Anmended PROPYLENE OXI DE PURI FI CATI ON AND RECOVERY

FI ELD OF I NVENTION 5 The present invention relates to
a process for the purification and recovery of

propyl ene oxide which is forned by the reaction of

Am h%grogen peroxi de and propylene or by reaction of
= pyl ene, oxygen and hydrogen. DESCRI PTI ON OF PRI OR

ART 10 The prepsyBtNEORMDPPORYFENENION ANTPRECEAER YN
of propyl ene and hydrogen peroxide or by reaction of

propyl ene, oxygen and hydrogen is known in the art.

See, for exanple, U. %gEgﬁtO%iﬁ@EN%é 1, 825,
, 046, 4

4, 833, 260, 5,612,122, 4,976 and many
others. Cenerally this reaction to form propyl ene

: oxide is carried out in a liquid 15 _so| vent canriged

5  of met HaKdICsEAbIDNERLGN relpéssrig apreesss frrdhe RYYAgation apd secovery of
TS: TS~ -aknj : '
B s i e R
preapylrentionxt pepykgeloxggetharghhydregdenl | ati on refl ux

of o nanber of i sti | 13SoREONOr BRURRRFonT
10 furt hefTheO%@B;&rSﬁ%ﬁ of ?Elj;fyléi‘ie‘ﬂﬁé{dé bPdactifPUr iptdbylden®d hydrogen

in the systemis nen formate wWhich is 20 extrenely
difebéride or bpraeiper af propyleons. prapyl arehysikegss ipimevm e art. See,

or Db T Ebe G 100 T HG T oy BR: o:314, 4, 824976

apRdQRidyddtBers.qual i ty product. A nunber of patents have
addressed the gyoblen1of propyl ene oxide separation .
f r om nebenandly thisdeastinaito farmarppylanc ayids, is paried Ryt i a liquid
3,5 8 desari Y i SE ' ) 1
15 G henDPiluERg B 4 B T ot alfhloR o TS L oS

U. &nBating Nwble dif16,42 Qobisms etistblinsuta hsvahesepmsation of  solvent
extractive distillation solvent.. g,s Pat.g$b.

5, modaud diqje gEoRupens quslegieguizgs high distiflapan yelworlgsipd the use of
U. Rst; : 180 LM &N hdition, a furth

55y i DA BT A SR e Lbion s
pr ppyleanis it iadey lightSmpuBat forthed indthé G134 i rsephyldomgate which 1s

20 2;%3 élgfql?g ﬁ%éggto%%ggg?%%r@w&i o%léedﬁylf éigllf)ileddistﬂlation but which
‘must be removed from the product propylene oxide in order to provide an appropriate
quality product.

A number of patents have addressed the problem of propylene oxide

separation from methanol and other materials . U.S. Pat. No. 3,578,568 describes
25 an extractive distillatioh using glycol or glycol ether extractive agent. U.S.Pat. No.
5,006,206 uses t-butanol/water as extractive distillation solvent. U.S. Pat. No.
5,129,996 uses C, - Cg glycol as extractive solvent. U.S. Pat. No. 6,024,840 uses
methanol solvent to lower the volatility of impurities relative to propylene oxide. U.S.

Pat. No. 6,500,311 separates propylene oxide and methanol by liquid-liquid extraction.

30 BRIEF DESCRIPTION
In accordance with the present invention, the propylene oxide containing
reaction mixture resulting the reaction of hydrogen peroxide and propylene or by

reaction of propylene, oxygen and hydrogen, after separation of solid catalyst, is
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In accordance with the present invention, the
propyl ene oxide containing reaction mxture resulting

- the reaction of hydrogen peroxi de and propyl ene or by

reaction of propyl ene, oxygen and hydrogen, after

grpReali of Sfirsdlé diskady Tolunip il oldst id kgshrife aslvent and
extractive distillation colum in order to se

a
FE0E APTHHE fToR R PV e SRRERTRP e ERS S @?W&@SE\"B?JW rgfliced
D irABurRics CIRLSHD S TRBL bdfdcHve %ﬁﬁ&ﬂm bavérﬁfpwhﬂch' i§Sused is an
content. The extractive distillation solvent which is
agueryssbatipms gilean Srasptibe #elvent msavery swlurie usell (e fie overall
g%%géf\x Eﬂlé&yﬁgo&sﬁgtiérﬂstsﬂ%ar‘i’)\’&;n%xjiseg t]ﬂﬁﬁaswai’@?'a%g minor
queous o tons Sstream conpri ses et hano an
ameonts afrheaviesofndhesting egdydoh dotdid gdugingc die fe@pwéahon The

t [ e :
R4 a8e" AEBHEN R Predi, 541 FREHIEA Ty D i
beegérial ﬂmﬁEEﬁabmsmGMeas a1kmhnomemahy@mx@&nbakmwnmein the
Bﬁg&%& i de before use in the distillation. 10

