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2 A7) HAL sy g F A F f-E iRl rhodlg, 2 I A& T
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Abstract — The purpose of this study is to develop a process technology to produce high hardness drinking
water which meet drinking water standard, remaining useful minerals like magnesium and calcium in the seawa-
ter desalination process while removing the sulfate ions and chloride ions. Seawater have been separated the
concentrated seawater and desalted seawater by passing on Reverse Osmosis membrane (RO). Using Nano-fil-
tration membrane (NF), We were prepared primary mineral concentrated water that sodium chloride were not
removed. By the operation of electro-dialysis (ED) having ion exchange membrane, we were prepared concen-
trated mineral water (Mineral enriched desalted water) which the sodium chloride is removed. We have pro-
duced the high hardness water to meet the drinking water quality standards by diluting the mineral enriched
desalted water with deionized water by RO. Reverse osmosis membranes (RO) can separate dissolved material
and freshwater from seawater (deep seawater). The desalination water throughout the second reverse osmosis
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membrane was completely removed dissolved substances, which dissolved components was removed more than
99.9%, its the hardness concentration was 1 mg/L or less and its chloride concentration was 2.3 mg/L. Since the
nano-filtration membrane pore size is 10” m, 50% of magnesium ions and calcium ions can not pass through the
nano-filtration membrane, while more than 95% of sodium ions and chloride ions can pass through NF mem-
brane. Nano-filtration membrane could be separated salt components like sodium ion and chloride ions and
hardness ingredients like magnesium ions and calcium ions, but their separation was not perfect. Electric dialy-
sis membrane system can be separated single charged ions (like sodium and chloride ions) and double charged
ions (like magnesium and calcium ions) depending on its electrical conductivity. Above electrical conductivity
20mS/cm, hardness components (like magnesium and calcium ions) did not removed, on the other hand salt
ingredients like sodium and chloride ions was removed continuously. Thus, we were able to concentrate hard-
ness components (like magnesium and calcium ions) using nano-filtration membrane, also could be separated
salts ingredients from the hardness concentration water using electrical dialysis membrane system. Finally, we
were able to produce a highly concentrated mineral water removed chloride ions, which hardness concentration
was 12,600 mg/L and chloride concentration was 2,446 mg/L. By diluting 10 times these high mineral water
with secondary RO (Reverse Osmosis) desalination water, we could produce high mineral water suitable for
drinking water standards, which chloride concentration was 244 mg/L at the same time hardness concentration
1,260 mg/L. Using the linked process with reverse osmosis (RO)/nano filteration (NF)/electric dialysis (ED), it
could be concentrated hardness components like magnesium ions and calcium ions while at the same time
removing salt ingredients like chloride ions and sodium ion without heating seawater. Thus, using only mem-
brane as RO, NF and ED without heating seawater, it was possible to produce drinking water containing high
hardness suitable for drinking water standard while reducing the energy required to evaporation.
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Fig. 1. The entire manufacturing diagram of the processed deep sea-
water using Nano Filteration (NF)/Reverse Osmosis membrane (RO)/
Electro-Dialysis membrane (ED) system.
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1) 35EIFIS55)E MF(Micro filteration) Bl 0]8-5103 3]
2 33 122 GAFEHROY EAF FF(Concentrated deep
seawater)2} ©9<=(desalted deep seawater)E A|Z8H= T,
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Fig. 2. NF/RO 3 modules desalination system for mineral control
installed in the Deep Ocean Water Research Center (DOWRC) of
Korea Institute of Ocean Science & Technology (KIOST).
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Table 1. The production process of the processed deep seawater using NF,
RO and ED and their individual ingredients analysis results

Items Analytical instruments and mothed
DS, Conductivity, o rrp ER TOLEDO Seven Multi meter
Salinity, pH
Hardness EDTA titration
Cation: IC (Ion Chromatography)
(Na, M C.a K) - model : Cation - ICS-1000, Thermoscientific,
Ve LA, - Cation Column : IonPac CS12A,
Anion IC (Ion Chromatography)
(CL, SO,%) - model : ICS-1100, Thermoscientific

- Anion Column : IonPac AS14
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& 719} 3¢k NFEE59F EDS AMEslo] WE=E 527)
(A oF 1,200) 5=2] AYato] 7Fsshd, thakst =315
538 7K BT M@ DT, 55T, nMIEEES, v

HEs5, 35, TUlEFE5)0] Al 7k Al ~s ol

2.2 HARSF A2l E 24 U

AT AHE52] 724 Table 1] YERLE & 855
A(TDS), & % (Conductivity), &5 (Salinity)2} +40] 5%
(pH)= METTLER TOLEDOAF®] F-t]§- 4 7]7] Seven Multi
meter® 5733} t}. 7%= (Hardness)= Standard methodel] 2715}
EDTA &Y o2 43 th(Lenore S. C, Arnold E. G, Andrew
DE, 1998). WEH, nlvlsr, Za3 ZE3 22 ol
Thermoscientific’}2] %] Z+] TonPac CS12AS- ©]&3F o] 23
FupE TR T35 on], So]23) St} e SOl
ThermoscientificA}2] 2] Z+4 lonPac AS14= ©]-8-3F 0|2
nRE T FA o2 BAEIGIT

o

2.3 GAEOHRO), LECO{BH(NF), Z7 | EASHED) system
28 =A

12} GAF RO AE] 742 Toray ko] @4H7Fut SUSIOS: 3

AREBlO] 9 50 keflem®Z S|4 SF 55 579
EREA)E 2 FUh TorayAl SRR ol oz gt
50 kgflem™} 3.5% 3l Z71olA] B3t AAIALES 99.75%1H, &
7 T3 S 4.0 mY/do|t). 23 AFRON AE 342 ¢k
20 kgffem’= 12} AHFEEE] BAEE TR ko] At
TorayA 2] JAHFEF SUSLO 3the E3HAA sl 77k 24
A EAs Akt olule] 74 3582 60% o]tk
(Table 2).

