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S D B E o e e vere o I
The present invention relates to a device and a_nethoe*

w®soopifeksci ng a gas-I-iquid di spersion. Partipegfspsobdfosoon
the 10 present invention relates to a gas-liquid

- di spersion device which is uséd in a colum wherein a

gas-liquid mxed fluid flows upward which conprises a
liquid as a continuous phase and a gas as a di spersed

phase, characterized in s is dispersed
effectively into the quéﬁgﬁRgg@%ﬁgt a 15 sufficient

contact between the gas and the liquid can be
attai ned; and furthernore the production of the device

Lz?ﬁﬂﬁﬁﬁpﬁbiM?é%ﬁ§%§¥%}ﬁk§%guhﬁﬁ W trd ”%ﬁ@bg@PNG GAS-

ates to a et produci ng the gas-1iqui

di SRR PRsPRREAGE eri zed by using such device. 20
Background Art [0002] 4 - I'n chem ca

i ndustries, a so-called gas-liquid dispersion device
is often utilized for dispersing a gas 25into a liquid

I nreRRbhal pes1@nd thereby effective contact
[0001] |
The present invention relates to a device and a method.

for producing- a gas-liquid dispersion. Particularly, the
present invention relates to a gas-liquid dispersion device
which is used in a column Qherein a gas-liquid mixed fluid
flows upward which comprisesla liquid as a continuous phase
and a gas as a dispersed phase, characterized in that the
gas is dispersed effectively into the liquid, so that a
sufficient Eontact between the gas and the liéuid can be
attaiﬁed, and furthermore the production of the device is
comparatively easy. Also, the present invention relates to
a method for producing the gas-liquid dispersion

characterized by using such device.

Background Art
[0002]

In chemical industries, a so-called gas—li&uid
dispersion device is often utilized for dispersing a gas

into a liquid in a container and thereby effective contact

lIIIIHIlll!llllllllllllllllllllllﬂllll

_ *G00001*



10

15

20

25

WO 2009/ 110485PCT/ JP2009/ 054001 2 between the gas and
the liquid is attained. A device for reacting a gas
with-a liquid and a device for absorbing a gas into a
liquid are exenplified.In general, these devices have
woQboa16ks uct ure as bl owi ng the gas through gc12P2009/054001
bottomof a colum filled with the liquid. In this
case, "an effective dispersion of the gas into the
liquid is necessary. [0003] In Patent Literature 1
referred to below, there is 10 described a device for

Coﬁgﬁﬁééﬁgtﬁe9§%F¥$%§lf§4if%&&id'léiéﬁﬁﬁéﬁ@dwheﬁ?hﬁg§ce for

gas- urd m x ows™ upwar d conpri se

th Lo s C ' s as-. as '
d!SSé?ggggp%aggs_?ggEEfqﬁéﬁgggJﬁqugéﬁgﬁ'er?ﬁg P%g?rglng e
hi ng' eNgl, eLTiGlengy A% reguhs £ {08 Fhexdﬂ' éQSéPéP,”’ these
a urther ef_ectl_e di spersion 1Is required. From an

i ndustrial nWEWMAINt 223%REQANET L o8y g arieYate thebugh a
gas-li1quid dispersion is also reqU|red.(10005]
208@&?8&_5@fQr@Bfﬁm&:fﬂﬁ@ﬁﬁ%ﬁ&mPQQQﬁﬁihHﬁ@Xa”ﬁﬁe@his case,
Publication No. 10-118473 D sclosure of | nvention

[ 08R6]e 2RiNdee tdespurdsdahi iy MRALI aned aheyetnkheliquid is

problens to

necessary.
[0003]

In Patent Literature 1 referred to below, there is
described a device for‘contécting a gas with a liquid in a
column wherein a gas-liquid mixed fluid flows upward which

. comprises the liquid as a continuous phase and the gas as a
dispersed phase.
[0004]

However, considering that a high level efficiency is
required for the dispersion, a further effective dispersion
is required. Frém an industrial viewpoint, easy production
of a device for gas-liquid dispersion is also required.
[0005]

Patent Reference 1: Japanese Patent (Unexamined)

Publication No. 10-118473

Disclosure of Invention
[0006]

Under the situation mentioned above, the problems to
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WO 2009/ 110485PCT/ JP2009/ 054001 3 be sol ved by the
present invention are providing a gas-liquid

di spersion device and a nmethod for producing the
gas-liquid dispersion utilizing the device in a colum
woianginds gas-liquid mxed fluid flows upwardtobioodonss@1
conprises a liquid as a continuous phase and a gas as

a di spersed phase, characterized in that the gas is

di spersed effectively into the liquid, so that a

-sufficient contact between the gas and the liquid can

be attained, and furthernpre_the production of '_
qBsr o Ivese b afht | BarseiboSab ot RO oHEL ! Blofhalile & gas
first., t he present inventiontgggv%ggs§}o

spect .
0dd I Guicd SEPEBEPRT STVaST Gt R EBRdr F98s PA oSSt Y the

AL S
e

‘V\@.oﬁlgg_@g@?,r iasqﬁ.qﬁéhi G4l & aSyA iGRIRusNYHES PNARE 84Ndad as a

gas a di spersed phase, 20characterized in that:

(1RsbBesPh atigy has Aarbetsti 288 110/t&ath8eofa¥hi shatdiersed
gas and the |iquid pass, (B) one end of the

c _a&ibglfome&t@ﬁetm&@fd,hoé& to gasukbfodidhtmodtact
fluid at a lower surface of the plate so 25that the

C@Reukbn extigndgysdovngnar defd omiyieqp! @€, beWOattained, and
2009/ 110485PCT/ JP2009/ 054001 4 (C) at |east one

PaFus@gerhéfe t BRe 0ol ScPiqY i sedehdr @agicad 5 deompdfaciarely
of the conduit, (D) at |east one passage for the
| ie@glyd is provided in a | ower part of the conduit, and

[0007]

In the first aspect, the present invention brovides a
gas-liquid dispersion device which comprises a plate for
blocking a flow of a fluid and a conduit for conducting the
fluid through the plate from a lower side to an upper side
of the plate in a column wherein a gas-liquid mixed fluid
as said fluid flows‘upward which comprises a liquid as a
continuoué phase and a gas as a dispersed phase,
characterized in that: |
(A) the plate has at least one hple through which the gas
and the liquid pass, |
(B) one end of the conduit is connected to the hole (for
gas-liquid mixed fluid at a lower surface of the plate so

that the conduit extends downward from the plate,
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(E) an end of the lower part of the conduit has a
structure for preventing the gas fromflowing into the
conduit. (It is noted that a part of the conduit
including the other end of the conduit which is-not
wonn@at®es t o the hol.e for gas-liquid m xed fran.aob2008/054001
referred to as a "lower part") 10[ 0008] In the
second aspect, the present in&%ntion’provides a met hod
for producing a gas-liquid dispersion of a gas-liquid

m xed fluid, which nmethod conprises the steps of:

i), f ow e s-| Lgui ] | i d.up . oLgh
15({) o rl%atsEpng géég‘#&éﬂg{%%e&é dés i 591&@% L?gh a

ol unm o I'Si as-l1quid di spersion device

_acsci edisﬁgéggetgg tfgfeﬁ?%r;ll gi_i yenti on wherein the

gas-1T1quid m xed ormed of a continuous phase

of Slﬁ)heaﬁ g angd ?%ﬁsﬁ}y%%ﬁuﬁh%&%ovided in a

ii) formng a spac referred to as a

95,200 Wk ag E ng, £haylgsi) , CQRRT i si ng t he gas under the

plate; “iii) conducting the liquid into the conduit
th(@u% he passge dwdr phet! bautde Fqude@dnbe hhgtructure
conduit; iv) conducting the gas into the conduit

thf&“gﬁetv@ﬁtﬂﬁ?sﬁgf Jay riree @aswpr@Virted the tBRduit.
conduit; 25v) formng the gas-liquid mxed fluid by

m xiig s hetkiquhse ANPa3QR09r1 104 866Kad P2A0291094904hé other
and the gas in the conduit; and vi) then, flow ng the

gasnd i S tthaTi ocediufiltuiwel idhwaksd nblr eoghed ted hiod eti@rhole for
gas-liquid mxeéd fluid which the plate has. [0009] 5In
t hgas-iilghidaspegéd fhePriesertferng@nto s pr Olbdes part”)
nmet hod for- produci ng the gas-1liquid dispersion
mepaocdied above, wherein the nethod is utilized in a
hydrogenation step in a propyl ene oxide production
processncohpr sscomyl aspect, itheapresémtatinyenstieop poevides a
obt ai ni ng an akl yl benzene 10hydor oper oxi de by
oxielinkdngtan alrpglugéme@e;gas—liquid dispersion of a gas-
liquid mixed fluid, which method'comprises the steps of:
i) flowing the gas-liquid mixed £fluid upward' through a
column  comprising the gas-liquid dispersion device
.according to the present invention wherein the gas-liquid
mixed fluid is formed of a continuous phase of the liquid
and a dispersed phase of the gas;
ii) forming a space (which may bé referred to as a gas-—
cumulating chamb'er)_ comprising the gas uhder_ the plate;
iii) conducting the 1liquid into the conduit. through the
passage for the liquid provided to the conduit;
iv) conducting the gés into the conduit through the passa'ge

for the gas provided to the conduit;

v) forming the gas-liquid mixed fluid by mixing the -liquid
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i) an epoxidation step for obtaining a reaction

i quid containing propyl ene oxide and an al coho

derived fromthe al kyl benzene hydr oper oxi de by

reacting the al kyl benzene hydroperoxi de and propyl ene
wo 20obgr0lsesence of a catalyst; 15 iii) a preeRubRIfosi001
recovery step for recovering unreacted propyl ene from
the reaction liquid after the5epoxidation step, and

for recycling the recovered propylene to the

epoxi dation step as a raw nmateri al ; iv) a

propyl.ene oxide purification_step for obtaining
Zéﬁﬁgﬁgfegaﬁrb%y ?ufqggpdg’bﬁ?éfor exanpl e, distilling
t he .pr, l e oxi de .obt ai ned the e i.dat | en.
and’ &33¥he9§?ﬁ¥%ﬁe At 1961 g 8§¥?d?1%ﬁﬁx¥&d%% h?ﬂ%§é through

aining

ot BBIECPSy e YRR B el MRS BB s re

hyﬂk%gqroxide via the 25epoxidation step, and for
recycling the al kyl benzene as a WO

2009/ 1104 1P20 40 ter t -

oxi dat Ton Eeh™ b1 61 Bedor i Mo e D ngeo] drayices
Slfdioall£di GprdadSirdy SGAEMBLEC) Vi OFii 8P APRAT ahdiStioned
used I n Exanple 1, which conprises the gas-liquid

- di SRALST YhIRMINCE HRAC GRG0 10 P PILFIM A NKGAtbGEhation

[Fig. 2] Fig. 2 is a schematic view of an apparat us

usadd AnEXapPbsy PenMyxGlieC pFBALE €SO er fSssl caMpHising:
di spérsion device l1l0according to the present

I jentdpn. oxiddtGon3] dtie® ForS adptehaiByi Cahl owkthmbénzene

of Example 3. [Fig. 4] Fig. 4 is a schematic view of

t heydeaduirbx e tihe dle\dieangcanr di gl henddie;pr esent

i nvention wherein the end of the |ower part of the

coindui &n haporigétiwd useephifoll icbtaining a reaction 1liquid
containing prépylene oxide and an alcohol derived from the
alkylbenzene hydroperoxide by reacting the alkylbenzene
hydroperoxide and propylene in the presence of a catalyst;
iii) a prdpylene recovery step for recovering unreacted
propyléne from the reaction liquid after the epoxidation
‘step, and for recycling the recovered propylene to the
epoxidation step as a raw material;
iv) a propylene oxide purification step for obtaining
purified propylene oxide by, for example, distilling the
propylene oxide obtained by the epoxidation step; and
v) the hydrogenation step for obtaining the alkylbenzene by
hydrogenation, in the presence of a catayst, of the alcohol

obtained from the alkylbenzene hydroperoxide via the

epoxidation step, and for recycling the alkylbenzene as a
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15cl osed by a cap. [Fig. 5] Fig. 5is a schematic’
view of t-he conduit of the device according to the
present invention wherein the |ower part of the
conduit has a structure which is bent in the form of
wo 0@hds@ct er. 20[Fig. 6] Fig. 6:is a schembddgpyosiéioor
of the conduit of the device according to the present
i nvention wherein two or nore of the passages for the
gas per one conduit are provided through the conduit
and the passages for the gas are positioned at two or
no ' t e S du.it. 7 [Fig. 7]
Fi%swgmggééﬁgbhené?gcog{%%/g???%g conduit of the
device according to the present invention wherein the
passage for. the gas is in the formof a slit.
ODBSELE PB4 ONk 10f (BT gEehEs Mywral s [0011] 1 Col umm  2:
Liquid 3: Gas : 5: Hole for gas and
I qubdo f: CbndU|t 7. Passage for gas

[Fig. 1] Fig. 1 is a schematic view of an apparatus used in

Example 1, which comprises the gas-liquid dispersion device

according to the present invention.

[Fig. 2] Fig. 2 is a schematic view of an apparatus used in

'Example 2, which comprises the gas-liquid dispersion device
according to the present invention.

