DESCRI PTI ON PROCESS FOR PRODUCI NG PROPYLENE OXI DE TECHNI CAL FI ELD
The present invention relates to a process for producing propylene
oxi de, More particularly, the present: invention relates to a
process for producing propylene oxide in which fornmation of nethyl
al cohol as an inpurity can be effectively lip reduced In a step for
obt ai ni ng propyl ene oxide by reacting alperoxide selected fromthe
group consisting of hydrogen peroxide and organi c hydroperaxi des
havilng 2 or nore of carbon atonms with propyl ene. BACKGROUND ART in

a process for obtaining propyl ene oxkserbyrfott di zi ng propyl ene using
a peroxide as an oxygen carrier, use of hydrogen peroxide, peracetic

aci d, ethyl benzene hydroperoxi de, cunene hydroperoxide, t-butyl
hydr operoxi de or the like , is known ée, g 20 Kagaku Binran (third
revision ) (edit , by tBROCFESaKORhBRPREFT %&R%R‘&:E%&&DFO-GQ),
Since various inmpurities are contained in crude propyl ene oxide
obt ai ned by the above process in addition propylene oxide as a

target prgduct, a purification stepuiiecareroyimg the inpurities is
requi red. For 26 exanple, as the inpurities,. methyl alcohol is

listed as a hardihe psepantblevednponerfiates boddktixnress Epghproducing

conponents such as hydrocarbons and heay onponents such as
acet one, ThoﬁgﬁPYH%necﬁﬁ%@ﬁnr%ﬂqqn?QHtiﬁB}%§ﬁyalggﬁoPr%iﬁﬂEn3ﬂ¥?WH+°n
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purification step. is nportant factor for ‘quality control of
propyl ene oxirdemadion ¢ adidll dheiteihas aotinyeen tgnyaefdfeeffwet inakbx

for
10 reduced in a step for obtailning propylene oxide by reacting
a peroxide selected from the group consisting of hydrogen
peroxide and organic hydroperoxides having 2 or more of carbon

atoms with propylene.

15 - BACKGROUND ART
In a process for obtaining propylene oxide by oxidizing

propylene using a peroxide as an oxygen carrier, use of hydrogen
peroxide, peracetic acid, ethylbenzene hydroperoxide, cumene
hydroperoxide, t-butylhydroperoxide or the 1like, isknown (e.g.

20 Kagaku Binran (third revision)(edit. by the Japan Chemical
éociety, pages 610-612). Since various impurities are
contained in crude propylene oxide obtained by the above
process in addition propylene oxide as a target product, a
purification step for removing the impurities is required. For

25 example, as the impurities, methyl alcohol is listed as a hardly
separable component, in additilon to light components such as
hydrocarbons and heavy components such as acetone. Though the
concentration of methyl alcohol contained in crude propylene

oxide to be subjected to a propylene oxlide purification step,



controlling the concentration of methyl alcohol. Therefore, further

i nprovenent has been required because of a variation Cin the quality
of propyl ene oxi de as aproduct caused by a frequent fluctuation of a
| oad for nethyl alcohol renoval in the purification step. DI SCLOSURE
OF THE | NVENTI ON 10 Under such situations, the present inventors
found that the nmethyl al cohol concentraion in crude propyl ene oxide
obt ai ned i n production of propyl ene oxide through reaction of a

per oxi de selected fromthe group consisting of hydrogen peroxide and

organi ¢ _hydr 99%9%%8?19&%! | #1125 10 o PO s Of t £ BEREAO 1 B8R F'\.'Mahé oxide
propyl ene, or In pufified propyl ene oxide, can be controlled by
control i ng hbeacpns@ntt attihmreohasetbyl beby danp exiie delwonndieredoirn a
solution containing a peroxide as a raw material to be supplied to
an epoxi dat i eantsreplingidine conpprateatine ¢hsitivdn alsebper et HoT e Uk
propyl ene oxi_de,js_optai ned b enuvi ng.
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invention is to provide a process for 25 producing propyl ene oxi de,
whi ch conpri sescsupplyn ngf & lswditicon meshai alaghal pesrexiale igeltéet ed
fromthe group consisting of hydrogen peroxide and organic

