; NOe3ea<a9lL"n 6VT*/ PCT/ JP02/ 09213 1 SPECI FI CATI ON PROCESS FOR PRODUCING
CUMENE 5 Technical Field The present invention relates to a pr

produci ng cUFEREYORit e particularly, the present invention rel Pﬁ’ﬁﬁ ’Hm,”'”m
process for producing cunmene having excellent characteristics

catalyst in the original oxidized state fan be reduced 10 econonlcﬁqﬂF

whil e preventing the catalyst fromdetertorating by heat, and further that
a washing step of the catalyst is not newy required at use of the

catal yst. Background Art 15 Cunyl %P%@I\F)ICA'EI@ﬁnverted |ntol_dmmmmumummmmh
hydrogenol ysis in the presence of a copper-based catalyst.

copper -based catal yst is usually provided as a precursor in whichieegper
contained therein is in an oxidized state, therefore, it requires a
reducti on by hydrogen i n uBROCESSHEMR FRODUCING iGUMENE obl em t hat t he
reduction generates heat, the heat is accunulated in the catalyst thereby
to cause sintering thereof and the like , and the catalyst is deteriorated
.- For avoiding the problem there is a nmethod of diluting hydrogen with a

| ar ge aRourfleghinigalk gykeldo proceed the reduction nmildly. 25 However, there

Is a problemthat this nmethod requires a | arge
The present invention relates to a process for producing

cumene. More particularly, the present invention relates to
aprocess for producing cumene having excellent characteristics
that a catalyst in the original oxidized state can be reduced
10 economically while preventing the catalyst from deteriorating
by heat, and further that a washing step of the catalyst is

not newly required at use of the catalyst.

Background Art

15 Cumyl alcohol is converted into cumene through
hydrogenolysis in the presence of a copper-based catalyst.
Herein, the copper-based catalyst is usually provided as a
precursor in which copper contained therein is in an oxidized
state, therefore, it requires a reduction by hydrogen in use.

20 However, there is a problem that the reduction generates heat,
the heat is accumulated in the catalyst thereby to cause
sintering thereof and the like, andthecatalyst is deteriorated.
For avoiding the problem, there is a method of diluting hydrogen
with a large amount of nitrogen to proceed the reduction mildly.

25 However, there is a problem that this method requires a large



PCT/ JP02/ 09213 2 anount of nitrogen, therefore, is not econom cal.

Di-scl osure of the Invention Under such situations, an object of the present
i nventi on FAIFPPHBtHbyi de a process for produci ng cunene havi ng excel | ent
characteristics that a catalyst in an original oxidation state can be
reduced econom cally while preventing thf catal yst fromdeteriorating by
heat , and further that a washing step of the catalyst is not newy
required at use of the catalyst. 10 Nanely, the present invention rel ates
to a proceszmewrt ppHouttnggennehberafipch . cdspnosesoonepdidadg a copper - based
catal yst by reducing a copper-based catal yst precursor containing copper in
an oxidi zed state with hydrogen in |liquid cunene, and subjecting cunyl

al cohol to hydrogenolysis in the 15 presence of the copper-based catal yst.
Best Mode fREkschosyregobuthenhényanthphon As the copper-based catal yst used
for producing cunmene by subjecting cunyl alcohol to hydrogenol ysis, copper,
Raney 20 copper ,Un@gpsucthsbhiiatioosppan obijest obfppee poesentubnyention
copper-silica, copper-alum na and a conpound containing these are

i |1 ustr &t edis Sinpgovidecappercdss b praldpsting cpmeviedbdvasgaexaealgst
precursor in which copper is oxidized, it is necessary to convert 25 the
precursor icharadieexhstlystthdlr auggtalysic tinoan gfridimal BELAARADIV9L48e3
precursor prior to use. In the present invention, the precursor is reduced
by hydrogercambe reéducedemareimicrl kywbide pseventiingorise ofateliorste@uomi on,
t he hydrogen concentration in cunene is preferably 0.01 to 1. 0% by wei ght,
mor e pref erdstgripaiping dw heaty, awadgfiurtherHMNA LI @uwakiHng Istegpadethe