[Fié. 3} Fig. 3 is a schematic flow chart of Example 3.
[Fig. 4]} Fig. 4 is a schematic view of the conduit of the
device according to the present invention_whereiﬁ the end
of the lawer part of the conduit has a structure which is
closed by a cap.

[Fig. 5] Fig. 5 is a schematic view of the conduit of the
device according to the present invention whérein the lower
part of the conduit has a structure which is bent in the
form of "J" character.

[Fig. 6] Fig. 6 is a schematic view of.the cénduit of the
device according to the present invention wherein two or
more of the passages for the gas per one conduit are
provided through the conduit and the passages for the gas
are positioned at two or more different levels of the

conduit.
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8: End of |ower part of conduit 159: Passage for
[iquid 10: Bed of catalyst packing 11: CQutlet of gas
and liquid 12: Hole for gas and liquid 13: Conduit

2014: - Passage for gas 15: End of |ower part of conduit
wéaoobamsege for liquid 17: Water 18: Air 255 skadeisi001
of air WO 2009/ 110485PCT/ JP2Q09/ 054001 8 20: Tube 21:
Plate 22: Qutlet of gas and Ii7qui d

[Fig. 7] Fig. 7 is a schematic view of the conduit of the

device according to the present invention wherein the

passage for the gas is in the form of a slit.

Description of Reference Numerals

{00111

1: Column

2: Liquid

3: Gas

4: Plate

5? Hole for gas and liquid

6: Conduit

7: Passage for gas

8: End of lower par; of conduit
9: Passage for liquid‘

10: Bed of catalyst packing

11: Outlet of gas and liquid
12: Hole for gas and liquid

13: Conduit

i4: Passage for gas

15: End of lowef part of condﬁit
16: Passage for liquid

17: Water

18: Air

19: Layer of air
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101: Oxidation reaction I'iquid 5102: Epoxi dation :
reaction liquid 103: Unreacted propyl ene 104: Reaction
liquid after recovering propylene 105: Liquid nainly
cont ai ni ng cunyl al cohol and cunene 106: Recycle
worzend1d8s Enbodi nent for Carrying Qut the | r@EPeos054001
[0012] I n accordance with the aspect of the
present invention, the colum $s used wherein the
gas-liquid mxed fluid flows 15 upward, the liquid
forms a continuous phase and the gas forns a di spersed
phage. Hﬂgt is, the liquid and the gas are fed from
thé bottom of the colum, the gas-liquid mxed fluid
is,forgpd wherein the gas is present as a dispersed
phase 1n the liquid as a continuous phase, the

ga?zkiéﬂﬂikt 23 guxednfl pigfd ows up through the
co

um, and it was wi thdrawn out of the columm from

ar 9uid &:heidtARnOfrebPei 60! LiguidAnd, within the col um,
the gas is dispersed in the liquid, and thus a
suhbbci g icRMiaet rhgtvesn tihgigas and the liquid is
acconpl i shed. 25[0013] WO
20@%41&418354%@@/&82892&&54001 9 The present

i nvention provides the gas-1iquid dispersion device
compat seerrtile plighedf ortdd aeddoverting prowyndnd he
fluid and the conduit for conducting the fluid through
t heopt at epfiddatihe yl ovetaiidey icumylealppiesl sdrde cufnehbe
plate in the colum wherein the gas-liquid mxed fluid
fl a0s: upxyeyd enaiualeneonpri ses the liquid as the

conti nuous phase and the gas as the dispersed phase,
and the device satisfied the follow ng: (A
the plate has at | east one hole through which the gas
10&mdodireenti dfisird Cpasging Out the Invention

foo12]

In accordanée with the aspect of the present invention,
the column is used wherein the gas—liquid mixed fluid flows
upward, the liquid forms a cohtinuous phase and the gas
forms a dispérsed phase. That is, the liquid and the gas
are fed from the bottom of the column, the gas-liquid mixed
fluia is formed whérein the gas is present as a dispersed
phase in the liquid as a continuous phase, the gas—liquid
mixed fluid flows up through the column, and it was
withdrawn out of the column from around the\ top of thé

column. And, within the column, the gas is dispersed in

‘the liquid, and thus a sufficient contact between the gas

and the liquid is accomplished.

[0013]
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(B) one end of the conduit is connected to the hole

(for gas-liquid mxed fluid at the | ower surface of

the plate so that the conduit extends downward from

t he pl ate, (C at |east one passage for the

@ s00p/s10p850vi ded t hrough 15t he si de surface @CTURE09/054001
conduit, (D) at |east one pagsage for the liquid is
provided in the [ower part of "the conduit, and

(E) the end of the Iower part of the conduit has the
structure for preventing the gas fromflowing into the
20conduit. | ]l..Acc Ing: 10t Nt shaventl Om i o i
(A thghélate é%tat ?%ﬁ%?ggﬁb hEF%p% %%ugﬁ&%%ic%éfﬁkgqud
g?ﬁdqg:ggss.gﬁ‘ l4eQyid ’risin%olth@B)pPé\?e eRdrOfp1lRing the.

con I'S connected to the e for 25gas-liquid

mf&%?’ tlalfu%qeahﬁ{‘@ 4006 S WAREE t0fokheoRhat €ing Wie fluid
2 110485PCT/ JP2009/ 054001 10 the conduit extendi ng

dwRbe, thl) pPhtd easdm AR PRIRRJGiBEr tbhendasphsr side of
provi déd through the side surface of the conduit, (D)

atrHee@tate@NenPaRE AL I WHEE diinqWhe igasPl Oy dedmied NEluid
| ower part of the conduit, and (E) the end 5 of the

| gRfwsPva®ll WRecROBEHptibas the Bidwicd i€ £Ré continuous
preventing the gas fromflowi ng into the conduit.

[ L%k and thenGfad hes eftte odidpwer dedvphazar,t 0fd titee device
conduit has the structure for preventing the gas from

~ flairgikeat ohé heoldbwdadui t, only the liquid can be

i ntroduced into the conduit fromthe end of the | ower
para) athet hd atendhaist atTheawtr dnaghdidetlenougi whniecH ovber gas
part of the conduit" neans one of the both ends which

i smbttheohhgei@drdss,t he hole for gas-1iquid mxed

fluid of the plate, and which includes the side 15
suffacmeranmd i hehencdondyidf eknbtenneches] & dihg Holend(for
structure are the capped end type with the end bein? :
classed igpidheizep Hvdd k¢ Fhehaperr tpdacehet| thaiplate so
can be introduced into the conduit through any one or
notha toftheheondn b Ensiss seyeyard ) fzom Hhe PHGPY-@( s)

provi ded through the 20 side surface of the conduit

i i ICarmopkefly PHkePASTIIT 19 okhfh 93 &7 BTVt Fed etiyfough

~ the conduit around the connection between the cap and

t Hh e Sidsi eUrhnee 95 )then SOpEHLhg t hrough the end of

thﬁnc%ﬂg%g%sgeggg gggga&g %gf‘gﬁgrngLidJing%gggégé'in the

lowef paft of the conduit, and
(E) the end of the lower part of the conduit has the
structure for preventing the gas from flowing into the
conduit.
{00141

According to the present invention, (A) the plate has_
at least one hole througﬂ which the gas and the liquid pass,
(B) one end of the conduit is connected to the hole for

gas-liquid mixed fluid at the lower surface of the plate,
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WD 2009/ 110485PCT/ JP2009/ 054001 11 It is
preferable that the dianeter of the hole for

gas-liquid mxed fluid is generally the same as that

of the conduit. Thereby, designing and manufacturing

wh 2bida16eyi ce can be nade easily. 5[0017] PCT/JPB0ob 1001
present invention, the follow equation (1) is
preferably satisfied: 1hVSlOO€%? wherein Nis the
nunber of the holes for gas-liquid m xed 10fluid per
one pl ate, and Sis an area [le] of the |ower surface

(Ofhe UPHSEL y eeer éﬁ%lﬂy digwl-Aat e- «ﬁOQ%ﬁ]least e NbSssage

IS excessive re- dlsperS|on may

'nﬁc%ff ki egh %erﬁ%%lhfedl\vtﬁrbﬁgﬁx‘%%§s's\i(:t‘fey Alﬁrf%%e td¥e the
P

15 nunmpers”of conponents. of the device may be | arge

anébAigreby (B9t hat he Ris@dughé OpL£LRslgeantot haeniei ARl is
t he devi ce may i ncrease to cause an installation

Proflemed inhendevbter bOPLNt 2deeas, ObnlNEEVPERE end
and the |l ower surfaces of the plate are generally

egpel thE0QRkr part |df t BRe PenBilti MuentiHan, sthecture for
foll owi ng equation (2) is preferably satisfied:
preventing the gas from flowing into the conduit.
[0015] |
Since the end of the lower part of the conduit has the
structure  for preventing the gas from flowing into the
conduit, only the liquid can be introduced into the conduit
from the end of the lower part of the conduit. The wording
"the end of the lower part of the conduit" means one of the
both ends which is not connected to the hole for gas-liquid
mixed fluid of the plate, and which includes the side
surface around.the'end. Preferable examples of the end
structure are the capped end type with the end being closed
by the cap and the J-shaped type. The 1liquid can be
introduced into the conduit through any one or more of the
following passages: i) a small hole(s) provided through the
side surface of the conduit, ii) an opening like a slit
through the side surface of the conduit around the
connection between the cap and the conduit, and iii) an
opening through the end of the conduit beingrbent in the

form of "J" character.

[001e6]
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250. 01v10(2) - WD 2009/ 110485PCT/ JP2009/ 054001 12

wherein v is a linear velocity [nms] of the gas- I|qU|d

m xed fluid flow ng t hrough the hole for gas-liquid

mxed fluid. [0021] 5If v is excessively small, 'a

Wb esb/ifogssdr op across the hole for gas-Iliqui d:crr'ymﬁydg/osmm
fluid is small and flow rates of the gas and the

l'iquid through the plural hol é¢ tend to become uneven

to result in a channeling problem whereas if v is
excessively Iarge the pressure drop across the hole

10 for 9asy 4 p% Lrgg&ed {Ilna% dtllxé h?glgg exang tI%%r eqyol% for
cost oft an appar at us conpri Si evice eco

ni ghen sl g eked o SN e Heéglfyn@{eatgﬁeea@ugﬁgeeof the
an crease IVEery pressures o

appardgfiugr Teng P! Xegbﬁiﬂtﬂu'agdanﬂaﬁ@fa%ﬁ% tBE the

e present I nvention,

trH%Jfgé QUL NG eAMRL | L4(3), 1s preferably satisfied:

1001 x LH(3) _ whérein His a height of the
ggmyi[nmmi, and L is a length 200of the conduit [mm].
[O 23] If L is excessively small, the height of.

the spage tHRIdYenG lihed@SonNdehet hswb@i&g Waggdtion (1)
space is required to re- dlsperse the gas is

I nsdfdrdeGeeBbly| BablEfi sti:case, 25the conduit may be
unabl e to accompdate to changes of the
1 < N/S £ 100 (1)
wherein N is the number of the holes for gas-liquid mixed
fluid'per one platé, and S is an area [m?’] of the lower
surface (or "upper.surface") of the plate.
[o018]

If N/S 1is excessively small, re-dispersion ﬁay be
insufficient, whereas if N/S is excessively 1large, tﬁe
ﬁuﬁbers of components' of the device may be large and
thereby both the production cost and the weight of the _
device may increasé to cause an installa£ion problem of thé
device.

