1 DESCRI PTION CONTACTOR 5 Technical Field [00011 The present invention
relates to a contactor to performagas-liquid contacting such as absorption,
stripping and distillation, liquid-liquid contacting such as extraction,
and gas-liquid-solid contacting such as 10 catalytic reaction of a liquid

i ncluding a solid body such as slurry and a gas. Background Art [0002] In
I ndustries such as oil refinery, gas purification and petrochemstry, 15
there are adopted many processes such agq absorption, stripping,
distillation, extraction, and catalytic reaction, in which separation,
purification and conversion of a specific substance is perforned by, for

exanpl e, making a gas and a quu&ggs h ot her or making two ki nds
of liquids contact each other to Egiﬂfﬁ6ﬁgﬁd recei ving of a substance or
energy which is 20 progressing between these fluids, a reaction between
substances and the |ike. For exanple, contactors such as an absorption
colum, a stripping colum or an Gl olum in which two fluids in
di fferent phases are nmade to cont§§hqigé;? er in the columm to progress

mass transfer on an interface between the fluids, and a distillation colum
in which tenperature gradient is 25 given in a direction of a height of the

col u an i: and purification of a substance is perfornmed by using
vapom [ qﬁF egclr%?ﬁ‘%@ um are equi pnments 2 broadly adopted in those

processes. [OoofﬁOOl]

The present invention relates to a contactor to perform gas-liquid
contacting such as absorption, stripping and distillation, liquid-liquid
contacting such as extraction, and gas-liquid-solid contacting such as

10 catalytic reaction of a liquid including a solid body such as slurry and a gas.

Background Art
[0002]
In industries such as oil refinery, gas purification and petrochemistry,
15 there are adopted many processes such as absorption, stripping, distillation,
extraction, and catalytic reaction, in which separation, purification and
conversion of a specific substance is performed by, for example, making a
gas and a liquid contact each other or making two kinds of liquids contact
each other to use giving and receiving of a substance or energy which is
20 progressing between these fluids, a reaction between substances and the like.
For example, contactors such as an absorption column, a stripping column or
an extraction column in which two fluids in different phases are made to
contact each other in the column to progress mass transfer on an interface
between the fluids, and a distillation column in which temperature gradient is
25 given in a direction of a height of the column and separation and purification

of a substance is performed by using vapor-liquid equilibrium are equipments



Generally, the contactor is provided with a nechanismto enhance efficiency
of mass transfer by dispersing two fluids very well into each other 5 to
make a contact area |arge, and various types of contactors are used in
correspondence with a fluid which is dealt with or a process applied. From
such a view point, anong nmajor types of gas-liquid contactors, for exanple,
are (1) a spray colum or a jet scrubbg% in which aliquidis fed into the
colum in a liquid drop state by using pressure punp and the like and the
10 liquid drops are dispersed into a gas phase, a bubble colum in which
bubbl es are dispersed into the colum filled with a |iquid phase, (2) a

packed cbfybadly adopteidcin tholse prodedsesmade to flow in a liquid filmstate on a
surface of a packed object packed in the colum to nake a gas-liquid

contacting inf6003te |arge, (3) a tray colum in which trays neking a
liquid flowng 15 down in the colum tenporarily reside thereon are di sposed
at a predet er (Gemarally; ¢heatontadtdruisbiprevialed witlper swechantismato iephamcehase
residing on the tray through a bubblecap or a hole provided in each tray,
and so oefficiowyspf mﬁssgranﬂg’gebga@spetﬂmg teenfluidovery weall intoeeactuothers t he
spray 20 columm and the bubhle colum, jn which the |iquid drops or .bubbles
are 8i spermale; ateontaet gsea 3&%‘9 and vaglous hypese of ccgriaetors| gre Hsed dn

dvant t hat di [ t f.t d the liquid j d

compar od CAFGPORSENGE Withc BBHGHhisH! iindeaRavitAcon puocssk anplisde peod of
gas-liquid gontacting is conparatively short .and ,the theorefical stage
nunber | SUERE VIOV PUBEARONE Pk R %ﬁgas-élquimﬁecwsi  eXHBPK.or €,

|0, 01T 8 158 el AR B8 RSP B P B o AP e g B
caul Do SRS 1 B AR, S DY o SRS BT B e
10 liquid drops are dispersed into a gas phase, a bubble column in which
bubbles are dispersed into the column filled with a liquid phase, (2) a packed
column in which a liquid is made td flow in a liquid film state on a surface of
a packed object packed in the column to make a gas-liquid contacting
interface large, (3) a tray column in which trays making a liquid flowing
15 down in the column temporarily reside thereon are disposed at a
predetermined interval and bubbles are dispersed into a liquid phase residing
on the tray through a bubblecap or a hole provided in each tray, and so on.
[0004]
Among those gas-liquid contactors, the types such as the spray
20 column and the bubble column, in which the liquid drops or bubbles are
dispersed into the gas phase or liquid phase respectively, has an advantage
that a dispersion state of the gas and the liquid is good compared with that of
the packed column and the like, but a time period of gas-liquid contacting is
comparatively short and the theoretical stage number in the whole column is
25 equivalent to only one or two. Therefore, in order to obtain a high absorption

efficiency or stripping efficiency in, for example, the absorption column or



there is a problemfroma viewoint of conplication of the equipnment or cost
I ncrease. 5 [0005] In contrast, in the packed colum or the tray colum, a

t heoretical stage nunber of the contactor can be designed conparatively
freely by increasing/decreasing a packed height of the packed object or an
actual tray nunber. However, considering a nmechani smof gas-1liquid
contacting, 10 contacting of the gas and the liquid is mainly perforned on a
surface of the liquid filmor on a bubBle surface in the liquid phase and
it cannot be said that the liquidis in a well dispersed state in the gas
phase, so that further inprovenent has been studied. Besides, in the tray

col um, sj : ti chan ' | e di spar: into
the 11 qu srbRile FORER, o S birent  LOBPMIE A o5, SRRKRRY e
phenonen : i Qi fcoddtinody | t or
pr ocessi (rjléghl}ali) [ cr}terﬁl}:l{/t? %gégérlg\l?\g ca?n oB‘gﬁg#ipgﬁg‘#ﬁ?%fﬁ a%@%&n@%@?ﬁ
gas/ i qu't‘ﬁe}‘@ﬁ’s Qprobl&@fdram QW@@thi’t%f cbhrrigﬂﬁzaﬁfonpépﬁfbgégﬁgﬁnéhﬂgflhogf the
contactor. [0006] 20 Here, 1n Patent Document 1, there i escri bed a
t echnol ogckénsehi ch, as shown in Fig. 26A, in a gas-liquid contactor 100 of
a tray colum type, gas-liquid contacting is perfornmed while a liquid
fl owi g down ar[(u)(m as flowing up in the colum are made to flow parallelly
on a surface of a tray 101 without a hole. However, an object of the
present technollegyontrasy i2btltepackedacslampaar twntest colwhngla tesorbtical
di sposed i ndoors, for exanple, and is not objected to further enhance a
di sper si cstageé anemdbier aofjstheacdntadtorjwah be desiifiigld lconFparativebpcfreelyt 1
there is described a technology in which, in a .

increasing/decreasing a packed height of the packed object or an actual tray

ot

number. However, considering a mechanism of gas-liquid contacting,

10 contacting of the gas and the liquid is mainly performed on a surface of the
liquid film or on a bubble surface in the liquid phase and it cannot be said
that the liquid is in a well dispersed state in the gas phase, so that further
improvement has been studied. Besides, in the tray column, since a
contacting mechanism in which bubbles are dispersed into the liquid phase is

15 adopted, there is a problem that a foaming phenomenon, that is, foaming of
the liquid phase reducing a throughput or processing efficiency, narrows an
operational range (an amount of a gas/liquid fed or a feeding proportion,
kinds of processable fluid) of the contactor.

[0006]

20 Here, in Patent Document 1, there is described a technology in which,
as shown in Fig. 26A, in a gas-liquid contactor 100 of a tray column type,
gas-liquid contacting is performed while a liquid flowing down and a gas
flowing up in the column are made to flow parallelly on a surface of a tray
101 without a hole. However, an object of the present technology is to

25 develop a compact contactor which can be disposed indoors, for example,

and is not objected to further enhance a dispersion state of a gas and a liquid.



gas-liquid catalytic reaction colum 110 of a packed colum type, as shown
in Fig. 26B, by dividing the inside of the gas-liquid catalytic reaction
colum 5 110 into a plurality of cells 111 in which a hydrophobi c catal yst
is packed, drift of a liquid flow due to usage of a hydrophobic catal ysis
Is prevented. Further, there is described a technology in which, as shown
in Fig. 26C, by formng a wall surface of each cell 111 into a waveform
rippling in a direction (a horizontal flirection) crossing a direction (a
vertical direction) of 10 a liquid flow and a gas flowto formthe liquid
fl ow depending on the waveform a contact area of the gas flow and the
liquid flow is[@@pq | arge. The present technol ogy has a constitution
simlar to that* o ;n enbodi ment of the present invention described | ater

in that the ing | 1V H ' ipekls,  but
I n the nechani ?Edg?&gmg?ﬁ?%hgﬁgéﬁ%rgf 1%%&%%5? gatg"%gr"g’f Ii%lﬂ clﬁé IlIlrlrzlde to

cont act Z%éﬂlli%hltﬁ cafilyfic T8a¢866 Wluhlie 1100 & packed dulugtyBybélay'8howal!r f ace

of the ¢ 1, and nothing is described about a technol ogy to disperse a

l'iqui d i ninaFiga sy dividiRBthe hsideast thesganliguidnehtalpfic Ireaétion lcoluimnsh

contacting, the present 20 inventor has developed a I1quid-liquid contactor
120 i whi b in®s asplavalitynoFicglls2ll 1 anpihich atlydiophobys chbdlyst és ankéd,ed in
the liquid-liquid contactor 120 for making a heavy liquid (H) that flows
down and driftigha ligquid floy)duents ushfevef arhydrophobie@atalysisers, ppevented. t he
tray 121 being cut out to nmake a flow path 123 for the hegv%oliquid and the
li ght |i démdherrthere weidesptibed alghnolegy andwhich;eas shawnyindbigw26ds Hyr om an
end part of the flow path 123 side of each tray 121 is_provided (Patent
Docunent foyrmimgi @ waill spriace of2each xelbrlddi datd v twiaveforpemippling4in &nd a
light liquid (L3) blocked by the weir plate 122 and tenporarily residing
bel ow t hedireetyon £a harizentalidireation) erossinge direction (a vertical direction) of
10 a liquid flow and a gas flow to form the liquid flow depending on the
waveform, a contact area of the gas flow and the liquid flow is made large.
The present technology has a constitution similar to that of an embodiment of
the present invention described later in that the inside of the column is
divided into a plurality of cells, but in the mechanism of gas-liquid contacting,
15 a gas and a liquid is made to contact each other on a surface of the liquid
flowing down the wall surface of the cell 111, and nothing is described about
a technology to disperse a liquid in a gas phase.
[0008]
Further, as an example of liquid-liquid contacting, the present
20 inventor has developed a liquid-liquid contactor 120 in which, as shown in
Fig. 27, a plurality of trays 121 are provided in the liquid-liquid contactor
120 for making a heavy liquid (H) that flows down and a light liquid (L) that
flows up contact each other, part of the tray 121 being cut out to make a flow
path 123 for the heavy liquid and the light liquid, and a weir plate 122
25 extending vertically downwards from an end part of the flow path 123 side of

each tray 121 is provided (Patent Document 3). This weir plate 122 is



in a horizontal direction (LI) via the opening 124, and is dispersed into
the heavy liquid (H by becomng liquid drops (L2) by a shear stress from
the 5 heavy liquid (H flow ng down, whereby both the |iquids can be
effectively nmade to contact each other. For such a technol ogy, the present
i nventor also proceeds with devel opnent of a technology to further inprove
a dispersion state of heavy and light liquids in the liquid-liquid
contactor. [Patent Docunent |] 10 Japanése Patent Application Lai d-open No.
2002- 336657: claim 1, paragraph 0010, Fig. 1 [Patent Docunent 2] Japanese
Pat ent Application Laid-open No. 2000-254402: paragraphs 0015 to 0020, Fig.

1, Fig. 4 . t 3 t : N ' | feoRRey NO.
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whi ch can be easily nulti-s ccording to the present

i nvent i onheagyy MiAd (@) by bBédsimy ligifidodedps gl,})i By heishea stress iffofmethd rom a

| ower part in a colum and a downtl ow fl ui elng a liquid is fed froman

g ﬁﬁﬁ [ esfglrjltr;?aexf% li?grif gg?ﬁga?ﬁ%fmgwm&byﬂmthl theuliquitdsecanheceffedtively
made to contact each other. For such a technology, the present inventor also
proceeds with development of a technology to further improve a dispersion
state of heavy and light liquids in the liquid-liquid contactor.

[Patent Document 1]
10 Japanese Patent Application Laid-open No. 2002-336657: claim 1,
paragraph 0010, Fig. 1
[Patent Document 2]
Japanese Patent Application Laid-open No. 2000-254402: paragraphs
0015 to 0020, Fig. 1, Fig. 4
15 [Patent Document 3]
Japanese Patent Application Laid-open No. Hei 7-80283: paragraphs

0017 to 0019, paragraph 0032, Fig. 5

Disclosure of the Invention
20 [0009]

The present invention is made under such circumstances, and its
object is to provide a contactor capable of making fluids of two phases
contact each other under a good dispersion state and which can be easily
multi-staged.

25 [0010]

According to the present invention, a contactor in which an upflow



providing a plurality of stages of cells in a manner that the upper 5 stage
side cell and the | ower stage side cell neighboring each other along flow
pat hs of the upflow fluid and the downflow fluid are on different stages,
the cell formng a countercurrent contacting space of the upflow fluid and
the downflow fluid; separating the upper stage side cell and the | ower
stage side cell by a 10 partition wall; and providing, in the partition
wal | of the respective stages, a downfl®w fluid injection hole in a |ower
part of the upper stage side cell so that the downflow fluid blocked by the
partition wall and residing injects into the |ower stage side cell, and

e TP P S SR SRR T 17
o decel 1 2o FRUQCEs RAETGth 36EBDEE paft bf thEWdldni] H8d $R%RHPRAT MIPOZ
Upf | ow I héid A AResteA to Gblirtercurtaft EoRILAnkaNBTuda t L n @ col um and a

downflow fluid being a liquid is fed froman upper part of the colum and
the Iiquid and plwidingal phaatity W Seiged 6P cellynirebCianmRr thabithet up?er

i ncludes: providing a plurality of stages of cells in a manner that the
upper j Stsi@%e side ¢l landnthe m@wbﬁvma%étsm@ celdaeigiborieg aidebr btieerealdhgot her
along 25 fTow paths of the upflow fTuid and the downflow fluid are on

di f f er entflohepeths dfthecepflowofluidignd thewlsvenflow Hoid acnvaddiffegeapstagesf the
upflow fluid and the 7 downflow fluid; separating the upper stage side cell
and the |thesrelkfagring deouatdérchyrent coatadtingspaed bf therdpflow fluid and the

downflow fluid;
separating the upper stage side cell and the lower stage side cell by a
10 partition wall; and
providing, in the partition wall of the respective stages, a downflow
fluid injection hole in a lower part of the upper stage side cell so that the
downflow fluid blocked by the partition wall and residing injects into the
lower stage side cell, and providing an upflow fluid flow-in port in an upper
15 side than a region in which the downflow fluid resides, through the upflow
fluid flow-in port the upflow fluid from the lower stage side cell flowing into
the upper stage side cell.
[0011]
According to another invention, a contactor in which an upflow fluid
20 being a liquid is fed from a lower part in a column and a downflow fluid
being a liquid is fed from an upper part of the column and the liquid and the
liquid are subjected to countercurrent contacting includes:
providing a plurality of stages of cells in a manner that the upper
stage side cell and the lower stage side cell neighboring each other along
25 flow paths of the upflow fluid and the downflow fluid are on different stages,

the cell forming a countercurrent contacting space of the upflow fluid and the



providing, in the partition wall of the respective stages, a dommflow 5
fluid infjection hole in a | ower part of the upper stage side cell so that
the downflow fluid residing in the upper stage side cell injects by its
potential energy into the |ower stage side cell, and providing an upfl ow
fluid flowin port in an upper side than the downflow fluid injection hole,
through the wupflow fluid flowin port the upflow fluid fromthe | ower stage
side cell 10 flowing by its buoyancy ifhto the upper stage side cell. [0012]
According to yet another invention, a contactor in which an upflow fluid
being a liquidis fed froma |ower part in a colum and a downflow fluid

being a I'[g*;f('g ' froman upper part of the colum and the liquid and
the 15 Ii%ui ﬂ%@ﬂi‘g jected to countercurrent contacting includes: providing

a plurality of s%?ﬁﬁ’aetm%fthéﬁk) _r isfhﬁebﬁ‘a@”@éll taﬂﬁtthte'l%v&é}pﬁéée%g %eﬁil?face' |

and the | ower stage side ce nel oring each other alon ow patnhs of
the upfl itiondwarndahfge downflow fluid are on different stages, the cell
form ng countercufrent contacting space of the upflow fluid and the 20

downf | ow f | ui d;pre@idingg iindhehsartieiar wilkef thedespetiiventagde d downiéwge
side cell by a” partition wall; and providing, in the partition wall of the

respegt i fhuislt hg’eetionrh@lnef imw 1dwer pairtnp€che appieal stape sideuggibrsopthdt thie t he
| oner stage side cell so that the 25 upflow fluid residing in the |ower
stage si dioweflow flirdtresidingt m theyppey stage side cellpmjestsalye its potemtidl, and
providing in a lower side than the upflow fluid 8 injection hole a downflow
fluid fl energypgnta thédowen stage sideheeldpand| providing anfupflowhBuigh flowsinage
side cell flows by its potential energy into the |ower stage side cell.
port in an upper side than the downflow fluid injection hole, through the
upflow fluid flow-in port the upflow fluid from the lower stage side cell
10 flowing by its buoyancy into the upper stage side cell.
[0012]
According to yet another invention, a contactor in which an upflow
fluid being a liquid is fed from a lower part in a column and a downflow fluid
being a liquid is fed from an upper part of the column and the liquid and the
15 liquid are subjected to countercurrent contacting includes:
providing a plurality of stages of cells in a manner that the upper
stage side cell and the lower stage side cell neighboring each other along
flow paths of the upflow fluid and the downflow fluid are on different stages,
the cell forming a countercurrent contacting space of the upflow fluid and the
70 downflow fluid;
separating the upper stage side cell and the lower stage side cell by a
partition wall; and
providing, in the partition wall of the respective stages, an upflow
fluid injection hole in an upper part of the lower stage side cell so that the
25 upflow fluid residing in the lower stage side cell injects by its buoyancy into

the upper stage side cell, and providing in a lower side than the upflow fluid



[0013] 5 In each contactor described above having the downflow fluid

I njection hole, it my be constituted that the upper stage side cell and the
| ower stage side cell are in a positional relationship in which parts

t hereof are stacked above and bel ow each other and that the injection hole
of the downflow fluid is provided in at |east one of a | ower side surface
and a 10 bottom surface of the upper stage side cell, while in the contactor
having the wupflow fluid injection hol 8 "t he upper stage side cell and the

| ower stage side cell may be in a positional relationship in which parts

t hereof are stacked above and bel ow each other, and the injection hole of

the upt! afidctidr Hoky a ARVAHMWARRIA!flORRRT pRRE ttouh YHRh flclaotiflgfe and

a ceiling ace ower stage side _ IS prefera t he
i nj ecti orfliid €roth ﬂfé?uﬂ?éf‘fs'tég’é sidelicél] flogvd Biyens! ?@te'ﬁ@i'a? éife_r%?eiﬂt'@f thew
fluid, an upflow fluid Tlowi1h port or downffow fluid flowiRn port is

consti tutlgq,éfdsttgg@sﬁjeiéelgxt ending in a lateral direction or a |ongitudinal
direction or nuneral hole sections arranged in the |lateral direction or the
| ongi tudi nal di[0g¢Bijon 20 [0014] Further, in the contactor in which the gas
Is the upflow fluid and the liquid is the dowmflow fluid, it is possible to
provi ge the dovnf leachf locomactonj eescribedolabowet hanvihgr she sdowrdlowpdhuidg and
closing in correspondence with an anount of the downflow fluid bl ocked by

t he partiihjemtiosehole,iih mayldve wongtitytedvthat theeuppét stagd side icebivand the t he

| ower stage side cell fromflowing_ .into the upper stage side cell via the
downf | ow lbwerstagg side esll arg in a@ositionabrelationshipnin whech pasgts thereofearecan be
provided in a flowout side of the dowmflow fluid injection hagle in a

manner t tagkad ahayepyandebelowi gaely othes andsthati the dgjectmdolgnef cthe be

constituted tQ be opened agajpst.a bias of the first biasing
downflow fluid 1s provided in at Ieast one of a lower side Surface and a

