1 DESCRI PTI ON CONTACTOR 5 Technical Field [0001] The present invention
relates to a contactor to performagas-liquid contacting such as absorption,
stripping and distillation, liquid-liquid contacting such as extraction,
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 petrochem stry, 15

there are adopted many processes such agq absorption, stripping,
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Technical Field

[0001]

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

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,
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
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
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

an eéUﬁ'ﬁ&(?’T‘di?' um in which two fluids in



contact each other in the colum to progress nmass transfer on an interface
between the fluids, and a distillation columm in which tenperature gradi ent
is 25 given in a direction of a height of the colum and separation and
purification of a substance is performed by using vapor-liquid equilibrium
are equipnments 2 broadly adopted in those processes. [0003]

Cenerally, the contactor is provided wigh a nmechanismto enhance efficiency
of mass transfer by dispersing two flui'ds 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 vitreadhi adoptedoinahose protygyes. of gas-1iquid contactors, for exanple,
are (1) a spray colum or a jet scrubber in which aliquidis fed into the
colum in a |i§0003§irop state by using a pressure punp and the |ike and the
10 liquid drops are dispersed into a gas phase, a bubble colum in which
bubbl es are di penerallyi the ¢dntactiruim provfcbul with aa mhéchandsmhts esnhanicea
packed colum in which a liquid is made to flowin a liquid filmstate on a
surface effigignoykefimassdrangier byadispersing dviauflvids vegkwell ipto- ¢aciupther
contacting interface large, (3) a tray colum in which trays making ,a liquid
flowi fig 16 wgke arcamackter at&ﬂrrp’rm(gr‘{argﬂuseﬁ}’m ohGUBACks %fﬁs]dwédnat a
predet erm ned i nterval d hubhbl es. are di spersed into a |iqui hase

resi di ng C@ﬁrqsn@ndﬁayem‘}ﬁ@gﬁluagwﬁﬁbt%gew Wl dPléaﬂ?rWP%éppﬁeaagﬁmeay,
and so on. [0004] Amang those gas-liquid gontactar,s, the types such as the
spray 20 SUENAVIGHPAIRD HmOBBTaI rbes: of gAsdIAUlHEantaciar SFeXampiRbl o

Advant a02r i) & BrepcAnant St dobseriber. i achna Haud & feddite Wempar e
iU Lt e BHEG SR T Lng hresie Sl End Thi Sk im0V ¢
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



conparatively short and the theoretical stage nunber in the whole colum is
25 equivalent to only one or two. Therefore, in order to obtain a high
absorption efficiency or stripping efficiency in, for exanple, the
absorption colum or 3 stripping colum, a special equipnment constitution
such as meking an equi pnent multi-staged by connecting a plurality of
contactors in series, and there is a problemfroma vi ewoint of
conplication of the equi pment or cost i#&crease. 5[0005] In contrast,
in the packed colum or the tray columm, a theoretical stage nunber of the
contactor can be designed conparatively freely by increasing/decreasing a
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bubbl e sur ein e sald that ’iquidis
in a wellides E’@égﬁgbférﬁtt?o 6%1111089@8 R:ah*b%t of thé Bgﬁﬂhﬁ@ﬁp eepst has
been studi ed. Be in the tra col um, nce a contac anismin

whi ch bubblepsaser € di spersed into the I|qU|d phase is 15 adopted there is a
probl em that a foam ng phenonenon, that is, foam ng of the liquid phase

reducisng a thr t or processing efficiency, narrows an operational range
(an anount of a gas/liquid fed or a feeding proportion, kinds of processable

fluid) of the denceatrast, IOORS]pazkedr eolunm Rat i u%cwbnhn;,a tHewretical
descri bed a technology in which, as shown in Fig. 2 in as-liquid

cont act orstifé wimberraf thel contacipe,capadd |dq:elgha:bmapanag1 pireébyr ad
while a liquid flow ng down and a gas flow ng in the columm are nmade to
fl ow par aince¢dsingtdeareasing cepacked t1of thc tplaoked aobjecteor ldovestua] tray

obj ect of the present technology is to 25 devel op a conpact contactor which
can be dinywbed i doweyers cwonsidening, aame¢hanism Gﬂj gasedquis feontaetingnhance
a di spersion state of a gas and a_liquid. 4 [ 000 I n Pat ent Documnent
2, there ¢@ta@§ng|cu‘étimga%@ndoth@gbqutd whimginly peafcgmﬁd ;7] @uefacglfyﬁ the
reaction golu 110 of a pac edclurn:ttg{gel as, shown in Fig. 2%

di vi di ng iguid fidmyer om arubhble. suriacein 1hg jquid phase apd it srannet be shid

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.



5 110 into a plurality of cells 111 in which a hydrophobic catalyst is
packed, drift of a liquid flow due to usage of a hydrophobic catalysis 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 direction) crossing a direction (a
vertical direction) of 10 aliquid flow and a gas flowto formthe liquid

fl ow depending on the waveform a conta#t area of the gas flow and the
liquid flowis nmade | arge. The present technology has a constitution simlar
to that of an enbodi nent of the present invention described later in that

t he inside of g@g lum is divided into a plurality of cells, but in the
mechani sm of ¢ -P?guid contacting, 15 a gas and a liquid is made to contact

each ot her on arsPafeie DECuiht 1, fhérd [d acHbelPtethifioltly i WHiRRS iffa t he

cell 111, and nothing is descri ut a technology to disperse a liqui

in a gas %@gguid RakYtiE 4ehd8on dlubih ﬂl@m_ﬁ ckedadldmn g};ﬂgé‘, &PBha®i N9,

t he prese I nventor has devel oped a liquid-liquid cont or 120 in

whi ch, asinsM26B) By dividing 2he lingidei dfthef gds-Hyaid 2atalyec Reastior ¢oldmnhe
liquid-liquid contactor 120 for nmaking a heavy liquid (H) that flows down

and asl i ghtQ linuadpllkalityhaf cellevisl Liinowhicich lepdiopbiobée capelyst &f pabked) ay
121 being cut out to nmake a flow path 123 for the heavy liquid and the |ight
l'i quid, alriftaofvailiqpidatiow2ie2to ershgedifng hyadrophabliy cdtalyesar spfevented. end
part of the flow path 123 side of each tray 121 is provided (Patent Document
3). Thi s kwithenithere i®deseribad @ techaedogy tin whidyeas slyowndin Higl 26C;, diyt
liquid (L3) blocked by the weir plate 122 and tenporarily residing bel owthe
tray 121 formisgoat wahl surfacespéteadhh celhdrlilzantala dvaeeforon ripphingi i tthe
opening 124, and is dispersed into the heavy liquid (H) by becom ng |igquid
drops ( LAjirestien {adwrizantak direction) seossing 4 directjond a( ¥grtfcabwiragtiwsinof
whereby both the |iquids can be effectively nade to contact each other. For
such 18 t et Hignidgflow hengragast Tiaw ctex dorml the Jrapide flowi depensiagopnethe of a

technol ogy to_further inprove a dispersjon state of heayy and lighf |iquids
in the |ivyavelomya gontattaearof the gas: B e 1qm3ﬁ9wn@sm¢%t ge.

Applicatipp, lf)%cias(,jén%gghnl\lgl'og%foggs- 3 2008t itutior sihilar 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



par agraph 0010, Fig. 1 [Patent Docunent 2] Japanese Patent Application
Lai d-open No. 2000-254402: paragraphs 0015 to 0020, Fig. 1, Fig. 4 15[ Patent

Docunent 3] Japanese Patent Application Laid-open No. Hei 7-80283:
par agr aphs 0017 to 0019, paragraph 0032, Fig. 5 Disclosure of the Invention
20[ 0009] The present invention is made under such circunstances, and

its object is to provide a contactor capable of making fluids of two phases
contact each other under a good dispersPon state and which can be easily
mul ti-staged. 25[0010] According to the present invention, a contactor in
which an upflow 6 fluid being a gas is fed froma lower part in a colum
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stages, the cell formng a countercurrent contacting space of the upflow
fluid andhédigy dijid! (@Y byubétoming licbuid dripy AL))NBy tdheheapstress demstlee cel |
and the | ower stage si'de cell by a 10 partition wall; and provi di ng,
in the pati¢dvy diquidi(H)oflowiagrdewas whereby dusth, the Hquidd oan fBeueffectiyebt i on
hole in a | ower part of the upper stage side cell so that the downflow fluid
bl ocked bmatbeopsoritact eachvatheranBor sachiantgchnpbogys, thetpresbnt irwattos abge si de
cell, and providing an upflow fluid flowin port in an upper 15 side than a
regi on i npraveeds twithddewel bpmefnt iofda rtechnelogyt to dutthet improveavdispsrdidn ow-i n
port the upflow fluid fromthe | ower stage side cell flowng into the upper
st age si dstateedf heavy and light liquids in the liquid-liquid contactor.

vt

[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



[ 0011] According to another invention, a contactor in which an upflow fluid
20 being a liquidis fed froma lower part in a colum and a downflow fluid
being a liquid is fed froman upper part of the colum 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 | ower stage side cell neighboring each other along 25 fl ow paths of the
upflow fluid and the downflow fluid arebon different stages, the cel
form ng a countercurrent contacting space of the upflow fluid and the 7
downf |l ow fl ui d; separating the upper stage side cell and the | ower
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cel I and)giRyad Sbjebtedld WirkttsiréAUoRCARRinb[hRR: upper si de than the

downfl ow flurd injecCtion , through the upffow fluid flowin port the

upflow fluid fromvidingd awpluralitg o segesedbl cellsfinow Amneri that ktheyapper i nto
t he upper stageﬂ?i de cgeI\IA.P [00?%] f#g According to yet another i%gntion,

a contsactgtage rsidbi @il andutid dowet Wtagdaide cell neighbaring ashchr other alomMy part

in a colum and a downflow fluid being a liquid is fed froman upper part of

t he col unfioangatheof theunpflendfiiiand the dlowinfloe Auid ac¢ ed differennstages) r ent
contacting includes: providing a plurality of stages of cells in a

manner t hikie ¢eibfoymitrg a cagatericderent Icontacting sphcsef tise agélosi dhuidedrid the
nei ghbori ng each other along flow paths of the upflow fluid and the downfl ow
fluid ar edownfliow ¢had; stages, the cell forming a countercurrent contacting
space of the upgelpca)l\;vagirllgitﬂeauri)oll)etrhs%age 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



20 downf |l ow fl ui d; 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 | ower stage side cell so that the 25 upflow fluid residing in the | ower
stage side cell injects by its buoyancy into the upper stage side cell, and
providing in a lower side than the upflow fluid 8 injection hole a downfl ow
fluid flowin port through which the dotnflow fluid fromthe upper stage
side cell flows by its potential energy into the | ower stage side cell.

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

I nj ectiorhdwhﬂ whu??y be constituted that the upper stage side cell and the
| ower stage S|8e celT> are in a positional relationship in which parts

thereof are st agkarhiilioVie MpfebSl L sde'val Bl dRdolia! s sidé Bl B a0l e

of the downfl ow n at least one of a S faace
and a lo itiom wyllf gﬁg of the upper stage side cell, while in the contactor
having the upflow fluid injection hole, the upper stage side cell and the

| ower stage si (iﬁovﬁlihgﬁniﬁ the dpmi@icﬁpwatll ofahe RIspective Ritdods) avdooh gt
t hereof are stacked above and bel ow each other, and the injection hole of
the upgf!| dhuid injdction lslepimai kaderpattcof theongpmdr stagepside célligosthdtate and a

ceiling surface of the 15 | ower stage side cell. It is preferable that the
i nj ecti orddwhfowf fhiid msvdihgoin theiupper stagajsede icell hpeetsoby tite popéntoat
fluid, an upflow fluid flowin port or downflow fluid flowin port is
const i t uteamtrgy tinta the ilowextstagk side aeH, hndepraividingeaniupflow Huiddlpwtidi nal
direction or numeral hole sections arranged in the lateral direction or the
| ongi t udipert idi arcupper seleothan therdownflow fluid imyectionohole; thupughtthe gas
Is the upflow fluid and the liquid igs the downflow fluid, it is possible to
provi de tupflawwiiuidvilowain post dbei wpflow dludt from ftheslowenstage spdhicell and
closing in corr%§pondence wth .