Lo IHNF)A 2B F7g ol A= TorayA+2] NF H1Ql SU610 =1
BHQl ukg 3¢ko Z ARESIQITE A3 ol ARE-SF NFER 949 20
kgflem’™} NaCl 500 mg/l -§5=2] F5< Z710lx Bt ¢ A|7E<]
55%, T2 = 4.5 mY/dQ] ALeFS 7171 wholtk, & Ao AlE
48 20 kgflem?®] 7107 FPHUTTE 35 NFES ARE31e] 1
2 Aglate] 12} mvl 55k A eEE ST & et
Qo Aakd wildsE55 AR} 35 NFekeS B2A1A 23} v
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Table 2. The operation condition and production process of deep seawater using RO system

Items RO water (3 module)-1st RO water (3 module)-2st

Operation condition ~ RO: Toray SU810, pressure: 50 kgf/cm? RO: Toray SU810, pressure: 20 kgf/cm?

Process seawate.r—>RO—)concentrationwater/ seawate.r—>RO—)concentrationwater/ production\fvater- Ist—>
productionwater productionwater- 1st(Feedwater)—>RO—productinwater-2nd

S g2 B3] Bl vlelel 2 FE3hnt.

2.4 NF3X| 55 ®Z % L0 2|2h(NF)-HAETHRO)-
M7 |EMOHED)| QA1 2N

i = ST E AR ARSle] BE/Cr HIE ol

vlgah 2 22 AA-s ofFeliuis theo ks o83l
NF 5550l vivle st 248 541715 A1 & A
o7 FGIT FA1Z1 T3S TorayA2] NF FH SU-610S
A8k, 948 20 keflem?C 2 S|FHTT ArE HESI] 1242
NF 348} NF 5555 #28k, 222 NF 55575 3572
ARgEe] TA NF 2HS 53RA1A 221 NF 5555 AAAteisict. o]
o} 32 3E 3l AA Ao 33k NFsSHTE AlZsii e

Fig. 3. Electro-dialysis desalination system for mineral control in deep

seawater. u, o|uf o] YFEHE 3% NF 5559 3|5E2 18.3% ©|UTh
NF %5 Az 343 &4 248 ta3 2ohk(Table 3).

UEgsEe) viE2EdTE 43Ut 25]ol A4 NF 32h 3l kvl 2 5 AEARC] 59 33 NF 558 7%

HTTE ARIokE Wl F980] SRl ATE 85 7 Ut AEkE o] 8ste] AR WEATHA YERY 94 5 2

X
A7) (ED) A28 Fig. 30l UERALE A7 59X (ED)E 2 L7kl AASIh 5, 171548k o] 88 49 e
batch?] AR ZA H7|FAZ, dis5x, AEdEs52 2 A5 A7HES 40 mS/emelA 20 mS/em & 743 W7kA]= A s
ANzZ FAE] Qi) o] A= L& oFAEARY] Micro Acilyzer  FZR(AH 2| )olA UEFEY G40]23) 2 drlo]S A &2 o
025 ARESIQILE 27|54 AR AR 55 ol sldils = AASA, vidlgd) Zad) 28 BRdwS 18] drk
T A, E5F B RSS9, @R EE2E RO 28, A7IHER 20 mS/em ©)FtllM = AsEHEe] vhdls
AEFERT) B AT AE ol ED AIAE 342 ARl o] &, Zsrole 2 Aol YEFY Aol 2 4vt
oo st o] 23} o] AAE7] witel] M7 AEEE 20 mS/em®E 733

EDX] 2B 342 Electrolyte(0.IN NaNO;), Conductivity(20 mS/em) — tF. FA14 21 9% vHRO), L=HE 2HNF)I} 27]54] =HED
215 ARERte] At w9 AewsEael A AR tE sl e ol8slio] AE/Cl HIE £017] 913 RONF/ED 3782 tha
AT HelrE Wil HIAES ARt T]a A71FA(ED) T ZtK(Table 4). 17154 X19] ehitsF3eol= RO WS &

=

Table 3. NF operation condition, production process and their water quality of production water

Item NF process

seawater—>NF— st concentration water (feedwater)—>NF—concentration water-2nd (Feedwater)—>NF—3rd
process concentration water NF
operation condition NF 20 kgf/cm?, recovery 18.3%, SU-610 (Toray)

Table 4. Linking process with reverse osmosis, nano filtration and electro-dialysis system

Item Production process Operation condition
RO/NF/ED Salt concnetration tank (RO production water), Hardness conc - A7) FA 4] o} A EALS] Micro Acilyzer 02 AH-
process (G NFEFH)>20 mS/em ED Gt-652(F7), 4 esHE - 71355 1 20 mS/em

(s E) - AT 108

- A7) 52170 o}~ E-A}2] Micro Acilyzer 02 AF&-
-A7|HMEE 1 20 mS/em

o1
NF/ED process = - © 1 Lo
) oAz 108

TEEHZ NS TET), _73 EEE5% 32 NFEEFT)
—20mS/cm ED>YH5EZ (3), A 555X (VuZ
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AL, AisFzels 33 NFsFE SR80 714 9E 20
T 5 7Fsste] A7IAERE 20 mS/em®z R H W, AEsFTolE