10 bottom surface of the upper stage side cell, while in the contactor having the
upflow fluid injection hole, the upper stage side cell and the lower stage side
cell may be in a positional relationship in which parts thereof are stacked
above and below each other, and the injection hole of the upflow fluid may
be provided at least one of an upper side surface and a ceiling surface of the

15 lower stage side cell. It is preferable that the injection hole of the downflow
fluid, the injection hole of the upflow fluid, an upflow fluid flow-in port or
downflow fluid flow-in port is constituted with a slit extending in a lateral
direction or a longitudinal direction or numeral hole sections arranged in the
lateral direction or the longitudinal direction

20 [0014]

Further, in the contactor in which the gas is the upflow fluid and the
liquid is the downflow fluid, it is possible to provide the downflow fluid
injection hole with a first shutter opening and closing in correspondence with
an amount of the downflow fluid blocked by the partition wall, in order to

25 prevent the upflow fluid flowing in the lower stage side cell from flowing

into the upper stage side cell via the downflow fluid injection hole. On this



means by a pressure, that is, a hydraulic pressure, fromthe downflow fluid
5 residing in the upper stage side cell. [0015] Further, in the contactor
in which the gas is the upflow fluid and the liquid is the downflow fluid,
in a case that the downflow fluid injection hole is provided in a side
surface of the cell, the first shutter can be constituted to 10 nove up and
down between a down position to close the downflow fluid 1injection hole and
an up position to open the downfl ow f1ufd i njection hole and can be
constituted to nove up fromthe down position by buoyancy of the downfl ow
fluid residing in the upper stage side cell. Further, on this occasion, in

a case t hpcabioh, ARVHILPShii dat Bessidvaded h & 16wAbAY SRRCOF thAddHVrgwom

surface of the éell, the first shutter can be constituted to close the

downf | ow fluidi iy édﬂ(ﬁ?hbl&’llméhﬁamﬁeﬂ feebé el 6svd by 'bf:m% bidseldey dofigst Biadihizon.

Further, the f| rst shutter noving up and down by the buoyancy of the
downf | ow;ﬁéansgl arhcarpbe constiutscio be oo @%amspa rhids o the farst disgiap

direction toward the upper stage side cell. [0016] In addition, in the
cont act ormeans\biyc prosswges that isha hpdtanlid Fmsiumdfrohinehé idpwniflosy tthed

downflow fluid 1t is possible that the upflow fluid flowin port is
provi ded residing is ¢hemppenstagersideaelhg and cl osing a part of the upflow
fluid flowin port in correspondence with a pressure of the upflow 25 fluid
flowing fromtH800l6her stage side cell into the upper stage side cell. In
this case, there can he considered a constitution in which the secand
shutter is 10 Hutheridn the contaeterdnt which the gards the upflowuiluid pad-the port
ot hoofod Bt Kl e o b By e B SeR B v
uptlow llg Ip?ovu?ed in a side surface of the cell, the first shutter can be constituted to
10 move up and down between a down position to close the downflow fluid
injection hole and an up position to open the downflow fluid injection hole
and can be constituted to move up from the down position by buoyancy of the
downflow fluid residing in the upper stage side cell. Further, on this
occasion, in a case that the downflow fluid injection hole is provided in a
15 bottom surface of the cell, the first shutter can be constituted to close the
downflow fluid injection hole of the bottom surface at the down position.
Further, the first shutter moving up and down by the buoyancy of the
downflow fluid can have a buoyancy compensator protruding in a lateral
direction toward the upper stage side cell.
20 [0016]
In addition, in the contactor in which the gas is the upflow fluid and
the liquid is the downflow fluid it is possible that the upflow fluid flow-in
port is provided with a second shutter opening and closing a part of the
upflow fluid flow-in port in correspondence with a pressure of the upflow
25  fluid flowing from the lower stage side cell into the upper stage side cell. In

this case, there can be considered a constitution in which the second shutter is



on 5 [0017] The bottom surface of the cell may be sloped to be | ower toward
the injection hole provided to the cell, and this is suitable for a case
that the downflow fluid is slurry and the lIike including a granul ar
material. [0018] 10 Further, it is also possible that a plurality of cel
lines in which the nunerous cells are disposed in longitudinally one |ine

are di sposed, the cell belonging to each cell line and the cell of the cell
line neighboring that cell line are dil8posed to be on different stages, the
respective cell lines are arranged |laterally along one direction, and the

respective cells are arranged 15 concentrically laterally in the contactor
formed t %rB@i’cfedairfﬁ'ﬂ&%ﬁaéidém e uetlf%’évgﬂluﬁ} ﬂ%@\%—?ﬁ%%rrt i’r?%%ﬁhﬂ@r {@pkhe
present ifnvention have nunerous stages of cells Tormng countercurrent
contacti : I | : | J. QUi ow
i d (o tosar y-bing BigtR; BYd stind bisdgtineals ARLIC bGP LA 00 e
from t he JROBF thé 3860id Hasifile! mé 4 BrEure TRl the dpflown fuie! A'sb! i d
erW/froﬁ?fﬁg | ower gtageas? e cgﬁfﬁ§iaeg owﬂ?n portﬁgﬁe sb%?%cteg to
counterciypyent contacting, so that a good dispersion state can be created
In each cell. As a result, in a case of a gas-liquid contactor, for
exanpke, it is[p0$3]ble to enhance absorption efficiency of an absorption
25 operation or stripping efficiency of a stripping operation. Further,
since these cofflecbottons sackase alitheecdld mayl beaslopgdaol be bywet tosepdrthei ng
the inside of a colum by a partition wall, it is possible to easily

nul ti - st anection boleiproveded tatthet céldcandsthisdsislitabile fornateaset that the

sophi sticated contactor at a | ow cost., . .
downflow fluid is slurry and the like including a granular material.

[0018]

10 Further, it is also possible that a plurality of cell lines in which the
numerous cells are disposed in longitudinally one line are disposed, the cell
belonging to each cell line and the cell of the cell line neighboring that cell
line are disposed to be on different stages, the respective cell lines are
arranged laterally along one direction, and the respective cells are arranged

15 concentrically laterally in the contactor formed to have a cylindrical shape.

[0019]

A contactor according to the present invention have numerous stages
of cells forming countercurrent contacting spaces of an upflow fluid (a gas or
a liquid) and a downflow fluid (a liquid), in each of these cells, and the

20 downflow fluid injected from the upper stage side cell via an injection hole
and the upflow fluid flew from the lower stage side cell via a flow-in port are
subjected to countercurrent contacting, so that a good dispersion state can be
created in each cell. As a result, in a case of a gas-liquid contactor, for
example, it is possible to enhance absorption efficiency of an absorption

25 operation or stripping efficiency of a stripping operation.

Further, since these contacting spaces can be formed easily only by



5 Brief Description of Drawngs [0020] Fig. 1 is a |ongitudinal
cross-sectional view showing a structure of an entire gas-Iliquid contactor
according to an enbodi ment of the invention; Fig. 2 is an explanatory view
schematically showing directions in 10 which a gas and a liquid flowin the
gas-liquid contactor; Fig. 3A and Fig. 3B are explanatory views show ng a
structure of a contacting space in the gas-liquid contactor; Fig. 4 is a
perspective view showi ng a structure ofllt he contacting space; 15 Fig. 5 is
a perspective view to explain an action of the contacting space; Fig. 6 is
a Iongitudinal cross-sectional viewto explain the action of the contacting

Fi f 20
space.’ Figpaflii® thednsifie 8 8 G3ldyP by’ AGArkiieEwalIo 1O pERUbIL 8'dR

exanpl es ot foutlet o a gas or contacting space

Fig. 8A G}ﬂdltﬁs% SBiR ecSMmAN NPT thatl 915 bebeiiesd gbsﬂﬂﬁbf tpaldcRtneamp! e of
the contacting s %ace Fig. 9Ato Fig. 9C are explanatory views show ng a

second rg@hﬁg@@dtegr@mkgtgﬂobmgogont acting space; 25 Fig. 10Ato Fig.
1CC are explanatory views showing a third nodification exanple of the

contacting space; 12 Fig. 11A and Fig. 11B are explanatory views show ng a
fourth nodification exanple of the contacting space; Fig. 12 A and FIG 12B
are aﬂchtieﬁDﬁ&c&Etﬂl(m obPyamingnal cross- sectional view of a cell having

first and second shutters;
[0020]
Fig. 1 is a longitudinal cross-sectional view showing a structure of an
entire gas-liquid contactor according to an embodiment of the invention;
Fig. 2 is an explanatory view schematically showing directions in
10 which a gas and a liquid flow in the gas-liquid contactor;
Fig. 3A and Fig. 3B are explanatory views showing a structure of a
contacting space in the gas-liquid contactor;
Fig. 4 is a perspective view showing a structure of the contacting
space;
15 Fig. 5 is a perspective view to explain an action of the contacting
space;
Fig. 6 is a longitudinal cross-sectional view to explain the action of
the contacting space;
Fig. 7A to Fig. 7C are side surface views showing modification
20 examples of inlet/outlet of a gas or a liquid fed to the contacting space;
Fig. 8A and Fig. 8B are explanatory views showing a modification
example of the contacting space;
Fig. 9A to Fig. 9C are explanatory views showing a second
modification example of the contacting space;
25 Fig. 10A to Fig. 10C are explanatory views showing a third

modification example of the contacting space;



5 Fig. 13A and Fig. 13B are explanatory views show ng an action of the cel
having the first and second shutters; Fig. 14 is a front view of a cel
according to a first nodification exanple of the first shutter; Fig. 15 is
a longitudinal cross-sectional view of a cell according to the 10 first

nodi fication exanple; Fig. 16A and Fig. 16B are explanatory views show ng an
action of the cell according to the first nodification exanple; Fig. 17A
and Fig. 17B are longitudinal cross-sed® onal views of cells according to
second and third nodification exanples of the first shutter; 15 Fig. 18A and
Fig. 18B are explanatory views show ng actions of the cells according to

the second and s g AOdl $51 VIS XARP eSplafiipry Lpicks SHOMAE: Wity

cross-secti onal i ew show n [T ed an in

gas-1li qmtﬂoﬂﬂ‘gcféféﬂ’éxﬁﬁl;ﬂeg}f%ébbﬁi&&&%ﬁbéﬁ@; Fig. 20 is a |ongitudinal

cross-section view to explaln an acti of 'a 20 liquid-liquid contactor

according to aﬁg@Q@A@WFI@DHm drBea freeHew ! b Al loHpitddiaal 2koss a
| ongi tudi nal croSs-sectional view showing a constitutional™ exanple of an

extracti gectiohdmidw offd céll having Givstdand secshd shutetsyr according to the
second enbodi nent descri bed above is applied; 25 Fig. 22 is a | ongitudinal

crossssect i onalFigi ¢3AshndiHig. 43 Boatieféxplanatoryexiews! shovwirighan aetiondf the
enbodi ment described above; 13 Fig. 23 is a |ongitudinal cross-sectional
vi ew showebbhavingthei firstiand seicoaddiuttidrsat i on col um used in an experi ment
in a working exanple; Fig. 24 is a |ongitudinal cross-sectional view show ng
a constitutionFigf B lisquifdont yiew ekta @elli aecardingrtougefirstnmoditicationt i ve
examl ¢ example of the first shutter;
Fig. 15 is a longitudinal cross-sectional view of a cell according to the
10 first modification example;
Fig. 16A and Fig. 16B are explanatory views showing an action of the
cell according to the first modification example;
Fig. 17A and Fig. 17B are longitudinal cross-sectional views of cells
according to second and third modification examples of the first shutter;
15 Fig. 18A and Fig. 18B are explanatory views showing actions of the
cells according to the second and third modification examples;
Fig. 19 is a longitudinal cross-sectional view showing an applied
example of an interior of the gas-liquid contactor to a distillation column;
Fig. 20 is a longitudinal cross-sectional view to explain an action of a
20 liquid-liquid contactor according to a second embodiment of the present
invention,;
Fig. 21 is a longitudinal cross-sectional view showing a constitutional
example of an extraction column to which the liquid-liquid contactor
according to the second embodiment described above is applied;

25 Fig. 22 is a longitudinal cross-sectional view showing a modification

example of the second embodiment described above;



5 experinent in another working exanple; Fig. 25 is a | ongitudinal
cross-sectional view showing a constitution of the liquid-liquid extraction
colum used in the experinent in another working exanple described above;
Fig. 26A to Fig. 26C are explanatory views related to a conventional |0
technol ogy of a gas-liquid contactor; and Fig. 27 is an explanatory view
related to a conventional technology of a liquid-liquid contactor. Best
Mode for Carrying out the Invention 193[0021] As an enbodi nent according to
the present invention, a gas-liquid contactor 1 perform ng gas-liquid
contacting such as absorption or stripping is taken as an exanple, and its

structure is dqsigg '2@9125[ %i%ﬂgitﬁhgnallcrg%s@&tioﬂﬂ 9/'1:%% sslﬂ]%\&ﬂ% G Qonﬁitﬁ{il%ln

| ongi tudi nal cro$s-Se onafP views schemati ca an overa

amhoai et - GRS, boith RO P by perfen T A BBRET b for an

internal structppe 2t4hﬁ ggppggt@%?dl crmg-s%g-ghhgﬁ@vgggmﬁi%a éoﬂrsgitution

constituted with~a cy cont ai ner for exanp stai nl ess

steel, plgysa alitalﬁidll nidUkixg@iction acdlamd alsep! ipWaf 'cbh‘ibaﬁaﬁ@‘_é’i r&(dﬂﬂpieﬂ this
gas-liquid contactor and a liquid (a 14 downflow fluid) flow ng down in the

gas- | iﬂuigkp@@ﬁh@ﬁtﬁ{aﬁ@tm@umﬂﬁﬁgrmpleg:ont acting wwth each other. As shown
in Fig. 1, a colum top portion of the gas-liquid contactor is provided

with a liquid fRigd 2%etd adongitudindleerdss-deictiondl viewt stleowirgg decanstitheion
gas-liquid contactor 1 and a gas discharging section 14 to 5 discharge a
gas, whilef the diquid-hiquidrextradtiom dedupmvisdddimithd expérgment in another
working example described above;
Fig. 26A to Fig. 26C are explanatory views related to a conventional
10 technology of a gas-liquid contactor; and
Fig. 27 is an explanatory view related to a conventional technology of

a liquid-liquid contactor.

Best Mode for Carrying out the Invention
15 [0021]
As an embodiment according to the present invention, a gas-liquid
contactor 1 performing gas-liquid contacting such as absorption or stripping
is taken as an example, and its structure is described using Fig. 1 to Fig. 4.
Fig. 1 and Fig. 2 are longitudinal cross-sectional views schematically
20 showing an overall structure of the gas-liquid contactor 1 according to the
present embodiment, while Fig. 3A, Fig. 3B and Fig. 4 are explanatory views
for an internal structure thereof.
[0022]
The gas-liquid contactor 1 is constituted with a cylindrical container
25 made of, for example, stainless steel, plays a role of subjecting a gas (an

upflow fluid) flowing up in this gas-liquid contactor and a liquid (a



di scharging section 12 to discharge the liquid and a gas feed section 13 to
feed the gas. [0023] As shown in Fig. 1, in a gas-liquid contacting region
between the 10 liquid feed section 11 and the gas feed section 13 in the
gas-liquid contactor 1, there is provided a vertical wall 10 extending
vertically at a dianetrical position of a circle drawn by an inner
peripheral surface of the gas-liquid contactor 1 in a manner to divide a
mai n body of the gas-liquid contactor 14 into two portions, right and |eft
of Fig. 1. 15 [0024] In a left side region 20 of the gas-liquid contactor 1
di vided by the verti cal mall 10, there are provided a plurality of

hor i zont g, \Wiigll M z'l]udﬁ? R %‘wﬂ ﬁh&%as-ﬂ’gﬁf@%n?a& 716 é&gﬁgﬁidﬁéﬁt si de

region 20 1s urall ces in a

directi orbon@cﬁﬁg \Qﬁﬁeéacﬁ%‘ﬂﬁer' %@ggbam ﬁf@n | fealciftth I?cgp Portidfihithe, e

verti cal ere are provid a p urafity | s 31 at

an equal JRGHA oo B Brovidbaohihid lineid kel steriofd 1 ftPféé’cPﬁtI?dbuMm I's

21, where y a’'space of I ght side region 30 is divid into a plurality

of spacegoithet 1h§1de96ﬂtﬁ¢1 ghgﬂi%lﬁdr(ﬁﬁita@ﬁbr 1 hndophgl dm:mgmg $éition heto

horizontal wall 31 of thé right side region 30 s positioned at a height 25

| evel s0f dibehaigedhegay, Wheleh@radlummlbomhhs péiidrorigiprodided lwithea didpeid ng in
the left side region 20. 15 [0023] Therefore when ‘a space surrounded by

the two hiischarging ssetiom 22,to dischadge ¢ liqmdl andiianghs feedisgichion b§ teach
ot her, a colunn wal | 15 of the gas-liquid contactor 1 and the vertical wall
10 is calfieed thegasl, there are 5 fornmed, in the gas-liquid contactor 1, two
cell lines in i%%g3?f whi ch those
As shown in Fig. 1, in a gas-liquid contacting region between the
10 liquid feed section 11 and the gas feed section 13 in the gas-liquid contactor
1, there is provided a vertical wall 10 extending vertically at a diametrical
position of a circle drawn by an inner peripheral surface of the gas-liquid
contactor 1 in a manner to divide a main body of the gas-liquid contactor 1
into two portions, right and left of Fig. 1.
15 [0024]
In a left side region 20 of the gas-liquid contactor 1 divided by the
vertical wall 10, there are provided a plurality of horizontal walls 21 at an
equal interval, whereby a space of the left side region 20 is divided into a
plurality of spaces in a longitudinal direction. On the other hand, in a right
20 side region 30 divided by the vertical wall 10, there are provided a plurality
of horizontal walls 31 at an equal interval on different stages in relation to the
horizontal walls 21, whereby a space of the right side region 30 is divided
into a plurality of spaces in the longitudinal direction. It should be noted that
the horizontal wall 31 of the right side region 30 is positioned at a height
25 level of the middle of the horizontal walls 21 longitudinally neighboring in

the left side region 20.