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



an amount of the downflow fluid bl ocked by the partition wall, in order to
25 prevent the upflow fluid flowwng in the | ower stage side cell from
flowng into the upper stage side cell via the downflow fluid injection
hole. On this 9 occasion, the first shutter can be provided in a fl ow out
side of the downflow fluid injection hole in a manner to be cl osed by being
bi ased by a first biasing neans, and can be constituted to be opened agai nst
a bias of the first biasing neans by a %ressure, 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 lihEthe A1 e s PR P@@§$hﬁﬁgﬁl j
i nj ecti onlhﬂé(ﬁtfebﬂl Zlog??viaggﬂiﬁlﬁwahgﬂglgw?g e of t CW,CH% Pla‘?(g%ﬂMt ter
can be cansid i dheoupPer Bl Ridd ¢lOMOWSHIERY fokAtial Rafirk Oitb Ot 0se
the downflow fluid injection hole and an up position to open e downfl ow
fluid injlgadratag®brleagdll.can be constituted to move up fromthe down
position by buoyancy of the downflow fluid residing in the upper stage side
cell. Further, [@018fi s 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 cogstitut ed Iho edchs ednactdowdesoribéd uiabovej daving bot edotvriflewbdlwidm
surface at the down position. Further, the first shutter novi ng up and down
by the bunjeamion héle, it mayriid eonktitutédcthat ithecuppen stage: gidoeptnand othe
protruding in a lateral direction toward the upper, stage side cell. 20[0016]
| n addi t iloweristagheideoerlharein arpogitional relayenship imhwhigh pevisftherepfaane t he
liquid is the downflow fluid it is possible that the upflow fluid flowin
port is stacketaboven andsbelow cach t ethespand nthainthe: linggatipm helet obfthene
upflow fluid flowin port in correspondence with pressure of the upflow 25
fluid fl cdqughpmrﬂmﬁlels @mw&ég@ ajj lgast ame th%éipﬂ@ruﬁi r sukfage andia cel | .
In this gase, there caP be consi deredda CqPStLt ution in which the se%ond
eorlt ecell, w

shut f1@r jbottom surfac he upper stage si ile 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



10 provided in a flowout side of the upflow fluid flowin port in a manner
to be closed by being biased by a second biasing neans and i s opened agai nst
a bias of the second biasing neans by a pressure fromthe upflow fluid, and
so 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 |ike including a granular
material. [0018] 10Further, it is also %ossible that a plurality of cel
lines in which the nunmerous cells are disposed in longitudinally one line
are disposed, the cell belonging to each cell line and the cell of the cel

l'ine nei Qi&ﬁéi(ili‘ﬂ lth@fﬂrst?@hﬁttéﬂ 8%n Heprdvided ¢ al Roheold silid HEHRIHoWrAlSw, the

respective cel I nes are arranged laterally along one direction, and the
respect i Rideinjéctidiehaleé i8eHanAerc b€ ¢loseckby )beir% dialddyby a fifke bigsihgct or
formed to have a cylindrical shape. [0019] contactor according to
the presgnéand) it cam beavenstitaridies betamerdodgdiabt a Yias oifthe frsobéagingr ent
contacting spaces of an upflow fluid (a gas or a liquid) and a downfl ow
fluid (arheaps by, aipresanb, diatt ispachgdtdidic pressube, fonddhefdownflow dluidj ect ed
fromthe upper stage side cell via an injection hole and the upflow fluid

fl ew fr omesikking anthe sippee stigtesideldelli a a flowin port are subjected to
countercurrent contacting, so that a good di spersion state can be created in
each cell. As 400&80it, in a case of a gas-liquid contactor, for exanple, it
I s possible to_enhance absorption efficiency of an absqc&ﬁ)tion 25 operation

or stripping effurthemdp the confaetosdnnywhigh the gan is the upflowsiluid and
contacting spaces can be for easily only by 11 sepapating the insjide of
a col umm lkgmig lﬁatflpi QwRiRNY rtﬂﬁg; n 8 q@égst?laf' the dowyﬁ?w fuid injectiga hole

I , th if.b I b t t t hi sti cat t act
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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



[0020] Fig. 1 is a longitudinal cross-sectional view show ng a structure of
an entire gas-liquid contactor according to an enbodi nent 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 showing a structure of a contacting space in the
gas-liquid contactor; Fig. 4 is a perspective view show ng a structure of
the contacting space; 15Fig. 5 is a per8pective view to explain an action of
t he contacting space; Fig. 6 is a longitudinal cross-sectional viewto
explain the action of the contacting space; Fig. 7Ato Fig. 7C are
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e SO S 08 (N 36Eond iing b . ridlns o lopOn e i 4 0 2
on
5 [0017]

The bottom surface of the cell may be sloped to be lower toward the
injection hole provided to the cell, and this is suitable for a case that the
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



12 Fig. 11A and Fig. 11B are explanatory views showng a fourth

nodi fi cati on exanpl e of the contacting space; Fig. 12 A and FIG 12B
are a front view and a | ongitudi nal cross-sectional view of a cell having
first and second shutters; 5Fig. 13A and Fig. 13B are explanatory views
showi ng an action of the cell having the first and second shutters;

Fig. 14 is a front view of a cell according to a first nodification exanple
of the first shutter; Fi g. 191 s"a | ongi t udi nal cross-sectional
view of a cell according to the 10 first nodification exanple; Fi g.
16A and Fig. 16B are explanatory views show ng an action of the cell
accordin 1 di £ i i Fi:g: : Iheild/B are
| ongi tudl%ﬁ??r%tﬁkg%fsthéggtsﬁwgﬁgf h\cl‘%;elmhgﬁ}); >5ceIi Iagtlgggo\ryglllhéﬂgsofa g)g%lﬂtg tgn%stl ird

o { | CaliaRi SYATP! e ool |45 L ebecdRisd pokiiblendoF onsirae

expl anatory vie howi ng actions of the cells according to the second and

third mfﬂdﬂlﬁ@tﬁéﬂéd%@mtﬁﬁmalow chstg. 19 is a longitudinal cross-sectional
vi ew showi ng an applied exanple of an interior of the gas-liquid contactor

to a distillation colum; Fig. 20 is a |ongitudinal cross-sectional viewto
explain an action of a 20 liquid-liquid contactor according to a second
enmbodisrerBrief Deseriptseof Drawéngs on; Fig. 21 is a |longitudinal
cross-sectional view showi ng a constitutional exanple of an extraction
col um to whi c{OOR®]!l i quid-1iquid contactor according to the second
enbodi nent descri bed above is applied; 25Fig. 22 is a |ongitudinal
cross- sect i onalFigi dv&ss{hhmgiglﬁnagdmssemdtinnémm shawing e stuiinte efitandi nent
desert bedené%ibr(e):vgea;s-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;



13 Fig. 23 is a longitudinal cross-sectional view show ng a
constitution of a distillation colum used in an experinent in a working

exanpl e; Fig. 24 is a longitudinal cross-sectional view show ng a
constitution of a liquid-liquid extraction colum used in a conparative
exanpl e 5 experinment in another working exanple; Fig. 25 is a

| ongi tudi nal cross-sectional view showi ng a constitution of the
liquid-1iquid extraction col umm used id2the experinent in another working
exanpl e descri bed above; Fig. 26A to Fig. 26C are explanatory
views related to a conventional 10 technology of a gas-liquid contactor; and

i Gui a1 quid ol acihr g Fith (ST A% e pREAOKT Y SHGAE o Rt

liquid-liquid co e for ryi ng ‘ou

As an ent}ﬁgamﬁ(f}?g&agngotfqhé!&gn&{&g%uggé%ention, a gas-liquid contactor

1 perform ng gas- contacting su sorption or stripping is taken

as an exanpl e, Fipd [ A $ndUFIGE 4 2B dtess fromdvisy ehdiadloritwdifial créssFi 9. 1
and Fig. 2 are |ongitudinal cross-sectional views schematically 20 show ng

an over aldectibhdl vigw offa éélﬁih_ﬂﬁhi%fﬂsﬂ ghd se¢@ed shuftesgcording to the present
enbodi nent, while Fig. 3A, Fig. 3B and Fig. 4 are explanatory views for an

i ntergal structRige 18AeandfFig[ 08B2)reTdxplgnaatdry qriewschrtveitigoan actienasfitdiel t ut ed
with a cylindrical container 25 made of, for exanple, stainless steel, plays
a rol e ofceibhgeiny thg farsgand(secondfshuttefrspi d) flowing up in this gas-liquid
contactor and a liquid (a 14 downflow fluid) flow ng down in the gas-liquid
contactor to cdiigt ekkusrarfrontoviewt 0fig wellhacentding Her a Asstshndificationg. 1,
a colum top portion of the gas-liquid contactor is provided with a liquid
feed sectéxample ebthechirstshutlgni d to the inside of the gas-l1iquid contactor 1
and a gas discharging sectign dl4 to ) ) )

: Fig. 1571s 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 discharge a gas, while a colum bottom portion is provided with a liquid
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 cddtactor 1 in a manner to divide a
mai n 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 t tical : j 0 SYENe) £
L e DY i M [ R oMbl LORSRRIBARI R th Bl Eb ki Blion,

regi on 20,4 i+ M) I r:ald : i i fhal direction.
On the o?#er d gﬁ!ﬁ%\bgtmrﬁlegdﬁg%éxﬁée%?@?318 ad‘?\??‘&?%%ﬂgverti cal wall
10, there are prigvi ; i sl

interval on di 13:: gf e2ﬁlf g_staalgggh?rklﬁééedl %l{()isgﬁe'{:giﬁ? Eg&ﬁ%ﬁi ézl?n?%}ga%a ssqgkli?ib\f\}ner eby
a space off tpelightdliquide ex@@ictidn3kdlanth Vused int 8 %olﬁﬁ%ﬁﬁki'v%y éXan§pRees in
the longitudinal” direction. It should be noted that the horizontal wall 31
of thg ri@@erﬁhgﬁt f@gﬁ@m&(ﬂmﬁﬂdﬁggj i g at a height 25 level of the mddle
of the horizontal walls 21 longitudinally neighboring in the left side
region 20. 15 Ki@g023] is a longftadirdloc@ssvdeetionad vaew showmgdecomstitutiont wo
hori zontal walls 21, 21 (31, 31) Iongitudinally neighboring each other, a
col um waif thé liquidaEquad -dxtrpdtior aolammusedanmd thbeexperimeal wmlanotler s

called a cell, there are 5 forned, in the gas-liquid contactor 1, two cell
| i nes i n warkingfexample désegibedbabaverr e | ongi t udi nal |y di'sposed on a
plurality of stages, and the cells belonging to one of the cell lines are

di sposed to be Ibg. A6A ¢o diig. 208g8te explasiatenoniaws relatedto o penverfionak o t he
other cell ]ines. IE shoul.d be noted that, in the foll owi ng description,
r ef erléncdeshnelagysoba gasdliguid ¢erigstar; @gdy 10 allotted to the cell of the

| eft side regi 2Q,and to the cell of the right side region 30. [0026
These cells 22?[9182 oAl eXP t B Felatk ﬁt%"ieﬁ&‘gﬁgé@gh‘ml%gﬁé)%as
and the | iﬂui d,fl owi,ng in the gas-1iquid contactor 1. The respective cells
15 22, 32 [quidrdiqud g t9Tcont act or have constitutions simlar to each

ot her, and hereinafter, the cell 32 shown in a broken line in Fig. 1, for
exanple, is taken as an exanple for explanation. Fig. 3Ais a plan view

(viewed fgo - A sdrface of Fi 1) of .the horizontal wall 31 of a bottom
surface Sﬁa@l@#oﬁqqg)régﬁryg&g Oﬂﬂmeeilﬁedl.tl% is a side surface view (vi ewed
fromB-B surfa O‘Qfl Fig. 3A) 20 of the vertical wall 10 of the cell 32. Fig.
4 1is per spectivé \Ji ew showi ng an internal structure of the cell 32 in the

gas-liquid contggtH elnbodiment 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



[0027] As shown in Fig. 3B, in the vertical wall 10, at positions
I mredi ately bel ow the respective horizontal walls 21, 31, there are forned
gas flow 25 openings 51 made of slits extending in a horizontal direction,
while at positions i mredi ately above the respective horizontal walls 21, 31
in the 16 vertical wall 10, there are forned liquid fl ow openings 52
extending in the horizontal direction and nmade of, for exanple, three-tire
slits. Lower surfaces of the respectivd4horizontal walls 21, 31 and upper
peri pheral edges of the slits of the gas flow openings 51 are common, while
a height position 5 of the lowest slit of the three-tier slit constituting
the Iiqui | - ! tod LA rface
dopvh e FENYY Hoin dO% 9 e SasSRRRIT coBtRiol 16 klibfiltonty ' |

of a liquid pool at an oper

becomes igyitaslifgd¥ithicich Gthet | As BRoWas i IFi ﬂl,bgld%nﬁgﬁﬁfﬁgom&n dftheabove

constitution, as-shown in the perspective view 0 r exanpl e, when
the verti g‘a%'-l_ig’gid céfitdctor i€ ide@withaeligaid fe&d seson tiNetd &ed havywideni ng

51 and the liquid flow opening 52 in an upper half side are respectively

equi val enp the iasithsof tiewgastliqudicdrtastornl ahddgaddsddricging Sectiod 1awo | ui d

flows out to the cell 227in a diagonally upper Stage (préevious 15 stage)
si de gnd digcharglecat %as; whileqai colubmvbottamr pottionvis girotviided iviithda Héguid t he
downflow fluid is fTown fromthe cell 22 in the diagonally upper stage side.
Si mi | ar | yWisthargiag secoionop2riondischasgel thédiquiduanid fd gas dpedisegtion 18 @ | ower
hal f side are respectively equivalent to a gas flowin port fromwhich the
gas is flfeed theg@asthe cell 22 in a diagonally | ower stage (next stage) side
20 and to a liquid flowout port fromwhich the liquid flows out to the cell
22 in the di agd@92B} | ower stage side. [0029] in other words, the liquid
flowout port provided to the cell 22 in the diagonally upper stage side of
the cell 32 shobs shevmgn Figsledoi & gasntiquid coaiading gegton hehweanpthe  of
the cell 32,. while the s fl out por rqvided.to the . .
10 l;fqlnd feed SCCthl‘lg {i‘l anci) \t%e gas fee sgc‘gon 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.



the 17 cell 32. As stated above, by the gas flow openings 51 and the |iquid
fl ow openings 52 provided in the respective cells 22, 32, a flow path in
which a gas flows up and a flow path in which a liquid fl ows down are forned
in the gas-liquid contactor 1 as shown in Fig. 2. It should be noted that an
arrow 5 illustrated by a broken line in Fig. 2 indicates a gas flow 17 while
an arrow illustrated by a solid line indficates a liquid flow 16. [0030]