hydr oper oxi d@8T1RAGREEC® Brethore of carbon a toms as a raw nateri al
and propylene. to an epoxidation step to react the peroxide with
propyl ene, 3 and reducing the variation in a |oad for methyl alcohol
removal in the purificati omISice0SURRIOEODHE OINVENIEON anount  of

et hy! 10 Under such situations, the present inventors found that
the methyl alcohol concentration in crude propylene oxide
obtained in production of propylene oxide through reactlion of
a peroxide selected from the group consisting of hydrogen
peroxide and organic hydroperoxides having 2 or more of carbon
15 atoms with propylene, or in purified propylene oxide, can be
controlled by controlling the concentration of methyl
hydroperoxide contained in a solution containing a peroxide
as a raw material to be supplied to an epoxidation step, then
completed the invention.
20 Herein, crude propylene oxide is obtained by removing.
unreacted propylene, the corresponding alcohol produced and
" a solvent by distillation from a reaction mixture obtained in
the epoxidation step.
An object of the invention is to provide a process for
26 producing propylene oxide, which comprises supplying a
solution containing a peroxide selected from the group
consisting of hydrogen peroxide and organic hydroperoxides
having 2 or more of carbon atoms as a raw material and propylene

to an epoxidation step to react the peroxide with propylene,



al cohol to lower level. Nanely, the present invention relates to a
process for 5 producing propyl ene oxide" which conprises. supplying
a solution containing a peroxide selected from the group consisting
of hydrogen peroxide and organi c hydroperoxi des haying 2 or nore of
carbon atons as a raw material and propylene to an epoxidation step
to react the peroxide with | propylene,3and controlling a
concentration of nethyl hydroperoxide in the solution to

be. suppi.ied to the epoxidatlon step to control the nethyl alcohol

concentrati Ognhrkéad&%go{:RQWaﬂ £28h 48 a W e mh8yRIL5¥Ho1 removal
invention relates to a process for y producing propyl ene oxide,

whi ch conpri sestisépRintifigaaisal stéon andond@t 1 Xigirey peraxewet o¢ Beteyl
fromthe group consisting of hydrogen peroxide and organic
hydr oper oxi déleaphgte dePvWedrkevedf- carbon atonms and propyl ene to an

epoxi dation step to.rea t he peroxid i n j
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suppl i ed go %aﬁeﬂiégd%%%%gﬂenét&adé, fdh®n0 cbmpRMEE8: 100 ppm by

wei ght. REST MODE F I NG QUT THE | NVENTI ON As the peroxides to
be reacted with sppadyliegea bytvoen co2fagedomi depewrkigigasilected from
by=d. r ope. aoxi des having 2 or nore_ of carbon atogEPare preferably

used, and andh§ OKESE EOREBABLLIRG RfogBIiFagsd Pere*gPe2PP P ey Abte, ~ As
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.10 propylene, and

controlling a concentration of methyl hydroperoxide in the
solution to be.supplied to the epoxidation step to control the

methyl alcohol concentration in crude propylene oxide.
Further, the present invention relates to a process for
15 producingpropylene oxide, which comprises supplyingasolution
containing a peroxide selected from the group consisting of
hydrogen peroxide and organic hydroperoxide having 2 or more
of carbon atoms and propylene to an epoxldation step to react
the peroxide with propylene, wherein a concentration of methyl

20 hydroperoxide in the solution to be supplied to the epoxidation

step is from 0.1 ppm to 100 ppm by weight.

