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~ 3 o PRIRREA T ¢ ( International Desalination Association, IDA ) (17 2 %33
A3 1996 & > 2rRAEARZ IR RZBFZEP A L0002 F ( 100CMD ) 1t ise
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LHDE LAY S RREFRAPH TS M ARR RGP WA
T EAT FH AR T AT (TR ) 0 A H AESRIKTE B Pk s b TR R kgl o
Bokauk it R gBAE R o ¢ R A R EPTR A PRASERE R 2k X B dpy < ip
BRRER e IR o (9) 1T E KR A BT ENRE XX ERIFT AN A
3 5IBAILA b ArRiR o doie ok s B BAR Tk s WlARG Ak Aok ® 0 EDR B it

ROBER R R R 4F o
1.78 * &

dors kBl g R A A N (1) (2) o RIRMLORAEY 0 AP Eep
EA A Ak ok AR EB 0 5 F X O77T5 F2 R 5 kAL kAR 2 481% 0 H
XE N EEETA AR RBAR AT S 0 S F X 7293 g2 o o fhamkikiok
AE2 359% =il THEE L F X165 F 2> 2Rk 2Kk A R 2 5.7%:
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22 0 A 5 786 3 CMD » ik 2>1k2 3.9% - :lz—*’ﬁﬁ’f‘p\izr'f :

F4 FRARCZHEIRGFE AR AV AEREF (1) (2)

A2 AT P AR A
4 B % 4% (MSF) 1 48.1%
i 7% #% 3% (RO) 35.9%
7 %173 (ED) 5.7%
% »c % 4% (MED) 4.0%
i @‘ﬂﬁ?ﬁ%’é (VCD) 5 3.9%
ok F dp Aok R T A2 OR B A N A RORE 2 A o B JERCRIR T E - A

Pk ik % (4o B)

AlWIN

ey

da

RV

%5 RN 2 ang ke s (3) (4)
LR BokF
5 B v 42 (MSF) 14%
5 »z 4% % (MED) 8.5%
7 7R g 7 42 (VCD) 38%
% % 74 (RO) 55%
T 175 (ED) S0%

2.3 F = & (Investment cost):
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()R~ ~ (i Ry 4=+ & ~ Q) vl & A
{4 £ 1970 8 K37 5 2 fRenis B $0 R TR T MR K R ok e g g8 R
HFEA At g (100 (11) (12) 5 4ok 6 =57
306 EfRAKLIE S ERTF S AA R

%4
- 10 11 10 12 10 11
< ng
p A€ [MGD 1.0 1.1 5.0 5.3 25.0 26.4
M3/DAY 3,785 4,000 18,925 20,000 94,625  |100,000
= = & ($/m3-day)
Z 8L 2 Aok
n;stﬂ " EEE ) 260 1,650-2,200(1,570 - 1,130 1,020-1,080
N
ok VTE e, 2,050 1,375 1,390 - 1,020 825
EF I AR
MED
B RO
;O’t = 1,290 1,130-1,650|1,165 1,120-1,275|- 870
W% 360(;x. 1) 240(;1. 1)
RO 388 410;:.2) [*%° ) 220 -300(;x 2)
Vg N
CURER SES 338(31.3) 285(3x3) 24031 3)
ED -447(31. 4) -390(zx 4) -330(zx 4)

32 1: 3,600ppm TDS

3x 2: 600ppm TDS

31 3: 2 stage-“easy” water

3x 4. 4 stage-“difficult” water

3. R AR R
b Al D3 O L =S ,y,\gg_/-ﬁ»%;;; AkiE S ?ltff:@‘ﬂﬁé N ‘;*;;;;ng/; A 5P jL'ig
A e T P EAOP DR R R BRER N LEITE R REFART A
B o AR RARR BT KA T AT
S e A R

I8 = Aokor e fWAe N RS
kj/kg > (kwh/m3)
1 Rk H- pen Wi B Wk
(RO) 95.0 » (26.4) 65.0 » (18.1)
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2 T EATE - pewh
(ED) 46.8-90 » (13-25)

