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SUMHARY

Project Title '
Study of Ion Separation through Solid-Supported Liquid Membrane
Objective and Importance of the Project
The objective of this study is to develop an altermaive process
of the conventional solvent extraction process.
The experimental results show that this process can be applied to
the treatment of liquid waste containing heavy metal ions.
Scope and Contents of the Project
In this study, fluxes of uranyl nitrate ion through the cellulose
triacetate membrane containing trioctyl phosphine oxide as a car-
rier were determined. These membranes were prepared by phase
inversion method with several manufacturing factors which may aff-
ect the properties of the membranes. And the stability test of these
membranes was carried out over the period of one month.
Results and Proposal for Applications
The dominating factors controlling the memnrane properties in the
preparation process were found to be the amounts of plasticizer,
CTA/TOPO ratio, and evaporation time. The result of the stability
test ensures that the membrane stability should not be lost during
the operation. This preliminary study has demonstrated that the
CTA-TOPO membrane seems to be a promising means for separating ura-
nium contained in aqueous solution.
Further experiments for other heavy metals should be also carried out

in order to consolidate the applicability of this process.
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Al 3 A E

CH A ol2& VRBIUE FE8YoERE FetEol2F FFFHoI&E
Az g FelstAv 4R F2& F7HA1517] ¢iA, Qe 2 &
TEEYE o83t et FuiEEYdle thEd TE ¢HE WEIn
AcrH1,2). =,

1) A3 2y, £ §oi +=E§qo] iy SMFT2E 3o 117}

St SA M,

2) ¥ Fam|(A2ul) € €13v|7t 288 BUohrel,

J) Ak ol Y+E AMx
- AR Wk, oYY GHEE MRS /%t Eoist felEdR§
NE mutel] AR AHA HEHE vz, FAEE MY = U YHe2
Aty Huby(solid-supported liquid membrane)oll Wiyt @771 "70dyo
Lig(3~5) 3 Cusslers(6,7) & o2 ®us] ojFo] Hrl.

T iyl o FEFHN i ¢ W AFolE EFINIL o =
AEHE o]Fojxx] A Utt. I olFE AT £TYY U™t g
AR Gl £4, AMEAIZTS F ol utE §oie] A EME AR
E3Ha U7 WEoItt. F, U] FHPE #|Y IR NI WwiEolrh.

e 'S0t RE ANY QPG YL AUATFT olH R L.
<, Matsuoka3(8)2 TBP-8ul& methylene chloride(dichloromethane)oll =<}
cellulose triacetate({ CTA)2] L&#A}§ho) TP ¥, FEI¥HNAM cast-
ing3til AZRA7Ie= A 2P (phase inversion) PP o2 Hubg A RslYc).
ol TBP = EAFAlolol)l BRI o2 23 QoM FEAEZM 2GS Yol
vt oleto] A2 U AHEF G502 FHFRE Qi Eastn



U TBPSY} ol 78] EE7) A28t 2F 100413 B dFoe 7]
F&8#9 o] <f 5% o] AR QqLRozAe J1FE | 4 AHEC)

T PetranekS(9) 2 #ZFOISE A o2 FHY 4 Y WIS MY
3}7] $13tof PVC T2 Aol |43 4 HM(active neutral carrier)E€ s}
o JE Vv W Y 53 & YF3R3, Sugihra(10) & otvlit
& E22t7]) st PG R A o) TBPe} 278 €44 EUW T Al
Z 8t

Sugiharav EX UEF VAL E TEI8l7] A%l FxA& CTA, ENZ
benzoylacetone, dibenzoylmethane s & A}&38I% 3 7I4&AE 78ty ci(1],12)
ojgtgol ITEX X|AAM Q] M Fol EME BAAZIE B hile] FEde
SRt Ay MxFPol THET WRdE SYolgdA L Yy EME
AHE3E 7] WEo] 4] PP (AFE)ole T 2roivt ATl

2 AFoMe 2ty W E F7Y FEEHE AYIoE BU & AR
(13,14), ZIMPERE SNy L& Jroli e 4#§do] A F8EA] Qv
tri-r-octylphosphine oxide(TOPO) & F &A= AHE3Ict. ¥XAM2B+ CTAE
AHEBIR I, TTAME AHUIst ol29] & EolE i tHcl.



€ MYl AHEE Siol] Exizte EAlE TAMNHE St o)y
ghjoll o] o) 29| &8ik7|F = site-to-site exchanger$} carrier mediated
transport 2 ‘lE 4 QUrH(15). Site-to-site exchanget FYE Y A7}
I ¥ complexing site& AlFHsHA jumping?le] 3ol VEH = YHAM
98t carrier mediated transportv complex”’} BAMEH g &3]0l
ol A ol 2] HAitAIS+ complexing plasticizer®] mobility
2} LAY JAZE Ak, 228} site-to-site exchanger+ complexing agent ¢}
Agol 2 Aol FA EOJAHok 7Hdht, fEtEolES F At
oM AURHEHrl si2|Rr-go}] =2]7] ujfEol] carrier transport® X.o}of
ek, ®id] TOPO+ uranyl nitrateol 3} ZE3lo] chelate”} B ANEBIR
W23t wf Foll TOPO 27 2holl A FU3HA R X =S k7t $ehgolSol
T8 AL P&FSIH BRNMFE FHAL gel JEiE AR3L7] A A3
TOPOY 2t B gF2 T|9hE JF FEAE Brh oluf felFol&E o] BH &
uizl YiviE e g H gt AAEct. §, I2YW 13 T PHRE fetEold
o) Mgdrls AHch,

4& §ile] fetgoleol AeEme EJXNEHMYE v o] FE
g & AR,
1) Q9o ¥& Alge $84 FASNMY &y
2) EIFAM FAieebEol 3 TOP0S] AN MY
3) YuhfiollMel &4 MY
4) J3ERFNAM SIEFEFNR ALLeHEY (NI AY
5) oyutel withWoAM e £E4 FAFolM) JrXY
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o] o] qutg FHete FHAYENY flux& LIEMWT] 31 o1 R3S B
& ¥t
1) YutjollMe ¥Ar linear diffusional profileo] €A},
2) &AL Aol M metal carrier complex@EN 2R EaRcE, uwlepA
Zhfoll TOPO complex?t £a3tx, £§QFole A St &2
Lig= 3
3) Yol ke FLolfolx T FRL] FEWIFT FAIYL).
4) Y-t ABANM Yoirie VEFE HUMIT YtE Faste &4
o] dis] vig wl2 A NYPACH
5) TOPOS} ZAto) 9] Wi Eel e HPEL Hitd P& 52
2
6) SetEole @Ml HAgEct.
Heyns(16) < wuranyl nitrate®] TOPOol| ¥} solvation numberz} <F 2, %,
U(VI) : TOPO = 1 :28 RFEYCIIL SRR REEA]2 THEFEo] HAY
4 Arh
UG:(NOs). + 2TOPO = [UG:(NO,s).] «2TOPO ... ...iiiiiaaaen, (1)
714, UD:(N0Os). & M, TOPOE R, complex [U0.(ND,).) -2TOPOE MRolz}
st (1)A &

M+ 2R =MR i i ettt (2)
7t Ho, g84=, K, ©
[MR]
K = e (3)
[MI[R)*?
o] ®rch.



