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CUMENE 5 Technical Field The present invention relates to a procﬁ%ﬁmmmmmmmmm"
- produci ng ¢ Ha2O%bt e particularly, the present invention rel at

process for producing cunmene, which includes subjecting cunyl al cohokcoboo*
hydr ogenol ysis in the presence of a copper-based 10 catal yst, and which has
excel l ent characteristics that deterioration of an activity caused by

reduction of a partial pressure of hydrogen and poi soning of t
can be prevented, whol e volune of SPEEBEIOATIGN be effectively Mm@u ﬂ“m
.and a purged anount of a gas can be suppressed to small when 1 ydrogen i's

recycl ed. Background Art It is publicly known to produce cunene by

hydr ogenol ysi s of cunyl alcohol in_the presence of a copper-based catal yst.
20 Disclosure of the Inven??QﬁEFﬁeFﬁﬁb?&ﬂPWQ%ﬂﬁnQﬂﬁ?“ﬁwe st udi ed regarding
use of hydrogen which is used as a raw material for hydrogenol ysis of cunyl
al cohol , for exanple , hydrogen separated froma water 25 gas obtai ned by

reacti on of pdEi g apfdepheam and as a result, found that a small anount
of carbon ronoxide comtarned in hydrogen had a poi soning action on the

catalyst . As a rgfdlbreseR€T{ V031988 kre Patds 3@dh th el s $tegH ﬁfodﬁggg{/gf ound

that it was effective to suppress the anmpbunt of carbon nonoxide to by
vol ume or |l@gsene albxd tpamietchherpy eseié prascaht olnvAEE068i RE1EBeBr eseNt
invention, there is provided a process 5 for produci ng cunene, which

i ncl udes sUHPECEPRG rogugdng cumene, which includes subjecting cumyl

alcohol to hydrogenolysis in the presence of a copper-based
10 catalyst, and which has exce_lleht characteristics that
deterioration of an activity caused by reduction of a partial
pressure of hydrogen and poisoning of the catalyst, can be
prevented, wholevolumeof areactorcanbeeffectivelyutilized,
and a purged amount of a gas can be suppressed to small when

15 hydrogen is recycled.

Background Art

It is publicly known to produce cumene by hydrogenolysis

of cumyl alcohol in the presence of a copper-based catalyst.

20

Disclosure of the Invention

The present inventors have studied regarding use of
hydrogen which is used as a raw material for hydrogenolysis
of cumyl alcohol, for example, hydrogen separated from a water

25 gas obtained by reaction of methane and steam, and as a result,
found that a small amount of carbon monoxide contained in

hydrogen had a poisoning action on the catalyst. As a result



.to hydrogenolysis in the presence of a copper-based catal yst , and which
has excellent characteristics that deterioration of an activity caused by
.reducti on ofCTATRHPRI%I pressure of hydrogen and poisoning of the catalyst |,
can be prevented, whole volume 10 of a reactor can be effectively utilized,
and a amount purged of a gas can be suppressed to small when hydrogen is
recycled. Nanely, the present invention felates to a process for producing
cunene, which conprises subjecting cunyl alcohol to hydrogenolysis in the
presence ofofs adppeiohategdtadtabystheyafduhd whiatg ity W00 FE L Bl 1) 5~
by volune or |ess of carbon nonoxide. Best Mdde for Carrying out the

| nvent i on THePrpopperthzasndunitaf ysirhachodesidepperst Bgneylungmear Le26,
copper -chrom um copper-zi nc, copper-chrom um zinc, copper-silica,
copper - al urh ahtPtoaPothasPEBRLRENIAYENkdO8.. The hydrogenol ysis is

usual ly carried @ut by. cont act i

ng c | al cohagl with hydrqogen in the
presence of the ¢araf Js?gtﬂ%reﬁa%ﬁ gg}éeﬁ‘gﬁoﬁe thene %ﬁpé?t"li df Pre6PESphase
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substance exd Siyidibddh ALy li nak B8NS e $6hEE I HN JUs8EpeWiBAsea ESTAIPAR/ 09212
3 for exanple ( cunyl alcohol is a mxture with cunene as the product , it

i s possi bl eartd whiehchasnex@sl besdl otentadt d PDsit 1 @6l dinyg: deterieMationNof
particular. O her useful solvents include al kanes (e. g. octane, decane,
dodecane) aHagatdwhtycansesthyredus tdomofiads(et tpl peessnee «fft hylibegzane,
toluene) and the |ike. The hydrogenolysis tenperature is usually 0 to 500C
and pref er #8519 PS5 ixHet F%eg‘éﬂ'é?%d’?tt HeA D Res ey eind: eghy ¥hedgevadpe 100