3 &R i - peh
(VCD) 80.0-110.0 > (22.2-36.7)

4 Ty H- peh BF o
(MED) 256.9-368.9 > 120.2-163.8 »

(71.4-102.5) (33.4-45.5)

5 5 BRI Ak H- peh HE o

(MSF) 380.9 - (105.8) 175.8 > (48.8)

2x 1:1kwh/m3=3.6kj/kg=0.864 kcal/kg, Lkwh—=3.6 % 106j, 1kj=0.24 kcal

@k A
195 &

(123 > 4% 8 #7177
% 8 ¥ i=iF-ka &

» 1970 & 2 % v[;&rmp;j ESRR) A ALY L SPE N S R - N SR L
P e R R At R (11)

% 2 }]%J% 11 12 11 12
pPAE MGD 1 1.1 25 26.4
M3/DAY 3785 4000 94625 100000
A o Ak
7K 171 7
/J}; MSE 143 6 89
PR ESE
T i 138 - 70 -
i |VIE
EF ForEAEE | )
MED 151 74
e G By R BES
SWRO 120 119 74
Pichie K33 7% 5 %
BWRO 38 41-51 28 24-37
Vi'e RSN UPES
BW-ED 26-35 20-26
d o boears| & fE s RO TV EE g R A A AR R B R e T

5 i

Y R R L U

41 20% -

LT E AR EREF S RFAE s kR A KRRk
BHEBZZETERE TGRS A SRR o
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4-1 3B & 2 A

AT ATR Y 2 B Y HAH AL

CRBHRT SRR R

B+ 2 3% (MA-7500) ~ Fs g+
B+

T P

ks

(MC—3475)’ # 2P 2 éﬂkﬁzm dode O T H ER A FORLATT o kBT F 2
EHN LB e EN > B IEY LR SRR 28 BaES > Bl
L2 pee
9 B A AATH
i 3 B3 A gIE [ A IE R
MA-7500 MC-3475
Total Weight (0z./sq.yd.) (&€ ) 11.43 3.46
Thickness (mm) (%5 & ) 0.53 0.38
% Moisture (G&:¥ A& ) 28.4 -
Total Capacity (meq./g.) (7 £) 1.116 0.70
Area Resistance (ohm-cm2) (=& FE)
1.0 N NaC1 4.72 8
0.1N NaCl 14.03 17
Water Permeability (cc/hr./ft @ 5psig) (-ki% | 4.49 30
Hit)
SybronTest Method
Dye Test (3% fc /BB s ) Passed Passed

WHRYRYLRE G LR TAERE S F AT RRRF  ETARY  RER
PR CBEHEE AT NG R se kR 2 Skl g RE o H
RERUEH B2 AL £ 10 977 e

%10 kB A AR P 2 350
& - R Wi R EA

En R R HAphit a7 15H20D
xR FEFREF I DOA-P704-AA
ok R CoIe-Parmer 7524-40
TR Suntex SP-700
rr;:ﬁé; Rt Suntex SP-701
EEY TES TES-2801
BERER Corning CP-420

% T Precisa 3100C

X T AND ER-120A
RN B s W Varian Varian 220
EE S S EE Millipore SA-67120
T8 Deng Yng DS-45
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A2 T EITFERIELCR 49T o ) B G BT IEHS AR BT AT
FRFAFRE > 2+3 3 5T8E > RRERGRA SN RFBETF BEN - B
FPlagEREeEiEEk i M+ 20T RETT - & /M?f diﬂﬁ?%én o [l 5 4=t 3
TETRERERE H L2 B IR i@ﬁd Fordl s = A 5 32cm><%l4cm><£?2cm’
FREfze p 3Rk A 5 350mL > #7i@ * 2 &4 0 P & 4F 5 }‘%f@_ T4 L& 32cmxE 14
cmxE 0.5cm > A dddp i S AR H R < 5 & 32Cemx 14cm><E} 0.4cm o

- A
w =+
= 2
G R B e - ¥
-t /,” i
-
—
%ﬁ— /,7
-
f“‘L o
. oK
e .
A B C
A LR
1
s
AR

