4 August 2006 1 DESCRI PTI ON PROCESS FOR PURI FYI NG PROPYLENE OXIDE 5
TECHNI CAL FI ELD The present invention relates to a process fq{A>%&#§5m§9
propyl ene oxide. Mdre particularly, the present invention re sto a
process for purifying propyl ene oxide by separating and recovering

propyl ene oxide froma liquid raw material which 10 is a liquid reaction

m xture containi ng propyl ene oxi de obtained by reacting cunene

hydr operoxi de with propyl ene, wherein the process can effectively obtain
hi gh purity propyl ene oxi de. BACKGROUND ART 15 A process for obtaining
propyl ene oxi de by reacting cunene hygseRepPxbde Wi th propylene is
publicly known. In this case, oxygen-containing conpounds such as water,
nmet hanol , acetone and propi onal dehyde, hydrocarbons and the like are
by-produced in addition to propylene oxide as a target product. Therefore,
20 a purification step PROSESHE RORMPURIFYINGVRROPYLENEr oNabRed for
obt ai ning high purity propylene oxide. It is disclosed in JP05-194455 Ato
subj ect propyl ene oxide containing water, nethanol and acetone as

inmpuritigs to extractive distillati Sin trlethylene gl ycol as an
extracta%t In addition, it is 25(#%5”&%&&& B patent 3,338,800 to

subj ect propyl ene op Gl e fornate a acet al dehyde
as inpurities to ext?g)(ﬁei Ve glﬂgﬂlt\é%s’o%elljg?ﬁﬁ L0 BRTPFERS go%ppalfging
car bons propylene oxide. More particularly, the present invention

relates to a process for purifying propylene oxide by separating
and recovering propylene oxide from a liquid raw material which
10 isaliquidreactionmixture containing propylene oxide obtained
by reacting cumene hydroperoxide with propylene, wherein the

process can effectively obtain high purity propylene oxide.

BACKGROUND ART
15 Aprocess for obtainingpropylene oxide by reacting cumene
hydroperoxide with propylene is publicly known. In this case,
oxygen-containing compounds such as water, methanol, acetone
and propionaldehyde, hydrocarbons and the like are by-produced
in addition to propylene oxide as a target product. Therefore,
20 a purification step of separating and recovering is required
for obtaining high purity propylene oxide. It is disclosed in
JP05-194455 A to subject propylene oxide containing water,
methanol and acetone as impurities to extractive distillation
using triethylene glycol as an extractant. In addition, it is
25 disclosed in U.S.Patent 3,338,800 to subject propylene oxide
containingwater,methylformateandacetaldehydeasimpurities
to extractive distillation using a paraffin of 6 to 18 carbons

as an extractant. Further, U.S.Patent 5,133,839 discloses a



as an extractant. Further, U. S Patent 5,133,839 discloses a 4 August 2006

2 method in which propyl ene oxide containing water, nethanol, Aﬂg&ﬁﬁbo
formate, propion al dehyde and acetone is purified in nulti-é%ag S anéian
al kane of 8 carbons is used as an extractant. 5 DI SCLOSURE OF THE

| NVENTI ON An obj ect of the present invention is to provide a process for
purifying propyl ene oxide by separating an@ recovering propyl ene oxide
froma liquid reaction m xture containing propylene oxide obtained by
reacti ng cunmene hydroperoxide with 10 propylene to extraction, wherein the

process can efdtedd ' | UL pr I oxide. That is, the
present invention r\gﬁia&%%agfgg%gggg {)%Erl'&epﬁglﬁ ?ﬁ%&“&r éﬁ%’e %%({Fla%?o{]'

whi ch conpri setchylsiftgnfate UpEop £kt hPAeALVEEULEAC g2 rQRy gnes 15
oxi de, and water, hydrocarbons aﬁrsld oxygeﬁl-ﬂ(cont al n%%%(??fgg%sg coirr%{lo%%d%nas

i mpurities omuditded tagesantiagatkaneeof BYEH OH6H 9Xis0es 88 (dy BA YR S8k arflS, @
liquid raw material, and separating and recovering propyl ene oxide fromthe
liquid raw material, wherein the process conprises the foll ow ng steps:

20 first step; a step of subj ectilg? the liquid raw material to extractive
distillat?on using a hydrocarbiFIHISURE OF OTHEr ENMBENTAONan extractant to

separate into the oyerhead st m contai ning nost of water and the
P (o

oxygen- cont ai ni ng i P 14955 1d'q RECBBREGH van Fiemnlscke amevigiepn aaydasss
oxi de, the hfgfoﬁai‘g‘f%n@n%rtotb@lene oxide by separating and recovering

Propylene oxide from a liquid reaction mixture containing
propylene oxide obtained by reacting cumene hydroperoxide with
10 propylene to extraction, wherein the process can effectively
obtain high purity propylene oxide.
That is, the present invention relates to a process for
purifying propylene oxide, which comprises:
using a liquid reaction mixture containing propylene
15 oxide, and water, hydrocarbons and oxygen-containing organic
compounds as impurities obtained by reacting cumene
hydroperoxide with propylene, as a liguid raw material, and
separating andrecovering propylene oxide from the liquid
rawmaterial, wherein the process comprises the following steps:
20 first step; a step of subjecting the liquid raw material
toextractive distillation using a hydrocarbon of 7 to 10 carbons
as an extractant to separate into the overhead stream containing
most of water and the oxygen-containing impurities and the bottom
stream containing propylene oxide, the hydrocarbons and the
25 extractant,
second step; a step 6f subjecting the bottom stream
obtained in the first step to extractive distillation using a

hydrocarbon of 7 to 10 carbons as an extractant to separate into



25 extractant, second step; a step of subjecting the bottom stream

obtained in the first step to extractive distillation using 34%3%%& g@ébon

of 7 to 10 carbons as an extractant to separate into 4 August

over head stream contai ning Propyl ene oxide and the bottom stream

cont ai ni ng hydrocarbons and the extractant, and third step; a step of

subj ecting the extractant used in the firs§ step and/or the second step to
distillation to purify 5 the extractant, wherein the bottom tenperature of
a distillation colum or extractive distillation (a(gl UZE ll:J)SRi\OII\V;\Ig Ie:ach (if
the steps isyyd3 10 BRI PLANATI T i g S
a fi gurg show %gg%%gﬁgég\r,\r% Leap o i‘)‘f’ 39 BLeRY %‘é?l?fﬁl%?cﬂé’é@ftrﬁ bcoldfg:m
resent Inve hgl ractive, di sti

Eol umm, 200: Q%tgrargctg?@lggri@tigggth?qrz%ll on oz% 1'_919(1 %% eﬁ%Js”FFItF‘Q Helim Iurm,

1.Line for supplyifgisdRsedy) engtey ge g@y\ﬁg@{fﬁgaéd%é G LOME N 1

wat er, hydrocarbons and oxygen - coitai ni ng- conpo

line of extrhbeifidersi sttidp ahdgercehese iy s%eg%é'd%f‘ﬂllétf‘@noéo purify
extractive distillation colum 100, 4. Overhead stream 20 |i ne of

extracti we dtheiéexbrachantlumm 100, 5. Extractant supplying line of
extractive distillation colum 100, 6. Bottom
wherein the bottom temperature of a distillation column
or extractive distillation column used in each of the steps is

130C or lower.

10 BRIEF EXPLANATION OF THE DRAWING
Fig. 1 is a figure showing one example of flow of a
purification process of thé present invention.
Explanation of symbols:
100: Extractive distillation column, 200: Extractive
15 distillation column, 300: Distillation column, 1.Line for
supplying a propylene oxide raw material liquid containing
water, hydrocarbons and oxygen-containing compounds, 2. Bottom
stream line of extractive distillation column 100, 3 .Refluxing
line of extractive distillation column 100, 4. Overhead stream
20 1line of extractive distillation column 100, 5.Extractant
supplying line of extractive distillation column 100 . 6. Bottom
stream line of extractive distillation éolumn 200, 7.Refluxing
lineofextractivedistillationcolumn 200, 8. Purified propylene
oxide stream line, 9. Extractant supplying line of extractive
25 distillation column 200, 10. Refluxing line of distillation

column 300, 11. Overhead stream line of distillation column 300

BEST MODE FOR CARRYING OUT THE INVENTION



streamline of extractive distillation colum 200, 7. Refluxing |I|ine of
extractive distillation colum 200, 8. Purif iedpropylene ox,i ﬂﬁg&s&?ﬁ@éﬂ
line, 9. Extractant supplying line of extractive 25 distillationcolum
200, 10. Refluxing line of distillation colum 300, 11. Overhead stream
line of distillation colum 300 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 4