F7F A B sEzels nEEEg7T A QA T3
e BINF)2F 17154 2HEDRD) ke o]835o] A%/Cl RS
=0]7] Y8 NF/ED 342 A 553 sioleT 498 9,
AEsFzole 33 NFeE2S Wil A7|1A%% 20 mS/em 4%
alo] 10 B3 A7 154 v 7Fsshe G S EollE UEF ol
27} GAholE T drfolo] FHHE gt Y, A sEE
o= vl 2 T AEAdEe] FEE o mEEEgTt A
azbel=g

3. Zot

.4 k3

=

3.1 GAEIHRO), L0122 2HINF) SIRISE2| DU =2 4

FFST I5E ARSI 39k BE GAFEHROY: Toray SU-
810) 0% 13] Mgt il (EAr)st w579 747, 3¢ 25
W e eH(NF2}: Toray SU-610)0.% 23] 2|2] 3 Al 2t
A el MvlEE5re] 4@ EEEZ(TDS), 74 = (Hardness), 9
25 5)S 247} Table 5, Table 601 LFERITE

Alglel] ARgEE sl S Ae] 7 T SEEAER 34,250
mg/L, A% 6,400 mg/L, B40] E5(CI) 18,789 mg/L 1} 0H,
7 S/TDS H]:= 0.187, 7 S/Cl- H]+= 0341 18] 32 TDS/CIH] &=
1.8230.2 74 HItH(Table 5). 919} 72 A= P55 5
AL} 34%. 0.2 F SEEZ(TDS) T =8} FAkstelom, 3
ST A7 5 59 rkvlE o9 $5(1,248 mg/L)st &
FOl FE(402 myL)RHE S0 g Shaket s v
2Jof| oJste AlabelSith(Lenore ef al., 1998).

Hardness as calcium carbonate (mg/L)=2.497x[Ca]+4.119x[Mg]

2] 2of| eJstod At ik S AT gk 6,143 mg/LE
EDTA #7ge] 25l 543 A= ahat A RISt & 4554 &
0|2 H]E-L 54.8%E F 55 F P20 H|go] kS

A 8kaL glek, gk, 2} mhdlre]] oSt AR wEe T A<

—|-4U840

Aol - A - T

=3 T 18.7%He 2|k 9l o, 4ol FEel vl sl T
34% W& ZFAskAL Qlo] T Al AEs e 94l
Zoup LFEF o] o] Hgto] Zict 35k REC] =
] AL F §EE2(TDS) $57F 162 mg/L, %7} 20
mg/L, Ba0kE 557 88 mg/L )Tt Bk H%/TDS vl 0.122,
ZS/Cl BE 0.226, TDS/Cl H]E= 1.846°.% 27 = I TH(Table 5).
T A7t RO sk Y Foll F 8 E
A F 99.5%, A% AEE 99.7%, BAOI2E 99.5%7F AIAE AT
TS A %/TDS H], A %/Cl H]9} TDS/Cl ¥ sl 55 ¢4l
X&) AE/TDS B, Z%/Cl H] 28)2 TDS/CI B¢} SAFIet. wh
2hA], AAHFEHRO Tl 855 T 99.5%E AlAT 5 S
om, 27} 85 o] 0% FAE AR T S5 B 94
o] 23} FE|= R ¢korrt. gk PR RS Saet AN E AT
=BT TAES TSIl

3¢ ZEO| QAHFEE Sl 92 5L
E=2(TDS) ‘=71 45,380 mg/L, 457} 8,420 mg/L, G40l
=7} 28,858 mg/L ©] ST}, B8t 74 L/TDS H|+= 0.186, 74 &=/Cl H]
0.353, TDS/CI H]:= 1.902% S =t sl$sT d7F 94t
FEH RO B Fokal 55Hw 1 Toll T =54
Aol vlal 32%, AE AEE 32 %, BA0] &L 54 97} HEE
itk 1#vk A %/TDS 4], A %/Cl B¢} TDS/Cl H]= sk E<=
Qo Q] A/TDS W], A %/Cl 1] 18] 1 TDS/CI ¥ 2} +AFs}
itk Wb, GAHFEHRO Eh- Bl 8EEE F 99.5 %= A7
g 4 glon 7} & ol o® TAY AEAR]  2EEA
T gaol FEwo] AAER] ok

22} PpkREks: B BAe] e & SEEA(TDS) 557
3mg/L, %7} 1 mg/L, 94012 571 2 mg/l S.& ol 7}
7k 58S BT Table 5).

3¢t 252 YW-ZEUHINF membrane)yS 13] B33t A ko] <=
AL F £EEA(TDS) ¥57} 26,857 mg/L, =7} 1,040 mg/L,
40L& FE7} 14,623 mg/L )UK Table 6). =3+ A =/TDS B]&=
0.039 4 %=/Cl B]&= 0.071, TDS/CI B]:= 1.8370.2 ZA 31t} 8

FAZ4 Y471 B pore sizeZ} 1 nano meter(10°m)Q] NFE-2 &

2~ (e}
FAL

ol
ofo
i

Table 5. The operation condition and production process of deep seawater using RO system and their individual ingredients analysis results

RO water (3 module)-1st

RO water (3 module)-2st

seawater Production water-1st Concentration Feed water Production water-2nd (desali-

Ttems (desalination) water (production water-1st) nation)

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
TDS 34,250 162 45,380 162 3
Hardness (CaCO3) 6,400 20 8,420 20 <1
Cl- 18,789 88 23,858 88 2
Hardness/TDS 0.187 0.122 0.186 0.122 -
Hardness/Cl- 0.341 0.226 0.353 0.226 -
TDS/CI- 1.823 1.846 1.902 1.846 1.304

