TITLE OF THE | NVENTI ON Process for produci ng a-phenyl et hyl al cohol
BACKGROUND OF THE | NVENTI ON The present invention relates t§fa/3¢9-|
process for producing a-phenylethyl alcohol. Mre particularly, twﬁ wm{
present invention relates to a process_fjor producing a -phenyleth ?
al cohol in which acetophenone is hydrogenated by a fixed bed flow reaction
in the presence of a catalyst, wherein the anount of ethyl benzene produced
as a by-product is controlled at a sufficiently Iow level, and hence the

selectivity &QFPQ-@@@&);he&wgﬂkgﬁhol is high, thus the process being
I'n

extrenely excellent in an ustri-al production. The a- phenyl et hyl

al cohol is useful =kLQr tard h%gﬂ%}‘fﬁ(’ al 1f r oduci ng
styrene, and mat eF?gFgggorf&(%;%ﬁ%‘}%gniaéi g)lus i nds~o a;:)lec(ryth\l?;'{g. It is
known that a -phenylethyl al cohol can be produced by the hydrogenation of
acet ophenone. For exanple, in Japanese Patent Publication No.59-27216,

there is di sghpges oFcRE’ efveRrgbRoenati ng acet ophenone by using
copper-chromte catalyst containing barium zinc, and rmagnesi um However,

there had not beegpgr Bresenty ihbentiblaked aRe8C S af Brocess for
producing a-phenylethyl alcohol. More particularly, the

present invention relates to a process for producing «
-phenylethyl alcohol in which acetophenone is hydrogenated
by a fixed bed flow reaction in the presence of a catalyst,
wherein the amount of ethylbenzene produ;::ed as a by-product
is controlled at a sufficieni:ly low level, and hence the
selectivity for a-phenylethyl alcohol is high, thus the
process being extremely excellent in an industrial
'prodﬁction.

The a~phenylethyl alcohol is useful as, for example,
a starting material for producing styrene, and materiais fdf
producing various kinds of perfumes. It is known that «
—pheﬁylethyl alcohol can be produced by the hydrogenation
of acetophenone . For example, in Japanese Patent
Publication No.59-27216, there is ciisclosed a process for
hydrogenating acetophenone by using copper-chromite
cataiyst containing barium, zj.nc, and magnesium. However,
there had not been previously known that a process for

producing a-phenylethyl alcohol by hydrogenating '



produ0|ng a- phenyl et hyl al cohol by hydrogenating

- acetophenone in a fixed bed with high selectivity and efficiency.
SUNNARY OF THE | NVENTI ON Under it hese circunst ances, an object of the
“present invention is to provide a procgess for producing a- phenylethyl
al cohol in which acetophenone is hydrogenated by a fixed bed flow reaction
in the presence of a catalyst, 1i.e., a process for producing a-phenyl ethyl
‘al’cohol extrenely excellent in an industrial producti on, wherein

Fenct on of AORTARRPache g LAY Med Swakfl, BV RS Fherb BT AL e
by- product i CARd |l ed at a sufficiently Iom/IeyeI resultlng in high
select|V|t)/%%§;'§'Bh nyl et hyl al cohol . That is, the present invention

is to provide a process for producing a-phenyl ethyl alcohol, which
conprises hydrogenating acetophenone by a fixed bed flow reaction in the

Where the | SRR EF Eﬁﬁ"%ﬁﬁﬁ# reactor s in the range of from30% o
90 % U T S sl £ RLREEEHACEES §RUDIEL o "Ehe present -

invention is to provide a process for pfoducing a-
phenylethyl alcohol in which acetophenone is hydrogenated
by a fixed bed flow reaction in the presence of a catélyst,
i.e., a process for producing cx-phenYlethyl alcohol
extremely excellent in an industrial production, wherein
productivity per unit volume of a reactor is high even under
low pressure (the reaction efficiency is high), and the
amount of.ethylbenzene producéd as a by-product is
controlled at a sufficiently low level, resulting in high
selectivity for a-phenylethyl alcohol.

