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PCT/ JP2003/ 016212 1 DESCRI PTI ON METHOD FOR
HYOROEENETONGZIGLEFI N 5 TECHNI CAL FI ELD The present
invention relates to a nethod for hydrogenating an
ol efin. BACKGROUND ART 10 As a nethod for

hydr ogenating an olef in, by whaich a liquid
containing an olef in and a gas contai ni ng hydrogen
are passed upwardly through a packed bed of a solid

hydrogenation catal yst, bpegcRi@Ron U S. Patent
3,127,452 discloses a technique in which a -nethyl

styrene and hydrogen are supplied to a catal yst 15 bed
under an upward flow to carry out hydrogenati on.
However, conveMETHOR FOBt HIDROGENATING WIEFINri | y
satisfied fromthe view point of production of cunene
at low cost. DI SCLOSURE OF THE | NVENTI ON 20 The

present invention provides a nethod for hydrogenating
ahEGHRECAL FERELPhg an excellent effect on which the

reacti Q'Belrpa}ees r&ein{%giﬁig]r; lcat&‘:te"’};I '%(8 ta n'lestlﬁ]@gb{:g ogenating
is, thé presént inventiron relates to a netho 0
hydrggepaLi ng an ol efin, which conprises passing
upwardly a :
BACKGROUND ART

As a method for hydrogenating an olefin, by which a liquid
containing an olefin and a gas containing hydrogen are passed
upwardly through a packed bed of a solid hydrogenation catalyst,
for example, U.S.Patent 3,127,452 discloses a technique in
which ¢ -methyl styrene and hydrogen are supplied to a catalyst
bed under an upward flow to carry out hydrogenation. However,

conventional methods were not necessarily satisfied from the

view point of production of cumene at low cost,

DISCLOSURE OF THE INVENTION

The present invention provides a method for hydrogenating
an olefin, having an excellent effect on which the reaction rate
per unit of a catalyst is high.

That is, the present invention relates to a method for
hydrogenating an olefin, which comprises passing upwardly a
liquidcontaining anolefin and agas containinghydrogen through
a packed bed of a solid hydrogenation catalyst., wherein the

superficial velocity of the gas is 3.0 cm/sec or more.
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25 liquid containing an olef in and a gas contai ning
hpet/ggerey/Riezigh a packed bed of a solid hydrogenation
catal yst, wherein the superficial velocity of the gas
is 3.0 cmsec or nore. PCT/JP2003/016212 2 MODE FOR
CARRYI NG OQUT THE | NVENTI ON As & solid hydrogenation
catal yst used for hydrogenation of an olefin, for
exanpl e, a nmetal oxide containing at |east one of CuQ

%89& FOROCARRYING AGHES rHEAINTENTTONS, Ce2, Zr 02,
T102, 5 Si02, M02, Co203, NNO BaO CaO and MyG and

a nobl asnet$d1i € dvdnsfertlich dataliét BBedPfopmirogenation
can be listed. As the solid hydrogenation catalyst, a

cafraprohefibe fiordexampbe, dAsnetadk oxide epontaimingapt least
be |isted netal oxides or conpound oxides _thereof .
sOBR QS C¥0I. | €BOsal ZAF & e0si thekla, 18206 0HMa0s méiResi 202, T102.

PaBomdiass GaaPe NLo: PROnrFrg g ML | 94 (o BohLe metal

Cg?gg;ligr?t ﬁ SJ.n ksd Iﬂhadgltt #QnRuachnSBépf:LQI:e&he As the

sPe™an cylindrical form

' Ebﬂiﬁrﬁf&goggﬁ‘gtféﬁ atysd1yse U%U@Eh:‘flgr%a}%é @sHd B not. As

in Sl ze, and” when he size i1s too smal , a pressure
| eRe da’i.CJffb’&S,e%héRré ¢ 10stedmtel Gﬁideﬁmﬁ bempbhad oxides

hand, when too large, it is not preferable because a
cthergef suchvasysilica, alumina, titania, zirconia, magnesia
and silica-alumina; and bentonite, montmorillonite,
diatomaceous earth, acidic white clay., active carbon, ceramics
and the like.

In addition, as a shape of the catalyst, sphere and
cylindrical form are illustrated. The catalyst is usually 0.5
to 10 mm in size, and when the size is too small, a pressure
loss increases and leads to uneconomical, on the other hand,
when too large, it is not preferable because a catalyst activity
decreases and a reaction fluid flows non-uniformly.