Here, the liquid flow opening 52 is constituted as a narrow fl ow path of a
slit shape as descri bed above, whereby this liquid flow opening 52 10
functions as aﬂgﬁggﬁtor when the liquid having flowing into the cell 32
flows out tot | 22 of the diagonally | ower stage side, as shown in

i 0. ) | i i i | 22,
e bocome 1 os) qblielefoRfAiRRn Y sbafe \BHHLlclCBy die o HOREAHY SuiR 28, 220 |
h | | a13 i . 10, [ i | 1 i
Lo <5p 28131331 ohggifRAIL Heipfiborih@ o otiicr, 4 Bhivinhy RAIGS F HE |
cel 15 22, . : H'2°H3E 95 | 3 §
55 n o s ARG Nbriacir H1 andtheldefticdl Wall 901s 'cAlfelea’ a1 AR AR’ ON
secti an Sfprhfed!heiiE BRSIRIIA ddMACRIFOLN WG cdllfirles G BadleGFiwhicH ithsal f eed

section 11, and the |&rger the flow amount is, the deeper the |iquid depth

is whil e ¢dlis wrel l@igitidinhligwdispused ion a2@lukdityhal| stages.t aad! ithieli eelliept h
I's. [0031] Based on the constitution described above, an action of the
gas- | i qui belongimg ttor ode adcthredcely lines bree Pispesed torbedonedifferent stegedencri bed
with reference to Fig. 5 and Fig. 6. Fig. 5 is a perspective viewto explain
a gas- 25rdlatyondochetcells belomgihgiotheatheheetakinés.olt shoulddbe moteddhat f 1 ow
16 in the cell 32 shown in Fig. 4, while Fig. 6 is a |ongitudinal
cross- secin dhal follewing 8description, 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



schematically showing a state of gas-liquid contacting in the gas-liquid
contactor 1. [0032] The liquid fed into the gas-liquid contactor 1 by the
liquid feed 5 section 11 shown in Fig. 1 flows down in the colum by gravity
whi | e passing through the respective cells 22, 32, and reaches the cell 22
of the diagonally upper stage side of the cell 32 shown in Fig. 5. Here, as
al ready described, the liquid fed into the cell 22 of the upper stage side
resides in the residence section 53 by Weing blocked by the vertical wall 10
and fornms the 10 liquid pool. Wen the liquid pool is formed in the

resi dence section 53, a potential energy of the liquid in this liquid pool

5 conVer el 0 e A% ordle DRI Y SR BRI B
2 e RO B HEATALPS M 7, Ry SarheTukatfes iy Tphbe
30 N )t SR L g
acti ons. S it b e ASUICly SOHBB8S MGHLoRIRAS, I SeROpbEIRRH | O
Lhe, 151 e, RASLAORII S5t 8 Wfeedh oBecohed MUY [0S RGP g [9053)

feed sect is%signéaqaﬁbéubme 16%Rrahan! 4 tiduid curfaet Of alli i@PBbP%$ W fime
conpressing the gas or a buoyant force acting on the gas while passing 25

t hrough thet re@s ppetdticnh oflthe @as-1iddid contde@or tihdecohles2ih afsteddy dtagoaal |y
| ower stage side of the cell 32 shown in Fig. 5, and sent out to the cell 32
via 19 twélldesdédopibeabbeliong 51. As is already described, since the gas flow
opening 51 is constituted in the slit shape, the gas becones the sheet-Iike
fast gas flow 10028 is introduced fromthe gas fl ow opening 51, when vi ewed
fromthe cell 32 side, as shown in Fig. 5. 5[0034] _Here, as is already
descrigbed, si ncBytthe alwyer constitptionngs hown iméhe perspprtive yieww ofiddgad, t he
position imediately below the |iguid flow opening 52, the gas flow 17
i nt er sect forvgxampley whenithervesticab walt dOeisexisaved dtpomma cegtaipgel 32, the cel |
32 and reducing its eed, and fl.o in a nanner to. blow u .
gas flow opemsri)g 51 and (d‘le 11q\1/\1?d flow opening 52 in an uppper 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



10 the liquid flow 16 frombelow. As a result, a shear force by intersecting
with the air flow 17 acts on the liquid flow 16, and the liquid flow 16
beconmes liquid drops and is dispersed 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 fl ow
openi ng 51 bei ng di sposed above and bel ow each other, the cell 32 functions
as the space inis which the liquid flow 16 and the gas flow 17 are
subj ected to countercurrent contacting.1% 0035] Further, since the fast
gas flow 17 of imedi ately after flow ng out of the gas flow opening 51
causes pressure reduction around the gas flow 17, it 20 is also possible to
at t ai ned et i J I \ S e - T i Ng
' the. i G0 aZinar Sl b by, M Sas o ohafinast) fard e M AR
52. [003 t iFi r 1 QUH; ops
?&S%%fﬁ?n%s S?Eﬁf)@fqélcﬁ iPehé géﬁﬁ&tﬁf‘é YERS (%QU 32}%%](%1 Oédtﬁ il gghéhdd

25 di spe o the ce 32 ‘and the surroundi Ag das, transter of nmass

proceeds éé@ﬂbb@uﬁ%d & fldw patiyhdwhithia difddflows ddwardre! formed ithe of

from 20 The liquid to the gas in a case of "a stripping colum. On the other

hand, si ng&-ﬁqE@d icopmdctor dr s sheeat iRER. 2 elt shouldebs prstedithat da afrewce! |
32 is larger than an opening area of the gas flow opening 51, the gas flow

17 f1aws llustratéddycelbrokenvind in tRigs Repdidates g gasdlew| Y7 sddleasearraist er
intersecting with the 5 1liquid flow 16. Wen the flow of the gas flow 17
sl ows dovihlustiated bycesolidtihe grlicitesw liquid flomng6up the liquid drops is

weakened, so that the liquid drops start to settle down to the residence
section 53 and [0@30Jas 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
possi bl e to sepHete.¢heraquidiflow epeping 62sisrqanstiénted as a nastowetlow path
i Sposi ngoh A4 laper aS 1 dascgthbck Rbavepakherg 031 (NBoBaRId e PERBMEBGA he
ol 1 12 | niiansoth augoiske’ ien the bAvidbaving Al ipscihescelda L flggvs 5
the | qui OIORE s 2agobie tiagomally K5vTaaEs S RS HOUD B 165 Archged |t o
(e ool LTSI SNBSS denee Seeli o0 2 R eancentol 59, L Tader 1o
di agonal | .o §¥Rle SdAThs 44 %l(\)/(i:l?mtghaenci irquixﬁnfgltﬁ\év 1?&1?18‘ ﬂgw?r%g 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



[0038] In this way, in the respective cells 22, 32 in the gas-liquid
contactor 1, there are repeatedly performed an operation of perform ng
gas-liquid contacting by naking the liquid be liquid drops and di spersing
theminto the 25 gas and an operation of separating the gas and the liquid
after the gas-liquid contacting and sending themout to the cells 22, 32 of
a downstream side 21 along the respecthge fl ow pat hs, whereby absorption or
stripping between the gas and the |iquitP® progresses. Wien the liquid reaches
a colum bottom the liquid ends contacting with the gas and is discharged
to the liquid discharging section 12. Simlarly, as for the gas, after the

gas r eachgsdrhigticallymhdWine stae0dT BAGYIQAA! B6hidaind i I %agqugﬂi&nd E
di scharged to the gas dischargi ng sectiron 14. [0039] According to the
gas- | i qui gog@et@ctor 1 according to the present enbodi ment described above,
the follow ng effect can be obtained. The 10 inside of the gas-liquid
contactor 1 perf@032]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, andTheelifuedifidr éstodithe gas-tigeid esontactor debyi the Hiyuit feed
respective cells 22, 32 is injected to the cells 22, 32 of the | ower stage
si de \§ a séution guli dshiovaw iap&agnd Tows adown n the ecalanimeby granjtyc whike hol e
or is sent out to the cells 22, 32 of the upper stage side by using_ the
force wi t passingHhroughaber r@mcupeiwllma2cép ,sameb reachestthe 6elr 32 ehshe
respective, fluids can be flushed out to the neighboring cells 22, 32 wthout
usi ng a s@iagomally: upper siagensidaof the eeld 32-shewn incFigl $s Here, 33 already i qui d

exani o, - drrdbief dbedisheid o nte tbecelne SR ARES SAER SR S ges i Hops
or cated PR Spqtion Spcoy I i DB MGHEE VEricaRuBhol) il KiEsfhe
Do | i T S RECHSTERS CSmBR3R, B S b0 Shrd e
HETS 1's lB(V)VtearlﬁiaEfl ér(laeafg)jz 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



22 described, since the gas and the liquid flows up/down with winding their
ways in the colum when passing through the plurality of cells 22, 32 in the
gas-liquid contactor 1 according to the present enbodi nent, a height of the
gas-liquid contactor 1 can be further nmade conpact conpared with a 5
conventional tray colum and the like in which the gas and the liquid
linearly flows up/down, with residence tines of the gas and the liquid in

t he col unms bei ng the sane. [0041] FurtHér, since the liquid drops formed in
the respective cells 22, 32 10 are large conpared with those of a spray
colum and the |ike, separation of the gas and the liquid is easy even when

the flow qhetdis flgw opedingts1.ams Is alkéad}ﬂﬁéééiﬁl??d,osiﬁ%@hél gﬁabrﬂb'\@%éni?grt ]
e

unit cross-sectional ‘arealarge or to nake a col unm di amet’er snall™ w

sane t hr oupthiyiéondtRO6e] inltHslitkshdpes the gus belcommbs the sMuettlilee it gas flow

di spersed into a liquid phase residing on a tray to performagas-I1quid
contactind,7 andce inteodigleds fidzn tBe gascflow pendng 5 , pwheantiewsib fiomnthel s

not structured to nake a gas fl ow pass through a |iquid phase, occurrence of
f oam ng (foedin3Dgidd, ashehowmin &FighSse) can be evaded or restrained. Due to a
difference in such a contacting 20 nechanismfromthat of the tray colum, a
pressuse | oss of[00B4] gas fl ow becones small, so that a notive power
necessary to send out the gas to the 8as;|iquid contactor 1 becones small,
al so contri but i fderey asns alygadydesgribpdpaiceshe @astfleweopening Sbofthe cgH be
easily fornmed by separating the inside 25 of the %as-Jiquid contactor_1 by
the verti & isspfovided aidhepositdon Anrmediately kelow tha liquidiflowmepening 32,
i ncrease tray nunbers easily, so that if s possible to 23 cogstruct a
sophi st i cdhedgagadlow dJi antesdacss twith 1thg: liguidilewsio bedoreexpanding 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



By providing the liquid flow opening 52 and the gas flow opening 51 in
shapes of slits, the liquid flow 16 and the gas flow 17 can be nade to be of
5 sheet shapes to intersect with each other in the cells 22, 32, so that a
stronger 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 dispersion state. It should be n%bed that the shapes of the liquid

fl ow opening 52, the gas flow opening 5%7and 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 nunmerous further shorter slits as shown

in Fig. 74he fliqdiétto'théga@,% d tase of b's‘ﬂﬂ?%ﬂﬁ%ftbaﬁﬁnﬁ? Oh the'dilePhah@) Since

sections are disposed as shown in Fig. is also possible that liquid

f1 ow openiagngofZontal RWrovs-dectiomaloarehas thef 87@10@ lifsidle thie @Elll 3D ds $aider thananged
in a vertical direction as shown in Fig. 7C, and 15 further that the slit of

the gas flanvop@einignarealof Ehed'Fa:'r, v apening ey Qubesgdst foar ¢ 7Taflowsgepl inrthe

| ateral direction, for exanple. Further, It is possible that nunmerous gas
f1 ow openicetis331wath its|speedcbeimgs gradualy degeehsed after linteesenting veith ithe
simlarly to the liquid flow opening 52 shown in Fig. 7B, illustration being
om tted. dBfuid4low h6: hWherbthe flew oftheagaseflovsildgslpwg dewn thedforée aft i s
structured that the inside of the |iquid-gas contactor 1 is vertically

di vi ded i the gasoflowndd lalmvmgeupéhgﬂmmdngrqm isweakenedpsedhabtheliliquident
stages, but the nunmber of cell lines or the shapes of the respective cells
22,32 i ndraps gdart| ioysetdle dopanitacthe: residernce sectioni 33 @and, thegasr and the
enbodi ment, It is possible, as sho in Fig. 8A.and Fig. 8B for, exanple,
that a ci dlwWdargwepayated. | (o theypthershand.covers in i case Saals theoflow Ohcthe
gas-liquid coptactor .1 is vertically divi ded.b[néo three so . that three |ines
of cells &9 ﬂgeéePr&aé?%IfFSySﬁ? gitolfePaSH it rsepagatecthes gl OpP%2 of

th tixe. | .1 di diff t f. t t.

o nerBho RGN an oSSt rastng! 11 R, TR MR BEnRR™
limted to the one se X-Z cr@ss-secti@on is rectanqul.ar .as.shown iﬂ‘ Fi g.

