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Abstract: Chlor-alkali (CA) membrane process is based on salined water electrolysis employing cation condutive poly-
mer electrolytes, which has been used for the conventional production of both sodium hydroxide and chlorine gas. The CA
membrane process has advantages such as relatively low environmental impacts and fairly reduced energy consumption,
when compared with diaphragm and mercury process. In this review articles, basic concepts, fundamental characteristics, key
technologies of CA membrane process are dealt with in detail. In addition, advanced technologies associated with CA mem-
brane process are described. They include zerogap and oxygen depolarized cathode technologies to improve energy effi-
ciency during the electrolysis. Carbon dioxide mineralization technology will also be introduced as an example of hybrid-
ization with different technologies. Finally, current market trend in CA membrane process will be presented.
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European chlorine applications in 2009
9,108 kilotonnes
o
Sovents 273Kt (31%) = Chloromethanes 520 kt (5.7%)
TR AR T SR IR CIT RO PR - / Silicon rubbers, decaffeinators, Teflon®, paint strippers, cosmetics
Epichlorohydrin 510 kt (5.6%) 4
Pesticides, epoxy resins, printed circuits, sports boats, fishing rods Other Organics 836 kt (9.2%)
Detergents, ship & bridge paints, lubricants, wallpaper adhesives,
Isocyanates & Oxygenates 2,479 kt (27.2%) herbicides, insecticides
Uphlostery, insulation, footwear, plastics, pesticides, car paints
Inorganics 1,274 kt (14.0%) . \ PVC 3,210 kt (35.2%)
Disinfectants, water treatment, paint pigments Doors and window frames, pipes, flooring,
medical supplies, clothing
[e) o) =] H
Fig. 1. CA T8 EY g4 &§ Fof 2 Aoad AGTFEEA.

European caustic soda applications in 2009
8,701 kilotonnes

Soaps 256 kt (2.9%)
Shampoos, cosmetics, cleaning agents

Miscellaneous 1,502 kt (17.3%) .
Neutralisation of acids, gas scrubbing, pharmaceuticals, rubber recycling

Bleach 368 kt (4.2%)

Textiles, disinfectants

Food industries 412 kt (4.7%)

Fruit and vegetable peelings, ice cream, thickeners, wrappings

Pulp, paper, cellulose 1,207 kt (13.9%)

Adhesives, heat transfer printing, newspapers, bocks

Mineral oils 165 kt (1.9%)

Greases, fuel additives
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Rayon 116 kt (1.3%)

Bedspreads, surgical dressings

Water treatment 398 kt (4.6%)
Flocculation of waste, acidity control

Phosphates 133 kt (1.5%)
Detergents

Other inorganics 1,168 kt (13.4%)

Paints, glass, ceramics, fuel cells, perfumes

Organics 2,628 kt (30.2%)
Artificial arteries, parachutes, pen tips, telephones

Aluminium and metals 348 kt (4.0%)

Greenhouses, car and airplane panels, steel hardening
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Chioring: gas (1)
2HAO + 207 m— 3 + 20H
{This reaction happens 4t the cathade)
W —»Cl: + 227
(This nedction happens.
ot the angde)
Saturated brive 3% Caustic soda (haOH)
(H:0 & Hacl)
(HO & Nacl) Hor-permeable Diluted caustic soda (NaOH)
0N exchange membrane
Fig. 3. WHEY AW 7193F CA A 2Bl 7] A,
Precipitation »{ Secondary brine H,0 Steam
and filtration treatment 2
HOQ__, — ' . 50% NaOH
NaCl R D'Ss;?il;’:]ng " Dechlorination [ Electrolysis N Ccail::ggfig:a > cConcentraon [——»
A l
Drying Ll Cooling N
Compression Compression
Liquefaction
Fig. 4. WEH Y 718g CA A 2"s 5 FANEE 2 A= <=3
A28l A 87 % (zerogap) B AFAEESH F(oxygen srslElo] A4rtag AZEY, PEME B E95RE
depolarized cathode; ODC), CA 7]<°] T&H 3to]H o]5% Na' o] B39 AFkeE 53 dojzl on
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B CA A 2’le 4kshs, Ed S, o
T EAH 3] A 2H(Polymer electrolyte Membrane;
H52E T4 EHFig 3). FoledE
TuE 9BFEY FFo &3l
Ho g GrzE HAGANIE 98, 2)
st 94, 3) 4z 9 FrRdA
| A7kl g gl 9Egs ¢
3} %

Cathode reaction: 2H,0+ 2Na"+ 2e”—2Na OH+ H,
eqn. (2)

Net reaction: 2NaCl+ 2H,0—2Na OH+ Cl,+ H,
eqn. (3)
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| |
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| |
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Global chlor-alkali cost curve

US Dollars Per ECU Metric Ton
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Standard aqueous reduction potential at cathode :

2H,0+2¢ —H,+20H E"=—0.828V eqn. (4)

A} A 209
c NaOH o NaOH
B Hy I 1‘ 0
OH 2 P OH [}
IE f5} E
cF Na* S Z| cr na+ S
T HxO |M T HxO |m
NaCl NaCl
Voltage = 3.1 V at 0.4 Alcm? Voltage = 2.1 V at 0.4 Alcm?
Fig. 9. #9502 FALAAF(FHF ODCHF () A

B3 CA B 2849 F v

Standard aqueous reduction potential at cathode :

Oy+ H,0+ 4e”—40OH E’=+040V eqn. (5)

Standard aqueous oxidation potential at anode :

201 — Cly+2e E'=—1.360V eqn. (6)
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WORLD CHLORINE VERSUS CAUSTIC SODA DEMAND FORECAST
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