Vel ocity) of cunene is preferably 0 to 10 h-1 (herein, when LHSV is 0, it
means a bat@htakysodis et newlyededauilsadt aipusst ofe the wmadfadivatl y 100 to
250'C , nore preferably 140 to 200'C . Further, it is preferable to control
so thatlOt he di f fNamsiee, Heievarresend inygrttenreebttan tol otpradeshafosf a
hot spot becones 30C or |ess for preventing fromsintering of the catal yst
during redREQHICING eyrene esehichnoemprbfesadrapadtingd aofcoppedurdiasedunene
by subjecting cunyl alcohol to hydrogenolysis in the presence 15 of the
copper - baseRREREF§ hY ¥eduebng od ﬂgpnﬁﬁné%eér catplysttr preeurEar

hydr ogenol ysis is usually carried out by contacting cunyl alcohol wth

hydr ogen i FAHE 1 RefEPPST Lhcar sdidiqed shatecdtth v areodre 1gatigeddout
in a liquid phase using a solvent or in a gas phase. The solvent should be
20 subst antGuleRe i f&¢ suhleré ingacvail sa kerhehd o hydragenolys isp ipeihe

15 presence of the copper-based catalyst.

Best Mode for Carrying out the Invention

As the copper-based catalyst used for producing cumene
by subjecting cumyl alcohol to hydrogenolysis, copper, Raney
20 copper, copper-chromium, copper-zinc, copper-chromium-zinc,
copper-silica, copper-alumina and a compound containing these

are illustrated.
Since the copper-based catalyst is provided as a catalyst
precursor inwhich copper isoxidized, it is necessary to convert

25 the precursor into the catalyst through reduction of the




may be conposed of a substance existing in a cunyl al cohol solution used.
When, for exanple, cunyl alcohol is a mxture with cunene as the product,
it is p055|¥ﬂQgW¥W%@% cunmene as a substitute for the solvent w thout addlng
a solvent in 25 particular. Oher useful solvents include
al kanes(e. g. oct ane, decane, dodecane) ang aromati ¢ nonaocyclic
conpounds(e. g. PCT/ JP02/ 09213 4 benzeng, ethyl benzene, toluene) and the
| i ke. The hydrogenol ysis tenperature is usually 0 to 500C, and preferably
30 to 400C. pAéeupsesuior soaseanlageve piresbit 1nvdODOnkRme phecursor
hydrogenol ysis can be advantageously carried 5 out using the catalyst in
the form ofim séducgdobyahfdxedehedn &hdipgruddesonifaimisndrasatie ) nvention
can be carried out by a batch process , a sem -continuous process , or a
conti nuous procdssorditimns ofhtheredast ioh ,t tite prydEserjen ogRbEhePatIon
favorably 10 applied to a hydrogenolysis step in production of propyl ene
oxi de cont almicupeinfee i &qhtefid rgb k¢ ONDL bEillald by wé Bghit Andlreppoérabhsilgi ng
curmrene hydroperoxi de by oxidi zing cunene; epoxidation step: a step of
obt ai ni g pe opY| Emed oki ke wetight, canylisva(LoteidbYoueagt Spgceuvenecity)
hydr oper oxi de obtained in the oxidation step with propylene in an excess
anount in téE queseecks ofrefeepbkydattonlcatdl isérédna whahi DHstrage; oand
hydr ogenol ysis step: a step of obtaining cunene by

it means a batch method), and the reduction temperature is

preferably 100 to 250C, more preferably 140 to 200°C. Further,

it is preferable to control so that the difference between a

10 temperature of an inlet and that of a hot spot becomes 30T
or less for preventing from sintering of the catalyst during

reduction.

In the present invention, as a method of producing cumene
by subjecting cumyl alcohol to hydrogenolysis in the presence
15 of the copper-based catalyst, the following manners are
illustrated. The hydrogenolysis is usually carried out by
contacting cumyl alcohol with hydrogen in the presence of the
catalyst. The reaction can be carried out in a liquid phase
using a solvent or in a gas phase. The solvent should be
20 substantiallyinerttothereactantsandthe product. The solvent
may be composed of a substance existing in a cumyl alcohol
solution used. When, for example, cumyl alcohol is a mixture
with cumene as the product, it 1s possible to use cumene as
a substitute for the solvent without adding a solvent in
25 particular. Otheruseful solvents include alkanes (e.g. octane,

decane, dodecane) and aromatic monocyclic compounds(e.g.



