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Abstract — Concentrated water discharged from seawater desalination process contains a high concentration of Na*
ion. Electrolysis was applied to synthesize NaOH solution from the highly concentrated NaCl solution. The effect of var-
ious operating parameters of composited laboratory-scale chlor-alkali (CA) membrane cell was investigated. The oper-
ating parameters such as membrane types (CIMS and Nafion membranes), pretreatment of the membrane, flow rate
(73 mL/min~200 mL/min), initial Na* ion concentration (1.5 M, 3M and 5 M) and current (1.5A and 2A) were evalu-
ated. It was observed that synthesis efficiency of NaOH solution with CIMS membrane was higher than that with Nafion
membrane, but the durability of CIMS membrane on Cl, gas was poor. The synthesis efficiency of NaOH solution
increased with increasing initial Na* ion concentration and current, while the efficiency decreased with increasing flow
rate using Nafion membrane.
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Bejet 5ol R Nag o188 R5I NaOH Bi] 34 811

UEA 0 7 o] 3] ¥of 9l 555 22 Na 10,500 mg/L,
Mg 1,350 mg/L, K 380 mg/L, Rb 0.12 mg/L, In 0.02 mg/L, Cs 0.0005
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Fig. 1. Schematic diagram of the chlor-alkali process.
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&%k CIMS U} Nafion 9] E2]318H2]Q1 54J-5 Table 201 Lt
UISIth. CIMS B2 47} ofolg A or FHA7|E wow
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Table 1. The specification of the applied electrolysis apparatus

Type Specification
Membrane size 7 cm (W) x 20 ecm (L)
Membrane area 61.6 cm?

No. of spacer 8~10 sheets

Spacer dimension 71 mm (W) x 152 mm (L) x 1 mm (T)
Ti Plate coated with Ir (MemTech, Korea)

4~6 mm

Electronic plate

Distance between
electronic plates

ITECH ED-330- 0~30V, 0~3A

Power supply Agilent E3634A 0~60V, 0~2.2A

Pump Cole-Parmer Instrument Com. MASTERFLEX®
1~600 rpm

Tubing Masterflex Norprene (06404-16)
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Table 2. Properties of ion exchange membranes used in the electrolysis

Item Cation exchange membrane (CIMS) Nafion Membrane (N117)
Form Strongly acidic and cation-permeable form

Characteristic High mechanical strength (Na-Form)

Non-reinforced films based on chemically stabilized perfluorosulfonic
acid/PTFE copolymer in the acid (H") form

Chemical durability (H-Form)

Breaking strength/Tensile strength ~ >0.40 (Mpa) 41.67 (Mpa)
Thickness 0.14~0.20 (mm) 0.127 (mm)
Corporation ASTOM, Japan Dupont™, USA
Cost (1 sheet) 196 Won/cm? 266 Won/cm?
[HCF2-CF2)r-CF2-CF-x 120 - —@— NaCl (CIMS membrane)
—O— NaOH (CIMS membrane)
-+ 4+ NaCl (Nafion membrane)
Q 100 ++/\-- NaOH (Nafion membrane)
O-CF,-CF-O-CF,-CF,-SO3 X % 7 T S % ,,,,, L SO W 1
s 87 - L 7 TR, A
5
CF; =
o
&
Nafion B}9] A2] -5 & T &52] H71A], Nafion - ©
1 M NaCl -g-<of} A 24/\17F SR HAAA A - A2 A 2
& AP o1 sEI0] 93] 44 Wslo] WE NaOH 2 3+ 5
58 Yoy ¢ H 55 73, 140 200 mL/min® & A<=AlA A 0 Qe e PR B
Mg eItk Teln AR Wl e PEsS v e
B7keP] $l8l 1.5A1A 24 % ‘?“ri }E}%j‘]ﬁ A7 12 A &
Asoi) Fig. 2. Effect of membrane type on the Na* concentration change.
o I .