The hydrogenationof anolefiniscarriedoutusingareactor
inwhich the solid hydrogenationcatalyst is packed. The reaction
temperature is usually 20 to 500C, preferably 40 to 350 C,
and the reaction pressure is usually 0.1 to 20 MPa, preferably
0.1 to 10 MPa,

The used amount of the catalyst is 0.01 to 50 hr™' in terms
of a space velocity of the 1liquid containing the olefin supplied,

and a liquid containing a fresh olefin as a raw material may

be diluted with an appropriate solvent or with a 1liquid obtained
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decreases and a reaction fluid flows non-uniformy.
Ther /Apdeyenezion of an olef inis carried out using a
reactor 20 in which the solid hydrogenation catal yst
is packed. The reaction tenperature is usually 20 to
5000x, preferably 40 to 350 t, 3 and the reaction
pressure is usually 0.1 to 20 MPa, preferably 0.1 to
10 MPa. The used anount of the catalyst is 0.01 to 50

hpg 1 réByEQ&Fﬁe g?a?ft B£SRARE rvalRGidny J.J.Qjﬂi% after

contalnlng in supplle and a I qui

?&ﬂbgéﬂﬂtioﬁr eftte amelint @ﬁhgdwyetmieru@ialw1 Do 30 times
ilTuted with an appropriate solvent or with a liquid

oby anobel féGT/ahPa0e8iA16@ I Jupplied/cifurgharpahyydobgen may be

the reaction mxture liquid after hydrogenation. The

a%hﬁteéfwilmamwrlécuslms not react gothithsolpfimsupplied,
an olef _in to be supplied, further, hydrogen nay

%ndd?FEFEdhKPFﬁgéngQQY eckegysdefot react with the

Cecycl 88 U8 ?E%fl rermBebbsottet g aeeBladne oF tripie
PE8HaOkubh! BLCa géeaaceaﬁsb@ 344eeRe C#HeDErbi8hedinc1udes

The styrene 1 nclu styrene, a-methyl styren
theybeke, bnnidinyr asefteddVand i ee Bikéguid

containing an olef in 10 and a gas containing
hydr ogén &he paesedtupmmentyofipalbifuid containing an olefin
and a gas containing hydrogen are passed upwardly {(upflow)
through a packed bedof asolid hydrogenationcatalyst. As reasons
why the upflow is applied, a runaway of the reaction according
to difficulty of control of the reaction temperature caused by
generation of hot spots, can be suppressed because the liquid
can be uniformly flowed in the packed bed without localization.
The utmost characteristic of the present invention is to
control a superficial velocity of the gas to 3.0 cm/sec or
higher, preferably 3.5cm/sec or higher. When the superficial
velocity of the gas is lower than 3.0 c¢m/sec, the apparent
reaction rate lowers, namely the reacted amount per unit of the
packed bed lowers because a rate of which hydrogen dissolves
in the liquid, controls, due to a fast rate of olefin
hydrogenation, the rate of the reaction. In addition, the
lowering of the hydrogenation rate of the olefin leads to
lowering of the yield through a tar formation reaction caused
by formation of an olefin dimer and olefin polymer. The

superficial velocity of the gas is preferably 10 cm/sec or lower.
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t hrough a packed bed of a solid hydrogenation
cBEH[NEP03/8463¥asons why the upf lowis applied, a

runaway of the reaction according to difficulty of

control of the reaction tenperature caused by

generation of hot spots, can be suppressed because the

liquid 15 can be uniformy flowed in the packed bed

wi t hout |ocalization. The utnobst characteristic of

t WReR! EEIROt shPY LR E9811 Ge1Oci€PNbEOl tite Sy {4 thBdher than 10
velocity of the gas to 3.0 cnisec or higher

pcafeeebl § freamuedoms bifgtiee . paliasd tHedd magethecrease because
velocity of the gas is |Iower than 3.0 cnisec, the

apparahd kearcpevwden afithe|eakalyshasef9rned e friegion among
annun& ger unit of the packed bed | owers because a

r SRE3G¥SHAirch hydrogen dissolves in the liquid,

contr ol due. to fast_rate.of olef in_ . .

hydr ogeRSfi SRPeFRACHALeVBROFREY, 857 3RS 14 SEkRTTHRCA DY the
tggllbgmﬁgigqugiibge(ﬁ¥Qrogenation rate of the olef in

| eads to 25 [Ffowering of the yield through a tar

f psaBereNciadCe DhcLEY N gad)) LofHedi @/b1imedRedbehitiyNof gas)/
dimer and olef in polyner. The superficial velocity

of Crbesgasctiopndf aredl pfl@eantoed or | oudr).

PCT/ JP2003/ 016212 4 When the superficial velocity of

the gas is higher than 10 cnisec, a pressure |oss of
tg&ﬂﬁsﬁked bed may i ncrease because wear and tear

p Bt the catalyst is formed by friction anong

Next, the present invention 1s explained by Examples.
Example 1

A catalyst (12 cc} containing copper was packed into a
reactor having an inner diameter of 4 mm, a liguid containing
& -methyl styrene (AMS} of 21% by weight was supplied at a rate
of 48 g/min and hydrogen of 1.5 times by mole per mole of AMS
fed was fed to the reactor. The reaction was carried out under
a pressure of 1.0 MPa at a temperature of 200C. At this time,
the superficial velocity of the gaswas 7 cm/sec, and the reaction
amount of ¢&-methyl styrene per catalyst was 49 kmol/m’

catalyst/hr.