Bl 4 +=5 N TSk
4-3 5 ARE A 9

pE R e

ﬁ.;f])» %-#c (Input Response) :

FEF+ Ak kR s RS EA C FTARERK S PHEERK

FHIFF TR FERER

#i 1 %-#<(Output Response) :

%’H__;_iu/*;}g::' CEBEFPHERE s AR ET AL LT

MR AfERR o EREREE S CHTRACATR -

PSRBT kAR A0 B2 15 1Y LB SRk R BT THHE
o PRI RE R RRIES 2 Rokgir o 27 O1MNACI ) F R -
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Bz TREAE AW L 15V/em~25V/em~3.5V/cm ~ 4.5V/cm ~ 5.5 V/ecm ~ 6.5 V/ecm ~
7.5V/cm ~ 8.5V/cm ~ 9.5V/cm ~ 10.5 V/cm -

BoKEIERER 2 8min T4 XiET - kBT E R REF AT

F TR ETRT2ZABEFETREH E - EEZETREPHE - TR R
RgpH 0 2% B S 3Rkt o e 7R SR A T

I ~ALRRTCRRSEFENS

5-1 % 1 T3 BIF(TT 35 3 lf AL el B

TR RIITTRT > AIEE PN @S 2 %z-;;ae s B 3 B,/‘T;:-Q;_.f’?: FE L AT L

sy e e — CEURTARIE RS - B A | il e )
= FLﬁFliﬁ&pJﬂ?‘q—‘

%Saw$+i#£ﬂ**@ﬁ&mwﬂ’ﬂ@ﬂi B g F R TR R
BUEEREF L d e AR RS ITEET > TP TRPRLE
E37.5Viem il o A g G K endeS b 4 o R AR Y B 2 e g R 90% 2 % 0 B

Mo oF R RERENEE D 105V/Iem s g ok A I 2L F o H R A FEN A G A
FHACEFRZET R F A e o ERPF 3L T ALK E A e i%—%’g.—"r—i%ii:fﬁé_?ﬁ 8 »
SBenpEiE 0 A e g BRER TR BT 2 f T R IRACE 60 F OUF IR A 7.5VIem T o

B Lot EF TR AH S A TR L A TEVeM b o g g on gl b -

RPN -

\m&

105 - - .
Removal of efficiency in the ED system
90 - . .
—— 15vem —®— 65vem” P

g .| 25vem? —@— 75vem?
> 35veml —¥— g5vem?
c
S ool T*asvemd 9.5V em™t
£ —A— 55vemt 105V cm
o
o 45 4
K
>
o
£ 30
o

15

0 4

Time (min)

B 5ED x siz g+ 2 *,% 32 % (1.5V/cm~10.5V/cm)
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BE A RIS (2 HEHI8min)

g 100 A .
¥+

- "

™ /

: 20 —

‘JH | | | | | | | | |

72 0

1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5
?CT‘EJ*WJ@ (V/em)

B 6 7 FTRYRTHEZHF 2 % i
5-2% 1 iTf RFITTHLIET 2 pH Bt

HrfR 40 & ehih ok Bk i » TEAT K B2 hpH B 5 6.51 0 e PEA SR~ kiR 11 A K
W F RN opH BREF Y BEF A F o 4oB T AT 0 AREE N PE RN 0 F R
B & 15-65Viem « 5 pH 65 g AR 1 5§ BB & 65-105Viem £ R pH
BAEF L (EPER S e 7 brH 0} Ml R - b B TR 0 RHET P R iR 0 TR
¥R & 1.5~55Vicm 2 FpF s pH &~ @m A ; 2R A & 6.5~10.5V/cm 2 F @ » pH
EAEF L TR em b - > J AR % > @ e PER O REZRAEE SR - @
Pkt 1 P RUFIT i RO A 6 L A KRR b BUEAEEAKY @I ERE K 0 kA G
%%%ﬁﬂi%?rﬁ/}ﬁi’ A7 AR AL HER OH-» Tt id & fekg b Il % o (8 0 & 4heh
o akEAIRis » H pH'E'%/\”/‘\“l‘]“}\?PE’—;E'TJFJ_W:}iﬁtrl%mo
BAETEZ P pH LD o dof 9“7 § TR A& pF (L5~ 35V/cm)pH 056
FE PRI TR R 45V 1 I—pi%,,}\/‘j” Bt kAT AT IRA R AR
# H+s OH-» SEFRH1F% » A4 Heehk 5 ) » @ bridrie 9 pH @5 1§ e

