PCT/ JPQOL/ 02186 1 SPECI FI CATI ON *159159* PROCESS FOR PRODUCI NG PROPYLENE
OXIDE 5 TECHNI CAL FI ELD The present invention relates to

produci ng peroypoienziesxi de. More particularly, the invent 7“’”@@’"%“«@%
process for -produci ng propyl ene oxi de, wherein said process

propyl ene oxi de has excellent characteristics that 10 propyl enE’
converted to propyl ene oxide using isopropyl benzene hydroperOX|de obt ai ned

from i sopropyl benzene, as an oxygen carrier, that said |sop
can be repeatedly used, that the g 1#&5Af¥2§0r obtalnlng @ de
from propyl ene, can be conduct ed “Under Igh yield, and that hb@mgoa

a 15 purification step of propylene oxide as a product can be reduced.
BACKGROUND ART A process in which propylene is oxidized using ethyl benzene
hydr oper oxi de as an OXBRICESSiIIFORIPRODUCING [FROBY¥IENE OXIDE and 20 styrene
I's known as Hal con process. Since, in this process, styrene is inevitably
produced together with propylene oxide, it is unsatisfactory fromthe

vi ewpoi nt that_ onl prolylene oxide is to be selectively produced. On the
ot her hand_fézﬂﬂﬁﬁéﬁLiﬂilh process in which propylene 25 is converted to
ProBY! ene oxi de e Bk B8Rt R BSPESH Gt MU RS Y432 BoPEdRiRng
propylene oxide. More particularly, the invention relates to
a process for producing propylene oxide, wherein said process
for producingpropylene oxide has excellent characteristics that
10 propyleneisconvertedtopropylene oxideusingisopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen
carrier, that said isopropylbenzene can be repeatedly used, that
the epoxidation for obtaining propylene oxide from propylene,
can be conducted under a high yield, and that the load in a

15 purification step of propylene oxide as a product can be reduced.

BACKGROUND ART

Aprocess inwhichpropylene isoxidizedusingethylbenzene
hydroperoxide as an oxygen carrier to give propylene oxide and
20 styrene is known as Halcon process. Since, in this process,
styrene is inevitably produced together with propylene oxide,
it isunsatisfactory fromthe viewpoint that only propylene oxide
is to be selectively produced.
On the other hand, a concept of a process in which propylene
25 1s converted to propylene oxide using isopropylbenzene
hydroperoxide obtained from isopropylbenzene, as an oxygen

carrler, and said isopropylbenzene 1s repeatedly used, is



carrier, and said isopropyl benzene is repeatedly used, is PCT/JP01/ 02186 2
described in Czechosl ovak Patent No. CS 140, 743. The process described in
sai d pat entecdpemipeiiseont ai n preci se descriptions on necessary steps
except oxidation step, epoxidation step and hydrogenol ysis step. Various
problens arise in practical 5 recyclingf isopropyl benzene and therefore
the patent cannot be said as sufficient for industrial realization.

DI SCLOSURE OF THE | NVENTI ON Under such circunstances, an object of the

bresent 10 JJuENAN 1565cheRERYLYRKIPPLLALEN | ¢s RUBUYABNT PhOM igs#x de,

wherein said process for producing propylene oxide has excellent

characteri fdscrideat 18" 9PVH Pt drit 80BYEId € Eond almOP¥EeNSe Qid ster i pisi dtis
i"sopr opyl benzene hydroper oxi'de obtai ned from i sopropyl benzene, as an oxygen
carrier, thaf neeedsiryi SOPpemadeptzentdasnohes tepe @pediidatsed, staptande
epoxi dation for obtaining propyl ene oxide from propyl ene can be conducted
under a hi glydrageholyais stten he Viagdguisn pxopdemsi extlisen 1ot dgFacgficgdopyl ene
oxi de as a product can be reduced. Nanel the invention relates to a
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% by weight or less: oxidation step; a step in which isopropyl benzene is