0¥ NaOH 8- U] Na*o]29] ¥ 5= fedfiEel=n} i
HF A (ICP-OES, 2100DV, PerkinElmer, USA)Z Miramist Nebulizer,
RF Coil 1300 W] Aejollr] 2351901, B Algis Aed 19
o] == sAste] 23] HHE A3 F3esict. ddst NaOH
|NE EANZEAAZY], FDV-2100, EYELA, Japan)sto] £t
AEE dglon, o] AlRe] A4 9 A, JeidS fal 1
s X-A 3|44 7] (X-ray Diffractometer, X’pert PRO MRD,
PHILIPS)E o] &3t #&3qIth Bst A5 XRD peakse
JCPDS 7F=A & Ball B9 WHs 1B

&

3. &1t
3-1. 9io| 25._%_0." [[}= NaOH S E=9°| "W}
B9 5555 o Z CIMS B3 Nafion B ARSI 755

24.3 mL/min, 8} 10 V, A= Alo] A2l 6 mme] 271 2.2 NaOH
N0l S-S SASITHFig. 2). CIMS "1 o8-8 39, Al
Zro] A A== 2] 55 U] Na' o]22} k= NaOH
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Fig. 3. Effect of pretreatment of membrane on the Na™ concentration
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Fig. 4. Effect of flow rate on the Na* concentration change.
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Fig. 5. Effect of initial Na* concentration in the synthetic concentrated
water on the Na* concentration change.

Table 3. Effect of initial Na* concentration on the electrolysis

NaCl Na" concentration (g/L) Na*
Solution (M) ~ NaCl solution NaOH Solution ~Penetration rate (%)

1.5 35.8 174 48.6

3 49.5 25.0 50.8

5 103.3 29.7 28.7

Korean Chem. Eng. Res., Vol. 49, No. 6, December, 2011



814 olg] - vedl - 3

120
—@— NaCl (1.5A)
—O— NaOH (1.5 A)
=5 100 A -+ NaCl (2 A)
@ 'S -+/\-- NaOH (2 A)
_5 80 -
g
c 60 -
)
8]
c
Q
o
+
®©
pz4

0 5 10 15 20
Time (hr)

Fig. 6. Effect of current on the Na* concentration change.

3-5. MR0f| (= NaOH &S0 =y}

Al tE AdeHskE Wrlsl] flal MRS 1.5A004 2A= H
A A A 2 Nafion B A3} §<5 200 mL/min,
A= Aol A 4 mme] 271004 NaOH §99] a8 37}
319thFig. 6). A7 A S 24A7F 4 A}, AF7} =55
5 NaOH §9°] g g&o] ] & Zo=® Yepsith 15AF A
7EAAE 2T A}, 7] 22| 5552 Na ol 557 89.9
g/LoA 24717 £ 3 563 g7 743130 0, NaOH £92- 24
AR 327 g2 9F 2.7%2] NaOH £-%0] g =3ict, 242] A

A, 7] B2 $FF) Na' ol 2557) 86.6 g/LolA
2417 4 T 379 g/LZ 7HA3193 21 NaOH 912 24471 &
A % 341 L7 °F 3.4%2] NaOH £-<jo] A= Qi)

3-6. MM E0°| XRD EAM

H AFoME Na o] 0]9]9] TR EsEo] Xt o] Q4| o=
1o FF7E AMESIO] NaOH €95 3J313itt. $/3% NaOH
S-S NaOH 2 “Jel2 ARE3E] 213l NaOH &-4-& 713310

A& w4 o] XRD 418 578319 th NaOH 918 4204
Az 35, F7159 CO9 W31 Na,CO,2] HejZ =4 7}
satck web Co,8ke) WSS HAskelr] $lste] $4dE NaOH
NG of= 3 7P WA (purge)dlo] BEA oI oF 5A7H WYEA
1600 - £ * NaOH
1400 -
1200 - *
2 1000 -
2
& 800 -
IS
600 - *
400 7 ES
* %
200 - J T .

10 20 30 40 50 60 70

Angle (2 theta)
Fig. 7. XRD patten of synthetic NaOH powder.
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