August 2006 4 The liquid raw materi al

to e subjected to the purification

process of the present invention is a liquid reaction mxture containing
propyl ene oxi de obtai ned by reaction of cunene hydroperoxide with

propyl ene. 5 Usuphé V1.1idu¥a ©a9ChaeBria1Ces !ﬂeeguﬂp'écjtgdtﬂ? t@feeéﬁilﬁ%i% tgon

catalyst. The reaction is preferably carried oul In the pres

nce

catal yst conpaooebg aftthéprteiesONimién fifosild N 1ide rebc@ToRixture
vi ewpoi nt of obtaining a desired product under high" yield and high

sel ecti vi ty. cThtaiaiagy siromy ered eoahlly abithitedabyetebidtannies! tusdne
catal yst containing titanium chemcally bonded to silica. For exanple, a
cat al yst i n WhlEapereridai whthopsopyleare supported on silica, a catalyst in
whi ch %itaniun1co ound is conbined with silica by a co-precipitation

net hod o

a sol -

Uiahiy hodhe dreaction | ¢ it ewodmitiiengressnde ofi am

Carried out TACATPho HGRASE (HEITr X SHArARLY SHE-LER A LaIkhR Brepance

carri ed out

liquid underot he JLA014 O dSIPLLRAHECa apfjtgﬁf&rﬁyégntgfging silicon oxide

10

16

20

25

from the viewpoint of obtaining a desired product under high
yield and high selectivity. The catalyst is preferably a
so-called titanium-silica catalyst containing titanium
chemically bonded to silica. For example, a catalyst in which
a titanium compound is supported on silica, a catalyst in which
a titanium compound is combinedwithsilicabya co-precipitation
method or a sol-gel method, or a zeolite compound containing
titanium can be listed.

The reaction of cumene hydroperoxide with propylene can be
carried out in a 1iquid phase using a solvent. The solvent should
be liquid under the reaction temperature and pressure, and
substantially inert to the reactants and the products. The
solvent may be composed of a substance existing in a solution
of cumene hydroperoxide used. When, for example, cumene
hydroperoxide is a mixture with cumene, it is also possible to
substitute cumene for the solvent, without adding any solvent
in particular. Other useful solvents include monocyclic
aromatic compounds (e.g. benzene, toluene, chlorobenzene,
o-dichlorobenzene), alkanes (e.g. octane, decane, dodecane) and
the like.

The reaction temperature is usually 10 to 200TC, preferably



substantially inert to the reactants and the products. The 20 sol vent may
be conposed of a substance existing in a solution of cunene m&[ql Repek! de
used. Wen, f or exanple, cunmene hydroperoxide is a mxture w cunene,
it is also possible to substitute cunene for the solvent, w thout adding
any solvent in particular. Oher useful sglvents include nonocyclic 25
aromati ¢ conpounds (e.g. benzene, toluene,”chl orobenzene, .
o-di chl orobenzene), al kanes (e.g. octane, decane, dodecane) and the |ike.
The reaction tenperature is usually 10 to 200'C, preferably 4 August 2006
5 25 to 200r25The 20@Esuferpyelssuaepmaysbeea gnoegiut-@ &eSPgh o KeRSS ttih@n
m xture liquid. Inusual, the pressure is advantageously from 100 to 10000
kPa. The reattfBhieamigdiure heeid) yniswak r thd prews s hgadvaatalgesusily
the form of slurry or a fixed-bed. 5 The fixed-bed is preferred in the
case of a |a$5%f-“s1c°§/ EoilPRG kPa) Thepepaetdan gan advprtegeousdyreacaranedan