6 A4t b T Rk o

95
Variation of pH in the dilute compartment
9.0
—— 15vem! —® 6svem?
8.5 - 25vemt —®— 75vemt
35vem? —¥— gs5vem?
804  ——4s5vem? 9.5v cm’®
T —A— 55vemt 105V em!
o
75 - I~ o
N /f;zéﬁﬂg//iﬂ
i  A———A——A———a
65 f A
wﬂ’/
6.0 -
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Time (min)

B 7 %z p pH E% 1 (1.5V/cm~10.5V/cm)
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10.5

Variation of pH in the dense compartment

10.0
95 | —— 15cm! —8— g5cm?
' 25cmt —®— 75cm?t
9.0 - 35omt —v— g5cm?
65 4 —— 45cmt 95cmt
T ' —A— 55¢cmt 105¢em™t
o 8'0 -
75
" M‘é‘%
654 ®
XS—L e ———@
6.0 -
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Time (min)
B8 ki&z p pH E% i*(1.5V/cm~10.5V/cm)
11
Variation of pH in the electrode compartment
10 4
—o— 15vem!l —¢— g5vemt
94 25vemt —@— 75y cm?
35veml —v— gsvemt
—— 45vem! 9.5V cm L
'E_ 8 1 —h— -1 -1
5.5V cm 10.5V cm
7 -
6 1 \ ———
5 T T T

Time (min)

9 TH#&% M pH &% (1.5V/cm~10.5V/cm)

FRREHARATRRNEHPFI DT ELHF > TUT 0 R TENT el
dpons o R A0 B e R IEL ROKRRZ R ET R E L 19404S/em > 4eR] 10 0 fitE
zaw¢&§§1m%ﬁmﬁﬁ,ﬁaaﬁm@a1w,mﬁm%ﬁn,L%ﬁzﬁ*@ﬁ
MFELEEF o FTLRFPROI A TRPAGAFETRARCDEH L B L TR
PRGN 1 FREF 8 A& ST RERS A L2 FUNR12 - M127° 7 iug
Do dEE R kERY AETRELRAF M G RiEF P ETRACARET ET A
TR ) 5 R B i @ﬁ&z%?&%wﬁ’ﬁuxﬂ*ﬁwk*&%’“
“;\‘E‘/*\ﬁ‘. P2 RS EARBAT LS AT HIEY TRAGTEE EE O kiR E
WOR@ﬁa 1.5~6.5V/em p¥ » dp3 2 g axF B PR FHRT EF 10 4k HiEE PN #
%am~Aﬂm8wumW’m¢éﬂgikkﬁﬁﬁ,*@ﬁﬁfﬁ75MBWWPW“

F

\yﬁ@_m,
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8 4B is R B E A 200~350 us/em 2o B o @ — Sk p kR e R R 0 4 > 200~500 ¢ s/cm
(13) w—g;mg o

2200 1 Variation of conductivity in the dilute compartment
2000
1800 -|
F 1600 A
§
o 1400
S
> 1200 A
=
£ 1000 A
B gl OISV eml —o— g5vem?
S ,
8 25vem —0— 75vem’
600 35vemt —¥— g5vem?
400 { —&— 45vcm? 9.5V emL
200 | —A— s5vem? 105V emt ~
O T T T T T T T T T
0 1 2 3 4 5 6 7 8
Time (min)
B 10 44z p £T A % (1.5V/em~10.5V/cm)
4200 Variation of conductivity in the dense compartment
3000 | —® 15VemT —#— 65vem?
25V emt —@— 75vem?
.~ 36007 35vemT —v— g5vem?
£ 233001 —* 45vemt 9.5V em™t
Z —A— 55vemt 105vem™
= 3000 -
P
2 2700 -
o
>
2 2400 -
[«]
o
2100 -
1800 -
1500 -
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Time (min)