Fickajol o8} o]&9] flux, Jn, &
Je=Dm ([MR),o ~ [MR),y /L eiiiiiiiiniiiniinninnen. (4)
o] Bl 8 AoA D £ 2ol A uranyl nitrate-TOPQ complexe] At
Algol3, L2 ute] FAolct, 8 Azt 0,1 Z2 A8 F, &ge] FHo
atg Zheich ZHE (4)0) 98 A(4)90AM [MR],, & FAE 4 Jeng
I =D [MR) 0/ b oreiiiiiiiiiiiiiieiesenenennannanes (5)
¢ Zol & & Arh.
A ()& ¢F -EA A" AEHE

K= (MR),o/ [M} [R1* = (MR},2 / (M} (R D2 wurrrernnnnnnnn. (6)
o} 27 ®ch TWo) shye) wae) 2%, ¢, &
C = [RYy # 2IMR] 10 vnnn e e e e e e e e 7
olmg (7)A€ (3)Alo] tHy sy
K= [MR),o / [Ml,o £ C = 2IMR1,0}®  +vrrrrrrnenseeaeanannnnns (8)
ol ®rh. [MR]S) ¥o) Coll v}sted thg ZHciH
K= [MR),o / [M1,ol € = AIMRT,0) veunnrereeennnnnnnnnnnneees (9)
e
K [M,oC
(MRI,0 = —— e e, (10)
1+ 4K [M],o
o] ®ch (10)A1 & (5)Alol ciysla ch&s} P}
K [M,oC
Ja = Dan ( ) / AR (11)
1+ 4K [M),o

TE, A(3)AA Yt complexs) X [MR 19 i §3Y 4 glenzd
EoiAlTE AIStY Tt o2 AlAbstd ol R, &AL 710
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€7 oi29 Tt Yy FRY ol29 FEHIE LIERTE

o concentration in organic phase
Extraction coefficient = E. =

concentration in aqueous phase
o] ¥AE HolM HEFT WD AR LA
[MR] = E. [M)

............................................ (12)
o} go] EAIECH W (A

K = Bu / DM] oo e e e e e e, (13)
9 i,
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A 2 A A :

1. 919 A=z

ato] P2A 2 AS¥ cellulose acetate( ®#xt%F 72,000 —74,000,
triacetylcellulose, CTA) S} &AM 2 A& trioctyphosphine oxide(TOPO)
+ Fluka#} &Eolgic), CTAE cellulose acetate, polyamideol] v18le] AL8%
T U AE W AFHLOISHAZ Wk, X PVC, PE, PP, PIFETE
ZAHE AT 5 YR olg LEAES 24HOIER £ 89N HEY
o] &3z Qgong (TARCt $ehEolee] &2s¥ol 1@ Holrl.
CTAS}t TOPOE dichloromethane( mehtylene chloride)ol %o 7t4AAg N7}
3l @3] EUV F, FE|VHNA castingdlsl SURE YR FUAIAC)
ZgAIo] FAstd vl gl BRI TR EolE AA BV e Az
e 19 29 Pl

2. $THEolE S MEUH

Aol ALgd AW E BETEY F¥E A9 FAYR &+ U ©F
fetEg ALl %9 g 2YBF e, dHLEY S BIERERE
AL 3t T,

© A¥ol AHEE F2Av O™ I3 dol AMzE A& HY Eoll 1A
Bk FY S 00rpmoj o2 mytste] FEHIULE AT FAoAIRTh
o] MR FE AN YELEE JtAAHY FR, 7tAaAMY ¥, ¥R

<

9 ¥, AEAL} F&AQ v], SUANN B PPl At AFEE 5
geruct.

12



TOPO

Solvent

N

Dissolution
&
Mixing

i

Casting

i

Evaporation

X

Gellation

1
Membrane

at 30 °C

at room temp.

at room temp.

«— Water

Fig. 2. Procedure of membrane preparation
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FehEol S FAdeiolA AP JHgste] A AEAHA g AL

TE2tg Yol FET AFA @IHFO Bl fEfgo]l EAMIEF A
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Al 3 | 4 34

1. TOPOS} f-ehgol&atel FURtE

Tri-n-octyl phosphine oxide {[CH:(CH.),) PO, C.Hs0P, M.W. 386.65} ¢
BEOo® A8 ASE ofF SE3 22 DEHPA / TOPO TYEE A+gsd)
e aLE 47 Qs}a] ASHE 97 AR S AolM ey upeh gk,
Heyn5(16) 2 uranyl nitrate 2] TOPO oll th¥t solvation number 7} <} 2,
Z U(VI);TOPO =1:22 WHERbchar shgich.
a U0; + 2aN0 + BTOPO = (U0:(NO)z]. + (TOPO)
TOPO= <tEjLIol =0} 29 &R otv|gl A B HiHEYFolA ciEHR
e ol Wg¥ 4 Y13, 14)
- in HNO,(1 — 7M) ; Au, Bi(I1II), Cr(VI), Hf(IV), Mo(VI), Sb(ILI),
Sn(1I, 1V), Th(IV), Zr(IV)
- in HC1 (1 — 7M) ;s As(V), Fe(III), Hg(II), In(III), Nb(V)

2. taAY FFH

St £209% MYso) SuEate) B TUNE MY EMN
AYY DHE U FAHE Foiste wE, LFASE MSAA $A9 7}
BHE YAANTH LN Eabe EoiEre E2nEapitoldl] Boist
geloigl staAAlole) SuistE Ealo) Expvixl 7l2le) ARG B
o131 112 Usto] segnente) BHo] LolsiAl Wrh. uletM FtaAE A7)
stmeM S8UA, DSANOEE, BHE, AW, W GAHSY BEY
Mol Wolx 3, whig UM, AEY, WSHAYSS Héo| Este T
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o] gol8tA Hrl. &, 7t42AE W'Y o224 molecular segment?) SEAH S
Z71A713 A8 |eElHol X E FAaA7Ied {2 2ol oM+ polymeric
networkUoij A 7rAAEXY) [-FF0) T WE] ol ojF ol AA
S7t8tAl gt

¥ AYoA ATEE 74 A Tris(2-n-butoxy ethyl phosphate), Tri-n-
butyl phosphate, Diethyl phthalate, Dimethyl phthalate, 2-nitro-phenyl
octyl etherolxlei, CTAS) EYwel 0% & sHetgich.