subj ecting cunyl al cohol obtained in the epoxidation step to 20

hydr ogenol ysi s, and recycling the cunene to the oxidation step as a raw
material foPCYHR928% 3 ati on step. The oxidation step is a step for obtaining
cunmene hydroperoxi de by oxidi zing cunene. The oxidation of cunene is

usual |y effected by rautoxi dation with ox%gen-containing gas 25 such as the
air, an oxygen-concentrated air or the |ike. The oxidation may be carried
out without any additive or using an additive such as an alkali. The
reacti on tebpeeahareeithylbealzlene, RCLub) QR X He 51Kk, 200C, and t he
reaction pressure is usually between the atnospheric pressure and 5 MPa. In
t he oxi dati on néheodydspagnohysiddtenperathreal kalsualdag@ntousee’d nanddes

al kal'i netal congounds such as NaOH and KOH, al kaline earth netal
conmpounds, BF&FREAPL¥e?AItcAPBohat She RES S8R 2 e0Rd vaRit 288 BSLY kb ivioa ( (

NH4 2C03 [ J tal ammmoni um car bonates _and the |ike. The epoxi dation
st ep)i s a si‘%gb§g}?#%gfaﬁh? %ﬁ’dﬁolc?l:ﬁﬂ Bk gﬁdaéﬂﬁf?ltalgﬁeb‘ﬁ&ly S?E'F)élé@ti Ing

cunmene hydr Moy | pylepe,i ess. ampunt in.the presence
of an eppxig‘gﬁilggr(lirg%tﬁg%/?t#%r}%ﬁl %(éufhgep%a%g.&xé %E%rl_é%o%‘ &a?ilgﬁgég)fagryst ,
froma vi ewpoi ntnef pebaihi B¢ the habgehtPiadeel 1o Raghpyl ghd aad yader
hi gh selectivity, asolid catalyst containing a titaniumcontaining silicon
oxi de 15 i sbypreebatehl prodéescat skywdt- cios timfiaplk¥cassq-6ald edntinuous
titaniumsilica catalyst containing titaniumchemcally bound to silicon

oxi de. ExanpFege®sereof can include substances carrying a titani um conpound
on a silica carfier, substances in which a titani um conpound is conpounded

with a silicon BYFiBes0 Bhe prosesseef Fhepresest shvenEiongihsavoaally
titani i ni 1§ ds, hyd i d d
mmtori A0 { PPHIERECE IS SGTRGTIES s, SR (Ep FEORREETPR S PEPPEIERen o

non-purificaki@d e5RENEhing5tABE rBRIVIAAY Qtdpy Carried out by contacting
propyl ene and cunene hydroper oxi ge with the catal yst. The reaction is

conducted in a bkfaadiphastepsi A% e dvebitainif® sahyvadt h§ALEbEroxide

by oxidizing cumene;
epoxidation step: a step of obtaining propylene oxide and
15 cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidation stepwith propylene in an excess amount in the presence
of an epoxidation catalyst in a liquid phase; and
hydrogenolysis step: a step of obtaining cumene by
subjecting cumyl alcohol obtained in the epoxidation step to
20 hydrogenolysis, and recycling the cumene to the oxidation step
as a raw material for the oxidation step.

The oxidation step is a step for obtaining cumene
hydroperoxide by oxidizing cumene. The oxidation of cumene
is usually effected by autoxidation with oxygen-containing gas

25 such as the ailr, an oxygen-concentrated air or the like. The
oxidation may be carried out without any additive or using an

additive such as analkali. Thereaction temperature isusually



PCT/ JP02/ 09213 6 be a liquid under the reaction tenperature and pressure,
and substang%&llg inert to the reactants and the product. The sol vent nmay
be conposed Q2% ance existing in a solution of the hydroperoxide
used. When, for exanple, cunene 5 hydroperoxide is a mxture with cunene as
the raw material, it is also possible to.substitute cunene for a solvent,