That is, the present invention is to provide a proceéé
for producing a-phenylethyl alcohol, which comprises
hydrogenating acetophenone by a fixed bed flow reaction in
the presence of a catalyst, wherein the reaction is conducted
in the state where the liquid hold up ratio in a reactor is
in the range of from 30% to 90 %.

It is difficult to proceed the reaction of the
hydrogenation of acetophenone in general because the

reaction rate of the hydrogenation of acetophenone is slower



hydrogenation of acetophenone in general because the reaction rate of the
hydr ogenati on of acetophenone is slomer. than that of the other
hydr ogenati on reacti on such as olef in. - Accordingly, the hydrogenation
reacti on of acetophenone has been conducted industrially under high
pressure and a | arge anount of hydrogen. The liquid feed nust be al so
dil'uted by the other solvent that enables hydrogen gas to dissolve in

| i §uid phase. In these cases t he runni ng and equi pnentcost are high due

For, the di | uERBR G1a% BEcEbe nEhe Ftaamhat R Epagk doRERE AR SURRSH on ra o
e oohbnoncReRaEaTRakYe HR °9‘%F>a%af-=t Fgo frackipa %’33%ﬂaﬁaa8nsm) by
espoct to.t RESPERBRRHEET a(%yq RaeroRLof HRaRmE Ao 2 JaFae s
hydr ogen congBRBaY oF m@%’%%ﬁ?af 33k £Red mifie pese phattiuded dhe

Rol di ng | ar gERe 8%11# “eﬁgﬁ%‘%ﬁrnseﬂ%iaﬁ“ e %50&%%35%%?%% Bipieede
resulting in,l onggr gﬁégg rE:CaesetsI ,nEhenrlgl%aing and equipment cost

phas
are high due to an incrase in equipment for recycling excess
hydrogen and the solvent for the dilution of feed. The
applicants have found that the reaction rate strongly
depends on the ratio of a reaction liquid (containipg
acetophenone) to a reaction gas in a reactor (catalyst
charged layer) by an analysis of the acetophenone
hydrogenation rate in detail.

With respect.to the hydrogenation reaction, the
acetophenone in a liquid is allowed'to react with dissolved
hydrogen.oh. a catalyst,- wherein the hydrogen consumed iﬁ
the iiquid is supplied from a gas_phase. In the present |
invention, the.reaction is carried out under the conditions
of holding larger 1liquid hold up than that of the conventional
process , resulting in longer liquid residence time in the
catalyst bed and the larger amount of dissolved hydrogen.
Consequently, high reaction efficiency can be achieved.,

resulting in high acetophenone conversion ratio and small

yield of by-product ethylbenzene even under lower pressure



catal yst bed and the larger ampunt of dissolved hydrogen. Consequently,
hi gh reaction efficiency can be achieved , resulting in high acetophenone
conversion rati.o and small vyield of by-product ethylbenzene even under

| ower pressure 4. -4- t han t he
conventional process. Wien the liquid hold up is too low, the reaction
efficiency decreases. On the other hand, when it is too |arge, the gas
hol'd up extrenely decreases and it is inpossible to supply hydrogen gas
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liquid hold up ratio can maintain the reaction efficiency
at high level, completing the present invention.
In the hydrogenation reaction of the fixed bed reaction
system of the present invention, effective removal of heat
of reaction is particularly important in maintaining the
reaction selectivity at high level. In the hydrogenation
reaction of acetophenone, excessive hydrogenation reaction
' results in the formation of ethylbenzene. BAccordingly, it
has great industrial significance to produce a-phenylethyl
alcohol by limiting the amount of ethylbenzene as smaii
as possible. Tﬁe analysis of the-feaction results
indicate that the formation of éthylbenzene greatly depends
on the reaction temperature, and significantly increases at
a temperature of over 150 °C. The reaction heat of the
hydrogenation of acetophenone to a-phenylethyl alcohol is
about 50 KJ per 1 mol of acetophenone. foen the liquid hold