cells are longitudinally disposed on a plurality of stages and the cells
bel onging to one of the cell lines are disposed to be on different stages in
relation to the cells belonging to the other cell lines. It should be noted
that in the follow ng description, reference nunerals 22, 32 are
respectively 10 allotted to the cell of the left side region 20 and to the
cell of the right side region 30. [0026] These cells 22, 32 constitute
countercurrent contacting spaces of thelSgas and the liquid flowing in the
gas-liquid contactor 1. The respective cells 15 22, 32 in the gas-liquid
contactor have constitutions simlar to each other, and hereinafter, the
cell 32 shown i éﬁgﬁroken line in Fig. 1, for exanple, is taken as an
exanpl e for expﬁ) ion. Fig. 3Ais a plan vieM/(viemed fromA-A surface of

%?i ﬁl)Fi Sf gge:tﬁé‘le@ﬁéea‘é’ r@? %égé?é;w ?f&?@*&%?"?? %Q’%’ 2‘{?? gcéa%%l SMBA? 220
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As shown by ﬁg%d Fontt Btotrh? tﬂh%abemédl wall 30 ROTalledns éél‘[feﬂhél‘*ee%lgw -

bel ow t he“res ectlve ori zont 21, 31, there are formed gas f

openi ngs fkmE&Hanothesl aéqlcgﬁaeaﬁitaetdrnl at»berdeapmls i EA0H oTwhidli o

posi titons i nmedi at el y-abo t he respectlve horizontal walls 21, 31 in the 16

vertical éld ake, ldrigitedinatlyf dispsbeldl om @ fplovdlitpenfngtages, exidethé neells t he
hori zontal direction and made of, for exanple, three- t|re slits. Lower

cdges. of TheteIe or feteooet dite el me 51 are common, an I & 5 bei ght
posi ti on telationtte theveells belongmg tthethehother celrlines.t Itshould be inaged fthat i qui d
Hhow openllnn%hg 2followmg description, reference numerals 22, 32 are respectively
10 allotted to the cell of the left side region 20 and to the cell of the right side
region 30.
[0026]
These cells 22, 32 constitute countercurrent contacting spaces of the
gas and the liquid flowing in the gas-liquid contactor 1. The respective cells
15 22, 32 in the gas-liquid contactor have constitutions similar to each other, and
hereinafter, the cell 32 shown in a broken line in Fig. 1, for example, is taken
as an example for explanation. Fig. 3A is a plan view (viewed from A-A
surface of Fig. 1) of the horizontal wall 31 of a bottom surface side of the cell
32, while Fig. 3B is a side surface view (viewed from B-B surface of Fig. 3A)
20 of the vertical wall 10 of the cell 32. Fig. 4 is a perspective view showing an
internal structure of the cell 32 in the gas-liquid contactor 1.
[0027]
As shown in Fig. 3B, in the vertical wall 10, at positions immediately
below the respective horizontal walls 21, 31, there are formed gas flow

25 openings 51 made of slits extending in a horizontal direction, while at

positions immediately above the respective horizontal walls 21, 31 in the



I's designed to beconme |ower than a liquid surface of a liquid pool at a tinme
that an operation of the gas-liquid contactor 1 becones in a steady state as
wi |l be described below [0028] 10 By the above constitution, as shown in

t he perspective view of Fig. 4, for exanple, when the vertical wall 10 is
viewed froma certain cell 32, the gas flow opening 51 and the liquid flow
opening 52 in an upper half side are respectively equivalent to a gas

fl ow out port fromwhich the gas being the upflow fluid flows out to the
cell 22 in a diagonally upper stage (previous 15 stage) side and equi val ent
toaliquid flowin port to which the liquid being the dowmflow fluid is

gas 11 ow Upcitehgvell HR e e ORIt ERRE SrsitRes 37 Psiaidihgn tisse ar e
T AR T e ERT Gl A
4111 St B KRR o) Wil D103, 418 ub BRrfitEraPagha, "
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stage b qof fife BFels AN OFhe HireeDh e Condtitulihe 81 lighrd J1c0 fifenyifs 1"

stated abgvgesibiedhtt B&Sorhe WweRahaAas lihidhrfdee of aUiguid g%l AYNtiRES 52
provided in theé respective cells 22, 32, a flow path in which a gas flows

o o GRS D Comaeiet pkeni e ot e s,
5 il lustreiddegestribeakbelow.ne in Fig. 2 indicates a gas flow 17 while an
arrow [0028]

10 By the above constitution, as shown in the perspective view of Fig. 4,
for example, when the vertical wall 10 is viewed from a certain cell 32, the
gas flow opening 51 and the liquid flow opening 52 in an upper half side are
respectively equivalent to a gas flow-out port from which the gas being the
upflow fluid flows out to the cell 22 in a diagonally upper stage (previous

15 stage) side and equivalent to a liquid flow-in port to which the liquid being
the downflow fluid is flown from the cell 22 in the diagonally upper stage
side. Similarly, the gas flow opening 51 and the liquid flow opening 52 in a
lower half side are respectively equivalent to a gas flow-in port from which
the gas is flown from the cell 22 in a diagonally lower stage (next stage) side

20 and to a liquid flow-out port from which the liquid flows out to the cell 22 in
the diagonally lower stage side.

[0029]
In other words, the liquid flow-out port provided to the cell 22 in the
diagonally upper stage side of the cell 32 shown in Fig. 4 is equivalent to the

25 liquid flow-in port of the cell 32, while the gas flow-out port provided to the

cell 22 diagonally lower stage side is equivalent to the gas flow-in port of the



illustrated by a solid line indicates a liquid flow 16. [0030] Here, the
liquid fl ow opening 52 is constituted as a narrow flow path of a slit shape
as descri bed above, whereby this liquid flow opening 52 10 functions as a
resistor when the liquid having flowing into the cell 32 flows out to the
cell 22 of the diagonally |ower stage side, as shown in Fig. 4. As a

result, spaces of the lower sides in the respective cells 22, 32 becone

resi dence sections 53 bl ocking and retalhing the liquid flowing in the cells
22, 32 by the vertical wall 10, and the liquid flowing in the cells 22, 32
Is sent to 15 the cells 32, 22 of the | ower stage side via the liquid flow

ent 10 1 s 32, 22 o | i e |iquid fiow
(2T qui AL A SETRAYE BY 82 Al BBeATHSEST G I IRLA gl £2F)
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Based on The constitution described above, an action of the gas-liquid

cont act orgés-ﬁg@ﬁul dongadtor tihas phesanin Fipodi. nbnshauld bésctedahabad arby
reference'to Fig. 5 and Fig. 6. Fig. 5 1s a perspective viewto explain a

gas 2% |iijlistrateditbycaibrokendieis Higf 2t ineligstes fd gas flovank/ wielé aguatot ow 16
in the cell 32 shown in Fig. 4, while Fig. 6 is a |ongitudinal
cr oss- secilhustieated bgva 36lid dnfeenmlicateb laylighflogy 46st at e of gas-1i qui d
contacting in the gas-liquid contactor 1. [0032] The liquid fed into the
gas-liquid contf0038] 1 by the liquid feed 5 section 11 shown in Fig. 1
flows down in the colum by ﬂravity whil e .
Here, the liquid flow opening 52 is constituted as a narrow flow path
of a slit shape as described above, whereby this liquid flow opening 52
10 functions as a resistor when the liquid having flowing into the cell 32 flows
out to the cell 22 of the diagonally lower stage side, as shown in Fig. 4. Asa
result, spaces of the lower sides in the respective cells 22, 32 become
residence sections 53 blocking and retaining the liquid flowing in the cells 22,
32 by the vertical wall 10, and the liquid flowing in the cells 22, 32 is sent to
15 the cells 32, 22 of the lower stage side via the liquid flow opening 52 after
forming a liquid pool in the residence section 53. A depth (a liquid depth) of
the liquid pool residing in the residence section 53 is determined by a flow
amount of the liquid fed by a liquid feed section 11, and the larger the flow
amount is, the deeper the liquid depth is while the smaller the flow amount is,
20 the shallower the liquid depth is.
[0031]
Based on the constitution described above, an action of the gas-liquid
contactor 1 according to the present embodiment will be described with
reference to Fig. 5 and Fig. 6. Fig. 5 is a perspective view to explain a gas-

25 liquid contacting mechanism of the gas flow 17 and the liquid flow 16 in the

cell 32 shown in Fig. 4, while Fig. 6 is a longitudinal cross-sectional view



) IR
passi ng through the respective cells 22, 32, and reaches the cell 22 of the
di agonal | y upper stage side of the cell 32 shown in Fig. 5. Here, as already
described, the liquid fed into the cell 22 of the upper stage side resides
in the residence section 53 by being bl ocked by the vertical wall 10 and
fornms the 10 liquid pool. When the liquid pool is formed in the residence
section 53, a potential energy of the i'quid in this liquid pool is
converted to a kinetic energy at the ItQuid flow opening 52 and becones a
force to push out the Iliquid to the cell 32 side of the | ower stage side.
As a result, when viewed fromthe cell 32 of the |ower stage side, the

liquid hayHinaREally dshewidle o JtARS idfg%ﬁ@-l di @finfa%_ti‘i’fgr tiﬁeth?@%a,szﬁqﬁfdt he

upper stage side Is"injected as the eet-Tike liquidTlow 16 'via the

slit-1likechhtdetst | ow opening 52, as showmn in Fig. 5. As can be known from
such actions, the slit-like liquid flow opening 52 plays a role as an
injection hole [0032}ting the liquid blocked by the vertical wall 10 and
residing in the residence section 53 to the cell 32 of the |ower 20 stage
side. [0033] Obhehkquideiedhamid théegambiqued coritactdre 1gby- theydiguidofesdt or |
fromthe gas feed section 13 flows up in the gas-liquid contactor 1 by a
presswy e seatign eklsishpwmang¥sgorl 4ldwsydownf b dhe acoluman doy tgravigys wikie e
passing 25 through the respective cells 22, 32, reaches the cell 22 of the
di agonal | passin eughethei mspettivaecalls 22332 ranch reachmsgthes celnd2 sefhtheut to
the cell 32 via _19 the gas flow openi n? 51. As is already described,  since

the gas fdngomadly upperstage sidaxf the: eell 32 shews) i Figyape Herge agaalreadyes
51 whon deeideed b liud @ inta shecall 220 e pres g sule Sadesty the " "
residence section 53 by being blocked by the vertical wall 10 and forms the
10 liquid pool. When the liquid pool is formed in the residence section 53, a
potential energy of the liquid in this liquid pool is converted to a kinetic
energy at the liquid flow opening 52 and becomes a force to push out the
liquid to the cell 32 side of the lower stage side. As a result, when viewed
from the cell 32 of the lower stage side, the liquid having resided in the
15 residence section 53 or the cell 22 of the upper stage side is injected as the
sheet-like liquid flow 16 via the slit-like liquid flow opening 52, as shown in
Fig. 5. As can be known from such actions, the slit-like liquid flow opening
52 plays a role as an injection hole injecting the liquid blocked by the vertical
wall 10 and residing in the residence section 53 to the cell 32 of the lower
20 stage side.

[0033]

On the other hand, the gas fed into the gas-liquid contactor 1 from the
gas feed section 13 flows up in the gas-liquid contactor 1 by a pressure
compressing the gas or a buoyant force acting on the gas while passing

25 through the respective cells 22, 32, reaches the cell 22 of the diagonally

lower stage side of the cell 32 shown in Fig. 5, and sent out to the cell 32 via



Here, as is already described, since the gas flow opening 51 of the cell 32
I's provided at the position imedi ately below the liquid flow openi ng 52,
the gas flow 17 intersects with the liquid flow 16 before expanding in the
space of the cell 32 and reducing its speed, and flows in a manner to bl ow
up 10 the liquid flow 16 from below. As a result, a shear force by

I ntersecting with the air flow 17 acts gn the liquid flow 16, and the
liquid flow 16 becomes |iquid drops and’i s di spersed into the space of the
cell 32, as shown in Fig. 6. In this way, by the liquid fl ow opening 52 and
the gas flow opening 51 being disposed above and bel ow each other, the cell

32 funct | ahie g3 AOW Gpasing! S 1AMy slheddie debetdbed e e 28 AOW Gsnibgow 17

are subjecte 0 countercurrent contact’ing. [0035] FurtRer, since the fast

gas flow 551 i consiidiedt il theadliteshdpe)'the gas Becoines! the dsetlilefaup pasliowl

causes pressure reduction around the gas flow 17, it 20 is also possible to
attai ned ay aati gnintfoduceiofriony thej gas flow @peniieg |5 Iquvtieh | viewelb fiym dhew ng
in the liquid when passing through a nei ghborhood of the liquid flow

openi ng 5zell 3D3kle, asshown am¥figrSi s performed between surfaces of the
liquid drops 25 dispersed into the cell 32 and the surroundi ng gas, and
transfer of nas{OﬂBéEeeds fromthe gas to the liquid in a case of an
absorption colum, or from20 the liquid to the gas in a case of a

stri ppi ng col umHerey ashs already desm:ibegi sinee theigasi flow epeningssl of the el
area of the space inside the cell 32 is larger than _an _ogpening area of the
gas flow ki prpadedtatdhgposition immmediatelyubelow the liquad (flew epeningt$2.speed
bei ng gradual ly decreased after intersecting with the 5 liquid flow 16. Wen
the flow dhetgas flow flbwntersentyweithdhe, liguid dlowel @before expanding in the

space of the cell 32 and reducing its speed, and flows in a manner to blow up
10 the liquid flow 16 from below. As a result, a shear force by intersecting with
the air flow 17 acts on the liquid flow 16, and the liquid flow 16 becomes
liquid drops and is dispersed into the space of the cell 32, as shown in Fig. 6.
In this way, by the liquid flow opening 52 and the gas flow opening 51 being
disposed above and below each other, the cell 32 functions as the space in
15 which the liquid flow 16 and the gas flow 17 are subjected to countercurrent
contacting.
[0035]
Further, since the fast gas flow 17 of immediately after flowing out of
the gas flow opening 51 causes pressure reduction around the gas flow 17, it
20 is also possible to attained an action of promoting injection of the liquid flow
16 by drawing in the liquid when passing through a neighborhood of the
liquid flow opening 52.
[0036]
Mass transfer is performed between surfaces of the liquid drops
25 dispersed into the cell 32 and the surrounding gas, and transfer of mass

proceeds from the gas to the liquid in a case of an absorption column, or from



the gas flow 17 blowing up the liquid drops is weakened, so that the liquid
drops start to settle down to the residence section 53 and the gas and the
liquid are separated. On the other hand, even in a case that the flow of the
gas flow 17 decreases its speed, it is possible to separate the liquid drops
10 sufficiently in countercurrent contacting, in which mnute |liquid drops
Is acconpani ed by the gas flow, by disggsing a dem ster to the gas fl ow
opening 51. [0037] Wen reaching the horizontal wall 31 in an upper surface
side, the gas 15 flowing up in the cell 32 is sent out to the cell 22 of

t he di agonally upper stage side via the gas fl ow opening 51 provided in the

vertical’ Wt ligid 10the'd iftessdignd.stiippid aulind: VA the ther hahl Gicdovn

to the residence section 53 nmerges into the pool formed in the residence

section 53 herigonts wrogs-sectivnal aedeofitlid spaveiiside ahel celle3 2 ds largerithahi qui d
drops are sent to the cell 22 of 20 the diagonally |ower stage side via the

l'iquid fl an opemingdarzd. of ﬂﬁa3§31s flow tdpening)s1,ithetdus floswdqt flowscep lin the, 32
in the gas-liquid contactor 1, there are repeatedly perforned an operation
of perfor wetlg39awithi itrispeedobeingt prafuallyrdecreaseteaften interserting)with dheps
and dispersing theminto the 25 gas and an operation of separating the gas
and the | iligiid fhowel 61 hWhensthe flovd of thet gast Engv drdslowwsddawn, ithen fence tof t he
cells 22, 32 of a downstream side 21 along the respective flow paths,

wher eby attBergasi Bavwol 7sblovipignap tbeveguid: deopsyiss enpd, 50 dhatithe diguidses.
When the Ijquid reaches a colum bottom, the [|iquid ends contacting with
the gas asgops siadctemsgiile dowmdo| thguresideres segiion 53 and the gas andithgr |y,
as for the, gas, after the gas reaches the_ colum top, the 5 gas ends

cont act | nglqmdrﬁr@rf@parref@dd Ghnithe o efchandeeven iR o Cases t ts@waflgmef the

gas flow 17 decreases its speed, it is possible to separate the liquid drops
10 sufficiently in countercurrent contacting, in which minute liquid drops is
accompanied by the gas flow, by disposing a demister to the gas flow
opening 51.
[0037]
When reaching the horizontal wall 31 in an upper surface side, the gas
15 flowing up in the cell 32 is sent out to the cell 22 of the diagonally upper
stage side via the gas flow opening 51 provided in the vertical wall 10. On
the other hand, the liquid drops having settled down to the residence section
53 merges into the pool formed in the residence section 53, a concentration is
made uniform here, and thereafter the liquid drops are sent to the cell 22 of
20 the diagonally lower stage side via the liquid flow opening 52.