W t hout adding a solvent in particular. éiher useful solvents include
aromati ¢ nonocyclic conmpounds (e. g. benzene, toluene, chlorobenzene,

o- di chl or obedZEm)0,0°8l, kandsthe. repcitém e ddutke cian evs uHIdss aealvedid thiae

| i ke. The epoxidation tenperature is generally 0 to 200C and preferably 25
to 200C. Thetpeerbericryepeuns\anpt Ss¥Bae Iuffhieioxiidatodeametidd gsiidgst at e

of the reactijon @& ture. Generallgl the pressure is advantageously 100 to
10000 kPa. 2° THALRHYE datenathedl yseagant psadvincaydeqspikadddmesalhe

f f ' - T | -bed i f in th f
2l ar ge- scar bt Rlait S5 2PEH ARl LdATORS o RECh B ropRAGRES
car| ed soutalia ey HRb €81 PegEBSARLEsSEULACAR! NALCHSRIRL CRanROS ON! | NUOUS

processor the |ike. Wen 20 i qui d contai ni ng the raw mat&fials for

reaction i saneesed, (MEPUCD,2 &lxed1bAdtat hamaRhalus lodrb It SO U Nk at
all or substantially in a liquid m xture discharged froma reaction zone.

The nol ar rktke. of propyl ene to cunene hydroperoxi de 25 supplied to the
epoxi dation step, is preferably 2/1 to 50/1. Wen the ratio is |less than
2/1, the effici Poxidabigntsdrarot ateesit &b ERuseb bainbtog gaspyferidioxidact i on
rate . On the, PCT/JP02/09213 7 other hand, when the ratio is nore than
50/ 1, ther &1% FEhRECIRPhaPY eheRrGy IREqERPERS RYFOReEsicly ildp becones

| ar ge tmcataeoﬁlwgri%aéﬁr?giceassPgfagxh%gfrb%”h‘éugfag}sgg?.%ncgte%é‘iéﬁg'ﬁ%@gﬁ%f@g

hydr ogenol ysi s 'step, cune 1'S produce y

obt ai ned i ncd el epoxiklas i P81 €PphQsBYdrogenol ysis in the presence of the
copper - based catal yst obtai ned by reduci ng the above-descri bed copper-based

catal yst precuhsdrhe @poaiiniaty aopatalys tgnf oxinth ZAkdwidit: Wit So by dhoggn in
i quid cunene, and the produced cunene is recycled to the 10 oxidation step
as a raw neihs itArast omedalsiy dndbdghi pedldxaddt undest ebghPsebacatvatyof t he
copper - based catal yst and hydrol ysis of cunyl al cohol are as descri bed
above. Exarfpfelid lﬁr“"é-'s‘éﬂ’t“i‘ﬁ%éﬂﬁi%‘?ﬂ‘i@%‘*’bf@Pﬂééiﬂﬁna@cidiilcﬁyoﬂéﬁpl es

0 L5 e OO0 RIS I PNODR L Ked g ] Qe ! 1, ph o
pressure and ¢RI A4 fod Raltha ys?ELRFa YR I fg titanium chemically bound
to silicon oxide. Examples thereof can include substances
carrying a titanium compound on a silica carrier, substances
in which a titanium compound is compounded with a silicon oxide
20 by a co-precipitation or sol-gel method, and
titanium-containing zeolite compounds.

Cumene hydroperoxide used as a raw material for the
epoxidation step may be a dilute or thick purification or
non-purification product.

25 The epoxidation is carried out by contacting propylene and
cumene hydroperoxide with the catalyst. The reaction is

conducted in a liquid phase using a solvent. The solvent should



20 elevated to 1 MPaG and 150 , respectively. At this tine, the flow anount
was set to a LHSV of 1.5 h-1 and cunene flown fromthe reactor was used by
feedi ng agal{F/4820Hé3 react or after separated fromwater produced by
reducti on. Hydrogen was flown so that the hydrogen concentration in cunene
becanme 0.01 by 25 weight , and the react8r tenperature was el evated to 160C
. The flowi ng was continued for 16 hours~at the sane tenperature to
term nate the reduction. PCT/ JP02/ 09213 8 During the reduction, the
maxi mum t enperatlirguid urkier eiet meawtdohbtempeltaitire Bnd ¥rBPsefire ,cahal yst
obt ai ned was neasured, and as the result, the particle dianeter of copper
was 23 nm igubstantialtivelnentt sp the redctiinds, ande theagmrdus. hGhteed to
5 220C and a cunene sol ution containing 20~ by wei ght of cunyl al cohol was
fed at 0.9 $PhyaRE énqméaeepamm&eﬂyeﬁo@ewwa%au% eflsongiddy @ Aaalutivhe
reaction |Iqﬁ ééafte& houra from.the beﬂl n$| ng of the feed, was
anal yzed, REAF@REFPX LRSSy er €hG OF uBFPMRI-Eoh SIMGRE hlgher
than 99¢ a ctLvit r Vv e