up ratio in a reactor is too small, insufficient removal of

reaction heat in the reactor results in the formation of heat



ont her eacti ontenperature, andsi gni ficantlyincreases at a tenperature of
over 150 [err]C. The reaction heat of the hydrogenation of acetophenone to
[err]-phenyl ethyl alcohol is about 50 KJ per 1 nol of acetophenone. Wen

the liquid hold wup ratio in a reactor.gs too small, insufficient renoval
of reaction heat in the reactor results in the formati on of heat
-5- spots to produce nuch anount of ethyl benzene as a by- product, and

the reaction-selectivity becones worse. Under these circunstances, the

i nventors has found that anp unt of ethyl benzene produced a

by- pr oduct C§H°g§ geoﬁFPSPFsdmﬁﬁ s&“!qq{btt ?%ﬁme'h%?‘gguﬁsraﬁsbj n a
reactor at a res ri be unt sul t maintainin conversi on
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| nside of at a prescribed amount resulting in maintaining high

conversion ratio of acetophenone. The liquid hold up ratio

in a reactor is determined depending upon the amount of liquid

and the amount of gas éer sectional area of the reactor.

The liquid hoid up ratio in a reactor is in the range of

from 30% to 90 %, preferably in the range of from 40% to

70 % so as to control the amount of ethylbenzene produced

as a by-product.

The terms “liquid hold up” and “liguid hold up ratio”
in the present invention are defined as follows:
The amount of liquid capable of filling the inside of

a reactor after charging a catalyst into the reactor is taken

as 100. The amount of liquid staying in the reactor at the

time when a material gas and material liquid are actually

flown therein to reach the steady state is defined as liquid

hold up. The value expressed as the ratio to the above

described 100 is defined as liquid hold up ratio. For

example, the liquid hold up and liquid hold up ratio can be

determined as follows: a prescribed gas and liquid are



a reactor after charging a catalyst into the reactor is taken as 100. The
armount of liquid staying in the reactor at the tine when a material gas
and material liquid. are actually flown therein to reach the steady state
is defined as liquid hold up. The val ug expressed as the ratio to the
above described 100 is defined as liquid hold up ratio. For exanple, the
liquid hold up and liquid hold up ratio can be determned as follows: a
prescri bed gas and liquid are E - 6-
supplied into a reactor to ensure the steady state, after i ch j.he val ves
each provi degurpPlird ipte: aaﬁﬁaBE?Fe'Wo‘F“s‘P%% the gtRady & VQ?‘T \Pe#‘iﬁr are
stopped at the same tinme, Then, the amunt of liquid remaining in the
reactor is dwhigh thepwaiges, eagh PEQEY F‘,g fhethe ?Flga‘?‘ét%%l?g 91€t
limted thereto. The liquid hold up can be changed intqQ the desiJsed
anount by apPbhepFRACEP¥ rs XEEPECHIVELY rafFnSEopPeghatythe Safg F i e fed
into the reactor, and the size of the reactaor. The cat aI.¥Ech usable in
awn

the present Thesattha amounicof biayid gemaindng ipdths F&IGHoT &

hydr ogenated to produce a -phenyl et hyl al cohql. Ex es of jch said

Eitt al Iyst i nEPUe megsaredr HEWeVEE | Y1iq Meagny WHP%‘%ITE‘% &S BQF\;\'{]’#H}%?@
anpl es of the copper-based catalyst include catal ysts, djscl d i

