; ABe3e- x*~~, "N6$Tx % 4 May 2004 PROCESS FOR PRODUCI NG a- PHENYLETHYL
ALCOHOL 5 BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to a process for producing a-phenyl ethyl alcohol. Mre
particularly, the present invention relates to a process for pﬁ@&%?hﬂﬂ a 10
- phenyl et hyl al cohol by hydrogenati ng acet ophenone in the presence of a
copper - based catal yst, which can keep the |l owering of catalyst activity at
an extrenely low level. In addition,. a -phenylethyl alcohol is useful, for
exanple,. as a raw material for production of styrene, 15 and a raw
material for production of various perfunes. Description of Related Arts A

copper - based catal y { qmgﬁa h a h%gng t it is
known that a -phenylg’té{tdgﬁfé@al co O?Rggrqégga%?gdgce f/é'%glyro%%ég Pﬁg

acet ophenone with the 2d copper-based catal yst. For exanple, a process of
hydr ogenati ng acet ophenone using a copper-chronmte catal yst which contains
barium zinc and magnesiumis disclosed in JP-A-59-27216. By the way, when
the reaction is carried out by flowing 25 a fluid for reaction into a
reactor i5n which the 4 MayBRORGRDUNIDOF -THEcONVENTIVM S packed, it is
required that copper oxide in the catalyst is reduced to copper as an
activation tredtiegit of the Eavenydion but there have been problens that the
cat al yst activité is lowered 5 renmarkably depending on reduction_ process,
the catal yst canhd€ REf§eRFdmvsnielen Fialates §0a PEPCOsS LPE My PRGHRY and

it is disadvant agepus fr t.he indusfrial view pgint in particular. 10
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10 -phenylethyl alcohol by hydrogenating acetophenone in

the presence of a copper—based catalyst, Which can keep
the lowering of catalyst activity at an extremely low
level. In addition, O -phenylethyl alcohol is useful, for
example, as a raw material for production of styrene,
15 and a raw material for production of various perfumes.

Description of Related Arts

A copper-based catalyst is known as a hydrogenation
catalyst. And, it is known that @ -phenylethyl alcohol can
be produced by hydrogenating acetophenone with the

20 copper-based catalyst. For example, a process of
hydrogenating acetophenoﬁe using a copper-chromite
catalyst which contains barium, zinc and magnesium is
disclosed in JP-A-59-27216.

By the way, when the reaction is carried out by flowing

25 a fluid for reaction into a reactor in which the



catal yst and a process for produci ng a-phenyl ethyl al cohol by hydrogenating
acet ophenone i.n the presence 15 of the copper-based catal yst, Wi ch.can
keep the lowering of catalyst activity at an extrenely |ow | evel. Nanely)
the present invention relates to a process for producing a- phegwgs Syd4

al cohol, which conprises hydrogenati ng ac2t ophenone with a
reduction-treated 20 copper-based catal yst obtained by reducing a

copper -based catal yst with hydrogen in the presence of a liquid phase.

DETAI LED DESCRI P, F T -b , iin th
present inventi o%é%e%gr%%g g%@ cg%t g?%?ﬁg&?‘?%ggl}%%{%%gﬁ%gﬁgt : ©
The 3 4 May 20@&% ept ot aof JQUGHS ¢heatabal Y8t dendisddl Ly &9#859% by

wei ght and preferably 20 to 80% by wei ght.” The too | ow and too anount s

of the content happartivetooseiderheneronNaiy chtdIGEENALIAN taeievhhye The
conponents other 5 than Cu0 in the catal yst include various netal oxides

such as Crz03, Zw3enFpz06BleAb2(3at a8, cSoE08stCadD)iviitE, 1S BweMa@d?,
Co203, NiO BaO CaO MO and the like, and a conpound oxi de-based cat al yst
i n whi ch TTu0- Cr Z0Barda BLy-¢Rwe ad dn gud m redusdiiant priocens t dbkeycasatyst
Further) 4 10 an al kaline nmetal conpound may be contai ned as a conponent

ot her than the RRRRSRETHEEEopBHBALSt Thhe quadditsev ety ong pexhedl yst
us.ing_a carrier_or .a-.catalyst not using a carrier. The carrier includes
nmetal oxides anc?rb%ﬁ%oﬁﬁ?ﬁé,%é%n*fﬁ%%ﬁﬁ ShRR the dpdusirigl wiigy patnt
titania, zirconig, gféjﬁ\ﬁi lica alumna and the |ike; bentonite,
nmont mori |l | onite,” difatomaceous "earth, acid clay, activated carbon and the
| i ke, but silica and di atonaceous earth are preferable. Further, when the
catal yst is nol ded, binders such as graphite, silica sol, '