Bl 11 k¥ 7 A2 %1 (1.5V/em~10.5V/cm)
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211 TEB A& LT NET R A

% 8 a4is ¥ 7T A& E(uslem)
TR A (Viem) — " - "
A E B E AEE +HEERE
15 1628 2220 3848
25 1522 2410 3932
35 1411 2730 4141
45 1272 2950 4222
5.5 983 2780 3763
6.5 849 3150 3999
75 209 3120 3329
8.5 344 3260 3604
9.5 253 3250 3503
10.5 306 3340 3646
(e 857 81 e
5000
~ 4000 .
Z 3000 ././_/-\,//'—'/'_*’* e
= 2000 ——
T R+ R R
00 """-'-~.\\\6§‘~‘\\\’———‘___’_—_‘ VERE -+ L%

O | | | | |
1.5 25 35 45 55 65 75 85 95 105

F\-1 B (Viem)

Bl12 ¥ 8 st Xiez 2 ke p EFT AR
5-4 % fp 1 iT T BRI ITT T I 45
E‘] 13 & 7 P\?"%@*a’)i—r ’ ﬁ‘.ﬁ*%u l‘fu_V ﬁ‘(n %l" ’ F’ LL‘ ]E:'f\_"ﬁr”‘&r-q_‘/n "’h‘i'%@*a’fi 'IE_,
DB TERFRGAEIRRY PR IBBAL I NTIEBERGLUALR
* 2 T B TRYR T.5VIem v i B ahd pond (80%'1 SORR RS & 2
EEEH A BB I TIRS O RIBFERERR . T T T A AT R R

’I}r—ﬁ—[uio
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1050

Variation of current in the ED system
900 -
750 -
—— 15vcm?!  —— g5vemt
E(E\ 600 - 25Vemt  —@— 75vcm
= 35vemt  —v— g5vemt
S 450 1 1 1
3 -1
300 -
150 A
0 -
T T T T T T T T T
0 1 2 3 4 5 6 7 8
Time (min)

B 13ED % s2 % in % i (1.5V/em~10.5V/cm)
5-5 23

BREFINF s 4 %ok o S ARFIPFERLTRY R A $TRER LT Kok
FRE wﬂ%ﬁma < "o/‘ﬁﬁ:#'ﬁ’f%%ﬁ“ CE T RR T5VIem Lt pE s (FEERT D
E T8 A M RAIEE A KR TR EA T R AT kAR pH 4 T LA A

ﬁ%@mo

ARPHOTIIERY L CETANE pHESR RELF -8 2 HRRORFY 13
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Abstract

The potable and clean water for animals’ survival comes from the natural circulation and
filtration. However, the natural circulation of water is too slow to provide human’s needs. As a
result, people have to develop and search the new water resources to solve the problem of water
shortage. The biggest water tanks in the world are seas and oceans. If people can obtain the
fresh water from seas, we don’t have to worry the water resources, which seem to be the effective
way to overcome the problem of water lack. Many desalination techniques were studied.

Among those desalination techniques, electrodialysis (ED) can be used in the place with electricity
and possesses the characteristics of selected inorganic removal and organic containing. Therefore,
ED has been applied to the quality enhancement of potable water.

The ions of Na*, CI", Ca* in the sea water should be removed for the usage in industries and
livelihood. This research investigated the ionic removal characteristics of membranes in the ED
system. The desalination of sea water is the main goal in this study. In addition, the comparison
of ED and other desalination technique was conducted to assess the variance of cost, producing rate,
and water quality. The ions removal rate of sea water can be achieved to 80% under our
experimental conditions in the ED system. The quality of treated water can roughly meet the
standard of potable water in Taiwan.

Keywords : desalination, electrodialysis, ion separation, filtration
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