; LMe3e. ) . &, . Z<6r TY4CT/ JP03/ 01421 1 DESCRI PTI ON METHOD FOR RECOVERI NG
PROPYLENE OGXITJP08/0TETHNI CAL FI ELD The present invention relates to a nethod
for recovering propyl ene oxide. Mre particularly, the present invention
relates to a method far recovering propyl ene oxide, which is extrenely
advant ageous fromthe industrial viewpoiht in 10 particular, and which can
recover propylene oxide in high yield froma liquid reaction m xture
obt ai ned and can control problens such as decrease of the yield and
corrosion in the purification step gp¥sdsPP¥i6Re oxide to the mninmumleve
15 BACKGROUND ART A nethod for obtaining propyl ene oxide by oxidizing
propyl ene usi ng cunene hydroperoxi de as an oxygen carrier) is known in WO
01/05778 or the like. In this nmethod, since cunyl alcohol is sinmultaneously
produced toget her w t NETHODY IFORe RECGUERIENG | PRORVLBENEr OEd®Eed|l y used by
hydrogenating it to convert into cunene and returning to cunene

hydr oper oxi de by oxidi zing the cunene. DI SCLOSURE OF THE | NVENTI ON 25 An
obj ect gf the present inventors is to provide a nethod for recovering
propyl eéne oxi de, whi ch isextrenel F%ﬁivﬁfﬁ LProm the industri al

viewpoint in par tI‘.h%u' a:raSeggdlr\lA@ér? relates to a method for recovering
propylene oxide. More particularly, the present invention
relates to a method for recovering propylene oxide, which is

extremely advantageous from the industrial viewpoint in
10 particular, and which can recover propylene oxide in high yield
froma liquid reactionmixture obtained and can control problems
such as decrease of the yield and corrosion in the purification

step of propylene oxide to the minimum level.

15 BACKGROUND ART
A method for obtaining propylene oxide by oxidizing
propylene using cumene hydroperoxide as an oxygen carrier, is
known in WO 01/05778 or the like. In this method, since cumyl
alcohol is simultaneously produced together with propylene
20 oxide, it can be repeatedly used by hydrogenating it to convert
into cumene and returning to cumene hydroperoxide by oxidizing

the cumene.

DISCLOSURE OF THE INVENTION
25 An object of the present inventors is to provide a method
for recovering propylene cxide, which is extremely advantageous

from the industrial viewpoint in particular, and which can



PCTI JP03101421 2 recover propylene oxide in high yield froma liquid
reacti on mpPCTWire3/0bizdi ned and can control problens such as decrease of the
yield and corrosion in the purification step of propylene oxide to the

m nimum |l evel. 5 Nanely) the present invention relates to a nethod for
recovering propyl ene oxide, which conprizes separating propyl eneoxi defroma
| i qui dm xt ure contai ni ngpropyl ene oxi de, cunene and cunyl al cohol through
distillation using a distillation columm, wherein the bottomtenperature of
the 10 di stilJ-atl ' 90C.ar L ; SE-MPE 4 . THE
| NVENTI ON. 5 °t°ﬁ’tglg?’§g’§r#r%hr§v§r’ft]ﬁ%%n i H%g}“ﬁﬁf?ﬁm%t Ur & g%ﬁ?%ﬁﬁé@% ?;Sryﬂ ene
oxi de, cunpAgtdIE 6YAindlCanal chf G BHHEGIVbIEmS Ui@C ddecdiRR of

hydr oper oxi de and propyl ene to epoxidation in the presence of a catalyst.
Further) thaecparildash@ncosreseberablthe puridd caitiidm sttlep pfepeapglehea
catal yst containing titaniumcontaining silicon oxide fromthe viewpoint of
obt ai ni ng pPEdgE dve the asinimum gheyel d and hi gh selectivity. 20 These
catalysts are preferably so-called titaniumsilica catal ysts containi ng
titani un cheni caNejedghddda Prasendorimsenlororetabep| O 8 Bathpgsfor

o1 cpar ed by SCONBRINIR B AL LU ORAL G FORPFAcR Sy T v

co- preci pi L e, . i ni ng
titani um %?B?%ge%?ﬁ%?igggxgé”fgggggh"@E%ene ﬁéﬁ?%gééggi e use aggg%%éw
materi al f QhmRRRXisGR IRyl ROGMOB! Odd3dg8 aikeiu3ualion miqied by

aut o- oxi dati on using an oxygen-containing gas such as air,

oxygen- condéstridttedt iain cayludre, |wikere hmdthaybbe tamditlenipe mert wen sef puinef i ed
material or non-purified material . The solvent may be that which is
conposHY ofigtadtlatilan mabmm 1% H9¢hmere Iopeper oxi de sol ution used