- to 10099 kPa. _The_hydrogenql ysiis can_be_adyaniageously carried out 10 _using
t he g:agi gl yscfaf angﬁg)éggr %?’ %eg??ﬁf’iﬂ'v@?yauﬁ;iﬁggefnq‘hea PERURTOR EEADe
carried outoy §aBat&R) Y QLPPTessR S EH! grﬁé’fi'v&ﬂé%%y%&%igﬁe is°£eéy8528§1'.”“°“5

process. In Fhe present invention, It Is necessary'to ppress a contént of

car bon nonoxi de Namelyy dflog epr§sen t 0L BYe BYi¥R| H8Bates to a process for
producing cumene, which comprises subjecting cumyl alcohol to
hydrogenolysis in the presence of a copper-based catalyst, and

15 using hydrogen containing 5% by volume or less of carbon

monoxide.

Best Mode for Carrying out the Invention

The copper-based catalyst includes copper, Raney copper,

20 copper-chromium, copper-zinc, copper-chromium-zinc,
copper-silica, copper-alumina and compounds containing these.
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
25 or in a gas phase. The solvent should be substantially inert
to the reactants and the product. The solvent may be composed

of a substance existing in a cumyl alcohol solution used. When,



15 or less , in addition ( it is preferable to use hydrogen in which total
contents of carbon nonoxi de and carbon di oxi de are suppressed to 15% by

.vol une or |EIEPOMPIher, the content of carbon monoxide is preferably 3% by
volune or |l ess. As a hydrogen resource) preferably, hydrogen obtained 20 by
using a water gas as a raw material , ang separating and renovi ng carbon
nonoxi de therefrom so that the content of carbon nonoxi de becones in the
above-described range, is used. The water gas is obtained by a catalytic
reform ng ofomeRunpdeardouysatbonslietdang tareanltdsciuméhe aisethia pirouglt , 25
tenperature, and is a m xed gas substantially conposed of hydrogen,

met hane, cakbhda pessdblect andecamsore a$ oxdada/emMel tbouviaddidgt @spdvaniton of
the catalyst in long tinme PCT/ JP02/ 09212 4 operation can_be suppressed by
sati sfyi ng YhPabovelteEer iPder Rt bnsolgent srei poluderatkanerngecdrbon
nonoxi de and car bon_di oxi de_ cqontai ned in hydrogen, for exanple, separation
and reanaJo%%ﬁm%dsd%ﬁ%ﬂeasdQBES?BFﬁgaPanB¥8W Qﬂﬁﬂﬁ?Qﬁé%%ﬁer, 5 a
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nmet hod( PSA), and separation utilizing a sem -perneabl e nenbrane, are

il lustratedrdfeddielprdcess 000tde pres@ierdlventhonptasisiee cogsducted in
hydr ogenol ysis step in production of propyl ene oxide conprising the
fol | owi ng sadpantageeasivnlefepo: 18080epPef. obtai ni ng cumene hydr oper oxi de
by oxidi zi ng cunene, 15 epoxidation step : a_step of obtaining propylene
oxi de and cunyl aROHYIEYISRALYSHE €aPehe AJYRBLEOSLMNEL YoleETI&S Y he

| ce v ARG ; crolrerned |
presendd orvcndicne BaPRIVEL s n L -BHRCRR o Trd ey B> £13RE5 v o0fReni ng
cumene by 2Q 5] SEERAGSH ,hé&%@i{oﬂ,yatﬂa&e&?gﬁbee%? £0an1 985hLen3bER tO

hydr ogenol ysis , and recycling the cuhene to e oxidatron step as a raw

materi al f Q@rddesHXishataogost eRuodBepesicdaki.on step is a step for obtaining
cunene hydroperoxi de by oxidi zi ng cunene. The oxi dation of cunene 25 is
usual |y effected oy the draeksdn onivredt Hoay geht cost zecesgagasteushpasesbe
air, an oxygen-enriched air or the |like. The oxidation reaction may be
carri ed out?® ®oPR&GRTt gfycanhPRiNene¥ide Harm)pgdroger29ssyke k’ﬁ%aﬂ?YaHGitlln@e

such 2350 81 K3k NG RREH O SIS B L oUEL i R0 200620 e
the oxidatiQpy 4451 &h 8dhAYALET ¥8rv8R AbKBLLdRPAYANLYSRY dioxide are
suppressed to 15% by volume or less. Further, the content of
carbon monoxide is preferably 3% by volume or less.
As a hydrogen resource, preferably, hydrogen obtained
20 byusingawatergasasarawmaterial, andseparatingandremoving
carbonmonoxide therefromso that the content of carbon monoxide
becomes in the above-described range, is used.
The water gas is obtained by a catalytic reforming of
a hydrocarbon such as methane or cokes with steam at high
25 temperature, and is a mixed gas substantially composed of
hydrogen, methane, carbon monoxide and carbon dioxide.