[0038]

In this way, in the respective cells 22, 32 in the gas-liquid contactor 1,
there are repeatedly performed an operation of performing gas-liquid
contacting by making the liquid be liquid drops and dispersing them into the

25 gas and an operation of separating the gas and the liquid after the gas-liquid

contacting and sending them out to the cells 22, 32 of a downstream side



section 14. [0039] According to the gas-liquid contactor 1 according to the
present enbodi nent descri bed above, the follow ng effect can be obtai ned.
The 10 inside of the gas-liquid contactor | perform ng gas-liquid contacting
is divided into the plurality of cells 22, 32 form ng the countercurrent
contacting spaces of the gas and the liquid, and the liquid residing in the
resi dence section 53 of the respective cells 22, 32 is injected to the cells
22, 32 of the | ower stage side via thezﬂiquid fl ow opening 52 playing a
role as the 15 injection hole or is sent out to the cells 22, 32 of the
upper stage side by using the force with which the gas flows up in the

cell's 22, 586h qlig &géz;ferc%ivé ﬂtsﬂvogéfﬂﬁ?%&ﬁéfébir'dﬂsémﬁéig rdggsgﬁip%g%e%eh%éhe

nei ghbori ng cel 32 W usi ng a’ spec nmeans. I n the

respect | veaSSidtR2liqiR] pogresiall Whé the HauiddehdiRea ol o Batth, thear e
injected i'n shapes of sheets, for 20 exanple, are subjected to

countercu flfcﬁﬂﬂ eheRtcutithdting avith the tg'as anddsdis¢lrarged tothe ﬂﬁ[ﬁd@ﬂib@h@rgiﬁ% gas
phase, so that a good dispérsion state can be created. As a result, TS
(Hei ght Egectisher®. Stmélaflyeas dbi the gabagfer tiecga®sedohies the wdllumitop)aheo

| mprovenent of absorption efficiency, stripping efficiency or the like. 25
[ 0040] 5 Furgiabesnds comedtingowithotitehHqhid tandhiat disbhaggﬁsm thé asadischargidy 22
descri bed, since the gas and the liquid flows up/down with wi nding therr
ways in tliseciohd#h when passing through the plurality of cells 22, 32 in the
gas-liquid contactor | according to the present enbodi nent, a height of the
gas-liquid cont $48039]1 can be further nade conpact conpared with a 5

conventi onal tr(R/ colum and the like in which the gas and the |iquid
linearly ccording to the gas-liquid contactor 1 according to the present

embodiment described above, the following effect can be obtained. The
10 inside of the gas-liquid contactor 1 performing gas-liquid contacting is
divided into the plurality of cells 22, 32 forming the countercurrent
contacting spaces of the gas and the liquid, and the liquid residing in the
residence section 53 of the respective cells 22, 32 is injected to the cells 22,
32 of the lower stage side via the liquid flow opening 52 playing a role as the
15 injection hole or is sent out to the cells 22, 32 of the upper stage side by using
the force with which the gas flows up in the cells 22, 23. Therefore, the
respective fluids can be flushed out to the neighboring cells 22, 32 without
using a special pressuring means. In the respective cells 22, 32, the liquid
flow 16 and the gas flow 17 which are injected in shapes of sheets, for
20 example, are subjected to countercurrent contacting, and the liquid drops are
dispersed into the gas phase, so that a good dispersion state can be created.
As a result, HETS (Height Equivalent to a Theoretical Stage) becomes low,
contributing to improvement of absorption efficiency, stripping efficiency or
the like.
25 [0040]
Further, in addition to the fact that the HETS is low as already



flows up/down, with residence tines of the gas and the liquid in the colums
being the sanme. [0041] Further, since the liquid drops fornmed in the
respective cells 22, 32 10 are large conpared with those of a spray colum
and the |like, separation of the gas and the liquid is easy even when the
flow of the gas is fast, and it is possible to make a throughput per unit
cross-sectional area large or to nmake a__colum dianmeter small wth the sane
t hroughput. [0042] 15 Unlike the tray €3l um, in which a gas i s di spersed
into a liquid phase residing on a tray to performgas-|iquid contacting,
since the cells 22, 32 according to the present enbodinent is not

struct ur e@es&lfs@aesm&aﬂlé &alwdmm&ﬁet RGQIDTIGWS | bRl agRh GEAdiiHeTeirof

foam ng (foam ng of the hase) ‘can be evade restral ne Due to a

di fferenceydyy Hithe aonﬁﬂhavheﬂqaa%&ngeﬂﬁ@ngmhﬁerplmrah@t offcellRe2,r3y iGghgm, a
pressure | oss of the gas flow becomes snall, so that a notive power

necessary ghae-liquid contacher Yagccopdinpeto ghs - regantdemb@ummt d Heighrres theul |,
al so contributing to energy-saving. [0043] Since these cells 2 32 can be

easi |y fopaedidyidseontadtonglt bani bei darthed nfadeheopasadti @om:pamdt avitral by
t he vertlcal wal I 10 and the horizontal walls 21, 31, it is possible to
i ncrease coayentiohat tragailumn and thedikiet in whpcls ¢he lgas wnd2the lequist linearly
sophi sticated gas-liquid contactor 1 at a low cost. [Q044] By providing the
liquid fl flovepap/dowsy vdthi residenee timeswb theigag @ thenlighith s the columas t he
liquid flow 16 and the gas flow 17 can be nade to be of 5 sheet shapes to
|ntersectlxﬁm$tb®smm@ther in the cells 22, 32, so that a stronger

[0041]

Further, since the liquid drops formed in the respective cells 22, 32

10 are large compared with those of a spray column and the like, separation of
the gas and the liquid is easy even when the flow of the gas is fast, and it is
possible to make a throughput per unit cross-sectional area large or to make a
column diameter small with the same throughput.

[0042]

15 Unlike the tray column, in which a gas is dispersed into a liquid phase
residing on a tray to perform gas-liquid contacting, since the cells 22, 32
according to the present embodiment is not structured to make a gas flow
pass through a liquid phase, occurrence of foaming (foaming of the liquid
phase) can be evaded or restrained. Due to a difference in such a contacting

20 mechanism from that of the tray column, a pressure loss of the gas flow
becomes small, so that a motive power necessary to send out the gas to the
gas-liquid contactor 1 becomes small, also contributing to energy-saving.

[0043]
Since these cells 22, 32 can be easily formed by separating the inside

25  of the gas-liquid contactor 1 by the vertical wall 10 and the horizontal walls

21, 31, it is possible to increase tray numbers easily, so that it is possible to



shear force is applied to the liquid by the gas flow 17, and the liquid flow
16 is easy to be dispersed to be smaller |liquid drops, attaining a good

di spersion state. It should be noted that the shapes of the liquid flow
opening 52, the gas flow opening 51 and the |like are not |limted to the
shapes shown in Fig. 10 3B, and it is possible that, for exanple, the liquid
fl ow opening 52 is made by arrangi ng nunerous further shorter slits as
shown in Fig. 7A or that nunerous quuﬂé fl ow openings 52 of circular hole
sections are disposed as shown in Fig. 7B. It is also possible that liquid
flow opening 52 is provided in a state of a plurality of long slits

d i ' - ghis ' ' | 15 further that
The sit SRRt B Sapbiticael o8- RquRleiln ] Stattm 88 alits are

arranged in a | gppyal direction, for exanple. Further, it is possible that
nuner ous gas fl openings 51 of hole sections are arranged in the |ateral

direction siml jcBH)rbvidihg thediqeidf flow openingys2 andhthidngas flovd opéRing 51
illustration being omtted. 20 [0045] In the "enbodi nent expl ai ned using Fig.

1to Fig. iﬁ,sHaS)e'sfodeli"tsl,Cﬁ}wléqluid flav 16andtiedgaoflond 7l camubel ngade tobeasft or 1

Is vertically divided into two lines and the neighboring cells are di sposed

on di f ker eshiees shapes tdinterdeet witheachfotheelin the ceHs @2, 32 sehthaea stfonger
respective cells 22, 32 in the gas-liquid 25 contactor 1 are not limted to
t he presersheantfortensnapplied te tlp@sti:q'lﬁdgny the gahflow i17, Bind. theAiquid flogv 188 f or
exanple, that a circle drawn by an internal 24 circunferential surface of

t he gas- | iiqwady dorheadispersed to i;ersmal:lﬂn liquid/ doeps, iattainingha goabdispersionr ee
lines of cells are arranged |aterally along one direction and _cells 22, 32,
42 of the statepelt sheuldebe natad shat theiishppes @fdhedliiquist Slow apeping 32,0het he

" f nei ghbor i Lls 22, 32 42. 5 [Q046
stages o gnaesI ﬁowogbggincgeﬂsancf the ﬁke are not[ l?mlite]d to the shapes shown in Fig.

10 3B, and it is possible that, for example, the liquid flow opening 52 is made by
arranging numerous further shorter slits as shown in Fig. 7A or that numerous
liquid flow openings 52 of circular hole sections are disposed as shown in Fig.
7B. 1t is also possible that liquid flow opening 52 is provided in a state of a
plurality of long slits arranged in a vertical direction as shown in Fig. 7C, and

15 further that the slit of the gas flow opening 51 is divided and numerous slits
are arranged in a lateral direction, for example. Further, it is possible that
numerous gas flow openings 51 of hole sections are arranged in the lateral
direction similarly to the liquid flow opening 52 shown in Fig. 7B,
illustration being omitted.

20 [0045]

In the embodiment explained using Fig. 1 to Fig. 6, it is structured
that the inside of the liquid-gas contactor 1 is vertically divided into two lines
and the neighboring cells are disposed on different stages, but the number of
cell lines or the shapes of the respective cells 22, 32 in the gas-liquid

25 contactor 1 are not limited to the present embodiment. It is possible, as

shown in Fig. 8A and Fig. 8B for example, that a circle drawn by an internal



Further, the cell is not limted to the one whose X-Z cross-section is
rectangular as shown in Fig. 1 or Fig. 8A. For exanple, as shown in Fig. 9A
to Fig. 9C, it can be constituted that parts of cells 22, 32, 42 of upper
stage sides and cells 22, 32, 42 of |ower stages sides are stacked above
and bel ow 10 each other so that a volune of a residence section 53 becones
large. In contrast to the above, it can be constituted that the respective
cells 22, 32, 42 in Fig. 9A are nuade ugéide down so that a volune of a
resi dence section 53 beconmes small. [0047] 15 When it is constituted that
the parts of the cells 22, 32, 42 of the upper stage sides and the |ower

stage si d%ﬁr&flﬁf&bﬁﬁbp%ﬁae%fgﬁe Ogbag,m&uﬁﬁean&bwl is Verhieslly idividdd 1htaui d
fl ow openings 52 is not limted t e I'n a vertical wall 10 as exenplified

above, butthtde §6 tRASHIreE ¢ined RIS aret SrrhAgéd 1aerallyalshg bAY dite@ibmand>2
are provided in horizontal walls 21, 31 of "bottom surface sides 20 of the

cell's 22, cplsaz2sBowa2i of the reSpecaived Eel.1iRés afedidiposed onRdifferénOstdges Fi 9.

| OC, there is shown an exanple of a gas-liquid contactor 1 having a
st ruct ur e fréut thehstages ofiaeifhbidring eellsi2yi3@, d@nt actor | is concentrically

divided in a vertical direction and cylindrical cell lines are arranged
concengrically [D8d46]ally, and such type of the gas-liquid contactor 1 is
also included in the 25 present invention. It should be noted that a

ref erence numer durtleern, the leell tr not hgsited do the ssnea whase XoZsenossrsectionl i 22,
32 of an inner side. 25 [0048] Subsequently, in Fig. 11A and Fjig. 11B,
there is oeetanigularas shgws in Figi bordigadior For ¢xempler asshansoimFigr9Aol um
or a stripping colum in which slurry including a granular solid inpurity
in a |iquite Fig. SMocHseasy baronstitutedathatiparis p€ cellscd. ot .c42 onuppens

slurry inclyding a cat and as .

Y sides agd ceilas ﬂ,yﬁ, 42 0 o%ver stages sides are stacked above and below

10 each other so that a volume of a residence section 53 becomes large. In
contrast to the above, it can be constituted that the respective cells 22, 32, 42
in Fig. 9A are made upside down so that a volume of a residence section 53
becomes small.

[0047]

15 When it is constituted that the parts of the cells 22, 32, 42 of the upper
stage sides and the lower stage sides are stacked above and below each other,
disposition of liquid flow openings 52 is not limited to be in a vertical wall
10 as exemplified above, but it is possible to constitute that the liquid flow
openings 52 are provided in horizontal walls 21, 31 of bottom surface sides

20 of the cells 22, 32 as shown in Fig. 9A and Fig. 9C. Further, in Fig. 10A to
Fig. 10C, there is shown an example of a gas-liquid contactor 1 having a
structure that the inside of the gas-liquid contactor 1 is concentrically divided
in a vertical direction and cylindrical cell lines are arranged concentrically
laterally, and such type of the gas-liquid contactor 1 is also included in the

25 present invention. It should be noted that a reference numeral 18 in the

drawings indicates a beam to support cells 22, 32 of an inner side.



are made to contact with each other to generate a reaction. Wen the slurry
Is processed in the gas-liquid contactor 1, there is a possibility that a
granular material in the slurry settles down and accunul ates on hori zontal
walls 21, 31 to disturb flow of the slurry flowing dowmn in a colum. Thus,
in the gas 10 liquid contactor 1 shown in Fig. 11A and Fig. 11B, the

hori zontal walls 21, 31 are sloped, and a sl ope becones | ower toward a gas
fl ow opening 51, whereby the granul ar @aterial in the slurry can be

di scharged to downstream cells 22, 32 w thout accunul ating on the
horizontal walls 21, 31. It should be noted that objects to be processed to
whi ch such a ga ObhgTid contactor 1 can 15 be applied is not [imted to the
slurry including the’'granular material but the gas-liquid contactor 1 can

be applied to S%ﬁﬁk@éplﬂ??ﬁﬁcﬂ'ﬂ 19 14 éldJFi‘%ﬁ(hjilB, tHBfLHd @kelfrﬁ)lggéc%% Basly)

flow ng down in the qui d Contactor | a'gas as we

sol i d-11 qUiQuidopéAGIctEYd 10asé Forra abserptRii @bh%:ﬁnséﬁ iadsi?&%beihg EbRithAGndown

in the gas-Iiquid contactor 1 and a liquid. 20 [0049] In as-liquid

cont act or whivtcohgiyinéladine apgesrilar sohddiipurity Asa liqwidalsnerooessed ahidy. 5
and Fig. 6 for exanple, the liquid flow 16 injected fromthe liquid flow

openi ng 5Xok raocatabgid repdtibrpooluhavinnghich shary intheling escatabyst aﬁtaijgm 53
and the gas flow 17 flowing up via the gas flow opening 25 51 are nmade to

i nt er sect areahad¢ becontacttwidh each dthental geheraté @ reactivaw Wheanthe slherysisear
force is applied to the liquid flow 16 to disperse the liquid drops in 26

t he respeqnogessed s the ,gasglqu\ﬂdecelmt;act(blelgﬂmregmsa Ipogsibdlity $hatr aigranslarnt e i s
created. Here, when the gas-liquid contactor 1 is operated in a | ow

t hr oughputmatetialdndhe slwmrysettles dowmand ageynpdates isborigantaliwalls &, ddeed

of the gas flow 17 flowi ng out fromthe gas flow opening 51 slo down to 5

weaken t hdor distert floaw @b the shury iflpwing idewn én cpdumng s Tihws, dncthe gas—e,
10 liquid contactor 1 shown in Fig. 11A and Fig. 11B, the horizontal walls 21,

31 are sloped, and a slope becomes lower toward a gas flow opening 51,
whereby the granular material in the slurry can be discharged to downstream
cells 22, 32 without accumulating on the horizontal walls 21, 31. It should be
noted that objects to be processed to which such a gas-liquid contactor 1 can

15 be applied is not limited to the slurry including the granular material but the
gas-liquid contactor 1 can be applied to solid-gas contacting of a granular
material (a solid body) flowing down in the gas-liquid contactor 1 and a gas
as well as to solid-liquid contacting of a granular material (a solid body)
flowing down in the gas-liquid contactor 1 and a liquid.

20 [0049]

In the gas-liquid contactor 1 according to the present embodiment, as
explained using Fig. 5 and Fig. 6 for example, the liquid flow 16 injected
from the liquid flow opening 52 from the liquid pool having formed in the
residence section 53 and the gas flow 17 flowing up via the gas flow opening

25 51 are made to intersect each other, so that the liquid flow 16 is blew up and

the shear force is applied to the liquid flow 16 to disperse the liquid drops in



S -
resulting in deterioration of the gas-liquid dispersion state. [0050] In
Fig. 6, a state is illustrated that the liquid is injected fromall the
slits constituting the liquid flow opening 52, but in the | ow throughput 10
operation or the like, a liquid depth of the |iquid pool may be sonetines
| ower than the position of the slit provided in the upper stage side. In
this case, the liquid is not injected fromthe slit provided in a higher
position than the liquid pool and the @81 32 of the |ower stage side and
the cell 22 of the wupper stage side becone in a state of being connected
via that slit. As a 15 result, part of the gas flowng up in the cell 32 of

2 Lo, g g S 5 N0 08 ot e [OOSR 1

t he connecti ng , tore uce _ f1 o\ “passing
through thegRd, f | PRrePORhES BHe ligRi@r ton@ktor e igaspletatedd ifli aPgoHW ON
state. [0051] 20 Cells 22, 32 shown in Fig. 12A and Fig. 12B have a

mechani smthfoughipinedtid §¢©n, 6F EXxARIPIE, melr@fmé)h Be@PSase that ¢thelfkRgespeed oft at e

in the |l ow throughput operation or the like.” Fig. 12Ais a front view of a

vertical whelgaslflow Itheloweing out Shemnthe ghk dflow38peninge$dnplodys tdosvivaot i cal

wal | 10 being viewed fromthe cell 32 of a downstreamside, while Fig. 12B
s a 25 | ongakendihelforceoss -tlont upnthie ligard dlowhk6 el weblay itheeshear dioree,C 1- C
1' surface shown in Fig. 12A. In exanples shown in the followng Fig. 12A
to Fig. 18Bsultihg irhdeermratidasafitheazhschqaid dispersioa statepecti ve cells 22, 32
have a liquid flow opening 52 constituted with three slits in total, that
is, two slits prf00B0¢d in a vertical wall 10 and one slit provided in
hori zontal walls 21, 31. [0052] . 5 In the exanple shown in Fi%% 12A and Fig.
12B, the cell 2dnhEig. ,fa state is illustrated that the liquid is injected from all the

slits constituting the liquid flow opening 52, but in the low throughput

10 operation or the like, a liquid depth of the liquid pool may be sometimes
lower than the position of the slit provided in the upper stage side. In this
case, the liquid is not injected from the slit provided in a higher position than
the liquid pool and the cell 32 of the lower stage side and the cell 22 of the
upper stage side become in a state of being connected via that slit. As a

15 result, part of the gas flowing up in the cell 32 of the lower stage side may
flow into the cell 22 of the upper stage side via the connecting slit, to reduce
the flow speed of the gas flow 17 passing through the gas flow opening 51
and deteriorate the gas-liquid dispersion state.