But, it is preferable fromthe industrial viewpoint to use cunene as the
sol vent without adding a solvent in particular. The epoxidatior.

tenperature is usualgﬁ/s.f r'?(ﬁ%/gl%)gntzgggﬁaﬁégkbg’fbu ﬁfﬁﬁ@iahf rom?25 to

200. The pressure is usualTy _ : a pressure of 100 to
10000 kPa i's prefgr ahb & £00sh £edyih 165, | 43fd hQQulieMpekbireecantagnenegm cal

ef ficiency. The epoxidation can be carried out advantageously using a
catal yst i probglbdemncadidd Urdymére faxedehadl hncbhelcdse odftaaded gey scal e

i ndustrial operation, a fixed bed is preferably used. The amount of

propyl Ene ssbjsgdling tumen20hyidmeperpxiwlec an20ppepideale fosepox2fatimes by

mole to a nole anmount of fresh cunene hédroperoxide supplied for, .

epoxi dati oAD Ehej premenas af oh et ateh nc%uﬁFhﬁthth@v@PQ¥lqﬁ§kﬂ4eﬁ%

oxide yield to use_an excess anoynt_of propylene _to fresh dr oper.oxi de.

The extess PEROEAARIN GRbEFFOMEYT aft tiF EREAAE R REA GALPOT S oRe bRty nd

recovered By ¢l @ t¥n 1 41 PEGS °0k1 5BV BRbRORne! GARHOLHA! g OPY! ene
obtaining propylene oxide in high yield and high selectivity.

20 These catalysts are preferably so-called titanium-silica
catalysts containing titanium chemically bonded to silicon
oxide. For example, acatalyst prepared by supportinga titanium
compound on a silica carrier, a catalyst prepared by combining
a titanium compound with silicon oxide by a co-precipitation

25 method or sol gel method, a zeolite compound containing

titanium, or the like, can be listed.

Cumene hydroperoxide used as a raw material for epoxidation



25 is conducted by distillation. The recovery of propyl ene oxi de may be
carri ed outPGIWEQRP14Alep after the epoxidation, but it is preferable to
carry out the recovery using a liquid m xture PCTI JP03/ 01421 4 cont ai ni ng
propyl ene oxi de, cunene and cunyl al cohol after recovery of unreacted
propyl ene when energy required for distidlation is considered. Though
distillation conditions varies depending on the tenperature and conposition
of aliquid 5 reaction m xture supplied, a pressure of 0 to 1 Mra)

preferably i@ &kl Mot did&d By Ohufodaid8aRi8sS WeA G t €nperature of

the top of the colurm of O to 100C are usually illustrated. Asthe
di stil | at i exyEidndanatietcs gas gRichoss s 1100 @sdidag: - curtt én fat @t €d ol ot
nmet hod using sieve trays or the like are 10 illustrated, and the packed

col um net e ild ke efaardimay freom tdelviewnidensé ponifdefi mgtelmdagr egsure
difference between the bottomand top of the colum to |low, and the bottom
t enper at ur &g AUGAEiefl mptepiaderthe AedNensmay bejthaehilced s 6PMREFLEYI ng

15 the object of the present invention that the bottomtenperature of the
distillBel G BFAAF Al TSI HonBroURETS PCHARRAR G GoLNE Yot Bo8Fed.
Besi des, there is.not the | L lim f .th t t I

parti cul ar fﬁ%gdtiﬁﬁgoqro%éerr 1|9¥n‘§ Hed tpé% gfiggl%)?g%blo‘g?éﬁﬁ(g%%%%(L)u%%%gﬁlgget he

Concentrat%%nﬂﬂé(QHBGeﬁﬂ(%&¥ﬂoﬂgsa§§§959ahEgﬁv%B&e&nr?@@%ﬂcdﬂaﬂnreaCted
propyl ene, generation of water caused by dehydration of cunyl al cohol

becones remnar kabreanbgbxtibe theld eenperaeiataiie hecaney birgher tdhapaOQk
therefore, large energy for distillation separation in a propyl ene oxide 25
purificati emdspepfesabtiy fewm S6epp B0 bnes Thec premsureaust hsuahiat 00
generated for | ycol s by reaction wt ropyl ene oxi de, .and decreases the