The activity deterioration of the catalyst in long time



5 includes alkali nmetal conpounds such as NaOH and KOH, al kaline earth

net al conpounds al kali metal carbonates such as Na2C03 and NaHCO3,

.amoni a, (I\ﬂ%@%@?l?al kal i metal amoni um carbonates and the |like. The
epoxi dation step is a step for obtaining propyl ene oxide 10 and cunyl

al cohol by reacting cunene hydroperoxide,with propylene in an excess anount
inaliquid phase in the presence of a s%l id catal yst for epoxidation. As
the catalyst, froma viewpoint of obtaining the target product in high

yiel d and wperatigh cael betswppyds sed Wy datdisdyisly enat fhovagdésdbibed
fitaniumcontainingsilicon oxide ispreferable. The catalyst is preferably a
so-cal | ed teanhitkewi Aisca nesithd § Socvadachnggcarbamimomatiats aald gabband t o

silicon oxide. Exargcl) es thereof can include catalysts carrying a titanium
conpound orfiP%ide contained irhgdyegen; nfaki examplier afeParedisoumnd s

ded it il id - i pi i | - gel t hod,
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purification or non-purification product. 2 e epoxidatidn s carried out

by cont act igndpIPyY @R@nd i 8 WERNA S AR R0 Vb ER1EPS 1GRIA! ¥Shovd e
reaction is conducted in a |iquid phase using a solvent . The sol vent

should POY heads0821Peficbion duchiak medeianatd orgaskipataitadRebet Hégnand
pressure, and substantially inert to the reactants and the product. The
sol vent mayihé @orgosice ofwing udssaneingxinethng (PRAA , sahdt isepaafa ttilem

hydr oper oxi de .used. When, for exanp cunene 5 hydroperoxide is a mxture

| e, _
with cunend'BHs i3S Ay SritkrRermeable smanbgapgsspbre ildusiFatiedut e cunene
for a | vent, W t i solvent .in_particul ar. her ysef ul
sol ven?g i ncl uﬂ%&%ﬁ%ﬁgﬁoﬁggfc & &S 63&8? (en S.a‘nbgﬁzcé?l%auf%f’ﬂeﬁ’é,
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dodecane) and tdr%re Iikwe. The Epg%ﬁ%ti on ter?p(f:%%%}rre %‘gggé'r%r% ﬂ(;g%%QZOOC
and pref er aitley £28 Xawid( S tdpe: pressure may be any pressure enough to keep
liquid state of the reaction m xture. Cenerally, the pressure is
advant ageous| y ax0ipdatidn,O0p kRastep dheosbhiningt@aipshe daydbeperoxide

advant ageously used in the formof a slurry or a fixed-bed. The fixed-bed
is preferr&¥ ioxidHeingewrene ] arge-scal e i ndustrial operation. In

addi ti 98, t he rgactlgn gan be carri ﬁd ou% a batch process é a
sen - coRt i nuous®RPFEERELCR TR RS §Pp? @%?H’r”’tgr@ oPYd-enfrexide 2p@di d 20
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the catal yst i's not contdl ned at all or
oxidation step with propylene in an excess amount in a liquid
in the presence of a solid catalyst, and
hydrogenolysis step: a step of obtaining cumene by
20 subjecting cumyl alcohol obtained in the epoxidation step to
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
25 is usually effected by autoxidation with oxygen-containing gas

such as the air, an oxygen-enriched air or the like. The

oxidation reaction may be carried out without any additive or



substantially in a liquid mixture discharged froma reaction zone. The

nol ar ratio of propyl ene to cunene hydroperoxide 25 supplied to the
gepoxidatioﬁwgpggyspé preferably 2/1 to 50/1. When the ratio is |ess than
21, the efficiency may be deteriorated because of decrease of the reaction
rate. On the PCT/ JP02/ 09212 7 ot her hand, when the ratio is nore than
50/ 1, there is a tendency that energy rgguired in the recovery step becones
| arge because of increase of a propylene anbunt to be recycled. The

hydr ogenol ysitth strepddd tavet spchoas it ailkialdg .cufReerdabyistbi @apengtavayl

al cohol obtained in the epoxidation step to hydrogenolysis , and the
produced curesuallrdlited 200°Cheandi thei peast bpnagressavenhseusaaldy t he
above-described oxidation step, and is as nentioned above. In addition, in
the present?§THRSR ithe 3tmespherierppeasusesandup ¥Patep of separation' 10

| of id d, furth bon di oxi of | yi
hyar ogen_ adih Wity LA T 4T (S 1HE A aF BGREFPs EhapopaL ERaRAS IS S esent
hydr ogen & RS (e | - LERERACE THE
her ot of B R e PELEh selp TRl A ol Vbl dih ROl 4Tt Eine

copper - si | iezartramdtsgt coaphasked alkdmenasehit E2PbSRAEAENEREN 250Ny, cHgi ght
of cunyl al cohol and hydrogen at rates of 2.7 20 g/ m nute and 1000