or Fig. sAccempatied PY the as fiov. by gishosing g demizier ° e ghs flow
constitut ed&tnhﬁtﬁarts of cells 22, 32, 42 of upper stage sides and cells
22, 32, 4 PP ey stages sides are stacked above and bel ow 10 each ot her
so that a vol ungogg Il resi dence section 53 becones large. In contrast to the
above, it can b Z tituted that the respective cells 22, 32, 42 in Fig. 9A

are, mde upsl de WU RAchii e NEliOR R wall 39560 Gpar ShiaEe SO

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



15When it is constituted that the parts of the cells 22, 32, 42 of the upper
stage sides and the | ower stage sides are stacked above and bel ow each

ot her, disposition of liquid flow openings 52 is not limted to be in a
vertical wall 10 as exenplified above, but it is possible to constitute that
the liquid fl ow 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 there2ls shown an exanple of a gas-liquid
contactor | having a structure that the inside of the gas-liquid contactor 1
is concentrically divided in a vertical direction and cylindrical cell lines

are ar rangegh ORC Fdchivel HolApaill WwhereB] AtiplpfidR o NiribBing BethiaHthe

contactor 1 | 25 present Tnvention. It~ should be noted

that a ref B%ﬁﬁtﬂwnﬁﬁﬁi pﬂﬁ%ﬂeﬁséd?eWhé’ﬁ“tHQ%idlﬂé iread1ess & cob@iint BoGYRLhe
i e. 25 [0048] 11A

cells 22, 732 of an ner - si Subsequently, in Fig.
and Fig. liguld éndercontacting With fth@glag a@dsis|dischdargedrbapediquidudieeha@ingn
S

absorption colum or a stripping colum in which slurry including a granul ar

sol i d i npgectignil2.aSimilarly, ias for e pasdafiedtte fas reachisahgtodluneprip, the
colum in which slurry including a catal yst and a gas are nade to contact

wi th egch gakhardst comtactingt with theahijuid andhsndisbharded ty the gasadisshaging t he
gas-liquid contactor 1, there is a possibility that a granular material in
t he sl urrgestonllds down and accunul ates on horizontal walls 21, 31 to
disturb flow of the slurry flowing down in a colum. Thus, in the gas- 10
| iquid contact of083%hown in Fig. 11A and Fig. 11B, the horizontal walls 21,
31 are sloped, and a sl ope beconmes | ower toward a gas flow opening 51,
wher eby the gr ad\ecarding doi the i gas-hiquid eontastor He ageerdinggtel the Psosentr eam
cells 22, 32 w thout accynul ating on the horizontal walls 21, 31. It_should
be noted €mRodippent: deseribed mhaves sthe E@llmmg oot ﬁagaselébf@ilé)e@on{;@t or 1
can 15 be.appliedq i.s not J.imjed to the_slurty i.ncludi t.he granu] ar .
mat er 1@ BO$IGELE gﬁ%ﬁ Igaéuﬂlﬂu rﬁ%@"oﬁorllcé’ﬁm;ﬁl g@g—qg%llaoppat@.‘églg 18
cont acti ng,. of gr anul.ar ter.jal fa solig,bogy).flow ng,down in the
Gons 1t qui Skt dnge Wi, aRiahhe | of Ry ' £, 06 Lirmaing heq CoumsretirRgtor
granular materi.al (a soli od fl owm do in e gas-.lj qui.d. contactor 1
and a1 qGpatadBesharer ot 1 s arthe LR, e e 1RR56. MG 1 he
present e i_ment | @i .ped i i Fi .. f .~4 he
qui d 11 SendeiER seciin ¥ o R eSO flls 2500 iy isCiedln BETRIS 24 boo
havi ng f or i i de i > . . f i p via
the gas 1 rah I Iden SR I0E vigihe ot R hif s 2 pYind o ria3tpi
l'iquid_fl j e foy e | j td: Laqui:d fl ow
16 O? 5! Sgigjre;cgldtxﬁlé@l:q %Y‘uflé%egl? ;ﬁéfst *ﬂ:&‘ %ﬁ@ eR11s"Y, 32 P tPRppE staBe!dife by Aiflg

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



26 the respective cells 22, 32, whereby the good gas-liquid dispersion state

Is created. Here, when the gas-liquid contactor 1 is operated in a | ow

t hroughput and so on, for exanple, there nay be a case that the fl ow speed

of the gas flow 17 flowi ng out fromthe gas fl ow opening 51 slows dow to 5

weaken the force to blow up the liquid flow 16 as well as the shear force,

resulting in deterioration of the gas-liquid dispersion state. [0050]

In Fig. 6, a state is illustrated that ?%e 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

| oner tha Skid e IthePli8M| | iRt |0 @heaikN
'ﬂletkiigb?&, stricentind (%a@. afid i the rlqﬁicﬂqg%\gasﬁiﬁvaowemﬁ FIRdiH ;Qh%l'r

this case, lquid is n i njected from I't provided in ahigher

position AR imthd califinPORENn Padsinpetiduih3heoplurhkty ofRellstZYe3Bidehand

the cell 227of the upper stage side gecone in a staté of being connected via

that slit gaddiquilocomtadtdr 1 pwcording t@tbegarébemi embodiment,he height 82 thé t he
| ower stage side may flow into the cell 22 of the upper stage side via the

connect i ngastiquidt @ontattoe 1heahl be fpether omadee coaspddtowoinparedsiwight ar ough

the gas flow opening 51 and deteriorate the gas-liquid dispersion state.

[ 0051] 5 20CenivenfidnaBraytonlunimankd ghe 1iké anvhircly thd 28s laadethe ligeidahinearly o

prevent such deterioration of the gas-li%uid di spersion state in the | ow

t hr oughputlope upl'downe with eesidence Eimes 0f thé gas andotite liquid o the coluinnal

wal | 10 of the cell 22 shown in Fig. 13A for exanple, the vertical wall 10

bei ng vi eheing thersame. cel | 32 of a downstream side, while Fig. 12Bis a 25

| ongi tudi nal craoss-sectional view of the cell 22 viewed froma C -Cl'

surface shown iﬁ0ﬁ4b] 12A. In exanples shown in the followng Fig. 12A to

Fig. 18B, 27 . . . . .

J 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



there are described cases that the respective cells 22, 32 have a liquid

fl ow opening 52 constituted with three slits in total, that is, two slits
provided in a vertical wall 10 and one slit provided in horizontal walls 21,
31. [0052] 5In the exanple shown in Fig. 12A and Fig. 12B, the cell 22 has a
first 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

| i qui d pool becones |ower than a positiéﬁ where the slit of the liquid flow
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)

provi ded arsticathiQicHBRasailylPYBhtaBldr £ al B Ib0PCYRILT Cal vl | 10, The

first shutter rectangul ar shape slightly |arger
than the slit, f[904q anple, 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] Tog prbviding thodiquidlilow Spenienes? s flowopeni®B51i n_an

outlet side of the liquidflow opening 52 (sllt) viewed fromthe celT 22 in

whi ch t he ini shapés pfalits sthiediqeid flobhal 6iand the gasflowadd @in béenade té belofral |
10 in the cell 32 of the downstreamside to ich the liquid flow 16 fl ows
out. Og tsheeeshaped t@interddct 10tk eatharthes ir thedeHs 22332, isecthiat angromegen on
712 of a ring shape, for exanple, and by maki n%l t he above-described pivot
shaft 711 sheaetfordecist appls¢chto the digjuid hy thecgasflont 1,7, and theuliqeid floar d 6i s

di sposed in a state of being pendent fromthe pivot shaft 711. [0054] 25As
al ready stiateady tothe dispersed to besmallersliquididiops; attaining 8igaodsdispersipn

| arger than the_slit constituting the liquid flow_ opening 52, and even if a
force 28 stateaph shouldr bennoted ithet tlhe sbapes ©fdel lignids flow: apenmg.52,2the t he
shutter plate 71 is | ocked, by the vertical wall_ 10, in a state of, cogyering
the slit. 8as flaw epﬁamg]éﬂmﬁndv ¥h%ﬁk§r&,f§ nat lipdtedoto they ghapes shewnoin b1g+ he

Co 5 "B GUE BP0 b e e Sl 1
o pr ovi AATEAISIAE HITREAS FUTAMETTIOTE: HHS PomCHBIFE. BAaQElaTuhGIaus | on
to close the shytter pl.ate o or_exanple, that is, Jn a diregtion.to.press
the shut t didpratewsapBiRsS s2al Birctifdbue seohps ke diShfsertds Showh ip Fi¥
[ aui d 11 oupratds 2% PREShiE R lidah By Spkaind 52 sayBYiaR 1ia e 68,
Next, a Coﬂﬁ}éﬁ&t J)Pﬂ)ﬂﬁ sl"i‘tsszﬁggﬂge(f ﬂ’r'&t\%rtieﬁpair%ﬂohqasas%nfihqyi’g. 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



opening 51 wll be described. The second shutter has, simlarly to the 15

af orenentioned first shutter, a shutter plate 72 of a |ong rectangul ar

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 exanple, a shutter plate 72 of the second shutter is forned to have
a wdth slightly larger than 20 the gas 4l ow opening 51 fornmed in a slit
shape and a hei ght of about half the height of the gas flow opening 51. The

shaft receiving section 722 is disposed in the cell
flow 17 fl i ] . ) : he
oi vot hai SYRentifl SufTRE O th Has hatid cafictor £ iBREHLEly Rivifid o

22 side into which a gas

ht of the gas

f1ow openithfedddo tRAIAhrEE liled Of llSA¥ Arrdrged %at@?&l? Ia%br% oRkrditéctibe andaf t

receiving section 722, whereby the shutter plate 7

of being peige22, 32040t 6E the reipedtifd ceBdines! ard @pfdsed on different stdgds,

shutter plate 72 becones in a state that the shutter plate 72 covers a part
of the gadrémmothemtapenof htightworiegastls®@2,82, d@er hal f of

5

10

15

20

25

[0046]

Further, the cell is not limited to the one whose X-Z cross-section is
rectangular as shown in Fig. 1 or Fig. 8A. For example, 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 lower stages sides are stacked above and below
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]

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
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
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.

sposed in a state

t he



5 the gas flow opening 51, and even if a small force not enough to lift the
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

I nside of the 10 cell 22 centering on the pivot shaft 721, so that the gas
fl ow openi ng 51 havi ng been covered is éﬁadually rel eased. Here, it is also
possi ble 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 shwpbqggplate 72 onto the wall surface of the vertical wall 10,
in conmbination vath the pivot 15 shaft 721 to adjust a flow anbunt of the

gas flow 17 at GSﬂBs’é!;;thﬁ ?qggi%]hqtlt&rmm F‘ig.eY?BbQHéfbsgé ex iﬁé@f&F§%%A”

action of the first utt e two shutters described abdve w

expl ai ned.Jif\sids 6omtactey i Gsed I6r anNaBséiptior alumheof @g@ggﬂgﬁg? Eblus i9as-

20 liquid contactor 1 is lowand a liquid |evel (liqui s of downfl ow

fluid) of whith s indladih@angehnulait belid dmplaigeirs adidqwid B3picesbed and
respective cells 2Z, 32 does not reach the slit of the upper stage side
consti tut ifog & Eatalytie readtionvcohamhria which bhirtprineludingekeatahgstsnd hegaspl at e
71 of the first shutter pivot does not work. Thus, the shutter plate 71
covers t hearslmade to eoffacttvith eathiothegtegederate farreactioa. pWhen thesslurrglis and
in a state that the shutter plate 71 is pressed onto a _surface of the
vertical processedin shegassliquid contiictored e therebist avpassitiibity ¢hainpl granutar

i nside of the cell 32 of the | ower stage side and the inside of the cell 22
of the uppeatesialgs thesdurryrsetidessdewn ard agsnaalatestarcheszontal walls 2d , Bdwer
stage side and the inside of the cell, 32 of the upper stage side. 5[ 0058]
As a resulto, disterty flow (fuiheyshusry dlawing dloven 3n a golumn hg%l@wéﬂ theagassi de

R b " e Soncatn! LSt 55 S A a1 08, e SRR wRbfH 51
gas T1ow opEnl 8%13ped’ and a S10p6 betomes Tower Gowatd a gas How 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 -
10 throughput 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 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 anount) of the

| i quid pool. 15[ 0059] Next, an operation of the second shutter wll be
explained. In the state of the | ow thro@éhput shown in Fig. 13A, since an
anount 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 pI ate 72
hardl y o E900TeRd 22V8DI Rehdipy! (e fighlte Ggsers Y spRENSNI
51. As a ttgéurl%gﬁean o] gnﬁ?n% ar ea% r@ﬁg glasé?{a&vé%sge |ng ecomgs smg

and so it drgafedSSi Piete! Ovhes! ﬂ*’t’é r%ﬂ -HYuiPEortactdte I |1§W0?Eﬁﬁ@d0fmt Qel(g@s

flow 17 passing through the fl ow ©Opening 51 even in the Case that the anmount

of the ga&hféﬁ%he(ﬂﬂ atid 58 onl) Fof @ﬁﬂﬁ‘%ﬂé Vihieg€mdy Bé.a @a”se‘ tfhafﬁ B¢ flow 3peeEUf As

shown in Fig when thé thro ut of the gas-liquid 31 contactor 1

i ncr eases, the heasa flownt] Difldwiggd aait fﬂmw tie gasi flowhepesiipedstli soweldowrdo 32
al so increases to lead to |larger pressure application by the gas, whereby

the shygtt evegltaat ¢hd Tontes 06 blow wpl restiquid fiow 16 @y wethasdhe shearifogedeen
covered, so that the opening area through which the gas fl ow passes 5
becores | aegeltingsimdetesiorationtofi theggassliquiad displessionestates 1 ow 17 mai ntai ni ng
a necessary flow speed without largely increasing a pressure |oss conpared
with a state in[@506h the opening area is kept small. [0061] By providing
these first shutter and second shutter, even in the case 10 that the

t hroughput of t Ha Kigs-0,i astatedsrid wistrated that thenliquid iis ipjested|feomoalcdier ai n
sl ow down of the f| ow speed Qf the gas flow 17 passing thrgugh t he as row

openi ng 58l4sconstituting ﬁlt% lignide flaw popening SRe bu'qandthq thg
. o BRI, ol 1, B SR B ol
T ted t dowsd tg‘?‘l}‘otthet pegt%aﬁttﬁﬁ SH%QPSrtdytiie% tﬁﬁgﬁﬁ'ﬁyfs% o S8 anfi hidag
| ol AL RN oA LB g
buoyancy. tHEmdid R G%ﬁ@t‘% KU P R oot Sleesc Bl ld 188 oY 5258 ),
Fef'or ence JRHHE: 4eRY e B dde b, BUARRE o eiBk GsctBd B HART: 45 fon o
it 2'? efg g%gmt V\,@ ?g I%l? te %ﬁgt@% é:%phngﬁ gduft t?jl%llrétevrorgll f’a@g%zsﬁle S’nnl ng

in the gu'ﬂ@wni‘?m??ﬁe €88 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,



