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Abstract

In order to efficiently recycle waste industrial nickel-cadmium batteries, anodic and cathodic materials were crushed by a cut
mill and classified by sieves. We used wet magnetic separation method for eliminating iron components from the crushed pow-
ders. In addition, the acid leaching test for the obtained anode and cathode powders was carried out under various conditions
by means of the wet process. At the optimum leaching conditions with 2.0 M H,SO, at 90?, 15 wt H,O, and L/S=20 for 3 hours,
the leaching efficiency of nickel and cadmium was 99%, respectively.
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Table 1. The domestic circulation amount of nickel-based
batteries and its Ni content in 2014

NiCd NiMH Li
battery | battery battery
Ni content (%) 22 40 1.24
Circulation | import (ton) 903 358 6,669
amount in
domestic export (ton) 96 24 55,796
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Fig. 1. Dismantling process of waste industrial Ni-Cd batteries generated in UPS industry.

Table 2. Details of components for waste industrial Ni-Cd

batteries from UPS industry

Components Weight (g) | Proportion (%)
Nuts and Bolts 920 8.80
Case 1,100 10.53
Frame 730 6.99
Ni 384 3.68
Cd 5 0.05
Co 18 0.17
Cathode
Fe 713 6.82
Mn 1 0.01
etc. 549 5.25
Sub total 2,400 22.97
Frame 660 6.32
Ni 7 0.06
Cd 530 5.07
Co - 0.00
Anode
Fe 787 7.53
Mn 1 0.01
etc. 176 1.68
Sub total 2,160 20.67
Separator 200 1.91
Electrolyte 3,670 35.12
Total 10,450 100
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Table 3. Chemical composition (%ow/w) of electrode materials of waste industrial Ni-Cd batteries

The previous study This study (ICP)
Ref. (7) (AAS) Ref. (3) Before magnetic separation | After magnetic separation

Element Cathode Anode Cathode Anode Cathode Anode Mixed powder

Ni (%) 62.5 43.8 66 37 22,6 0.4 30.0

Cd (%) 52 394 32 40 0.3 30.0 31.8

Co (%) 1.8 - 1.1 - 1.0 - 1.4

Fe (%) 0.02 0.1 0.3 0.5 457 55.7 1.6
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Fig. 2. Micrograph images of SEM and EDS for the (a) cathode and (b) anode electrode of waste industrial Ni-Cd batteries.
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Fig. 3. The XRD results of the cathode and anode electrode for waste industrial Ni-Cd batteries.
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Table 4. Valuable metals contents in different particle size on sample
(a) Cut mill screen (I mm)

Particle size

Cut-mill
Screen (1 mm) (+25 mesh) (~25+50 mesh) (~50+80 mesh) (~80 mesh)
wt% 46.7 wt% 7.3 wt% 31.7 wt% 143
Analyte % Analyte % Analyte % Analyte %
Fe 58.79 Fe 54.94 Ni 87.32 Ni 86.06
Cathode Ni 40.19 Ni 43.49 Fe 7.19 Fe 6.43
Co 0.25 Co 0.69 Co 341 Co 4.16
etc. 0.77 etc. 0.88 Cd 1.55 Cd 1.85
etc. 0.53 etc. 1.50
wt% 24.8 wt% 27.1 wt% 9.0 wt% 39.1
Analyte % Analyte % Analyte % Analyte %
Fe 93.19 Fe 71.74 Cd 85.39 Cd 85.29
Anode
Cd 4.44 Cd 20.40 Fe 13.10 Fe 12.20
Ni 1.23 Ni 0.96 Ni 1.05 Ni 2.02
etc. 1.14 etc. 0.90 etc. 0.46 etc. 0.49

(b) Cut mill screen (2 mm)

