also contam rnethanol and/or water i is used in the oxnda’aon with solid
catalyst slumed therern and the oxidation reactlon mixture is contmuously
removed from the oxidation reactor with hghter materials including: product
propylene oxide being- vaporized and recovered leaving  the SOlld catalyst

. particles in the hlgh boiling solvent liquid w;th this stream being recycled to the

oxidation, -

o BRtEF DESCRIPT[ON OF THE DRAWING

The attached drawmg illustrates schematically practlce of the mventlon
DETAILED DESCRIPTION A

Referrmg to the drawmg, reactor 1 is a conventlonal reactor l‘or the

oxidation of propylene to propylene omde Su1tably, propylene, oxygen and

' hydrcgen are: mtroduced to reactor 1 via line 2 A!though these components are



Referring to the drawing, reactor | is a. conventional
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‘reactor for the oxidation of. propylene-to propylene’
-oxi-de. Suitably, propylene, oxygen and hydrogen are . -

i ntroduced to reactor 1 via line 2. Although these.
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I BRPEtIaRbN E@gfnwe of the | nvention is that in- ‘
separ at or 5 the | |%hter :materials are vaporized and

vme%ﬁse fventieyds dhatiigreangratemg . the lighter

separated via line 3 a rec to reactor
uselvent epd slurrigdi oehawshmnt&wect ithereini ih separatasy via line 3 and

SPédy%fétd 1BeESdthSt t he ready 20. separation of |ow
conponent s, by vapori zation fromthe reaction’

m xt ur ghe wEe ckihg reledively monaysiatile bighdwiling rsohenbpermiistthe ready
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matertal s

" abompbeents can, of course, be further. treated as by distillation to- recover

propylene oxide produot Unreacted matenals can, after separatlon also be
-recycled where appropnate '

In certain procésses as exemplrr' ied In USP. 6, 008 388 and Usp
. 6,005,123, :mproved oxirane compound production is- achleved when various
promoters -or additives are mcorporated in the reaction mixfure. Examples are

various phosphorous dr nitrogen containing compounds as described in the

“above patents Such additives may be relatrve]y high borlmg and in accordanoe '

with the present invention these additives can be retained in the high boﬂmg

solvent hqurd phase with, the slurried cata!yst and returned to the reaction zone: = "~~~
after separation of the hght matenals thus providing a specuai advantage of the

present mventlon
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25 recycl ed Where appropriate: In certain- procasses,

as exenplified in USP. 6,008,388 and U SP 6, 005,123,

i mproved -oxi rane conmpound production is achieved when
various pronoters or additives are incorporated.in

t he redstwib hempmmletedEﬂwnﬂbe@sarfethe irvenhigarsprovides a convenient
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propyl ene gl ycol and -nmethoxy glycols during
protr ad’ﬂedsczi‘@ﬁrﬁm% hpve)@ebmm‘@ point h’eyt feaat U3@°Q, preferably at
t.h

SRt 5nC. R dlnes SRR S gRE BERIEE B may g weter

S Adohgslé cﬁrhmarﬂed |h@o!ab|@bIp@lye&ry%nmogty&@la@olypmpymet @?co[ polyols,

Cg',ngcjlgéqe; é;'sfe‘%}% u%’%t%%yﬁ'?ea@@d&;ggd’lgﬁ ﬁiy a@?erred IQ methoxy B
exitbpand| %dh(ﬂlﬁl‘bp?le@@ gliyéol rﬁéndrh&hgwﬂat waﬁh are by-product of the

condi tions e sol vent shoul d have a ling point of -
atfePe¥RY 130C, preferably at . 15 | east 180C Exanpl es .

of sui atidheral ﬁ@tépo@cfo%t@h'rbﬁét% Qi l:§m I&h ife¥ccBRIance with

; ’gHsr@wn pigeeYEBpYIreieseglis 81 reaﬁmry@‘{o pyiﬁn@ IREy9RA gt Bydrogen

ubl-e or_-water 1nsolu | ene
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OoXY ropano I propyl ene glyc nonomnet
etmalmgCaeogteec@;@lyﬁtsoawtﬁblq)fortm in the process of this mventlon will

generally have a composition corresponding to the following empirical formula
XTiOz (1-X)Si02 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:Tiin the !aﬁtce frame work
of the zealite is advan‘_ca_geously 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
zeollte may or may not contain extra framework titanium. - |
The catalyst preferably compnses a noble metai supported on the above’
described zeolltes While any of the noble metals can be utilized (i.e., gold,
' silver, platinum, palladium. iridium, ruthemum,A osmu_.:m), either alone or in
combination, palladium is pa_rﬁcularly d'e,sirable. ' Typically, the amount of noble



reaction. 20 In general t he epoxi dat| on reaction is
~carried out in accordance with known procedures.

