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Ho Ji', Deok Soo Moon, Mi Yeon Choi, Kwang Soo Kim, Ho Saeng Lee and Hyeon Ju Kim
Korea Research Institute of Ships & Ocean Engineering, Daejeon 305-343, Korea
Q o
Z A7)+ EF(Concentrated seawater)ol|A] GA0]2-2- A A
24 71ER WA 5T Ax 3 il It 15| 173

.

2w M gl

oy
a2

uo g2, AE
AR ol z)
Az} gho] A
4= A|zel AA

L

5 bar~20 bar, S 23F~3x}ol|A] 2]
Eot] o ks o] 83 1A% HF

Abstract — The purpose of this study is to develop a process technology to produce high hardness concentrated
seawater removing chloride ions but containing useful minerals such as magnesium and calcium in the seawater
desalination process. In order to make high hardness concentrated seawater, evaporation system is mostly used
recently. Because evaporation system requires a large amount of energy consumption, in this study, it was aimed to
produce high hardness concentrated seawater using membrane filtration requiring less energy. Nano filtration
membranes were used for the experiments, and different types of high hardness concentrated seawater was pro-
duced depending on the membranes’ specification, the number of times being concentrated, and pressure. As a
result, at between 15bar and 20 bar in pressure, in between the second and the third times of concentration, the
experiment result showed the best economic efficiency. By the experiment, production of high hardness concen-
trated seawater seemed to have a good economic feasibility.

Keywords: Membrane filtration(2}¢] 2}), Nano filtration membrane(4} =32} B}, Distillation(Z5r), Concentrated
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I th(Ji[2014]).
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Uz 2H1E Y 5= 3L(Ko[2010]), AAIBTF LR o4 7Fs3}
5 AE Plelelth. 34 % 557 Azl ARgsh v v
©]7}4}(Nano Filtration membrane, NF)= ARE3I31 0, 7]E2] o
A58k (Reverse Osmosis membrane, RO)¢| H] &} #7124 4l
2749 T2 AAVITEE v & 4 Qlsdek 173 RO B
A HiAlEo] 99%e o R tiFEe] o] 50 AAL HolA 55
T2 oA Hrt. o]gst RO 55+ SURHEAC] Hol 44

= = el gltk. ol dAl Bz s M4 Vel A
1200 mg/Lo]&Re] NS 3 X, A% 500 mg/L g 52] His B8
kel = gl ol 2 2 gtk Wb, NFe] - ARE-gE whe]

Apkel] et E4ol5S AN TR F e RS A
Yar Qe o]2fg 3 o]g3te] A 1200 mg/Lolste] &=
5 A 5 Qe Aol ARSSE NFERS frAksh Al 71l
Film-TecAF2} VontronAke] A& ARl Bl AEE 3k3lom,
A7} AEAY AE T Ao 747 AFEkE 7Y
o] ¥]3 3}3ITE NFEEE: o]-83to] o= 2zt a7 9 7|&34 9
TARES A & o Sl 2T ST s el & 5

AT

2.1 A8 HX|

Fig. 1= NF2RS o] &gt A7d=] o] AR#} Tlgkes vepf o
Utk AFGA = DHHEE o838t SIS (@)Y F NF &
A= Fo7 U 5555 ARl Agskes AT
T12]3 NFe= 3¢ A9 dsto] ke A 77338180

Aol ARg-g NFuh2 fAFSE AFFS 7HX Film-tecAF2] NF-
270-40407} VontronAFe] VNF1-4040 A &g A}8-61o] vlmw 28-S

Fig. 1. Plan of concentrated seawater reduced NF.

Table 1. Specifications of NF membrane

Membranearea, TN
Model fi2 (m?) Stable rejection, %
Film-Tec NF-270-4040 82(7.6) CaCl2(40~60) MgSO,(>97)
Vontron VNF1-4040 80(7.4) NaCl(40~60) MgSO,(>96)

SISItE AT AR 55 U RS aEsto] vk sl E A
213319 01| NF-270-40402 20 bar, VNF1-40402] 74-$-+= 30bar
7 ARE & 5 UG Bhe] A RIAE FUsI oM, v
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Table 2. Analytical instruments and mothed

Items Analytical instruments and mothed

CaCOj calculation

IC (Ion Chromatography)

- model : Cation - ICS-1000, Thermoscientific,
- Cation Column : TonPac CS12A,

IC (Ion Chromatography)

- model : ICS-1100, Thermoscientific

- Anion Column : IonPac AS14

Hardness

Cation: (Na, Mg, Ca, K)

Anion (Cl, SO,)
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Hardness as calcium carbonate(mg/L) =2.497x[Ca] +4.119x [Mg] TR Ao R A = 4 QIth(Kim[2005]). 18] 31 NF-270-
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Fig. 2. Flux value of NF-270-4040 membrane (Left) and VNF1-4040 membrane (Right).
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Fig. 3. Recovery ratio value of NF-270-4040 membrane (Left) and VNF1-4040 membrane (Right).
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Fig. 4. Hardness value of NF-270-4040 membrane (Left) and VNF1-4040 membrane (Right).
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Fig. 5. Hardness/Cl ratio of NF-270-4040 membrane (Left) and VNF1-4040 membrane (Right).
Table 3. Sulfate rejection ratio
NF-270-4040 1} 2z} 3z} VNF1-4040 12} 2=} 3z} 4=}
10 bar 99.3% 99.1% 98.7% 20 bar 98.9% 98.8% 98.7% 98.6
15 bar 99.3% 99.3% 98.9% 25 bar 99.0% 99.0% 98.9% 98.8%
20 bar 99.6% 99.4% 98.9% 30 bar 99.2% 99.0% 98.8% 98.5%
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