BTI ON OF THE DRAW NG The attached dr awi ng is a
schematic illustration of practice of the invention,
15 DETAI LED DES acconpanyi ng
drawi ng, reactor Egﬁéﬁéﬁﬂt@!iﬂg%@ﬂ ronal reactor
whi chThe atsetiel odrailiey pis odusdHepmtiaf ilipsiegiichene wxittbe by the
knOV\Q rgrocedures. React ants whi ch may be hydrogen

BY%'4e and propyl ene or propyl ene, oxygen and .
hydrogen are fed to reactor 1 via line 2. The reaction
20 is carried out i nt whi ch conpri ses .
nmet hanol and whi ch ﬁ?ﬁ%@??@ﬁ ng] Ni via line 3,
and’ astrmmb TG liher seebhpanBhg! dprvan®t edadise 110%@‘33@% a
ich is fed to reactor 1 via line 4

ﬁ?"&)‘ﬁ?\%{gﬂ%’ Wﬁ@g WAk 4P 1SS 198 ERi RIRdWTienuPe PRy SBE e by

kivonm Hedridores] Rb@ctantb'v{ﬂlﬂcﬁ ey i§@ﬁ§'{5r@bé@@>e¥d§ﬂﬁa §nd propylene
vvherelthhe solid cat i s, separated and recy

SEPIRRYIPNEo ARy ISR JNEhbY feg%aaq 561 1p ToRGIoT 4 IS ﬁxaﬁf@etsﬁacﬂm
Radzti¥$ bulGiaNg Belvagidaedide which comprises methanol and which is fed fo

reactor 1 via line 3, and a soli_d TS-1 or noble metal promoted TS-1 catalyst is

- employed which is fed {o reactor 1 via line 4.

The propylene oxide containing reaction mixture passes from reactor 1 via

line 5 to separation zone 6 wherein the solid catalyst is separated and recycled

with some solvent to reactor 1 via line 4. Make-up catalyst can be added as
needed (not shown). '

After catalyst separation, the propylene oxide containing mixture passes

via },na 7 to crude propylene oxide distillation column 8 which is a conventional

muli stage fractional distillation cotumn.

The propylene oxide containing mixiure passing via line 7 contains about
40 to 90 wi. % methanol, about 5 to 50 wt. % water, about 1 to 10 wi. %
propylene oxide, about 0.1 to 2 wt. % propylene glycol, about 0.5 to 8 wt. % fo
propylene glycol monomethyl ether, about 20 to 500 ppm by weight methyl
formate and about 20 to 500 ppm by wt. acetaldehyde. Preferably the propylens
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propyl ene oxi-de cont ai ni ng m' xture passes. via line 7

t o) ene oxid illation colum 8 which _
i g’ Xg{éégﬁ?/&é}ﬁtg ‘I%%ff"o PIRIFE WY efarerrassiigstol tolamndh  The

c Prepwene3oxida etrsﬂmﬂyrrﬂm@iu@é’d ﬁiﬁthé s%'cﬁgrbg? (@A{il%tﬂ{af/an column 8.

passin V|a | ine 7 contains abou Oto
met handl"® SOFIHVS C{‘%“”Q@OWOEVWW E\trodabemwlal!nﬁ@ 91t We upper

%S%egmé;@ﬁl;{nﬁtnﬁﬁ dﬁils @Q@Hﬁt &;W"prﬁgs %ng&/ %OSY’%//CF water, about 1
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d&pd 'HE‘aHV‘g@did@n@Pt@ﬂm)‘\y@reﬁmieeorp@mﬁidﬂﬂjrﬁ %y@ﬁ&x‘rﬁ‘@“IS added via