Pref-erred is the reaction of’ propyl ene, oxygen-_-and--—“-‘-

hydrogen wusing a noble metal “pronoted titani um
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: iridium. ruthenium' either alone or in
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catal yst w be 1in the ran fromO0.01l to dg :

per centThe %lféﬂi%i ﬁlbq?%}ltﬂ)e%nﬂ@“ﬂﬂ% phresidyes iscthen trpated as by fon
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- %%@EB?@W%{}?,@@&I cination is carried out until

_ Sra ] ete renoval of organic. residues is '
acconplFieshcezhl dfhesmmetlgpraﬂ mghiesg frand tlex inghlel veetal containing

20 SR BRSBTSt BB S an
- sifiliedng it¢ahnipssi. rl\guiﬁﬂd weahitigreaidi fitetring steparare eelpemmiyaﬂeferred
“ekeforab BichobE Felanil Usnes b S g dugoente
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' 25 temperatures of at least 150°C for illustratively 10 minutes to 24 hours.
~ Calcination temperature in the range 150—650°C preferably 250—600"0 anc
most preferably 300—550°C are employed. .
Addrtlenei lmprevements are also achieved where pnor to or during
epoxidation the catelyst is- contacted with solutlons buﬁ’ered to shghtly acid tc
30 'basm pH. The preferred pH range is 5-8, preferably 6-7.5. See for examp!e us
Petent No. 5,646, 314 Espec:elly edventageous is the use. of sodlum
ammonium, endlor potassmm salt buffered solutions. Excellent results are alsc
achieved with calcqum and magnesium salt contammg solu‘uons Other Group | ¢
and il a salts can be used as can compounds such as trnpheny! phosphme The
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~exchange or -npregnation procedures in erder to

|ncorporate the desired noble 15 netal into the
silicalite in appropriate anounts. Ot the procedures

ion exchange is preferred with. subsequent essentially

c eopibttationediibelcaleinadoh anl Conisdt hidsthe LB Iution grves best.
resuI ing catalyst. Inpregnation”procedures.can be

usetBs i's described herein later. Renoval of

essent FRbby agl braf@fedl i $hd NAB b arib@P g?orﬁ@r%l% most preferably |
co ar ning - ort is inmportant an
CP"SH%FP'}?P%\%:@I?&I d%ﬁ@lae%jﬂ Vst @roﬂﬁa'b%r ng and
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cat 1SS to an oxidativé Ca
a|196997ﬁ*% er dt/ated, WOWW@&@ JPHEBERTTdy JP HB-269029, and HE-
i blkyggpatively 10 minutes to 24 hours. Calcination
tenperature in the range 150-650C, preferably
250- 6000s asmmuint pbsatalystaisedaihby bBARERIR b trenpdshyeikhemolar
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 ativaepadieation may bé éetesnaln@ﬂ FOeWRCR ofw RS0y te Kielocrty,

15

20

- 25

30

P2 R R et GBhS Tuaaatn B et asblas perour per
canrtarfmarwyaoroum@(aabréméteﬂ 49 GHIB ), Aaarqsﬂrlmahé@érrg% of 0.1 to

uge. an_conpounds such as triphenyl
pﬁ@éﬁ’ﬁﬁefs Tﬁealﬁ/@aﬂﬁ%g@%atr on of the calcination and

“cont actThwidpxidgorPiaf ée éﬂ:ﬂ oﬁ?ln‘%‘eqwu&i M@a%eg%ﬁ it s advantageous

results. Especially preferred_is the-use vari ous -

pidMEreak & WB%?U"BrOéﬂeT%WS pﬁﬁ%‘ﬂﬂimu@c@ﬁiﬁﬁ)mﬂ'@ iggention is
desfiddoget dth temper®ufDerdtide B stRARVE RS %grré’cf olgff n egoxrdatron

propyl ene epoxidati-on may be suitably conducte
t RESTeRdly Pbiempshafitasondhe eange of @mﬁér@t(moea prafersblyr 80- 80°C) :

e Bl Al 3y 8el P 3ibRn S5 B B U R e o

Hz:02-1:10 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 17..3) :