Operation condition

Process :
tion water

RO: Toray SU810, pressure: 50 kgf/cm?
seawater—>RO—>concentrationwater/produc-

RO: Toray SU810, pressure: 20 kgf/cm2

seawater—RO—>1st concentration water/production water—>
Feed water (1st production water)—>RO—2nd production water
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Table 6. The operation condition and production process of deep seawater using NF system and their individual ingredients analysis results

NF water-1st NF water-2nd NF water-3rd
Ttemns seawater  production Concentration F eeq water Concentration F eeq water (concen- Concentration
water water-1st  (concentration water-1st) water-2nd  tration water-2nd) water-3rd
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
TDS 34,250 26,857 47,742 47,742 55,400 55,400 67,400
Hardness (CaCO3) 6,400 1,040 16,033 16,033 34,100 34,100 47,900
Cl- 18,789 14,623 25,422 25,422 31,551 31,551 38,641
Hardness/TDS 0.187 0.039 0.336 0.336 0.616 0.616 0.711
Hardness/Cl- 0.341 0.071 0.631 0.631 1.081 1.081 1.240
TDS/CI- 1.823 1.837 1.878 1.878 1.756 1.756 1.744
Operation condition NF:Toray SU610, pressure: NF: Toray SU610, pressure: 20 kgf/cm? NF: Toray SU610, pressure: 20 kgf/
20 kgf/em? (recovery : 62.7%) x 2 (recovery : 31.2%) cm?x2 (recovery : 18.8%)

seawater—>NF— st concentration

seawater>NF— seawater—>NF— 1st concentration
. water (feedwater)>NF—2nd con-
Process concentrationwater/ water—feed water—->NF—2nd concen- .
. . centration water (Feed water)—
productionwater tration water

NF—3rd concentration water

W= g Foll F LEEE T 78%, FA0IRT 77.8%7F B 80%, 85%% FFHE SO, TDS/Cl B S S= HrellM g
ot vkl Zgg Eilehs AR AR 459 16% ¥ TDS/CI B]g} frAketalnt. wheha], Vb BB 9(NF 2he- 3l 5
©] NF uh& F#sIQlth. A5/TDS vlo} A/l vle ikl o §5=dolA s A8k EFCIY 940l 5 40%
Aol A 9] A5/TDS Hl, F%=/Cl vel vlste] 242} 80%, 79%%  Rhe 53 4= Qo) mhavlsral g} 22 27 8<5 o]0 %
TAE 90, TDS/CI &= H T T°ﬂ}‘1-4 TDS/ClH]9} 3% A2 250% 55T 5 9lor, 53] d4st YEFY
ARSI, whebA], e EBINF BhE 8l o] 8557l 22 drleolol vlste] 85%el Y w53 4= Q7] whizel, 6H¢%
A TRES ek YEFOIU G40l & 22%%—3— AR HEFY dioles Edeks A7F ol e At vhles
Qort, mulg} Zgat 2 7 85 o0 % dE A EFSRE o)7f o] &9l AAdEE HElE S AsiTh
W8 84% AAT 4 Q7] wie] o] F S B ¢lho] s 3¢ HEC] WdEHNF membraneLi 12} s5stkaL
W AEAREE T 5 A% 22} 3%k NF2 558 739, 22} NF 5559 #4248 & 8354
3 250 Y- HE UHNF membrane)S S35H4] &2 vld|2  (TDS) &%7} 55,400 mg/L, 457} 34,100 mg/L, 40| FL7}
E250 £48 2 REEA(TDS) 557} 47,742 mg/L, A%=7} 31,551 mg/L ]tk 3 Z %/TDS H|+= 0.616, 7 %=/Cl H] &=
16,033 mg/L, 940l 57} 25,422 mg/L ©|3{th BE5F FA=/TDS  1.081, TDS/Cl Hl= 175622 S = ATk, 13} NF s3] H]3]
H|E= 0.336, A5E/Cl B 0.631, TDS/Cl H]= 1.8782.% SA9ES 23} NF 55504 & 4554 55 (TDS)Y 40L& 557t 2+
o alFlET A F F R F 0%, G201 E 222%7F 7 62%%) 67% 5718t WhH | A EE R 23] 212% F7FEFA
NFERS: T 4] Satal s5arell ek v, vkl 24 th 22k NF 5552 Z45%/TDS H]$} A%/ClHl= 14} NF 555
< Zolshe AR A2 952 84%7F NF 58 Tu8l] Salal o] H%/TDS ¥l, A%/Cl Blel B]81e] ZH) 200%8}H 171%% 5
SEl IS ek whebA, 3dk EC] v E 1AF 55 71 b, TDS/CL P ST 99 1AF NF 550lx 9
oMz ST Aol vl F §5E54 Fs) gdhol 5 TDS/CI HIeF ARt mEbA], Wi g EJuh(NF 2h)S o] 4350
7} 242} 39%, 35% kot AR FEE A4l HlEto] 250%  RREA O 7 S ek ARAE BEE 55 AEE 200%
SHEUTH ek 13 sl A/TDS vl AE/CL Rl ol 5 o ASITh B3k 22F NF s5rollx] A %/TDS v} 4
G TT AFelA el AE/TDS B, ZE/ClL el Blste] 247 E/CHHIE 12} 555l vlste] A S7M7]= Bo] 7hsaix &

I‘}O (&5

60,000

80,000 14
70,000 50,000 o 12
__ 60000 2 40000 ® 10
- - B -4
< 50000 £ 0.8
o £ c 0
E 40,000 ~ 30,000 2
" » 2 0.
B 000 £ 20,000 g
20,000 - 5 04
o -
10,000 T 10,000 5 02
0 0 00
seawater NFConc.  NFConc  NFConc seawater  NFConc. ~ NFConc.  NFConc. seawater  NFConc.  NFConc.  NFConc.
water-1st water-2nd  water-3rd water-1st  water-2nd  water-3rd

water-1st  water-2nd  water-3rd

Fig. 4. NF membrane separation performance.
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Table 7. The operation condition and production process of deep seawater using ED system and their individual ingredients analysis results