[0051]

20 Cells 22, 32 shown in Fig. 12A and Fig. 12B have a mechanism to
prevent such deterioration of the gas-liquid dispersion state in the low-
throughput operation or the like. Fig. 12A is a front view of a vertical wall
10 of the cell 22 shown in Fig. 13A for example, the vertical wall 10 being
viewed from the cell 32 of a downstream side, while Fig. 12B is a

25 longitudinal cross-sectional view of the cell 22 viewed from a C1-C1’ surface

shown in Fig. 12A. In examples shown in the following Fig. 12A to Fig. 18B,



shutter to prevent the cell 22 frombecomng in a state of being connected
with the neighboring cell 32 in a case that a liquid depth of a liquid pool
beconmes | ower than a position where the slit of the liquid fl ow opening 52
is provided. In the present exanple, the first shutter is provided in an
upper 10 stage side of the liquid flow opening 52 (slits) provided as two
stages of upper and lower slits in the yertical wall 10. The first shutter
has a shutter plate 71 of a rectangula? shape slightly larger than the
slit, for exanple, and a pivot shaft 711 protruding horizontally to right
and left is provided in an upper end portion of the shutter plate 71. 15

[0053] Theheruhicctedtribéd Chsés tl‘iﬁtsﬂiésﬁﬁktpe@ﬁvéms 20, BRghave R likzmi@rﬂmt | et

side of the liquid flow opening 52 (slit) viewed fromthe cell 22 in which

the |iquigpepdwd S2scomstitated Wit thiee dlitsdnsotdladeatas, twe sligs prowidedhin al0 in
the cell 32 of the downstreamside to which the liquid flow 16 flows out.
On the venertieal wallME) bnd ®reuslitapmviided iin ddrizosttal wallsli,\3Ing section 712 of
a ring shape, for exanple, and by maki ng the above-descri bed pivot shaft
711 penetrate tH§0058haft receiving section 712, the shutter plate is

di sposed in a state of being pendent fromtherfgi vot shaft 711. [0054] 25

As al ready st at dd therexasnpletshovpn an&ig1 124 and fdg. 12Basbe cells?Z bagia Grstl y
| arger than the slit constitutjng the Liquid flow opening 52, and even . if a
force 28 shytlgpppi prevenbthg Qﬁlkagtfr@mdweqomngem agstaie @inbeingregnnacted ¢ ne
The. si 1" veihrthe nehborEngell 323 Brase; ek fpliadi demhaofiia Bauidmast t ho-
oLl 27, Al K o 20 pLRSSTMASE, REHR AR Shi BRI ebG SEe
force, so ptrg%}detff ° I the Sgessélnit texample, the first shutter is provided in an upper
10 stage side of the liquid flow opening 52 (slits) provided as two stages of
upper and lower slits in the vertical wall 10. The first shutter has a shutter
plate 71 of a rectangular shape slightly larger than the slit, for example, and a
pivot shaft 711 protruding horizontally to right and left is provided in an
upper end portion of the shutter plate 71.
15 [0053]
The shutter plate 71 is disposed, as shown in Fig. 12B, in an outlet
side of the liquid flow opening 52 (slit) viewed from the cell 22 in which the
liquid pool is formed, that is, in a surface of the vertical wall 10 in the cell 32
of the downstream side to which the liquid flow 16 flows out. On the vertical
20 wall 10 surface is fixed a shaft receiving section 712 of a ring shape, for
example, and by making the above-described pivot shaft 711 penetrate the
shaft receiving section 712, the shutter plate is disposed in a state of being
pendent from the pivot shaft 711.
[0054]
25 As already stated, the shutter plate 71 is formed to have a size slightly

larger than the slit constituting the liquid flow opening 52, and even if a force



can be released. Here, it is also possible to provide a biasing neans, a
coil spring for exanple, biased in a direction to close the shutter plate
71 for exanple, that is, in a direction to press the shutter plate 71 onto
a wall surface of the vertical wall 10, in conbination with the pivot shaft
721 to adjust a 10 flow anount of the liquid flow 16 at a tine that the
shutter plate 71 begins to open. [00555 Next, a constitution of a second
shutter provided to a gas flow opening 81 will be described. The second
shutter has, simlarly to the 15 aforenentioned first shutter, a shutter
plate 72 of a |long rectangul ar shape, a pivot shaft 721 provided in an
upper end i.ﬁ’@??li@ﬂ foord Adlifdvticreof phétcell 7322 shdwmPiPFigldl 2B, fies sEafteaplatet 0
ert,

ri ght and and a shaft receiving section 722 to  be penetrated by the

pi vot shaffl Rlockdd, by the vetigulewalit 10xairal stateaof vovieeing theakkit.7 Dnfthehe
second shutter is forned to have a wdth slightly larger than 20 the gas

f1 ow openiotheShahdy ifeal forceaissapplichfrmmandirectiongdlf thef celb @2 shewh inhEig.

hei ght of the gas fl ow opening 51. The shaft receiving section 722 is

di sposed i12B,thecshuttér?plateld 1i pivotsiowiard thednsidevofl the tell3Dboff the dloweranner
that, for exanple, a position on which the pivot shaft 721 is stretched is
al nost 5t hetageldide of coespendencewith d¢hgappliedivforsenisagthat themovered mlitot 25
shaft 721 is made to penetrate the shaft_receiving sectjon 722, whereby the
shutter plcanebe zeleased s ddersy it as alsn possible heiprgvide @achiasing means, @ ootl

shaft 29 721. [0056] As a.result, the shutter plate 72 becones ip a. state
that the $PGiEefor ,ﬂxanmlszz%é dnza gdractiom tneclgss tﬁposzh%%rng%% 1 fogr
examle, A aminir, tatlis in & dircotion to press Hhe Shifter platd™fl So'a'walf siffice

of the vertical wall 10, in combination with the pivot shaft 721 to adjust a

10 flow amount of the liquid flow 16 at a time that the shutter plate 71 begins to
open.
[0055]
Next, a constitution of a second shutter provided to a gas flow
opening 51 will be described. The second shutter has, similarly to the
15 aforementioned first shutter, a shutter plate 72 of a long rectangular shape, a
pivot shaft 721 provided in an upper end portion of the shutter plate 72 and
protruding horizontally to right and left, and a shaft receiving section 722 to
be penetrated by the pivot shaft 721. Here, in the present example, a shutter
plate 72 of the second shutter is formed to have a width slightly larger than
20 the gas flow opening 51 formed in a slit shape and a height of about half the
height of the gas flow opening 51. The shaft receiving section 722 is
disposed in the cell 22 side into which a gas flow 17 flows out, in a manner
that, for example, a position on which the pivot shaft 721 is stretched is
almost the middle of the height of the gas flow opening 51, and the pivot
25 shaft 721 is made to penetrate the shaft receiving section 722, whereby the
shutter plate 72 is disposed in a state of being pendent from the pivot shaft



A
shutter plate 72 is applied froma direction of the cell 32 shown in Fig.
12B, the shutter plate 72 hardly noves fromthe state of closing the part
of the gas flow opening 51. However, as the force applied fromthe
direction of the cell 32 becomes further larger, the shutter plate 72
pivots toward the inside of the 10 cell 22 centering on the pivot shaft 721,
so that the gas flow opening 51 havingzgeen covered is gradually rel eased.
Here, it is also possible to provide a“biasing neans, a coil spring for
exanple, biased in a direction to close the shutter plate 72 for exanple,
that is, in a direction to press the shutter plate 72 onto.the wall surface
of the vermiical wall 10, in conmbination with the pivot 15 shaft 721 to
adjust a flow amount of the gas flow 17 at a tine that the shutter plate 72
begins to open. [p096F] An action of the first shutter of the two shutters
descri bed above will be explained. As shown in Fig. 13A, in a case that the
t hroughput of t s gasestil, Ithgustuttemphate 672 becomesvimradstate ithat dhé esheitter
(l'iquid amounts of downflow fluid) of the liquid pool fornmed in the
resi dence pdatet 7D nogersod parteof thepgast flow opehing 3, faexiunple; atloveerdmlfiof s|it
of the upper stage side constituting the Iliquid flow opening 52, the force
to maks t lthe gax gl@zw mpeneng 15 bf andeeven ¢f a smalk éorcgi no? eaovghnt lifbrthe
Thus, the shutter plate 71 covers the slit in _a 25 state_ of being pendent
from t he shutfer phatet 72 13 apphiednramsadicection of Kbe gell 32 shownde Fag. ilgB,
pressed onto surface of the vertic wal |l 10 by a pressure 30 djfference
bet ween, fhe Sgléﬂﬁf)lpé@tet?%hﬁ dROYES the state of ClQﬁéngét;,@rPaﬁ Qééjle &a8e and

he col | IWORSNE der FlobtReTs PHEG Rarceribpliad Sord the sarecaion of the Celle” *
upper stags gégoemeSS 1{'11(')1291%18 ]larger, the shutter plate 72 pivots toward the inside of the
10 cell 22 centering on the pivot shaft 721, so that the gas flow opening 51
having been covered is gradually released. Here, it is also possible to provide
a biasing means, a coil spring for example, biased in a direction to close the
shutter plate 72 for example, that is, in a direction to press the shutter plate 72
onto the wall surface of the vertical wall 10, in combination with the pivot
15 shaft 721 to adjust a flow amount of the gas flow 17 at a time that the shutter
plate 72 begins to open.
[0057]
An action of the first shutter of the two shutters described above will
be explained. As shown in Fig. 13A, in a case that the throughput of the gas-
20 liquid contactor 1 is low and a liquid level (liquid amounts of downflow
fluid) of the liquid pool formed in the residence section 53 of the respective
cells 22, 32 does not reach the slit of the upper stage side constituting the
liquid flow opening 52, the force to make the shutter plate 71 of the first
shutter pivot does not work. Thus, the shutter plate 71 covers the slit in a
25 state of being pendent from the pivot shaft 711 and in a state that the shutter

plate 71 is pressed onto a surface of the vertical wall 10 by a pressure



A

As a result, the gas flowing up in the cells 32, 22 of the |ower stage side
can be prevented fromflowing into the cells 22, 32 of the upper stage side
via that slit, so that a flow speed of the gas flow 17 passing through the
gas flow opening 51 is not slowed down. On the other hand, when the 10

t hroughput of the gas-liquid contactor 1 increases and the liquid |evel of
the |liquid pool reaches the slit of the upper stage side, the force to make
the shutter plate 71 pivot is applied ahd, as shown in Fig. 13B, the slit
having been covered is released, so that the liquid flow 16 can be injected
in correspondence with the liquid level (liquid amount) of the |iquid pool.

15 [ 0059 ti i j th
15,1 0050) giftincirb iRt 10° AbuiIE, BRCSRUETUR 4 o 42 B8 URbARSagtn 11
fl ow ng UFidé‘ahHetHeeﬁPﬁ&é'dietHce'cbﬂ 23, oB2he Sue@ag: gttfaghgﬁdfe?r(ﬁlebéw&d‘@h@” the

shutter plate 72 is small, so that the shutt 72 hardly nmoves and
keeps 20 gyideiofghtelll 22T thelldwer stdi side didiheonnideof tHe cAH 32 bfshét, an
opening area of the gas flow opening 51 becones small, and so it is

possi bl e tippet sgigeadides! ow down of the flow speed of the gas flow 17 passing
t hrough the  flow opening 51 even in the case that the anmpbunt of the gas
flowing up in t@5S8spective cells 22, 32 is small. 25 [0060] As shown in
Fig. 13B, when the throughput of the gas-liquid 31 contactor 1 increases,
the anount of tHe gasstltothengasiflowinghuprisstieccelle 325122 of 2he lowenl stage
increases to lead to |larger pressure application bé the gas, whereby the
shutter pEideccam? bsi prrvented feomalowing e theowellpddi 3¢ 6f thewipper stage
covered, so that the opening area through_which %ﬂf %gs fl Qw passes 5
becones | sidgevianthat slidsso that a flewspeedmktheogas flove 1gapassing thyowgh thei ni ng
2 gas flow opening 51 is not slowed down. On the other hand, when the
10 throughput of the gas-liquid contactor 1 increases and the liquid level of the
liquid pool reaches the slit of the upper stage side, the force to make the
shutter plate 71 pivot is applied and, as shown in Fig. 13B, the slit having
been covered is released, so that the liquid flow 16 can be injected in
correspondence with the liquid level (liquid amount) of the liquid pool.
15 [0059]

Next, an operation of the second shutter will be explained. In the
state of the low throughput shown in Fig. 13A, since an amount of the gas
flowing up in the respective cells 22, 32 is small, the force working on the
shutter plate 72 is small, so that the shutter plate 72 hardly moves and keeps

20 covering the lower half of the gas flow opening 51. As a result, an opening
area of the gas flow opening 51 becomes small, and so it is possible to
restrain slow down of the flow speed of the gas flow 17 passing through the
flow opening 51 even in the case that the amount of the gas flowing up in the
respective cells 22, 32 is small.

25 [0060]

As shown in Fig. 13B, when the throughput of the gas-liquid



necessary flow speed wthout |largely increasing a pressure |oss conpared
with a state in which the opening area is kept small. [00611 By providing
these first shutter and second shutter, even in the case 10 that the

t hroughput of the gas-liquid contactor 1 is low, it is possible to restrain
sl ow down of the flow speed of the gas flow 17 passing through the gas flow
opening 51 and maintain the force to blgﬁ/up the liquid flow 16 injecting
fromthe liquid fl ow opening 52 and the’shear force working on the liquid
flow 16 so that the good di spersion state of the gas and liquid can be 15
mai nt ai ned. [0062] Here, the constitution of the first shutter is not

limted tgohtiRtdY Yhcrea%es, the@iount &f the %Eé\ﬂiﬂdu@ ih4Re rE§PeiaTBERs as

shown in Fig. 14 to Fig. 15, it is possible to constitute a shutter plate

73 with, Dor FXadlpé einoreddeshed | leadstai lrgers presairenappHeatiod bhethd ks, t he
shutter plate 73 nmoving up and down along a vertlca wal | 10 by receiving

buoyancy tirteby hhﬂ&hdﬂbﬁ?ﬂaterl%pﬁmts toreleaspeahtiges &¥ing3?] hakégby a
liquid fl ow opening 52 (slit) is opened and closed In the drawi ng, a

r ef er encebeememleréd so rtiat ahe sopeningdereanthroaghgwhicinghe gasy iflogy dpasses i on
of the shutter plate 73, while a reference 25 nuneral 731 indicates a slider
i nt er pps ebebmumsdargd)eAsmjresmit At 28 possHblmtb forem aygasi8ove HemaiBaizing a
running in the guide nmenber 732. 32 [0063] In_the present exanple, the
shutter phecessasy iffowospeed wishoub laxgedy| iacreasingen prassureolasst eempaced| i t s

(liquid row opening 52) provided in twy sta of upper and lower slits in
the verti vdth astatenn. thlhth?a@léelllﬁgtargalléiﬂeBgﬁmaéhghput operation is
performed in thFO(%‘ls] liquid contactor 1 as shown in

By providing these first shutter and second shutter, even in the case
10 that the throughput of the gas-liquid contactor 1 is low, it is possible to
restrain slow down of the flow speed of the gas flow 17 passing through the
gas flow opening 51 and maintain the force to blow up the liquid flow 16
injecting from the liquid flow opening 52 and the shear force working on the
liquid flow 16 so that the good dispersion state of the gas and liquid can be
15 maintained.
[0062]
Here, the constitution of the first shutter is not limited to the pivot
type shown in Fig. 12A and Fig. 12B. For example, as shown in Fig. 14 to
Fig. 15, it is possible to constitute a shutter plate 73 with, for example, a
20 hollow stainless steel member and the like, the shutter plate 73 moving up
and down along a vertical wall 10 by receiving buoyancy from a liquid pool
residing in respective cells 22, 32, whereby a liquid flow opening 52 (slit) is
opened and closed. In the drawing, a reference numeral 732 indicates a guide
member guiding a moving direction of the shutter plate 73, while a reference
25 numeral 731 indicates a slider interposed between the shutter plate 73 and the

guide member 732 and running in the guide member 732.



Fig. 16A for exanple, a liquid level of the liquid pool is low, the shutter
plate 73 hardly noves up froma down position and the slits (liquid flow
opening 52) provided in the vertical wall 10 is in a state of being closed,
aliquid flow 16 injecting only froma slit (liquid flow opening 52)
provided in a horizontal 10 wall 21. [0064] When the throughput of the
gas-liquid contactor 1 increases and the_ liquid level of the liquid pool in
a residence section 53 begins to rise, pRe shutter pl ate 73 having received
t he buoyancy fromthe liquid pool noves up 15 to an up position, so that the
slit (liquid flow opening 52) of a | ower stage side of the vertical wall 10
opens and startgo@gjﬁction of the liquid flow 16. Wen the throughput
fiuther increases, the slit (liquid flow opening 52) of an upper stage side

al so opens, so fA3he presdrnit@xatnplepthe ShuRkepldte 73019 @nstititedtd be able tehown
in Fig. 16B. 20 [0065] Here, a constitution of the shutter plate 73 noving

up and dowpehyand Bloseuthieatvey shits (h'?uid flowl opeaiing $2)qirovided ¢nl tho sfagesf | at
shape shown in Fig. 14 to Fig. 1613, but it is also possible to provide, as
shown in bifguppeA dnd loweanslits, i theoverticalgwalhtld).74Imratoasdi thimtaholgwt he
horizontal wall 21 in a 25 |ower edge portion of a shutter plate 73a so that
a cross- s¢htdughmit dperationi isepenforned iBatheagasrhiquid leaptacton 1t bs shovee inas
shown in Fig. 18A and Fig. 18B, 33 slits (liquid flow openings 52) Frovided
in the hoRigoh6Al farsgxample, adiquidnlevel of the ligped poodnsl lewe thelshutter plate
correspondence with a liquid level of a liquid agool_. %QOGG 5 As shown in
Fig. 178, 73thardlimevesap Hom acdewapesitionbang dhe plits (liquid flow opening

52) provided in the vertical wall 10 is in a state of being closed, a liquid flow

16 injecting only from a slit (liquid flow opening 52) provided in a horizontal

10 wall21.

[0064]

When the throughput of the gas-liquid contactor 1 increases and the
liquid level of the liquid pool in a residence section 53 begins to rise, the
shutter plate 73 having received the buoyancy from the liquid pool moves up

15 to an up position, so that the slit (liquid flow opening 52) of a lower stage
side of the vertical wall 10 opens and starts injection of the liquid flow 16.
When the throughput further increases, the slit (liquid flow opening 52) of an
upper stage side also opens, so that the liquid flow 16 injects from all the slits
as shown in Fig. 16B.

20 [0065]

Here, a constitution of the shutter plate 73 moving up and down by
the buoyancy of the liquid pool is not limited to of a flat shape shown in Fig.

14 to Fig. 16B, but it is also possible to provide, as shown in Fig. 17A for
example, a protruding plate 74 protruding along the horizontal wall 21 in a
25 lower edge portion of a shutter plate 73a so that a cross-section of the entire

plate 73a has an L-shape. In this case, as shown in Fig. 18A and Fig. 18B,



conpensator 75 protruding in a lateral direction toward inside of a cell 22
of an upper stage side at a predeterm ned hei ght position of a shutter
plate 73b so that a cross-section of the entire plate 73b has a T-shape. By
provi ding the buoyancy conpensator 75, it becones possible to change
buoyancy working 10 on the shutter plate 73b in correspondence with a liquid
| evel of a liquid pool, as shown in Fig3 18A and Fig. 18B for exanple. As a
result, by changing the height position’at which the buoyancy conpensator
75 is provided, for exanple, it is possible to adjust a liquid |evel of a
liquid pool in the residence section 53 at a tinme that the respective slits

(11 qui d Tsnw PRGad AW )opehidBs STNBFoVAEd Ol hotfzomtat Whife2ToBadchiyat

the shutter plates 73, 7 b noving up and down by receiving the

buoyancy afsd be dpetledonnd idbséd i icdiiréspondencensitht allrpiidi fekel b€ d diguddy
menber, but can be constituted with a nmenber, of plastic for exanpl'e, whose

specific goality is lighter than that of a liquid processed in a gas-liquid
contactor 1. 20 [0067] Different variations of constitutions of the cells
22, 32, 42 desc{00e66l] above may be determined froma conprehensive

standpoi nt, considering, for exanple, a throughput of the.dgs-l iquid
contacsor 1, a AssisHemae ini Fig.ol 7B, gisis alsoa possihle ton proeideegpbuoyancyel | s
22, 32, 42, efficiencg/ of absorption or 25 stripping, easiness of flow of a
gas or a kompensatoméd geatrudmg fin ael@gemégbrmtlom&\ﬁa%mde@f aeedt22iefi on,
and the like. 34 [0068] Further, the gas-liquid ¢ontactor | according to
the preseff UpRaInstAge side ot & predsterapinedbeight pasitien iafza shttesplate 7

e 0L 10, ot Ak engh DU B S SR WStk e
section 1%>ufo§fggi:)rf] %’orﬁgéns%)‘égr IS?it gec':ci) gls %oggﬁ)tlgdto change buoyancy working
10 on the shutter plate 73b in correspondence with a liquid level of a liquid pool,
as shown in Fig. 18A and Fig. 18B for example. As a result, by changing the
height position at which the buoyancy compensator 75 is provided, for
example, it is possible to adjust a liquid level of a liquid pool in the residence
section 53 at a time that the respective slits (liquid flow opening 52) is
15 opened and closed. It should be noted that the shutter plates 73, 73a, 73b
moving up and down by receiving the buoyancy of the pool are not limited to
be constituted with the hollow member, but can be constituted with a member,
of plastic for example, whose specific gravity is lighter than that of a liquid
processed in a gas-liquid contactor 1.
20 [0067]

Different variations of constitutions of the cells 22, 32, 42 described
above may be determined from a comprehensive standpoint, considering, for
example, a throughput of the gas-liquid contactor 1, a residence time of a gas
or a liquid in the respective cells 22, 32, 42, efficiency of absorption or

25 stripping, easiness of flow of a gas or a liquid to be dealt with, easiness of

maintenance or construction, and the like.