ns h
yield & prté’pﬁpege kRageout qver/eﬁﬂolsqeoﬁzgog ? RO &fseds pERESERBASOf
materials of a.purification plant caysed by formation of condensed water,
is apprehel‘f(‘i’é‘(‘f’.il%l‘:?’%&rglfﬂ_%1’5e ﬁega‘ﬁ?k%’énfeﬁ*‘ﬁ%ﬁf‘-%ﬁ & eﬁé)qq"}llfs'ﬁ’ ated in nore
detail by ugdg | es bel ow. Exanple 1 40 Grans of a m xed sol ution
conposes of 5~ by weight of cunyl alcohol and 95 $ by weight of cunene as a

rl g\évcrmt erial 10 whkecepbaiaadion 8Anapk AEA DIRNadvahtedednscakedgat
a catalyst in the form of slurry or fixed bed. In the case
15 of alarge-scale industrial operation, a fixed bed is preferably
used.

The amount of propylene is usually 1 to 20 times by mole,
preferably 5 to 20 times by mole to a mole amount of fresh cumene
hydroperoxide supplied for epoxidation. It is effective on

20 maintenance of high level of propylene oxide yield to use an
excess amount of propylene to fresh hydroperoxide. The excess
amount of propylene left after the epoxidation is usually
recovered by distillation.

In the present invention, recovery of propylene oxide

256 is conducted by distillation. The recovery of propylene oxide

may be carried out in any step after the epoxidation, but 1t

is preferable to carry out the recovery using a liquid mixture




for 60 mnutes . a -Methyl styrene was produced by dehydration of cunyl

al cohol . TReETHes#Dt42ls shown in Table 1. Exanple 2 It was carried out in
the sane manner as in Exanple 1 15 except that the tenperature is 155 C
The result is shown in Table 1. Exanple 3 It was carried out in the sane
manner as in Exanple 1 except that the tenperature is 184 C. The result is
shown in Table 20 1. Conparative Exanple 1 It was carried out in the sane
manner as in Exanple 1 except that the tenperature is 194 C. The result is

shown in TaBhealniad pREYHRASINLARL 6cdAbAE dnd cumyl alcohol after
Exanpl eExarrpheExgr?pI%egoo ratrlga\?e, 123E'xa?rp| e lTelrlrpe(r:gt Hre heated( C

) 136155184384aviByyiod dnrakitdd . SfopileSe *wien anebyhyetivesnetos el d ( ~
) _ [Anount of a -methyl styrene pYOduced(nol)Janount of cunyi alcohol in
raw mat er | aigmlptdoh0q 5 chhes iabxaned ExXBnphgl dndtCddpdian o rEddniins wer e
carried out by using the raw material described above as a bottom|iquid,
respect i veVgrigsddepending ondthpdienprya twee tatheprpard thea ef atéarddooc
or hig&gr,Fproduction of styrene) nother words,. produ

S

wat er BRETREB! féiXFBrgé%m%d 45 BFaHEUBE O SURRrk MR cBE SPEEPOR

ContaininQOSEobx.l MPa in terms of a gauge pressure and a temperature
of the top of the column of 0 to 100C are usually illustrated.
2s thedistillationmethod, apackedcolumnmethodusingpacking,
and a plate column method using sieve trays or the like are

10 illustrated, and the packed column method is preferable from
the viewpoint of controlling the pressure difference between
the bottomand top of the column to low, and thebottomtemperature
to low.

In the present invention, it is required for achieving

15 the object of the present invention that the bottom temperature
of the distillation column is 190C or lower while propylene
oxide is recovered. Besides, there is not the lower limit of
the bottom temperature in particular, but the lower limit is
preferably about 100C.

20 Because the concentration of cumyl alcohol has become
high after removal of unreacted propylene, generation of water
caused by dehydration of cumyl alcohol becomes remarkable when
the bottom temperature becomes higher than 190C, therefore,
large energy for distillation separation in a propylene oxide

25 purification step as the next step, becomes necessary.