Japanese Pat Sherek9-i Thej bansd 1591-ydz ??1‘6?“%?%"%5‘“96)&3 ito the desire

amount by appropriately selec'ting the amounts of gas and

liquid to be fed into the reactor, and the size of the reactor.
‘The c;télyst usable in the present invention is the one
which allows acetophenone to be hydrogenated to produce «
-phenylethyl alcohol. Examples of which said catalyst
include copper-based catalysts; and noble metal catalysts.
Examples of the copper-based catalyst include catalysts
disclosed in Japanese Patent Publication No. 59-27216, EPO
No. 714877, and DE No.3933661, but do not limit to these
c_:atalyst; These catalysts mean the catalysts containing Cub
as a Imain coméonent. The content of Cuo in a catalyst is
generélly in the range of from 10% to 90 wt%, preferably
in the range of from 20% to 80 wt%. Even if the content is
too high or too iow , hydrogenation activity may become low .
ﬁxamples of components other than CuO in a catalyst include
various kinds of metal oxides such as Cr,0,, ZnO, FeO,, Al,O,,
La,0,, Sm,0,, Ce0,, 2r0,, Tio,, MnoO,, Co,0,, NiO, SiO,, BaO, Cao0,

and MgOo. Specifically, catalysts of the mixed oxides with



No. 714877, and DE No. 3933661, but do not limt to these catalyst. These
catal ysts nean the catal ysts containing CuO as a main conponent. The

content of CuOin a catalyst is generally in the range of from 10%to 90
w% preferably in the range of frrom#Q%to 80 wt% Even if the content
is too highor too |low hydrogenation activity nay becone |ow. Exanples
of conponents other than CuOin a catalyst include various kinds of netal

oxi des such as Cr[err]Jerr], ZnQ Feqerr] Al[err]derr], La[err]qerr]
SMerr]derr],. . CeQerr], Z ry err Ni O
Sigerr], B %ﬁi‘)ar%\rﬁﬁ\i)% l@p%tl i ;! AR %@éf‘é ngFﬁ J:ﬂg?@ﬂném des
Wi th ca are preferable.
Further, an BRXapPe GRRtaiRed 3%y cﬂ'B@oBEnEoﬂFQFﬁeHh%& Ehgoﬂﬁﬁﬁ‘é‘nt ot her

t han the above- descri bed ones. | es of he nobl e net al tg e catal ysts
i ncl ude cat f§3FE1RedCneH 'ngEF‘GmPﬂQﬁs thg, pokie metal fiype cat EH§§§

I ncl ude cat al ysts di scl gsed in USP Nq. 4996374 Japanese Patent
Publ i cati on Naclu QPH@Y%CE'RﬁéMg Ry &t Bl 2RARUm NEX3BPE8839, but

do not" limt to these The_cat al yst _of the ent

i nventi on neQf b@%%pb‘l“fﬁ'&geoﬂa’éaaﬁﬂ:?eﬁilsgtaﬁﬁﬁegno‘f’s?hﬂoca ??g{’uncl ude
nmet al oxides_ 'such as_silica, alu titania,__zirconi a, nagnesi a, and
si | i ca- al uni Y2PaB@se F Q@Bx?%%l?ﬁ@b%ﬁfN°beh‘3?|?§%°' %ﬂnﬁ?gﬂlﬁﬁ?t e,

di at orraceouspaegértlg Pu lgacéfog ll@/ 786939 but do not limit to these

catalysts.

The catalyst of the present invention may be supported
on a carrier. Examples of the carrier include metal oxides
such as silica, alumina, titania, zirconia, magnesia, and
silica-alumina, and mixed oxides thereof; bentonite,
monmorillonite, diatomaceous earth, and acid clay. Among
them, silica and diatomaceous earth are preferable.
Binders such as graphite, silica sol, and aluminamay be added
in molding a catalyst. |

The catalyst is preferably a molded pellet with a
diameter of 3 mm or less, preferably of 2 mm or less. When
the catalyst is " too large , the reaction may not proceed
to a sufficient degree, or the amount of ethylbenzene
produced as a by-product may increase. The lower limit of
the diameter of the catalyst is not specifically limited.
However, it is preferable that the diameter of the catalyst

is 1 mm or more in terms of controlling the pressure drop



them silica and di atomaceous earth are preferable. Binders such as
graphite, silica sol, and alum na may be added in nolding a catalyst.
The catalyst is preferably a nolded pellet with a dianeter of 3 nm or