Th,@e—ggr@@, fre mls i ntroduced to the
secti or; o!ﬂ‘f | st | m"q‘f’ |t gon'['% iipe the B#F?@t’éﬁtdfséli@tlfvesOl\feni stream

dWaiah is slighily aidicent is introduced via line 9 to the

upper oLum 8. .This sol vent conprises

about 9%%? éottC)g‘?)c@/["m%/’J‘D’ QPrat%{ggupoavergroﬂ@l fﬁnﬁr@m with a Purn‘aed
pP’iﬂWe@ﬁewgdi@ stbamabhich i& Sn@sta&;aw ree{%’écpﬁjy h%ﬂ?angl %’@(ﬁ nethyl

nd. abou .5 to
gré Fb\Aél gg'lteﬁb Ver@%ﬁq \é'laq@ﬁcﬁ Eh'S%@iam:myue doaitfee purified by
p@QW@@tI@mﬁiwmmmf(r@t slgwpni um hydroxi de i s added via
i ne 1 13#@ i ent anmpunt to neutralize the
extr act i ve i r’?rgtepgrﬁcg\@ gistillationr ecdumnwhipehséss via fine 12 to

sMeglanbyregoi eliyaolukfin @B%He‘rélﬁ?ﬁ@ﬁ‘ar‘?& g‘%nﬁs' (%@ggﬁgerﬁead and

fashion wth a purl

L)'%hgﬁges(t% E‘{e g%n%ﬁ '0R SPexidatien reeciaall fpr fuftﬂnazc ask.i n

e cohemtining SOLIRLE AGRLT S UFEECEY M o 10
o] bo
conven% [ SHAPOHPESctigREs is( eevcieth Mmbne %Brte tbetdmﬁﬁtwfer @filation

ém naet oy ethdi &kﬂréét@rbl G?Qtli%%l)h'n%b{\\?%e,?%i%ﬁsﬁg{)ﬁrghérgon%pznstmg the

nol recovery col um
V‘%g%? %%L’H' Qfmﬁﬁee@“bv@r\ﬁ@tad nede inrretctoneds Wuegdd N8 lide 15.

tﬁahﬁf@p@%ﬂeﬂ@t,b%,{m Pl d further use. An
Q,%Heous bot t OMB Stream Lr]er?%g‘ré SPFQ?@%%%W 8 rggayered by

ne " 14'®3RS: portion of this bottons stream is recycled

via | Byeitl thobdid eXUhECHI o ShihLal/

anoF and methyl formate can

effectively be separated from the propylene oxide using readily available process
streams

it should be noted that neutralization of the extractive distillation solvent .
before use in column 8 is an important feature: if this stream is not neutralized,

significant ring opening of the propylene oxide takes place during the extractive
distillation.

The foliowing example illustrates practice of the invention.

EXAMPLE
y Reactor effluent after separation of solid catalyst and dipropanization is
€a o column 8 at the rate of 18 kg/hr. Column 8 has 44 theoretical trays and
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for use as the extractive distillation solvent, and a
portion conprising the 20 renoved nmethyl formate and

~.-net water nmde in reactor 1 is purged via line 15.-

The buffer material is contained in the bottons stream
Hrdfeedns reradecey et ’edy EB fronath eotm. mEenteed Bpntpositipn compgses

t | thyl, formmt .
SboUFt YEIT NS st Do R B WAy b PRTENE R BB, 1.3 wt. %
gﬁjmgarfegiﬁjti&hdi %/4 amnt %qiﬁbwfm@g@a? Tﬁ[‘&)rﬁétthﬂadﬂtsersj 254 et byt wi.
e note at neutralization e extractive
m%@ﬁ%?faiqt%@@&% Bé‘#o?c@tﬁgﬁ NYd$- colum 8 is an

I rrpor TREtwdseR vt extractifl Soledhiearsans roet m@ﬂiﬂnbﬁl:dﬂﬁmd [s fed
gnlflcant rlng open of the propyl ene oxide ta

Pdte Ade cAymmE abiey &%wéhe é‘i’%?f heapton 1%bgfhﬁéhis Solvent
é@éé@%gg tﬁéa.%}hl\goéztﬁddﬁ'%?ré’éo%% @f‘%%y GRaight Waker, 6.3% by wt.