[0019]

The éréas of the upper and the lower surfaces of the
plate are generally equal.
[0020]

In the present invention, the following equation {(2)
is preferably satisfied:

0.01 £ v £ 10 (2)
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WO 2009/ 110485PCT/ JP2009/ 054001 13 space hei ght caused
by changes of operation conditions and throughputs. On
the other hand, if L is excessively |arge, concern
about vibration of the conduit increases; and thereby
wean®/i@ass suf fici ent vibration suppressi on baares/ o001
necessary. In addition, since the space where the
conduit is provided is generaﬂ#@ not | oaded with
packi ng such as a catalyst, the amunt of the | oaded
packi ng di sadvant ageously decreases. [0024] 10In the

g TVl S L Rea LRI} OBl nd Some-rscuse

vel aeld yfid‘ifds]fl%fw&'gge £ %ugh"}@hgg h_BgEWQP ggg-i’%g&ag?emixed

for the gas provi throu e side surf

the gQpduit, provided that velocity is based on the
volune of the gas of the entrance side of the passage
fofoddug gas. [0025] If g is excessively
smal |, the space of the gas under 20t he pl ate which

space bg RY NECRIRAEYvEDy &Radl SREMHGuRE HREpJASrdSs the
not fornmed sufficiently, so that the Fiquid nay flow

I oLd heorC QpaduinG b e onptbed hel idb Siad @20l bha §86w rates of
provi ded through the side surface of the conduit. On

thehe gas aflihehehanduibf thrbhgaxaessipieinkll alges tthad to
hei ght of the :
become uneven to result in a channeling problem, whereas if
v 1s excessively large, the pressure drop across the hble
for gas-liquid mixed fiuid is large, and thereby-é cost of
an apparatus comprising the device becomes higher in 6rder
to strengthen an apparatus 'endufance and to increase
deiivery pressures of a pump and a compressor which supply
the liquid and the gas to the apparatus.
[0022]
In the present invention, the following equation (3)
_is preferably satisfied: |
100 £ 1.5x L £H (3)
wherein H is a height of the column [mm], and L is a length
of the conduit [mm] .
[0023]
If L is excessively small, the height of the space
éomprising the gas under the plate thch space is required
to re-disperse the gas is insufficient. In such a case,

the conduit may be unable to accommodate to changes of the
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25space of the gas under the plate may exceed the

| ength of WD 2009/ 110485PCT/JP20091054001 14 the
conduit, so that the gas may flow into the conduit .
together with the liquid fromthe passage for the

wo gped/thopssovi ded t hrough the | ower part of threToPoabsEo01
Thus, the efficient gas dispe&gion as the aimof the
present 5invention may not be~achi eved. [0026] In
the present invention, the follow ng equation (5) is
preferentially satisfied: 1h10(5) 10wherein h is a

| g%'g%%iet xgggﬂngg{l?%gfdei&@nggfgl Qi r%gﬁgﬁkgﬁghca itions and

assdge | provi‘ded th e conduit,
UERERISErOE, 0849 SERRLARERA P Ml 1oree
PRk barhy AR Ty iBhal 5 sRace L {Amase TRk tpgeed ane

iQ%%r%g9fﬁgggﬁgk?fogﬁffﬁgiéﬂéI%ﬂH?%thBHUEqEEfQ§%$JH3becomes

passage for t Iquid provided through the | ower part

ofhelRessppdui tn IB&IEfA e siblke ehki cb8BE @RSre the conduit
di spersion as 20 the aimof the present invention nay

nats Reodehbgved. g&Retdia ywiker 16aadd whth b&cking such as a
excessively |l arge, the space of the gas can not be

faedystf ficitd | y, ament her elgy t henéi quildadey fl @cking
into tge conduit fromthe passage for the gas provided

t ieuabahbegso el ¢ Wdsaeaset. t he conduit. 25[0028] WD
2009/ 110485PCT/ JP2009/ 054001 '
[0024].

In thé present invention, the.following eqﬁation (4)

is preferably satisfied:

10 < g £ 500 = (4)
wherein g is a velocity [m/s] of the gas flowing through
the passége for the gas provided through the side surface
of the conduit, provided that velocity is based on the
volume of the gas of the entfance side of the passage for
the gas.
[{0025]

If g is excesSively small, the space of the gas under
the plate which space being necessary for re-dispersing of
the gas 1is not formed sufficiently, so that the liquid may
flow into the conduit through the passage for the gas
provided through the side surface of the conduit. On the
other hand, if g is excessively large, the height of the

space of the gas under the plate may exceed the length of
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15 In the present invention, the follow ng
equation (6) is preferably satisfied: -4 5 dPG dPI, (6)
wherin dPGis the pressure drop across the passage for
gas 5[ kPal, and dPI, is the pressure drop across the

Wwos@daskor |iquid [kPa]. Preferably dPG dPl,pd1sipzsnmsso
or nore, or further preferably dPG dPlI, is one or

nor e. Here, dPGis a nunerical val ue derived from
the fornmula of a gaseous restriction orifice, and can
be calculated in the 10foll owi ng procedure. (1) Under

th@hgrggg T Coggi tt Q Otf epag s Pﬁa tl%iel. %riitd.t%althe conduit
0 Yhe

pressure c I'S calculated®trom ol I'ow ng

e ' 1 PGS L (2 1 4
e ade Bl oaTta ol ehe bf QR R LY om g 11
f . HAN ) owet it.

| SPLAER TR0 0 gt bl kot | mous, one
di apefSlen@f sl Sqa¢abet ahied Ay the falikhowory egduat hedsent
(c). 20dc=01VGACG X Pa X {nr00.5))0.5(c) (4) The

secOonda i bnPRhEFSHEE HY MWHikvaai.ch it is satisfied of a
restriction orifice equation (d) is cal culated. dG=dc

X POoddd" )) X ((K-1 )/ (K-1))/((Pb/Pa)(2/K)-
(pdpa) (K+1)/K)))0..25(  d ) '

In the present invention, the following equation (5)

is preferentially satisfied:

1 <h<10 (5)
wherein h is a velocity [m/s] of the liquid flowing through
the passage for the 1liquid provided through the conduit,
provided that the velocity is based on the actual volume of
the liquid. |
[0027]

If h is excessively small, the height of the space of
the gas may exceed fhe length of the conduit, so that the
gas may flow into the conduit together with the liquid from
the passage for the liquid provided through the lower part
of the conduit. Therefore, the efficient gas dispersion as
the aim of the present inventiqh may not be achieved. On
the other hand, if h is excessively large, the space of the
gas can not be formed sufficiently, and thefeby the liquid
may flow into the conduit from the passage .for the gas

provided through the side surface of the conduit.

[0028]
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(5) The pressure drop across the passage for gas is
25cal cul ated by the follow ng equation (e) WO

2009/ 110485PCT/ JP2009/ 054001 16 dPG=(Pb-Pa) x 98.07(e)
wherein dGis orifice (passage for the gas) dianeter

wodosrriogssRati o of specific heat [-], Pe is thegpsoosiesn1
pressure [kg/cnRA], Pb is the secondary pressure

[kg/cmRA], 5 Pc is the critidal pressure [kg/cnRA],
W5 is nass flowrate [kg/hr], CGis the gas flow
coefficient, T is tenperature [K], dc is the critical

g;gﬁg;: gl HEB%%%%§WQ 1nveﬁ%fy%,e%%ﬁa%ﬁ ht?o%&&e ion

dPL aI h foll 10equat f
PREFEsEERT, 5 8, Yo ol <o 83“? e

Vl |s mags f W pat e g/hr], CLis the liquid fl ow
<
coeff|C|ent &%i Fi o#k i ce (passage for the Iiquid)

Lt B AL SRl o o
B“[‘kééﬁe”aﬂdpa 3 érfeOf %S @opt a%rbgguma bSsffe for

the ori'fice o e C|rc e, t he equi val ent

di r S : fal g u n
(g%ﬂﬁ%ﬁ ?%P¥§ usé%ﬁggﬁg%ﬁgf %% déﬂi g@gg/c§?g§gk@ °F

W& & ina rdp rk Se tA181 e @it VabLenls %@rrekeﬁofém] se is
sectional area of ‘a passage (for the gas or the

| izgetied) dpAmRl, a LBuhsrida vangleh defrivett edot o€ heskhla of
gas or liquid) perineter. [0029] 251f dPG dPI, is
exs eSsievaky résttict iidie osp@t ee pf ahlecfaPpeurd@tulated in the
following.procedure.
(1) Under the pressure condition of P, > P, the critical
pressure of P is.calculated from the following equation
(a).
Pe=Pax (2/(x+1))* 2D | (a)
(2) The gas flow coefficient of Cs is calculated from the
following equation (b) .
CG=.2.80 X (K X(2/(k+1))®+ D105 (b)
(3) The_critical orifice diameter of d. is calculated by
the following equation (c).
de=(We/(Ce X Pax (M/T)*?)%® (c)
(4) The secondary pressure Pg with which it is satisfied of
a restriction orifice equation (d) is calculated.
da=do X ((2/(k+1))* D x (k-1)(k-1)(PoIPa)?-(Po/Po) < )P ()
{5) The pressure drop across the passage for gas 1is

calculated by the following equation (e)
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WO 2009/ 110485PCT/ JP2009/ 054001 17 the pl ate which
space bei ng necessary for re-dispersing of the gas is
not fornmed sufficiently, so that the Iiquid nmay fl ow
into the conduit through the passage for the gas
woQuiodesiss hr ough, the side surface of the comeiipkoooSXrool
the 5 other hand, if dPG dPI é s excessively | arge,

t he hei ght of the space of thé’gas under the plate may
exceed the length of the conduit, so that the gas may
flow into the conduit together with the liquid from

t he passq?%g(%gﬁnﬂ Qfebi'l_qui_ d provided. .th!ro'ugh t he | (Lpwer

part of hus, the 10efficient gas
di t {
0! SR 101 aafoggé?a&of(pé Y RED tH VR o fBY e PO

present I nvention, It
| s preferahlg thal tyuo Qf;aong, of aﬁsaggs ey bPenary
gas per- one condu t Fret

p
pFOVIdéd t hrdu
C%Mgu@d[%w?ssw% Rk EQ@oH@ér;?rSré’Qsﬁhté O[r]&‘gd’cmZA],

at two or nore different |levels of the conduit.

shapg OftHeh@ rhassanepf&sdhe (339 chdanotwParst 'm%BEaE!Lé’w rate
restricted but it may be a circular hole having a

di pp@ter) ,ofc,l iEMine 2RIMick ¥ reReAkbAS, aredsofem@Brature
one passage is excessively small, the nunber of the
regr] J edi_passagehd Nereasesl ajd ilker ebyadieter [mm), M is
manuf acturing cost of the conduit increases. On the

ot heT e, wefighbeo bpevd figeayaa 0§/aoE] passage i s
excessively large, an operable range of the.conduit

nar r ows.onlhréeeboher RBoisdk, |dredipetsdauatted éfyertiiengodhowing
econonically reasonable WO

206 A 1iAB5ECT/ JP2009/ 054001 18 dianmeter. In this way,

t he device,can flexi bly accormodate the changes of the

hei ght aP &(W./(39:6 = Cok diHP/pga®8dfe (D)t he changes in

the operation conditions and the throughput. In
pavhéxeiraW. hWaemashel Jdwowatst dkgfhrhe Gasis $hemdliguid flow
5 conpared to that of the liquid and the flow speed_of
th@ogg%lqmughdmhelﬁas@’ég@q%r s sgae i $0%| ownet héiquid)
hei ght of the space of the gas becones | ower, and

-th@mteeytml ymphe passage lﬂapldhépg&gfepo&raﬁ@tweof llquld

pl ate can work. Wen theﬁggs rate i s Iadge and the
heﬁﬁ%?e%ﬁﬂiﬁed§65€§ of }rEMygsandardbcbies hi gher, the

paseans y 93‘%%%%%?5%&"%%23?@'é‘%éqrfa’le%'gs&
Sl gt o e st U aen e Kb oo
SpgcelsOfcaElhceul%%%dd% t?le fo)iigv%gmtghgqlllg%éne éj) ,Of tc[‘ it is
used as dg or di. ‘
de=4 x sellLe (9)
wherein de is the equivalent diameter [mm], s. is sectional
area of a passage (for the gas or the liquid) [mm?®], Ly is
the length of wetted (touched to gas or liquid) perimeter.
[0029]

If dPs-dP, is excessively small, the space of the gas under
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15conduit, so that therefore, the range where the
present invention can be carried out can be broaden.

[ 0031] In the present invention, one preferable
devi ce conprises at |east one slit-type opening per
vooeoog/oreaksi t 20 provi ded | ongi tudi nal |y thr eoglipioaeos4001
side surface of the conduit, d at |least a part of
such openi ng functions as thquassage for the gas. In-
the case wherein the slit is provided |ongitudinally

t hrough the side surface of the conduit, when the

oo U 2°68a00 0PI RASdRps PRUT L Rl o
2009/ 110485 gB@T {fégﬁé@%% p%en]t%ypl @Betﬁge ‘éﬁékltﬁﬁléid may

t he passage for as. Cﬁ e other han when

g 0 t e lNC ﬁﬁﬁﬁ LO . dhe a

o?ﬁkft g%ggbgggnéé_ |g§%r?ﬂg9%%$;@g% ?%?%&%ﬁ;fége%%e gas
Opfﬁrmgieeortmaeﬁﬂdtﬂg 5948ushr PEEGh £ Cale WS kadsk t heon the

5 passage for the gas. Wen the wdth of the slit-type

ORSHY Hahd!, 0Q PMAdE-d0 iSHUfddds@itve$pPacered, t FRe URSight of
may be formed. Therefore, the width of the slit-type

opald Npdce Bretarabhy Bri¥Eehd MO mby BRcek808RE length
10l n the present invention, a bed of a packing can be

prowi gled ahia tandoornel eWet Gasgasyl Fyowdifdtspensi ednduit
device. [0033] The ‘gas-1iquid dispersion device of the
presgither]l wiithv eiie AN dusi & hxfoac tiid zedkdayet hedr | the€abiquid
di sperse the gas effectively into the liquid in the
C Gbrowi dalde tharouyhetigast dwepli gh ot xefd thleuicdntihots upasd the
whi ch conprises the liquid as the continuous phase and
t hef fjasieats t besdi dpspesesighases dhet hatimi t ofanthet apnesent
a sufficient contact between the gas 20and the |iquid.
Thierefrdgrien mayhast devagh igyeldi-cat i on range.