ED water

Items seawater hardness conc. salt conc

(mg/L) (mg/L) (mg/L)
TDS 34,250 5,810 68,000
Hardness (CaCO3) 6,400 5,100 8,250
Cl- 18,789 3,687 41,565
Hardness/TDS 0.187 0.878 0.121
Hardness/CI- 0.341 1.383 0.198
TDS/CI- 1.823 1.576 1.636

Operation condition
Process

ED: Electrolyte (0.1N NaNOs;), Conductivity (10 mS/cm)
salt concentration pot (seawater), hardnes concentration pot (seawater)—ED 20 mS/cm—

salt concentration pot (brine water), hardnes concentration pot (mineral concentrated water)

w5 9l

3.2 M7|EAMEkED)2| O|Y|E 22| 4

715 v (L2 o} ~FAF] Micro Acilyzer 02)°.2 3%
St n s ST AR 59 it sSTe] 7t
52 (TDS), 7% (Hardness), G485 ) Table 4
o] eIt A7]1522HED: Electrodialysis membrane) A]Z~51->
batch?] FAZA A71FAZ, dissx, AEAdTsHE 9 A5
Nz F/d=o] it EDAIAE! 3742 0.1IN NaNO,&] 3l -s
AR89, Conductivity 20 mS/em 718 AFESlo] A 5539}
Az s 455 Wil AlEs At 208 5
o} ED A AEIS 7HEslo] AEE 20 mS/emE FEEIIS o A%
FEz) ALk ndlREsETY] AL T SEEZ(TDS) 5%t
5,810 mg/L, %7} 5,100 mg/L, 33401 557} 3,687 mg/L ©]3}
CH(Table 7). &3 4 %/TDS H]E 0.878, 4 %=/Cl H]+= 1.383, TDS/
Cl Rl 15760 % SAESI sl 47 7154 e &
sz Y Foll T EEEE T 83%, Yook 73%7| AlA=
Qo mkvleat 2o Edeke A RS Al 20% Ho]
ED Al2ES] AiesFzolM AASAL Aes53 vildss

%8] TDS/CI Bl sl il5 5 Aol o] TDS/CI Hleh Ak

Sodium
40000
35000
30000 +—
25000
S 2000 — ega
izzg * ¢ 4+ 0 x>
g W asz2
5000 o0
0o +—u—H" , x \
0 10 20 30 40

Conductivity (mS/cm)

O}, AX/TDS H]9t AX/Cl Hl= SRS dgeolre] H/
TDS ¥B], F%=/Cl Blel vlste] 22} 7.74), 7. 182 S7Fsisict. wet
A, A71FAEHED 1) AlAEle] A EsSRelA vholgd) 2
e F g olgo® MIE ARARS T SR e 9
2ol vlEke] 700%7H4] F5 5= USITh

WA 5% 20 mS/em= S80S v Gi-sE3el Ak 5
50 4 F 54 (TDS) 557} 68,000 mg/L, 47}t
8,250 mg/L, G40l 57} 41,565 mg/L ©]{th. B3k A E/TDS
H]= 0.121, A5/CLH]E= 0.193, TDS/Cl H]:= 1.636°.% S Q)
th ST A7 1A Baehe WY Tl dis S
Zolli= Agol] nisle] & g<=E4o] 2vl, Aol 22817} w5
HQ o vfadlE 2s Xehs A% A Aol vl
30% ®o] ED AARS hi-sFzel w55tk ditsSz v
L5552 TDS/Cl Hli= ST e5ollx 9] TDS/CI ¥}
ARSI oL}, A5/TDS B9t A%/Cl B sl damolAl
7 5/TDS H], A E/Cl Bl Blate] Z}2} 65%, 58%= FHASISIT.
webs], A71FARHED Hh AARS] s EolA & 55
I} Qa0 L 7} £F ol &g 5T ATk
FTT ol TAsk= 7FHE 27} o] &5 FeElehs V1A
o] ZE/Cl B9} BE/TDSH]E Shi-s53dl T4k A=
=

(RO A3k, sl ), A F2ol sk AR

ofN ol

Magnesium
2100
1800
1500 —
e, TV TN
120 8
= L3 ES
= %0 (LS
600 1 N
554
300
0 T T T 1
0 10 20 30 40

Conductivity (mS/cm)

Fig. 5. The separation characteristics of sodium (single charged ion) and magnesium (divalent charged ions) in Hardness concentrations tank
(red square) and the salt concentration tank (green triangle) based on the electrical conductivity of the Electro-dialysis desalination process.