. may be advantageous for certain olefins. As thé carrier gas any desired inert

gas can be used. The molar.ratio of clefin to carrier gas is then usually in the
“range of 50:1 to 1:50, and especially 20:1 to1:1. _
As inert camer gas noble gases such as helrum neon, argon, krypton K
and Xenon are surtable in addition to nitrogen and carbon dioxide. Saturated-
| hydrocarbons wrth 1- 8, especratly 1-6, and preferable with 1-4 carbon atoms,
e.g., methane, ethane, propane and n-butane, are also surtable Nltrogen and
saturated Cq-Cs hydrocarbons are the preferred rnert carrier gases ‘Mixtures of
the listed inert cafrier gases can also be used. '
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19600709, V\D97/31711 V\D97/47386 JP 4- 352771 JP
H8- 269029, and. H8- 269030. 10 The anpunt -of cat al yst

. used nay be deternined on the basis of themolar ratio --

of - the titanium contai ned in the titaniumzeolite to :
the olgpletbificillyain e spdadatRm otpﬁrfopyl@hé dtcotdifee to the invention,

Typi cal | sufficient c taI resent to ovi de a
(AT DRTRL R P AP RSy SHEGH SV TTh N G0R8EeR G B 4N gapropriate
h9ikss -B'F'%aFrIe‘f'%as e 'eﬁﬁlogi% hn‘iltseoteﬁﬁ’)&hr%@t d:foﬁroﬁ?l)én@epropane

determned: o ea basi s of gas hourly s
re

veidsegery anstsoxyg@n rﬁ@fslma/lmctem anth s o9 exp vae mixture. can
, r sper hour ‘per
A PR e BT B R R aBRIARaR T T P

_ | n: t hdn rungiseosf tbtellrwgntuom D0ention inixture pstozend yis continuously

SRMSEA L Tie 4. W eefBHééi ﬁ%%tﬁg,eh‘% Qt"?(%érh 9 ﬂ%%?d th UBfe 5 at

I'i'qui'd phase and h
msts\s @wtreosphetic pﬁee}s uae sp trpramtcfé.t psdm peaferablyi umgta €0 péig, and at

ARGt SR BLvi=8 dhe Plashah 57 %5§%Paa?n’fsrr"h'°h are

powfee bailihgy theen the robremt.ullksirative trehmrnzatttgetenrﬂpe)aﬂ.l’x’és[?are 100 to
g preferably, -20-80C). The nolar ratio of
h{%{ gen. to oxygen can usually be varied in the range

of Hzl'h@a’ollovﬂl teﬁarﬁ lediMehtiagescBBeRcntiby, favorabl e at
1,:5 to.1:1. The ar ratio of oxygen to olefin can

- pexamaleor . npre but preferably is 1:1 to 1:20, and nost
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“gases. MUFREEF dehgsreaption fyig
. cwhtattssemeemsedvan%@p@ahﬁmﬁlsl Whélréawoﬁ%hdiﬁahsq}ﬂréﬁctoﬂ .

.25 pret&icahlvisls ESTHR & \?dhll'ﬁ is Fé@i' \ﬂa TH%'WaE&W@bslﬁr propylene,

olefin nolar ratios (e

- ol Iostha geyaes ansh0.¢ dbs/a twdtpssn @sweu\es #he Ittsémrrmems gas

any desiqigeddiSl 1 viadide 3%%11%16”%8?19 oﬁﬁ% ‘T"&hﬁ‘tr &A1 %% Pd

olefin to carrier .gas i s sua -ra ge o
Sepaked as gescrivad laslpsserfabwttawam dlptonylerp glycbhmenomethyl

C&EE{ esfohf%ﬁgon?l% dﬂ?eﬁﬁshéé“’:!‘ b%ﬁtngag{mh’t”gf aholit 186 knd the

Xenon-are sul n
nsﬁlvmﬂbata@sﬂslaay lcompdisingiBtewt/Seattalyat ieded: twtbactmrlkmmse rate of

20 AT oTRESUA oHabonEd B FLAEER, ooty about 30

nmintbige; are al so swtabl e. Nitrogen and saturated

al - C4 hydrocar bons. are the @%S{%E%Fc?uah Z%é[tezgé 33%@“'”3 good

Rylene according to the invention
mc de a reaction temperature of 60°C and a reac’hon pressure of about 33 bars

Residence time is about’ 240 minutes.