[0030]

In the present invention, it is preferable that two or
more of the passages for the gas per one conduit are
provided through the conduit and such passages for the gas
are positioned at two or more different levels of the
conduit. A shape of the passage for the gas is not
particularly restricted but it may be a circular hole
having a diameter of 1 mm to 20 mm. If an opening area of
one >passage is excessively small, the number of the

required passage increases, and thereby a manufacturing
~ cost of the conduit increases. On the other hand, if the
opening area of one passage 1is excessively large, an

operable range of the conduit narrows. Therefore, a

skilled person can determine an economically reasonable
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[ 0034] The method for utilizing the device of the
present invention has been nade clear fromthe above
expl anat i on. ' In short, the nethod for producing
the gas-liquid 25di spersion conprising the gas as the
wospensags phase and WO 2009/ 110485PCT/ JP200&/1Qp46d9ds4001
20 the liquid as the continuous phase conprises the
steps of: i) flowi ng the mi xed& | uid of the gas and

the liquid upward through the colum conprising the
gas-liquid dispersion device; 5ii) formng the space

L h Nt . _
tﬂ Trnl\eé‘c{ﬁ“% Ao SRR e Ry Sk ot By S Bimodate
t i Qui Ldgd Ty ¢t Iq%eg f nﬁﬁ;t'
[ vﬁ%g%’g‘%%gg he ege%lldr}lteto The %égﬁ%éﬁc% t#rq%%ﬁ? e due to

.t h ' : ide.
DETRSRAR bIE RPN |8 S spponneut.

m i‘r?dpgkt‘igui%’vrl,;n%é}g tie Eigyi ga@Qdotth:_h%a_SgaH"_I:thmaller |

condur t; en, flow ng the gas-liquid mxe
fléﬁ%&b@w& QU Ieide hal& fata 0ase | F 180 sgBee b the

fluid provided through the plate.
gas through the passage for the gas is slow, the height of
the space of fhe gas becomes lower, and thereby only the
passage for the gas close to the plate can work. When the
gas rate is large and fhe height of the space of the.gas
becomes higher, the passage for the gas remote frem the
plate can also work. Thus, even when the gas rate is small,
the required height of the space of the gas can be kept,
and even when the gas rate is large, the height of the
space ef the gas does not exceed the lower end of the
conduit, so that therefore, the range where the present
invention can be carried out can be broaden.
[0031]
In the present invention, one 'preferable device
. comprises at least one slit-type opening per one conduit
provided longitudinally through the side surface of the
conduit, and at least a part of such opening functions as
the passage for the gas. In the-case wherein the slit is
provided longitudinally through the side surface of the
conduit; when the height of the space of the gas is lower,

only a part of the slit-type opening which is closer to the
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[ 0035] Applications of the present inventi-on
i nclude gas-liquid contact in a packed col um,

gas-liquid contact in a 20 bubble columm and the
like. I'n nore specific exanple, the packing is a

wab@biyfhssand especial ly the catal yst utilizggrisB2009/051001
hydr ogenati on or dehydration. [0036] -

~According to the present i nveRPi on, the liquid and the

25gas are mxed in the conduit, and the mxed fluid is
shed WD 2009/ 110485PCT/ JP2009/ 054001 21 upward

t hrough the hole for_.gas-liquid_m X fluid of t

plpétag, &4 tREFeBY & %efpfals cdnt egm%g‘& g‘lloéést'Weeor?t )¢ other
gas and the lLiquid c be_achi eved. And, as.c e .
23T shORcthdl s B canbar T Flee Al 18D, Mgone of
will b scrd b of S GIendy 5 ¢~
cotn eac%%%t \%ge%%%hegsa gga)\:ll éac‘r%)#etshgﬁ]%?%gi'd,a lt‘r%'gtcg{élﬂ% LE it
gas-JJ quid;reacti rd id £X0RK &Y th
pgé?poer ﬁ%éESF%rB%gg?mﬁ%%g%@] %%Jidé&d?ds?per si on ©
device  @f 4di1e PResSqRak. i NVRRLhOR LW &S 8R! rRneskind
céagﬁﬁgghole for gaggliquid rrixede 10 fluid provid%d, Pe
thidhgt he pLat §1q@nthd harsfiienti tphas 88 alvapdAGRy be
that the fabrication of the device upon its production

| SerQERar atinele¥oeasy thb0Q3din Asrt BRe PESE t YBYpd Copefimy is
out the present invention 15fromthe industri al

Vi grQirabl y b 88sedrd QUingh dbSpershon method can be
exenplified which is used in a hydrogenation step in

t hepgyzqducti on of propyl ene oxide conprising: i) an

oxi dation step for obtaining an aklyl benzene

hydor opgar axiederegeaxi dnziegtaonal kybbdnodney packing can be

provided above and/or below the gas-liquid dispersion
device. |
[0033]

The gas-liquid dispersion device of the present
invention is characterized in that it can disperse the gas
effectively into the liquid in the column wherein the gas-
liquid mixed fluid flows upward which chprises the liquid
.as the continuous phase and the gas as the dispersed phase,
so that it can attain a sufficient contact between the Qas
and the liquid. Therefore, it has a wide application range.
[(0034]

The method for utilizing the device of the present
invention has been made clear from the above explanation.
In short, the method for producing the gas-liquid

dispersion comprising the gas as the dispersed phase and
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20i 1) an epoxidation step for obtaining a reaction

I i quid containing propyl ene oxide and an al cohol
derived fromthe al kyl benzene hydr oper oxi de by
reacting the al kyl benzene hydr operoxi de and propyl ene

wo 20PA1REEsence of a catalyst; iii) a propyl&Agr2009/054001
recovery step for recovering unreacted 25propyl ene

fromthe liquid after the epo%ldatlon step, and WO
2009/ 110485PCT/ JP2009/ 054001 22 for recycling the
recovered propylene to the epoxidation step as a raw

nal:theerllaJ'_lgr’lllfil ) f'f‘hé”oo%l%%% Ssé b SR % E%§pof

cru e propy oXl rom an a

g'ﬂ%&&ﬂﬁf t‘:ﬁén lﬁ'{kesc?c#it Ilgeg%egﬁe hé[éj% A %'ed?flﬁuld upward

a ne Epoxi on St ep; a propyle

prorg@q 1 At m;gcggggﬁgﬁga'eg% N9GRUI {4 aispersion

LRylene oxide after the propyl ene oxide rough
separatlon 10step; and vi) a hydrogenation step for

obfai g ihBerRb kyd henzenm ?r@)élﬁéfdﬂ?& h@Rerl BhthS1ate;

presence of "a catal yst, t he al cohol obtained from

t hg ;3| k&&b@ﬂ?ﬁ hitelr OpE49Xd den¥hi ehedl iRl ti Sthrough the

separated by the propyl ene oxi de rough 15separation

st JQfe rREY AHNA A daldopviaagens ahed InrMy=0ft f the
to the oxidation step. [0038] The oxi dation step

i nedridmipresent invention is a step of oxidizing the
al kyl benzene to obtain the al kyl benzene

20hydrcopaiexi gg. thé upld Mntbhehal wzhchmrtzmomeh the passage
automatically
for the gas provided through the side surface of the
conduit;
v) forming the gas-liquid mixed fluid by mixing the liquid
and the gas in the conduit;
vi) then, flowin§ the'gas—liquid mixed fluid upward through
the hole for gas-liquid mixed fluid provided through the
plate. \
[0035]

Applications of the present invention include gas-—
liquid contact in a packed column, gas-liquid contact in a
bubble column and the like. " In more specific example, the
packing is a catalyst and especially the catalyst utilized
in hydrogenation or dehydration.

[0036]

According to the present invention, the liquid and the

gas are mixed in the conduit, and the mixed fluid 1is shed
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oxi di zed using an oxygen-contai ning gas such as air or
oxygen concentrated air. This oxidation reaction nay
be carried out without using an additive, or carried
out using an additive such as an al kali. The reaction

wEhReiAkdsre is 25usually from50 C to 200C, peigipiddsosiool
reaction pressure is WD 2009/ 110485PCT/ JP2009/ 054001

23 from an at nospheric pressu?é to 5 MPa. In the case
of the oxidation nethod using the additive, an alkal
reagent to be used is an al kali netal conpound such as

Mgﬁreafgﬂgﬁ gﬁ% i’lg%e h met %Iﬂlx@a %lléﬁ of the
gggf Ban @ oAl Al kal eg‘g&glem&t%@t%rewg@ﬁetﬁélgnas and

e epoxi i'on step o resent | nventi

Wlsc[hﬁ %d%gll%f L&aching hhe ahkyl bﬁﬂgengehycdarnopﬁé Oé'egﬁ from

opyl eéne i'n the presence 0 catalyst to

xalm?k %pyﬁfr@o %%1@@‘%&%&?% gOh 1c‘ﬁ%&¥fdb£ '@Qcrived

enzene roper oXl From a

V'b%}ﬁ’g%vm b@f:ﬁ %abgl RfcaB,2E R o@é&%a@ct Bethltindfthe gas

yi el'd ahd selectivity, t e epoxi dation step is -

preferaRl v GRlild, e%faﬂcei{bltﬂqcprgea%enq%u@& FeGatab¥Skan be

conposed of a titani umcontaining silicon oxide. This

C@a%'r)(é& bﬁtu§HaEhyeﬁc§Piérg: GirdloyabncaNd FSrthermore, the
preferably a so-called Ti-silica catalyst, Ti of which

I faGhenyGal | YaZdhondes Wakhide Sidt CaheOXipdesedbe invention
cat al yst includes, for _
requires only one kind of the hole for gas-liquid mixed
fluid provided through the plate, 'and therefore, it has an
advantage that the fabfication of the device upon its
production is comparatively easy.
[0037]

As the best way to carry outv the present invention
from the industrial viewpoint, a gas-liquid dispersion
method can be exemplified which is used 1n a hydrogenation
step in the production of propylene oxide comprising:

i) an oxidation step for obtaining an aklylbenzene
hydoroperoxide by Qxidizig an alkylbenzene;

ii) an epoxidation step for o_btaining a reaction liquid
containing propylene oxide and an alcohol derived from the
alkylbenzene hydroperoxide by reacting the alkylbenzene
hydroperoxide and propylene in the ﬁresence of a catalyst;
iii) a propylene recovery step for recovering unreacted

- propylene from the liquid after the epoxidation step, and
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exanple, a catalyst in which a Ti conpound is
supported on a silica carrier, a catalyst in which a
Ti conmpound is conbined to a silicon oxide prepared
by, for exanple, using a co-precipitation nethod or a

wol20@ahos®et hod, or a 25catal yst nmade of a zegd/dpo09/0s4001
conpound which contains Ti.

2009/ 110485PCT/ JP2009/ 054001 [ 0041] - In the
present invention, the al kyl benzene hydroperoxi de used
as the raw material of the epoxidation step may be a

gL%ﬁ%ggF?¥?ggﬂigPﬁéakggo?g%%giSgoﬁyﬂgﬁyhgothaaF.oxidation

Apoun e epoxi on

regg%%qﬂsk§1%§rggggr9yi,by-bringing propyl ene and the
al ky

enzené hydroperoxide into contact with the

cat g| 3tor Il diRACLH00 By6AT GbEM: od b i deparating

10phase Mg a sol vent e solvent nust be a liquid

undefig@ bESPEIeH Sk Ardif ESFULEHROD LPEGIRAd Ofvom an
and nust be substantially inactive wwth the reactants

angd: { PELEHARNECT ByddhSe SR MRNt oRYiR8aMBHde Afhe? epoxidation
mat er1al which exists in an al kyl benzene hydr oper oxi de

sokgghon to be used. For 15exanple, when ethyl benzene
hydr oper oxi de ‘or cunene hydroperoxide is a m xture

cogf ai Qi ropfyhhbenggi@e OrpuiterRata@sna 8 MRS | @btaining
thereof, it is possible to use the mxture in place of

t hgusof V&Nt prépg NIQie asididey By SOoFyenkexahpl@dddi 50N 1ing the
useful solvent i'ncludes an aromatic 20nonocyclic
coppepyirerd mxiekartiter hﬁazpﬁepyléﬂdﬁﬂxide rough separation
step; and
vi) a hydrogenation.step fof obtaining the alkylbenzene by
hydrogenation, in the presénce of a catalyst, of the
alcohol obtained from the alkylbenzene hydroperoxide which
alcohol is separated by the propylene oxide rough
separation step for recycling the alkylbenzene as a raw
material to the oxidation step.
[0038]

The oxidation step in the présent invention is a step
of oxidiziﬁg the alkylbenzene to obtain the alkylbenzene
hydroperoxide. Usually, the alkylbenzene is automatically
oxidized using an oxygen-containing gas such as air or
oxygen concentrated air. This oxidation reaction may be
carried out without using an additive, or carried out<using
an additive such as an alkali. The reaction temperature is

usually from 50 °C to 200°C, and the reaction pressure is
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chl orobenzene, or o-dichl orobenzene), and an al kane
(oct ane, decane, or dodecane). [0043] The
epoxi dation reaction tenperature is generally from
250C to 200C, and is preferably from25C to 200C in

wo e0bo/1106352009/ 110485PCT/ JP2009/ 054001 25 of Ptdi'ﬁP2009/054001
reaction rate and the econom cal use of the catal yst,
and nore preferably from 25C £d 140C in view of the
reaction selectivity. Wien the tenperature is too | ow,

t he reaction rate is low, and thus an anmount of the

- a1t B sﬁv%?ﬁ%eﬁ%cﬁr $5028 8 SAbet AMER Fe of the
PR RRn dh ol Shd Pl ar%ﬁngdéeé R, Ut %1881 epe8Rene. o

hayi 0g.4 ¢ar bon, . ALATS 1L0GH e c,%;%)t;m 495828 & xoH, an

€ cConponen requl energy upon

r%ﬁﬂ%@' ggrEQQm&Q%QQ&ngUnaﬁdgﬁﬁéﬁQQQH%hyCEQB £28€ such as

The preéssure ma a'suffrcient pressure to keep a

on ur li t u '
R T o

1§$Egn§ghlgagggﬁgﬁ@u a1$ .advant ageously useéed in the
formof a slurry or a fixed bed. In the case of a

| afo@@ogcal e industrial operation, the fixed bed is
preferably used. Al so, the operation can be carried

out by raebabski dathnrd ,stapssm tRONS#dBERILS iRREAedon Ofs &
conti nuous nethod. Wen a-
step of reacting the alkylbenzene hydroperoxide with
propylene in the presence of the catalyst to obtain
propylene oxide and the alcohol derived from the
alkylbéﬁzene hydroperoXidé.
[0040]

