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Mass Balance in Diaphragm-type Electroplating Process with

Anion Exchange Membrane

Nobukazu SUZUKI1, Atsuyoshi SHIBUYA, Tetsuaki TSuDA,

Ryuji 1zvo and Yuji TERADA

Synopsis :

Diaphragm-type electroplating process with anion exchange membrane has been investigated to prevent
the anode oxidation of Fe?t ion on insoluble anode in Zn-Fe alloy electroplating solution.

(1) Insoluble anode is separated from electroplating solution with anion exchange membrane, and ion
balance between anode compartment and cathode compartment is maintained with ion supplier.

(2) This process is capable of high current density electroplating up to 100 A/dm? without any damage
of membrane by using sulfuric acid in anode compartment, and membrane potential drop is about 1 V.

(3) In continuous electroplating pilot line tests, ion balance of electroplating solution is proved to be
maintained and this process is effective to prevent the anode oxidation of Fe?* ion on the insoluble anode.
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Fig. 1. Flow of plating process with anion
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Fig. 2. Material balance testing system.

Table 1. Experimental condition.

Item Condition

Sulfate Bath (1) Pure Zn platm
50°C nSO. 7H,0 400 g/1, Na;SO,75g/1,

Plating H2)

Bath (2) Zn-Fe alloy plaung%
(ZnSO, - 7TH;0 120 g/ 1, FeSO, - TH,0
250 g/ 1, Na;SO,75¢/1, pH2)

Anolyte 2.5N H;SO,, 50°C

Anode Pt/Ti (Expanded metal)

Current

density 20 A/dm?

Anion exchange membrane made by
Membrane Tokuyama Soda Co., Ltd.
(1) & type (2) B type (3) C type
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Anion exchange
membrane

Neutral membrane

Frame
Out-flow of anolyte

Anode
Table 2. Specification of pilot line. Back plate
Bar
Item Specification
Strip size 0.2~0. 8 mm thick

100~300 mm wide Fig. 4. Schematic diagram of anode

lgiggnz’pce:ﬂ 20~200 m/min compartment,
- Type vertical : 4 cells
- Rectifier 4kA X 40V x 2/ cell.
- Injection counter flow ?z Strip
: Gas-liquid * T Anode .
Table 3. Test condition. Separater compartment A |
Item Condition
1. Anode compartment - =
@ Anode Pt/Ti (expanded metal)
@ Membrane Anion exchange membrane made J
by Tokuyama Soda Co., Ltd.

(1) A type (2) A modified type plating cell .
® Anolyte 2 1N, 0, 7N H,50, 9 .
Zn-Fe alloy sulfate bath H2S04 T J( A
2. Plating bath (ZnSO, - 7H,0 140 g/1, FeSO, - 7H,0 25Vs 10 j
250g/l Na3SO,75 g/, pH 2,50°C) J
3. Strip 0. 8 x 300
4. Current (Max. C.D.) 1000A~7000A (max 103 A/dm?) Pump

Strip~Membrane~ Anode

Fig. 5. Schematic diagram of circular system of
25 mm 5 mm

membrane type electroplating process.

5. Electrode gap

e
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Photo. 1. View of vertical cells set up with anode
compartment at pilot line.
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Fig. 6. Variation of H,;SO, concentration in
anolyte and pH in plating bath without ion
supply (pure Zn plating).
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Table 4. Ion supply method.

15ml H,SO, was removed and
15m! H30 was

dripped every 10 min

into the compartment

(1) ZnO slurry (ZnO: 24g,
H,0: 200 ml) was
continuously supplied at
2 ml/min*

Anolyte

Plating bath
(2) 2.5N H,SO, was dripped
every 10 min for adjusting
pH to the initial level of the
plating bath

* Fe?* ions were not supplied because the variation of
Fe?* concentration was minimal.

g
s
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o 3 > 4 p
E“zo
1.9 Membrane ; Btype
$
SCo
£>26
SE 25 3
§° Yo & O ¢
=24
oz
£ 0 0 20 30 40 50 60
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Fig. 7. Variation of H,S0, concentration in
anolyte and pH in plating bath at experiment
with batch-wise ion supply (Zn-Fe alloy
plating) .
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Fig. 8. Critical current density of membrane.
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Fig. 9. Schematic diagram of limiting
current density.
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Photo, 2. View of anion exchange
membrane after test.

(b) Surface damage

S
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(o} 40 80 120 160
Current density (A /dm?)
Fig. 10. Relationship between anode-to-cathode

voltage and current density in membrane type
electroplating.
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Fig. 11. Cell voltage v.s. current density in
membrane type electroplating at pilot line.
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Fig. 12. Variation of sulfuric acid concentration
in anolyte with coulomb.
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Fig. 13. Variation of Fe3+ concentration in Zn-
Fe plating bath at pilot line.
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