RO/NF/ED Al ¥78°) 23t 1A% g Al 235

FHEA NFsSR) 9 A7) w0 A7 grell ule} Wslsic,

A7|FAZA A A7AEE Fhe] AL drol2UER, 2
) ol7bol (v, )9 et dojubE AR ERE
A7 ko2 AsIIth(Fig. 5) A71HEE 40 mS/em?l S| SS
AFE ArsHze) JsEzol Ya dajae ARgshs 1715
kS o] g3lo] BAug-S AR Fig. 59 o] A7l uf
BAEEEZAH R} BEEFZEFF)NAY 171 o]
B3 27} o]l vhdlere] e WE S dis S
(Fig. 5, 5T GEAAR)IN d7tol2]l YEF &&= 27154
o] MaEHA A7|HAEE7} 35 mS/emellA 20 mS/em7FA] 7H4gh
o ujg} FAH Z7IEEPE 20 mS/em ©lslll = 435kt A
71527 2] ejdo] HEAEHA M7 ) sl wet Ak
FEZ(Fig. 5, 42520 Rl YEFS s A&E8o=
aatint NS EIAES 40 mS/em)eld] HEFS 5
= °F 11,000 mg/L o]A|vE, @ 7po] 7lawo] M7 dA=wr}t 7t
BPHA, AEEE%9) FE4(Fig. 5, FAAIR )N UYERY &
= T3 5718k A7ALE 20 mS/emel| A= 2F 30,000
mg/Lo| M, AEsF2 A g, M)A = AEH 0= o
EfFo] gdxlo] AVHEE 20 mS/emellA 2F 5,000 mg/LE 24
sttt

S, o)7tol 9 vl s e SR EEZ(Fig 5, 55FCS
AR E)eIA A5 0] ZEEA A7) EE7F 35 mS/emellA]
20 mS/em7kA] FFAaghel] whet YA s F2E KA 20 mS/
cm ©J&tellA] o ZTskdnt. A7) R] o] 'hqdo] X1y E A
ANAEE7} 248 11 A5 (Fig. 5, A5 dl5))ellA
vEUlEe] 5 20 mS/em ©lstellA] w48 ATt doR
SFE7IAERE 40mS/em)olA vhvl4e) 5= oF 1,500 mg/L
o] ARk, g igo] HsiEo] M7=} 20 mS/emE FHAsHH
A, FEsFE0] 5T (Fig. 5, SRR vkl s
A FAE T A7) EE 20 mS/em ©]&kl A= ok 18,000
mg/L7H] 78183}, A5 5% % (Fig. 5, M35, B2 )elA v}
IV 5= A7IAEE 20 mS/em 7 DA BEE G4}
ot A71HEE 20 mS/em ©JstellA] FASHA 1Haste] A7 1%
% 5 mS/emellA 2F 600 mg/L 74| Akaict

A7) 0] X WA 7 EEE 2 (Fig. 5, X2l MR R el A
A7) & (FEE, ZHF)S 717t Wojdol ule} x|&H o7
ke Wide), o)7jo | (vl 2y 37131 20 mS/em®
"ol w7k Ast 55 FAIsISith 1eu A7) 20
mS/em ©]3P7} HH L EFH20] AelirellA ol7tel w1+
o] FE7F wASHA FHastA Ert wheba] drtoli o) 7ol s
el flars AVNHAEES 20 mS/em®E A ER= Zlo] A
Ao fefst o Q).

2o

(m

BB

o

3.3 NF 3k} 55 & S41} RO-NF-ED QHISH AL
G} v SR Arlole o)t e] Fel ARE weket
T Sl AR AL/CruE ARSI o)7lel 2@l 1vlE, Z4)

Hardness/Cl ratio
w

seawater ROprod.W RO conc. W NFConc.-  NF-2nd NF-3rd ED NF/ED  RO/NF/ED
1stW Conc.W  Conc. W Hardness WHardness WHardness W

Fig. 6. Hardness/Cl ratios according to membrane separation processes
(RO prod.W: RO production water, RO Conc. W: RO concentration
water, NF Conc. 1st W: NF concentration water-1st, NF 2™ Conc.
W:NF concentration water_2nd, NF 3™ Conc. W: NF concentration
water 3rd, ED Hardness: ED Hardness concentration water, NF/ED
Hardness W.: NF/ED Hardness water, RO/NF/ED Hardness W: RO/
NF/ED process Hardness pot Water).

t3Eske 7% (Hardness) 3% sl@ElIFEST) 4% 5 €71
1 2-9] Tj320] 949 HE< AE/CI B 1 gho] 45 drlo)
¥} o]7lol 2] Fel7t Wol € A& bt gt v
FEGON FR/Crilg s e, 99 <RO <NF 1%} < NF
27} < ED 022 AE/Crul7t o1& 21 & 7 USIthH(Fig. 6).
QoM e] AE/CIEIE= 0.341, RO 55504 AE/CHHE]E 0.353
O 7 H|Z=BIAN, 12 NF 555 2 5/CHH]7} 0.631, 2%k NF
EEFO] AE/CIHE 124002 28] o) sl S %17
FAERS o] 83 A s5 20 50l B E/ClrHl= 1.3830%
velsit, & nladlse 2 22 5 AR ET i,
UEF o] 2 47} g0l w7} ilFuks o83t 55
ol 71 YA, NF 13} 555, NF 22} 559 J18]3 ED H %=
o] dojdth= 215 & = AUArh(Fig. 6).

st v SR Aol o)7tel e e AnE wdd
5/TDS vl A3 ste] Akttt @43} vt
oA ZZ/TDSH] A¥E AHEA, I <RO <
F 22} < ED <202 7Z%/TDS H|7} o= Z1E o
F AT QoA Q) AE/TDSH]E= 0.187, RO EFFoA 7
S/TDSHI= 0.186°% H|SSSIIAINE, 12F NF 55+ % 5=/TDS
H)7} 0.336, 22F NF §5=2] 4 5/TDSHIE 0.711°% 28] o4
S7¥erodnt. gt A7 A RS o] 839t AesHRo] F5ellA
7 E/TDS H= 0.878° % YEFHTE S vhdled) 2 22 &

o o

o

o
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Table 8. TDS, Hardness and Hardness/Cl ratio of 3 NF concentration
water