| ess, preferably of 2 mmor |ess. Wien _khe catalyst is too large , the
reaction may not proceed to a sufficient degree, or the anmount of

et hyl benzene produced as a-by-product may increase. The lower limt of
the diameter of the catalyst is not specifically limted. However, it is

preferable thaly %ng%ﬁ%’fﬁ%ﬁd ! ExERbTekbs drfe bniPebr "BhE ddbdHdE O

controlling t _ _
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of the cylindrical shape is not specifically limited,

however it is generally in the range of from 1 mm to 10 mm .
The catalyst of the present invention can be produced
by a coprecipitation method, pfecipitation method, mixing
method, and the like. For example, paste obtained by the
‘coprecipitation method is heated to obtain catalyst powder.
The aforementioned binder and the like are added to said
catalyst powder to obﬁain a molded pellet by tabletting
molding or extrusion molding. The cémmercially available
cataiysts_ can be also employed. )
The hydrogenétion reaction of aéetophenone is carried
out by the use of a fixed bed flow reactor charged with the
above-mentioned catalyst. This method reguires no
filtration of 'catalyst powdei from a reaction liquid and
hence it is more excellent method in terms of industrial
production as compared with a slurry reaction method using

powder catalyst. The reaction temperature is generally in

the range of from 40°C to 200 °C, preferably in the range



coprecipitation nmethod is heated to obtain catal yst powder. The
aforenenti oned binder and the |ike are added to said catalyst powder to
obtain a nol ded pellet by tabletting nolding or extrusion nolding. The
comercially available catalysts can be also enployed. The

hydr ogenati on reaction of acetophenone is carried out by the use of a
fixed bed flow reactor charged with the above-mentioned catalyst. This
nmet hod reqU|res no filtration of catalyst powder froma reaction |liquid

and hence it ﬁrgﬁsﬁ@(% I 181t o¢et q%[ghi.ga;:&% B}e\,\qu@ti# ené¥ tion

as_conpar ed \?nft urfy réeaction ne using - po catal yst. T

reaction temper pgrfah 9SPSR i MPa €894 34f. Of ﬁrsaw:@é@rgsd;simaoo

[err] C, preféra y|n erane

from 60C to @%@a&hgnaef%@& e oF $20R! & iva w st i@ ar ﬁﬂ%’n@f from

1 MPa to 20 €cones pos to react under |ower pressure of
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pressure ones possible, so the method of the present invention has
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and i.-nprovement i n safety. EXcessive |low tenperature or |ow pressure may

i nhi bit the pLACERdaRY i9kusthsa1c8ihheRikantesihl kelRBt ofeqrLedausbibhe

ot her hand,
in equipment cost and improvement in safety. Excessive low

temperature or low pressure may inhibit the proceeding of
the reaction to a sufficient degree. On the other hand,
excessive high temperature or high pressure may cause not
only increase of equipment cost and maintenance cost, but
also increase of the amount of ethylbenzene produced as a
by-product. The amount of catalyst to be used is generally
in the range of from 0.01 hr™ to 50 hr™?, preferably in the

_ range of from 0.1 hr'! to 20 hr*as space velocity of amaterial

- liquid to a catélyst bed. The amount of hydrogen to be
supplied is g_enerally in the range of from 1.0 to 3 times
as much as the amount of acetophenone in the material liquid
to be fed on a mole basis.

The hydrogen and material liquid may be sﬁpplied by up
flow or down flow if the liquid hold up rétio is in the range
of from 3-0% to 90%. In the case of up flow, the liquid phase
becomes continuous phase in a catalyst bed by its own weight

of the material liquid, and hydrogen gas flows therein as



excessive high tenperature or high pressure may cause not only increase of
equi pnent cost and nai ntenance cost, but also increase of the anpunt of

et hyl benzene produced as a by-product. The anount of catalyst to be used
is.generally in the range of fromO.0lqgylerr] to 50 hr[err], preferably
in the range of fromO0.1 hr[err] to 20 hr[err] as space velocity of a
material -liquid to a catal yst bed. The anmount of hydrogen to be supplied
is“generally in the range of from1.0 to 3 tines as nuch as the anount of
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case of down flow, the liquid hold up ratio in a reactor
changes depending on the 1iquid space velocity and gas space
veldcity, resulting in variations in reaction results. On
the other hand, in the case of up flow, the liquid is a
continuous phase in the reactor, and hence it is difficult
for the variations as described above to arise.