32 [0063] In the present exanple, the shutter plate 73 is constituted
to be able to open and close the two slits (liquid flow opening 52) provided
in two stages of upper and lower slits in the vertical wall 10. In a case
that a |l ow 5 throughput operation is perforned in the gas-liquid contactor 1
as shown in Fig. 16A for exanple, a liquid level of the Iiquid pool is |ow,
the shutter plate 73 hardly noves up frgg1a down position and the slits
(liquid fl ow opening 52) provided in thé&'vertical wall 10 is in a state of
being closed, a liquid flow 16 injecting only froma slit (liquid fl ow
opening 52) provided in a horizontal 10 wall 21. [0064] When t he

t hr oughputthéfe hhe deséribéd\wades Bdtaicorespectiveessiis 2an32t higve iadlgdid dus of

the liquid pool in a residence section 53 begins to rise, the shutter plate
73 havi ng gpentny &2 ¢hestitucschmdth thiree slite ihitotdld thtal, tweedits prévided Anaup

position, So that the slit (liquid flow opening 52) of a | ower stage side of
t he verti o@irtioal wallol ® padomenslitsprovided iip dwrizomtal wabls 21,@di.d f1 ow 16. WWen
t he throughput further increases, the slit (liquid flow opening 52) of an
upper stage si d¢0852p opens, so that the liquid flow 16 injects fromall the
slits as shown in Fig. 16B. 20[0065] Here, a constitution of the shutter
pl ate 33 novi ng lnpgherexample showndenigy 424yand Kige12Bgthe cplo?2 hes mofirst
limted to of a flat shape shown in Fig. 14 to Fig. 1613, but it is also
possi bl e tsbugiestogpreveat shewiell 22Frgm begominge i mpstate Hfpbeinguepnpegied: e 74
protrudi ng al ong the horjzont gl Il 21 in_a 25 ) ower edge pori.i on, of
shutter plaiB theaneighbesing, ceflo%ﬁ@eetwﬁ Bratian diqnd; depth) at @ HauidLoaln
L-shape. Ibrclectorr]rlless ower than g?)%vs\.’{]ti(l)ﬂ] vsllzllleg{'é égpélﬁngf t'lzllegl'iq&%a ﬂov? %pening 52is
provided. In the present example, 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



slits (liquid fl ow openings 52) provided in the horizontal walls 21, 31 can
al so be opened and closed in correspondence with a liquid level of a liquid
pool . [0066] 5As shown in Fig. 17B, it is also possible to provide a
buoyancy conpensator 75 protruding in a lateral direction toward inside of a
cell 22 of an upper stage side at a predeterm ned height position of a
shutter plate 73b so that a cross-sectigg of the entire plate 73b has a
T-shape. By providing the buoyancy conpéfisator 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 Fig. 18A and Fig. 18B for

exampl e. As a?gli;%ﬁtfrbm Rifdviindi o théeelle3DBhoResin Fog B2BWhe Shiitter plstgancy
conpensat or is provided, for exanple, it is possible to adjust a liquid
llevel of g1l iglockeddy the verticalswalnt®, aeatstate b8 covering tiee slint Ohehe
respective slits (liquid flow opening 52) is 15 opened and closed. It should
be not ed tdther handsifua fercepisaamslie® frofiaa ditgbtionvofitheupeld®® stoownbin Fig.

recei ving the buoyancy of the pool are not limted to be constituted with

t he hol | ol 2Bynther shuitter plate Hd pivods towaed the tihsidenehtte cebf3 D béithe dofar
exanpl e, whose %ggpific gravity is lighter than that of a |liquid processed
in a gas-Istage didsoin gorrespenden¢®®ath the applisid fercensovthat 4he svavesed slit

constitutions of the cells 22, 32, 42 descri bed above nay be determ ned from
a conpr eh&asi be releasedoilere, dbis ialso pegsibletopravide a biasing means, oeotlhe
gas-liquid contactor 1, a residence tjne of a gas or_a liquid int

respect i v&DERE ?orzzxagmle@,la@d inéiaeﬁi;pecéforatse dﬁﬁﬁ? dheosh rsp:latspj'fﬁgf,or

[ f fl f Jiquidt |t wit i f
e onansaileo oS direban Wbest hE sHeboli 1 SHE RSV Shrtce.

-liquid tact 1 di tq.th ' ti I .b
appl i od  S1eihg vertiqakwall Ry imfouthinaoRngTdhine BVeh 8RR 771, JocAdipst o

| e, h ' ihd. 1:19. -4 iguid t agt h [ ig. 19 5 i

or ovi dga Jfak Appafiof e Ltid N8 Te b slmF B O SudedirPtie 71, D4ing Yheat e
in advanc% ein a mddle stage of the gas-liquid contactor 1, and a
terrperatur@ adient is provided between a colum top side and a col um

bottom side to eteeggzch a vapor-liquid equilibriumin correspondence with
tenperatures in'reSpective cells 22, 32, whereby a |ight conponent is

di scharged fromagegas, f%tﬁgﬂ?hgioq\gas%dlﬁpd‘{l@%ﬂfgrB%iﬂgh”f@ éog%aggo‘t@he

heavy conponent 'i's di scharged froma |1 qul I'ng section

col um bo fadt aidihe ha I Y FiQ.1h59
colum estdgé?én% 58heslidbeedERirisbd. hatTha 5@6&{@%@@?”&&@, sﬁﬂllhﬂg 8- the9.

ndenser to condense a gas dischar fromthe gas Ui scharging

secti 39 ;‘bon&héﬁtiénéfoﬁ*sﬁBﬁﬁtt@ﬂ@_’sﬁhtt_@?pldt@i’_inbf% R)Ifge%&thﬁgulaﬁ’ dlﬁib@?fa a
| i qui d"di scharged from 15 the |i'quid discharging section 12.7[0069]

Her ei naboysivot BRatt 72 E previdedt ahhepperbasd portioarnsf ites shmdér pletei 7 and
exanples related to the gas-liquid contactor 1 in which the gas and the

liquid ar erotakling horietallyi tohright Andtlbét; andua shaftiieceiviagsseetion #22gowhi ch
can be 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
20 dealt with by the contactor according to the present invention are not
limted thereto. As a second enbodi nent, the present invention can be
applied to a liquid-liquid contactor 1 a to perform for exanple, extraction
and the like by liquid-liquid contacting of a light liquid (an upflow fl uid)
flowing up in a colum and a heavy liquid (a downflow fluid) flow ng down in
the columm, 25 for exanple. [0070] 35 Fig. 20 is a |ongitudinal
cross-sectional view schematically shom@ﬂg a state of the inside of the
liquid-liquid contactor 1 a according to the second enbodi nent, and the sane
reference nunerals as in Fig. 6 are given to conponents whose constitutions
are simlgpito those in the first enbodinent. 5 In the present enbodi nent,
the entire constitution of the liquid-liquid contactor 1 ais simlar to the
constitution of [086pas-1iquid contactor 1, for exanple, shown in Fig. 1
except that a reference nuneral 11 indicates a heavy liquid feed section, a
ref erence numer ds h2résudl, theeshuttéreplate | 72 betodiesc mragstage that ithe ,shaitter
reference nuneral 13 indicates a light liquid feed 10 section and a
r ef er ence plateeT2covdrs apartaofthesgas ow opening Hl storaexamples adoiwer, half of
illustration being omtted. Constitutions of respective cells 22, 32 are
sinilas tdhegaseflovovapamngiyl, andreven ifia: smalloforce neat eneughobte lifhdhe
constitutions are different fromthose of .the cells 22, 32 according to the

first enbshutienplate 7has applieddirenta ditention of the wellc32 shoavn igitig 128,d

opening and a reference_ 15 nuynmeral 52 indicates a_heavy ||quid opening.
[0071]  the shntt@n@?atieqm gar&qmvgé drom the state gf §§?Sdn&éhf~‘ @%9%@@@@@

enbodi nent, the heavy liguid residing.n the cells 22 32 of.u r. stage
si des ar e 1oy aQpesang p 1 wqraasgéquml@ from ghe idiretigrb et the celc

o el AT, AT AR PN
N
béf’ﬁ‘@‘vﬂf he HROTHE BeRh doyers€i kEudll SR GR0 RS, ik BISPOSTOI RER RS | .
i sper se. ehdtasit, piedii¥T i SPlinkPon Bkampfe, K1BsOF i UirRLLBNYEOIREE e,
speed of ishgtdel Prite! 72 FodexARPI, Xha, $R26dirédtidn o 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

l'ight |iquid opening 51 provided in a |ower side near the heavy liquid
opening 52, and the light liquid flows into the cells 22, 32 of the upper
stage 5 sides in a state that the flow speed is maxi num and thereafter the
fl ow speed of the light liquid rapidly decreases as being apart fromthe
l'ight |iquid opening 51. When the heavy liquid injecting in the shape of
sheet through a plurality of heavy |liquid openings 52 provided in a

| ongi tudi nal direction rushes into a reé@on into which the light liquid

fl ows, sheet-like flow of the 10 heavy liquid is deforned and anplified to
be a corrugated plate formas shown in Fig. 20, an area of a liquid-liquid

|t er {aceqifrefTle batilh, T0F chfuSEcBhe KB dPIOLCN Y2 BERHY bl dafénal v

breaks up to umer ous ' qui ops. Fkurther, the rops generated

in the he h g Uf ' t | n ' with
t he sheet gic?fé ?ﬂguﬂrllga%)ﬁ llﬂ?(r:]kts}l‘ da?elgfege%grg?ggéi‘?ﬁegdﬁggvgg}é?cﬁi getﬁf)%érﬁ glges 52

of the | ongiideofahe RelZ2 oftthedoier e sidesindilaoihside ofithe ¢elld2 bflthgui d

drops broken up and generated therefrom and then the |iquid drops coal esce,
openi ngs 5P cEoopen in the respective cel s 22, 32 isiare, the higher
openi ngs 5 ch ope the respective cells 22, : g
frequenicy of cofl@S®knce and 20 breakup of the liquid drops is. In a process
that the 1iqu dAdsrg I[;ESI?IE[,ethe gas flowing up in the cells 32, 22 of the lower stage
side can be prevented from flowing 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 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



generated, an area of a liquid-liquid interface between the heavy liquid and
the surrounding light liquid beconmes quite large and the liquid drops after
generation repeat coal escence, dispersion and breakup, mass transfer
progresses, and extraction of a specific material can be perforned
effectively, 25 for exanple. Further, the nunmerous generated |iquid drops
are alike in size and drop dianeter and_so mnute liquid drops are hard to
be generated, so that 37 flooding is h%fd to occur, for exanple. It should
be noted that it is a matter of course that variations explained using Fig.
8 to Fig. 11 can be also applied to the liquid-liquid contactor la. [0073]

SOn the ogfffackddl inéfeads, ahkeraabduRNof s gas Mﬂ% ap liarthe rb§tl§éb"tf\§é3bél|ls
tension or an extraction system whose heavy liquid and light 1iquid have

hi gh viscagit32 #sdi hivetadesoto aldadqvo dadgen presgirat a??ﬁaxt_ibﬁ byntie e, | arge
to some extent and extraction may not be performed eftfectively. Thus, as

shown in filgreBy tha shuttenpilate m%ghr(ﬁtsao réfease thergmscflew operingodkhaving | - 10
standi ng section being a colum bottom section of an extraction colum |d,

f or exanpbeen rewlered, sbethiat ¢the dpénjngdamanttrough Whiele the dgasy flow tpassps esent
enbodi nent or a pul sation generated by sending an air pulse is_conbinedly
used, shebebymgsrarge. eAs|a pesult,dt appossibigito fomhla gasi flow ddcmaontaczimgha
performed nore effectively. It should be noted that in Fig. 21 a reference
15 nuner ahegessary rfliowaspecch wishoyt largely inceepsingta gressureclasseeempatedr al
12a indicates a heavy |iquid discharging section, a reference nuneral 13a

i ndi cat esWith agateingyhiehy theopeningsHeans kept smalknce numeral 14a i ndicates
alight liquid &hﬁéﬂﬁrging section. [0074] 200On the other hand, in a case
that a light |i s a disperse phase and a heavy liquid is a continuous

" Fig. 22 n B Prvidues thess SbhAuiernd seobldrsigtor GvED UDMRE e
(i nai Gt ot The ackiyeiihuf P Bpcahouid) CotinbenL Sl f Sh SRRl % 52
S5 vl A b S8 91 ) bt i e 9
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.