: 10 SUMMARY OF THE INVENTION

Under these circumstances, an object of the present
invention is to provide a reduction-treated coéper-based
catalyst and a process for producing @ -phenylethyl
alcohol by hydrogenating acetophenone in the presence

15 of the copper-based catalyst, which can keep the lowering
| of catalyst activity at an extremely low level,
Namely, the present invention rélatc—z_s to a prdcess for
producing ¢ -phenylethyl alcohol, which comprises
hydrogenating acetophenone with a reduction-treated
20 copper-based c'atalyst obtained by reducingacopper-based

catalyst with hydrogen in the presence of a liquid phase.

DETAILED DESCRIPTION OF THE INVENTION
The copper-based catalyst used in the present invention

25 means & catalyst containing CuO as a main component. The
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20 alumna and the |like may be added. The shape of the catal yst includes
spherical shape, cylindrical shape and the |like ( and the size of the
catalyst is usually from0.5 to 10nm and preferably froml| to 6mm 25 The
catal yst can be produced by a co-precipitation nethod, a precig&%g}béﬁh

met hod, a m xing nethod or the |Iike. Fpr exanple, a catalyst po ri1s
prepared by heating a paste 4 4 May 2004 obtained by the co-precipitation
nmet hod, the fore-nmentioned binder or the like is added to the powder, and a
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extrusi on ITDFSI g commer Ci ava e products correspondi ng

thereto may [g;us8danle ¥R 1Y WMENd Bod DERA aghel I TrRd toothek a
catal yst which i's reduceéd in the presence of |'iquid phase is used. \Wen

copper oxi dean@ the satal ¥@buhisussathy tedteasd hapfehOtobtaiusecupper as
active species, the reaction heat generated by the reduction is.extrenely

| arge as 38ktawemlngCu® hwinb gemet hod agft Bwbly ed¥iengompeneaist¢oherat e by
diluting hydrogen gas as a raw material is adopted in order to efficiently
renove St he r&d@n Gvthekh thrs ¢ptelivsl APEINGENT AT AIYR MR sO%L48S, it was

considered that .the tenperature _of _a cafal yst_ surface.wa asti.cal ly
rai sed dependM&§ 85 CReYsp 'igﬁéP3cd§%g#ro az %ﬁzPﬁé%%%iﬁlyépzéurface

coagul at ed, act,lwt fter f; I Ctd tical d) 20
g e aCkingl L VRIS LT il rRictd . yw%ganﬁ% 58! L yikovwgnad)

and stable aCtiVi'ty wds not Obtai red. ydrogen i s diluted, it

I's not econon cAMpRRLAH il It ABUNE1PEt alh iWEIdh TRSO STEJD,asandt r ogen
or the like is required. Tn the present invention, since heat capacity

removed 25 i rwuoedim izore ima fthe qupessnces ofs |Switabihaseeds Targeer. ;
10 an alkaline metal compound may be contained as a component
other than the above-mentioned components.

The catalyst'may be a catalyst usiﬁg_a carrier or a-
catalyst not using a carrier. The carrier includes metal
oxideéahdcompoundoxidesthereofsuchassilica,aluminaﬂ

15 titania, zirconia, magnesia, silica alumina and the like:
bentenite, montmofillonite, diatomaceous earth, acid
clay, activated carbon and the like, but silica and
diatoﬁaceous earth are preferable. Further, when the
catalyst is molded, binders such as graphite, silica sol,

20 alumina and the like may be added.

The shape of the catalyst includes spherical shape,
cylindricalshapeandthelike,andthesizeofthecatalyst
is usually from 0.5 to 10mm, and preferably from ! to
6mm.