24zte] taAe FR/ol ulE FehEole HEeSHEve E 10 AA]E v}
o} Ak HolAM IV Y £ febEol = Je A YA
fetEol &8 TAZRYE vield Zolx, 494 Y 3 ¢F& 343l
dge} §Yof PgdE LetEole e & irepd AHolrh.
ad7loll A g 7t A Fo)A Tris-n-butoxy ethyl phosphate(TBET) & 74 =]
2 AENE BF, FEtwoldd APl Mt gREE & & UUr). o)
R 7t Fol Qitol TUHEN 7] WiFE]) A2 BB, &, TBETS
2ol Q2717 ERE O e Tri-n-butyl phosphateg] 27} €} 714 A9]
B EcH o] 2] FEYo] WA ilelxten, ole UARYEO] fetEH H
Uote dRol UZIHEN LHEAFoM o2& ] &3t T FolM ¥
4=+ linear diffusional profile®} 71&71& ~7tumt=# 817] qiEolelz A
Z+grt.

B @7oMe AT IBETE 71242 HAYste A=+ dEE€ £YsAct
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Table 1. Fluxes of Uranyl nitrate ion across the cellulose

Triacetate membrane contaning TOPO and several

plasticizers
Flux, Feed Flux, Product
No. Plasticizer x10 mol/min,cm® |x10 mol/min,cm®
1 Tris-2-n-butoxy ethyl 3.29 - 5.19 1.34 - 3.20
phosphate(TBET)
2 Tri-n-butyl phosphate(TBP) 1.55 - 4.18 0.71 - 2.45
3 Diethyl phthalate(DEP) 1.4 - 3.73 1.36 - 2.23
4 Dimethyl phthalate(DMP) 1.49 - 3.28 0.50 - 2.07
5 2-nitro phenyl octyl ether 1.95 0.98
(NPOE)

3. YaM M

HE IERE AF AEFEEE FIIHEA FA Tt4aHME 7HUc PUC
9] FE AZER THAAE 5% F T JIeUE WY MEE FY PVC, 30%
9] FtAAE 73R E W HEE A PVCErRCE

¥ dYdME tAME =te) A CTAS 0 ~ 200% HHAAM 8
AlA Fhete) g Az, $2hEolds AWEYE HFHAUTH 2 AT
3% 4 9 29 59 ¥k a9 4 AHEYFe fetEoley] AW e
W ZAoln, % 5 4L &YF fehuole $/%E RAY Rolch,
F Yol rd 7tAAE CTASHS o 0% E 7HEu7ixl& 714 M7t
%ol viglst] f-ehFol&9] Aol FHs] Fr18tA Hul, IF Hrigol
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50%ol4ro] ER shase) S mek $etgoles] WYY HA BastE
AW Bolgr). oA AR 1Y 5olM W& =alo] vtebich.  Athel
2ehEol e RYYS UIHE tAAS) Po] 30 ~ 0%YwW viehgch, o]
£ Ftaxlel Al Ustel dute VHHE PAAY, BqPe i AL

v e A3 A] TOPORUAHE M @11717] Wl o] YH- ¥ =hiel TOPO
TE AARoZE A4 FAAE 23] BiEolets A€,

4. UANY Y

EUHFNEY \IFE F71F0] LABE Foirt U 4 GRE
e 37t A AR S gto] gg3tAl . 2] PYHALAE FESY ohE
3 g}
- EUENE 89 (casting solution) 9] turbidityd® A& B3
& i, tWAY 5717t §8listAl €t o] WA i 0
20% ol &4 non-porous skin layer ¢} finger-like sub-struc-
tureZt 3.

- transitional ©AIRA turbidity”} S 3| SUist €Y AHEe)
1ol A, 207308 B FHUAITLO FAE AHeIN, 719
ulg %, K= MFol SAY.

- turbidity 7} A9 ¥3Y. casting¥F 0F FIFoIny, weo| X
£ sponge structureojui A¥e|7t T3},

SUEAZIE i 256°C~50°C, His= 50%ol=, qiel S S 2%t
F2O & FBE 0T AFALFY FUAID =& B52) non-solvent ol
WO Fgo] FxsHA HI ofz) FUHANS fule EFLE JEHY
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Lhe Al Pt castingdl A P @3P7HR] o) x|7o] R ool early stage
leachingolz}sl™, 2% 633 o] EHole dense part7} BB = o, dense
parte] Alge A7 <F 0.01 ~0.05 wmojcl.
dense part+ polymer-solvent-8jo] Slol2]3] solventd 3 polymere)
TEE #A F78tAIEY gelationo]l YO LAIEI 2R dense part 7 @A Q).
substructure( 71 Z7 &) & vliL3 MF Y 377 € FXE 7MY, FAte
2 Aggn BANY S8 ustA] 31 finger-like structure e & 7
Z1™ dense parte] XXM 2 AL A¥E stARACE FTUAITE ANA Y&
X171 last stage leachingolz} 3t wte] P2+ substructure’} {1t net
work structure”} ®c}. U¥rH o2 FyiA|Zto] F71EA pore size7t 7}
A=l 3080 FAsMAH pore sized] HW3IT urt.

3y 7oA B S8 S0l ulzl fElEoled RESHEe A
A%te Z8E YIENA RS ofn] ¥ uhey Zkct.

0.1F2Y FES FB

Lot T ¥2te] F X+ porosity, thickness, mean pore radius, per-
meabilityol] Y& mIAAIED], AR o2 83~10% HANA §RAIcE 7
o, EAY] FEIt 4%0)BtolE Z1AIA F It olFeys) stor MY V5 E
¥ 3] EslA @rh. E2EE FE7F $718kA HRA 71AIZE Gl elonga-
tionk ZF718HA At

felgol9 e &2 27 $7184S 4 BAUS 1™ 8
oA X viel @l IY¥d € APolA AR AHEY & FEHEOIS
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Fig. 6. Pholto-micrographs of the casting/precivitant
interphase al, (a) the beginning of the precipitation

and after (b) L2 sec., (c¢) 24 sec., and {d) 5 min.

serics T giving a  'finger'—-Lype structuwre and
serias LI giving a sponge’'—~type structure.
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= TOPOY A} ERol Y AFE I3t FEEH7 B VLS ute
porosity, mean pore radiusEel FFE ¥A Forin PP EIE g3t 2o
LEAY FT F70 ulzl Aol FAdte FPE Role A F2 gy
Fhli o)t AZtEct. &, T8 FHErt Fristd el %47}
7187 WEolth(17). H, EAY X7t 4%015 duie =to]l YA
2] ke, IAFAY FEIF4%0l Y LEATT FE3 A Uch