Further, water generated forms glycols by reaction with

propylene oxide, and decreases the yield of propylene oxide.



wei ght of propyl ene oxi de and 24~ by wei ght of cunyl al cohol were charged

i h an aut odCAwW030Mhe1 stirred and heated at 136C 15 for 60 m nutes.

a- Met hyl styrene was produced by dehydration of cunyl alcohol . Further )
propyl ene glycol was produced through a reaction of water wi th propyl ene
oxide. The result is shown in Table 2. Exanple 5 20 It was carried out in
the sanme manner as in Exanple 4 except that the tenperature is 155C. The
result is shown in Table 2. PCTI JP03101421 7 Exanple 6 It was carried out

N the sams[iRARer cagell EXIBLEOA SXGRRLCLIELs e J BIRRIAUMA if phEdE  The

result is shown In nparative Exanple 2 I't was carried out in

t he sane W%Hiﬁiecﬁ%irnfc@&ﬁé@i&%ﬁxla%ﬁaehﬁéh WAt repey Apieenend&4C. The
result is shown in Table 2. Table 2

Exanpl eExanpl eExanpl eConpar at i ve456Exanpl e 2Tenper at ure

heat ed( C) 136155174194a- M5 yi el d( % 0. 010. 020. 070. 40PG
concentrationl8354277' (ppm by wei ght )EXBMBRE*2 : Concentration of propyl ene
glycol in mxture after heating In each of the above Exanples 4-6 and

Conpar aPi ve Exafhft ®@TESent iiinentiemuiieht desddiiushRAifd I Brogisy P&t dxi de
was added tb% %usrg_ynlg %}gg{t\poiesanbdefgg\_ene, was used) and it is found that
Example 1
40 Grams of a mixed solution composed of 5% by weight of
cumyl alcohol and 95 % by weight of cumene as a raw material
10 were charged in an autoclave, then stirred and heated at 136T
for 60 minutes. @ -Methyl styrene was produced by dehydration
of cumyl alcochol. The result is shown in Table 1.
Example 2
It was carried out in the same manner as in Example 1
15 except that the temperature is 155C. The result is shown in
Table 1.
Example 3
It was carried out in the same manner as in Example 1 except
that the temperature is 184°C. The result is shown in Table
20 1.
Comparative Example 1
It was carried out in the same manner as in Example 1
except that the temperature is 194°C. The result is shown in

Table 1.
25



15 when the tenperature heated becane 190C or higher, production of
~: et hyl st yPEeRer¢¥bidRkabl y i ncreases, and propyl ene gl ycol also increases
together with the increases of a -nethyl styrene. | NDUSTRI AL APPLI CABI LI TY
20 As described above, according to the present invention, PCT/ JP03/ 01421
8 there can be provided a nethod for recévering propyl ene oxide) which is
extrenely advantageous fromthe industrial viewpoint in particular, and

whi ch can recover propylene oxide in high yield froma |liquid reaction

m xture obtaiged @and can control 5 problenms such as decrease of the yield
and corr osijon—in—the—purt+ft+eation—stepjof—propyrere—oxde—to—the—rmrhnum
| evel . PCT/ JP03101421 9 CLAl MExdmpAenai:thb IO 1EXSR0YET || OEmPa PRY L #BE
oxi de, whi gh conprises separat|ng propyl ene oxide froma liquid mxture 5
cont ai ni ng |propyl ene oxi de, cupeneland |cunyt al cohod thrjouEpkamipséi Il ation
using a digtiTTation colum, Wwherein thHé bottomtenperatjure of the
distillatiofemiarature @@t edi || ower. 2. The nethod accarding to claijm 1(
wherein the liquid mixture is a one obtlained by|recoverijng unreacted
propyl ene 10 from & *daction m xt &B€ obt aiXfe® by sdBiect|i ng ch¥tne

hydroperoxid@ﬂﬁ%?@5£$f%hgpﬁfio epﬁéﬁdatioq$ﬁ%) 5.5 118

/ NW#d/ N@i/ N, i , /N, 02t Nosavk/ N @B CEB=Po AU, 05612 -

e e sebetlradetl sl eml g pphgpheb e ady e oo
1

produced{mol) /amount of cumyl alcohol in raw material{mocl)]

x 100
5 ' The above Examples and Comparative Example were carried
out byusing the rawmaterial described above as a bottom liquid,
respectively, and it is found that when the temperature heated
becamelgotlorhigher,productionof(I-methylstyrene,inother
words, production of water was remarkable.
10
Example 4
40 Grams of a cumene mixed solution containing 3% by
weight of propylene coxide and 24% by weight of cumyl alcohol
were charged in an autoclave, then stirred and heated at 136C
15 for 60 minutes. & -Methyl styrene was produced by dehydration
of cumyl alcohol. Further, propylene glycol was produced through
a reaction of water with propylene oxide. The result is shown
in Table 2.
Example 5
20 It was carried out in the same manner as in Example 4
except that the temperature is 155C. The result is shown in

Table 2.
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4#@0%& =/i K- &10% & Y! 10(V & ()-110% & ()-1:%10% & ()-10% & ()-& 10% &