DISCLOSURE OF THE INVENTION

Under such circumstances, an object of the present
10 invention is to provide a process for producing propylene oxide,
wherein said process for producing propylene oxide has excellent
characteristics that propylene is converted to propylene oxide
using isopropylbenzene hydroperoxide obtained from
isopropylbenzene, as an oxygen carrier, that said
15 isopropylbenzene can be repeatedly used, that the epoxidation
for obtaining propylene oxide from propylene can be conducted
under a high yield, and that the load in a purification step
of propylene oxlde as a product can be reduced.
Namely, the invention relates to a process for producing
20 propylene oxide, which comprises steps described below, wherein
the concentration of water in a solution containing
isopropylbenzene hydroperoxide tobe supplied to the epoxidation
step 1s 1 % by welght or less:
oxidation step; a step in which isopropylbenzene 1is
25 oxidized to obtaln isopropylbenzene hydroperoxide,
epoxidation step; a step in which isopropyl hydroperoxide

obtained in theoxidationstep isreactedwithpropylene toobtain



25 oxi di zed to obtain isopropyl benzene hydroperoxi de, epoxidation step; a
step in which isopropyl hydroperoxi de obtained in the oxidation step is
react ed wi telarpyrepyberse to obtain PCT/JP01/ 02186 3 propyl ene oxi de and cunyl
al cohol, and hydrogenol ysis step; a step in which cunyl al cohol obtained
in the epoxidation step is subjected to 3iydrogenolysis to obtain
| sopropyl benzene, and sai d i sopropyl benzene is recycled to the 5 oxidation
step as a raw naterial for the oxidation step. BEST MODE FOR CARRYI NG QUT
THE | NVENTI QN The, oxi datd O sd e&hrﬁaﬂt dHEsennd nvention is a step in

ed to o

whi ch isopfbpffbenzene I's oxidiz tain isopropyl benzene 10

hydroper oxi de. Thg,dpdftaid 19k 1Y s t &9 Ph&REPIEIRDEN bamys édldohodf dieted Rtk dy

aut oxi dati on wi th oxygen-containing gas such as the air, an

oxygen- enr i aheHe aipoxildd i skep {B1subjedted do hpdrogemolysys he alaraired out
W thout any additive or with an additive such as an alkali. The reaction

t enper at ur eLsopucpElbenZxhe 0 apd0$r1d 3 sopdoplyd beggenieohs Fraosled te theial | y
bet ween the atnospheric pressure and 5 MPa. In the oxidatjion with an

addi tiv8, taeldatdan ster|aricd mARAIteRtal npdth AR R K KoH and
aueous solutions thereof; and al kaline earth netal conpounds, alkal

net al carbonates such as Na2C03, NaHCO3 , ammonia, (NH4) 2C0C3, 20 al kal

net al ammrgég@. %ﬁ%f%%fﬁ@ 6[5.1461.}1@%% sol ution thereof. The

epoxi dat i on—step—t+Hthe—present TnventTomr TS a Step
The oxidation step in the present invention is a step in

which isopropylbenzene is oxidized to obtain isopropylbenzene

10 hydroperoxide. The oxidation of isopropylbenzene is usually
effected by autoxidation with oxygen-containing gas such as the
alr, an oxygen-enriched air or the like. The oxidationreaction
may be carried out without any additive or with an additive such
as an alkali. The reaction temperature is usually 50 to 200°C,

15 and the reaction pressure is usually between the atmospheric
pressure and 5MPa. Intheoxidationwithanadditive, thealkali
includes alkali metal compounds such as-NaOH, KOH and aueous
solutions thereof; and alkaline earth metal compounds, alkali
metal carbonates such as Na,CO;, NaHCO;, ammonia, (NH4)2CO3,

20 alkali metal ammonium carbonates and the like, and aqueous
solution thereof.

The epoxidation step in the present invention is a step
in which isopropylbenzene hydroperoxide obtained in the
oxidation step is reacted with propylene to obtain propylene