6. CTA/ TOPOu] 9] ¥

HAE R A& oj20] FTAY m, ol2o] T AYAM }E AY
0.2 AFMAM o) Fdok o] o] Foix]7] WhEol YuhiojM el ©Me] A
B E ol ALANY WF T Y7t @ Rojrt

2 9% 3¥ 100M 2 TOP0S) ol CTAS] ol vldre] <F Ay olsil
BIE ol Mol AL ol 2)2] UEFE & & Uow, TOPO/CTAS w)
7} 0.5013 1M & TOPOZS F7tol uieh Agee) SAY 718 Ve,
&, 0.50]8tolME o] FUBE utet TOP0Y Y27 A9 FAHR 27
HEY Hoin, o] e A A{FFP passive diffusionol] P
g ojfo] Rtz & # Utk TOPOS o) CTAS ¥ 0.5 — 1.08 Kol
TOPOS] F7tol ulel Aol F7tste 2L oA Z1ef d%4y Fud &
ute} TOPOY el A@ol A2} Foix|7] wEojetx ¥ztact. TOP0OY N7
o] CTAS] N71gE& 2 ASIIE wive SMFTUF HEA B 9 TOPOYA7}
MEH T AL BRY 5 A7) WE HENAM AL AR}
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&

Flux, *10"mol/cm® .min.

0 0.5 1.0
TOPOQ/CTA ratio

Fig.9 . Effect of TOPO/CTA ratio on uranium flux(Feed side)
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Flux, *10" mol /cm? ,min.

0 0.5 1.0
TOPQO,/CTA ratio

Fig.10. Effect of TOPO/CTA ratio on uranium
flux(Product side)
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7. 919 MPEAH

1970 d i 28] Al3Eol 3% Yul(liquid surfactant membrane)qd =&
oty oYul(solid-supported liquid membrane)ol]l 213 o] 2|7+ AYPYA
A2y AP 7led HESI JRR, oy 7 E 48R I}t o] fo] 2]
3 Ath. 1 olfE WAl FaYe uiel WY FEM EMHET
ape) Qg do] o9 iviwmy] mijEolct. ielA 1980dtiollye b Y ubyio
g A7 A ztHE o g, &, IEAE FEAS A Sl St FA
Y(phase inversion)WHLOZ o2 UEE HEE YR AFATEC] 33l
Agrort, o] WYHE o7t vte] 1P P& A EHx] £ ct.

£ AYolMde 5] P PAEE 2 0YFY LW ct. patEole A
GAEEZ 3 ~ 4 THLE sYPsen, 1Y AP AE7T Aol €Y
€ AlEantsto] A AP A3 ZA sich e 29 1104 e uret
2ol AE7ITHAM e fetFol e AEdHEE A Yt @2 2719
fehEY AESEIt ojFe] AEHEEE &Y wiaA vtehd RS AYo] F
Yollule} EA L] TOPOZ} vl KE&=] AEAFAA F&o] @ olfo] 3
g gzZtgrch

AR
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1 3 % 2 T

7129 Yuby ! solvent polymeric membrane®] TR ¢uhye] A9
THEAHNE ¥rixoes HEAY 4 Ae BHE WLsiuct. F, FEAA tri-
n-octyl phosphine oxide(TOP0), +*Z Q1 cellulose triacetate(CTA)E& -&rijoj
Fo| 4 HEggyHoez AMzE due g fetEe AGHEE UV A3, HY
¢ ) P E EolUrh. g FABME ol29 M ¥8E £ A%
Z30) st & thEH #E AAE ULk

- 7tAAE 2F Q417 RUE JHAAHIE AU e FHAME ANE SR
€ Mt RYEHRZ}F Utk & AP tris(2-butoxy ethyl) phos-
phate(TBET) &l F %7 718 A:}AolUrE

- 7hAAHE F2AR] (TAY < 30% € HrHgwW7ixle AdHE7 7hase &

ol uletAd FAB] FrIshl, I olFREE A Fa=HeU ole 7HAA

g 3F AHENNE B U4 B8 AFNAM TOPOE M&21717] ol

A3 zrgrt,

- 1o MzA] SUALE EAIBYE oj&Y HEHEI AAgnaen 30 ~60

2 FxoA BB LGS A=Y & UACh

- TOP0S} &%tero] CTAS] FRrols}lr}h =E Hgo] o]Fo] 22| %o, 0.5
~1.0 olAoIA = TOPOS] F71o)) ulel AT weldch o] A S ¢ute)

FTYHY TOPOY 219} FH/E WEolcl.

- 0AFEL Yo AP HAHE YT HH, A 71WeiMe fehEole e

AYSEE A9 YEshch |
2 e 4o MzzPol iy MVEFS ST Agoly, AFNY £§Q 9
B30l utE VIl Wy, e FIFHo12e FHREINY iy A3 £
gjojo} szt
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1. ot A€+

% 12004 RE uiel@o] utol) 9sto] 3712 ®|ito] dojdch. 1Y
120 =7 £ 49%3y @F T 2lolo] &y passive diffusionolct,
29 128 &M facilitated transport)oll tigt o, o] 3}FHoA
HEH oA & EAHpermeant) &t A [SIE carrier agent© Qupitell ot
tt. YoM hemoglobino] ir4AF W3l carrier® AT, Rt
Z ¥ (upstream)ollA hemoglobino] <H4=e] $-RA(downstream) &2 ¥4t=]of
ek, FHWAA ARkFo] Yojrt AAE 4 thA] BAr AP,

ot HEgolE(coupled transport)olide @AM £21E33 HEW
(coupling) ®¥tct. ol HEH wEoll WUt 2o AUEAFY FX(Ev 3
ZRA) Fuior Ackd A 19 Y £35S 5E(3Y TR FUIE AE
2] olE¥cr}t. 29 12C+ permeant Cuot Holl thslod carrier agent HR3}e)
AY WL viEPS Holth @AM thEE He MFE Hea Je /)
BAoltlh. FF9 gu-§ FAHEANME Yol o]Fojict,

2HR + Cu ** & CuR. + 2H’

I e] ¥\ (upstream interface) ZAF A Felo] 0] @Aleh HH-gapa A
FAR0ISE PaEa¥ch FHIH A E(neutral copper complex), CuR &
%2 pH7t fx1El3 = downstream interface & At olFqch. oA

Rh-go] dojrtedl Felolo] YEEHI F40]20] 2EELt tir] F3H
HH HRE HEL2 o]FHY % F2 o]F& AL W¢HEYcl. o] AYPo)F
ggol olsf iyl olZo] FETHE A€l THHY difd HEE o
€ chemical pump 2t % ¥ch.
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{A) PASSIVE DIFFUSION

AIGH ACTIVITY

Pt\/.SE

LOW ACTIVITY
FHASE

MEMBRANE

(B) FACILITATED
TRANSPORT

02 + HEM_"HEMC

(C) COLPLED
TRANSPGORT it

Lt
Cu+HR—=CuR ,+2H" CuR,+2H —w=Cu "+ 2HKk
Fig. 12. Liquia niembrane diffusion processes.
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EYZFY FHOI20] YUE T8 e SYLE VULHEHE THE
&3 ol &% & Urh

A 1 & Al

F&ol o] £8N-fut FABE &iro] o8] FAIF G@A( carrier) o}t &
O yrEect.  ¥EY W fL0IR(H) S EYor WEEArHcounter-
tansport), Sol&2 gHoled o] }Fo HAMA HAYvcH co-transport).