.“% BpdfoR 2EECLE VAN QLW EUIFIEL B L. 2CORRAT ALY gaﬁxggga of an

VWi | e pass rogen hrough a TiIxed OW react or i n Wwhi

unreduced COPRARY aLhb PPN QBYﬁbEEEEHEéQJurd/@ﬁa BBEk& o1/ CRELABUYET €
heated to 110C. At this time, 15 the flow anmpbunt of nitrogen was set to the

GHSV( Gas Hoaddin@paselvehodin parafic20@rh- 10thgdnogefulas ey sactlbae t he
hydr ogen concentration in nitrogen becane 1 to 3~ by volunme, and the

react or tengeematie meroeyelicedompotsds (eWgen bienaemedudidlorensas
initiated, a hot got arose at the inlet place of the catalyst 20 | ayer and

t he tenpera‘fléﬂ'%r%t? ?’Fl"‘en%ar? ?BEEJ-PSOBBBGF“EQOCE‘J-W@GF% de & Batafen was

cont r ol4l,ed t rat ference (0 T) between the hot spot
pl ace alpd tcﬁé;céljg%tt of oes ﬁo?ngxgg & 8 , and after the hot spot place

was nmoved from fhg egbﬁidaeieﬁt k8hpBLaktlieS %@C?@herraﬁﬂ PO otoegfpghgture

25 was elevated to 2 then mai ntained at the tenperature ours
to term natgréferdieiyic2s oto Tbe°XRDToe dredilnes tmBplive Nethy Wose §8as4! ed,

and as the PCT/ JP02/ 09213 9
sufficient to keep a liquid state of the reaction mixture.
Generally, the pressure is advantageously 100 to 10000 kPa.
15 The epoxidation catalyst can be advantageously used in the
form of a slurry or a fixed-bed. The fixed-bed is preferred
in the case of a large-scale industrial operation. Inaddition,
the reaction can be carried out by a batch process, a
semi-continuous process, acontinuous processorthelike. When
20 a liquid containing the raw materials for reaction is passed
through a fixed-bed, the catalyst is not contained at all or
substantially in a liquid mixture discharged from a reaction
zone.
The molar ratio of propylene to cumene hydroperoxide
25 supplied to the epoxidation step, is preferably 2/1 to 50/1.
When the ratio is less than 2/1, the efficiency may be

deteriorated because of decrease of the reaction rate. On the



result , the particle dianeter of copper was 20 nmin ( 111 ) face . After
t-he reduction, the reactor was heated to 220C and a cunene sol ution
cont ai ni ng 20F/Jbge/oaeisght of cunyl al cohol was fed at 0.9 g/ m nute and
hydrogen was fed at 500 Ncc/m nute. A reaction 5 liquid after 50 hours from
t he begi nning of the feed, was analyzed, and as the result, the conversion
of cunyl al cohol was higher than 99% and %t he selectivity of cunene was 100.
As above, it was shown that the catal yst obtained by the |iquid phase

d [ h il ' 0
educti on | R P T et S ainar S P O R Eh LR S

uri n ction, %h

causes to demhert @hdtgPrfuilian gapaid h:iehﬁv@ﬁ:?}%ﬁeﬁ%fe@o\h%ts lﬁ]é@%tﬂhég:ra%sgnd

controlled within 30C in the gas phase reduc and, ont

in the |iquiok phaseasedwd iDprdpiel e agesmnt ©F bderéeppesature is easy 15
because the tenperature rising is only about 1 to about 2~C. Moreover, in

t he gas phase redddt ithe, hyidrogened wids piage ratharie abs uysesdacedrigg anount
of nitrogen to reduce a |localized heat generation, recycling use of

ni trogen®i s S§OJECEI N BFUMYeAGeBOLaPREALRAAHN Clp rarestda hiteis teten 18O f or
[ i 2 s .necessary.for only reduction, it can not.  say to be
ooy oo BRI Ra T S e R heh e Gt T b copip et ekt Cota Rt | s
) ¢ ) h b
Heeg ae rt Y oBRAanE ity e aftie HBERURABRUIR A GEED L hHFe R AT PC