A reaction mixture stream is removed via line 4 at the raie of ‘.abo_ut 649

' tbs[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 - -
llghts 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 |
cof about 544 tbs/hr. This _streatpz cor:n.pnses about 4.6wi% propylene oxide an_d i
_pas’séed to separation for recovery of propylene oxide. - o



" propane can-be supplied in such-a way that, in the
presence-of an-appropriate excess of -carrier gas, the. -
.- explosive l'imts of mixtures of 'propyl ene, propane,
hydr ogen, and oxygen are safely avoided and thus no .
" expl idgiid bottoms comprisiag 9 5 vm% wataiyst netheesmbeot isqenioded via

4 5 LR B B BB Sy i

sl&ﬁié@&ﬁéiﬁstisaadﬂewas Heedbd to Infea(abtrsadwmr actice, the stream
is flashed in zone 5 at . belom1atnnspher|c pressure up

to about 50 psig preferably up to 10 psig, and at a

t enperat ure sufficient to vaporize;the reaction

m xt ure ‘conponents which are 10 | ower boiling than the

solvent. |ilustrative vaporization tenperatures are -

. .100 to ."150C. The foll ow ng example illustrates the
invention, Exanple Reactor 1 is a CSTRto which is’
fed via |ine .2 about 55 |bs/hr propyl ene, 15 20
| bs/hr oxygen and.O0.7 | 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 conpr|3|ng 0.1 % Pd prepared as
described in USP 6,555,49382 in dipropyl ené glyco

- mononethyl " ether solvent. The sol vent has a boiling

- poi nt of -about 188C and the solvent/catalyst slurry

~ conprising 66 w%.catalyst is fed -to reactor.| at the:
rate of 20 105 Ibs/hr. The slurried catalyst has an
average particle size of about 30 microns. in reactor
1 the reaction mixture is thoroughly agitated to

" ‘ensure good contact between the various conpounds.’
The reaction conditions in feactor 1 irclude.a .
reaction tenperature of 60C and a reaction pressure: of

“.about 33 bars. ..25 Residence tine.is about240 ninutes.
A reaction nixture streamis removed via line 4 at the
rate of about 649 “Ibs/hr, the conposition by weight
of this streamis. about 16%solvent, 4% propylene
oxi de, 1% oxygen, 0. 05% hydr ogen, 196propane and 79%
other lights, and the stream.is passed to flash
separator 5 wherein the streamis 30 flashed at 1500C
and 2 bars. ‘An overhead strean1|s rénoved via line 6
at a rate

fraTrec L/ T/ TS TR T TaoE mR oLt
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_mhereln the soIventrls nefhexy p )nf 5. The process

of about 544 Ibs/hr. This stream conprises about -

- 4. 6W % propylene oxi ¢ MBPAMD passed to separation

for. recovery of propylene oxide. 6. Liquid bot t ons
conprising 9.5 w %catalyst in the solvent is renoved
via line.3and recycled to reactor 1 at the. rate of
105 | bs/ hr. Make-up solvent wth slurried catalyst is
added as neededVi PItRWISG ST
i rked up Page Shomnng Changes | daim 1. In a

f nuous process for the production in a reaction
zone1of Ip rapyhteneud prapessyior e pratgickioro iy & gaactiont zpne. of

R S Bafing SRR, S LRI Bt ' At

cahdlt' driseth & mtheso&@lnv eomtalrtfrlrga ai sqﬁdoammlaﬁomﬁu:atﬂWst sturried in

B TR o R ST, Pl s BeP o o
bbmﬁgtpdnﬂ dfi ftubakt %@@m&@ﬂomhﬂmm@cmw@oaeeacuon liquid

flashing | b
i TR cTeriEAns. Ses SRV FURRS TG BLYApeT from

t5d Waldy réHct:éﬁ' nqertt sﬁéwln amﬂ c‘rat;y:dumgta diquidr ylufry ooh sdteent and
fl ashi ng e 0X on reaction.zone. 3: The

cHBBES A Refephin gk i ‘or xeEy P r opy  ene

1 wherein the solid epoxidation catalyst

conpgi SesTﬁ@chﬁ:eﬂ@bﬁlclaﬂﬁ T @hkreif.the Bovept Bedipropyfene glycol
claim1l wherein the solid epoxidation catalyst

r&QﬂﬁB‘F#t )3@*?%{ on TS-1. 8 ARAGNi nPn QNFFT

5. The process of claim 1 wherein the solid epoxidation catalyst
comprises noble metai on TS-1. .

6. The process of claim 1 wherein the sofid epoxidation catalyst |
comprises Pd on T5-1. ' ' 7

AMBENNDEN QHEFET