Item Water quality of 3™ NF concentration water (mg/L)
TDS 67,400
water quality hardness 47,900
hardness/Cl 1.24
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EAEEC] T §E9EHY
oA A2 dojur] ¢ki= whdel,
183 ED AEESHTE
27} go| dojdrhs A ¢ TH(Table 5~Table 8). ©]
e o2 FARARS go| X§s njujE IS =
AZE 93 F714<] RO-NF-ED 917 A1Z34S
AT 3AINF 55572 TDS, A% 58}
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+ Table 87}
3.4 LI=O{ 12K (NF), HAIETHRO), H7 | EASHED)2| A
ASHoAM OJUE 22| 4
Table 9°lli= RO/NF/ED <IA187 ¥} NF/ED QA 5748 S3lo
A7 e AR ArsEHze) GisEz] FAAEE B
1L Stk RONF/ED QA1 olA 7159 de s F2ole

I

W NFs545 F08h dR5F2lE RO S F78)1
/)4 2 Avs

Adsha ol Ai-sEFols g5 ik

Fxole AEAe] 559 vMlEESH57E A SITE 7A1ARL
A7FA 0 AsFHzold e vlEsse] #4425
SF=EZ(TDS)?] 557} 8,130 mg/L, A7} 12,600 mg/L ©]1 &
0|2 FE7} 2,446 mg/LOE 4= B3] HEAJE-S 2n)) o]

O-1- oL

E RER S

=] =%
AT

(TDS)?] 557} 8,230 mg/L, AE7} 12,417 mg/L ©]1 GAol
%7} 3,191 mg/Lo= Ao nlste] FEAdwS 2vl 554 vl
of P02 Y=o nIsle] 5.88) AASSILE Wb AnEES
oA H7|FA T Aol 55| Sk v Aol 7t
2810] A5/ClR1E 9472] 0.341 1|31 F s zo)A
H]:= 3.8910.% 250 vlsle] 114 w2 Z/lslgic).
Aol AE/Cl- HE-L 0341 o)1 GAF(RO) 55N T
035% =9} ¥]523E B1E-S Hol, ROToME HEAR-E)710)& )
A7tol (A, VER)S] el doluA] ookt e, vieod
I FHNF)OAE 12} NF 5550lA= 0.631, 22 NFs5Fol
A 0.871, 32F NFsFollE 125092 NF o7} 0]4-35]

g

AFaTT 955 FFEFF A AR FEHUT =5 Y]

H o
A=

A EHEDYE o] g3l0] SIS Aol st
Q0] 2% AT} A/ HI7 1383 2 S/ 5 Ak

(Fig. 6).

sk, ROYL, vimof o), A7) FAES: AEshe 38 0% vi
v 257 2 AEAES S/ UEET aol23)
2 Qo] (e AlA Eelsle] BE/Cl lE =3t} NF/

EDS} RONF/ED 718 d ol Akt A isSe] A=/ClHl=
77} 3.8919} 5.1510.% NFe} Bi= ED 9} 58 W50 % AME-3}o

& EFE Aol Aol S el vlste] 7.7 ettt wh AR ST sFarellk 9] B E/Clrlel] HIste] SulellA] sul
A FrsFmzold 7R 5 AAdEe] 5] SRR A UElth
W o] 7hrste] A/Clu)E 9570] 0.341 BIst] A
FrellM FE/CINs 55102 Aol njsle] 151 Mi2 7kt 3.5 NF-RO-ED QIAISE A|ART} 7|E AJARIC] M5 H|w
Stk RONF/ED Al 785 &ato Brkd midlEs55 A4t 7] RO B985 5-3144] 1AE 7 AlE 3742 ROZOR
FERS ]88 23} RO AAHFE(TDS 3 mg/L, 4% 1 mg/L olsl, &% - 555s} Bl AAehL, RO 5555 719 Sslo] S
Cl 23 mg/L) 1081 3148 73-¢- %27} 1,260 mg/L oJHA fi4o] s F7xRlel whet 2, UEH, vhadlge] 2% 44¥ =
29 FEE WS A7 250 mg/L oJskE B 11 Aol wet S Relek, 24 2 vl A9E-S RO 29
A A2} Fssic, ol E495jo] udle B sk FAoIT) o] 30 Ae )

NF/ED $IAlg7gollM] 7154 el Bism20l 32k NFssT5  ARE ]9 &80 7hsslH, thedh 3ol Fike s on
93 iR rels lIES 998 Un A1FNS Adelsl A TKssla, Al 34 AlAEe] Sislo] AlkEle] Qkie] o)
O AesHmrold Y viEsSa $4S F 88 tho] ¥ dRoRE M AsE I T U oA AR
Table 9. The linkage process of RO/NF/ED and NF/ED, and their composition analysis results

seawater RO/NF/ED process NF/ED process
™ before operation ED after operation ED before operation ED after operation ED
Items
(me/L) hardness conc. salt conc. hardness conc. salt conc. ?g;ineist salt conc. pot ?;rlineii salt conc.
pot(mg/L)  pot(mg/L) pot(mg/l) pot(mgl) “TEPT  (mgh)  TEPE pot (mgl)

TDS 34,250 67,400 304 8,130 57,800 67,400 30,200 8,230 69,200
Hardness (CaCO3) 6,400 47,900 32 12,600 34,000 47,900 6,400 12,417 33,467
Cl- 18,789 38,641 211 2,446 41,228 38,641 17,725 3,191 32,543
Hardness/TDS 0.187 0.711 0.105 1.550 0.588 0.711 0.212 1.509 0.484
AL /Cl- 0.341 1.240 0.152 5.151 0.825 1.240 0.361 3.891 1.028
TDS/CI- 1.823 1.744 1.441 3.324 1.402 1.744 1.704 2.579 2.126