Appl i cabi | i pyeburdescebhediabaye %caer-eli&g i L] '
PCT/ JP0O2/ 09?13 1~ a processforgproo uci r%g cu%}%gl%vfﬁggggc%%%%?ﬁ%en

char act eri stihc3igthatl aumahel yahdi thanposd@iedl cumesiationradpded ad de
reduced _econom cally while preventing the catalyst fromdeteriorating by
heat, aHY¥ f gxdHaticrdter amamanmetepial ofidiecabeays sdessribadoxidation
required at use of the catal yst, can be provided. PCT/ JP02i 09213 11
CLAI VS 1. Asgﬁé’ce EePAFahtBRRS tectnBRET -RAFER ¢abptYstand hydaolygis

COpper'basegfcghﬁ&xs%l%%h%ﬁqggéuﬁéidescribed above.

Example
15 The present invention is explained in detail by Examples.
Example 1
While passing cumene through a fixed-bed flow reactor in
which 40 g of an unreduced copper-chromium catalyst precursor
was packed, the pressure and temperature in the reactor were
20 elevated to 1 MPaG and 150TC, respectively. At this time, the
flow amount was set to a LHSV of 1.5 h™! and cumene flown from
the reactor was used by feeding again to the reactor after
separated from water produced by reduction. Hydrogen was f£lown
so that the hydrogen concentration in cumene became 0.01% by
25 weight, and the reactor temperature was elevated to 160°C. The
flowing was continued for 16 hours at the same temperature to

terminate the reduction.



5 copper-based catal yst precursor containing copper

wi'th hydrogen in |liquid cunene, and subjecting cunyl alcoholto

hydr ogenol WSTIPR/M813pr esence of the copper-based catal yst.
according to claim1l, wherein the reduction 10 tenperature is 100 to 250C

3. A process for propyl ene oxide, which conprises the foll ow ng steps:
oxi dation step: a step of obtaining cunehe hydroperoxi de by oxidizing
epoxi dation step : a step of obtaining propyl ene oxide and cunyl

al cohol by pesiatd e WEAR: il ,ORBlOMase MRt deRpd raftut-be1aXtHat +8acE68P
wi th propylene in an excess anmount in the presence of a solid catalyst

cunene; 15

| i qui d phasess 46d hpdl 62€hoIThel XRBt @P:a aattadystf oblhdneidngasuneasubyd 20

in an oxi di zed state

2. The process

In

a

subj ecting cunyl al cohol obtained in the epoxidation step to hydrogenol ysis
in the presdrk@softhehaessdpor thes partdcdley dil apetgmed bypppeduwasg23 nm

copper - based catal yst precursor

hydrogen i it i(ddild” EgFeneALERT e \kadugtior. dhtFeactamuasxhaatedntat ep

as a 25xra

ipag%halzgfcﬁimérgg $6 19@:It.<|)r? ncgr{teé)inirfés'i%%hb%’ W'é‘@gjh'tAgJ 'c@ryyl

. A9. Ah. AS. .
zuoj e [ U c’Ale e Gld 5l 6@bc?l/ﬁ]§}xﬁﬁlagﬁlé‘é§1a%] aAhcAL§abgahcwakcal§al cal

ca] ca] ca] ca] c*a] cal] ca] cRa] ca] ckRa

10

15

20

cal ca!
at 500 Ncc/minute. The reaction liquid after 25 hours from the

beginning of the feed, was analyzed, and as the result, the
conversion of cumyl alcohol was higher than 99% and the
selectivity of cumene was 100%.
Comparative Example 1
While passing nitrogen through a fixed-bed flow reactor

inwhich 40 g of an unreduced copper-chromiumcatalyst precursor
was packed, the reactor were heated to 110C. At this time,
the flow amount of nitrogen was set to the GHSV(Gas Hourly Space
Velocity) of 200 h™!. Hydrogen was flown so that the hydrogen
concentration in nitrogen became 1 to 3% by volume, and the
reactor temperature was elevated to 130C. When the reduction
was initiated, ahot spot arose at the inlet place of the catalyst
layer and the temperature at the part rose to about 160T.