be carried o b bat ch 0cess seni _-conti nuous processor a
conti nuousdpéj%ge%%fn?ha FFEE?‘XSEa&Pn?FErFQFmCrBﬁt Q: ﬁ%‘;EFngEeﬁef?ﬁPgﬁzed-o
wat er, r K - )( ; .
hydr ocar rggns@?%;?g%%cﬁa%ngéﬁg\% ?ﬁgr%%ﬁt%k ghgg:r %c??\g €F§T¥£rﬁ‘f§¢ fB?‘Ba,traﬁi as
L?gp?éﬁggrzmhyd?méggf8:121@;%%(1 met hyimg?%rrnat e canqﬁ%ér@;tcg‘}%&;%e%ﬁar?ﬁl & of
a f low of pratehaplbbeesshadsemnt cohtifBoR&Y W Bess or acontinuous process.

The liquid rawmaterial contains proleene oxide, water,
hydrocarbons and oxygen-containing organic compounds, as the
10 hydrocarbons, hydrocarbons having 3 to 7 carbon atoms can be
listed, and as the oxygen-containing organic compounds,
compounds such as methanol, propion aldehyde, acetone and methyl
formate can be listed.
One example of a flow of preferable embodiment of the present
15 invention is shown in Fig. 1. A propylene oxide raw material
ligquid containing water, hydrocarbons and oxygen-containing
organic compounds as impurities is obtained by distilling and
separating a liquid reaction mixture obtained by reacting
propylene with cumene hydroperoxide in the presence of a catalyst.
20 The liquid raw material is fed to an extractive distillation
column 100 through a line 1. At the same time, for exXample,
n-heptane as an extractant is fed thereto. The extractive
distillation column 100 is a column for removing most of water
and oxygen-containing organic compounds contained in the raw
25 material, propylene oxide, they are discharged through a line
4 as the overhead stream, and n-heptane fed through a line 5
and propylene oxide fed through the line 1 are obtained as the

bottom stream. The bottom stream of the extractive distillation



15 Invention is shown in Fig. 1. A propylene oxide raw material liquid
cont ai ni ng wat er, hydrocarbons and oxygen-contai ni ng organic4gﬁgmg§ﬁg§ as
inmpurities is obtained by distilling and separating a |iquid reaction

m xture obtained by reacting propylene with cunene hydroperoxide in the
presence of a catalyst. 20 The liquid raw material is fed to an extractive
distillation colum 100 through a line 1.6 At the sane tine, for exanple,
n- hept ane as an extractant is fed thereto. The extractive distillation
columm 100 is a columm for renoving nost of water and oxygen -containing
or gani ¢ CoNPoYGHAnCeRbHAIRCEdd LHCahaWxEPalRIYE His i PPVE L8 OXLdRn 2OOY
are di scharged through a line 4 as the overhead stream and n-heptane fed
through a |iferSughn@d propy! ene pxhaerded tlar aihul fgnébigly Fem obd aithed
as the bottomstream The bottom stream of the extractive distillation 4
August 2006 extracnit@OdistikllataoanceXtmac20o elthrcigh laatliime ool BuriZded
through a line 2, n-heptane is sinmultaneously fed to the extractive

di still ati onprepyhenelixide disghbihinedothromghiad ingr 8§ fremdhexpyerhead,
obt ai ned through a line 8 fromthe overhead, 5 nost of the _hydrocarbons

cont ai ne@ i MeHE ¢F dRA AYEroGarPengy corfiaimed idhdhe: BEPPIIENSs opide raw
t t ant bt aj ned_th h | i 6 f t he bott Th

St ream obt a TRHET ot B0 R AT RIS ViS dher PRESACG AT i D50 Ped: BAZEHH

distillati i ae 6 b

Cont ai ned 10 IS iy (L0 S8Edal. WheCpolinly Srrelh BELRITE RIS, the

line 11, angetPEcPobboRLStEeaR B FNtRA 00 L6 L2347 861AVEistillation

column 300 through a 1line 6, most of the hydrocarbons contained

16 in the propylene oxide rawmaterial is discharged through a line
11, and the bottom stream 1is recycled to the extractive
distillation columns 100 and/or 200 through line 5 and/or line
9, respectively. In the present invention, operations of
colurmmns 100, 200 and 300 are carried out at a temperature of

15 the bottom of 130 or lower, preferably 120C or lower. When
the bottom tempera'tuice becomes too high, not only a loss of
propylene oxide but also degradationinpurityof propylene oxide
result from polymerization and/or isomerization of propylene
oxide.