2 < A

=

Metal carrier complex”} B} & ®itol] gjsld ojFRich. H¥AiHE dosvle
71AYE LS FH{HEAN AFEHL FF Yol SAsle  chemical species &

chemical potential®] Z}ojoict,

A 3 e A

NG 3@ AY¥oA metal carrier complex7} Y& UL oA FH0)
<& ga&gct, ol 4 o]o] F&Ho|&3} Yt Yo g Fo] tA
(counter-transport), &°le& F&HOIE3} o] dF&E FYFTLE Y&}

(co-transport).

Py T Y Y i

34 ol € W WA BiolM YBRAFoZ BAE0] Foprinl, thA]
1A ®H-go} Rixdc),

37



olF 4 ©HAIE XAjstd Y 133 o] viekd £ Utk OgolAM RS A,
T Ao, N & FH012E HAIUTE §HY Xt FESB] ol FH0)
0] 4 ol tEo] YnFT Y @Mt AWIA co-transport( 1™ 13R),
FEol 3 Fo)2o0) nygyE ¥EjolA counter-transport( 2% 13B)z} ¥rci,
ool A metal carrier complex® % 40123 ¥EYM Jojxe ¥HE
oivizlol &vict. F, o] FF L pH Xl 3A #HLEHI Wi £8YY i
E7t 45 §Y99 AEET} & w ¥Zo] dojtrh
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COUNTER- i
SLM
LOW(H ") AMBRA HIGH(H)
HIGH K / LOW K
_______ = _=
o @%
I
__________ .
o
3 /®' -
o
2
4 //
FLUXHI== = FLUXM®
CO-TRANSPORT
FEED y,rrq STRIP
HIGH (X7) IEMORAN LOW (X7)
HIGH Ky MK
-c
......... *,Il
B S
2 /t@,
N 7.4 .7/
5 /L—-w
......... T.':X‘_
0
4
7
-FLIX Mt
“FLUXH™
Fig. 13. Mechanism of SLM operation.
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II. ety goiaay e v
1) Emizay

SujFgolel ¥ g EA BYLo2RE SFPHPEY ol g ¥#Este F
FogAM 87 4389 FAIZ FEEL F o ulelM FE 38
TAAolY AMAFHE ERAA 2ty TY 5Fole ¥ &€ EE
B AA%A AMEFY & wO1AL, J3& F S0 AP FTHE 849 945
SFHONAM B3] AAHR] & ETEE A 4% &g +€353
L2 My AFI7IE Yrh,

FE AYME {2187 AEAE BRIIUE £8Y FEHE -
3ol Aoz Mgyt y-EAHPER] &= chloride, nitrate,
carbonate $°] EUE A} i LetEolE & v B YLLE Pt
o &£t}

28420 ety BBV FTHANA thol mixer-settler& AMg¥r}l. £ 89
9 fets 199 mixer-settlerstP & AL 2N FE3] 3+ & A0
Foll 4~Ho g o]RolZ FEA2NM EY FAAPE VEPYSEAN S
YNEn, 289 §oje] EF2 ¥Rk

22U I E o AIYE JAHFY/ F71489 K} (advance ratio)
% / e ETRui(0/A ratio), F714/AQuE 2FsH7] A {7189
AMedr, WAL, FMAL Folcl

Sie &4, HAA, modifier2 EYHOAULL. FEAQ LY 2EFASL
saturation capacity, o129 M), 4=8Hyoj iyt MY, FAFol elH
olof st fetE FHoME 3aorlE AHERUTH
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A e Yoyt &8, AEeld, 719, |4, BAY, e %
uranium complex9] BsiA Fo] T EojoF Trt OV HE UHFA|F N
A2+ keroseneo] Uctt. oljel] A3 W& JAHM B, FEATE HA A
A 25ME 4 UESF tridecanol 9 I ¢TFE NIl

I%Y lole e A JFE9 AU NG =7 MAIFES] At mixer-
settierdle IR v fRMSFSHI 5 FEFFEO Wol dlvix] 4|71 @32
YEY ZEl§ A1§5Ix] ke FUE SuF7] WEe] M Yy HEPol
T ESRYL.

2) 448 4y

Ay YubHol A &9 712 MNdS FulisE8YUA} FAsch ©¢x
3224 hollow fiber module & AF&-Ficie o) ci=cy,

AleE £ A+ oz cellulose acetate, cellulose nitrate, ethylene
vinyl alcohol copolymer, polycarbonate, polyolefins, polyesters, silicons,
polyethers, polyvinyl chloride, polysulfone, polyethylene, polypropyrene,
polytetrafluoroethylene & ol HAHO AT, 8 Ty Foje Fido)
utg} AY=lojof gict. felE FPoM ALY + Y= MA=+= P.E., P.P.,
P.T.F.E.7} Qdch.

M)F2] FeRo) ulel symmetrics} asymmetric membraneo] Qedl, ALY
uby ol) &= symmetric membraneo] ARS-®TY,

Hollow fibert 7t A X gol”] wi#ol thd FelE P AIA AHEejof 3}
0] module®] Ao} eiElojory ALY membrane spacing, packing density,
Size, 2t9] ¥}/, module® o] Fojcl.
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Strip Solution
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Fig.

14.
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Stripping ——e¥ 4&— Extraction __.
Section Section

Flow diagram for 4 extraction stages and 4
stripping stages.
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Hollow fiber module ( cartridge )+ ch&3 gol F¥ = icl.

Cylindrical shell

28 feEldR, @FuE, 2HRQEHS L& AHEES Qo
A2 2= lucite= 7Hs3lrl).

Fiber module

Hollow fiber bundleo) 2tx}3}& &3 70-80% FE 23l
shells} #S WYPo 2 widPrl.

