13 15 3

18
BhpES 0118

BEEEHEBPMICIIEE I ATLAOR 3

BIRRAIgCE - 5 B EE—H Rt A RE BT ZERn)
HERFFEE A P GUT TR RS TR
EHE T (A TR E TR
WA BB U AR 2R 7o)
SH M ORISR SRS R L ERER)
TE FEMYH—F)

1. FEOREE 7 oA TIE, A4 R EREI M LR ST OL AR TR
TR LS TWBR, MK EAFIRIRIS I IREEE CIRMEL TR TRIINTAZENTEN
IZEhERITBRE 2D BUET R RO KRR 5D TEEAED FIRELE X DD, SHIT, Bl
BEIRERAR O BSOS B ~ DR BNEL S ST,

FZTAMETIE, BT e X2 EOEEIE L~ DOIEEHEETE BENC, BEEEDIEES

L CE I ERETRROFE SR BT A BRI S0 R LS B B Ll bIT, LRTEREDHRE
DS DR R T2 A e 22 LT o T BRI LA 2T A BIF~D 2
BIEE BT HOTHD.
2. BEBHIC L AUE BN B D BT — X ORI A T & T o7, T72bb, 1)7kEA
AL DERET BT B T A—ZORATERHE, 2) BT —X OfFTEIHE, 3) faFRiEa s
HTRNF—HRDI Izl —ar, 4) BEFRIRIC L AR AT M BT 2ARTR B | 3T
AT AR OBRRHEEHI DV TIRET LT,

A7 REIED BEREHEREUCBEL T, FAELSTBRES Rt —&L ., BETHTOT
—Z DRI ES NI B A —F —T—8 LTz, FOREE. S EREE KBNS ERE
BFRENTHY 0.6 X107 cm® CH CHATEMTFHISLIZ,

HKDOEBKFBIMIBITHY 12— ar Tk, BRIHEERBLUEREARELRSREE
DEMRAARATL . BB BO NSRBI L, DIRFUEIL 1.83 X 10° cm®N™ 57 &R 072, =%
NE—TEE BN B/ N2 DR ST A—FZ DR SR OFEL 25,

BUES A7 ADOBRFHIBEL T, HRELERBITE OB L DR B RS A5
IZOWTHRRIL, EICEIBEERBEITIC I oAy MRS T,

LUk, BEED B SO TR A To TE 203, FiRA 4 ZOHiRER 30 BRR B 2%
FRBAL . DR AISREL 2D, TNETIZ, KBEESFF OB D T3=M. featERI AT
VER—RZUIE, ZHERZF L ATRIAF LU EBDIAA TR LRG0, £NEh
BBOHDEEFIERESNTND, TS FIERIE R A ERICLU T, SR 5HEERLEELRD,

_47_






13 | 15 3

18
BIpES 0118
EREHBWMICIIME I AT LDREZE
BhRiIgeE  SAE—RR GRORKFEEERNIZER
HFERTE | AFRE GER LR TR
EREIEE (BRRFE T FEE TR
WA B U REFEREES R AR
SHREST (RBRAF SIS R R IERT)
IR & @EMUY—F)
1. WIRER

SR TR TR, A SREAENTIC X DUk A S ORI LT D bR TR
'@%EEE’{Ké F AN QA YN {ﬁﬂ(%ﬁ@fmféi(ﬁbzﬁb \ﬁ%i 'C‘%‘%Tﬁ L/T%%I%Kzﬂﬁ’é - LRTER
RSPRITRORE Y | B S A NOKIRIER LR TREAE L TRRLELOND, EBIC,
BRI OB MO B~ DE BRI S5,

ERRAOICIE, A A SO I < M Uic & S EREBHIRI L K ORBRRE 4
IS CE NS AT~ DBHENTIRETH . TOTDITIE, BIRE T CORMREHER & BN
FRT, BT A SHEDRE L AR, FIEERENT AT AOREL, 77 V) v /DM
Wip LREHIRT 70— F IRARTHS.

D TABFECIL, B B A RMROBSIRI OISR BRIC, HTEE DAERR
Wi U C & - BB DR L i B B BT A b S5 & & biT, LETREORAH
A AR RS BRI HEET B2 LIC Lo C, AR X DRUES A7 LB~ DR
{ED & BHRTLOTHS.