I n advance, in a mddle stage of the gas-liquid contactor 1, and a
tenperature gradient is provided between a colum top side and a col um
bottom side to approach a vapor-liquid equilibriumin correspondence with
tenperatures in respective cells 22, 32, whereby a |ight conmponent is

di scharged froma gas 10 di scharging section 14 on the colum top and a
heavy conponent is discharged froma lj4quid discharging section 12 on the
colum bottom It should be noted that" 'a reference nuneral 61 in Fig. 19
i ndi cates a condenser to condense a gas discharged fromthe gas discharging
section 14, while a reference nuneral 62 indicates a reboiler to reheat a
liquid di schar J8@68jom 15 the |iquid discharging section 12. [0069]

Her ei nabove, there are described the enbodi ment and its nodification
exanpl es rel at dilurther, ithe gas-liquid dontacter 1 accordingvto the preseydsinyedtione
liquid are nmade to contact w.th each other, but conbinations of fluids
whi ch carcanealzo beappligd: to aydistilationtelumn sepanatingyand refiaing & biquid,

invention are not limted thereto, Si a secogg enmbodi nent, the [i:r,eseg';
i nvent i orfOf £Xapeplgp s isb@wrbim Figi 49 A gasaliquibheentacter | $ anfdgml 9 or

pep s Ae I R AN A A
20"T's & lASNATSEn i SIRIAESEEr OhahS BasnauisbaanBeitt |, SHSa RRETeriRe of
enbod morira0ifT imroditest PefiFen docoilins hon L€ ARUH [Snimn BBSHIRAE o
COMONeT 5 HRASE ORI G Tih B e bR, e
respective cells 22, 32, whereby a light component is discharged from a gas
10 discharging section 14 on the column top and a heavy component is
discharged from a liquid discharging section 12 on the column bottom. It
should be noted that a reference numeral 61 in Fig. 19 indicates a condenser
to condense a gas discharged from the gas discharging section 14, while a
reference numeral 62 indicates a reboiler to reheat a liquid discharged from
15 the liquid discharging section 12.

[0069]

Hereinabove, there are described the embodiment and its modification
examples related to the gas-liquid contactor 1 in which the gas and the liquid
are made to contact with each other, but combinations of fluids which can be

20 dealt with by the contactor according to the present invention are not limited
thereto. As a second embodiment, the present invention can be applied to a
liquid-liquid contactor 1a to perform, for example, extraction and the like by
liquid-liquid contacting of a light liquid (an upflow fluid) flowing up in a
column and a heavy liquid (a downflow fluid) flowing down in the column,

25 for example.

[0070]



contactor la is simlar to the constitution of the gas-liquid contactor 1,
for exanple, shown in Fig. 1 except that a reference nuneral 11 indicates a
heavy liquid feed section, a reference nuneral 12 indicates a heavy |iquid
di schargi ng section, a reference nunmeral 13 indicates a light liquid feed 10
section and a reference nuneral 14 indicates a light liquid discharging
section, illustration being omtted. Cﬁgstitutions of respective cells 22,
32 are simlar to those shown in Fig. and illustration is omtted, but
the constitutions are different fromthose of the cells 22, 32 according to
the first enbodinent in that a reference nuneral 51 indicates a |ight

l'iquid opening Ff%j. X) ish orghadind drosesattiodall V‘i@b@@él@é&nﬁtibﬁﬂ?khkﬂvﬁﬂigda

openi ng. [0071] n the liquid-liquid contactor la according to the Second

enbodi nmengtate ofethecimgidé iofitthe ligeidiliqaid wonktgctoe! s aelordidg db thepsecaidige
sides are injected by a potential energy thereof in a shape sheet to the

cel | s 22, eftibodfimenmte andOtlst sgmeirdéerence hemeyalsi guiid Fpgnibngse (giveacto on
hol es) 52 which are provided in slit shapes. On the other hand, fromthe
cel | s 22, campeinents: whosercansijutions dee simikar (tpghose iigdhe fitsoembodimente
cells 22, 32 of the upper stage sides in, sheet-like flgws while flow ng up
by budyanby ther qurgsenti iambodimentghthe entitg copstitwden sof pthey i liguid-havid at el y
T e 4 el e T sl >
G et o D e, A, | PSSR rdrertoet et I aSi o 2
'l qui o 11 beaby i feErdion, agslornerenimsenl JPadidaes o deavafignidc
that the Ii{s%ﬁa? l%egd siecs:ti(r)rg,x Y er8hce LRERERN §5 }l{lcﬁcfa%egwasﬁgﬁg liquid feed
10 section and a reference numeral 14 indicates a light liquid discharging section,
illustration being omitted. Constitutions of respective cells 22, 32 are similar
to those shown in Fig. 4 and illustration is omitted, but the constitutions are
different from those of the cells 22, 32 according to the first embodiment in
that a reference numeral 51 indicates a light liquid opening and a reference
15 numeral 52 indicates a heavy liquid opening.
[0071]
In the liquid-liquid contactor 1a according to the second embodiment,
the heavy liquid residing in the cells 22, 32 of upper stage sides are injected
by a potential energy thereof in a shape sheet to the cells 22, 32 of lower
20 stage sides via heavy liquid openings (injection holes) 52 which are provided
in slit shapes. On the other hand, from the cells 22, 32 of the lower stage
sides, the light liquid flows into the cells 22, 32 of the upper stage sides in
sheet-like flows while flowing up by buoyancy through slit-like light liquid
openings 51 provided immediately below the heavy liquid openings 52.
25 [0072]

The liquid-liquid contactor 1a shown in Fig. 20 is constituted so that



of the light liquid rapidly decreases as being apart fromthe light liquid
openi ng 51. When the heavy liquid injecting in the shape of sheet through a
plurality of heavy liquid openings 52 provided in a |longitudinal direction
rushes into a region into which the light liquid flows, sheet-like flow of
the 10 heavy liquid is deforned and anplified to be a corrugated plate form
as shown in Fig. 20, an area of a quubg-liquid interface is made | arger
and the sheet-like flow of the heavy Itguid finally breaks up to be
nunerous liquid drops. Further, the liquid drops generated in the heavy
liquid opening 52 of the upper side flow down and collide with the sheet of

the heavythd HeadylRqaRNHeebstes 8 di@?efh%aphaéé Quiddt P ¢ Fl;i el Bbcbhfes! guer

stage by one staje to the |owest stage or collide wt uid drops broken

up and gegghtiheBusiphakef andna Aow spwd bNehd light diqiidpapidlslinetsasediasphe se or
break up. The Iarg;j(gira the nunber and/ or areagof t(ﬁ'(; hegvyyl I qui d openi ngs 52

whi ch opeight liqhRl rezpangi §¢ pedvided2in 32 lowerr sidd hreaki gieetheavgqliguid of
coal escence and 20 breakup of the liquid drops is. In a process that the
li qui d dr opsning 52gandrthedightanaqaidefowfs mtoitheiabllsi 22y 32 ioftthefuppertstageen
the heavy liquid and the surrounding light |iquid becones quite |arge and
the |igui didesdpsa state thatithecflaw speede aximunasamhthqrealﬁgpgusﬂ@w apded
breakup, nmass transfer _progresses, and extraction of a specific materi al
can be pepfoth%hg@rcfleqmd?éapl,dlﬁdeeﬁeammm beingapast framethedightudiquid
Oee o st i Sk e Ao sreRe s ©
ooeu LGRS Wby ek KRR S8 A S BhesSSoh
lslygtj ;gq L;gﬁﬂgesgf) qtgfa;téggrlﬁbeﬁ}tgg\ggfcﬂ theSli%]htthhqeui?it ﬁg{)vst]asﬂgét-iiﬂeaﬁogvxg% %ﬁéi on
10 heavy liquid is deformed and amplified to be a corrugated plate form as
shown in Fig. 20, an area of a liquid-liquid interface is made larger and the
sheet-like flow of the heavy liquid finally breaks up to be numerous liquid
drops. Further, the liquid drops generated in the heavy liquid opening 52 of
the upper side flow down and collide with the sheet of the heavy liquid
15 generated in the heavy liquid openings 52 of the lower stage by one stage to
the lowest stage or collide with liquid drops broken up and generated
therefrom, and then the liquid drops coalesce, disperse or break up. The
larger the number and/or area of the heavy liquid openings 52 which open in
the respective cells 22, 32 is/are, the higher frequency of coalescence and
20 breakup of the liquid drops is. In a process that the liquid drops are
generated, an area of a liquid-liquid interface between the heavy liquid and
the surrounding light liquid becomes quite large and the liquid drops after
generation repeat coalescence, dispersion and breakup, mass transfer
progresses, and extraction of a specific material can be performed effectively,

25 for example. Further, the numerous generated liquid drops are alike in size

and drop diameter and so minute liquid drops are hard to be generated, so that



tension or an extraction system whose heavy liquid and light |liquid have
high viscosity, a dianeter of a |iquid drop generated may be sonetines

| arge to sone extent and extraction nmay not be performed effectively. Thus,
as shown in Fig. 21, a pulsation generator 19 is connected to a |ower stil
10 standi ng section being a colum bottom section of an extraction colum 1
d, for exanple, made of the quuid-liqud contactor |a according to the
present enbodi ment or a pul sation generated by sending an air pulse is
conbi nedly used, whereby generated |iquid drop is nmade snmall and extraction
can be perforned nore effectively. It should be noted that in Fig. 21 a

r ef er enceflbodingés Ahrd td accurifoperangplbedr shoulilibé nbeed! tls#tcit i©a. mattecb€r ence
nuneral 12a indicates a heavy |iquid discharging section, a reference

nurer al  18eursenthia¢ ataemtiosi @gjlairieqhusingeEtg. &to Fogn hhdan beeblsocappliediber al
1l4a indicates a light liquid discharging section. [0074] 20 On the other
hand, in thehgaidHauid dongattorilgui d i s a di sperse phase and a heavy |iquid
is a continuous phase, there is a difference fromthe liquid- |liquid
contactor la exp0@7ded in Fig. 22 in that the cell 32 shown in Fig. 4 is

neavy § 1 qui d opbin e PR baRAdimSnceXIERGHoN SySIn dgaingg Brkp, iniprdacib 25
gt 11 GUARSIOR QA aoexas Hon Sy piems whass bed\ iy and Jiair 1w Reve Fgh F. o -
cel 1522, ViEoSiY, modmeRhg ailiudHEbR deperaedimax a apmesiiendaEnioi (s
buoyancy Loto SIS, 578 o2aathon B DT PRSied SRS TV Sap g,
fromthe ¢fhik %r%Fi?’gz 2 , EhSuf“égﬁ%B generator 19 is connected to a lower still-
10 standing section being a column bottom section of an extraction column 1d,
for example, made of the liquid-liquid contactor 1a according to the present
embodiment or a pulsation generated by sending an air pulse is combinedly
used, whereby generated liquid drop is made small and extraction can be
performed more effectively. It should be noted that in Fig. 21 a reference
15 numeral 11a indicates a heavy liquid feed section, a reference numeral 12a
indicates a heavy liquid discharging section, a reference numeral 13a
indicates a light liquid feed section and a reference numeral 14a indicates a
light liquid discharging section.
[0074]
20 On the other hand, in a case that a light liquid is a disperse phase and
a heavy liquid is a continuous phase, there is a difference from the liquid-
liquid contactor 1a explained in Fig. 22 in that the cell 32 shown in Fig. 4 is
made upside down, the reference numeral 51 in Fig. 4 is equivalent to a
heavy liquid opening (indicated as a heavy liquid opening 51a), and the

25 reference numeral 52 is equivalent to a light liquid opening (indicated as a

light liquid opening 52a), as in a liquid-liquid contactor 1b shown in Fig. 20.



stage sides, a heavy liquid flows into the cells 22, 32 of the | ower stage
sides in sheet-like flow while flowing down by a potential energy through a
slit- like heavy liquid opening 5la provided i medi ately above the |ight
liquid opening 52a. 10 [0076] As a result, when the light liquid injecting
in the shape of sheet through a light Iiquid openings 52a rushes into a
region into which the heavy Iliquid flogg In a shape of sheet in a state
that a fl ow speed is nmaxi mumfrom the avy liquid opening 5la provided in
an upper side of a neighborhood of 15 the light |iquid opening 52a,
sheet-like flow of the light liquid is deformed and anplified to be a
corrugat ed pIatFﬂ$ﬁﬁpe as showmn in Fig. 22, aliquid- liquid interface is
made | arge and the sheet-like flow of the light liquid is finally divided
to be nunerous In g tiquiddiruidwdrtactortlts d light tiquid pesidiwgén aetld 22 32e
light Iiquid opening 52a of a | ower side anong the light 20 |iquid openings
52a sequeofilawey stagevsides are imjectedyint aghape ofi sheet ibynits boayancy antd cells i de
with the sheet of the light |iquid generated in the light |iquid openings
52a of th@2hi3ghef uppeystage sidessviagthet ighhdiquidhepenisgdgnjestionohpla)e52ai t h
| iquid drops broken up and generated fromthe sheet of the |light Iiquid,

and then prevideduna shibphapesaOnsthe othies hande fegmithe gells22, B of theuppehe 25
s pect | vetags sidessa hapvy diguidiews Tnie.dAelS 22, a0 Ui obehiags UakEp of
Pt ) AR i Piings By il G B S

R

coal escen§§ ld’!.itsszglsi on and 5 breakup, and so mass transfer progresses, and
not only FB & extraction is

10 [0076]

As a result, when the light liquid injecting in the shape of sheet
through a light liquid openings 52a rushes into a region into which the heavy
liquid flows in a shape of sheet in a state that a flow speed is maximum from
the heavy liquid opening 51a provided in an upper side of a neighborhood of

15 the light liquid opening 52a, sheet-like flow of the light liquid is deformed
and amplified to be a corrugated plate shape as shown in Fig. 22, a liquid-
liquid interface is made large and the sheet-like flow of the light liquid is
finally divided to be numerous liquid drops. Further, the liquid drops
generated in the light liquid opening 52a of a lower side among the light

20 liquid openings 52a sequentially provided in a longitudinal direction flow up
and collide with the sheet of the light liquid generated in the light liquid
openings 52a of the higher stage by one stage to the highest stage or collide
with liquid drops broken up and generated from the sheet of the light liquid,
and then the liquid drops coalesce, disperse or break up. The larger the

25 number and/or area of the light liquid openings 52a which open in the
respective cells 22, 32, the higher frequency of coalescence and breakup of



possi bl e but al so the nunmerous generated liquid drops are alike in size and
drop dianeter and mnute liquid drops are hard to be generated, so that
flooding is hard to occur, for exanple. It should be noted that also in the
liquid-liquid contactor Ib it is possible to slope horizontal walls 21, 31,
for 10 exanple, to be higher toward the light |iquid opening 52a to ease

di scharging of the light |liquid, and i§9is al so possible to nake the cells
22, 32 of the upper stage sides and the cells 22, 32 of the | ower stage

si des stacked above and bel ow each other and to provide light liquid
openings 52a also in the horizontal walls 21, 31 of a ceiling surface side.
On t he ot the ligaidi drops.ar\sla result asimidar]y tetiantheaafongmentiangd liquiekfiguid!
tension or an extraction system whose heavy |iquid and Ji?ht‘liguid have

hi gh vi scoentagtorm lai axplainedfusingi Hig.d20dam agem e@faa eliquid:liquid dméerifaes

| arge to sone extent and extraction may not be perforned effectively. Thus,
si m | ar| ybetween tthe keavipiliquifl and othensurmovndingi lighto biquad phecemes rquite
generator 19, for exanple, is connected 20 to a lower still-standing section
bei ng a clargaransbtheohiquid dreps aftengenesation repaatswialessengaedigpersion and
quuid-ligméi(anactor | b acc%%ding to the (greseni enpodj nent, for
exanplf%e, BF¢ l};mlaél&lt $QMaps1EAnRsieH PHOCESHES, AN AOKPALY glilech VeSS EaeomRdS v

be- per f or BE ks Dudiatse thednymesuty senbratsd Trulcr dims arsoabke T 1ie aiond.
heavy 11 qtreP (GAmdter 14igh Mt sk R rire' hot 4PoBe eeteralhdi Yo e gne
100,58 8BS BPHT L RLRS  BE Mg
001 SRS (B3I BBRSHY, SOSOREA AR oy, 57 1
10 example, to be higher toward the light liquid opening 52a to ease discharging
of the light liquid, and it is also possible to make the cells 22, 32 of the upper
stage sides and the cells 22, 32 of the lower stage sides stacked above and
below each other and to provide light liquid openings 52a also in the
horizontal walls 21, 31 of a ceiling surface side. On the other hand, in an
15 extraction system having a large interfacial tension or an extraction system
whose heavy liquid and light liquid have high viscosity, a diameter of a liquid
drop generated may be sometimes large to some extent and extraction may
not be performed effectively. Thus, similarly to in the example of
aforementioned Fig. 22, a pulsation generator 19, for example, is connected
20 to a lower still-standing section being a column bottom section of an
extraction column made of the liquid-liquid contactor 1b according to the
present embodiment, for example, or a pulsation generated by sending an air
pulse is combinedly used, whereby the generated liquid drop is made smaller
and extraction can be performed more effectively.

25 [0077]

As described above, in the second embodiment shown in Fig. 20 and



interfacial area at a generation tine of the liquid drop, to increase the
frequency of coal escence and breakup of the |iquid drops after generation,
and to increase a nass transfer rate, so that extraction efficiency can be
enhanced. Further, since the heavy liquid (or the light liquid) is injected
in 10 the shape of sheet unlike in the conventional injection of a liquid
pillar shape, the size of the generateg,liquid drop and the drop di aneter
beconme nore wuniform and generation of mnute liquid drop can be
restrained, so that a flooding velocity, for exanple, can be inproved.
[0078] 15 Hereinabove, in the contactors 1, |la described in the first and
second eRipd2rEivtis poskible to makethe iHeasy loqeid (orvthieclighth liquid) beimy thee
cylindrical colum is divided by partition walls constituted with the
vertical dsperssophast andhéhe dightdnquid (ealthe leavysliquisd) beingothe continuaeus ty of
cells 22, 32, 42, but the contactor included in the present invention is
not |im tphase whiclrsjeat inhisbactshapeghiniersegt cwithseach aher adgereuslys he
partition wall as in _the above exanples. For_ exanple, the present invention
i ncl udes eomparedt with ra whquid-liguid eontagpor 120 hdeseribed bine Bagkground
individual |y created .and_Jiqujd fl oqw openings, 52 and gas flqw opepi ngs 51
of the neill ghbaelogy wsingsFi 2’3 and thus it lémﬁ@amlacre@éeﬁksﬁml qBithes

Ceonect Ve et 1 st pusot oo ernp sl o0l

Lhe " cont et o Snoun Ln £ 8 S8 80 il 2P B RRLIRH it W Radt  ©
and to increase a mass transfer rate, so that extraction efficiency can be
enhanced. Further, since the heavy liquid (or the light liquid) is injected in

10 the shape of sheet unlike in the conventional injection of a liquid pillar shape,
the size of the generated liquid drop and the drop diameter become more
uniform and generation of a minute liquid drop can be restrained, so that a
flooding velocity, for example, can be improved.