As a raw material for the reaction, only acetophenone
may be used, however, mixed liquid containing impurities and
the like other than acetophenone may be also used. A
solution with an adequate solvent being added therein.maf
be used. Examples of the solvent include alcohols such as.
methanol, ethanol, propanol, ethylene glycol mpnomethyl
ether, and a-phenylethyl alcohol; ethers such as diethyl
ether, tetrahydrofran, dioxane, and ethylene glycol
dimethyl ether; hydrocarbons such as hexane, heptane,
toluene, and ethylbenzene; and mixed solvent thereof. The

amount of solvent to be used is generally in the range of

from 0.5 to 10 times that of acetophenone on a weight basis.



velocity, resulting in variations in reaction results. On the other hand,
i the case of up flow, the liquid is a continuous phase in the reactor,
-and hence it is difficult for the variations as described above to arise.
As a raw material for the reaction, onlyiacetophenone nmay be used,
however, m xed liquid containing inpurities and the |ike other than

acet ophenone may be al so used. A solution with an adequate sol vent being
added therein nay be used. Exanpl es of the solvent include al cohols such

th | h | s | : d
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reaction liquid enables the effective removal of reaction

heat, and hence it is effective in maintaining tﬁe
‘selectivity of the reaction at high level. |
According to the present invention, it becomes
possible to provide a method for producing a-phenylethyl
alcohol by a fixed bed flow reéction, extremely excéllent
in terms of industrial production , whereiﬁ the amount of
ethylbenzene produéed as a by-product is controlled at
sufficiently low level, resulting in high selectivity for

a-phenylethyl alcohol.’

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Examples

The present invention will be described by way of
examples, which should not be construed as limiting the scope

of the invention.

Example 1



reaction |iquid enables the effective renoval of reaction -heat, and hence
it is effective in maintaining the selectivity of the reaction at high

| evel . According to the present invention, it becones possible to
provide a method for producing a-phenylephyl alcohol by a fixed bed flow’
reaction, extrenely excellent in terns of industrial production , wherein
t he anount of ethyl benzene produced as a by-product is controlled at
sufficiently low level, resulting in high selectivity for a -phenyl et hyl

al cohol . DETA! rDs PESQA 534 QM Fhatife EBEEEBEE[M@@@M% Fﬁﬁ%oul q

The present invention will be described by way of exanpl es,

not be const gyameter bfi4.J1Nemid¥ed 1enBeh &F ééﬁlﬁ@ﬁba%]f 8 Sﬁ?. nner

-12- In a fixed bed adi abat i ¢ reactor

di aneter of 4ektGEadn ? Ian%@p&-%atﬁlﬁSbe&q@tOtcaﬂlsf& élxqcitﬁ’é‘fd“cal ! y.

a copper-silica pellef catalyst (1 litter) (conta| nirng 63 wt % Cu
[err] X 4 mMekontaGhdngeds w$®uo, 1.5 mn ¢ X 4 mmL) is charged. Then,

a fresh material liquid containing 56 wt$% of acetophenone
(hereinafter, referred to as “ACP”), 16 wt% of a-phenylethyl
alcohol (hereinafter, referred to as “MBA”"), 0.04 wt3% of
ethylbenzene (hereinafter, referred to. as YEB”), and 28 wt$
of the other compounds at a rate of 11/hr, and mixed gas inade
of 84 volume % of hydrogen and 16 volume % of methane at a
rate of 0.3 Nm’/hr on a normal state basis (the mole ratio.
of hydrogen to material acetophenone is 2.4 times on a mole
basis) were supplied thereiﬁ by up flow to conduct a