38 [0075] In the liquid-liquid contactor Ib, a light liquid residing
in cells 22, 32 of |lower stage sides are injected in a shape of sheet by its
buoyancy into cells 22, 32 of upper stage sides via the light |iquid opening
(injection hole) 52a 5 provided in a slit shape. On the other hand, fromthe
cells 22, 32 of the upper stage sides, a heavy liquid flows into the cells
22, 32 of the lower stage sides in sheet-like flow while flow ng down by a
potential energy through a slit-1like heé%y | i qui d openi ng 51a provided

i medi atel y above the light Iiquid opening 52a. 10[0076] As a result, when
the light liquid injecting in the shape of sheet through a light liquid
openi ngs 52a ru§0@§3]nto a region into which the heavy liquid flows in a
shape of sheet in a state that a flow speed is naxi rumfromthe heavy liquid

openi ng 5la proYhdRé préseii exapgples tike shitter Pm’te 3oishemtstithitekbtd be dblehéd
i quid opening 52a, Sheet-like flow of the Tight liquid is defornmed and

Ui 0 1o ace & e 1ot 00 and i he. Shoet TR 1P ot the 1 one Eui d
i s finall pfdupperedrd lowenustitsoirs thequertichlopall AW.t hh ,a tdasel thati d Towps
generated in the light liquid opening 52a of a | ower side anong the |ight 20
l'i qui ds opélioughpicopergtient isgpérformediidethe gas:liqundicomtacter ldas etovan ifil ow
up and collide with the sheet of the light |liquid generated in the |ight
li qui d opdiignb6Asin extample, ki lidpaid lgwabe?mlye bigiid pogd is bowh théshher platage or
colfide 73 hardly moves up from a down position and the slits (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,



with liquid drops broken up and generated fromthe sheet of the |ight

liquid, and then the |iquid drops coal esce, disperse or break up. The |arger
the 25 nunber and/or area of the light |iquid openings 52a which open in the
respective cells 22, 32, the higher frequency of coal escence and breakup of
39 the liquid drops. As a result, simlarly to in the aforenentioned
liquid-liquid contactor 1 a expl ai ned ug'ng Fig. 20, an area of a
liquid-liquid interface between the hea § liquid and the surrounding |ight

| i quid becones quite large and the liquid drops after generation repeat

coal escence, dispersion and 5 breakup, and so mass transfer progresses, and
not only §fifse€ﬁ%l\(ﬁl oW Speriings S Oﬁﬁd\ﬂﬂédbﬁt thed horiZdntalu iU 1 98netash ed

liquid drops are alike in size and drop dianmeter and mnute liquid drops are

hard to balgeberdicied and idiesed Ii@@dirf;&goﬁd@ﬁbé Withog diquidflevePofmliguid t

shoul d be noted that also in the liquid-liquid contactor Ib it is possible
to slope poolzontal walls 21, 31, for 10 exanple, to be higher toward the
light Iiquid opening 52a to ease discharging of the light liquid, and it is
al so possible tfp0O6G&KE the cells 22, 32 of the upper stage sides and the
cells 22, 32 of the |ower stage sides stacked above and bel ow each other and
to proyide |ightAd ishowh apeRighgd 7B2ait aiss alson possitiertioz prnovidenal buogancgl of
a ceiling surface side. On the other hand, in an 15 extraction system having
a |l arge i aoBqiensator 75 psotmding an achaterad directionstawanh tnside ef\g cell @2 ofand
light |liquid have high,viscosity, a djanmeter of a_liquid drop generated may
be soneti ABUPRATGHage sidenat axpradetermained: height mositign afta |§bu§§r Plateed3b

oL o | orshahar et acnon bRt PSR Gech BoRuat Hpmaiding ne °
still-standi ng section _bei n co%urm bott om ﬁecticg{l of an extraction colum
mde of tFSOD’gHEY&QITH‘WS@t@gZSa& PR peSpinlagor e BHOIUAY iabiten:

gired,eﬁ‘i‘h”‘épﬁay%{a@tﬁeigpéﬁéel’éﬁb?ﬁ&%@sﬁpgﬁ%g &a@@%ﬁ@@@hﬁﬁa@ﬁﬁm@ﬂﬁgx
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oo nendESHAE PR X, D A5 A 80

| ié&yd Lﬁ!ﬁ'e?s#‘etf’hQE%OI# Avefio s, Ry dhe BothRBRERG IR, BUVikeE, foF

1 qui dzl "Bk AmAIS, RIS POt ta 3Rt [ehid ARV Hguie SRR i) e hBsfence -

2t o generSciioh 37 BOBPHRC ther HEIESRECHPE Siltd HIRndiuiHoy JATing’se) s’ o2

coal esgenpopd dH@osed! It YRobidbernaicePtha! (e SIAAREY Blites 7734 073b

increase a nmass transfer rate, so that extraction efficiency can

enhanced. novingaip addrdewh!tsy rerivirg the Budpdndinef the pbol aeihdl limiteditect ed

in 10 the shape of sheet unlike in the conventional ihjection of a liquid

pi | I ar shbeecorstrutadzwithf tHehlkoldewemenhsdskr, baticdn dreopomstitutddwdtiop mMenrberer
becone nore uni formand generation of a mnute liquid drop can be

r est r ai neof pastic dor axaimpldj mhosel sprcific gravityxisnpghterdhanthat rofra Viephid
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.



[ 0078] 15Herei nabove, in the contactors 1, |la described in the first and
second enbodi nents, there is exenplified one in which the inside of the
cylindrical colum is divided by partition walls constituted with the
vertical wall 10 and the horizontal walls 21, 31, 41 to forma plurality of
cells 22, 32, 42, but the contactor included in the present invention is not
limted to the one in which 20 neighboghng cells 22, 32, 42 share the
partition wall as in the above exanpl es. For exanple, the present invention
i ncludes a contactor in which cells 22, 32, 42 having cubic shapes are
individually created and liquid fl ow openings 52 and gas fl ow openi ngs 51 of
t he nei ghbori nq006Blls 22, 32, 42 are connected to each other by pipes
respectively to be on different stages. 25[Wrking Exanple] [0079] 41
(Experi nent 1) Further, sAhgaastiiquidicontacter dradcavding to the presentsinvention
constitution of the contactor shown in Fig. 8A and Fig. 8B was manufactured
and a st man aksoghe appligddtacadistitlatigniecluse separating amsd gefiniag taliqued hod
As a mai n_body of the gas-Iliquid contactor 1, .there is used a transparent
cyl i ndri d8r e¥apeplends sgpv\pbuyﬁlgyl% &asgiq §ﬂn¥ﬂ§§01éle9glqm lﬂﬁ:d%et & of

210 d hej ght .qf 120Q d.cells.22. 32,. 42 f d. psi

par: 1B ons oV Rgiha o o R SRRIRIT i Tar ol S Bt

t ai nl t eel (SUS304 Hei ght the [ ti I 2,32, 42 200
orand & 18 Adianse. i aonddisaies fdhe g qRRiFontgScl tnda Ehindnde

i nes of fi Yie t.acked.jt(ggeﬁ are ar rlan eg in.i | at,er al , di rglg:(tygon. .gi qe
sur f aces adignt isqupyided bepween acolugyn tgp side and, 3 fefurppbatioy side to

titut]j t hat h . Fi. 3B, . i t I it i i recti

ot "o ol | rarioBSh i AhnS it baiflpriteh 48 oiSreiPondiRe A ettty iR O
I i tudi i i f i . j j 0 0080
o Phe adBSeeNE FRISRAIZ, RhetelR adi i compinghf 1 WacharBEd Wodba Bl D150
f eed tA; cand Qi f f tl he 20
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superficial velocity of water is varied under the same condition as in
Vor ki ng Eyagphdedse 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]



42 (Working Exanple 3) Wth a superficial velocity of air being 1.5
ms, a superficial velocity of water is varied under the sanme condition as
in Wrking Exanple 1. (Wrking Exanple 4) Wth a superficial velocity of air
being 1.0 ms, 5 a low concentration (0.5 w% ethanol aqueous sol ution
bei ng a sparkling aqueous solution is fed instead of water and a superfici al
velocity is varied to be 0.5 cms, 1.0 s and 1.5 cnis. (Wor ki ng
Exanple 5) Wth a superficial velocity air being 1.0 nls, a m nute anount
of surface active agent TRITON X-100 is mxed into water 10 (5 ng/L) to use
a sparkling aqueous solution instead of water and a superficial velocity is

varied to be 0. Bigmis 4 18ngitdimil¢rdssseotisnal PR¥cRemEKESTy hvWingResUl t S

According to visual observalion results of a gas-liquid state, it is 15

conf i r medstabelof uheeinsidy of théi liquid-Litjuid\@ontagobExamteortding ao e kédend
Exanple 3), water becones liquid drops and di spersed in the respective cells
22, 32 anembodimentatindr tlse sane adféreace angmeralsaae inoFigr 6 aré i gived pwol in
a residence section 53. It is also confirnmed that no foami ng occurs in

(Wor ki ng Compenenty whrase(camnstitutjofs anplsemblar tovthose indbeifirstiespeodiste®0 i nt o
a |l ow concentration ethanol aqueous solution or a mnute anount of aqueous
sol uti%n Imcthediprgsents mmbodimaent, the sentirgc sonstitytzongeht they ligaid-ligued i s

enerated in an upper section of the |.jquid, d foaning occurs in
J contactor ng 1S s1m1&ar to the COl‘lStltl(}tlon ota tr.lle gas-rI1 qlgld contactor 1, for

example, shown in Fig. 1 except that a reference numeral 11 indicates a
heavy liquid feed section, a reference numeral 12 indicates a heavy liquid
discharging section, a reference numeral 13 indicates a light 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



gas-liquid contacting in a tray columm, causing a problem of reduced
processi ng capability. However, when the liquid drops are dispersed into the
25 gas as in the present exanple, foam ng can be evaded and no foaning | ayer
IS generated, so that an effect can be obtained that reduction of processing
43 capability by foamng is prevented. [0082] (Experinent 2) Simlarly to in
the constitution shown in Fig. 9, quuig fl ow openings 5 52 are provided in
a vertical wall 10 and horizontal walls @1, 31 and a gas flow opening 51 is
provided at a position imediately below the liquid fl ow opening 52 of the
vertical wall 10 side, and cells 22, 32 of two |lines were manufactured (Fig.

23) to bethddnl rHQﬁiH ibeconisy ﬁxcili%géf% haée landt tHn li‘@itll'i@i'uifcpbeébﬁf@’snha
distillation tesf and a stripping test. 10 A Experinental Method The

di still at continabusphage, and al low speedief theligheliquiid Jp&ﬁid‘nt;n inofbazebeit ghe of
3300 mm and cells ™22, 32 in two |ines-seven stages (fourteen stages in
total) artightsliquidecopettingr 63pprovidedcn | s lotver33ideavran thed dieavef ligdid mm
the gas flow opening 51 has a width of 20 mm and the liquid flow 1

openi ngs bpeningg 6@pahdrthe lightAiqumdiflosvssiritothercellse2,032 odrthelupperl stagel
three lines of 3 Mrmwi de slits in the vertical wall. The distillation colum
has a § ebsidesrine2siate sthatathenflowospesd isenakimuandand therdefieetha flow speed um
top section. [0083] 20First, the distillation test is perfornmed under a
total ref Pfixtheohightiliquid,sapidly desseaseviast beingfaparthfromanthadighidliquid

chl or obenzene, Next, a m xtyre qf ethylbenzene and chl orohenzene are
fed to a OBENAE fdp Whemthesheayy lamgnnmtmgﬁ,n tha shapf Shegt amugh a

Togﬂ) g: ﬁégr -r?a{l]i&%{]gﬁ bﬁgg&lﬁﬁgiedz ot]))%in?ggsc %n ?gw’/i ed in a il&?éi?gdlin% tdiiresction
rushes into a region into which the light liquid flows, sheet-like flow of the

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



25 both experinments, vapor fromthe colum top is introduced to the
condenser 61 to keep a pressure at an atnospheric pressure. 44 (WrKking
Exanpl e 6) After a m xed solution of ethyl benzene and chl or obenzene (a
wei ght fraction of ethylbenzene is 0.50 and a wei ght fraction of

chl orobenzene is 0.50) is prepared in a colum bottomof the distillation
colum, part thereof is 5 sent to the rghoiler 62, and with a reboiler
outlet liquid being returned to the col bottom a tenperature of a col umm
bottomliquid is raised to a predeterm ned tenperature. Vapor flow ng out of
the columm top is introduced to the condenser 61, and after being cool ed and
l'i quef i edfloddding liehdidto beats for exathple. it shobktke hotéd ehatalt isma rhatter diie
pressure of the condenser 10 61 is kept at the atnospheric pressure, and

aft er respeoutsevehalt ivaviationsreeplainedessiag Big. &to Feg. blichatbe alse appliedtdot t om
and the colum top, and flow rate of reflux becone constant, sanples are

t aken fr othehqund-liqapdidomtactondd. col uim bottom |iqui d and anal yzed by a gas
chromat ogram Measured results of the colum top liquid and the colum
bottom | i quid 180@hEh reaching a steady state is shown in Table 1. (Wrking
Exampl e 7) A m xed sol ution of ethylbenzene and, chl or obenzene (a nole

fracti®n of et h{dmthe etken band3im aneKtsactonr systea inaving a largeonterfacial i s
0.621) | it ly fed t | t f. i R | .the all
Smount of (AN GLAN £XsRaion gusien Y s hargelapIGASIRawd Pape Highs
b liquid is discharged : | b f hi d
otat o SIS & QGBS oinh AR AFoR EINETAEAdTaNDS SOBICRROB ARG qu d
d anal yzed b hr oyrat A deresult ds shown ip, Table 2.
(Vor ki g’ B9 Fatet” Bafl e SBtoh oayant B¢ Rerforned rstiRedyyo: Toks B nz ene
is 0.426 apd le f ] f..chl orob s 0. 57 he skfi ppi
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shown
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.