Feed water header, distributer tube

Tube sheet

2% 1590+ hollow fiber module ER>} LiElLE LT},

482 hollow fibere] 7j=righ WREE ZE2EHEA HP2] MFo AHFH
ol FeAol & FHol2o] HAHL

TUF Fthorg A MUl ERFHO Ue S SHE B M3
siof Btn] §oirt EAEA thr] FHPAIA Folopict. VWY FHog oF
200 H= &) J1Esirt. olyid FURXIJLRE RUTY UHEA, B
FEE Folth. ¥ 160e MgAA =dygiol AMAIHo] uch.
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Product solution

— ?ﬁ” lll'—ﬂ

=
Feed 3_

> Feed
— Solution

Solution

)

Hellow fibers

PVC shell
Screen fiber
spacer
Fig. 15.

Schematic representation of a hollow-fiber
module.
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ey s
: | T {T ! |
} | | } Product
| s
Feed l {1 [ | [
outiet | | | | I |
o L] . L1, I |
Il 3 Il 3 Il 3 I3
2 1k ik I
= a ~J | ]
| | | | | Bl |
L | L | U | L ;
Pressure : ‘ l . l . ‘
regulator | * | 2 l i ’ g
S o — - — ——— .*
B © g N
100—-um Feed i Product 100—pm
bag filter pump ‘ pump cartridge
filter
Feed Product
inlet inlet
Feed circuit : (——)
Product circuit : (———)

Fig.16. Schematic diagram of hollow fiber module unit,
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111, A H¥y (Phase Inversion)(18)

2 gol7t LEAEY(Fui7t dFA4) o] BEE IAUA AcHER} 3
(network)olrt A(EEIM7t A& E BHHE AP & SR

1. 24 Hg 71+

ZUBE RPHLE EA BEFOl FAY TUXM(single phase) &Y(Sol
Dol 2% 48 F vjdd, BLY §(Sel o2 ¥Yysi, npxlgtes
gelAtel 8 ¥ 3rg wytch (Sol I1-Sol I1-Gel). oluf Sol I1& WS gl
Y @golzlsr ¥ 4 AckSol II —Gel). Sol 11+ ALEAE GoUe B&
v vid(micelle) & o0)Fo AHrl.
o R et A&golMe] 2ELS A N8R F Y] B3 oERMc, vix|Rt A
HEe] pxe 715 F2 Sol IIE MM RAEY 4 Uch. A2 A5y
Foie W2 %9 o] F2AAHA S €t Sol IIe © Aol F HJoE
FElg v R0 ©d doz 2 AUEA EstA 8w Sach,

2. 4 4 ey

A ¥ Hgol & EAHEYo] v g Bzl A (immersion) 8171 A
o] Fi& FYA)F)I AL, vl§of W] SulE @I A WIFHPolcl.

AR &3ty ] §M T MT¥PAHporeformer) = v) §olig} @@
FAFHEYES @3] A @ ¢ USE vGujo] AR &Pl vinAy H
=7} ¥otor ¥rri( > ~10,000). €Yol VR FFAYUE AE vigoRe} A
T AHFo o] o8 By 4 ULt

vl Sl ANEYY AFdE F2EYPY o= FE gNM & L& F
Atk Cellulose £ acetoneo]l EPE N Y& FZ2 FYolA <4 v Gofjig M)
FTB/F 2R ethanol 8 F=E F715tE 29 MFEE F7Hch
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Table II. Effect of swelling agent(ethanol) on the
membrane water content

Mixed solvent Mambrane water
No. content wt-%
Ethanol Acetone
mole-% mole- %

1 20 80 50.7
2 30 70 50.3
3 40 60 53.4
4 46.6 53.4 61.2
5 50 50 65.8

ME BHAE v Sofjgdol =g ethanol s X9 F7tol Qo) SYFEHS P
¥ct. Ethanole] =& F7i5id €§HE A 2o =dPcl.

Formamide 2} g2 iy AMIFFAH 2t 5= cellulose acetatentel gzl
Y FP2 ohFe] ®we} Yo}

Table III. Properties of and Gels from Acetone-Formamide
solutions of CA

Formamide concentration Thickness Wet wt. Water
(mole percent) ( tm) —_— flux

Dry wt. { cnf/day)

0 36 1.711 no flow

10 43 2.10 "

20 46 3.01 26

30 74 3.44 128

40 86 3.90 384

50 94 4.40 1320
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Acetone %} formamide”} §ulio]7] WiFo)] Rrit] HEA oMY Sz
Al FHol ¥ formamide A HeU, olRS Fudol ulera CA
g FtANYCE $£A, AFX, FHE]l FAA FIste A formamide o
A2 4 AW diFolo] CAol tie ZY U3 wEolct,
2o Mazxol] AAYP ¥ Eo] formamidedt +LBYE 0127)7] Yo @&
e oFF Zrth A ZY vl doiEsel Bo] due Pawr)

A% 2k JA] JHAFHY Fxo 75 P& £ AL ot B}
#cl.

Table IV. Gelation-bath temperature effects

Drying Wet Gravimetric Rate of water transport,
time, thickness swelling ratio mL/ ( cf) (day)

min. of unheated of unheated Salt

membrane membrane, Deionized 0.6 M retention
m x 10° wet wt/dry wt water feed NaCl feed %

0 9.2 2.85 84 50 08.6
10 14.0 3.80 33 50 97.1
25 22.8 5.80 90 58 90.1
40 31.0 6.98 118 74 81.1

1, Casting solution composition : cellulose acetate, 22.2 ; acetone, 66.7 g;
water 10.0 g; ZnC13, 5.0 g

28 ¥ol¥ HAMI welx|a AMF e 27], ¥&G Bzt S7HE A
WEe FAUCh

H]-§ ool YABZ A FU(AR)ALE FIHAIFIRE, celld] =Z7], Al
FE7t o] nebd EREE e £9) o) ot
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Table V. Drying time effects

Drying Wet Gravimetric Rate of water transport,
time, thickness swelling ratio  mL/(cl)(day)
min. of unheated of unheated Salt
membrane membrane, Deionized 0.6 M retention
mn x 10° wet wt/dry wt water feed NaCl feed %
1 13.9 2.88 116 72 98.0
3 12.2 2.98 84 50 98.6
5 10.2 2.65 86 ¥ 98.8
10 8.5 2.41 80 50 96.3
20 5.8 1.75 72 50 75.1
30 5.3 1.60 50 36 71.5
1. Casting-solution composition cellulose acetate, 22.2 g; acetone 667 g;
water 10.0 g : ZnCl:, 5.0 g
2. Drying time - interval between casting at -11 °C and immersion into

gelation bath ( 0°C)

v §oizolMe) &9l FE7t F71el ulel FALAYEE MHIole F
5tk A Fo 7RI stresstiEol] £ EE9 Y& U A AXHWE

ol \WrEole BAT)