25 oxlide and cumyl alcohol. From a viewpoint that the desired
product should be obtained in a high yield and under a high

selectivity, the epoxidation step 1s preferably conducted in



I-n whi ch isopropyl benzene hydroperoxi de obtained in the oxidation step is
reacted with propyl ene to obtain propylene 25 oxi de and cunyl al cohol. From
a Vi ewpoi'ntpcrhado1ybgrgdesi red product shoul d be obtained in a high yield
and under a.high selectivity, the epoxidation step is preferably conducted
in PCT/JP01/ 02186 4 the presence of a cajalyst containing a
titaniumcontaining silicon oxide. The catalyst is preferably a catal yst
containing titaniumchemcally bound to silicon oxide, so-called

t.itani umsil,ica catal yst ' Hoen ' L ohs
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or sol -gel titani umcontaining Zeolite conpounds or the like. In

the presenttitienin GChenSEPIDPBAGIE efe SWILoperexide, S6-csEleds the raw
material for the epoxidation step may be a dilute or thick purification or
non- puri f i ciattamniym-osiicica Tt &wst datExamprlese mayn dinsclorde ipghduatshyln
contacting propylene and isopropyl benzene hydroperoxide with a catal yst.
The reabti orhigly dettornrilem ecompound j 1R SUPPREEE PP oS Lbigantaratenhe
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titanium-containing zeolite compounds or the like.
In the present invention, isopropylbenzene hydroperoxide
10 used as the rawmaterial for the epoxidation step may be a dilute
or thick purification or non-purification product.
The epoxidation reaction is carried out by contacting
propylene and isopropylbenzene hydroperoxide with a catalyst.
The reaction may be conducted in a 1iquid phase using a solvent.
15 The solvent must be a 1liquid under the reaction temperature and
pressure, and substantially inert to the reactants and the
product. The solvent may be composed of a substance existing
in a solution of the hydroperoxide used. When, for example,
isopropylbenzene hydroperoxide is a mixture with
20 isopropylbenzene as the raw material, it is also possible to
use said material, without adding a solvent in particular, as
the solvent. Other useful solvents include aromatic
single-ring compounds (for example, benzene, toluene,
chlorobenzene and o-dichlorobenzene), alkane (for example,
25 octane, decane and dodecane) and the like.
.The epoxlidation temperature is generally 0 to 200°C and

preferably 25 to 200°C. The pressure may be any pressure



20 i sopropyl benzene as the raw material, it is also possible to use said
material, wthout adding a solvent in particular, as the solvent. O her
useful sol wert/spdebuske aromatic single-ring conpounds (for exanple,
benzene, toluene, chlorobenzene and o-di chl orobenzene), al kane (for
exanpl e, 25 octane, decane and dodecaneg and the like. The epoxidation
tenperature is generally O to 200C and preferably 25 to 200C. The pressure
may be any pressure PCT/JPOL/ 02186 5 sufficient to keep liquid state of the
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process or the like. en a liquid containing the raw materials for

reaction i sapaxedy st in ahghf arhiofed sieatryt be acbinégsbeds e £oredi-bed at
all or 10 substantially in a liquid m xture discharged froma reaction
zone. TIi%e hi/slmompdieninesi $nsthegp caget vt aplaxeat scalenndnstinlal opesptianwhi ch
cunyl al cohol obtained in the epoxidation step is subjected.to

hydr ogenol y57 484 tdianyi fhe Al eardr cagndedsouhity # LARBHPFBERSENe i s
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When a 1iquid containing the rawmaterials for reaction is passed
through a fixed-bed, the catalyst is not contained at all or

10 substantially in a liquid mixture discharged from a reaction
zone.

The hydrogenolysls step in the present invention is a
step in which cumyl alcohol obtained in the epoxidation step
1s subjected to hydrogenolysis to obtain isopropylbenzene, and

15 said isopropylbenzene 1s recycled to the oxidation step as the
raw material for the oxidation step. In other words, the same
product, l1.e. lsopropylbenzene, used in the oxidation step is
recovered. The hydrogenolysis is usually carried out by
contacting cumyl alcohol and hydrogen with a catalyst.

20 As a catalyst, any catalyst having a hydrogenation
ability can be used. Examples of the catalyst include metal
catalysts of metals of the group 8th to 10th such as those of
cobalt, nickel, palladium and the like and metal catalysts of
metals of the group 11th or 12th metals such as those of copper,