20

EXAMPLE
Next, the present invention is illustrated by Examples.
Example 1
Propylene oxide and cumyl alcohol were obtained by reacting

25 cumene hydroperoxide with propylene in the presence of a cataljst .
After propylene oxide was separated from unreacted propylene
and cumyl alcohol in the liquid reactionmixture bydistillation,

crude propylene having the following composition was obtained:



distillation colums 100 and/or 200 through line 5 and/or line 9,
respectively. In the present invention, operations of cqunn§A$%Qt2§gg and
300 are carried out at a tenperature of 15 the bottom of 130r ?omer,
preferably 120cC or |ower. Wen the bottomtenperature becones too high
not only a loss of propylene oxide but also degradation in purity of

propyl ene oxide result from polynerizati &h and/ or isonerization of

propyl ene oxide. 20 EXAMPLE Next, the present :invention is illustrated by
Exanpl es. Exanple 1 Propyl ene oxide and cunyl al cohol were obtained by
reacting 25 CYIRAS hydroperOX|<%y¥té? gnein the presence of a
catalyst. After propyl ene oxide was separated from unreacted propyl ene

and cunyl al cog@elt%ltdéq“}dé]w d.003%t KN Wl gt e by distillation, crude
propyl ene having the foll ow ng conposition was obtained: 4 August 2006 7

Vater 0.07% by meeh@itol Acet al delppda byWGa2hdhyt wei ght  Met hanol 0. 008% by
wei ght Hydrocarbons 0.02% by wei ght 5 The bal ance propyl ene oxi de Crude

propyl ene oxi déyidavicartdiess abo0e0désboyi wedgbdnposition as a raw materia
was purified.
5 The balance propyiene oxide
Crude propylene oxide having the above-described composition
as a raw material was purified.
First step
The crude propylene oxide having the above-described
10 composition as raw material was fed at a rate of 80g/hr into
a distillation column (inner diameter of 30 mm) having bubble
cap trays of real plate numberof 80, andn-heptane as an extractant
was fed at a rate of 200 g/hr through an overhead line at the
top of the column. When the pressure was kept at a gauge pressure
15 of 0.13 MPa, the temperature of the top of the column was 66T,
and the temperature of the bottom of the column was 83C.
Second step
The bottom stream of the first step was continuously fed into
adistillationcolumn (inner diameter of 30mm) composed of bubble
20 cap trays of real plate number of 60 and a packed layer of 1
m, and n-heptane as an extractant was fed at a rate of 90 g/hr
into a place higher in the plate number of the column than that
at which the stream was fed. When the pressure was kept at a
gauge pressure of 0.1 MPa, the temperature of the top the column
25 was 48T, and the temperature of the bottom of the column was
117C.
The cbmposition of propylene oxide obtained by the

above-mentioned operation, became as below:



First step The crude propyl ene oxi de having the above-described 10
conposition as raw material was fed at a rate of 80g/hr into 4&y,0ust2006
distillation colum (inner dianmeter of 30 mm having bubble captrays of
real plate nunber of 80, andn-heptaneasanextractant was fed at a rate of
200 g/ hr through an overhead |line at the top of the colum. When the
pressure was kept at a gauge pressure 15 of 0.13 MPa, the tenperature of
the top of the columm was 66r, and the tenperature of the bottom of the
colum was 830C . Second step The bottom stream of the first step was
continuously f iAo a distil]ation colu Lnner dianeter of 30 mm
conposed of bubbtleeqzI 20 cap trayésdacﬁp"r‘e ‘ﬁ{;};?]é%nunber of 60 and a packed

| ayer of 1 m - as ragt s fe a rate of 90 g/ hr
/ sebxleale 12 o0 hCEY PO Sckoaeth,

into a place higher 1n tthe plat e colu an that at which

the stream wasMeethandien the pressypm B?waightabrale%%UQE pressure of 0. 1
MPa, the tenperature of the top the colum 25 was 48t, and the tenperature

of the bottom 8ydrioeaxtiamn waslo lggmCoyTheightpes g of propyl ene oxide
obtained by the above-nentioned operation, becane as bel ow. 4 August 2006
Wat er 209ppm b¥heebgianseet al dainafey leppnokydaeei ght or |ess Methanol 1 ppm
by weight or Iess Hydrocarbons 10 ppm by wei ght or |ess

Propylene oxide of high purity as the above-described

composition could be effectively obtained.