hydrogenation reaction at 24 kg/cm’G. In this step, a part
of the hydrogenation reaction liquid at the outlet of the
reactor was recycled to the inlet of the reactor. 1In the
steady state (afte;: making sure of a material balance), the
valve provided at the inlet and outlet bf the reactor were
closed at the same time, liquid remaining in the reactor was
drawn out to be measured. Then, the liquid hold up ratio waé
calculated and the value was 50%. The inlet temperature was
controlled af; 94°C, then the outlet temperature was 116°C.
The reaction results determined from the composition of the

inlet and outlet of the reactor weré as follows: the ACP



a fresh material liquid containing 56 wt % of acetophenone (hereinafter,
referred to as "ACP"), 16 wt % of a -phenyl ethyl al cohol (hereinafter,
referred to as "MBA"), 0.04 wt% of ethylbenzene (hereinafter, referred to
as "EB"), and 28 wt% of the other conppgnds at a rate of 11/hr, and m xed
gas made of 84 volume % of hydrogen and 16 vol une % of nethane at a rate
of 0.3 Nnferr]/hr on a nornal state basis (the nole ratio of hydrogen to
mat eri al acetophenone is 2.4 tinmes on a nole basis) were supplied therein

by up flowt t nag 4 “this
Step o part oI FalIS QESTE X, WYY RRPEn e KCERV RTINS,
reactor was ¢ %ycieq §0 the inlet of the reactor. In the: steady state
(after nmaki n&' uré"of "4 material balance), the valve provided at the inlet
and outl et o%:lxta\?\.g)lree tor were closed at the sane tine, liquid remnaining

I n the react S rawn out to be neasured. Then, the liquid hold up

raio was calcul il ARl fieaiois WAECILE ofbeshtRL LAARSRARHES 4SS

controlled at 94C, e outlet tenperature was 1 err]C.  The reaction

results detery 0ednbigh,! OEOURASA BReSh ddtRer 14 £1qaRd Aid hpdroheh e
conversion 1y % Yap ¥l li%ed'a FBadebeChyVib¥n' #ib@, ¥Ad lidqui@
| hold up ratio was adjusted to be set at 35%. The témperatures
at the reactor inlet and outlet in steady state were found
to be 109 °C and 118 °C, respectively. The reaction results
| determined from the composition of the inlet and outlet of
the reactor were as follows: the ACP conversion ratio were
94 %, and the EB selectivity ratio was 1.8 %.
Example 3
The experiment was carried out in the same mannér aé
in example 1, except that the catalyst volume was -21(the
height of the catalyst bed was 148cm), and that a fresl;
material liquid containing 46 wt$ of ACP, 20 wt$ of MBA, and
34 wt% of the other comﬁounds at a rate of 21/hr, and mixed
gas made of 84 volume % of hydrogen and 16 volume' % of methane
at a rate of 1.8 Nm’/hr were supplied therein.. The inlet
temperature was controlled at 84°C, then the outlet
temperature was 119°C. The reaction results determined from

the composition of the inlet and outlet of ‘the reactor were

as follows: the ACP conversion ratio was 96%, while the EB



Exanpl e 2 "The experinent was carried out in the sane manner as in
exanple 1, except that a fresh material liquid and hydrogen gas were
supplied into a reactor by down flow, and liquid hold up ratio was

adj usted to be set at 35% The tenperatyges at the reactor inlet and
outlet in steady state were found to be 109 [err]C and 118 [err]C,
respectively. The reaction results determ ned fromthe conposition of the
inlet and outlet of the reactor were as follows: the ACP conversion ratio
were 94 % aguhddeivbeyCre€iody 12740 was 1.8 % Exanple 3 The
experinment was carried out in the sane manner as in exanple 1, except that
the catal yst volune was 21(the height of the catal yst bed was 148cm, and
that a fresh material liquid containing 46 wt % of ACP, 20 wt % of MBA, and
34 wt % of thet(g{‘ atPvROEKsmppé £ rate of 217hr, and mxed gas made of 84
vol ume % of hydrogen and 16 volume % of nethane at a rate of 1.8