Ncc/ mi nut e,avceNpHCO; v amnondiae (INE ) wO@ler atRallii tnet sl afmbdnd uMResrBoaddC. A
reaction liquid obtained after 5 hours fromthe beginning of the feed, was
anal yzed, &7 tthe deldegmposition activity of cunyl al cohol was shown in
Table 1. 25 Example 2 A reaction was carried out in the sane nmanner as in

Exampl e 1 exceptetFRAXIRAT IR Fteant A tRP EQF it 3bnuXd 8& 0By LERen9x¥@e ume
PCT??P 8/0%@&@ f i fi bed t Th | t h i
| a Il xed-bed reactoys. e resy Was . snown I n
Tabl e ? Co arcg‘h%e aEliaOhcheQriyAr‘?%%g%lil%ncﬂﬁgnﬁa{‘¥i15898ﬁf’xilﬁet fe- Yame
o nmp e .
manner as igkJpAEHE 18 dn @4CRINs bRBLnRYLHE Q080 4AQA! M 44 89 £ 2HRA0-JDLQXL de  of
10~ by volune was fed into a fixed-bed reactor. The result was shown In
Table 1. Talfl @ kolid catalyst for epoxidation. As the catalyst, from
a viewpoint of obtaining the target product in high yield and
under high selectivity, a solid catalyst containing a
15 titanium-containingsiliconoxide is preferable. Thecatalyst
is preferably a so-called titanium-silica catalyst containing
titanium chemically bound to silicon oxide. Examples thereof
can include catalysts carrying a titanium compound on a silica
carrier, catalysts in which a titanium compound is compounded
20 with a silicon oxide by a co-precipitation or sol-gel method,
titanium-containing zeolite compounds and the like.

Cumene hydroperoxide used as the 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



_Exanpl e 1Exanpl e 2Conpar ati ve Exanpl e 1Carbon nonoxi deconcentration(g
by0110vol une) Cunryl al cohol deconposi ti on9. 39. 38. 3activity(k) 10 Industri al
- Appl i cabi | iRGF/JR82/88%ri bed above, according to the present invention, a
‘process for producing cunmene, which conprises subjecting cunyl alcohol to
hydr ogenol ysis in the presence of a coppgr-based catal yst, and which has
excel l ent characteristics that 15 deteridration of an activity caused by
reduction of a partial pressure of hydrogen and poisoning of the catalyst,
can be preventediguicl enddrurBeoteactaant @empatrataref haat pyekyuvki | hrad,
and the amount purged of a gas can be suppressed to small when hydrogen is
recycl ed, csubdeaptbyllpdingdt tPCThéPP2A082h2sOaGdAltlE brodusrtaceThef or
produci ng cunene, which conprises subjecting cunyl al cohol to

hydr ogenol yERLVeRt Ay Heesempesefl of 2 cipperanes exisdiisg én aaselutiag

hyd i.ni ~ by volune or .l ess of carbon nonoxide. 2 . The
pyozgggnaggg%gﬁﬁéqgﬂéﬁ?ggﬁ?ﬁigemﬂﬁ?@rn Whent ofar exdfPieof CEBPB8N nonoxi de
d r Ron .di oxi ' ~. volune or_less,, 3. A process. for_ propyl ene.oxide,
3Eicﬁacgnpﬁgégéhﬁﬁgéiﬁégo*_omﬂ%ﬁxs?%%éwl%Qiﬁ%T?gﬁ %?eg?ea? ?é%gg?rbﬁ}aining
cunene hydroperoxige gos 1l %b%tfé‘é;ﬁ}gﬂﬁ% ﬁiag?ygx@%b% §B§%n§é%f{?h8ﬁt

obt ai ni ng propyl ene oxi de and cuny reacting cune
hydr oper oxi atedinby ai setvénttiiepabtaxudati.onoshep wdfuPEoRYLARS iRcBAdExCcess

amount in a liquid in the presence of a solid catalyst; and hydrogenol ysis
step: a st ggrafatoie aienecyehitcbgospbjirdsi g.g. benzene, toluene,
chlorobenzene, o-dichlorobenzene), alkanes (e.g. octane,

10 decane, dodecane) and the like.