25 zinc and the like. Copper catalysts are preferred from the
viewpolint that by-products are suppressed. The copper

catalysts include copper, Raney copper, copper-chromium,



product, i.e. isopropyl benzene, used in the oxidation step is recovered.
The hydrogenolysis is usually carried out by contacting cunyl alcohol and
hydrogen Wwgch,fodabmlegst . 20 As a catal yst, any catal yst having a
hydrogenation ability can be used. Exanples of the catal yst include netal
catal ysts of netals of the group 8th toglOth such as those of cobalt,

ni ckel , palladiumand the Iike and netal catalysts of netals of the group
11th or 12th netals such as those of copper, 25 zinc and the |ike. Copper

catal ysts are preferred fraomih | J Lt - Qs s are
C ee rC- §. ecr ’ CCO£Opaﬁ I; - roﬂl%-% ir}lc y fp, -Fg lqg}gg

suppr essed. sts e coppe ney "copper,
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copper-silica, copper-alumna and the |Iike. The reaction can be conducted

in a liquigliphase pheisedusis@b\dllveiit bP 1d §gacevaspinms . Tihessd Manit nust
be substantially inert to the reactants and the product. 5 The sol vent may

contain a st deceubsitahitnglily Anentuto dheofreactiantsnahdathhe patodissd.

When, for exanple, cunyl alcohol is a mxture with isopropyl benzene as the
product § i tThHe sedyeint mayt gontainhe ssubgtanee exddtigd isopveptution of
particular, as the_solvent. 10 O her useful solvents include al kane (for
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to use this, without adding a solvent in particular, as the
solvent.

10 Other useful solvents include alkane (for example,
octane, decane and dodecane), aromatic single-ring compounds
(for example, benzene, ethylbenzene and toluene), and others.
The temperature for the hydrogenolysis reaction is generally
0 to 500°Cland.preferably 30 to 400°C. Generally, the pressure

15 is advantageously 100 to 10,000 kPa. The hydrogenolysis can
advantageously be carried out with a catalyst in the form of
a slurry or a fixed-bed.

The process of the present invention can be carried
out by a batch process, a semi-continuous process or a continuous

20 process. When a solution or a gas containing the raw materials
for reaction is passed through a fixed-bed, the catalyst is not
contained at all or substantially in a ligquid mixture discharged
from the reaction zone.

In the present invention, it 1s necessary that the

25 concentrationofwater inasolutioncontainingisopropylbenzene
hydroperoxide to be supplied to the epoxidation step is
controlled to 1% by weight or less, preferably 0.5% by weight



0 to 500C and preferably 30 to 400C . Cenerally, the pressure 15 is

advant ageously 100 to 10,000 kPa. The hydrogenol ysis can advantageously be
carried outecwy idviaozrmsal yst in the formof a slurry or a fixed-bed. The
process of the present invention can be carried out by a batch process, a
sem -conti nuous process or a continuous 720 process. Wien a solution or a
gas containing the raw materials for reaction is passed through a

fi xed-bed, the catalyst is not contained at all or substantially in a
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I nvention, 'S necessary at t entration of water 1n a solution
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époxi dation step is controlled to 1% by weight or |ess, preferably 0.5% by
wei ght PCT/phi¥ly Dstl86x1der. Besidesfpeppiydeneantisie wist e pampye @ feomdtine i n
the epoxidat ion step to formglycols, and therefore, decreases a yield of
propyl ene oeattidesiidnsid propyl ene oxide is separated fromthe reaction
liquid. 5 But, since water in the reaction liquid.is segarated to

propyl efe oxi de HWe, sdRcex¥pieEnéRghne Feasfidedanichds $ePatapadate
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From these view points, it is necessary to control the
concentration of water in the solution containing

10 isopropylbenzene hydroperoxide tobe supplied to the epoxidation
step within the range of the present invention.

As a method of controlling the water concentration, any
method of a method of removing all or part of water to outside
of the systemof the steps inthepresent inventionbydistillation,

15 extractionorthe like; amethod of converting to another compound
by a reaction; a method of reducing the concentration by
absorption or the like; and the like, may be used.