2 & ZY ulLojol] cellulose acetates] Fx

2098 21231 skinned membraneo] VAR Z7|E r}. B & skino)l &

© o] aF g wole F28UE ol st e vl Soio] U stojo}

g},

ago] ojy FAol 28] skinned membranec]l @ oY Wy RHS

nonsolvent/solventol] A A st M AS 7|2 Tl
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LAY e A8 FSFEITT Hoix|5L FHFo| FHojck  HFo]
AR oz FHojzx7) mEd T3} AYErs F7MYrE dMEE o=
dHHoln], oMy EISHANY Uttt dHFH AEFdre X8 Y
o244 E9 ¥YH TFFHIE EUrh HIAEHA AFHY ol cellulose
acetate™h& /el xR 68.6 °Colgo g wold BALAUE(Y viA) o
EHY F0ME €€ & Urh
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IV. Experimental results(Feed side)

Plasti- Evaporation Casting  TOPO/CTA Poly. Flux x10°

No. cizer,% time, min. temp. °C ratio conc. % mol/min, cnf
1 200 1 23 1 8 2.19 - 4.16
2 100 1 23 1 8 2.57 - 4.7
3 50 1 23 1 8 3.24 - 5.19
4 30 1 23 1 8 3.06 - 5.83
5 20 1 28 1 8 2.19 - 4.45
6 10 1 28 1 8 3.21

7 50 1 29 0 4 0

8 50 1 29 0.1 4. 0

g 50 1 29 0.25 5 0.83

10 50 1 29 0.5 6 1.78 - 2.98
1 50 1 29 0.75 7 2.26 - 3.71
12 50 0. 29 1 8 2.19 - 4.2
13 50 1 29 1 8 2.19 - 4.11
14 50 5 29 1 8 1.78 - 3.76
15 50 30 29 1 8 1.58 - 3.0
16 0 1 23 1 8 1.06 - 3.19
17 50 1 20 1 4 3.1
18 50 1 20 1 12 2.57
19 50 1 20 1 14 2.47
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V. Experimental Results(long-term operation)

Time 1 3 7 10 14 21 25 31
(day)

Flux x10° 3.22 2.25 2.22 2.14 2,52 2.46 2.94 2.41
mol/min, et | | ‘ |
l

1.97 1.53 2.19 1.67 1.84
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V. ot B2y 9 $%(19,20)
1. A5l Reverse Osmosis)

QAT o] 7 Bztel =y]7H 10 A ole} SAE F2she o
24 SEAE O 9%7HA AAY 4 AUch o] W FFol 10 A whsjolx
HlFol A Az AeBg2H vlFHgoln, o] {FIIZEAIL ¥4
3t Qe micellextd] TAE Fsto] FA7F Yk  HFELARHAM=
dielectric A7t 27 wiFol] §&EHo] ol & F4HA) @3 IR ME
(800 ~1,500 psig) &mil Eol FEUHAH Ap - Am)el vlsly £t
H3 £8P SFEUYATL ohd HFFUY20) vl EnElng Eo] §
EYoll vzt I FaE 7] ol FelAr s Ech
T8 TEAPYES 1950 izt x] MgE GRS FR7t ol FAMS
Liw} Al -8-3}=]x] Eslcirl,  Loeb$t Sourirajano©] cellulose acetate=h&
felexol gl 70 - 90 °Colrd Fxelsle P RAETE B8] FL
XA QuiA-&o] orF i3 B EAEETE =AU & NUSEAM 24T
7t 7bsetA =HAck olgol Y T FHY XU F 3R c}
FH AN F FREoE FEEHO JYrh. 2RYSFS FAZF 0.1 054
HZToE2AN AAAoR EJXGE AT, 39 2x]F e EANE
< A9 FAY UL FEolv, ©R] FFRFZE XM ER v
AT %E thFE AN Aol g E EXU FULE MwE U
th. Z7jcle A HES2E AZME AHEstR 2L, Fof nMY 3 &
7t%1  polysulfoneZt-& Z|AME Apgstict. ol xxFZ#ol cellulose
acetate2 ¥ S THUEE ZEsAUCE FARAole thEd XXM E
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WE o8 ntARste] X599 71FLE g2 EYo] HFEEHE A B
gl ofgit}, I1E-AIE & polyamide, poly(ethyl amide), poly(ether urea),
polybenzimidazolone o] RUrt.

A @y (phase inversion method)ell 218 Alz@ vitiy S 21 F3 9
A71et Yeprt chedl, olRAL casting8§YQ 24 3 ALxdel ulch
ol vthY U HPute] AR AY A FAFEE @18 ¥PF
o] B3 3ol 8] xjulj@ct, vt et AHE 2 polyamide, polysulfone,
polyvinylidene fluoride, polyacrylonitrile3 &M 5o} it

AT F v NMeRREH oL oo ARde Ao, ©F
A zAlde AR o9 99 s Forop s(< 500 ppm) AH=-|Hol
wolok ¥ri(1,100 ~—400,000 M°). &, A< wiAIEHR FAHE 7}t #ok
¥ct. AR 2+ spiral wound, plate and frame, tube, hollow fiber module

S0l Act.

2. A a(Ultrafiltration)

polopyogs ETREF A RLHESE FAY W, Ex £
o= RE oligomerit LEAE FAY W ASEE WHoth.  ue FPL
20 ~ 500 A @Holnl, £2l¥ 4 U+ macromoleculer} FEOIE Pzte) =
71& 10 ~ 1000 A o witch o] W& QAR FAY Palzato s
YYAE Fa) VYo AMEVTL AHREE FHAE ) 10 ~100 psig¥
Adul, ole Aol T YAE AR Al Wy mEd] ARY
olate] ge g Zhsteul Tte a8tz QErh JATUL uH SEGIY A
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B8 A F2 AuiE S visle, ot a9 A7) 9 FF A
Z1oll A9 =xJuRgr}.

HHEAQ] cellulose acetates}e] M=y &} Bl &, cellulose ace-
tate 25 wt. % & acetone 45 wt. %, formamide 30 wt. %ol ¥ IEFAENY L
REECH o] §ol& UFolA degassingWF, R HollA F7 100 ~200 m
2 castingPrt. FXFLE EMFUE AR =FolA sol-gelHo]7t dojr}
=5 AU AHER =g 8o FEY ATFL ErFEo 3 EoiE
A& drt, B8 BEAJ formamide o] L& WAISHE open structure® 2

3 th@aol Eob Atk

3. Yo (Ultrafiltration)

ol ¥Y¥< 0.1 ~ 10 m=712] §AE& EEIste AL =24, ol AHEE &=
G FZ@o] ¢ 0.01 ~ 10 mF x| MHFEE oF 80 %H=olct. = Y
A 2+ cellulose Al S ol+} nylon, PVC, polytetrafluoroethylene(PTFE) 5 o]
ol lh= 3