Operation condition

ED: Electrolyte (0.5N NaNO;), Conductivity (20 mS/cm)

ED: Electrolyte (0.5N NaNO,), Conductivity (20 mS/cm)

salt conc. pot (RO production water), Hardness conc. pot salt conc. pot (seawater), Hardness conc. pot (3rd NF

Process

(NF 3rd conc. Water)>ED 20 mS/cm—»salt conc. pot conc. Water)—>ED 20 mS/cm—»salt conc. pot (brine),
(brine), Hardness conc. pot (mineral conc. water)

Hardness conc. pot (mineral conc. water)
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Table 10. The comparison of existing manufacturing processes (RO-Evaporation-dilution) and new manufacturing process (RO/NF/ED)

Ttem Existing manufacturing processes New manufacturing process
(RO-Evaporation-dilution) (RO/NF/ED)
Energy consuming in RO process=6.24 kw x 4 h =24.96 kwh RO process = 6.24 kw x 4 h = 24.96 kwh
manufacture process Heating/evaporation/concentration process NF process = 3.0 kw x 8 h =24 kwh
1 m’ =7.15 kw x 504 h = 3,604 kwh ED process = 24 kw x 10 h =240
(per 1.m’) total energy cosuming = 3,629 kwh total energy cosuming = 288 kwh
1. Removal availability of Drinking Water Quality 1. Removal availability of Drinking Water Quality Criteria
Mineral Criteria (Chloride, sulfate, boron) : Impossibility (Chloride, sulfate, boron) : possible
. e 2. Whether Meets drinking water quality standards for 2. Whether Meets drinking water quality standards for high
separation availability hioh hard ter (1000) : i hard ter (1000) - satisf
(per hardness 1000) igh hardness wa er ( ) : unsatisfy ardness wa er ( ) : satisfy '
P 3. The highest hardness value of manufacturable 3. The highest hardness value of manufacturable water satis-

water satisfying drinking water standards : 400 mg/L fying drinking water standards : 1,200 mg/L

(F 640,000 keal =)=, St Batch & & Q5= A2a7y A Algte]  Ato] 23 QS EFS AASIL F-8v gl viaulE, Z24e
ol 22720 ARhEH, nUld 2] = Y F AR HEE T == AP g o 24 V1R 71E B s @, o
A 7FE FEG@ L, FAol2, BE 5) B A7 Erssle A AFFHR0) 5)9 FARES Shshe W oR, BS Al &)
300 ool IAE F A BrFssh, vvlE 2 FE Y FEIFESS) Bs el W71FAR, dieol BRI (NF)
blending ¥78-& M=e] T o2 Rasto] 94d2] FA7F A ROAIAEL] H3HAQ1 & ARgslo] AEldl mv|es 243}
g 7VeAd L, A viadlg ) 22 vulR 2] gl ¥4+ W, AN ED) Y el EINF)S ARgsle] B 5
a1 Qg Ao A 9k tHdo] UtK(Table 10). & AA sk W, 8l wst W T HAG) AR s s E

M =5
2 Az 371 NF-RO-ED Q71374 RO o] &ste] 55 4 A7 AR 7idel] 23k Zlojot,
Fo} 2 A4, RO 5555 NF 2he o] g-8to] mv|eh(H AEA O R AHFHe FFEIFNST) Aol SEEAY
) RS FES QRS AT AT S AZSA, NF B9 22 5 9lor, 2xjoll AA RS B giae
EEHTE ED U o] &oto] ARAES w5k o, Fate]l 8540 99.9 % ol AlAEM, B 1018}, Aol F 2.3
23 RES AA LS R EEFE AZsA o8 €95 mg/ll & $E5540] &8 AAE "dgE AXE = ek v
2 3Mste] skl TS WEeke AR AR ol BN B9 pore size® 107 mOE PEIUIE 2 50%
sk 3ol o] 3782 A2 1. RONF-ED BRES 71 o] A% FHA7|A] oA, dholest YER 22 d7lo]2 95%
A AAEolS v 2] 35 3PS F3Eh] Wil nAE ol AlAE Yo whete vyt 2y e AR
Az Alef] 882 FAE AT 7 Sl 2. wvlE R = UERT fAol@d S fRAES B 558 o AN 9
WY F HeE TN TEEA, ol HE e e S FElskAE Stk A7) FARHEDR AV R wE A
AASR= Aol 7Fsate] A 1,000 oVde] IAE o A% 7Fsst AR o]7to] &) ARl drtele] Hejdth AV EE
], 3. ¢k Ao 1A% 5 ik A% JFsstar, 4. A AEIS] ¢ 20 mS/em o ellA AEAIR LMoL, 2 o] & 5)& A7
B4 B4 fA 7FseFaA, 5. RO-NF-ED BREE: 7HA 1 3455 =R 9= AEQl vhH, AR UERC]L, 940l 53 A%
£ Axs] biEel g AR o it Aoz AA= I

wEhA], Uizof2jakg: o] g5to] mivla gyt 22 A A
.8 E & FEhL, A7) o] gslo] AsSselM A dvs
F)slo] AEEE 12,600 mg/L, BA0l& T 2,446 mg/Le A
7120 IAES A WS sl 2 7Bl SHEAIA ARG BEe] wiAlE IAE S5TE AT 5 QASlt). olH s 1A%
-2 5L ol tHA RS o83 BT E sl B FE RS o] 88te] 8EEH] B AAYE 23k RO il
AN AZERITE ey olejet 2 RS = 2 109 348HE P40l i 244 mgl 2 Yk ATl
Fol= W Tl HeE FAVE 5 daol ol 5 A BAEEE 1,200 mg/l Q! AL F AXE 7Rt
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