2. HREE

FEBREERT AL, BRI, BRTEATE. i - FHED 3 BRI TED DLE

AN, ERE JUBBRHIZEC B 5 BB LT, UUTORERZET b D,

2.1 EBER

1) EBRXHS (EEBE T COKERE, A 4Bkl KAk, [EEKET TOA A 3L B
WA A DIEEFRECS K OM A O3EED)

2) FERIEl (RE7KE - BV A A BEIEE - BRI 2 H 9 DIEORET L FRBIOGRE LT
)

3) VAT A FHIATLAORE LY I2L—TaY)

4) T REHE @EMCE BT 7T Tl KB T ORIED)

2. 2 BASEHISE

1) FERDEOFEHMA L W, BLUFHES THEIOFEEME

-197-



13 | 15 3

2) FERFHEOSEME (BIANER, NHEMRE, A A4 BRI, SRERE)
3) EAVAT LAOEM (BRBITE. A—V— Bk Zelky)
4) e AHEOEE (Bft, MmOk L)

LILEORRRED 5 B, SEEITERET — 7 ORBELRETHRZ T o7, T72bb, 1) Kk&A 4
v DERRZ T DI RT A —F OB LHE, 2) 8ET—& OB LA, 3) AFURRICE
THZFRNVF—HEDY I 2 —ay, 4) SR L 28RV R T M 2T &
L. BiA A HIROBRFS RSN DV TR LT,

3. BEEMAKELEIZHITBA 4 U EOEY
BB TR DIVAIRRIRDIBEEIL, A A AR OWERBENREE AT (1) KXok H ik
=N,
(tatia—1D)IF-D,AC/ (tatta—D)IF-k,AC

C= = (1)
BI+LRTAC BI+k, AC

TIT, C: BIRRRE, ta, fa:Na' A3 & CIA A DlR, 1: BREE, F: 77775 —
TEH, D WO, AC: PUEREBIRRE OREZE, | [ROEY., 4 BRIEHHRE
Ly : IKODEEFEREE, R: TATEE, T RE, k: WOYLEEREL E DY) | ke : FKORHEFREL (= L,RT)
Thd, 7 TOEIBEOE, HEHIKOEFEE R L, ZOHITERR & AFREDITELITE 5,

ZZCRMEEE BT 57010, A4 OBEE (TF0E) 2RkEL L, KkOBEE 65F
D) Z/NS<FTHULE, KOBENE/NS T HIITKORFERE L BRIERRR /N S 75
PELIULFTRETH Y | [EOBRIRIE LT3 Z & 72 BHFEA A4V 2B ED X5 OEIZZ20UR
BRI EDND Z L2 D,

—H. AFOBBERE LT DI, RABHREELKE  LTERBEORE WEHTH
ECEIUT RV, A AV OBERIT 1 IS 2 EOm_HEEHFTE 20T, EREDRESy
WBEABFNT D NERCRMNNE L 725, HEEE T, HEEE B 272 0ORGHEATV, B~
DA A VBB ERET BT DONEE IRV, 722, EBRBEEL EFUIBEREEb kS
72BDT, EOBRIEHEFRBIINEWNEE X,

4. [FE/NT A—43 O & FHl

BRERNGERDICE LT Q) R4 3V BENCHEY KBE) (45) LEREZENLALD
DIRFBIEETEHEI SNAKEE) (L) NEELZR-TL D, TIRED £ & LT oW CEENCAE
L, ZHETHE SN SGMES Table 1 [ZEH LTz, TOFER. ZNE THRESNZELSED
AEERIITER CA—4—ThoT,

-198-



13 | 15 3

Table 1 Electroosmotic coefficients and osmotic coefficients

8 -
maker membrane B /10 3(:1113C'l Lp / 10cm 3y 17l
Asahi Glass  Selemion CMV 0.97 2. 67
0. 95% 2. 09%
Selemion AMY 0.81 1.92
1. 85% 1. 59%
Tokuyama Neosepta CIMS 0. 62 3,39
Neosepta CL-25T 0. 84 3. 76%
Neosepta ACS-2 0. 52k 3.63
Membrane IT 2 1.42 8.35

% experimental data, *#calculated data from reference 1)