The flow of hydrogen was controlled so that the temperature
difference (AT) between the hot spot place and the reactor
does not exceed 30C, and after the hot spot place was moved
from the inlet to outlet of the reactor, the reactor temperature
was elevated to 200C, then maintained at the temperature for
10 hours to terminate the reduction.

The XRD of a catalyst obtained was measured, and as the

contai ni ng copper in an oxidized state with
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nT\] ef 7u*kt } xsni d Z] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cd|THFUPEE) ca] ca] ca] ca] ca] ca] ca] ca] cal Mo R~ Xt

I 1" $$$} xsni d_Z] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ga! $C84 "' c'' _((().*2*A*C*>+~+,-..60
g000: 23%T56! 6: 6u666| wr ngb] X] c] ca] ca] ca]C”a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]cal 6~777778<8v8888: 9Y
9999, : :; K; result, the particle diameter of copper was 20 nm in (111) face. .
9<ac<! 6 6u666 wr ngb] X] c] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cAfctgr hhedeshiatilan] thejredatgeupadiaat edr &2 20109484 (3 cumene

10% & () - KF10% & (3 10% & () - $S

10% & () - 1A4wEY9 m%a&r{l)nqauzﬂ%w Pyoyeight 19f4Qunyl ‘alaphod was £edogk ()-s

110% & %&' 110% & eF-11 O/&'9'10%5&' 31M 10% &
éoo/d/d&f&(§)&_# %(E.J.H.lt%éafb ghangt)ogefr#was g’()o Ncc/nQnute. A reacQ.on

10/ 7100 a8 6 007 200 4 SrpAsE Sttt o na tononag eng yes.

#109& () - ! tar@ #EOUNER 301 @ #ﬂﬂeﬂ*&%@réﬂ&/«%ﬁ )cur}g‘lgﬂ E'YG %Q@%Qslﬂigﬂe}m
"H109&R' ()-'y , ' #1090V ()-I #109&' ()-!~, n} [ OMCI Tk
@#10%7’7&' () tHan@slRaE (Yhe Kselectivity of cumene was 100%.
SH109&' ()-!SHI10%R' ()-&s109& ()-z10%& ()-nTAz[ QG=!!101010, Y. MB10%&' ()-!p, Y. M
$1090D& () -, #M®@hoveg, it was shown that the catalyst obtained by the
liquid phase reduction had a capability equal to that obtained
10 by the gas phase reduction. Further, a localized heat generation
during reduction, which causes to deterioration of the
capability of the catalyst, must be controlled within 30C in
the gas phase reduction, and, on the other hand, in the liquid
phase reduction, the management of the temperature is easy
15 Dbecause the temperature rising is only about 1 to about 2TC.
Moreover, in the gas phase reduction, since the gas phase
reduction uses a large amount of nitrogen to reduce a localized
heat generation, recycling use of nitrogen is desired. But,
because large scaled compressor industrially for recycling
20 Dbecomes necessary for only reduction, it can not say to be
economical. On the other hand, in cumene, an addition of a
new equipment is unnecessary and recycling is easy because a
pump used in the process can be used as 1t is if a circulating
line is installed.
26

Industrial Applicability

As described above, according to the present invention,



ly, #109%WE ()-Z ! ~k, #10%RR& ()-Z 7udEQG=!!10 M 109%&' ()-"!109%&' ()-

109 () - 10%&@ &10%&' () -210%& () - *kt dEQG=! | 10SL#10%&’ () -

109%&' () - 2108 %‘fz PR2100& ()- , 10%& ()- L#10% () - Mo

dEQG=!1 10#" ! 109&' () - S9! #109%& () | 109&' () - @LO%& () 109%& () -, 109%& () -

Sl B i 1305087 0@ O-C Vo’ 0 e -3

106s! 109%&' ()-5s! 10%& () - @3#109%&' ()- 1! 10%& ()-/s! 10%& ()-! ~<YNC! ! | kS#10%+