INDUSTRIAL APPLICABILITY
10 As described above, according to the present invention,
there can be provided a process for purifying propylene oxide
by separating and recovering propylene oxide from a liquid raw
material liquid which is a liquid reaction mixture containing
propylene oxide, and water, hydrocarbons and oxygen-~containing
15 organic compounds as impurities obtained by reacting cumene
hydroperoxide with propylene, wherein the process can

effectively obtain high purity propylene oxide.



5 The bal ance propyl ene oxi de Propyl ene oxide of high purity as the

above-descri bed conposition could be effectively obtained. Iygwgmgbﬁbs
APPLI CABILITY 10 As described above, according to the present invention,
there can be provided a process for purifying propyl ene oxide by
separating and recovering propyl ene oxide froma liquid raw materi al
liquid which is a liquid reaction mxture apntaining propylene oxide, and
wat er, hydrocarbons and oxygen - containing 15 organic conpounds as
impurities obtained by reacting cumene hydroperoxide with propylene,
wherein the process can effectively obtgln_hlgh purity propyl ene oxide. 4
August 2006 9 CLAIMS 1. A process for E?FF?lng propyl ene oxi de, which
conprises: 5 using a liquid reaction mxture containing propyl ene oxide,
and water, hydrocarbons and oxygen- containing organic conpounds as

I npurities obtainediby measlddudLWBNe,,VESAPeT §$g§1g£ hoRGQRY! ene. ,as a
Irguid raw materi al, and separating aﬁﬂlrég%veglﬁg opy eﬁ% g |ngiQQnthg
10 liquid rawompeises; wherein the process conprises the following steps:
first steg; a step of subjecting the liquid raw material to extractlve

on

di still at usi ng ausjdrpeadiiouicf rédatikh eailsNe containing propylene
oxide, and water, hydrocarbons and oxygen-containing organic
compounds as impurities obtained by reacting cumene
hydroperoxide with propylene, as a liquid raw material, and

separating and recovering p:opylene oxide from the
10 liquidrawmaterial, wherein the process comprises the following
steps:
first step: a step of subjecting the liguid raw material
toextractive distillation using a hydrocarbon of 7 to 10 carbons
as an extractant to separate into the overhead stream containing
_15 most of water and the oXygen~containing impurities and the bottom
stream containing propylene oxide, the hydrocarbons and the
extractant,
second step; a step of subjecting the bottom stream to
extractive distillation using a hydrocarbon of 7 to 10 carbons
20 as an extractant to separate into the overhead containing
propylene oxide and the bottom stream containing hydrocarbons
and the extractant, and
third step; subjecting the extractant used in the first
stepand/orsecondsteptodistillationtopurifytheextractant,
25 whereinthebottomtemperatureofthedistillationcolumn
or extractive distillation column in each of the steps is 130T
or lower.

2. The process according to claim 1, wherein the bottom



as an extractant to separate into the overhead stream containing 15 nost of
wat er and the oxygen- containing inpurities and the bottom S&r%@@tﬂxm
cont ai ni ng propyl ene oxi de, the hydrocarbons and the extractaﬁt, sécond
step; a step of subjecting the bottomstreamto extractive distillation
using a hydrocarbon of 7 to 10 carbons 20 as an extractant to separate
into the overhead containing propyl ene oxi de and the bottom stream
cont ai ni ng hydrocarbons and the extractl@nt, and third step; subjecting the
extractant used in the first step and/or second step to distillation to
purify the extractant, 25 wherein the bottomtenperature of the

distillati Xt i Lstillation colum in each of the steps
s 130t o?QT%§£§£H§g %ﬁelproceég g%@%%ding to claim1, wherein the bottom
4 August 2006 10 tenperature is 120cC or | ower.