From a viewpoint of obtaining an aimed product at a
high yield and a high selectivity, the epoxidation step is
preferably carried out in the presence of a catalyst
composéd of a titanium-containing silicon oxide. This
catalyst is usually a solid catalyst, and is preferably a
so-called Ti-silica catalyst, Ti of which is chemically
bonded with a silicon oxide. The catalyst includes, for
example, a catalyst in which a Ti compound is supported on
a silica carrier, a catalyst in which a Ti compound is
combined to a silicon oxide prepared by, fér example, using _
a co-precipitation method or a sol gel method, or a

catalyst made of a zeolite compound which contains Ti.
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20liquid containing reaction raw materials is passed
through the fixed.bed, a liquid mxture fromthe
react ed region does not contain any catal yst, or
contai ns substantially no catalyst. [0045] 25A nol ar
woatw®/19fsspr opyl ene/ al kyl benzene hydr oper oxi decT/)¢€309/054001
2009/ 110485PCT/ JP2009/ 054001 6 to be supplied to the
epoxi dation step is preferabl ¥rom2/1 to 50/1. Wen
the ratio is too low, the reaction rate _decreases,
and thus the reaction efficiency beconmes worse. Wen
hg ]io is too high, the anount of propylene to be
CyCl'ed becones excessively increases, and thus nuch

energy 4,8 t'h%%k:%‘égnt ”16%61%%‘7%&&4 §I]€§’1be{r&%‘h@

The propyl ene recovery step in the present 1nvention
| Spagsd d%eﬂﬁéat éQgtl?é”q:aReeﬁlQ\f@fié‘ﬂ wftwre%eﬁ&agtlon

10pt op ne in the reaction liquid after

epeXiSald PR eSheR: #ifed e&ycddd&gntbsté@cgyﬂﬁcédarca%ban@ or
to the epoxidation step as a raw material thereof.

deg6hifgd rakaveompbis€. Propyl ene is excessively used
the reaction liquid fromthe epoxidation step contains

t heogqyeact ed propyl ene. The 15nmethod of separating
and recovering the unreacted propylene fromthe

reacti ofhd iegeixd b BEbi desac ivat hedcgfr db&tddd iygbthaging
reaction liquid. The reaction liquid is distilled

ungesplenecendi thenalwiwdh znebhedeesyreviaioriattioopoatact
propyl ene fromthe reaction |liquid. The conditions of
t heif@disd Idaltalllyen varkye depentdiongisnc e dd nper anupeliquid
angh;:: ﬁ51ng a solvent. The solvent must be a liquid under
a temperature and a pressure.upon the reaction, and must be
substantially inactive with the reactants and the products.
The solvent may be made of a material which exists in an
alkylbenzene hydroperoxide solution to be used. ' For
example, when ethylbenzene hydroperoxide or cumene
hydrqperoxide is a mixture containing ethylbenzene or
cumene as a raw material thereof, it is possible to use the -
mixture in place of the solvent without adding a solvent.
In addition, a useful séléent includes an aromatic
monocyclic compound (for example, benzene, toluene,
.chlorobeﬁzene, or o-dichlorobenzene), and an alkane (octane,
decane, or dodecane).
[0043]

The epoxidation reaction temperature is generally from

0°C to 200°C, and is preferably from 25°C to 200°C in view
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' conposifion of the reaction liquid supplied to the

distillation step. Usually, the pressure is from 100
kPa to 5,000 kPa, and preferably from 100 kPa to 3, 000
kPa, and a colum top tenperature is from-50C to

W& oo/ 1 AgEet hod 250f stepw sel y distilling preefibsisossoo
using a plurality of WD 2009/110485PCT/JP2009/ 054001

27 distillation colums can aPSo be used. [0047] The
propyl ene oxide purification step of the present
invention is a step of subjecting the propyl ene oxi de

p%%d% FaféQCE{] %é'%%ﬁ'%ﬂ %&héﬁﬁcaloﬁggxggpkﬁe catalyst,

dlstl ron aln purl oxi d

.9‘ SLo?aogyéPafa{bqy %%olnozeecpy§ {4@% 1S elgeqqgfdt e

rena réCovering the unréacted propylene

f&%@c*tgeaw%f@&em& | QihdnO F éhee tﬁ%l 98 §$§plc§,§ the

descri ove. [0049] Lbua e solvent and the

al eahel pr phue elds IRul, h%nﬁpeﬁhgaéﬁ oanno%tnecp o2l Bnéempvet,st,

first %y distilTation to obtain a crude propyl ene

oxjhdeh 13[ PO red to athQeGEUSCqdd ORM @REcOXbHCextent,
general ly contains water, a hydrocarbon, and an

0%¥39R2608! ai T N RYIRRYNInas P WdngeRStuaBdit heoo high,

hydr ocar bon i ncludes a hydrocarbon having, for

eXaPlseledt i @ity GRIR@As_kQNBraEXad 89 yolvheAthe amount of
the produced compound having 4 carbon atoms increases, both
a loss of a valuable component and a requirea enerdgy upon
the removal of the compound un-advantageously increase.
The pressure may be a sufficient pressure to keep a
reaction mixture in a liquid state. The pressure is
advantageously from 100 kPa to 10,000 kPa.
[0044]

The solid catalyst is advantageously used in the form
of a slurry or.a fi#ed bed. 1In the case of a large-scale
industrial operation, the fixed bed is preferably used.
Also, the operation can be carried out by a batch method, a
semi-continuous method, orla continuous method. When a
liquid containing reaction.raw materials is passed through
the fixed bed,-a liquid mixture from the réacted'region
does not contain any catalyst, or contains substantially no
catalyst.

[0045]

A molar ratio of propylene/alkylbenzene hydroperoxide
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20o0xygen- cont ai ni ng conpound i ncl ude, for exanple,

nmet hanol , acet al dehyde, acetone, propional dehyde, and
methyl formate. [0051] As the nmethod of renoving these
inmpurities, for exanple, known separation techni ques
WwoQbooAaso4es Stil |l ation, 25extraction, adsor pti@ryradeossoo1
crystallization may be WO :

2009/ 110485PCT/ JP2009/:054001 fgsappropriate1y used in
conbi nati on. However, the crude propylene oxide is
preferably purified by using extraction distillation

WL & ;B(.?J 942KPep PRy ud‘a‘hé £8L Oi"s ?%r‘aﬁl9nfrom

extract i n conbi nati nVVIt e ot stillation

5'@/?'68”5871effWHéﬁn£$a fé%TBVhB9t$@t§6w,t€H% reaction rate
hydr ocar bon, and the oxygen-contai ni ng conmpound.

[Ogggﬂeases, %ﬁﬁ”?h§§ EﬁetJB%JEXGBOEﬁfbéﬁ%ﬁEv”Ha&o%eEOw&£%e.

carbon atons as the extractant I nclude |inear

sapneRted 1Qhdr %af@@r}ﬁggpct&has alofePt NG rdpyaehaneo be

n- nonane, and n- decane; anched sat ur at ed

hyﬂé%ﬁﬁ@?%c@h&@ﬁ a%cds ZvediyTBhBYLRSSE ANghd thus much
I met hyl pent ane, 2, 2-di net hyl hexane, and

2, enéhtqiptihy Irfeguaned amothSa-ekakedsbyslr ocar bons
thereof. In addition, these extractants can be used
al po@461150r a m xture thereof can be used. [0053]

The propylene recovery step in the present invention
is a step of separating and recovering the unreacted
propylene in the reaction liquid after the epoxidation step
and recycling the recovered propylene to the epoxidation
step as a raw material thereof. As descfibed above, since
propylene is excessively used, the reaction liquid from the
epoxidation step contains the unreacted propylene. The

'method of separating and recovering the ﬁnreacted propylene
from the reaction liquid includes a method of distilling
the reaction liquid. The reaction liquid is distilled
under the conditions which enable easy evaporaticn of
propylene from the reaction liquid. The conditions of the
distillation wvary dependinglon the temperature and the
composition of the reaction liquid supplied to the
distillation step. Usually, the pressure is from 100 kPa
to 5,000 kPa, and preferably from 100 kPa to 3,000 kPa, and
a column top temperature is from -50°C to 150°C. A method

of stepwisely distilling propylene using a plurality of
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The type and operation conditions of the extraction
distillation colum and other distillation colum,
operation conditions, and the anobunt of the extractant
are 20appropriately determ ned according to the

wio'dobiiogss Oof the product to be required. [0Qg4lyp2009/054001
The purified propyl ene oxide thus obtai ned satisfies

desired product qualities. 25?5055] WO
2009/ 110485PCT/ JP2009/ 054001 29 The hydrogenati on step
in the present invention is a step of hydrocracking or

dehydr.ati /hydro enatlng al coho] which is derived
ffgﬁ%fﬁiag? | bE ?%E%r%iﬂﬁ%(%nd obtai ned in .

ggxidatlon step in the 5presence of the solid
al’'yst to obtain the alkylbenzene and recycling the

resul | e pEVRPAAC AR bR PILAAIOT PR AR08 fAlent
materi a 1 on S &
STl EhEIbLY; { COYEld totte satggxk@g&%t i Pthljég;f/léBSDOki;de

preferapry cartied out by ogenati on

13%%%@@ 1%et1§‘cohg{l3é‘;rt§{> oRr &b e, TR ShER f’%

pl'ying t mhlc i's deri'ved from
aldodhgnz e g, ydraner; %quglamgdoptcﬁaﬁ%el Bxlihe.

epoxi dation step to a dehydration catalyst to
deftwdizgt € i ntra-nol ecul arly. 15Exanpl es of the
catalyst to be used include acids such as sulfuric

acid, pheppheréd il tcaRd Butof tenaslaf QiigeiaciwHic@nd
netal oxi des such as activated alumna, titania,

ZiFeGRANg, abtét Clecdviing tABJuAPEddtiedl pabpwhieab from the
activated alumina is preferable in view of separation

f rrack ibgaci §@nd 204 it dpogatiat yoi diidpeasaddscribed above.
selectivity.
[0049]

Usually, the solvent and the alcohol pfoduced in the
epoxidation step are removed first by distillation to
obtain a crude propylene oxide.

[0050] |

The crude propylene oxide generally contains water, a
hydrocarbon, and an bxygen—containing compound as
impurities, and the hydrocarbon includes a hydrocarbon
having, for example, 3 to 7 carbon atoms. Examples of the
oxyéen—cbntaining compound include, for example, methanol,
acetaldehyde; acetone, propionaldehyde, and methyl formate.
[0051]

As the method of removing these impurities, for
example, known separation techniques such as distillation,

extraction, adsorption, and crystallization may be
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[0057] The anmount of the dehydration catalyst is an
enough anount to convert the al cohol. The conversion
of the alcohol is preferably 90% or nore, and nore
preferably 98% 250r nore. WO

wOQ8k1QA¢85PCT/ JP2009/ 054001 30 [ 0058] The ARy PL@b/0 001
reaction is carried out by brg%glng a sol ution

contai ning the al cohol into c act with the catal yst.
However, in the dehydration/hydrogenation nethod, 5the
hydr ogenati on reaction is carried out after the

dehyd
ea ;?t%ta: OQteE??'ﬁ“ deJh d:ra iR QX O ﬁﬂ?t en‘pﬁeQﬁ{ef Sguaé)

|on reactio ure IS

ge ﬁ?f égqa%OC:tﬁ¥é¥g¥§b gngaprfe£ﬁ§L§%§ggrSLEg%&tlon

e pressure I vant age

k%ﬁé%¥f1a%Qogogl %hrb n haJIﬁbhqupg%n@ kﬂ@n atoms

step 1's a step o sup 1'yi ng the I'itral mol ecul ar

d%hyQﬁ@EﬁﬂrQEegHEt1ﬁﬂgdﬂﬂy%gt18ntQ?tﬁeﬁﬁgQﬁ%k?nd§5€911£klon
he hydrogenation catalyst, 15hydrogenating it thereby

Comeme'm%f' ets&&{]@mal%we%%ﬁgewa@@fi ey thlirgchibd®, and

the oxidation step as raw material of the oxidation
St@R oxygen-containing compound.

[0052]

Examples of the hydrocarbop having 7 to 10 carbon
atoms as the extractant include.linear saturated
hydrocarbons such as n-heptane, n-octane, n-nonane, and n-
decane; branched satﬁrated hydrocarbons such as 2,2-
dimethylpentane, 2,3-dimethylpentane} 2,2-dimethylhexane,
and 2, 3-dimethylhexane; and unsaturated hydrocarbons
thereof. 1In addition, these extractants can be used alone,
or a mixture thereof can be used.