Nnferr]/hr were suppd é@géf‘ﬁi&iﬁ‘ wal'@dr¥itld JudTRY the %aﬂ@smﬁﬁﬁb&ohhéd at

84[err] C, then the outl tenperature was 119[err]C. The reaction results

determi ned fromeddifpf@MOTxcedt Shathene M £ubdchord huid z@utdﬂezarsea&or

were as follows: the ACP conversion ratio was 96% while

-14- sel ecit 359/, aHd heRSalfF¢ésh material liquid conta:.n:.ng 52 wts
of ACP, 18 wt% of MBA, 0.04 wt3 of EB, and 30 wts of the other
compounds was supplied. The inlet temperature was controlled
at 102°C, then the outlet temperature was 115°C. The reaction
results determined from the composition of the inlet and

outlet of the reactor were as follows: the ACP conversion

ratio was 92 %, while the EB selectivity ratio was 2.6 %.



Conpar ati ve Exanple 1 The experinent was c sane
manner as i.n exanple 2, except that the liquid qﬂ“‘ﬂmmmllw set at
25% and that a fresh material |iquid containing 18 wt % of
MBA, 0.04 wt % of EB, and 30 wt % of the4gfher conpounds was supplied. The
inlet tenperature was controlled at 102[err]C, then the outlet tenperature
was 115[err]C. The reaction results deternined fromthe conposition of the

inlet and outlet of the reactor were as follows: the ACP conversion ratio

was 92 % \A%ét ?al ngaiﬁggciéylty ratio was 2.6 %
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reactor is i e range of rom4 e process RE o di ng:

to-claimil, whereignte oorddleld ihSefe SRR WARIRTLA8' ALYS1d hold up

ratio in a reactor is in the range of from 30% to 90 %.
2. The process according to claim 1, wherein the
reaction is conducted in the state where the liquid hold up
ratio in a reactor is in the range of from 40% to 70 %.
3. The process according to claim 1, wherein the
catalyst is a copper-based catalyst.
4. The process according to claim 1, wherein the
catalyst is a inolded pellet with a diameter of 3 mm or less.
5. The process acco;ding to claim 1, wherein the
catalyst is a molded pellet with a diameter of 2 mm or less.
6. The process according to claim 1, wherein the |
reaction is -conducte& at a pressure of 1 MPa to 5 MPa..
7. The process according to claim 1, wherein the
reaction is conducted at a reaction temperature of 60°C to
150 °C.
8. The process according to claim 1, wherein-the
reaction is conducted under the conditions of the mole ratio
of hydrogen to acetophenone is in the range of from 1 to 3.

9. The process according to claim 1, wherein a part



4. The process according to claim1, wherein the c ' ed
pel’let with a dianmeter of 3 nmor. |ess. 5. TF‘ E sl!ﬂljﬂu ng to
claiml, wherein the catalyst is a nolded pellet w3t [y 2 mm

or .l ess. 6. The process according {?/I_Dcl aim1l, wherein the reaction
is conducted at a pressure of 1 MPa to 5 a. 7. The process
according to claim1, wherein the reaction is conducted at a reaction
tenperature of 60[err]Cto 150 [err]C 8. The process according to

laim1, wherein the  reacfjon. i duct ed .under th itigns .of th
T rati o oBER,HPBGEAORCL LETIS AERIESREE AR 1R RetYs Bt by BRE AR1ST.

9. The process_accordi ng to claiml1, wherein a part

- 16- of a PEaERERERCHRFd after reaction is recycled to the inlet of
t he reactor. 10. The process according to clLaiml, wherein., liguid
feed to be suppli eﬁutg%grgﬁﬁﬁﬁora?%mé‘;*‘?gg& Shaimt MHhPFG\hnarllquld

feed to be supplied to the reactor is carried out by up flow.