When removing to outside of the system, a step of removal
of water (herein-after, may be referred to as "water removing

20 step”) can be conducted in at least one place in the'oxidation
step, epoxidation step and hydrogenolysis step or in at least
one place between which the steps are connected. And, taking
into consideration that water is produced in the oxidation step,
there are cases of adding water in the oxidation step and of

25 operation of water washing after the oxidation step, the water
removal before the epoxidation step is preferable from the view

point of effective batch removal.



step within the range of the present invention. As a method of controlling
the water concentration, any nethod of a nethod of renoving all or part of
wat er to oulceyskw1/0f1d6he system of the steps in the present invention by
distillation, 15 extraction or the like; a nethod of converting to another
conpound by a reaction; a nmethod of redgicing the concentration by
absorption or the like; and the |like, may be used. Wen renoving to outside
of the system a step of renpval of water (herein-after, nay be referred

t.o " wat ' tep” | | '
o dat i on' ot op, FAEEEREe T Ind BReatA T IAVERE o) Phe AN eI et

t he oxi dation step,

one pl ace hgt waehryhh el ddia slEePse HA RAVIEELREai Mg {1540 EpylbePzene
consideration that water is produced in the oxidation step, there are

cases of addidxpperexide tdebexdiniliigd steptitnepdx diatopmi adtam 0 wat er
washing after the oxidation step, the water renoval before the epoxidation
step i s pregmafddabIy dni He by ewighdi or desef f Borevpréfierbivndvil % by

PCT/ JP01/ 02186 8 Further, in the present invention, the concentration of
an or gahi c wekaghtbfox hees®i uti on cont ai ni ng i sopropyl benzene hydroper oxi de

to be s lied to th i dation, ' f bly, 0.5 %b I ght
[ ass, mol 6 pref er By SBSELEYApS HLFBIBNEALE FaeeS. Byhe REFAVIRE OF1HA 1 hi s
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mai nt ai ned
high level and the life of the catalyst can be kept for longer

time.

10 Still further, in the present invention, it is preferable
that isopropylbenzene hydroperoxide supplied to an epoxidation
step has not undergone a heat history including heating at a
temperature not lower than the temperature (t C) represented
by the following equation(1l),

15 t (C) = 150 - 0.8 x W (1)

W: content (% by weight) of isopropylbenzene hydroperoxide

in a solution containing isopropylbenzene hydroperoxide.
By specifying within this range, the activity of the
catalyst used in the epoxidation step can be maintained at high

20 level and the life of the catalyst can be kept for longer time.

Moreover, in the present invention, the concentration
of sodium of the solution containing isopropylbenzene
hydroperoxide to be supplied to the epoxidation step is
preferably 0.1 % by weight or less.

25 By specifying within this range, the activity of the
catalyst used in the epoxidation step can be maintained at high

level and the life of the catalyst can be kept for longer time.



high level and the life of the catalyst can be kept for longer tine. 10
Still further, in the present invention, it is preferable that

i-sopr opy!l berereneo Iyydigyper oxi de supplied to an epoxidation step has not
undergone a-heat history including heating at a tenperature not |ower than
the tenperature (t t) represented by the follow ng equation(l), 15t (t) =
150 - 0.8 x W(1) W content (% by weight) of isopropyl benzene

hydr operoxi de in a solution containing isopropyl benzene hydroperoxi de. By

speci fyi ng ﬂ&%@%fbtfis range, the activity of the catalyst used in the

epoxi datio be naintained at high 20 level and the life of the

catal yst can be keniofgf1d@nushdl g MEGHHGEy1Lbdnt bife REFEEM L AYRRL T ON.

the concentration of sodiu e sol uti'on ‘contail ning i'sopropyl benzene

hydr oper oxi lteving ewatep! dAtbdit el AP OXi 6182 iB0BySSIYn S 1 sPESh eLrlbysDyl %
by weight or less. 25 By specifying within this range, the activity of the
cat al yst uspaissed tthremixiadftixed bedpfrewmimbme msactar red the hrghentevef and
the life of the catalyst can be kept for |onger tine. PCT/JPOL/ 02186 9
Exanpl e 51 A2 sl tanigmweon takning i sbbrany |axddee eatialmsdpator gatehafi h9 a
wat er concenfration of 0.2 % by weight is continuouslgrogassed t hrough a

fixed bed fHHIRHPY a3} 7L i PrePelepeRetel Jrol of isopropylbenzene

hydroperoxide. The conversion of cumene hydroperoxide is kept
99 % and the reaction is steadily stabilized by controlling
the inlet temperature. At this case, the reaction temperature
10 is 60C, and the selectlvity of propylene oxide is 95.0 %.
Comparative Example 1
When the epoxidation is carried out in the same manner
as in Example 1 except that the water concentration is 2 % by
weight, the selectivity of propylene oxide decreases 91.4 %.
15 When propylene oxlde is separated from the reaction liquid after
the epoxidation, an extraenergy for separation step of propylene
oxide 1s required because water in the reaction liquid is

separated propylene oxide side.