25 The catalyst canbeproducedbyaco-precipitationmethod,

a precipitation method, a mixing method or the like. For

example, a catalyst powder is prepared by heating a paste



as conpared with that in reduction in the absence of liquid phase ) the
reaction heat generated in the reduction can 4 May 2004 5 be efficiently
renoved) and further, since only hydrogen which solved in liquid phase
contributes the reaction) the reaction can be controlled to a deghyegha ate
by changing a pressure, tenperature or4the like without dilution of 5
hydrogen, or in dilution with mnor anmount of a diluting gas. Accordingly,
it is extrenely econom cal fromthe viewpoint of industrial performance)

t he Iomeringgg%ﬁg@%&gi;¥?fau%gg bycgg?gﬂ%iﬁéfﬁﬁf%%ﬁopqﬁétﬁédDOt eRserved,

and a cataly abl'e "act i vi tained. 10 As a liquid

medi um any %rﬁaflﬁ%% |6l b nldequb s tHwlen Weedycid @oa aandhki powean, be used,
and speci fic exanples thereof 1nclude water, al cohols such

asmet hanol , ebRanpheo1 eIt £5 bylteriegdbplcarmyd mpohiyle eahkettang

- phenyl et hyl al cohol and the |ike; ethers such as diethyl 15 ether)

t et r ahydr of umendidigoxanean edhiyteseoyl podlidionet hyl ether and the |ike;
hydrocarbons such as hexane, heptane, toluene, ethyl benzene ang_the i ke;
and ni%ed sol vEnrtherereornenphal bl @id oMl ¥ RECAUES SR DAsRINCAPEl yst of
the 20 invention can be suitably applied to hydrogenati on of acetophenone
for producinéhéﬁﬂﬁﬂnﬂﬁﬁrﬁﬁ BF¥%Bhol . The hydrogenation of acetophenone is

carried out usj a reac ] (o = | Ored +Gatak ¥t sitS
packed. The 1 oBRbRGe T aNpaP SR or e L E AT Ty H0 L 000 e 35 T8 % hay

2004 pref er ahy B0 150-d30ced e HHRABe@R NMeL6SUl Eqh 5d yhmdd M sf nemdd. 1 to
20Mpa and preferably froml| to | Ova. Wen the tenperature or the pressure

is too |ow, wed eagigean ocddek ot thef Chciadysity isr vsued lyangdggedhé oot her
hand, 5 when the tenperature or the pressure is too high% thﬁ bﬁ-production
of etHhyl benzetaiy ¢oppetsas FasiygosMecdes cHtal FeRCHIBR PE€3sual Iy from

0.01 to 50hr§%é§2é€§hs 3C%h¥e£g h% i%% %é?%%{¥%§£i$'1£k88'gst° a catalyst

- 38kcal/mol-Cu0, a;_;d__a method of suppressing the ;:eag:tion
rate by dilutiné hﬁrdrogen gas as a raw material is adopted
in order to efficiently'remove the reaction heat.

15 | However, according to inventor’'s study, it was
considered that the temperature of a catalyst surface
was drastically raised depending on the operational
condition, Cu on the caﬁalyst surface coagulated, the

activity after the reduction was drastically lowered,

20 and stable activity was not obtained.

Further, when hydrogen is diluted, it is notreconomical
because a great amount of an inert gas such as nitrogen
or the like is regquired.

"In the present invention, since heat capacity removed

25 in reduction in the presence of liquid phase is large
ascomparedwiththatinreductianintheabsenceofliquid

phase, the reaction heat generated in the reduction can




| ayer and preferably fromO0.1 to 20hr-1. The anmpbunt of 10 hydrogen fed is
usually from1.0 to 3-fold by nole for the anbunt of acetophenone in the
raw material liquid charged. . As a liquid mediumfor reaction, those
above-menti oned, which are used in the reduction-treatment of 4hg,l5n04
copper - based catal yst, can be used. In the reduction-treatnent or

hydr ogenati on nenti oned above, the liquid or gas fromthe exit of a reactor
may be recycled to the reactor. Then, the present invention is illustrated

di 20 ' ] ' [mted th , le 1
" react on (b v e Bk Erdnovalaid Al bl Bale g SR of
I f fixed i gdi L@ & : Qb 3l Ll A
catal yat (containon Bao 58 by erunC B edio SEEPTRHT S tH8oEFArTLpn.