i nventi on. Reactor effluent after separation- o
@fopytﬁnedg!miawé% andtderepyipanicher] meogmrtbﬂ qloers ofigm 4%

%Ft &E%gryﬂ-:g% gﬂycoﬂsﬁ Ny Qélve%oﬂ%m@s&%e‘%ﬁ%hﬁ%@gh}ﬁﬁange

Is introduced at tra
aﬁ@ fﬁ@pft ofrh@utfaéléatlmfﬁbs |solvent ey thsr ddslition @moaaammmum

?1{9@%&&@9;%% a‘%ou (%Uﬁﬁzléﬁ{li%lr hc—: Q_g}’&imfat pr opyl ene oxi de,

| Ehe o propyl ene
gl ycolfhﬁmtraettw@yﬁlstéwhemss r@Bat patmogpivgric, onetlentl temperature

Bp%gr%%ec tﬂﬂ%n??eﬂtm%? upé/ 9%@ gg?{ﬁ%ﬁﬂ% ﬁ% LP}(%’&J(F &r P’%‘ﬁﬁ)t( % feed.

er extractive so ano
is fed prvpﬁeme 0add strearoo:k tenov8reglt ovierizaadGatitne mte @ 1 HB&pkg/hr,

By BB 55 ek B A T B THRER o o

pA. opgsimh’?errgbgec Ofhe difeanValky c\z}hfairparzmd e bglwicadetaldehyde.
and 1.4% b

gl ych TREMLaPoin Rt BFnecToltay BebhfpEs o (ppenvention

ppmct@g ehidlfly asfeativee sttlcbs® fomgiat sa@ldratatn ohnethdnoe and methyt

| vent by the addition of aqueous amoni um hydroxi de
f"ﬁmﬁf‘ei{%ﬁ?{f’@ﬁ%‘?. PEH&nt for the neutralization. The

ext r aBylomqpiaerhl datrhplie distillaton aff tHe atmesiebertb dray 24 without
exr{rea%%vé SONer nt resul?ed in 2800 ppm by wi. methyl formate and 3000-8000
ppm by wt. methanol in the propylene oxide, even at a refiux ratio of 0.7.



of 34-35C, bottomtenperature of 86-87C, and 0.2
reflux ratio of reflux to feed. A propyl ene oxide
streamis recovered overhead at the rate of 1.5%
kg/ hr, 15 having a purity of 98-99% contai ning 55 ppm
Amb . airrrlrsethanol and 0.02 ppmby w. nethyl formate.
m al so contains 2770 ppm by wt. acetal dehyde.
Fromthese results it can be seen that the process of
the invention provides a highly effective process for
t hd sephr dPTosessorharen apilengxideeis Hormeds byt rpagteors plopropylene and

pr i i ;

G SREPFE AL or B raGoPEBIOS R, SR pydrogen g methanol
exialeait | and vaekaie ptodueispibpeehd oxi @80 Qeppareditomtmethatd yhd methyl
formate and 3000-8000 . ppm by wt. methanogl .in the )

5 prEpyRERY Yk PHERCtEY Srtilfetion, d Froveqnb WhichEomptisgs carrying out
Amgpded, el MBstittarib Bi Qﬁeﬁﬁleme bt Prsﬂg¥ﬂ1eﬁ'8mo¥ﬁed $nethanol
is formed by reaction of  propyl ene an hydr ogen
pedistiild®novhibly hasdmen neutrabfzep by pddiegoreof Dixasgematarial as the extractive
hygr ﬂen i n.a methanol solvent, and wherein product
pr ﬁ@ 208 sglicle i s separated from methanol and nethyl
5 formate by an extractive distillation, the
ingrovenent whi ch conprises carrying out the
ex®r act iNhe pavessy ¢f cdalinohwhetiehthe aqueguebettpnisotticansirom the

| ., di,stil)lati whi ch h
o SRS TR Pl BOREPHaE R B

extractive distillation solvent. 2. The process of
claim1l wherein the agqueous bottons streamfromthe
103net hdi§l Presi of staimnli hereint el pgusquiniboors kgrgam from the
metl{vl\lﬁlﬂadistﬁfaﬁ ] Hgﬂiiw%%érﬂﬁom%m@h? pgocess of claimi
ereln the aqueous bottons stre mirom the met hano
distillation is neutralized with amoni um hydroxi de. 5