Cut-mill Particle size
Screen (2 mm) (+25 mesh) (=25+50 mesh) (=50+80 mesh) (~80 mesh)
wt% 43.5 wt% 8.4 wt% 11.9 wt% 342
Analyte % Analyte % Analyte % Analyte %
Fe 55.69 Ni 89.08 Ni 92.17 Ni 89.14
Cathode Ni 43.10 Fe 4.77 Co 4.38 Co 4.13
Co 0.21 Co 3.78 Cd 2.04 Fe 3.06
etc. 1.00 Cd 1.66 Fe 0.73 Cd 2.64
etc. 0.71 etc. 0.68 etc. 1.03
wt% 52.9 wt% 14.7 wt% 83 wt% 24.1
Analyte % Analyte % Analyte % Analyte %
Fe 94.97 Cd 84.07 Cd 91.33 Cd 87.32
Anode
Ni 391 Fe 14.15 Fe 7.64 Fe 11.43
Co 0.24 Ni 1.49 Ni 0.74 Ni 1.15
etc. 0.88 etc. 0.29 etc. 0.29 etc. 0.10
AUER, ST OF 50%, wHEEE oF 2%, & FH2 oF 60%, URTFE oF 39%0l0 0w, HIAHIE
FHELL oF 54%= g 239 FelE, UmA] B g2 e, FE oF 1%, UE 2 90% ol
o v AYRY P2 Hpuh AGAAH BT om ypne] 3 o] Relsdrh £ 339 A
o AR BN Az, T AguEe] Agel= F Auue] Agols B FFS oF 95%, =B e
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Table 5. The result of wet magnetic separation on samples 2o oF 85%, YA S oF (1%, Jt=E TS
crushed by cut-mill with 2 mm screen oF 49p0]om, AR L] BS A Frake oF 29,
Cut-mill Magnetic Nonmagnetic yA RS oF 57%, JtEE THE 38% oo

screen (2 mm)

diel A o] Relsdeh ol cutmile ol

MO | 0 | R ] B e wage 7 oaxe] 2REd ol v G409 A

Anabte | % | Anabe | % HAMe Folel A7EE UAH g 858
Fe 59.80 Fe 1.28 Fges o 4 0191‘:]'.
Cathode Ni 39.08 Ni 91.53
cd - cd 2.09 3.2, RU|A ERol| HE AEAME
Co 0.18 Co 457 T4 SR w2 ISP e S5, ZA, 94
o 094 e 053 gake olgsly] 4F 2 3 uisle 47 IES
vy ERT o T 3m APslgon, vz 7S A7 YA g
Ay ” pvo TM AFE Table 6] YERNATE £ Aoxie] 4
A2 94 7} Ake] 2M 7o =E J9H] 20004
Fe | o464 | Fe | >4 W% 90°ClA 3A17E Bt Aaslglen], 2 A
Anode Ni 1.18 Ni 0.85 = Table 7| L}E}lﬂ(}idr

cd 323 cd 93.49 Table 79 W2 of=e] A9 7} ko] HAZ A] Y

Co 0.18 Co - Ao ThFS vlwst] B Y5 > GA >3 o s

etc. 0.77 etc 0.22 Azl How, FF9 BS TI=FS g > A >

Wit% 53.74 W% 46.26 GAak o7 AEHAH 2y 2 M ZikA e H&E

Analye | % | Amlyie | % Aol & WYL asle] oz o3t wol &

- 2165 o 7 27} BrFsate] 1CPell 9dt AL A ER B

Cathode + 3T} Table 69 71 179} Hlwsle] B FHike]

Ni 10.58 Ni 56.86

Anode A 25M~3M Alele] FxoA YA, Jl=g, :LE]

ca | 3 | @[5 ] 5 mwee sl Agel ololion], gae) A

Co 0.30 Co 3.10 T ydH|9] xlol= EASAIT 1.5 M ~4 M) o:]oﬂoﬂ

wo | 0B | e | o | A f7lE%el 30l A9 olRolneg S 4 3

Ak & AFeM e FEsE FAAZE & Pilot plantol

Me 284 9 AARES 2EEk GAtelu ger

oF 3%0] o, HIAM T A, H T oF 5%, s ARgskE Aol freEldh] wieel 2 AFelMe
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o} Bgh, SeHRTe] A, AMdwde] Bede E F