[0053]

The type and operation conditions of the extraction
distillation column and other distillation column,
operation conditions, and the amount of the extractant are
"appropriately determined according to the qualities of the
p;oduct to be requifed.

[0054]

The purified propylene oxide thus obtained satisfies

desired product qualities.

[0055]
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copper ar uiy

[ 0060] The hydrogenation catalyst is a catalyst
containing a 20netal of the group 10 or 11 in the
Peri odi c Tabl e, and specific exanpl es thereof include
ni ckel, palladium platinumand copper, of which

wthdogdiowym or copper is preferable in view ofpct/sp2009/054001

suppression of the hydrogenation reaction of an
aromatic ring and high yield.zgxanples of a
25copper - based catal yst include copper, Raney copper,
copper - WD 2009/ 110485PCT/ JP2009/ 054001 31 chrom um

CoPDe R4yl PRSEN SULLE O (GARREE ShLLgRoATL &

Ium Ca

Edganigﬁf{egggﬁl 8§|P§g¥&ggéan R%r?ﬁenating the

ca, and pal um car

SRS SuliEh O NG BLOBFor Ehd ik BhBERLY OF Lhem

e use I nation rogenatlon

Cah}%ﬁ%ﬁ&r@ﬁ?déal e%?ﬁ%gg@&' @}Qé léﬂc%oldtatﬂgoﬁag%ﬁfsltn the

used as t ration/ hydrogenati on catal yst

[ %Q'@%]em]:ﬁ-r&]? AUy 1f ctalﬂgll}y@lrtgg%'iﬁtdl‘ﬂn that ﬁ!l.)(?Ibéx?zene,

an enough anount to convert the intra-nol ecul ar

deamad&@wélpﬁ om,t redNd tbhCa COPMEIrHA e it RhES sﬁmmon
98% or nbre. ]10062] The hydrogenation reaction is

CajticpedsOnt riy I&Hﬂé}glarlgo%m@ @)Ql.dgtll% ceepai NiAGidE to
i ntra-nol ecul arly dehydrat ed
efficiently recycle the alkylbenzene, this step is
preferably carried out by dehydration/hydrogenation.
[0056]
| The dehydration step is a step of supplying the
alcohol which is derived from the alkylbenzene
hydroperoxide and obtained in the epoxidation step to a
dehydration catalyst to dehydrate intra-molecularly.
Examples of the cétalyst to be used include acids such as
sulfuric acid, phosphoric acid, and p-toluenesulfonic acid;
and metal oxides such as activated alumina, titania,
zirconia, silica-alumina, and zeolite, of which activated
alumina is preferable in view of sepération from a reaction
liquid, catalyst life, and selectivity.
[0057]
The amount of the dehydration catalyst is an enough
amounf to convert the alcohol. The conversion of the

alcohol is preferably 90% or more, and more preferably 98%

or more.
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product and hydrogen into contact with the catal yst.
However, in the dehydration/hydrogenation nethod, the
hydrogenation reaction is carried out after the
dehydration reaction. Therefore, the hydrogenation
weacdonienassmy be 20carried out after separatimg/weioets4001
produced in the dehydration g§9ction t hr ough, for
exanpl e, oil-water separation,”or may be carried out

by supplying water together with the intra-nolecularly
dehydrated product to the hydrogenati on catal yst

Wi E@%] separating water. 25[0063] WO
20 10485PCT/ JP20091054001 32 The anount of

hydr ogeg,J e@ukhede {6 LG Jraast iiencgﬁ%/iﬁe&;e@y%nngmg a

anmount which i's equivalent to that o

I Ly "oerP@oﬁ,‘c%in?ﬁ?yﬁ{@tﬁ%o%‘i%ﬁ% i%cﬂ?caf&WdI‘Ehe%hé'

usual |y contal ns ot her conponents consune

hydi 00t andohBYSr Dath LRI rTPHR i RirJRedia@46R héthod,
required. As a partial pressuré of hydrogen i ncreases,

t hend effdrdyRnAE 968 CESadIch AWl ekl ¥ied@shitt it e WRk
rati o of hydrogen/intra-nol ecul arly dehydrated product

| sqdi i ertalny rébef dnt QinkD thaRd hifar &gt efer del ¥ekir €8 ghe
to 5. The excessive hydrogen which 10remains after the

reggtd OfstCan The ACKYEt£ A rehcsepAr Béngir SR tike
reaction liquid. [0064] The hydrogenation reaction

t egexes i 1lve firsmgB0er atd Y50°C, antir aord @rafHQBCy dpdm .
nore preferably 30C to 300C. The 15pressure is
adyamt@geo Boloy Cf r oThd Mrdeffmrte0 1$0280an tkedpeously from 10 kPa
to 10,000 kPa.
[0059]

The hydrogenation step is a step of supplying the
intra-molecularly dehydrated product obtained in the
dehydration step to the hydrogenation catalyst,
hydrogenating'it thereby converting into the alkylbenzene,
and recycling it to the oxidation step as a raw matéfial of
the oxidation step. —

[0060]

The hydrogenation catalyst is a catalyst containing a
metal of the group 10 or 11 in the Periodic Table, and
specific examples thereof include nickel, palladium,
platinum and copper, of which palladium or copper is
preferable in view of suppression of the hydrogenation

reaction of an aromatic ring and high yield. Examples of a

copper-based catalyst include copper, Raney copper, copper-
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[ 0065] The dehydrati on/ hydrogenati on reacti on can
be advantageously carried out using a fixed bed. The
dehydration reaction and the hydrogenation reaction
may be 20carried out using separate reactors, or may

we 208t fokd out using a single reactor. It i 9cT/iaP2009/054001
preferable that the dehydration catal yst and the-

hydr ogenati on catal yst are noflfilled in mul ti - staged
reactors, but are filled in a single fixed bed reactor

in view of the cost. 25[0066] WO
2059/110485PCT/JP2009/054001 3%5 aherefore, when .

t ROTBR&LBNt CORRBTA ST | §OPBEhe NPt il 418 ngopper—stlicas
hydr.ogenation, step i n_the above. nenti.qn r r
CRE POBBRE POnTb R OBy PERESS T et R el B8 oe

di'%%?{é i O”Egﬁée‘:i’%np‘ife tggé%c?f ai%ﬁ&i %ﬁg%%&i&ﬁ—silica,

1t
adop ©5i I"'xed react or eré

-g%%dlngiQ?ﬁ%éggg%#bhd &hggé éﬁ%@&#%ﬁ@ﬂﬂg@ %Euhged alone,

conprises derrved 1 n tthe epoxidation step

fr t h roxi e f
o Eggil%}fié{g;cgg%%m %d{,0PET 93 &€ 1A% fbE nG € Dbk NUGHSen

rogen gas as the dispersed phase.

é%&%oﬁ}hrgééﬁ@%ég% catalVB8 REESEN. IR Hra@RohSability,

plained wth referencé to the Exanples. Exanple 1

15948l pgthNgsaPPM Hdihsds §50WRe | detijdrationPXgiBbgerdation
was carried out. Aliquid (2) (a cunene sol ution

cakkrahpispg about 25% by wei ght of cunyl al cohol) and a
gas (3) (hydrogen) were fed through the bottom of . the
calgwen (1), and the resulting m xed fluid of the gas
and the liquid was

The amount of the hydrogenation catalyst is an enough

amount to convert the.intra—molecularly dehydrated p;oduct,
and the conversion is preferably 98% or more.
[0062] |
The hydrogenation reaction is carried out by bringing
the solution containing the intra-molecularly dehydrated
product and hydrogen into contact with the catalyst.
However, in the dehydration/hydrogenation method, the
hydrogénation reaction is carried out after the dehydration
" reaction. Therefore, the hydrogenation reaction may be
carried out after separating water produced in the
- dehydration reaction through, for example, oil-water
separation, or may be carried out by supplying water
together with the intra-molecularly dehydrated product to
the hydrogenation catalyst without separating water.

[0063]
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20f  owed upward t hrough the colum. Wthin the col um,
there was provided the gas-liquid dispersing device
according to the present invention conprising the

pl ate (4) which was arranged perpendicular to the flow
wonrewstii@ss of the fluid and bl ocked the fl| ow refT/aPR@®9/054001
fluid. The plate had holes (5) 25for gas-liquid m xed
fluid, the holes were connectetf to the WD

2009/ 110485PCT/ JP2009/ 054001 34 conduits (6) extending
downward fromthe plate, and three passages (7) for

the ga er. c ' e _pravided i
surfaczjo apﬁgﬁgoﬁgS#%&rié?gmggqgégggi%%gﬁgﬁgeg%Qﬁﬁﬁ QSY be
or t post Li onal LatLanshi pqd 1t ey _
of Qt Oef%gs?éngggg ?gé&lti h%ageaiuqtv%rl %gghpdt) Igteﬁéc{:]tondt}ﬁit? © .Yﬁl:?a

fl ﬁéi?éx%’lat%‘%g’[{gﬁgél:?ée& %ftc?;ar%%@ge. jl‘ﬁe:%gd L}lﬁét@}tiaqf ugﬁglly

space o gas“in acc e wit ange of t

Op@&ﬁ%éfﬁ% %Qﬁéktheﬂﬁoﬁﬁﬁké'Nhikhreaﬂ£mﬁg,h§4¥%g%hf55nd thus

passage for the gas was provided at the l|'evel of 75 mm

doypavat ¢t <198 BRSuAP P AlifyardiRnS 86 0P @ VaS ARl al PErtial

| evel of addit.ionally 40 nm downward fromthe first
pagsagsurand rt hgdwgéﬁ eramesat thberégvelorprbeetismore
additionally 40 nm downward fromthe second passage.
Thgui@tilyg @hdHthu¥as mdOWathd. éf WREFE&ddh hieitdht-neflethBarly
colum (1) was H and |l ength of conduits (6) 15was L.

[ 0868ydrated PREASEE UTE Usie fAfrabhe €hem (B)t®f1d, hankomnete
part of the conduit had a structure which was closed
bypfe afablAnNdrohwp s68d] haleeexasstiee paghages Watichhe
liquid per one 20conduit were provided through the

conetd insatafitee shaeréavelomfcadShm upereed radibeirheeparating
| oner end of the conduit. The di ameter of the
hoEeoroftheheepkatienwhsagieheral | y the same as that of

" the conduit.

[0064]

The hydrogenation reaction temperature is generally
from Q°C to 500°C, and more preferably 30°C to 300°C. The
pfessure is advantageously from 100 kPa to 10,000 kPa.
[0065] |

The dehydration/hydrogenation reaction can be
advantageously carried out using a fixed bed.' The
dehydration reaction and the hydrogenation reaction may be
carried. out using separate reactors, or may be carried out
using a single reactor. It is preferabie that the
dehydration catalyst and the hydrogenation catalyst are not
filled in multi-staged reactors, but are filled in a single
fixed bed reactor in view of the cost.

"[0066]
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The ratio of NS was 15/ n2 wherein N is the nunber of
25the holes of the plate and Sis an area [nR] of the
| ower WD 2009/ 110485PCT/ JP2009/ 054001 35 surface of
t he pl ate. The linear velocity (v) of the

vaggood/ifaisd m xed fluid flow ng through the helrgprbdsied:
pl ate was about 2 nfs which is _based on the vol une of

.the fluid of the entrance (Io@ér) 5si de of the hole
for the gas-liquid m xed fluid. The velocity (Q)
of the gas flomﬁng t hrough the passage for the gas
provid

about ?3 FPESHR1 citers ShECBAYERTE N AlniRe OF Pheopadpplicd
o TR o R 8
SRt B e oo PR REF LS O BT
odth G140 b e AP L

%th%r Q@g 5&d 1 ?go?ugihe}gfn condy s—flrl‘:?{mlhhﬁlﬁi&‘lmfluld

de t0 e upper si of the plate. The val ue of dPG

dF?bod@aﬁ pRafakiidi @l Aiis PShPEiséOOAH é@%@ﬁ@!edébﬁvedcfn

gas- | |qU|d di spersion device, there was provided a

(1Qe boraaki Noh cHBY ifslond tARNSTk fRbefldid RYacabalyBide as
(partially supporting a noble nmetal). Under the

CoHll tHoaRSnebud Sl el Red hoapssat W @l aheuli FPdEsed

to 230C and a columm top pressure of about 1.5 MPaG to
2aG&,. 25cunyl al cohol was intra-nolecularly
dehydrated to a- :