BEST MODE FOR CARRYING OUT THE INVENTION
As the peroxides to be reacted with propylene, hydrogen
25 peroxide and organic hydroperoxides having 2 or more of carbon
atoms aré preferably used, and among these cumene hydroperoxide
is more preferable.
As an Example, a process for producing propylene oxide using

cumene hydroperoxide as the peroxide (cumene method) is mainly



an oxidation step of obtaining ounene hydroperoxide by oxidizing
cunmene; 5 an epoxidation stop of obtaining propyl ene oxide and cunyl
al cohol by reacting ousene hydroperoxida obtained in the oxidation
step with propylene in the presence of a solid catalysts a step of
converting cunyl alcohol obtained in the 10 epoxidation step into
cunene by subjecting cunyl alcohol to dehydration-hydrogenation

or hydregenoly sis, andrecycling the aunene obtained to the oxidation
step, and a purification step of obtaining purified propyl ene oxide

an a producte%§%9£§ééy1 ghég?fyaﬂgrggylene oxide in which a unreacted
u a an

propyl ene, o coho cunmene are renoved from a reaction
m xt ur e obt ai nedhienctihenepaxtiged i @mtstie@:by distillation A solution
cont ai ni ng curnene ahydroperoxl de obtained in the oxidation ste
al so contai ns umPeg&idatéoneptel operddttivigiag GEGe&esBYQE?P?rQ¥4Q§LPY

: cet opt nenoue ﬁgnyl al cohol, water and nethyl hydroperoxide and the
i ke as inpuP#? 1R LYW ‘on contai ning cunene hydroperoxide

produced kn oxi dat b9k SiSPLdS ssHpRld 8@ taifibhHribydendadt Ole Shapcumyl
after controlling nmethyl hye roperox:ide concentration. As control

met hod, washiangonbl howatexctahdy crun2hedhyfichparpwhdarebtaiadt invdhigod

of washing with water include that after, nixing of the(%gluti q§%
with water, tradatieRrster wildpRTARId PRt d"atHAt BFeFaYTRd a[ﬁﬁ}

and all phas%,c_1 %?ﬁgtg he water phase is renoved (these-, operations
may be repeatea “or nore tinmes), Ratio of the volunme of the

sol ution and watelstdp 0@ Wpniérooh§ablyll G/cbHc bblaindd20hi the 1/1
s pref erlgbl ee-pox:l.datil.on step into cumene by subjecting cumyl alcohol to
dehydration-hydrogenation orhydrogenolysis, andrecycling the
cumene obtalned to the oxidation step; and
a purification step of obtaining purified propylené oxide
as a prdduct by purifying crude propylene oxide in which
15 unreacted propylene, cumyl alcohol and cumene are removed from
a reaction mixture obtained in the epoxidation step by
distillation.
A solution containing cumene hydroperoxide obtained in the
oxidation step also contains unreacted cumene (operating as
20 a solvent), and acetophenone, cumyl alcohol, water and methyl
hydroperoxide and the like as impurities. A solution containing
cumene hydroperoxide produced in oxidation step is supplied
to the epoxidation step'after controlling methyl hydroperoxide
concentration. As control method, washing with water and/or
25 distillation are listed. Method of washing with water include
that after mixing of the solution with water, the mixture is
separated into a water (agqueous) phase and oil phase, then the
water phase is removed (these operations may be repeated two

or more times). Ratio of the volume of the solution and water



If o/wis too large, it is inpossible to control nethyl
hydroperor:ide concentration in the solution of ter renoved water
phase, and if o/wls too small, water phase renpoved becone too

| arge. The tenperature of washing with water in nornmally 0 to 95 AD
and 20-75 TV is preferable. If the tenperature is too high, There is
a possibility of increasing unfavorable &ide reactions of cunene
hydr operoxi de lite heat deconposition. And if the tenperature is too
low, it in not econonical because of too 10 nuch energy to cool the
sol uti on. %(%?é?'mnﬂn.ﬂw bed m hat €1 andh GeNLi BYOLSL QREsALE SR &,
available. It is possible t0 reuse renoved water phase by m xing
with fresh wateb/asivasdd MNanwd.erit As dingpbebinlée obo codnimpl pediad
tower and plate tower are 15 available, but are not linmted to
Qperati on cohdirpparetideireprenbrabirR bk A S0 Uden FhhardPnqypd water

normal Iy the tenperatur f the to f. th | i '
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pressure of the™ 20 bottom of the colum is -100 to 500 kPaG A