() - YM ?ggfgcz?“(%mi%l ‘ﬂé%@%%’—& 9*: $1o%/¢ &'(%)-(! 10% & ()-& 110% & ()-Y% 1
0% & .
$10% & () -1 9100% SPF-ERTTRER £08) 18 (L BPTETRINA 2504 REFPIBLAOYEERE sus1
0% & (). 2104 (el d0ME Liaka A bIybATA | #40%6e b L 1 GHBRRB S Irabh B (

)- 7! #10988& () - 7L, ? 1o
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10a8a8 10af=thle 2

Example | Example | Example | Comparative
4 5 6 Example 2
Temperature heated
(C) 136 155 174 194
@ -MS yield(%) 0.01 0.02 ¢.07 0.40
PG concentration 18 35 42 77
(ppm by weight) *2

10 *2: Concentration of propylene glycol in mixture after heating

In each of the above Examples 4-6 and Comparative Example
2, a liquid in which a small amount of propylene oxide was added
to cumyl alcohol and cumene, was used, and it is found that
15 when the temperature heated became 190C or higher, production

of ¢ -methyl styrene remarkably increases, and propylene glycol

also increases togetherwith the increases of @ -methyl styrene.

INDUSTRIAL APPLICABILITY

20 As described above, according to the present invention,
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_@ 10, 10%&H)ch itYE@xtremtd yl8d¥kan8ageous from the industrial viewpoint
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10%&' ()-Cs 10%& (f)-Cs 109&' ()-Cs 10%' ()-O? d ~nT*)?

yield from a liquid reaction mixture obtained and can control

5 problems such as decrease of the yield and corrosion in the

purification step of propylene oxide to the minimum level.
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s 109K () - G TB@/q(20s 109 ()-0Cs 109%& ()-Cs 10%& ()-G?*)?2 d ))? d s

10%&' ()-Cs 10%&' ()-Os 109%& ()-Os 109 ()-Os 109 ()-OPVbA*)? d ))

11 10%$& ()- [#10%$& ()-( 1,10%3$& ()- |1 110%$& ()- 1<'10%3$& ()-=s

109%& ()-0O0z}|[:*)? d 19%40%$& ()- |#10%$& ()- 1f110%3$& ()- |, 10%$& ()-
| & 10%$& ()- 1!110%$& ()-8 X F[[:*)? d 1 0010%$& ()- |.!110%$& ()-
I,110%$& ()- 1f*:3$10%$& ()- 1(!10%3P& ()- | "110%$& ()-!1H 11T obU4A?

| #109%43&' () - 10+$10+$10+$ | 7¢10%+3& ()-ﬁ&%[ %-$& ()- 113:$10%3$& () -
l,210%$& ()-!!111g" 2" [:bud? | 1 109 %'?- | 10944%& ()- 1110%$& ()- | Y
10%445& () - | plO9%H$P& () - 121094B& ()-2"|""""""| @U4? |

le! 10%1$& () -e! 10%48& () - | 10%& () - | &L0%B& () - | <! 10%$& () - |

10%4& () -"""""""uY9Miethod for recovering propylene oxide, which

el 10%4P& () -e! 10%$& () -) ?rH e! 10%B& () -e! 10%HP& () -e! 10%H$& () -"""""##uY=
buw4? comprises separating propylene oxide from a liquid mixture

el 10%145& () -e! 10%H$& () -) ?rH e! 10%4$& () - e! 10%$& () - e! 109%1$& () - #H####HH##DBbD
U4? el 10%-ERY 5N HTI4BRORY L §me 19l doseungre and gy plaohmltanough
H#IH(#) #7#<#d.lY bua? . . e . .

el 10%$& ()& '%LJ@&%%‘?’) YAng & fdatddIatinn Gt ) e &Rg Poriam ka4
] # #uY9bU4? s s .

el 100658 () SPIFARET )05 PP A ABEABEAEEOR FOREED A4S ODAEE AL F ot i 4 4
~##uY=bU4? 2. The method according to claim 1, wherein the liguid

el 109%$& ()-e! 109H$& ()-) ?rH e! 10%H$&’ () - el 109458 () - el 10%H$& ()-#######ng
W? el mixture is a one obtained by recovering unreacted propylene

, 1 <NB10% $& () -=e! 10%HB&' () -) ?rH e! 10%1H$& () - e! 10%1$&' () - e! 10%1$&' () - #$BS~
$3$$7% L9bUfrom 2 Irkgs koK ) mixtore0ohsaifpd by suLidN S8 )cumend 0% $&' () -
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