[0067]
EXAMPLES

The present invention is explained with reference to
the Examples.
Example 1

Using the apparatus as shown in Fig. 1, Example 1 was
carried out. A liquid (2) (a cumene solution containing
about 25% by weight of cumyl alcohol) and a gas (3)
(hydrogen) were fed through the bottom of the column (1),
and the resultieg mixed fluid of the gas and the liquid was
flowed upward through the column. Within the column, there
was provided the gas-liquid dispersing device according to
the present invention.comprising the plate (4) which was
arranged perpendicular to the flow direction of the fluid
and blocked the flow of the fluid. The plate had holes‘(5)

for gas-liquid mixed fluid, the holes were connected to the
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WO 2009/ 110485PCT/ JP2009/ 054001 36 net hyl styl ene, and

a- net hyl styl ene was successively converted to cunene

by reacting with hydrogen. Wen the state of the
gas-liquid dispersion is insufficient, there would be
vausedi@annel ing in the reactor, and ther ebBCTIP2009/054001
5insufficienthydrogenationzong}ndanexcessive

hydr ogenati on zone woul d be p ially forned. The
formati on of such zones is one of factors which worsen
the 1oss of cunmene in.the hydrogenation step. Then, -
th A foyt j ' th

ol TRFHE el r bR JPRaRs, Srah BhE e g three
hy. [ 0 ragi,an -

A TR Q) 2P P B e phPeragR e g ete

| egi- GOAC @M 8L AN O r ANE L BLYLEAGN: t AS 2 KRSUlEscribed
t he obtai ned reaction product had the

| egbswONGeNrakirotn ot BEnd iRy k3bih enfe (diRordhdeX inlbhe
for the insufficient hydrogenation) was 323 ppm by

vwei gfl1s 10 Takl Badsadde fasthbsqot EXA0RIE theak8nahown
with "with dispersion plate". [8071] Conpar ati ve

Exeret i1l 2@EBRmEsasEe Pricednbngasih ntixaigightl of@she space
carried out except that the gas-liquid dispersion

deyf Cthaa @@ dhngctOrddrPWaT@Nthe NYRM GO MaheNBperation
used. As a result, the | eak concentration of '
a- geidiisngl and was 4O ghpathy thei ghtst Pesdageulfbs Ofie
Conparative Exanple 1 are shown in Table 1 25with
coggparwayy paoiviidetioste e BEeavepl of175 | mm TddWrevakd tfhem W2
2009/ 110485PCT/ JP2009/ 054001 37
plate, the second one was at the level of additionally 40
mm downward from the first passage and the third one was at
the level of further additionally 40 mm downward from the
second passage. The ratio of H/L was about 12.7, wherein
height of the column (1) was H and length of conduits (6)
was L.
[0068]

The structure of the end (8) of the: lower part of the
conduit had a structure which was closed by a cap. And,
two small holes as the passages for the liquid per one
conduit were provided through the conduit at the same level
of 45mm upward from the lower end of the conduit.

The diameter of the hole of the plate was generally
the same as that of the conduit.

The ratio of N/S was 15/m? wherein N is the number of

the holes of the plate and S is an area [m?’] of the lower
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results of Conparative Exanple 1 are shown wth

"wi thout dispersion plate".Table 1 shows that, as to
t he conver si onof cunyl al cohol t ocunene, t hel eak
concentration of a-nethylstylene un-hydrogenated was

wo Zobidomes hi gher than that of Exanple 1.  pcrypfhobdisoo
Exanple 1 and Conparative Exanple 1, it was found that

t he hydrogenati on reaction was~pronoted by using the
gas-liquid dispersing plate according to the present
i nvention. 10[0072] Table 1 Leak-Concentration of

ag&&@xlgt %qg%§&ﬁggﬁpy wei ght] with Dispersing Plate

out Dispersing Plate (Conparative

Exa”p' end) 1 1498 O3l fx@']p'o% %hé%gg {2 P e fluid

experl ment s vvere carrie ut usi
flowing through the hole of the plate was about 2 m/s which

is based on the volume of the fluid of the entrance (lower)
side of the hole for the gas-liquid mixed fluid.

The velocity (g) of the gas flowing. through the
passage for the gas provided through the side surface of
the conduit was about 54 m/s which is based on the volume
of the gés of the entrance side of the passage for the gas.

The velocity (h) of the liquid flowing through the
passage for the liquid prbvided through the conduit was
about 6 m/s.

[0069]

Thus, it was confirmed that a space (with a thickness
of 380 mm) containing the gas was formed by flowing the
liquid and the gas at a predetermined ratio through the
conduit from the down side to the upper side of the plate.
The value of dP; — dP. was 8.7 kPa at this point.

[0070]

Abo&e the gas—liquid dispersion device, there was
provided a bed (10) gf packing comprising spherical aluming
catalysts (partially supporting a noble metal). Under the
conditions of a catalyst bed temperature of about 200°C to
230°C and a column top pressure of about 1.5 MPaG to 2 MPaG,

cumyl alcohol was intra-molecularly dehydrated to ao-
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apparatus as shown in Fig. 2 which conprises a tube
(20) which was nade of a transparent acrylic polyner
(280 mmin dianeter and 1980 nmin height) and was
standing vertically. Wthin the tube is provided the
voodoGussl di spersion 20 device accordi ng toerdi@2009/054001
present invention which conprises a plate (21)

provided with one hole for a g% (12) (50 nmin

di aneter) and one conduit (13) (50 mMmmin dianmeter and
1000 WD 2009/ 110485PCT/ JP2009/ 054001 38 mmin

hein@?%% 31%[)1%%”9 pgﬁéagea-(é&'e"t)h{&%% &g fie 95,4 S mé‘uc"&esswely

a’l ev of 4 fromthe

engoQ\freft{;&il ohi %l%rﬁene-rh@yr?é Qtiq{g Hi L, é’ﬁ?&g 1. 9Vghen the

wher el n the tube (20) was H and | engt'h of

copdyd Sof 18he OYaS-1iqui d N S Qlont NG |1‘H’§fff9@'i&n9f there
the conduit had"the s%ructure whi ch- was cl osed by a

CaRoufddve | BghEIES tHGaHRNNGE Shl UGeURaceBe, SHRA! thetéoy an
(16) (10 mmin dianeter) as a passage for the liquid

wasgn i ord deshtt hr eyakobbgatisle 10sdiid acarf the  excessive

conduit. The tube was filled with water, and then,

Wah @8 r &§tch & ilone rnieed wio:a ableowarmanlpf Ebemédibe  The
under the conditions described in Table 2, so that the

vakyendf i PG dBuchwasnesr est 8@ ofAkPact{saee whdkhewdrsen the
experimental 1 and 2). As a result of the visual
150bseryatdmiend tinvahecbpfirogetat hai dthe .t hiltlengsshef state
a space conprising the gas under the plate described

i noTakthe UViwapersdpnediasa evadechtielduiltdy ofthée héojaswiamgl index.
the liquid blew off upward fromthe hole of the plate,
antihé heiedyx exfoenetie goduswlf Sipdresiton hydsogehatien. was a
20[ 0074] Conparative Exanple 2 The sane procedure
ascpncExargdlion? afis xarativd stulenkcept tthat eonkit i ofs the
were different from Exanple 2. The val ue of dPG dPI, '
wasobwmrer {(dgferrqdSectaabse 22 25@@Hpapacenyation ‘of  a-

methylstylene). As a result, the obtained reaction product
had the leak-éoncentration of o-methylstylene (the index
for the insufficient hydrogenation) was 323 ppm by weight.
In Table 1, the results of Example 1 are shown with "with
dispersion plate".
[0071]
Comparative Example 1

The same procedure as in Example 1 was carried out
except that the gas-liquid dispersion device according to
the present invention was not used. As a result, the leak
concentration of o-methylstylene was 1400 ppm by weight.
The résults of Comparative Example 1 are shown in Table 1

with comparing with those of Example 1. In Table 1, the
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NPS v 9 h dPG - dPL thickness of space conprising gas
under plate diver sion -/nm2 nis nis

WO 2009/110485 PCT/JP2009/054001
37

results of Comparative Example 1 are shown with "without
dispersion plate”. Table 1 shows that, as to the
conversion of cumylalcohoi to cumene, the leak
concentration of o-methylstylene un-hydrogenated was 4.3
times higher than that of Example 1.

From Example 1 and Comparative Example 1, it was found
that the hydrogenation reaction was promoted by using the

gas-liquid dispersing plate according to the present

invention.
[0072]
Table 1
Leak-Concentration of o-
Methylstylene [ppm by weight]
with Dispersing Plate 323
(Example 1)
without Dispersing Plate 1400
(Comparative Example 1)

[0073]
Example 2

The following experiments were carried out using the
apparatus as shown in Fig. 2 which comprises a tube (20)
which.was made of a transparent acrylic polymer (280 mm in
diameter énd 1980 mm in heighf) and was standing vertically.
Within the tube is provided the gas-iiquid dispersion
device éccording to the present invention which comprises a
plate (21) provided with one hole for a gas (12) (50 mm in

diameter) and one conduit (13) (50 mm in diameter and 1000



ms kPa mm Exped ment 1 16 1.2 75 2.1 1.0 230 GOOD
Exped nent 2 16 1.5 99

WO 2009/110485 ’ PCT/JP2009/054001
38 '

mm in height),-and one passage (1l4) for the gas (6 mm in
diameter) at a level of 45 mm downward from the upper end
of the cohduit. The ratio of H/L was about 1.98, wherein
height of the tube (20) was H and length of conduits (13)
was L. |

The end of the lower parf of the conduit had the
structure which was closed by a cap, and, inside the capped
structure, one small hole (16) (10 mm in diameter) as a
passage for the liquid was provided through the side
surface of the conduit. .The.tube was filled with water,
and then, water and air were fed from a lower part of the
tube under the conditions'described'in Table 2, so that the
value of dPé—dPL was more than -4kPa (see Table 2,
experimental 1 and 2). As a result of the visual
observation, it was confirmed that the thickness of a space
comprising the gas under the plate described in Table 2 was
formed, a mixed fluid of the gas and the liquid blew off
upward from the hole of the plate, and thereby extremely
good dispersion was achieved.
[0074]
Comparative Example 2

The same procedure as in Example 2 was carried out

except that conditions were different from Example 2. The
value of dPs-dP; was under -4kPa. {(See Table 2,

comparative).
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2.1 4.4 608 GOOD Conpar afive 16 1.2 - 73 3.4 -47 Non
Bad [0076] 5Exanple 3 According to the nethod
described in the specification as schematically shown
in Fig. 3, using cunene as the al kyl benzene, an
vooeodaidoess reaction |iquid (101) containi ng 28%IPmoB6X¥601
by wei ght of cunene hydropero§5de was obt ai ned

[0075]
Table 2
: thickness of space
N/S v g h dPg - dP_ comprising gas disper
: under plate sion
4m? | mis | mis | mis kPa mm
Experi | 416 | 12 | 75 | 2.1 1.0 230 GOOD
ment 1
Experi | 16 | 15 | 99 | 2.1 44 608 GOOD
ment 2 -
Compar| 46 | 12 | .73 | 34 47 Non Bad
ative
[0076]
Example 3

According to the method described in the specification

as schematically shown in Fig. 3, using cumene as the

alkylbenzene, an oxidation reaction liquid (101) containing

25% to 30% by weight of cumene hydroperoxide was obtained

by oxidizing cumene with air in the oxidation step. An
epoxidation reaction liquid (102) containing mainly
propylene oxide, cumyl alcohol, unreacted propylene;‘and
cumene was obtained by passing the oxidation reactidn
liquid and propylene through a reactor filled with a

titanium-containing silicon oxide catalyst in the

epoxidation step. Cumyl alcohol is an alcohol comes from

the cumene hydroperoxide. The unreacted propylene (103)
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10by oxi di zing cunmene wth air in the oxidation step.
An epoxidation reaction liquid (102) containing mainly
propyl ene oxi de, cunyl al cohol, unreacted propyl ene,
and cunmene was obtai ned by passing the oxidation
weacemiioasd i qui d and propyl ene through a reaceavirkoobh=oo1
wWith a 15titaniumcontaining sjlicon oxide catalyst in
t he epoxidation step. Cunyl m%ﬂﬂuﬂ is an al cohol
cones fromthe cunene hydroperoxi de. The unreacted
propyl ene (103) WO 2009/ 110485PCT/ JP2009/ 054001 40

epar. a r for I o] s NP
o T o abr A B SEBH bRE, F e g b tauid
r egf_’d’ﬁr 19 oBEQRY | £NGea iR %@gh&&” (id)&u'a%{e_]ro%_)e BULPing
recovering propyl ene was separated into a |qU|8
f Lﬁfg&ﬂeﬁ%n%]:OS?hécpéE&imﬂqg_iﬁﬁﬁ.al Y164V £:CRRRL vaRgng
c ne and a fraction containing malnly propyl ene
0Xh A6l GaB! QBYA SN PXInde RULE & £t # Q113108 . (1856
then the fraction containing mainly propyl ene oxide
WaSo gt Sitrl i inlge fla W 1 7 Juraldohy 1 06ndi Slddealan@n aC ek Hehson
including extraction distillation so 10as to obtain a
Pr &fVE £ ndX md €n Py OSkidy MhicCBxSak i 54 | @5 WidpneddcChbxide
qualities. The liquid fraction (105) containing mainly
CUByti il ce@ieh 808p £ WRNE RS &heOhth NS PMasenaAd Mainly
hydrogen gas as a di spersed phase was fed through the
r epedfldne BRibkovagdiestihileld wash pa gviwded iwiyt bEi ) a
15cat al yst bed conprising an activated al um na
C adi bd tyislt] saaridnacpahtrasli irale@ing akhgacatal yEistdddatidn so
the gas-liquid dispersion device according to the
present dotaént aoprapyldre pixddieepobdidie wieandt catisfies the
that cunyl al cohol was reduced to cunene. The
copvetsitomuef itiey! dlfooHdlquid Euaehieomal 0fdr €oR0ehaing
98 % The .obtai ned cunene was recycled to the
oxmaimivrrusydpal Ephpl Rrnd |awnengt @8 2 heonddiipaearsi phase and a

flowchart of Exanple 3 described in the specification.
[ Omydgogen gas as a dispersed phase was fed through the

reactor in up-flow mode which was provided with i) a
catalyst bed comprising an activated alumina catalyst and a
palladium containing catalyst and ii) the gas-liquid
dispersion device according to the present invention at the
middle of the reactor, so that cumyl alcohol was reduced to
cumene. The conversion of cumyl alcohol to cumene was more
than 98 %. The obtained cumene was recycled to the
oxidation step. Fig. 3 illustrates the schematic flow-
chart of Example 3 described in the specification.