Example 2

A catalyst (2.2 cc) containing palladium was packed into
a reactor having an inner diameter of 4 mm, a liquid containing
¢ -methyl styrene (AMS) of 18% by weight was fed at a rate of

3.3 g/min and hydrogen of 1.5 times by mole per mole of AMS fed
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catal ysts. 5 The superficial velocity of a gas is
deEBAITRARY 0B§2the fol | owi ng equation (1):
(Superficial velocity of gas) = (Real volune velocity
of gas)/ (Cross-sectional area of reactor) (1) 10
EXAMPLE Next, the present invergion is explained by
Exanpl es. Exanple 1 A catalyst (12 cc) containing
copper was packed into a reactor having an inner

divaBeEgl €6 fh8Ntedctbivi 'ﬂh&of‘éébﬂiaﬂ w&é arPELAYbut under a
styrene (AVS) of 21% by weight was supplied at a rate

opré8sgrei pfandohyeaogenaotempbrhaitoee by 18L& pext NEHEs time,
of AMS fed was fed to the reactor. The reaction was
ciheisubenfiiciakrelocinysefigasovas 60 SvPm/aeca and the reaction
tenperature of 200cC. At this tinme, the superficial
véF'SEPnyogf % tee thl \REYTeRe BRE, cahalyat wasciokmead/m3

g 5: ﬁ nmet hyl styrene per catal yst was 49 knol /nB
CSF F‘é/'gt“‘ APT-Exanple 2 A catal yst (2.2 cc) containing

pal | adi um was packed into 25 a reactor having an
inner dianeter of 4 nm a |liquid containing a-nethyl

st&gﬁlﬁagaﬂ;%@) eQbmi3% Ry weight was fed at a rate of
g/ mn and hydrogen of 1.5 tinmes by nole per nole

of AI\/B'I'fhﬁ.d; experiment was carried out under the same conditions
as in Example 1 except that the raw material was fed at a rate
of 1.6 g/min and the reaction was carried out at a temperature
of 210C under a pressure of 1.4 MPa. At this time, the
superficial velocity of gas was 2.7 cm/sec, and the reaction
amount of ¢ -methyl styrene per catalyst was 14 kmol/m’

catalyst/hr.

Comparative Example 2

This experiment was carried out under the same conditions
as in Example 2 except that the raw material was fed at a rate
of 1.6 g/min. At this time, the superficial velocity of gas was
2.8 cm/sec, and the reaction amount of @ -methyl styrene per

catalyst was 42 kmol/m® catalyst/hr.

INDUSTRIAL APPLICABILITY

As described above, according to the present invention,
there is provided a method for hydrogenating an olefin, under
which a liquid containing the olefin and a gas containing

hydrogen are passed upwardly through a packed bed of a solid



PCT/ JP2003/ 016212 5 was fed to the reactor. The

r BEEAIPEAO DS 68B4 ri ed out under a pressure of 1.0 MPa
at a tenperature of 1801. At this tine, the
superficial velocity of gas was 6.5 cm sec, and the
reacti on anount of a-nethyl sté/rene per catal yst was
71 knol /nB 5 catal yst/hr. Conparative Exanple 1 This
experiment was carried out under the same conditions

apylRogeadRi@nl c%ﬂ:%q_%tt h3ihdha ] and i W8S d€%xcellent

at arate 10 of 1.6 g/nmin and the reacti on was
ceffieet qhatathe resdetianurate pékd unitiaiath PFESSiE high.
of 1.4 MPa. At this time, the superficial velocity of
gas was 2.7 cnm sec, and the reaction anount of

a-met hyl styrene per catal yst was 14 knol/n8

catal yst/hr. 15 Conparative Exanple 2 This experi nent
was carried out under the sanme conditions as in
Exanpl e 2 except that the raw material was fed at a
rate of 1.6 g/mn. At this tinme, the superficia
velocity of gas was 20 2.8 cm sec, and the reaction
anmount of a-nethyl styrene per catalyst was 42
knmol / n8 cat al yst/ hr.
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| NDUSTRI AL APPLI CABI LI TY As descri bed above, according
t BCTWE2p ¥ 9dATLA nvention, 25 there is provided a

nmet hod for hydrogenating an olef in, under which a
liquid containing the olef in and a gas containing
hydrogen are passed upwardly tough a packed bed of a
solid PCT/JP2003/ 016212 6 hydrogenation catal yst,

“wherein the nethod has an excellent effect that the

reaction rate per unit catal gghTug§ hi gh.

PCT/ JP2003/ 016212 7 CLAIMS 1. A nethod for

hydr ogenating an ol efin, which conprises passing

upwardly a liquid containing an olefin and a gas 5

contaiﬁin@ mgtihod efrx hsinflgenadaie@nbededfina wbich comprises
drogenation catalyst, wherein the superficial

v paEreyg d’fP“lq;!%iJ@ésal diguid GAnfripingpap, olefip and a gas

THPERLALE Y I Erfuenahhon Bep 1 Spa Ay dr Syenat on
?%Sgﬁ}ggg?ewhéﬁgiﬁfEﬁgaEuﬁSLQEEHXlo&eiQSig9sokst§e5g59 is 3.0
cm/sec or more.

2. The method according to claim 1, wherein the olefin
is a styrene.

3. The method according to claim 1 or 2, wherein the

superficial velocity of the gas is 3.5 to 10 cm/sec.