[0078]

15 Hereinabove, in the contactors 1, 1a described in the first and second
embodiments, there is exemplified one in which the inside of the cylindrical
column is divided by partition walls constituted with the vertical wall 10 and
the horizontal walls 21, 31, 41 to form a plurality of cells 22, 32, 42, but the
contactor included in the present invention is not limited to the one in which

20 neighboring cells 22, 32, 42 share the partition wall as in the above examples.
For example, the present invention includes a contactor in which cells 22, 32,
42 having cubic shapes are individually created and liquid flow openings 52
and gas flow openings 51 of the neighboring cells 22, 32, 42 are connected to
each other by pipes respectively to be on different stages.

25 [Working Example]

[0079]



As a main body of the gas-liquid contactor 1, there is used a transparent
cylindrical pipe nmade of polyvinyl chloride which has a colum dianeter of
210 mm and a height of 1200 mm and cells 22, 32, 42 are forned using
partition walls (a vertical wall 10, horizontal walls 21, 31) made of 10
stainless steel (SUS304). Heights of the respective cells 22,32, 42 are 200
mnm and the inside of the cylindrical pi Is divided so that three cel

lines of five stacked stages are arranggd in a lateral direction. Side
surfaces of the respective cells 22, 32, 42 have al nost the sane
constitution as that shown in Fig. 3B, a height in a longitudinal direction

of aslit of a (Eﬁ}?@ﬁn{eln(pw)openi ng 15 52 being 3 mmand a height in the
| ongi tudi nal direction of a slit of a gas flow opening 51 being 10 mm

[0080] To the Ab@us-litpsidr cbathcyes Having daleesstatheosaie wohstinitior esf them a
liquid feed section 11 and air is fed froma gas feed section 13, and then,
the 20 watentaztor slkewniin Rige 83ubnddiigd 8B wasunaaufactured andr state of gas-
(Working Exanple 1) Air is fed at a superficial velocity of 0.5 nls and a
super f i ci Hquitcontacyingf wastoheckedvaried to be 0.5 cm's, 1.0 cmis and 1.5
cm's. (Wrking Exanple 2) Wth a superficial velocity of air being 1.0 m's,
25 a syperfici aA.Experimgnt#l Metlod i s vari ed under the sane condition as in
Working Exanple 1. 42 (Wirkjng Exanple 3) Wth a superficjial velocity of
air being 1.5 nAS, aamaiseiady 0f the ogasyiqudvgontacter vhr thereudseusehe sane

O sbrent B e b bdes 2R ey S
aqueous SglLULLON 3 1 ufn B & hbtisht of 1200 mm, and cells 22, 32, 42 are formed
using partition walls (a vertical wall 10, horizontal walls 21, 31) made of
10 stainless steel (SUS304). Heights of the respective cells 22,32, 42 are 200
mm and the inside of the cylindrical pipe is divided so that three cell lines of
five stacked stages are arranged in a lateral direction. Side surfaces of the
respective cells 22, 32, 42 have almost the same constitution as that shown in
Fig. 3B, a height in a longitudinal direction of a slit of a liquid flow opening
15 52 being 3 mm and a height in the longitudinal direction of a slit of a gas
flow opening 51 being 10 mm.
[0080]
To the above-described gas-liquid contactor 1, water is fed from a
liquid feed section 11 and air is fed from a gas feed section 13, and then, the
20 water and the air are subjected to countercurrent contacting.
(Working Example 1) Air is fed at a superficial velocity of 0.5 m/s
and a superficial velocity of water is varied to be 0.5 cm/s, 1.0 cm/s and 1.5
cm/s.
(Working Example 2) With a superficial velocity of air being 1.0 m/s,

25 a superficial velocity of water is varied under the same condition as in

Working Example 1.



aqueous solution is fed instead of water and a superficial velocity is
varied to be 0.5 cm's, 1.0 cnis and 1.5 cm's. (Wrking Exanple 5) Wth a
superficial velocity of air being 1.0 nfs, a mnute anount of surface
active agent TRITON X-100 is mxed into water 10 (5 ng/L) to use a
spar kl i ng agueous solution instead of water and a superficial velocity is
varied to be 0.5 cms, 1.0 cms and 1.5.cnfs. [00811 B. Experinental
Results According to visual observationresults of a gas-liquid state, it is
15 confirnmed that under any condition of (Wrking Exanple 1) to (Wrking
Exanple 3), water becones liquid drops and di spersed in the respective cells
22, 32 and is t(WoekingExarypde 3)Witlr asupegfisiabvedecity of @inbeirg 415 th/ppol in
a residence section 53. It is also confirnmed that no foam ng occurs in

(Wor ki ng &cuperficiyl selboitwofi watex aspvaried . uniem the gsasné scatidifiensas 10 i nt o
a | ow concentration ethanol aqueous solution or a m nute anount of aqueous
sol uti on Wrrking fixampleal.| anount of surface active agent, a foam layer is

Gas-1 fquid cont@Werkin Rxammlay) Mg supsciiciad vel oo G 0B MEpoma! b b avs,
55 ga6 act 1AW ROngeRUaripnahapWErs) GhMah adiicous WUREER BES FBARINE | ayor
or ocoss! raAURPUS SRR 15, fethinFiea oy WAL TIORGOS SRFiRSH 2)
are proviBef-3 AmS LR adIS 6BV8na hori zontal wells 21, 31 and a gas
(Working Example 5) With a superficial velocity of air being 1.0 m/s,
a minute amount of surface active agent TRITON X-100 is mixed into water
10 (5 mg/L) to use a sparkling aqueous solution instead of water and a
superficial velocity is varied to be 0.5 cm/s, 1.0 cm/s and 1.5 cm/s.
[0081]
B. Experimental Results
According to visual observation results of a gas-liquid state, it is
15 confirmed that under any condition of (Working Example 1) to (Working
Example 3), water becomes liquid drops and dispersed in the respective cells
22, 32 and is thereafter separated from a gas phase to form a liquid pool in a
residence section 53. It is also confirmed that no foaming occurs in
(Working Example 4) and (Working Example 5). When a gas is dispersed
20 into a low concentration ethanol aqueous solution or a minute amount of
aqueous solution including a small amount of surface active agent, a foam
layer is generated in an upper section of the liquid, and foaming occurs in
gas-liquid contacting in a tray column, causing a problem of reduced
processing capability. However, when the liquid drops are dispersed into the

25 gas as in the present example, foaming can be evaded and no foaming layer is

generated, so that an effect can be obtained that reduction of processing



flow opening 51 is provided at a position inmmedi ately below the liquid flow
opening 52 of the vertical wall 10 side, and cells 22, 32 of two |lines were
manuf actured (Fig. 23) to be incorporated into an existing distillation
colum to performa distillation test and a stripping test. 10 A
Experinmental Method The distillation colum has a columm inside dianeter of
198 mm and a height of 3300 mm and cells 22, 32 in two |ines-seven stages
(fourteen stages in total) are installed. The respective cells 22, 32 have
a height of 400 mm the gas flow opening 51 has a wwdth of 20 mm and the
liquid fl ow 15 openings 52 are two lines of 3 MfMmwide slits in the

hori zont abapﬁiility’iw fd&hﬁgg ilsip}€$eﬁfed3 mmwi de slits in the vertical wall.
The distillation colum has a reboiler 62 in a colum bottom secti on and a

condenser 61 in[@)82] uim top section. [0083] 20 First, the distillation
test is perfornmed under a total reflux condition, wusing a m xed solution of
et hyl benzene anExp¢mmen¢é2)ene. Next, a mixture of ethyl benzene and

chl orobenzene are fed to a colum top of the distillation colum, with feed
rate and tenper Similarkyfta irethe ebostiarntiare sheiwmgin: Figug@dliquidk flow iopeinings est

is performed without reflux. In 25 both experiments, vapor fromthe col um
top i s5inbp2arecpovidedin a yetidealewalls10tand bopizontalewallse2 bt 3drand mogaeri c
pressure. 44 (\Worki ga Exanpl, g) After, a nj xed sol g&i on of et hyl benzene and

t

chl or obenflene opgnirg gitis proyided at @ pesikipnpsnmediately bebowthe laquist Hew
G ot 11 a1 PBRRE Barol Baf tverenloba 405si0en Bndoceli 22030t PArveD GG h
reboi ler ?rijafnlu actluirgclf i(lc~1ilcgt,).ei.ﬂgtor é%‘rﬁcr]()er%(}rgtetdhﬁlto an existing distillation column
to perform a distillation test and a stripping test.
10 A. Experimental Method

The distillation column has a column inside diameter of 198 mm and
a height of 3300 mm, and cells 22, 32 in two lines-seven stages (fourteen
stages in total) are installed. The respective cells 22, 32 have a height of 400
mm, the gas flow opening 51 has a width of 20 mm, and the liquid flow

15 openings 52 are two lines of 3 mm wide slits in the horizontal wall and three
lines of 3 mm wide slits in the vertical wall. The distillation column has a
reboiler 62 in a column bottom section and a condenser 61 in a column top
section.

[0083]

20 First, the distillation test is performed under a total reflux condition,
using a mixed solution of ethylbenzene and chlorobenzene.

Next, a mixture of ethylbenzene and chlorobenzene are fed to a
column top of the distillation column, with feed rate and temperature of the
reboiler 62 being changed, the stripping test is performed without reflux. In

25 both experiments, vapor from the column top is introduced to the condenser

61 to keep a pressure at an atmospheric pressure.



colum bottom a tenperature of a colum bottomliquid is raised to a
predeterm ned tenperature. Vapor flow ng out of the colum top is

i ntroduced to the condenser 61, and after being cooled and |iquefied, al
the distillate liquid is flew back to the colum top. The pressure of the
condenser 10 61 is kept at the atnospheric pressure, and after respective

liquid tenperatures at a reboiler outlgt, the colum bottom and the col um
top, and flow rate of reflux beconme cohstant, sanples are taken from col umm
top liquid and colum bottom|iquid and anal yzed by a gas chronmat ogram

Measured results of the colum top liquid and the colum bottomliquid 15

when reachi ng a(Wfdi‘Hﬁ)%Eb(ah@le% )shown in Table 1. (Wrking Exanple 7) A
m xed sol ution of ethyl benzene and chl orobenzene (a nole fraction of

et hyl benzene | sA@I@?@mmédasotuhenfoﬁethydbenzembndcﬂidoz@bmzmeo(dswe)ighs
continuously fed to a colum top of a stripping colum and the all anount of

20 a di stfrattiba of gthylbenzenesdb).§6dahd amweight draction of chrldrebénednemis i qui d
is discharged fromthe colum bottom After reaching a st eady st at e,
sanpl es  @u5®)tisipreparedninaa column bostoriafithe distillationl aotnmmtpastith erqof & and
anal yzed by a &1 S chrorrat ogram A measured result is shown in Table 2.
(Workisng sentripl thegiebpilead 2 ranchwith amgbeileaioutlet diquidrbeipgi retumred to the
et hyl benzene is 0.426 and a nole fr ct | on of chl orobfjnze e.is 0. 374) fed to
the stri pp@hgne bekam,sa 4ﬁ3mp¢ranér&s tbeftomy, wmsp
about 17% and an operation is rmd{@f/ I he sa sqjmahg io take data A
neasured P ?rmgleéjhéﬁﬂlﬁqatufﬁbl e VAPOL TAIWING Qs Qlr dRENCOIUMA @Rel%it i on
results V\lbnrtﬁcl)(i'@ce(f( ?on?he condenser 61, and after being cooled and liquefied, all the
distillate liquid is flew back to the column top. The pressure of the condenser
10 61 is kept at the atmospheric pressure, and after respective liquid
temperatures at a reboiler outlet, the column bottom and the column top, and
flow rate of reflux become constant, samples are taken from column top
liquid and column bottom liquid and analyzed by a gas chromatogram.
Measured results of the column top liquid and the column bottom liquid
15 when reaching a steady state is shown in Table 1.
(Working Example 7)
A mixed solution of ethylbenzene and chlorobenzene (a mole fraction
of ethylbenzene is 0.379 and a mole fraction of chlorobenzene is 0.621) is
continuously fed to a column top of a stripping column and the all amount of
20 a distillate liquid is discharged from the column top and a bottom liquid is
discharged from the column bottom. After reaching a steady state, samples
are taken from a column top liquid and a column bottom liquid and analyzed
by a gas chromatogram. A measured result is shown in Table 2
(Working Example 8)
25 An amount of material (a mole fraction of ethylbenzene is 0.426 and a

mole fraction of chlorobenzene is 0.574) fed to the stripping column is



Mass flow rate Reflux kg/h 261 Tenperature Reflux inlet C 99.7 Colum top C
133.0 Columm bottom C 136.5 Reboiler outlet C 137.4 Conposition Col um
top Chl orobenzene nol fr. 0.655 Ethylbenzene nol fr. 0.345 Colum bottom
Chl orobenzene nol fr. 0.456 Ethyl benzene nol fr. 0.544 Theoretical stage
nunber - 6.9 Overall cell efficiency %49 5 (Table 2) Measurenent item
Operation results Wrking Wrking exanplg 7 exanple 8 Mss flow rate
Reflux kg/h 0 O Feed kg/h 260 305 Distillate kg/h 253 238 Bottons kg/h 7
67 Tenperature Feed inlet C 100.9 99.7 Colum top C 133.2 133.4 Columm

bottom C 135.6 136, Reboi | er outlet C 136.4 136. 6 46__ Conposition Feed
increased gom that ofe Worlll(ting tExample 7 by about ?7% and an operation 1s

performed by the same method to take data. A measured result is shown in

Table 2.
(Table 1)
Measurement item, Operation results Working example 6
Mass flow rate Reflux kg/h 261
Temperature Reflux inlet °C 99.7
Column top °C 133.0
Column bottom (°C 136.5
Reboiler outlet |°C 137.4
Composition Column top
Chlorobenzene |mol fr. 0.655
Ethylbenzene |mol fr. 0.345
Column bottom
Chlorobenzene |mol fr. 0.456
Ethylbenzene |mol fr. 0.544
Theoretical stage number — 6.9
Overall cell efficiency % 49
5
(Table 2)
Measurement item, Operation results Working Working
example 7 | example 8
Mass flow rate Reflux kg/h 0 0
Feed kg/h 260 305
Distillate kg/h 253 238
Bottoms kg/h 7 67
Temperature Feed inlet °C 100.9 99.7
Column top °C 133.2 133.4
Column bottom [°C 135.6 136.0
Reboiler outlet (°C 136.4 136.6




Chl orobenzene nol fr. 0.621 0.574 Ethyl benzene nolfr. 0.379 0.426 Col um

top Chlor

obenzene nol fr. 0.627 0.599 Ethyl benzene nol fr. 0.373 0.401

Col um bottom Chl orobenzene nol fr. 0.440 0.489 Ethyl benzene nolfr. 0.560
0.511 Theoretical stage nunber - 7 9 Overall cell efficiency %50 64

[0084] B.

(Table 1),

Experimental Results According to experinental results shown in
inthe total 5 reflux distillgion test in (Wrking Exanple 6),

since a concentration of |ow boiling chlorobenzene (132C) is high at the
columm top section and a concentration of high-boiling ethyl benzene

(136.22C) is Jhigh at the columm bottom seg¢tion, conpared with in a
conposi tion at—a—preparati-ontire,—it—i-s—fouhdthat fractiohal—di-stil ation

of both conpoﬁfemeSIéwe perfor méHeqdn the 10{distillation colum. Wen ap

outlet tenperjature of the rebmtﬁror(ﬁ,%nt&el?gﬁoﬂig and a refdyx anouiptszif om

t he condenser| 61 is 261 kg/h, & oretlcal sf age |nunber cul at ed .based
on the respective neasured con’rt’gﬂi’;‘/’ﬁ%e ‘Pﬂ * collum T(Qﬁ1d col ﬁr%g% ottom
(nmole fraction (nol fr.)) is 6.90Bmﬁgep and overall cell efficiency ip 49%
15 [0085] Furfther, according td [l t g sults sho n (Tab , in
both 47 of (\Morking Exanple 7)C§fr§gﬂc r iﬁzlj(f:;m anmplle 8), %2 concent |ro'gtjtglgpn of
| oW Ethylbenzene |mol fr. 0. 373 0.401
Column bottom
Chlorobenzene |mol fr. 0.440 0.489
Ethylbenzene |mol fr. 0.560 0.511
Theoretical stage number — 7 9
Overall cell efficiency % 50 64

10

15

[0084]
B. Experimental Results

According to experimental results shown in (Table 1), in the total
reflux distillation test in (Working Example 6), since a concentration of low-
boiling chlorobenzene (132°C) is high at the column top section and a
concentration of high-boiling ethylbenzene (136.22°C) is high at the column
bottom section, compared with in a composition at a preparation time, it is
found that fractional distillation of both components are performed in the
distillation column. When an outlet temperature of the reboiler 62 is 137.4°C
and a reflux amount from the condenser 61 is 261 kg/h, a theoretical stage
number calculated based on the respective measured compositions of the
column top and column bottom (mole fraction (mol fr.)) is 6.9 stages and
overall cell efficiency is 49%.

[0085]

Further, according to experimental results shown in (Table 2), in both



boili ng chl orobenzene in a distillate fromthe colum top is high and a
concentration of high-boiling ethyl benzene is high in a discharged |iquid
fromthe colum bottomin relation to a feed conposition of the mxed 5
solution, and it is found that stripping of a |light conponent is perforned
in the distillation colum. [0086] 1In a stripping test of (Wrking Exanple
7), when the outlet tenperature of the ygboiler 62 is kept at 136.4C and
feed rate charged to the 10 stripping colum is set at 260 kg/h, a
distillate anmount is 253 kg/h and an anount of bottoms is 7 kg/h, and

O it Bl oo oAl S S A
e oL S SphBbeded S, LSRR R PSISE ) HOMBLARELAS,,
o o B o R B BBl o N i,
Che fall Sv:f?ﬁﬁ%ﬁﬁgéﬁ?@?@&f@ﬁﬁf@ R ehsPOieaaP PEWe il
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concentrati A9 W % ch case by a m xed sol vent (hereinafter,
referred to@%s(ﬁéugg}l%nq 1ﬁo ‘et hyl acetate 80 vol % + cycl ohexane 20 vol % 25
(Conparative ExamgjoRel) As an extracting apparatus, a weir plate type
liquid-liquid extractron 48 columm 120 (Patent Docunent 3) having a

structure shown iy Fi Ostrighihg ¢8ftdof (Working Example 7), when the outlet
temperature of the reboiler 62 is kept at 136.4°C and feed rate charged to the

10 stripping column is set at 260 kg/h, a distillate amount is 253 kg/h and an
amount of bottoms is 7 kg/h, and overall cell efficiency is 50%. In a
stripping test of (Working Example 8) in which a throughput is further
increased, when an outlet temperature of the reboiler 62 is kept at 136.6°C
and feed rate charged to the stripping column is set at 305 kg/h, a distillate

15 amount is 238 kg/h and an amount of bottoms is 67 kg/h, and overall cell
efficiency is 64%. When a throughput is raised and amounts of liquid
residence in respective cells are increased, contact efficiency is enhanced.