sol uti on conteai‘Gi agd cwreseChydpopgesrbde . ddntholtewgerature is too high,

concentration of methyl hydroperoxide by the nethods nentjoned ove
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means of 1iquld it gmoiﬂ%%%@%ﬁ% %&ezﬁegg CESSAos LM Ohhad i ENene

met hyl hydr operori o ration Dby repeating the above-washing
operation or denpeeasupe iHecdd atdy, Aunher nbd ébenchsddl katdamsec of uhno
or changing the condition of distillation colum. If too nuch nethyl
hydr oper dRi denucsnehasgyi ho agoebl the ot 8dHteai-ni ng cumene

hydr operor. i de, gsoevag}{gggcmoesttho%, both batch and continuous operation are

available. It 1s possible to reuse removed water phase by mixing
with fresh water as washing water.

As distillation column, packed tower and plate tower are

15 available, but are not limited to. Operation condition of
distillation columnisnot limited, but normally the temperature
of the top of the column is 30 to 150 C., the pressure of the
top of the column is -100 to 500 kPaG, the temperature of the
bottom of the column is 30 to 150 C, and the pressure of the

20 bottom of the column-is -100 to 500 kPaG.

A solution containing cumene hydroperoxide controlled the
concentration of methyl hydroperoxide by the methods mentioned
above is preferably analyzed the concentration of methyl
hydroperoxide by means of liquid chromatography and, if

25 necessary, controlled the methyl hydroperoxide concentration
by repeating the above-washing operationor increasing the plate
number in the distillation column or changing the condition
of distillation column. If toomuchmethyl hydroperoxide remains

in a solution containing cumene hydroperoxide, too much cost



is required at the purification step. On the other hand, too nuch
cost for the operation of washing step and/or distillation stepis
required to control nethyl hydroperoxide concentration in a solution
cont ai ni ng cunene hydroperoxide to 0.1 ppmor 5 less. Therefore, it
is preferable to control the concentration of nethyl hydroperoxide
to 0, 1 to 100 pp m nore preferably d.16 to 50 ppm nost preferably
1 to 20 pprn. In purification step, elimnation of |ight conponents
such as hydrocarbons, heavy conmponents such as acetone, and net hyl

12 al cohol and phe.dideat %h@a?ﬁffﬂié&ﬁidh Bakbl. Cth afHley othlee ARhAYI too
al cohol concentration in propylene oxide as a product, is required

to reduce depesHicwgtoforistesomermricon dHwesbing sdleprmdtinAletlihbatbien
alcohol is difficult in a usual distillation o erati o therefo

it is requi réGePd-ﬁE%q%%t?H’%’Ft% RS e BT RO RP e TS EPBROBFE R hbon
like, furth ; P
e, furt et & baigeuoh s X pIRbSe i ARLAARAOl, (he0I €t bgl ox

di stillatjonieakuniher@idbrideit iiléegﬁwswm)mwmroll\ﬁmedaceﬁtration
extractive distillation are described in JP 2001-302E49 A, "P 20

2-238548 200A& mmwphm@@pe:z@u@@ tA 0 Oh tich&0BtuRsr. Rakd PrefediadilygOt b
the present invention, such_t he case, B@ concentration of nethyl
a

al cohol cont &°néd PPH'C?%ﬂE PRORA dxi®e “QaRPBe consi der abl y
reduced by conty0 hhkﬂsi Q@:L&Ftstexg YA ORRIQNASE AQBEeN bl drdh i1 shiBR

25 sol ution contalhing t e peroxi de such as cunene hydroperoxide to
d, 1 to 100 pphhyabseaps@ier abhyyOsdngandst sppurh rosacpteher abid/methyd
20 ppm thereby reducing the purification |oad for netgy al cohol

the extrd8ti \péc@ihgtlmn%ghediﬂre d9 grpelecsht FNEHEYL rJé’ccB‘?%if“ﬁahVE

the present | rlve%tl Orclzbnlcten ragfgél:m %:;o%ﬁfefn'ec'ogﬁhleyas a product, is

required to reduce depending on users demand. However,
elimination of methyl alcohol is difficult in a usual
distillation operation, therefore, it is required to use means