& ()--!t SH1Dpsa&ess fﬁﬁﬁ&@@inglmﬁ&m@&ﬁgm&ha%d&haﬁaa/%fls%aé@YNC!t

@ ##109%448& () - | ~@ ##10%-d>d& ()-!y@ ##10909&" () - SH109B& () - - | KSHI10%+&' () -

| kS#10%+& that & sadadast1 dog @(qrigmnwxmqnlemsm&qan be0véeducpd 1044

1044 1044!t @ ##10%44&

1" #} [ 9uS4!® %?J%??J‘%}g (“)hlz]*e PreyepLang) tﬂm'{ Fromy@® Heodpratang) - @ #
0, ! | 0, 0, | 0, I 0, 0,

ép(/(;?igLQQLO% ?’féé %é£$§%$§ Cﬁ/g/ /MaS:Lwé J@&Os/gelg)of g‘lfle@#é'gt/gfssg:) 15810/

10/ /1, #§109 z \ #10 0% #10% 1 k#l
0%&: ()-?f #1446%/%'{(% %ggf@“}éé)g@ﬁe ‘7% gﬂézé%ii?f% «\%é%w ?‘;’9%3"’8)10‘
10 <t 10% & ()-M A #10%& ()-! A #109%&' ()- @ H 10% & () - A*C*>+~+n,, [-}\: g\ =1\ 1\
b@@10% ¢ & () -

K@@ 109R¥RE () - ! p@H#109N W & () -, SH10% & ()--!, S#10% / & ()--&10% & ()-[ - -

/ 60n000} [ 9+=

10/ 11, ,#10% / & ()-!,, #10%/ of & ()-!~, , #10%/ e/ & () -, ##10%& () --f, ##1090M M
& ()-- @#10% & () - 00p0q0001: 22a?=



10/ /11 yJ@10%R&& () - ! kS& 10%& ()-!kS& 109%&' ()-&L0%& ()-z10%& ()- 10//

10/ / 23%45T56! 6} A?27?=

10/ /1 &3109&PYIPOYPRAYR () -, #$109%& ()-!, #$10900& () - @L0%&: ()- ! f @L0%& ()-

1 6: 6r 656t 6UBB6~7UVTO/ /, S 10% & () - MLO% & ()-gl0% & ()- 10 10

101kl 51 109%& ()-15" 1 109%& ()-~777777778bQQ/ / , 10%& () -, S10%& () - 109%& () - z10%&
"()- 10: 10: 10: #10% & ()- 8<8v8888: 9dELCO/ /,y ! 109%&’ () - SZL0%&' () -

109&' ()-109%&' ()-M 109%&' () -

109& () -:9Y9999, : : dEbCO/ /, $" | 109&' () - feusmMe () - - 10%& () -

1098 ()-"!1109%& ()-fY10%& ()-:;K;

9<a<dEDCO//, $" ! 109%& () - f" #109%& () @uocy&' ()-s-s!109&' ()-9S+H#10%& ()-!\

o0& () - " d 13 "He " 33]c" "Headi ng
%?c (?—Ieagil);lga 0%5'652% ]%?ﬁ%uc gcgf‘ﬁ"g‘l‘q?)]‘ﬁﬁ%ﬁg‘inﬂﬁ §8F¢" "Headi ng
93] c"A "Default P h Fonts!1' p-t3439>@DFHILNPR $6a<*+,-. n
#]yoc/( A* - 002:16 7%%8%’2?8?2&%8?893-” 2@%}\8@6&#@% & RETIGRMNNGRY 2
ool Coughes Mg RO EOLT (ULBREUTEIL i copper 1n s

oxidized state with hydrogen in liquid cumene, and
subjecting cumyl alcohol to hydrogenolysis in the presence
of the copper-based catalyst.
2, The process according to claim 1, wherein the reduction
10 temperature is 100 to 250C.

3. A process for propylene oxide, which comprises the
following steps:

oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;

15 epoxidation step: a step of obtaining propylene oxide and
cumyl alcohol by reacting cumene hydroperoxide obtained in the
oxidationstepwithpropyleneinanexcessamountinthepresence
of a solid catalyst in a liquid phase; and

hydrogenolysis step: a step of obtaining cumene by

20 subjecting cumyl alcohol obtained in the epoxidation step to
hydrogenolysis in the presence of the copper-based catalyst
obtained by reducing a copper-based catalyst precursor
containing copper in an oxidized state with hydrogen in liquid
cumene, and recycling the cumene to the oxidation step as a

25 raw material for the oxidation step.