[0087]
(Experiment 3)

20 In the following comparative example and working example, there is
performed a liquid-liquid extraction operation extracting acetic acid from an
acetic acid aqueous solution (hereinafter, referred to as a material) having a
concentration of 29 wt% in each case by a mixed solvent (hereinafter,
referred to as a solvent) of ethyl acetate 80 vol% + cyclohexane 20 vol%.

25 (Comparative Example 1)

As an extracting apparatus, a weir plate type liquid-liquid extraction



The liquid-liquid extraction colum 120 has an inside dianeter of 208 mm
and with a liquid flow path 123 opening area ratio (liquid flow path
areal/ col um cross-sectional area) of a tray 121 being 32% there are

di sposed 5 25 stages of weir plate type trays 121 havi ng four opening 124 of
25 mmx 20 mmrectangles as a dispersed phase liquid flow path, at a tray
interval of 100 mm Feed is heavy |iquidgand solvent is light Iiquid, and
with the heavy liquid being dispersed phase and solvent ratio (weight ratio
of solvent/feed) to being selected to be 2/1, liquid-Iliquid countercurrent

L 0 BT 3ol S oL
conent PR, 0 AR 0 U Sty oo
e ool SRS A B (R A
o e R O L PR O e
per f or uss @?agesc(ﬁ* \hgfr Jﬂﬁteeﬁe?ﬁ%xé‘gzﬂpﬁlﬁé YBuf BRteﬁ)r%’ \/\24 éihfcl?F‘]Saﬂnﬁ%%Ct or

| c) according an e resen I nve

Structure spoum 1 ﬁcﬁ &PHRE Uidifid at a4fAY Inteevallsf 108 of

t hree Iines-tme ve E%ay%gare @@Soﬁiéﬁe (?%eaggﬁﬁﬁ%ﬁiaving %5 an ?n3|é

di aneter of,gQ8 mm and a height of the respective cells 22, 32, 42 is 200

mm slits of a heavy |iquid opening 52 have a width of 5 nn1and 49 arranged

in two lines, andigedvigitieady Bqhidbhd!dolveat Peiphtdiqdid, andOwith the heavy

liquid being dispersed phase and solvent ratio (weight ratio of solvent/feed)

10 being selected to be 2/1, liquid-liquid countercurrent contacting is performed
at a temperature of about 20 °C under an atmospheric pressure.

When feed rate charged is 218 kg/h and solvent (acetic acid
concentration 0%) is 436 kg/h, raffinate has flow rate of 131 kg/h and an
acetic acid concentration of 2.3 wt%. A liquid-liquid equilibrium calculation

15 is performed to obtain a height equivalent to a theoretical stage (hereinafter
referred to as “HETS”), and HETS is 0.64m.

When feed and solvent are increased and at 335 kg/h for feed and 670
kg/h for solvent, a flooding occurs.

[0088]

20 (Working Example 9)

An experiment is performed using a cell type extracting apparatus (a
liquid-liquid contactor 1c¢) according to an embodiment of the present
invention which has a structure shown in Fig. 25 as an extracting apparatus.
Cells 22, 32, 42 of three lines-twelve trays are disposed in the column having

25 an inside diameter of 208 mm, and a height of the respective cells 22, 32, 42
is 200 mm, slits of a heavy liquid opening 52 have a width of 5 mm and



Condi tions except feed and solvent rates are the sane as in the conparative
exanple 1. Wen feed is 218 kg/h and sol vent (acetic acid concentration 0%
is 5 436 kg/h, raffinate has flow rate of 132 kg/h and acetic acid
concentration of 1.5 wt% A liquid-liquid equilibriumcalculation is
performed to obtain NETS, and HETS is 0.54m When feed is 335 kg/h and

sol vent (acetic acid concentration 0% ig9 670 kg/h, raffinate has flow rate
of 205 kg/h and acetic acid concentration of 10 1.2 w/a. Aliquid-liquid
equilibriumcalculation is performed to obtain a height equivalent to a

t heoretical stage, (hereinafter, referyed fo as "HETS!), and 1S i s 0.49m
When f eed dHERRERA dh W Lincsc bdseavidin ok aﬁ@kwlfﬂ&p@rﬁa& gﬁngﬁm&g/ h
for solvent, a,flooding occurs. 15 Throughputs gnd extractign efficienc
hocor di ng. 1GORMUICISEHrat iped AdApEN] TS SIGells SUBRES Wy 1R FOMPAEITHown
i n Table 3. !OOS@ (Tabl e 3) Liquid anount fed (kg/h) Extraction efficiency
Conpar ativeé L.r 1 Working exanple 9 Feed Solvent Acetic acid HETS (m

054 ‘335 670 + ~Wanclesd, §°3 B8 sl Rl SERIEHT aibic AR EBpPengaloR WRd iR, (o
are under 18 KBt RERBR I FORERE oF 130 KelnaRRfadel petd SOhCARRIGH B o
1.5 wt%. A liquid-liquid equilibrium calculation is performed to obtain
HETS, and HETS is 0.54m.
When feed is 335 kg/h and solvent (acetic acid concentration 0%) is
670 kg/h, raffinate has flow rate of 205 kg/h and acetic acid concentration of
10 1.2 wt%. A liquid-liquid equilibrium calculation is performed to obtain a
height equivalent to a theoretical stage (hereinafter, referred to as “HETS”),
and HETS is 0.49m.
When feed and solvent are increased and at 450 kg/h for feed and 900
kg/h for solvent, a flooding occurs. |
15 Throughputs and extraction efficiency according to the comparative

example 1 and the present invention are shown in Table 3.

[0089]
(Table 3)
Liquid amount fed (kg/h) Extraction efficiency
Comparative example 1 Working example 9
Feed Solvent Aceticacid  HETS (m) Acetic acid  HETS (m)
extracted (%) extracted (%)

218 436 95.2 0.64 96.9 0.54
335 670 * * 97.5 0.49
450 900 * *

*) Flooding Occurs

20 According to experimental results shown in (Table 3), in a case that

liquid amounts fed are under the same condition (218 kg/h for feed, 436 kg/h



50 for solvent), when conparing results of extraction exam nations of the
weir plate type liquid-liquid extraction colum 120 of (Conparative Exanple
1) and the cell type liquid-liquid extraction colum |c of (Wrking Exanple
9), a value of HETS in (Wrking Exanple 9) is snmaller than that in 5
(Conparative Exanple 1) by about 15.6% and extraction efficiency is better.
Further, with a liquid amunt fed (335 kghh for feed, 670 kg/h for the
solvent) wth which the flooding occurs in (Conparative Exanple 1), an
extraction operation is possible without incurring flooding in (Wrking
Example 9)..10 51 CLAIMS: 1. A contactor |n which an upflow fluid being a
gas is fed o selyentdathenygempaping seulisnob gutractionexaminations o the weir

EESERERL MRS AR e U RSN DS e U

Phe Toer AGBREEEL P FiokisnBrTareaion CRIMGR oG (WTh R BRI Dhe

orm o a chuntec i SHETS it AWtk ERalsic ot ovAier ghz‘ia{%h in

i de cob S anpRENILERAMIET BEEbQRL DGR ERimelRl ARiGRYL FOGHE, e

the upper - drurgHes mylh Adbidnahe Fed (555 R S Fockl 670 Bu el e oty

par 1 o Yy A5 A 550, R OMash ERAARte ) kiacio
operation is possible without incurring flooding in (Working Example 9).

10



side than a region in which the downflow fluid resides, through the upflow
fluid flowin port the upflow fluid fromthe |ower stage side cell flow ng
into 20 the upper stage side cell. 2. The contactor according to claim1,
wherein the downflow fluid injection hole is provided with a first shutter
opening and closing in correspondence with an anount of the downflow fluid
bl ocked by the partition wall, in order tsq prevent the upflow fluid flow ng
in 25 the |l ower stage side cell fromflowing into the upper stage side cel
via the downflow fluid injection hole. 52 3. The contactor according to
claim2, wherein the first shutter is ﬁrovided in a flowout side of the
downflow fluid injection hole in a MY be cl osed by being biased by a
first biasing neans, and is opened against a bias of the first biasing
means by a pressure 5 fromthe dOMﬂf|Ole|uid residing in the upper stage

side cell. 4. The, contactor, according t wherein t ownflow fluid
inj ection hble i SAfQAAetod mntleh a8 Q‘é(cﬁua g?% a gap|1s igacﬁ!?ﬁbaf lpper
shutter is constituted to u et wee adwn ition to close
the downf | GHARE(10 & CORRE gpg’r&ﬂﬂ”aﬁu@p BUIS @ ligu ﬁ“’e‘ﬁ%ﬁ%% WRRGAT | ow
fluid injecti nd an up fro e..do 0Si 1on uogyancy of the
downt 1 o 12478 S dBecrdlBmmangant fasrahd s 1R eyl Je@te‘?—?ﬁ% LRt
according t m4, wherein the dowmnflow fluid injection hole is also

provi ded |‘x§&3§ngh$%%W¥ﬁ%%g of the cell and the first shutter is
curace at the adig Vi AOHTURY A iBeed of PLE dbCR MahAsl eha fhd HRE, o1
the first sGUbLefidBaciP aRdOUR fOwEP RS U RIChEIEHENidd' edch thkf along
flow paths of the upflow fluid and the downflow fluid are on different stages,
10 the cell forming a countercurrent contacting space of the upflow fluid and the
downflow fluid;
separating the upper stage side cell and the lower stage side cell by a
partition wall; and
providing, in the partition wall of the respective stages, a downflow
15 fluid injection hole in a lower part of the upper stage side cell so that the
downflow fluid blocked by the partition wall and residing injects into the
lower stage side cell, and providing an upflow fluid flow-in port in an upper
side than a region in which the downflow fluid resides, through the upflow
fluid flow-in port the upflow fluid from the lower stage side cell flowing into
20 the upper stage side cell.
2. The contactor according to claim 1, wherein
the downflow fluid injection hole is provided with a first shutter
opening and closing in correspondence with an amount of the downflow fluid
blocked by the partition wall, in order to prevent the upflow fluid flowing in
25 the lower stage side cell from flowing into the upper stage side cell via the

downflow fluid injection hole.



direction toward the upper stage side cell. 7. The contactor according to
claim1, wherein 20 the upflow fluid flowin port is provided with a second
shutter opening and closing a part of the upflow fluid flowin port in
correspondence wth a pressure of the upflow fluid flow ng fromthe | ower
stage side cell into the upper stage side cell. 8. The contactor according
to claim7, wherein 25 the second shutters2is provided in a flow out side of
the upflow fluid flowin port in a manner to be cl osed by being biased by a
second biasing 53 neans, and is opened against a bias of the second biasing

means by a , pressuyre fromthe upflow flui.d. .9. A contactor in which an
upfl ow 1 uidt bei ﬁé‘%cpn@?pﬂr e ré&ng‘bﬁfadm PoWEI® t in a colum and a

e SR R LT Reniob s FEshe Shifiofiutd
Dppor st agabstins b Saa ToAaner (8 bel chieds Pucbeioe bisdedBh A tgst BitsiEhe:
along flow paths of .the upflow.fl.uid.and ﬁeédoEnl‘lbtlow fluid gre on
difTeren smlﬁa{a%, ani) i ﬂpeeémaafafﬁm i85 BE e st Braiiie caifedn B g
o1 "and t HEoth s v P HRHA reriding Yh the TPBRE PRt e e ovid o, i

the partit i4)n mL@*}?Egﬁl{ﬁ%ﬁQF%ﬁ‘%@ﬁt@E&qﬁfl a,h%?(\é\m‘ low 15 fluid injection

hole in a | ower age si1de’ celT " so that the downflow
e 110 | S TR, AT R o
cell, and the first shutter is constituted to move up and down between a down
position to close the downflow fluid injection hole and an up position to open
10 the downflow fluid injection hole and moves up from the down position by
buoyancy of the downflow fluid residing in the upper stage side cell.
5. The contactor according to claim 4, wherein
the downflow fluid injection hole is also provided in a bottom surface
of the cell and the first shutter is constituted to close the downflow fluid
15 injection hole of the bottom surface at the down position.
6. The contactor according to claim 4, wherein
the first shutter has a buoyancy compensator protruding in a lateral
direction toward the upper stage side cell.
7. The contactor according to claim 1, wherein
20 the upflow fluid flow-in port is provided with a second shutter
opening and closing a part of the upflow fluid flow-in port in correspondence
with a pressure of the upflow fluid flowing from the lower stage side cell into
the upper stage side cell.
8. The contactor according to claim 7, wherein

25 the second shutter is provided in a flow-out side of the upflow fluid

flow-in port in a manner to be closed by being biased by a second biasing



port in an upper side than the downflow fluid injection hole, through the
upflow fluid flowin port the upflow fluid fromthe | ower stage side cel

20 flowi ng by its buoyancy into the upper stage side cell. 10. The contactor
according to claim1 or claim9, wherein the upper stage side cell and the

| ower stage side cell are in a positional relationship in which parts

t hereof are stacked above and bel ow eachk3other, and 25 the injection hole
of the downflow fluid is provided at least in one of a |ower side surface
and a bottom surface of the upper stage side cell. 54 11. The contactor
according to clain1é or claim9, wherein the iﬁjection hol e of the downfl ow
fluid is consans,upBd i§ opered| againskiafianOf the sepondybiasipgcmegpsobyaa

| ongi tudi nal direction.or hgle e%&ions nunerously arranged in a | ateral
direction JTESSYISHEPRYtheap GWQE‘% :on. 5 12. The contactor according to

Conet et 4 SHBEGHTLGPHEDH dp e e RFabE] R P oot

t hé;ﬁé'n&“t el et iice %“i‘:r%‘és”ﬁfﬁféidéxmﬁ&?ﬁﬁ% Sty AoliABRLR, A o 8 hm
9, i J i . .

o1 iherain dihdt Ak BF. M, CBRGR. ahdouiotouid SRR FRuRR AR SIbE ot e
fluid bei n%&th%%ﬁtzcﬁgcﬁégﬁ&nP}@g% part in a colum and a downfl ow

fluid being a an r part of the colum and the |iquid
A e T e L et
side cell aqigdoé NGdé VI anlogfe FWer SEide SRISRBA™ héigheRTheLeAEh GthePGlong
flow paths of the upflow fluid and the downflow fluid are on different stages,
10 the cell forming a countercurrent contacting space of the upflow fluid and the
downflow fluid;
separating the upper stage side cell and the lower stage side cell by a
partition wall; and
providing, in the partition wall of the respective stages, a downflow
15 fluid injection hole in a lower part of the upper stage side cell so that the
downflow fluid residing in the upper stage side cell injects by its potential
energy into the lower stage side cell, and providing an upflow fluid flow-in
port in an upper side than the downflow fluid injection hole, through the
upflow fluid flow-in port the upflow fluid from the lower stage side cell
20 flowing by its buoyancy into the upper stage side cell.
10.  The contactor according to claim 1 or claim 9, wherein
the upper stage side cell and the lower stage side cell are in a
positional relationship in which parts thereof are stacked above and below
each other, and
25 the injection hole of the downflow fluid is provided at least in one of

a lower side surface and a bottom surface of the upper stage side cell.



flow paths of the upflow fluid and the downflow fluid are on different
stages, the cell formng a countercurrent contacting space of the upflow
fluid and the 20 downflow fluid; separating the upper stage side cell and
the | ower stage side cell by a partition wall; and providing, in the
partition wall of the respective stages, an upflow fluid injection hole in
an upper part of the |lower stage side celsh so that the 25 upflow fluid

residing in the lower stage side cell injects by its buoyancy into the upper
stage side cell, and providing in a |ower side than the upflow fluid 55
I nj ection ho]Le a downflow fluid flowin pori) t hroug \gaiich_the downf | ow
fluid fromkhe u cen@g@rsaqf@rémg te ckyum y)riqlgmp, ¢r&M energy into the

I i d ). 15. Th dj | ai 4, in 5
the upper ot age. dhaeIierionRplenst IBaesoRRIey BRI igiqormtguies! atbchistit onal
hnd-tha s ny SR, i of BitealdiaeRan i a: lonestiguaal dischion gt 30le Se6HeRsr o
TP e cortulbeRsLE At ind BeitihdiiccdinbbR JORRELARAM SR e of tn
16. The co / l e of the
fl Ui . . : . di . | di .

T ou 5L ot = (P bbbk MddbaBigld b SRRl BB & et ion o
to ol aim 14 wherbEdn B0 AR AGY fhid SopsfimEh i §fif Skeefifg ! "o
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the 1 ongit udiiddedid fifd Ia€ral direction or the longitudinal direction.

13.  The contactor according to claim 1 or claim 9, wherein
10 a bottom surface of the cell is sloped to be lower toward the injection
hole provide to the cell.

14. A contactor in which an upflow fluid being a liquid is fed from a
lower part in a column and a downflow fluid being a liquid is fed from an
upper part of the column and the liquid and the liquid are subjected to
15 countercurrent contacting, comprising;:
providing a plurality of stages of cells in a manner that the upper
stage side cell and the lower stage side cell neighboring each other along
flow paths of the upflow fluid and the downflow fluid are on different stages,
the cell forming a countercurrent contacting space of the upflow fluid and the
20 downflow fluid;
separating the upper stage side cell and the lower stage side cell by a
partition wall; and
providing, in the partition wall of the respective stages, an upflow
fluid injection hole in an upper part of the lower stage side cell so that the
25 upflow fluid residing in the lower stage side cell injects by its buoyancy into

the upper stage side cell, and providing in a lower side than the upflow fluid



18. The contactor according to claiml1l or claim9 or claim 14, wherein a
plurality-of cell lines in which the nunerous cells are disposed in 20 one
line longitudinally are disposed, and the cell belonging to each cell |ine
and the cell of the cell |ine neighboring that cell line are disposed on
different stages. 19. The contactor according to claim 18, wherein the
respective cell lines are arranged |latersd§ly along one direction. 25 20.
The contactor according to claim 18, wherein the contactor is forned to have
a cylindrical shape and the respective 56 <cells are arranged concentrically

laterally. injection hole a downflow fluid flow-in port through which the downflow

fluid from the upper stage side cell flows by its potential energy into the
lower stage side cell.
15.  The contactor according to claim 14, wherein
5 the upper stage side cell and the lower stage side cell are in a
positional relationship in which parts thereof are stacked above and below
each other, and
the injection hole of the upflow fluid is provided at least in one of an
upper side surface and a ceiling surface of the upper stage side cell.
10 16. The contactor according to claim 14, wherein
the injection hole of the upflow fluid is constituted with a slit
extending in a lateral direction or a longitudinal direction or hole sections
numerously arranged in the lateral direction or the longitudinal direction.
17.  The contactor according to claim 14, wherein
15 the flow-in port of the downflow fluid is constituted with a slit
extending in a lateral direction or a longitudinal direction or hole sections
numerously arranged in the lateral direction or the longitudinal direction.
18.  The contactor according to claim 1 or claim 9 or claim14, wherein
a plurality of cell lines in which the numerous cells are disposed in
20 one line longitudinally are disposed, and the cell belonging to each cell line
and the cell of the cell line neighboring that cell line are disposed on different
stages.
19.  The contactor according to claim 18, wherein
the respective cell lines are arranged laterally along one direction.
75  20. The contactor according to claim 18, wherein

the contactor is formed to have a cylindrical shape and the respective



56

cells are arranged concentrically laterally.