20 INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there can be provided a process for producing propylene oxide,
wherein sald process for producing propylene oxide has excellent
characteristics that propylene is converted to propylene oxide

25 using 1sopropylbenzene hydroperoxide obtained from
isopropylbenzene, as an oxygen carrier, that said

isopropylbenzene can be repeatedly used, that the epoxidation



5 a titaniumcontaining silicon oxide catalyst at a rate of 10 tinmes by

mol of propylene per 1 nol of isopropyl benzene hydroperoxide. The

conver si on mfr/ceomoe1deydr operoxide is kept 99 % and the reaction is
steadily stabilized by controlling the inlet tenperature. At this case,

the reaction tenperature 10 is 60t, andjighe selectivity of propyl ene oxide
is 95.0 % Conparative Exanple 1 Wien the epoxidation is carried out in
the sane manner as in Exanple 1 except that the water concentration is 2 %

Y ooy ene. SAGPS SETINLL SaBLOMAERE PHLE, TEHESEREP, Be Yifn B 0O
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requi red because water in the reaction liquid is"” separated propylene oxide
side. 20 I NDUSTRI AL APPLI CABI LI TY As descri bed above, according to the
present invention, there can be provided a process for produci ng propyl ene
oxi de, wherein sald process for produci ng propyl ene oxi de has excel | ent
characteristics that propylene is converted to propyl ene oxide 25 using

i sopropyl benzene hydroper oxi de obtai ned from i sopropyl benzene, as an oxygen
carrier, that said isopropyl benzene can be repeatedly used, that the

epoxi dation PCT/JP01/02186 10 can be conducted under a high yield, and that
the load in a purification step of propyl ene oxide as a product can be
reduced.



PCT/ JP01/ 02186 11 CLAIMS 1. A process for producing propyl ene oxi de, which
conpri ses steps descri bed bel ow, wherein the concentration of water in a
sol ution caﬂnaunnngzuabpropylbenzene hydroperoxide 5 to be supplied to the
epoxidation-step is 1 % by weight or |less: oxidation step; a step in which
| sopropyl benzene is oxidized to obtainiisopropyl benzene hydroperoxi de,
epoxi dation step; a step in which isopropyl hydroperoxide obtained in the
oxidation step is reacted with propylene to obtain 10 propyl ene oxi de and
cunyl al cohol, and hydrogenol ysis stegagmgtep in which cunyl al cohol
obtained in the epoxidation step is s&bjected to hydrogenolysis to obtain

| sopropyl benzene, 1andy sﬁfdi:éses)mwéﬂ:bﬁim&ﬁg IigrdBENeT £ bt iad heyh st dat i on
step as a raw naterial for the oxidation step. 15 2. The process according

to clai m1,cooptsss gtaps descriibed babowngvied hylbealzecencendutatiida of t he
systemin at |east one place of the steps or between which the steps are
connect ed. @atqnheirplao%@égt&@nmqnuﬁ;inmg:liaiomrppwﬂbz,nzmrbyﬂroperoxide

concentratlon of water is 0.5 %Db ght or less. 20 .
5 to be supplied to the epoxida lon step is 1 % by weight or less:

oxidation step; a step in which 1sopropylbenzene is
oxldized to obtain isopropylbenzene hydroperoxide,

epoxidation step:; a step in which isopropyl hydroperoxide
obtained in the oxidationstep is reactedwithpropylene toobtain

10 propylene oxide and cumyl alcohol, and

hydrogenolysis step; astepinwhichcumylalcoholobtained
in the epoxidation step is subjected to hydrogenolysis to obtain
isopropylbenzene, and sald isopropylbenzene 1s recycled to the
oxidation step as a raw material for the oxidation step.

15 2. The process according to claim 1, comprising a step
for removing ethylbenzene to outside of the system in at least
one place of the steps or between which the steps are connected.

3. The process according to claim 1 or 2, wherein the
concentration of water is 0.5 % by welght or less.

20