15 of an extractive distillation or the like, further, a large
load, for example, increase of theoretical plate numbers in
the extractive distillation, addition of a distillation column
and the like become necessary. Methods of extractive
distillation are described in JP 2001-302649 A, JP 2003-238548

20 A and JP 2005-281163 A.

On the other hand, according to the present invention, in
such the case, the concentration of methyl alcohol contained
in crude propylene oxide can be considerably reduced by
controlling the methyl hydroperoxide concentration in the

25 solution containing the peroxide such as cumene hydroperoxide
t0 0.1 to 100 ppm, more preferably 0.1 to 50 ppm, most preferably
1 to 20 ppm, thereby reducing the purification load for methyl
alcohol inthe extractive distillati'on toalargeextent. Namely,

accordingto thepresent invention, it is possibletoefficiently



7 produce propyl ene oxi de contai ning aaaat hyi al cohol in a snal
amount: conpared to conventional mnethodsr EXAMPLE The present
invention Is described in detail by Exanples below, Exanple I
Various solutions (raw material for epoxidation) containing cunens
as a solvent having methyl hydroperoxi de(8411) 10 concentrations
(measured by liquid chromat ography nmethdd) shown in Table | were
obt ai ned by subjecting to water-washing and distillation under
various conditions of a cunene solution of cunene hydroperoxide

cont ai ni ng 1?’92@9% C;ﬁio %@Bﬁk&@%&&ai%r@hﬁ@ﬂyﬂfamed.n a small

respectively ose solutions was subjected to epoxidation
with propyl eneuh® ebhparedriapyeerentiodel(68thodd50 ' C as operation
tenperature and 5,d to 7.0 kPaG as operation pressure), Thus

obt ai ned reaction mxture was distilled to renove unreacted

propyl ene, subsequently distilled forEQEﬁﬁi ing crude 20 propyl ene
oxi de by renoving cunens and ommyl al cohol. The concentrati on of

met hyl al gohol (RlONrekBneathv&itids 1R ARYEONBe@Xitlaiaras 1TegSBxadp Dys
a gas chromat ography nethod, and shown in Table 1, The crude

propyl ene oxbdeowas further purified by a 25 conventi onal
purification nethod using rectification colums containing publicly
known extracEx@BPdPstillation for obtaining a purified propylene,

oxi de havi ng a.W%#¥§u§%§¥q§¥o Cﬁﬁﬁfﬂ%f@%iéﬁf??%WBxhﬁaEf@ﬁ?cénEEQHlng
results shown in Table 1, %o ow ngs are found.
cumene as a solvent having methyl hydroperoxide(MPO)

10 concentrations (measured by liquid chromatography method)
shown in Table 1 were obtained by subjecting to water-washing
and distillation under various conditions of a cumene solution
of cumene hydroperoxide containing 110 ppm of MPO obtained by
oxidation of cumene, respectively.

15 Each of those solutions was subjected to epoxidation with
prdpylene to obtain propylene oxide (60 to 150 C as operation
temperature and 5.0 to 7.0 kPaG as operation pressure). Thus
obtained reaction mixture was distilled to remove unreacted
propylene, subsequently distilled for obtaining crude

20 propylene oxide by removing cumene and cumyl alcohol.

The concentration of methyl alcohol (MeOH) in each crude
propylene oxide was measured by a gas chromatography method,
and shown in Table 1.

The crude propylene oxide was further purified by a

256 conventional purification method using rectification columns
containing publicly known extractive distillation for
obtaining a purified propylene oxide having a methyl alcohol
concentration shown in Table 1.

From results shown in Table 1, the followings are found.