Measurenent item Operation results Wrking exanple 6 Mass flow rate Refl ux
kg/ h 261 Tenperature Reflux inlet C99.7 Colum top C 133.0 Columm bottom
C 136.5
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[0075]

In the liquid-liquid contactor 1b, a light liquid residing in cells 22, 32
of lower stage sides are injected in a shape of sheet by its buoyancy into cells
22, 32 of upper stage sides via the light liquid opening (injection hole) 52a

5 provided in a slit shape. On the other hand, from the cells 22, 32 of the upper
stage sides, a heavy liquid flows into the cells 22, 32 of the lower stage sides
in sheet-like flow while flowing down by a potential energy through a slit-
like heavy liquid opening S1a provided immediately above the light liquid
opening 52a.

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



Reboi l er outlet C 137.4 Conposition Colum top Chl or obenzene nol fr.
0. 655 Ethyl benzene nol fr. 0.345 Colum bottom
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25
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the liquid drops. As a result, similarly to in the aforementioned liquid-liquid
contactor la explained using Fig. 20, 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, and so mass transfer progresses, and not only effective extraction is
possible but also the numerous generated liquid drops are alike in size and
drop diameter and minute liquid drops are hard to be generated, so that
flooding is hard to occur, for example. It should be noted that also in the
liquid-liquid contactor 1b it is possible to slope horizontal walls 21, 31, for
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
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
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.
[0077]

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



Chl or obenzene nol fr. 0.456 Ethyl benzene nol fr. 0.544 Theoretical stage
nunber - 6.9
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Fig. 22, it is possible to make the heavy liquid (or the light liquid) being the
disperse phase and the light liquid (or the heavy liquid) being the continuous
phase, which inject in sheet shapes, intersect with each other vigorously,
compared with a liquid-liquid contactor 120 described in Background
5  Technology using Fig. 27, and thus it is possible to increase the liquid-liquid
interfacial area at a generation time of the liquid drop, to increase the
frequency of coalescence and breakup of the liquid drops after generation,
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]



Overall cell efficiency %49 (Table 2) Measurenent item Operation results
Wor ki ng exanple 7 Wrking exanple 8 Mass flow rate Reflux t -SC 0 O
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(Experiment 1)

A gas-liquid contactor having almost the same constitution of the
contactor shown in Fig. 8A and Fig. 8B was manufactured and a state of gas-
liquid contacting was checked.

5 A. Experimental Method

As a main body of the gas-liquid contactor 1, there is used a
transparent cylindrical pipe made of polyvinyl chloride which has a column
diameter of 210 mm and a height 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.



Feed 260 305 Distillate 253 238 Bottonms 7 67 Tenperature Feed inlet C
100.9
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(Working Example 3) With a superficial velocity of air being 1.5 m/s,
a superficial velocity of water is varied under the same condition as in
Working Example 1.
(Working Example 4) With a superficial velocity of air being 1.0 m/s,
5 a low concentration (0.5 wt%) ethanol aqueous solution being a sparkling
aqueous solution is fed instead of water and a superficial velocity is varied to
be 0.5 cm/s, 1.0 cm/s and 1.5 cm/s.
(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



99.7 Colum top C 133.2 133.4 Colum bottom C 135.6 136.0 Reboiler outl et
C 136.4 136.6 46
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capability by foaming is prevented.

[0082]

(Experiment 2)

Similarly to in the constitution shown in Fig. 9, liquid flow openings

5 52 are provided in a vertical wall 10 and horizontal walls 21, 31 and a gas
flow opening 51 is provided at a position immediately below the liquid flow
opening 52 of the vertical wall 10 side, and cells 22, 32 of two lines were
manufactured (Fig. 23) to be incorporated into 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.
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(Working Example 6)

After a mixed solution of ethylbenzene and chlorobenzene (a weight
fraction of ethylbenzene is 0.50 and a weight fraction of chlorobenzene is
0.50) is prepared in a column bottom of the distillation column, part thereof is
sent to the reboiler 62, and with a reboiler outlet liquid being returned to the
column bottom, a temperature of a column bottom liquid is raised to a
predetermined temperature. Vapor flowing out of the column top is
introduced to the condenser 61, and after being cooled and liquefied, all the
distillate liquid is flew back to the column top. The pressure of the condenser
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
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
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)

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

fr.



0.379 0.426 Colum top Chl or obenzene nol fr. 0.627 0.599 Ethyl benzene
nmol fr. 0.373 0.401
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increased from that of Working Example 7 by about 17% and an operation is

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




Col um bottom Chl or obenzene nol fr. 0.440 0.489 Ethyl benzene nol fr.

0.560 0.511 Theoretical stage nunber - 7
46
Composition Feed
Chlorobenzene |mol fr. 0.621 0.574
Ethylbenzene |mol ft. 0.379 0.426
Column top
Chlorobenzene |mol fr. 0.627 0.599
Ethylbenzene |mol fr. 0.373 0.401
Column bottom
Chlorobenzene |mol ft. 0.440 0.489
Ethylbenzene |mol fr. 0.560 0.511
Theoretical stage number — 7 9
Overall cell efficiency % 50 64
[0084]

10

15

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



9 Overall cell efficiency %50 64 [0084] B. Experinental Results
According to experinental results shown in (Table 1), in the total 5 reflux
distillation test in (Wrking Exanple 6), since a concentration of

| ow boi l'i ng chl orobenzene (132C) is high at the colum top section and a
concentration of high-boiling ethyl benzene (136.22C) is high at the colum
bott om section, conpared with in a conpogtion at a preparation tinme, it is
found that fractional distillation of both conponents are perfornmed in the
10 distillation colum When an outlet tenperature of the reboiler 62 is

stage nunbert CHiosking Exapualec Land ROV PBGpE-ExamRle B0 A& EsRYATIoN BRLSBT | ne
col um 9D Bk GOl U BaLOm (0L (LKAELL OB he! Lolumhtp 95 Highoand"S
concentration of high-boiling ethylbenzene is high in a discharged liquid
from the column bottom in relation to a feed composition of the mixed
5 solution, and it is found that stripping of a light component is performed in
the distillation column.
[0086]
In a stripping test of (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



Further, according to experinental results shown in (Table 2), in both 47
of (Working Exanple 7) and (Working Exanple 8), a concentration of

| ow boi li ng chl orobenzene in a distillate fromthe columm top is high and a
concentration of high-boiling ethyl benzene is high in a discharged Iiquid
fromthe colum bottomin relation to a feed conposition of the mxed 5
solution, and it is found that stripping48 a |ight conponent is perforned
in the distillation columm. [0086] In a stripping test of (Wrking
Example 7), when the outlet tenperature of the reboiler 62 is kept at 136.4C
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is raised anou residence i'M respeci¥veé’'Cell's are 1 Acreased,

compar at’ ve SR SRR e ST 2 FERADL TBLF opbpitl T2 AT TR 280 o

extract | on ARRRELiARIANY ACliber8a PReARMid IO AAIESEY Gag ShitrALEPY00

solution (hereina err to'as a materi aving a concentration of
29 W% in eggh case by a mxed solvent (hereinafter, referred to as a
sol vent) of ethyl acetate 80 vol % + cycl ohexane 20 vol % 25(Conparative

CETBLE, ) 25, PSS 0RO sl s B GORE i ihy
Fig. 24 is ligaill 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



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 mm x 20 nun rectangles as a dispersed phase liquid flow path, at a tray

I nterval of 100 MM Feed i s heavy l4oquid and solvent is light |iquid,
and with the heavy liquid being dispersed phase and sol vent ratio (weight
rati o of solvent/feed) |o being selected to be 2/1, liquid-liquid

countercurrent coptacting. is perforned at_a fenperatyre of about. 20 C under
an at mospheHTANgH& 4R WO fines, an%%m&b@ﬁ at léggﬁilﬁb@@ qpening iﬁnmm
solvent (acetic. acid concentration 0% is 436 kg/h, raffinate has flow rate
of 131 kg rCoitinseaan e and Rebiant it the SmecEs I Hic,GpmAATEYS
equilibriumcalculation 15 is perforned to obtain a height equivalent to a
theoreticale"ﬁ"‘a@% ‘hereinafter referred to as "HETS'), and HETS is 0.64m

dnen Teed and <0l 8 LSS50 AR sBhoa TG Loki bRt AMR RA S0
15,2511 % TR0 AriFble MERGRHIRSRL IR MR Bl SRR 6T
LSt 3009 B GR BGAGH AIGPRRGRL S et o, dBid® ©
di anet er OfHEqES,'HHd ﬁ@f@i@@!%. of the respective cells 22, 32, 42
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



is 200 mm slits of a heavy liquid opening 52 have a wwdth of 5 m”mm and 49
arranged in two lines, and a width of a light liquid opening 51 is 20 mm
Condi ti ons except feed and solvent rates are the sane as in the conparative
exanple 1. Wien feed is 218 kg/h and solvent (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-Iiquidgequilibriumcalculationis

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 flowrate
of 205 kg/h, and_ acetic _acid concentration of 10 1.2 wt% A Jiquid-liquid

equi | i bri urtoE odvent)i whenscompasingresudisont gxiragting; gramingiions ehthe gveir
e B T o SO a o A7 b oo or
accor di ng 1 e Sohfpelpid dicig dk i eoiin dcot CHiarking SReRRIRoun
Compar at i vé XA SLIELS it WGP PE s b el ey JEY,
aci d HEES ((@or%}irra%ﬁ}eeﬁx&fﬁp‘ié tIr) Ebcyt ggoﬂto/?Sﬁ%,S id %?(u%gtigﬁgeqﬁ%(?er?c@ is better.
Further, with a liquid amount fed (335 kg/h for feed, 670 kg/h for the solvent)

with which the flooding occurs in (Comparative Example 1), an extraction

operation is possible without incurring flooding in (Working Example 9).

10



335670**97. 50. 49 450900** *) Fl oodi ng Occurs 20According to
experinmental results shown in (Table 3), in a case that |liquid
amounts fed are under the sanme 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 1 ¢ of (Working Exanple 9), a ﬁél ue of HETS in (Working
Exanple 9) is snmaller than that in 5 (Conparative Exanple 1) by about
15.6% and extraction efficiency i sdggﬁ,@g. Further, with a liquid
anount fed (335 kg/h for feed, 670 kg/h for the solvent) w th which
the fl ooding occurs in (Conparative anple 1), an.extraction
operation is possible vét%lﬁcui’rn%m an| Wléﬁllﬂ %@E I& ng Exanpl e

'S red from abtondpd i o diart o S B Bl il 19t
1 utd 1S f edis! fRMat URPSppBAThr b (e BAIMHTART thd MR B ol are

liquid are s to co current contacting, cdhprising:

providing a pdubjedted so odusbrue®no tometting, iconmrivéaer that the upper
stage side cell and-the | ower stage side-cell neighboring each other:
al ong fl ow pat hs opravidingod pbuaktyiofcstages ofieslls omamawer thatdhe npparrstage

PRI ISR e e e
uoper 35s0° SelieSglopmiind MERStARe AiEyE) A pESitt 08 co

stages, a dowofhi fd Wolnictc@eéntoBomatingd apaee &Y the rgpfiswoflaid and the
plurality of openings in a height direction or by arranging a

plurality of deaynflessifluid] ong openi ngs extending in the height
direction in a lateral direction in a l.qwer,.side,syrface of the er
St hge s de Gol | coStRERIIE SRR St TidF GoB Padiiba 1By oL AEeEAI9h THlbRY 2
wal | and residiag. 1 0j.ec into the | ower stage side cell, and '
provi di ng an p%%‘?ﬁg%lé/vwfaﬁﬁ%'gdflowi n port in an upper side than a region

in which the downfh@widingi Cilnrtﬁ@ilpdﬁﬁioﬂ Watushihehespedtivensth ey, d ddwitlbw
port the upflow fluid fromthe ower stage side cell flowng into the

upper stage dluié injgctiondrmde formed by amranging a plurality of openings in a height

direction or by arranging a plurality of vertically long openings extending in

the height direction in a lateral direction in a lower side surface of the upper
stage side cell so that the downflow fluid blocked by the péftition 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 the upper stage side cell; and

the downflow fluid injection hole is provided with a furst 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

the lower stage side cell from flowing into the upper stage side cell via the

downflow fluid injection hole.



the downflow fluid injection hole is provided with a first shutter
opening and closing in correspondence with an anount of the dovvnfl ow
fluid bl ocked by the partition wall, in order to prevent the upflow
fluid flowing in the | ower stage side cell fromflowing into the
upper stage side cell via the downflow fluid injection hole. 52