et hyl benzene (hefieirealdteion 86 ¥d dedt281'1E8 Do antt sLOONDNa LYy @ﬁaﬁg?fﬁgy
conposed of 15~ of nethane and 85~ of hydrogen were 7 4 May 20047fed at a

pressure of 0 .aGessurea tenperature of $heCLikandirRdugt §9NuvABnCl i ed
out for 20 hours. After conpletion of the reduction) 427g/hr of a flesh raw
material %iqui drydnpgesd of P Qklhyt i ghitlomizoet epterone S5a(deletaakt er,
described as "ACP"), 61~ by wei ght of Ce -phenylethyl alcohol (hereinafter,
descri bed as "MBS),AgRerdingdy wditghts gxtoenedyc egeaamlssalnfres. 6Ne/ hr
converted to norpal state (the nolar ratio of hydrogen to acetophenone raw

material is 1. X¥HROLHEABE) 15AUS U 34 X YRECEHRPSSed Wi dhavexing| affe of
hyd d17~b | f. et h fed, and h t ti
s oarri od ourslet By e B AP RRn Sbion RS0t ne S SHGE SR edat e |
fter 8 h i i inl trol | ed
ot 60— "Penot nd B SR tElT A hEv TR RIS, Qe 0T P AR e R ERTRY Lo

exit of fdie reagldrlz WAk 168 mek A AR £AWSES PRich D¢ £ 851 8SufBer
selectivity. Conparative Exanple 1
reduction condition can be used, and specific examples
thereof includewater, al.cohols"such' asmethanol, ethanol,
propanol, ethyleneglycol mono methyl ether, «
-phenylethyl alcohol and the 1like; ethers such as diethyl
15 ether, tetrahydrofuran, dibxéne, ethylene 'glycol
dimethyl ether and the like; hydrocarbons such as hexane,
heptane, toluene, ethyl brenzene and the like; and mixed
solvents thereof.
The reduction-treated copperQbased catalyst of fhe
20 invention can be suitably applied to hydrogenation of
acetophenone for producing O -phenylethyl alcohol.
The hydrogenation of acetophenone is carried out using
areactor inwhich the above-mentioned catalyst is packed.
The reaction temperature is usually 40 to 200C, and

25



'In a reaction tube having an inner dianeter of |cmand 20 a packi ng hei ght
of Imof a fixed bed adiabatic reactor, 70cc of a copper silica pellet

catal yst (containing 65~ by weight of Cu0) was filled, 8500Ncc/hr of a gas
conposed of 15~ of nethane and 85~ of hydrogen was fed at a prasgy eo®f O.

| Moa and a tenperature of 140 to 180 while diluting 25 it with nitrogen of
3500Nec/ hr, and reduction was carried out for 20 hours. After conpletion of
the reduction, 428g/hr of a flesh raw material solution conposed of 21$% 8

4 May 2004 b i_qht h . ) ., ’ g
i "200¢ by g et oorons heLsLast o ey b aes i)
and 35. 6NL/ hi rganvyent g tZ‘BMiﬁr g %Jtﬁfqal(at whe 1 aﬁéol@lﬁpjéydw&gﬁn E to

acet ophenone raw material is 1.5-fold by nol) of a m x gas conposed of 86%
by vol une of thedtegparanthrbAdrbyhy dteesefe ned hare lver,ethedreattiion

hydr ogenati on reaction was carried out under a pressure condition of

2. 5MPa. At adskesadpetstatEfbdient By hpupseed, waindh arhetheanl @ther llgandrper at ur e
of the reactor was controlled at 90C , reaction results determ ned from
conposidt i ons VAeT Hq HeRPFRiteRet OBf thRePFE&SIUSS viet et BB. BYFAs BReACP

conver si on, %nd 1.4%)%§‘EB selectimvity. 15 As described aﬁ ve, according to
the prosent PRVEHSHIELIOT Ok SPHIRRF G8ELIRYG Lo pheRg ot AT, STEBRSI by

hyd ti kLA st = - 15} t t,
W chcan kegh PheoEangRt okl EE B e o e e e ey Tow | evel

can be 20 pr@yaaed.vel AN I 4 May 26@4rial ARIALESStd 04 pEatHTyBg | X

- phenyl et hyl al cohol, which conprises hydrogenating acet ophenone with a 5
reduct i on-t r datyetr copbeprdfseabnt Argmt Oobt Abnédhlry’ r eluei agoantopper - based
catalyst with hydrogen in the presence of a liquid phase. 2. The proce$s
accor d.|fhg tohd| qgen mlﬂé ﬁqu‘%lly from 1.0 to 3-fold by mole for

the amcunt of acétophenone in the raw material ligquid
_éharged.