8 There is a correlation ship between the concentration of nethyl
hydroperoxide in the raw material for epoxidation and the
concentration of nethyl alcohol in crude propylene oxide or purified
propyl ene oxi de, Table I

....................... e e e e e iiiiieee.. MID MECH
concentrati on MeOH concentration concentration in in crude propyl ene
in purified rﬁ\é{féﬁisealﬁnfeqrat%hdﬁlﬁ QQVJ:éék?tﬁé'éiﬁxcéfﬁQ)&Ftdéh'&mméEHﬁ
by weight) (ppm by weight) (ppm by weight) 7.5 132 4.8 ------
------------- hydroperoxide in-the an-material-for 3p5x16at£bﬁ5and the
---------------------- 10.0 252 436.11.8 ND 3 RIL

od '"." npni_._ , can control a :n. s - n rretbyl
by ot ing arﬁu%‘lf‘igﬁoaﬁ?pgq'??econ%%%]ned the sol ution containing of
aperoxidep as a a later to be supplied to ::sae :epoxida. ion . gip..

and ::'hicc. nao:..: of aload of me \ al o..ho.for
purification. Tablewhi ch separationis . ? .'. |.. |7 can be = -:e.
,ly ; n:p 'e3d .

MPO MeOH concentration |MeOH concentration

concentration in |in crude propylene |in purified

raw materlal for | oxide propylene oxide
epoxidation (ppm by weight) (ppm by welght)
(ppm by weight)

7.5 _ 132 4.8
8.5 151 5.6
10.0 252 7.4
34.0 436 11.8

INDUSTRIAL APPLICABILITY

According to the present invention, there can be provided
10 a process for producing propylene.oxide, which can control an
amount of methyl alcohol by controlling an amount of methyl
hydroperoxide contained in the solutioncontainingof aperoxide
as a raw material to be supplied to the epoxidation step, and
which can control a load of methyl alcohol for purification
15 to lower level because the concentration of methyl alcohol in
which separation is difficult, can be efficiently suppressed

to lower level by controlling the concentration of methyl

hydroperoxide of the solution as the rawmaterial to lower level.



to lower |evel by controlling the concentration of nmethyl. ::.yd
operO xi 40 : t ine . sitionClL .. :io "wMateri .l to owJ. Ile,
V, I i 9 CLAIMS 1, A process for producing propyl ene oxide, which
conprises: supplying a solution containing a peroxide selected from
the group consisting of hydrogen peroxi de and organi ¢ bydroperaxi de
having 2 or more of carbon atons as adraw material and propyl ene to
an epoxidation step to react the peroxide with propyl ene, and
controlling a concentration of methyl hydroperoxide in the solution
supplied to the epoxidation step todmarmMsto 20 ppm by wei.g}ht. 10 2.
The process according to claim1, wherein the solution containing a
peroxi de selected fromthe group consisting of hydrogen peroxi de and
organi ¢ hydroperoxide having 2 or nore-of carbon atons as a raw
material is walsHedrooass fvrmpguclagd)/r@pylang prideatvadch eprBBYIEI| t he

met hyl hydroperoxide concentration .in the solzation, 1S The
process accor (ﬁ“ﬁQiXIBg@l %?W'il‘il} CORSIRING § H%mﬁé&o%qﬁ@e& drorp, ég% BHRH c

i d& havi ng,. f carhy , : '
P oyt o 8 hghifp Of hTBH kel pt AL It AT nichhy didfoRASRERRRELE Mo of
cunene hydiQpsddxiotes aLf raw ﬁa%ﬂlmﬁx?gweddm bSo:aH@4i6m dtepMiEFeRich

cunene hydroperoxide is produced by oxidation of cunene.
the peroxide with propylene, and

controlling a concentration of methyl hydroperoxide in the solution
supplied to the epoxidation step to be 1 to 20 ppm by weight.

10 2. The process according to claim 1, wherein the solution containing a
peroxide selected from the group consisting of hydrogen peroxide and organic
hydroperoxide haying 2 or more of carbon atoms as a raw material is washed
with water and/or distillated to control the methyl hydroperoxide concentration

15 in the solution.

3. The process according to claim 1, wherein the peroxide is the organic
peroxide having 2 or more of carbon atoms.

4. The process according to claim 3, the organic peroxide having 2 or more
of caijon atoins is cumene hydroperoxide.

5. The process according to claim 4, wherein cumene hydroperoxide is

20
produced by oxidation of cumene.