The epoxidation temperature is generally 0 to 200°C and
preferably 25 to 200°C. The pressure may be any pressure enough
to keep liquid state of the reaction mixture. Generally, the
pressure is advantageously 100 to 10,000 kPa.

15 The solid 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. 1In addition, the
reaction canbe carried out by abatchprocess, a semi-continuous
process, a continuous process or the like. When a liquid

20 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



“cunyl al cohol obtained in the epoxidation step to hydrogenolysis , and
recycling the cunene to the oxidation step as a raw material 20 for the
-oxi dation éﬁgﬁ?O%%@P%in t he production of cunene is carried out by the
process of claim1. 4. The process according to claim3, wherein a step of
separation-renoval for reducing the car b;/;)n nonoxi de content 25 to 5% by
vol ume or | ess before supplying hydrogen'as a raw naterial to the
hydrogenol ysis step, is added. 5. The process according to claim3, wherein
a step of otkesbpadatwiven theovatid ds medechag $0£1 ¢catzare 1PROKENGenoRt ent
to 5% by volune or less and the total contents of carbon nonoxi de and

car bon di oxthRt eser9¥ Bgaubrede othe g dnsny e tepdpgomes Hpdgegeacassea raw
material to the hydrogenolysis step is added. 5 6 . The process according
to any one ¥f HIGNSRSE 5 3 ProR¥LenA, 2BSURtH{Qr Bgeresyeled . hydr ogen

Feduce t he cont et RUEROTE B THRe o Srees forsSRERYILG iRty A
A AR A DT RIS EEARE S SR P R P BT Rg) SRPEATRETRR) 5 Ra) ca)
ca] ca] c"a] cfd eglelgetdlIGa 0A] el @heapsadedta kb o ¢Ralye1alcabcaheK
<Fol U oxidationstepasarawmaterial of the above-describedoxidation
step, and is as mentioned above. In addition, in the present
invention, it is preferable to set up a step of separation-
10 removal of carbon monoxide and further carbon dioxide before

supplying hydrogen as a rawmaterial to the hydrogenolysis step.

Example
The present invention is explained in detail by Examples,
15 but is not limited thereto.
Example 1
Into a fixed-bed flow reactor in which 100 g of a
copper-silicacatalyst was packed, a cumene solution containing
25% by weight of cumyl alcohol and hydrogen at rates of 2.7
20 g/minute and 1000 Ncc/minute, respectively were fed under
conditions of 1.4 MPaG and 217C. A reaction liquid obtained
after 5 hours from the beginning of the feed, was analyzed,
and the decomposition activity of cumyl alcohol was shown in
Table 1.
25 Example 2
A reaction was carried out in the same manner as in Example

lexcept that hydrogen containing carbon monoxide of 1% by volume
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concentration(% by 0 1 10

volume)

Cumyl alcohol

decomposition 9.3 9.3 8.3

activity(k)

10 Industrial Applicability

As described above, according to the present invention,
aprocess for producing cumene, which comprises subjecting cumyl
alcohol to hydrogenolysis in the presence of a copper-based
catalyst, and which has excellent characteristics that

15 deterioration of an activity caused by reduction of a partial
pressure of hydrogen and poisoning of the catalyst, can be
prevented, wholevolume of areactorcanbeeffectivelyutilized,
and the amount purged of a gas can be suppressed to small when

hydrogen is recycled, can be provided.

20
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2. The process according toclaiml, wherein the total amount
of carbon monoxide and carbon dioxide is 15% volume or less.
3. A process for propylene oxide, which comprises the
10 following steps:
oxidation step: a step of obtaining cumene hydroperoxide
by oxidizing cumene;
epoxidation step: a step of obtaining propylene oxide and
cumyl alcohol by reacting cumene hydroperoxide obtained in the
15 oxidation step with propylene in an excess amount in a liquid
in the presence of a solid catalyst; and
hydrogenolysis step: a step of obtain cumene by subjecting
cumyl alcohol obtained in the epoxidation step tohydrogenolysis,
and recycling the cumene to the oxidation step as a raw material
20 for the oxidation step,
wherein the production of cumene is carried out by the
process of claim 1.
4. The process according to claim 3, wherein a step of
separation-removal for reducing the carbon monoxide content
25 to5%byvolumeor lessbeforesupplyinghydrogenasarawmaterial
to the hydrogenolysis step, is added.

5. The process according to claim 3, wherein a step of
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