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Abstract

Electro-membrane technology is a process for separating and purifying substances in aqueous solution by electric energy
using an ion exchange membrane with selective permeability, such as electrodialysis (ED) and bipolar electrodialysis (BMED).
Electro-membrane technology is attracting attention as an environmental friendly technology because it does not generate
by-products during the process and the recovered base or acid can be reused during the process. In this paper, we investigate the
principles of ED and BMED technologies and various characteristics and problems according to the cell configuration. In
particular, by investigating and analyzing research cases related to the treatment of waste sodium sulfate (Na;SOy), which is
generated in large amounts during the metal recovery process.
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Fig. 1. Two compartment (2-C) electrodialysis cell.
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Fig. 2. Three compartment (3-C) electrodialysis cell.
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Table 1. Comparison of two and three compartment electrolyzer systems for sodium sulphate splitting"”

Two compartment electrolyzer system (Fig. 1) | Three compartment electrolyzer system (Fig. 2)

Electrolyzers available on the
market

Many different suppliers of
electrolyzers, the chlor-alkali
market is very large industry

Few suppliers have three compartment
electrolyzers available.

Membranes

Cation exchange membranes

Cation and Anion exchange membranes

Anode reaction

H,O — 2H+ + 1/20, + 2¢~

Cathode reaction

2H20 + 267 g 20H7 + H2

Possible conversion of sodium

-6
sulphate to acid 50-60%

Almost complete

Current efficiency 50-70%
Cell voltage 3-6 V/cell
Operating temperature 60-80°C
Current density 2-5 kA/m?
Energy consumption 4000 kWh/ton NaOH

Caustic purity

Comparably to commercial NaOH from membrane plants.

Caustic strength

Up 10-15 wt% NaOH

Acid purity

Contains approximately 50/50

Pure H,SO,4, may be very high purity.

/H2S04
. UptO 20 wt% H2S04 + 30 wt% Nast4. o
Acid strength (50 wi% NaHSOy) Upto 20 wt% H,SO4, No Na,SO,.
Hydrogen purity Pure, concentrated
Oxygen purity Concentrated, scrubbing from Cl, necessary if feed Na,SO4 contains chloride

Investment cost

Comparable to chlor-alkali plant cell rooms of | Significantly higher due to arrangement for
the same installed electrode area.

extra compartment

Maintenance cost

Comparable to chlor-alkali plant cell rooms

Higher cost, due to mid-compartment and
extra membrane.

Overall economics

better economical option.

Depends on integration to mill. In general it might be considered that despite the higher capital
cost for the three compartment system these offers better integration to the mill and hence a
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Fig. 3. Schematic diagram of the designed electrochemical process for recycling and resource recovery of FGD residuals®.
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(b) Acid purification cell

Fig. 7. Two-compartment configurations with anion or cation exchange membrane.
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Fig. 9. Rayon process flowsheet with BMED ((a) 2C-BM/CEM, (b) 3C-BMED)***®.
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Fig. 10. A flow chart of the preparation of lithium carbonate by acid roasting and bipolar membrane electrodialysis (BMED)

technology™.
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Fig. 11. The scheme for the treatment of cold-rolling wastewater™”.
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Fig. 12. Scheme of an acid/base regenerating process by fluidized pellet reactor and bipolar membrane electrodialysis™.
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Table 2. Overview of commercial bipolar membranes'”

Manufacturer Name Functional groups
Astom Corporation. Neosepta AEL: quaternary ammonium
Japan BP-1E CEL: sulfonic acid
. . AEL: quaternary ammonium
Chemjoy Co., Ltd., China CJBPM CEL- sulfonic acid
Fumatech GmbH, AEL: quaternary ammonium
Germany Fumasep FBM CEL: sulfonic acid
Liaoning Yichen, Yich AEL: quaternary ammonium
China rehen CEL: sulfonic acid
. . . AEL: quaternary ammonium
LLC Innovative Enterprise Shchekinoazot MB-1,2,3 . R
CEL: sulfonic acid
MEGA a.s Czech Republic Ralex BPM
Membranes International Inc. AEL: quaternary ammonium
USA BMI-9000 CEL: sulfonic acid
AEL: quaternary ammonium
Suez WTS AR103BP CEL: sulfonic acid
Tianwei Membrane Co., Ltd., AEL: TWDDA
China TWBPI CEL: TWDDC
Tingrun Co., Ltd., AEL: JAM-IT
China BMP-I CEL: JCM-II
. AEL: quaternary ammonium
Tosoh, Japan BiTACB-17 CEL: sulfonic acid
Weitang Senya Chemical Co., Ltd, China Weifang AEL: Pall / Raipore R1030

