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NI y-12.704+113.95,R2=0.83
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Cuy=-12.5x+97.46, R2=0.92
n YA 115x+3135,R2=0.72

Cr y=-2664x+149,R2=0.77
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50%
6.3 %1 6.4 %]l 3.0 %
13 %
: , 10% 11 %14%  175% '

(lon exchange)

(Hydration  reaction)
M2+ HD (-——) MOH+ + H+
2

(Equilibrium constant, pK) Cd (pK=10.1) < Ni (pK=9.9)
< Co (pK=9.7) < Zn (pK=9.0) « Cu (pK=7.7)
pK Cd>Ni>Co>Zn>C

Ca>Ni>Co>Cu>Zn [34,35]
- 10

ASTM D5198 - 92 4.2
> > >
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4.2 - 10
( )
ASTM D5198-92
89.39 68.05 61.38
97.95 97.56 75.09
29.89 12.61 8.26
13.98 1.16 6.42
[27]
J (Free water)
J (Interstitial water)
cake
J (Surface water)
J (Bound water)
[ 120
80
120
Vv
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Bound Water

"~ Interstitial

45 [27]

Wozniak ~ Huang J.Y.C.[30]  Scott [13]

10-15 20
50 -80%

44



45

43 * # * % ® *
431 L ?  (Electrodeposition)
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60-80% Cu Recovery
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C |
: (%recovery) = 022t + 10 R2 = 0.99
: (%recovery) = 036t + 256 R2=0.95

((Yorecovery) 033t + 26 R2 = 0.98

:(Yrecovery) = 020t+ 368 R2=1094
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4.3 47
43
mA j,AIm2 60% 10% 80%
10 5 56.14 53.70 54.01
15 7400 70.89 68.57
20 10 80.50 72.35 69.17
25 13 66.13 56.59 53.79
30 16 55.09 47.53 44.72
1° Half 2 Half
100
g 80
g /% \\\,
g —— 60% recovery \\
P 40 ~ —*= 70% recovery
Lo
3 20
0 T T T T
5 6 7 9 0 un 12 1 15 16
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4.9
0.9 (%recovery) = 0.07(time) + 501 R2 = 0.98 (4.5)
11 (%recovery) = 0.09(time) + 7.28 R2 = 0.98 (4.6)
1.3 (%recovery) = 0.07(time) + 6.19 R2 = 0.99 (4.7)
1.5 (%recovery) = 0.05(time) + 523 R2 = 0.9 (4.8)
45- 4.8 09 1113 15
1 %, 9%, 7% 5%
11
4.6
11

11
11
(Limiting Current)
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12

0.8

« 06
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(%)
(Alm2) 5% 20% 25%
466 0.87 0.80 0.57
570 1.16 0.86 0.59
621 0.69 0.48 0.34
125 0.32 021 0.13
Part 1 Part 2
4\
wk
400 450 500 550 600 650 700 750
Current Density (A/m2)

15% Recovery -+- 20

4.10

Yorecovery  25%recovery
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4.10 2
Reuassard [28]
Kongsricharoen [23]
2
432 (Electroprecipitation)
2

1.0- 2.0 6 - 1

Atomic Absorption Spectrophotometer
411, 412, 4.13, 4.14

1 11, 13, 15, L7
94, 110, 130, 145
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411 -4.14
| J— ) 0244 ++2%  E°=098V/SHE  (49)
He+ 2 — - ) H2 E°=0.00V/SHE, pH<7  (410)
HD + 28 oo ) H2 4 20H E°=-083VISHE pH>7 (4.11)
410 411
411
4.12-4.14
N2 + 20H e ) Ni(OH)2 (4.12)
Zn2 + 20H Zn(OH)?2 (4.13)

Cr3 + 30H a1 Cr(OH)3 (4.14)



(Metal Hydroxide Form)

HXr04 + 6H +3e”__,
Hero; + 7TH+ +3 ~_

Cr0&Z +8H +3”™__,
COR +14H +3 ™ _,
Cro2 +4H +3 ™ _,
Cr0f +2H +3¢ 4 4

CrOT +6H +6e A _,

[32]

Cr3+ +4H2

Cr3+ +4H2

Cr¥ +4HD

2Cr3t+ 7THY

Cr02 + 2HX

Cro3+ HA

2Cr02 + 3HD

(Ligand)

E°(VISHE)

+1.072

+1.082

+1.212

+ 1.062

+0.682

+0.092

+0.532

[29]

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)
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8.0 [36]
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(Power consumption)

4.16

Current Efficiency (°
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100 110 120 130

Current Density (AYm2)

—— 70%recovery —%— 80%recovery —+— 90%recovery

140

150

4.15
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4.5

Current Current Density  Power consumption (kW*hr/g)

(A) (AIm2) 70%recovery 80%recovery 90%recovery
11 94 1233 1835 352.5

1.3 111 2.5 3.8 1.7

15 128 2.6 3.9 1.9

17 145 125 13.7 15.1

400

A = 70% recovery —* 80% recovery —* 90% recovery

w
o
o

Powerconsumption (kW*hr/g)
S S
o o

. i

80 90 100 110 120 130 140 150

Current Density (A/m2)
4.16 (Power consumption)
4.5 4.16
1.3-15
110 - 130
100% 80% 4.5

4.12 413
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1.0
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110 - 130
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130
4.17
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20
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0123456 78 9100101213141 161N0
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--Cu N+—2Zn  Cr~ pH
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100 14
12
80
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g j=130A/m 6CL
0\;=4O
i 4
20 9
0 0
8 © 2 3 4 5 8 9 10 11 12 13 14 15

7 8
Lime(nr)
Cu N *Zn *Cr— pH
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45
4.6
Current Current Density Power Consumption (kW * hr/g)
(A) (Alm2) T0%recovery  80%recovery  90%recovery
13 110 553 9.92 21.28
15 128 5.79 11.68 29.69
4.6
15
10
6

130 9
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