FUARANFPNM AL Y224 FAHEH Aty ez 10 ~ 100
psigoltt. YR B ZA7 o o iAo zH FelAde el
F33 EeltAtEAS] A0l ¥ich EelEls BAY 3717 Aotk R
o 343 RS ohiny, w2 B20] ol FAFHAL MFH oM
UM AoN(Steric hindrance)oll 9)s] F7t Yoz W&+ Utk FUSA
3 FEY 7H £ EAE e 80 E20|=EY JYAWUPLE2H o
#e AAE AA7Ied, ol whE IAMBIAL AMPAA HI € e
B ¥ HA|HOE ¥},
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4, 7]1A)¥-z2)9H(Gas separation)

|7152 &2 2te] A AN FEIGE 7N #4321, 2 7MY g o §
N A FUlM Y JMe s FHRO) gt o] 0] ct, ojml o iR %
1M el BeiEATS ol BidAIee Abe ZIHEeo FPAYL 842
2H-§ Tt RAIZEAL ol BelF(Pd) FHFUE 01§ saER], A
& o1 8% M FelF I EEEkE 74]‘%‘-’-‘1‘?._‘ 371 #ME Rolx Ao,
ole = /&2 MY, FF7IML 282E U ELEEE YA LR
B Adolviz] APl 716E & Rolrh

5. 35 2H(Pervaporation)

FOSUH e oz YNEYUEY &2, ST YU Hidohr}
BF O2la 714082 "ol o]Fo rf. o] YHe InPYEIHR €
1AM ESPEE Belst7I AT AlF Vycor FEI=ha 519 by Fstatol
olsto] Wit ole] H-Eol w1 o] U ERoN ALY A¥E
7t $435 SR FEZE 7)€Y YRR} O Feol ¥ AR
BEEUCE At T2 AR o] WHE ARuiI} A7tola FAxH
o] £ TohEl X2HI} Wol EX Y MYl ofA7tz] 1t
2}ot o] R0z 2] Q}iiRrh. v YMERAE B YL EREOIL F
HEUE U TALFEYES 2187 AT THLE FTY WYolct.

- £718A-B EUES ws \

QRS BHIYUATE o] Eopol Wol YFH S Utk YL GET
o] gg0] HEHOE Bol tish ol & THET F71EA0] sy F
8 G BN BT Yoz §YEAclE LER, AER, olHE

96



5, dEHER oIt g AE-EL ¢ 96%2] oY dEFEOAM FHIE
YEol HPHEY ouix]g] 4nl7l A2 & o]F3t dlzx]9] 4ME

AR Y & Atk GFTAMA &= t}F/ PANZol polyvinyl alcohol & I ®)

sto] & ARSI o], F=9 BPAIS] Kalsep2 PAAE I % 81 &

Azt Atk ol ol A9 Toray, DaicelAIFME Agdloll 2AY A
HE Holxx uch. %Y A&+« polyamide, chitosan, acrylonitrileS&
AHg8ta lrh.

- g {IIE-€ § ¥&A

BHo HolRE 2% {IIEE £5748 4E 3 ERlzte Tl
e &ES X7 6710%7 Hle sEAAMY &80 FaFy Eele 3
A=A o2 e FAa3A bioreactorFol HAAA vi2 UEE SHAL =+
dct, o] 2ol PTFE# ol NVP& A ZAjol} 28] graftingAlR) =tol o) ¢t
AE-AVHF T2, E-4T £l o1& 7t Aen oM EHY &
glofl o] g8 <7} Urt.

6. ArEA¥H(Dialysis)

HrAFYolys FHEH AFAIZT ol 8= g8 8ol Urt. A8 §
AU €T MYFANA Al BE F2AFIEE AMAYREOl F
olof ¥ ERrohlzl SHUNE Yolrviz] grotol Pr}.  Cellulose acetate,
cellophane, celluloseA|¥ el LFEAI}O] JAFAY U8 F&E AHEE T
oo, ol2ngyol FJE§ H{iIFAo R ArgHELt. FAF YoM H
Y& YiiFY E T FHYES AlSAHoR &8 Hulo] 7 ¢HY9]
SX2to) o) tigERe]l wrlArt.
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7. AT Au(Electrolytic dialysis)

A FHLE A7 FAY Fo) oj2nPLE AHE3tal, FUHeE A
A2HE ol &Yt FIFH FFA0l0 Fold ZFTLE Wi ol NaClg
Qg FI8IA, Na Foled FFoE E8 Yol nyurd B4ty &3
AE Trh o] ol FFANNM E9 Aol s MEE 0H Fol
g @erste] NaOH7F Ad€ich. ¥, Cl &ol2 2 Fol2 nEsE B34y
T Pen g FIFA AEI FFdMe & HE Fadtd (1. 1Mz
grt. ojgk@o] NaCl-&Y2 Hsi= o] NaOHet Cl. & €tk o] B¢ Pol
T ABPLS Cl & o120 FFHE FHAFO olu] B/gd NaGHe}t R3]
NaClo]l H=E& A& BVl _

O] EIYP-E 01 &3 MY S AR HAMERoILIE} Aol Y,
ey 413 B9 9 AR 18 /IIRENE ol = Yt

8. ol ¥ & FH=|(lonexchange membrane fuel cell)

Yoy YHE UFH SHFLE UIFLE 8o UAAMA |8
=9 a4, AdaWFo e Ee FVIE T AR IS 7 I
o} FAE #EH H'E g0l apteg T3t JLWFo =g
AaFAFoME 7 F3EHA 1/2 0.9 HAHE 2ot H.08 g Tt ol
o Z1A™(E°)Y ol &2 1.23 V olt}, olenBY AgUX| M TF
H'S F3EA H758ytgol o8 ik, o] 3ig 40l i
AFAM g E Yok, o] AgHAe) €S 1964d v A
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L] Aol g8 M Fo g MYEen], Ve oo Y ALAT
WEo] I HE U FAPOl Wol YHHJLEE FA 2¥o}l &go] )}
© AP oz F§ol ZigAr],

9, Y2 (Liquid membrane)

WP S FELG A3 E TY B2 FAldd £ = AT BEIR
Ao 2H, 71E&9 SuiaEHolL} oY) THE B uAre
YAt AZIMY Ypolgt {7 FEAHE FHE oS & Uslol, of
e FeltidEdol iyt H9x S8 E 7Hx3 Arh.

Aol thEAg XxAM FE2AE FAAYN AWY AGy(Solid-sup-
ported liquid membrane)s} AR |/ Aol 28 ojFH(Emulsion)ojrt Bt
P2 ARY/Z Y Liquid surfactant membrane) o2 iy cl, 2] 2o
- solvent polymeric membraneol ¥t A7} +=¥EIFIE ot

ol WY ©fiet EHUEY €], ZIMEYEY £al, HsAe], F5
o229 #el W FAol Y FE&AF7T W= Utk
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