CEL: Pall / Raipore R1010

Asahi Glass, Japan

Selemion BP-1

APL: styrene/divinylbenzene co-polymer with quaternary
amines including polypropylene support
CPL: perfluorinated polymer with sulfonic acid groups

WSI Technologies

AEL: Pall / Raipore R1030

(USA) WSI CEL: Pall / Raipore R1010
. AQ-BA-06 (PS) AEL: polystyrene/vinylbenzoylchloride co-polymer,
Aqualytics L0 .
(GERMANY) or diamines for charge and crosslinks
AQ-BA-04 (PSf) CEL: Sulfonated polystyrene and Kraton G
Solvay SA, Belgium BPM -

Graver Water Co., U.S

Aqualytics BP6

polystyrene matrix/quaternary ammonium and sulfonic
groups are attached

emgato] BAZH D % 9] thEe] ole] ek Aol

SECERE S
ah4] Qg e Jhste 8o SrlE
ole4iely of}. o] 2 HE S

S718u(el: vk, olerg)olA
2 ik WA

Z7WX7|H B E gt 24

oA Relstck. AE7] Aol ol AL 53] 1

sk At G718HolA o)L

22T % Sk oleat ol fE e
efefo] A9

2 «1 A
/g-cg_g_ H]-O]E
S= A8E AVE7] ln57} I MS 21514 &

"]—Q—UE

=}, ofo] tiigh Al Heto.® TR vk Ak v
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AB3EC 2] o] Y7} akslo] Donnan WAl Hfet
co-ion O]%F-Z FHAAFI 02X o] Mg go] AME 4
9jtt oY A AA o Wkl ofol 2w glul 9l Lo
WS Aitshs AA7F eH, olFolA 53] HiolE
g A Z5HT Y= AASL Table 29} ATH?. ESH
of 2] A4 TRt -3 2ok 15t 448 BMED
A& A=z 5kl At HFEA O 2 Neosepta BP-1 H}O|
ZaR2 AR AstomAlS] “Acilyzer BMED”0f| AREE]

A glom, 714k 8l 7] o] Bt 8l sl R4
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(EFFEA B o4t B4kE 915 BMED A7} A
235} FAct. T3 Suez WTSAY] AR103BM2 pH 23
9 oRAF ABARS I35 24-BMEDS} 4= 3= W 734 A
Ak 913t 34-BMEDE 4383} 513t} TosohARS] Hio]
EhQl B-172 7HMdAath B4kS 9iste] BiTACER=
BMEDO] AR&-E|11 §lom, 29| 7H AT A T4
Z5eto] A AA AR 37l A= Qiek FA7IA|
= BMED 7]|&0] 45 Aol A8 Qlovt % ot
G Eok= 9] -8 7t 7|t ol wt vlol&ahate
Az YAl Eold A2 A FHrt

5.4 =

Z719}(Electro-membrane) 7]&-2 A7 FA|(ED) 9 HE
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A& 2 - A= 370tk 7|2 (Electro-membrane)
71&E 3750l FAkEo] WAYSHA b= S &
“golm sFekEd o] 371 glo] 2ol 7k’ S Zar
o] vlHRIRFAQ] B 08 7P Q1L ZLof| AlA|
Ao g FHAA}) B3 Q1= ESG(Environmental, Social
and Governace) JA}e & BalEcty & 4= Qich &
F 93t EAJS 7= o] 2 ghato] fd= Qlsto] 7|
o] 4RO 7]&0IU W ZE(NF.) 7[&57 23
et HFRHZLD.) folle A8d ZoR 7|d
t}. o]of| ulg} 7]& A 7|9(Electro-membrane) 373 2] 5
H 3§ ol s @it 2 3 Qo EY 5
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