Table 6. Summary of the acid leaching result for spent Ni-Cd batteries in previous studies

Leting [T [ e [ 51 [l
4.0M 95 3 1/20 No Complete dissolution 100% leaching of Ni, Cd and Co 3)

S0, 25M 95 4 1/17 No Complete dissolution 100% leaching of Ni, Cd and Co ®)
6N :‘;(r)lgl. ) 18 No Complete dissollilittit(;: lle(;(i:ﬁ)nlgef??eg of Ni and Cd @

Hel 1.5M 85 8 4% wiw No Complete dissolution 100% leaching of Ni, Cd and Co ©9)
4.0M 60 2 1/15 ~ 1/45 No Best leach capability “4)

AdeolEd Al 26 A A 53, 2017
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Table 7. Contents of metallic elements on leaching as a function of acid type
Cathode Anode
Element Unit Aqua oM oM oM Aqua oM oM oM
regia HNO; H,SO4 HCI regia HNO; H,SO4 HCl1
Ni gL 244.4 209.0 211.5 39 3.9 3.7
(L.E) (100%) (92.5%) | (93.6%) | (100%) (100%) | (100%)
Mn gL 0.6 0.3 0.6 0.7 0.5 0.6
(LE) (100%) (50.0%) | (100%) | (87.5%) (62.5%) | (75.0%)
Co (I%./]F:.) (1156{%) . (82:2%) (9?:;%) ND . N.D ND
cd gL 43 3.1 3.1 322.4 322.0 307.4
(LE) (100%) (100%) (100%) (100%) (100%) (100%)
Fe g/ 466.1 473.9 479.5 516.2 506.1 522.2
(LE) (100%) (100%) (100%) | (92.7%) (90.9%) | (93.8%)
*L.E.: Leaching Efficiency
33 EbsE, 1| R AERD0 UE AHEMUE 15 wit%e] 2oA YA 5 7l=ge A& 7P
7] A BRo) AP o) AR AL o gl ERom, FSEAE Wl e Atud U
FEEE GG 0 ST AT el YEUFL WY o) Aol o 8% A=, =g A% o 1%
SRtk 41 L/sHlE 2002 143l HEEE 90°C
gl HE AZFS A 7ke 2 TAE A 1M, 2 M, 100 o ®
3M B 4Me] x7dow HYPSISiTh Table 8& 4t g D
S wslel wel PF A7E veglon, g T,? e
A 3M e FEeld, e 1M B F .
woll ] 77 U 22.08%8) FHEE 32.70%2 7P B s
° AE=Art % 80 O Ni (cathode)
G SRS H7E 9 An) sl 2 f «Calanat)
xS LSHlE 2002 w4, AELE 85~95 o | | |
°ColA A& AR Ao R YL ST E 0 5 10 15 20 25
SRakg-ol Y] 5 wi%e, 15 wt%, L3]I 25 wt%2] 37} Amount of H202 (Wt%)

A 2HoR 7RSSR YAH Jt=gdl tig 24

A& st 2 AFE Fig. 40 VeRASTh. ghdAl

Fig. 4. Leaching efficiency of Ni and Cd as a function of
H,0, (2 M H,S0,, Temp. 90°C, L/S=20).

Table 8. Contents of metallic elements on leaching as a function of H,SO, concentration

Item Cathode Anode
H,SO, concentration 1M 2M 3iM 4M 1M 2M 3M 4M
Ni g/L 198.8 209.0 220.8 219.6 39 3.9 4.0 39
Mn g/L 0.3 0.3 0.4 0.5 0.5 0.5 0.5 0.6
Co g/L 9.3 8.6 9.3 9.3 N.D N.D N.D N.D
Cd g/l 3.0 3.1 34 34 327.0 328.0 314.0 303.7
Fe g/L 3923 473.9 4333 4524 505.6 515.1 499.1 497.7

J. of Korean Inst. Resources Recycling Vol. 26, No. 5, 2017
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