[0077]

Comparative Example 3

The same procedure for the production of propylene
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Conpar ative Exanple 3 25The sane procedure for the
production of propylene WO
2009/ 110485PCT/ JP2009/ 054001 41 oxide as in Exanple 3
was carried out except that the gas-liquid dispersion
wdeviogel03kscor ding to the present invention WPETIBL009/054001
used. An indication of channeh'ng was observed, and
the experinmental results were hot stable. 5 Industria
Applicability [0078] The present invention
provi des the gas-liquid dispersion device and a net hod
far . pLogduci as-|.Lgui Q. di spersi updl i zi -
¢ R e PR R ipIgTs e bt b RO et i e
fhuid: &l d i 4 i gui ;
R s A S i s
,Cbeagaﬁﬁ@r h€&d, 1 it haki EDei 9950 # rlinsRan $6dwes f §14d Mald,
into the ?qu|d, t hereby sufficient contact 15 between
t RQ3988e a8khd MiEndrit@li deSant Hevattd aidredaBnd.
furthernore the production of the device is
conparatively easy. The present invention al so
provi des an extrenely effective method for producing
t haqgasrianughbdicspenston in the hydrogenation step in
t he propyl ene oxi de production 20process. WO
2(409/,810485PCT/ JP2009/ 054001 42 CLAIMS 1. A gas-liquid
di spersion device conprising a plate for-

The present invention provides the gas-liquid

dispersion device and a method for producing the gas-liquid
dispersion utilizing the device in the column wherein the
gas—iiquid mixed fluid flows upward which comprises the
liquid as the continuous phase and the gas as the dispersed
phase, characterized in that the gas is dispersed
effeétively into the 1liquid, thereby sufficient contact
between the gas and the 1liquid can be attained, and
furthermore the production of the device is comparatively
easy. The present invention also provides an extremely
effective method for producing the gas-liquid dispersion.in
the hydrogenation step in the propylene oxide production

process.
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bl ocking a flow of .a fluid and a conduit for

conducting the 5 fluid through the plate froma | ower
side to an upper side of the plate in a colum wherein

a gas-liquid mxed fluid flows upward which fluid
wonpoilsEss a | iquid as a continuous phase ant®PCI/gaH9/65001

a di spersed phase, characteri gd inthat: 10(A) the

pl ate has at | east one hol e thfough which the gas and -
the liquid pass, (B) one end of the conduit is

connected to the hole at a | ower surface of the plate

so that the conduit extendsidgwaward, 15(C) at | east

one passage for the gas is provided through a side
surface of the conduit, (D) at |east one passage for

the liquid is provided in a |ower part of the conduit,
and  a gas-{Eufd &sb&fsilhe deQWeE BakbrPSidd@ plate for
conduit has a structure 20for preventing the gas from

f I WdREngnh or1de conRdY1liid2and e @Rsdiitddod dbaREESI A the
devi ce according to claim1, wherein the end of the

| o&yi dp@htoQfht fige COTWIE tf Hoas at Newskr HEQYI €0 Wath Clibpdr side
closed by a cap. WO 2009/ 110485PCT/ JP2009/ 054001 43 .
wher aine thetpalih &f ddlemhowherpddit aobathei @oidlumixdtasfluid
the structure which is bent in the formof "J"

charoast apward. wHith gasrild quinprissper dieidedwsce continuous
according to claim1, 5wherein a dianeter of the hole
ofpHas@ MRt eai syagenes abl Wispersed phase, characterized in

that:

(A) the plate has at least one hole through which the gas
and the liquid paSs,

{(B) one end of the conduit is connected to the.hole at a
lower surface of the plate so that the conduit extends
downward,

(C) at least one passage_fof the gas is provided through a
side surface of the conduit,

(D) at least one passage for the liquid is provided in a
lower part of the conduit, and

(E) an end of the lower part of the conduit has a structure
for preventing the gas from flowing into the coﬁduit.'

2. The gas-liquid dispersion device according to claim 1,
wherein the end of the lower part of the conduit has the

structure which is closed by a cap.

3. The gas-liquid dispersion device according to claim 1,
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the same as that of the conduit. 5. The gas-liquid

di spersi on device according to claim1, wherein the
follow ng equation (1) is satisfied: 101NS S 100(1)
wherein N is the nunber of the holes of the plate, and
wo bpo/gegar ea [ n2] of the | ower surface of therpbRbRess001
6. The gas-liquid dispersion device according to claim
1, 15wherein the follow ng eqd&tion (2) is satisfied:
0.01 Sv S 10(2) wherein v is a linear velocity [nls]
of the gas-liquid mxed fluid flow ng through the hole

f the plate. 207.T -Liquid di | on_devi
SRRy PG BRRF o1, HRoPBIALL KT F ob ol PaCSIAtt s the
3). is.satisfjed:: 100 S 1,5 XLS 0, b

et hEe: Rl b b s fors S TR s SR
condui t [nmj. WD 2009/ 110485PCT/ JP2009/ 054001 44 8.

- The gas-liquid dispersion device according to claiml1,

wher of h i : g Yt Led: .
g e L o (09 sallsiighes Cain
f1.ang ot by Qighetbie Rasspoendiy dhergaspPiaVi g8dgenerally

t hrough the side surface of the conduit.
the same as that of the conduit.

5. The gas-liquid dispersion device according to claim 1,
wherein the following équation (1) is satisfied:

1 £ N/S £ 100 (1)
wherein N is the nuﬁber of the holes of the plate, and S is

an area [m?] of the lower surface of the plate.

6. The gas-liquid dispersion device according tolélaim 1,
wherein the following equation (2) is satisfied:

0.01 £ v £10 (2)
wherein v is a linear velocity [m/s] of the gas-liquid

mixed fluid flowing through the hole of the plate.

7. The gas-liquid dispersion device according to claim 1,
wherein the following equation (3) is satisfied:

100 € 1.5x L<H  (3)
wherein H is a height of the column [mm], and L is a length

of the conduit [mm].
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9. The gas-liquid dispersion device according to claim
1, wherein the follow ng equation (5) is satisfied:
101h10(5) wherein h is a velocity [nfs] of the liquid
flowi ng through the passage for the liquid provided

 Worgeakesshe conduit . 10. The gas- | i qusE/P2009/054001

di spersion device according to claim1, 15wherein the
foll owi ng equation (6) is sat i%f i ed: - 4dPG dPI , (6)
wherin dPGis the pressure drop across the passage for
gas [kPa], and dPlI, is the pressure drop across the

passage, for Liquid. [kPa]l. 20 11  The gas-lj.qui .
dﬁzpergﬁﬁngagv?%%uﬁ%éiaéﬂeﬁﬁl?g % %ﬁ?ﬁ]%hc ﬁggg%ng?m%l%ﬁm 1,

f. t . it . .ovi ded
e o e e R e

posi tionedak fwo gry nore gk}ferent |l evel s of the
25condui t - VO? 20051 110485PET/ JP2009/ 054001 45 12,

B LS SRSl (et a0 ool mirosan

| {ﬁ%l’%%én%ﬁa%e' g tydi nalsl ¥, 1hs augh tgl?tsﬁélk depsusi@ces@frace

t, and at l'east a part o e openi ng

f unetdiRNsagut e passage for the gas. 13. The
gas-1l1quid dispersion device according to any one of

clains 1 to 12, further conprising a bed of a packing
10above and/ or bel ow the gas-|iquid dispersion device.

149, Thern@agakiUiidi @i SiRPesis@Bnda¥y £e LW rding €6 claim 1,
claim 13, wherein the packing conprises a catalyst.
wherein the following equation (5) is satisfied:
1 <h <10 (5)

wherein h is a velocity [m/s] of the liquid flowing through

the passage for the liquid provided through the conduit.

10. The gas-liquid dispersion device according to claim 1,
wherein the following equation (6) is satisfied:

-4 < dPs-dP, (6)
wherin dPg is the pressure drop across the passage for gas
[kPa], and dP. is the pressure drop across the passage for

liquid [kPa].

11. The gasQliquid dispersion device according to claim 1,
wherein two or more of the gas passages per one conduit are
provided through the conduit and the passages for the gas
are positioned at two or more different 1levels of the

conduit.
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1515. The gas-liquid di spersion device according to .
claim 14, wherein the catalyst is a catalyst for

hydr ogenati on reacti on or dehydration reaction.

16. A nmethod for producing a gas-liquid dispersion
woOemwmproussi Nng a gas as a di spersed phase and reTliptigd/eb4001
as a continuous phase, conprisi.ng the steps of: i)
flowng a mxed fluid of the 335 and the liquid upward
through a columm conprising the gas-liquid dispersion
devi ce according to any one of clainms 1 to 15; 25ii)
form ng a space conprising the gas under the plate;

WO 2009/ 110485PCT/ JP2009/ 054001 46 iii) conducting

the | %Hﬁédgééupi&digj ARGt ; bR Sukphed @%&%&ggfﬁa‘éoaam 1,

the 1iquid provided through the lower part o

Copdielin at 1kUbtCORAUGHIRGLLHE G8snd dheoonditiduit i
througﬁntﬁe passage 5forlthe§gas prodg%ga t hr ough tﬁg' e

siglevidehaaenefi thhena0nguithrouyh frOleni siid gasrhédUod the
mxed fluid by mxing the liquid and the gas in the

Cifdiutit, and atVileddtens pgdrawidg the @oéninflUfehdidoet as
fluid upward through 10t he hole for gas-liquid m xed

f luied ppeougdetboneheyay.ate. 17. The nethod for

produci ng the gas-liquid m xed
13. The gas-liquid dispersion device according to any one
of claims 1 to 12, further Comprising a bed of a packing

above and/or below the gas-liquid dispersion device.

14. The gas-liquid dispersion device according to claim 13,

wherein the packing comprises a cétalyst.

15. The gas-liquid dispersion device according to claim 14,
wherein the catalyst is a catalyst for hydrogenation

reaction or dehydration reaction.

16. A method for producing a gas-liquid dispersion
comprising a gas as a dispersed phase and a liquid as a
continuous phase, comprising the steps of:

i) flowing a mixed fluid of the gas and the liquid upward
tnrough a column comprising the gas-liquid dispersion
device according to any one of claims 1 to 15;

ii) forming a space comprising the gas under the plate;
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di spersion of claim15, characterised in that it is
used in a hydrogenation step in the production of
propyl ene oxi de 15conprising the steps of: i) an
oxi dation step for obtaining an aklyl benzene

woadosapaeoxi de by oxi di zi ng an al kyl benzene; pc1/rro0d54001
epoxi dation step for obtaining a reaction |liquid
cont ai ni ng propyl ene oxi de and*%n al cohol derived from
t he 20al kyl benzene hydroperoxi de by reacting the
al kyl benzene hydr oper oxi de and propylene in the

prfffpcgogéugtgﬁ%aéﬁgtllgﬁéa)1ﬂt8r 5§héﬁ¥ﬁn@ﬂﬁbugh the

recov unre ropy romth
on | aft h e a
re@%% a%g %%e recove g’%?%%?ﬁenekbgg?ﬁﬁ g%ep%ﬁ?%§t$art of
tgg dﬁgg_W/naterlal _ '
7 1 CT/JP2009/054001 47 iv) a propyl ene oxide
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and the gas in the conduit;

vi) then, flowing the gas-liquid mixed fluid upward through

| the hole for gas—liquid mixed fluid provided on the plate.

17. The method for producing the gas-liquid mixed
dispersion of claim 15, characterised in that it is used in
a hydrogenation step in the production of propylene oxide
comprising the steps of:

i) an oxidation step for ©obtaining an aklylbenzene
hydoroperoxide by oxidizing an allebenzene;

ii) "an epoxidation step for obtaining a reaction liquid
containing propylene oxide and an aicohol derived from the
alkylbenzene hydroperoxide by reacting the alkylbenzene
hydroperoxide and propylene in the presence of a catalyst;
iii) a propylene recovery step for recovering unreacted
propylene from the.reaction liquid after the epoxidation
step, and for recycling the recovered propylene to the

epoxidation step as a raw material:;
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iv) a propylene oxide purification step for obtaining a
-purified propylene oxide by, for example, distilling the
propylene oxide obtained by the epoxidation step; and

v) a hydrogenation step for obtaining the alkylbenzene by
hydrogenation, in the presence of a catayst, of the.alcohol
obtained from the alkylbenzene ﬁydroperoxide via the
epoxidation step for recycling the alkylbenzene as a raw

material to the oxidation step.