As a liguid medium for reaction, those above-mentioned,

which are used in the reduction-treatmént of the
15 copper-based catalyst, can be used.

In‘the reduction-treatment or'hydrogénation mentioned
above, the liquid or gas from the exit of a reactor may
be recycled to the reactor.

Then, the present invention is illustrated according

20 to Examples in detail, but is not limited thereto.
Example 1

In a reaction tube having an inner diameter of lcm and
a packing height of 1m of a fixed bed adiabatic reactor,
70cc of a copper silica pellet catalyst (containing 65%

25 by weight of Cu0) was filled, 100g/hr of ethylbenzene
{hereinafter, described as "EB") and 10000Ncc/hr of a

gas composed of 15% of methane and 85% of hydrogen were



copper - based catal yst contains 10 to 90 % by weight of CuO 10 3. The
process according to claim2, wherein the copper-based catal yst contains 20
to 80 % by wei ght of CuO. -4. The process according to any one of clains 1

to 3) wherein the hydrogenation is carried out at 40 to 200C
/ N~/ N+eec/ NP N7/ NEx/ N N7/ Nzl #/ NOoe+ 7 ¥May 2004
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and 17% by weight of. other compounds, and 35.6NL/hr
converted to normal state (the molar ratio of hydrogen
to acetophenone raw material is 1.5-fold by mol) of a
10 mix gas composed of 83% by volume of hydrogen and 17%
byvvlumeofnmthanewerefed,andhydrogenationreaction
was carried out at a pressure condition of 2.5MPa. At
a stationary state after 8 hours in which the inlat
temperatureofthereactorwascontrolledat90T3 reactlon
15 results determined from compositions at the inlet and
exit of the reactor were 68.3% as an ACP conversion, and
0.8% as EB selectivity.
Comparative Example 1
In a reaction tube having an inner diameter of lcm and
20 a packing height of 1m of a fixed bed adiabatic reactor,
70cc of a copper silica pellet catalyst (containing 65%
by weight of CuC) was £illed, 8500Ncec/hr of a gas composed
of 15% of mcthane and 85% of hydrogen was fed at a pressure
of 0.1Mpa and a temperature of 140 to 180C while diluting
25 it with nitrogen of 3500Ncc/hr, and reduction was carried
out for 20 hours. After completion of the reduction,

428g/hr of a flesh raw material solution composed of 21%
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ethyl alcohol
H, 109%& () - CT)lO%&'() 8#10%&'() >7|10a&'()-T10?8? ()- %10%&y() @Y%& aVK@ 10
{hereinafter, described as "MBA"), and 35.6NL/hr

converted to normal state (the molar ratio of hydrogen

5 to acetophenone raw material is 1.5-fold by mol) of a
mix gas composed of 86% by volume of hydrogen and 14%

by volume of methane were fed, and hydrogenation reaction

was carried out under a pressure.cohditiqn of 2.5MPa.

At a steady state after 8 hours in which the inlet

10 temperatureofthereactorwascontrolledat90%3,reaction
results determined from cqmpositions at the inlet and

exit of the reactor were 58.3% as an ACP cqnveision, and

1.4% as EB selectivity.

15 As described above, according to the preSent invention,
a process for producing &-ﬁhenylethylfalcohol by
hydrogenating acetophenone in the presence of-a |
copper-based catalyst, which can keep the lowering of
catalyst activity at an extremely low level can be

20 provided.
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10 3. The ‘process according to claim 2, wherein the

copper-based catalyst contains 20 to 80 % by weight of Cu0O.
- 4. The process according ‘to any one of claims 1 to 3,

wherein the hydrogenation is carried out at 40 to 200T.

15