2. The contactor according to claim1, wherein the first shutter
is provided in a flow out side of t he>#Hownf | ow f 1 ui d i njection hole
in a manner to be closed by being biased by a first biasing neans,
and is opened against a bias of the first biasing neans by a pressure
from the downf2.ow fluid rEsé domtgcion atkadingperclsinagewsigen cel | . 3. The

contactor accordin tg, cggli-m 1. wherein, t he downfl ow fluid
injection hole is 81?% ¥fetutisr 4s projadedin gclowfoutrsade of ithe davwnfliosy fluid

first shutter:.i ituted to nmove up,and .down. bef ween.a do ..

plosisti znut 0 cllni)e}éﬁg hnﬁé&:?o%%%élmqrgfpg% %}%85.%%&%@#&&/ ﬁﬁl{\rﬁgt biasing
Phe down posirri: RIS WbEh Oabpitel s VIACEE PRNAHP EadtE NS by R ol
upper stage siram theldbwnflowlleidnsidiag o ttaagpedsngesilecdaal. m 3, wherein

the downflow §luid injection hole is also provided in a bottom
surface of the cell and tkBeEprigctosiggeerding to Jawmeili whemint o cl ose t he

downflow fluid injgction Rol esof, t he bottqm.surface. at the do
position. 5. The cﬁ’f‘?‘t %@Wﬁﬁogc%%dd%egct’tofil IHqSiIWEQW lnél'arﬁlge Sm%g‘i%%fthe
first shutterseha SORRY i j I
direction toﬁpaﬁ?ﬁg@ug%%r@ﬁg?age s?gg&]g%c}wﬁépg%bormﬁﬂda@?%ﬁ%%ﬁ%ﬁ%gogﬁ
upf | ow f 1 ui d poeitivn t8 dese it dovnflewthdd ligjeetioable ardl &n ﬁp:pwniom@ ében
downflow fluid being a liquid is fed froman upper part of the col um
and the gas &% dpwaliovyfiudd anjectiomhels aad maovesunt &oouthedown position by

e mmnner SRAPA s doven R iR A whderPbrgE ok b oi de
R T e eI
?Fﬂ?fﬂ ?r current corthadowidlepdhdd ofjettien Hold i0wldd prodiddidint HBodO - Bve
of the cell and the first shutter is constituted to close the downflow fluid
injection hole of the bottom surface at the down position.
. 5. The contactor according to claim 3, wherein
the first shutter has a buoyancy compensator protruding in the lateral
direction toward the upper stage side cell.
6. A contactor in which an upflow fluid being a gas 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 gas and the liquid are subjected to 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



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, a dowmflow fluid injection hole in a bottom
surface of the upper stage side cell so that the downflow fluid

bl ocked by the partition wall and residing injects into the | ower
stage side cell, and providing an upfg%M/fluid flowin port in an
upper 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 into the.u r, stage _side cell. 7. The contactqr
according to %ﬁﬁ}%ﬂgﬁow@m@i %Pdethe EOY%HQOB’oﬁIHﬂe 8% o1 Lﬂlgfg’f%t é&%ﬁ%&%ﬁ@l
i's provided i g t e cell..a 1 vi dgd. Wit
first shutt erﬂm%s&gg}gﬁ%ﬁﬁeﬁ{dgkﬁﬁ%eﬁJngl% %Itbéb@@%%nﬁglcgnﬁﬁ? The
position to cd@sefléwehdgwnflow fluid injection hole and an up
position to open the downflow fluid injection hole and which rises
fromthe down posi sépmatiyg thebuopyearstage side ectfaridhtbe dowsf ktagefside dell by a

residing in the.U&Eer side cell. 8. The contactor according claiml
or claim6, Wgildpmwall;and he upflow fluid flowin port is provided

ith d shut . I | osi t of ,th fl flud
A MR e g SRR RSN
flowi ng fromhfig ihjewesn HbROR ébQﬁoﬁeédrfdcet&ntEE\xﬁgy&PﬁﬁgiEﬁgeceﬁ' Fthat the

. cell. 9. The contactor according to claim38 ein e secon
shutter is prdowinfkovifiuid Hlockedbly thiedpartitionhwallpdddyesidinpgdiniéeds into the
flowin port in a manner toq be cl osed by bei ng biased by a second

bi asi ng meandOWeh&ags slsetrdl angdareyiding Bnawfiow fhwd Sevoin pprtaisi aiyupper

apttow T1 i 0o, gt P o iRl dbions JuptaBRHEE Mol I Sepd

a downfl ow fPfk&ﬁd’ﬂ'@@&—ﬁﬂgﬁré'th&ﬂbﬁp&ﬁﬂﬁﬁﬂ% eﬂB%&PgﬁGe%?dé cdi flb%n into

colum and the liquid the Tiquid are subjected o countercurf
contacting, tonmrpesistege side cell.providing a plurality of stages of
cells in a n'%nner t hat the upper stage side cell and the | ower stage
si de cell nei ghborthfyceasionaerardmedaglaimy g, wheredn of the upflow fluid

count er curr ent _corPbroa Buld iiSHEE il S Fovigpd e preSToRLs ot
fluid; HRERAT Ald rb@ﬁielﬂﬂi?glri] 3%%‘9?111&&6?%155%1'1 lri]s a8tiited L QYRE ApHAHR

side cell by a partition wall; provi g, In the partition

wal | of the beisyrentd dewspagition to doseflealyvidlowl fluid gettdon holecarddanap
by arranging a Elurality of openings_in a height direction or
1

e - . - . a - b
arrangi ng a peuivanite ppsh the dovendlaw flwidgnisstian gde end evltichgises t{mn the
hei ght direction in.a latergl direction i | ower. side .qurface of
t he upper stg{fy‘gnsﬁ’?fén%l 23’1{%{3{1‘3}’ ff@l%ﬁ/ﬂﬁﬁ%\ﬁﬂnﬂoav &E@édﬁ@@% 1 ke
upper stage ,Zi?;?{ﬁ s dejj nj ects by its potential energy into the |ower
stage side c , and providing an upflow fluid flowin port in an

upper side t#&an tﬂélechmmﬁdt@\/\adcbﬂdiﬂgidlﬁiﬁﬂio@@ldih@'@?,wﬁd}é@lugh t he upflow
fluid flowin port the upflow fluid fromthe |ower stage side cell
flowing by its budhanmflamt Buichdlaypperpert aigepividecc avith d 1seToed shutter
contactor accordin o,claim1 or.claim1l0, rein . the upper
stage side C(g?qnl%g]gn% ﬁ@SFQﬂ/\%Pagt%@eﬁP{ﬂ?%&“F%glpéﬂwqt%§Pﬂﬁ§ﬁ’%dﬂnca
rel ationshi pgid) WNeERrBF S ﬁgﬁ&@%ufarﬁoﬁn%cﬁggx t%té?g\%elag't%gg %l into

the upper stage side cell.

9. The contactor according to claim 8, wherein

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



55 each ot her, and the injection hole of the downflow fluid is
provided in the | ower side surface and a bottom surface of the upper
stage side cell. 12. The contactor according to claim1, claim®6, or
claim 10, wherein the injection hole of the downflow fluid is
constituted with a slit extending in the lateral direction or a

| ongi tudi nal direction or hole sectiogf nunerously arranged in the

| ateral direction or the longitudinal™direction. 13. The contactor
according to claiml1, claim6, or claim 10, wherein the flowin

port of the upflaw flui.d is constituted wih a.slit extending in. the
lateral directPBHIROS I} SBianng: I Pt by eite hipsed caisghand blasing
nunerously ar j d i: i ' Lnal__
Girection 1B End T ORedUcRIRs b eGHINDnd Biagh Bl R pregopre
10, wherein afr@gtth@ﬁpﬂ@w‘ﬂﬁﬁ_of the cell is sloped to be | ower toward
the injection hole provide to the cell. 15. A contactor in which an
upf | ow f 1 ui d1Bei ngAacbnigoiod inswhinh anompflow dwid tpEng a higaidco derh fromd a

a downflow fluid being a ljquid is fed fyom an _upper part of the
col um and t HeWEr @Gﬂdl%aﬁd’oi‘%@nl@du"i doxpdloyy, fluad being 8 lipud e fed drantan

coll o in'a et RLEL the eolnBb”end B Palierhld dif fanid' i3 kriag o

side cell neicghﬁ@&éﬁfgeﬁ%ﬁt&ﬁhgrc Eﬂging[ ow paths of the upflow fluid
and the downflow fluid are on diffetent stages, the cell formng a

count ercurrent conpmviding agdacaitpof stages pf cells i aihdinasritiah ehehoypei|stage
i er stage side cell and the | ower stage

fluid; separ tldwgﬁt he upp )

side cel | by Sleselkand the lawer stagpgide cell pgighberingycaghrothpealeagifiqw paths
wal | of the r iV n flow flui.d injegtion hole forned
by ar angi ng % it GPaC JREP EBABP ety Rulnce Yncgitgh Bates, B oy
arranging a ph4hidbl by c@int¥Riitien! dontd it IPEeH Qﬁstlfexh?gl@wn% il bAHE the
hei ght direction rn a lateral direction™n"an upper srde surface of
the | ower st dgendloseflogd;l so that the upflow fluid residing in the

| ower stage side cell inj etﬁts by its buoyancy into_the upper stage
side cell, and pro¢Paratigs;the appsnsiagsisiie eelhand plee lpywerosiage sidg cell by a

i njection ho . £ | fluid flowin port through which the
downf | ow f | ubgrtﬁ]ro ’eé)r\@pper stage side cell flows by its potential

energy into the | gpelidih@dia fHedParfifibh-wall of the respective stages, a downflow

fluid injection hole formed by arranging a plurality of openings in a height

direction or by arranging a plurality of vertically long openings extending in
the height direction in a lateral direction in a lower side surface 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 flnid flow-in port the upflow fluid from the lower
stage side cell flowing by its buoyancy into the upper stage side cell.
11.  The contactor according to claim 1 or claim 10, wherein

the vpper stage side cell and the lower stage side cell are in a

positional relationship in which parts thereof are stacked above and below



16. The contactor according to claim 15, wherein t he upper
stage side cell and the |lower stage side cell are in a positional
relationship in which parts thereof are stacked above and bel ow each

ot her, and the injection hole of the upflow fluid is provided
in the upper side surface and a ceiling surface of the upper stage
side cell. 17. The contactor accordi ngs t o claim15, wherein t he

I njection hole of the upflow fluid is"constituted with a slit
extending in the lateral direction or a longitudinal direction or

hol e secti ons nc:f'lg&t@ous'}ﬂ arranged in the lateral direction or the
| ongi t udi nal &% Fe#918. The contactor according to claim 15,

wherei n the f TR o) e fl.uid - |tuted.

with a slit ext en_dithng\{#']h&g(ﬂ&e)h%et éﬁg’f@ d | reC%\ILV%{ungEgg?egﬁaﬁgzgiﬁl%iﬂwer side
direction or Qoffewreld Bton $EREs 6 theipRgadeisidd g1, | at er al _
direction or t2he I |t§§j| r,gal di rdectlon . 119 “The contactor aﬁCOI’,dI ng
to claimi, c ai m 6, R4 Y0 CCOF 19g 49 flaim :\/ﬂlfé‘frb@rpr Cla@ 16 pheremity
of cell lines in wihehinjebonUile WS treibenlot die@asechrsinRes® Withe slit
| ongi tudinally are disposed, and the cell belonging to each cell Iine
and the cel | eftendingdnithe lateralrdiiaphionroma longtudiedll diréotisnaseholiesyzotions

on different 57 st alg,es._ 20.. . The i:ont I’iél or .according to_ claim19,
wherei n the rBUperouslyarrangedinthe lateral dreetinger thedangitudinal dirgptione

0 eEt) o0 2 T SR AECRAL DTl Bl 5610 LA
celI's are arrangediigofe®tin poiebl the @fe6wd!fluld is constituted with a slit extending
in the lateral direction or a longitudinal direction or hole sections numerously
arranged in the lateral direction or the longitudinal direction.
14. The contactor according to claim 1, claim6, or claim 10, wherein
_ a bottom surface of the cell is sloped to be lower toward the injection
hole provide to the cell.
15. 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
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
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 formed by arranging a plurality of openings in a height
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direction or by arranging a plurality of vertically long openings extending in
the height direction in a lateral direction in an upper side surface of the lower
stage side cell so that the 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 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.
16. The contactor according to claim 15, wherein

the upper stage side celi and the lower stage side cell are in a
positional relationship 1n which parts thereof are stacked above and below
each other, and

the injection hole of the upflow fluid is provided in the upper side
surface and a ceiling surface of the upper stage side cell.
17. The contactor according to claim 15, wherein

the injection hole of the upflow fluid is constituted with a slit
extending In the lateral direction or a longitudinal direction or hole sections
numerously arranged in the lateral direction or the longitudinal direction.
18. The contactor according to cIaim_ 15, wherein

the flow-in port of the downflow fluid is constituted with a slit
extending in the lateral direction or a longitudinal direction or hole sections
numerously arranged in the lateral direction or the longitudinal direction.
19. The contactor according to claim 1, claim 6, claim 10, or claim 15,
wherein

a phurality of cell lines in which the numerous cells are disposed in
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
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stages.
20. The contactor according to claim 19, wherein

the respective cell lines are arranged laterally along one direction.
21. The contactor according to claim 19, wherein

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

cells are arranged concentrically laterally.