—F, EEORIERFOT—Z ZBWT 4 & L OFHIET o1z, (1) ReyF O 2 BOBRIHENT
HRTE BIFENEL, M LDT- DI R 2 T R Uiz, B SGMEDBALEHE—T 572
(2. BUET— & 5B D EGIE Table 2 1R, TIUTESWTEMHEL T A—F L D%
STz, Fig 1 & Fig2 ITIHEEE & DR, Fig. 3 1XEEE, Fig 4 \[CENERE & OBRERT,
D5 b, Figd MITRENZEREERE (4) SBERE (O LOBRICER L, 8ET
—ZTIIBEC LA BRETENESENTEY ., TEBSELUTRHET 5 & Fg5 DX 51225,
ZHUFig 4 #IER LT E BICEEERIZINE L2 b D TH D, Fig. 5 ORERZRAVW TR TS &
VENEIEEE 5.5M BB IITBRERRE (8) 2906 THIUEEWZ L12725, Tablel DFER

Table 2 Calculation of salt production data

Current density I=299(A/m?) = 29.9(mA/cm’)

Salt transport rate N = 49%(g/m’h) = (494/585)/(10° X 3600)(molcm’s) =
2.35x10"(mol/em’s) = ¢ + ¢ - 1) IIF

Water transport rate W =2.66 % 10°(g/m’h) = 2.66x10° (10 % 3600)(g/em’s) =

0.739 X 10*(g/em’s) = ST
NW = C = (235X 107/0.739 X 10*)/(mol/cm’s)(g/em’s) X
10*(mol/g) = 3.18(mol/1000g)

Salt transport rate N= (" +r-1) I/F = 2.35x10"(mol/cm®)

= (41 -1)29.9X103(A/cm?)1/9.65 X 10°(mol/A 5)
Transport number =088
Water tranport rate W=81=0.739 X 10%gfem’s) = 4 X29.9 X 10%(Alem?)
Electroosmotic coefficient B=2.47X10%(g/A 5) = 2.47 X 10> (cm’/C)
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Fig.2 Temperature dependence of physicochemical quantities
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Fig.4 Relationship between physicochemical quantities and concentration of brine
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Fig.6 Energy consumption for obtaining one ton of NaCl

240 S— 12

200 10

160} 8
| W..=85.08/h i ‘2
120 162
1 F

80 14

40 12

pw=16.53cm'/eq = h 4
0036 40 50 80 100 120°

p(cm'leq * h)

Fig.7 Quantity of evaporated steam in an evaporator
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Fig.8 Relationship between salt flux and operating temperature
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Development of Salt Production System Based on Highly Concentration

of Seawater
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Unstitute of Industrial Science, University of Tokyo, 2Graduate School of Science and
Engineering, Tokyo Institute of Technology, 3Department of Materials Science and
Chemical Engineering, Shizuoka University, 4Graduate School of Science, Kyushu
University, Research Institute of Advanced Science and Technology, University of
Osaka Prefecture, 6IEM Research

Summary

Highly concentration techniques of seawater are promising for developing highly efficient salt
production systems and Jowering a salt production cost.  Seawater is concentrated by about 5 times
using present electrodialysis process. In principle, if a water transport can be reduced to one-balf its
present value by employing the ion exchange membrane which carries low water permeability, a
saturated seawater should be obtained.

In view of designing a novel ion exchange membrane, we have analyzed mass transfer
parameters by determination and thermodynamic consideration of electro-osmotic and osmotic
coefficients of ion exchange membranes, calculating mass transfer rates from the data of salt
manufacturing, and simulation of transport phenomena for designing plants. After evaluation of
resulting data, thé optimal characteristics of the membrane for highly concentrating seawater have
been estimated. The electro-osmotic () and osmotic (L) coefficients for concentrating to 5.5 M
solution (saturated seawater) were 0.6 X 103 cm® C! and 1.83 % 10 cm® N! 57, respectively.

Novel ion exchange membranes based on polymeric materials carrying hydroxyl group,
crystalline polystyrene and porous polyethylene embedded suifonated polystyrene have been
fabricated. The crystalline polystyrene membrane gave low water permeability and high salt

permeability and will be useful for the highly concentration of seawater.
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