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Integrated management of spent zinc—carbon batteries and lithium ion batteries
using innovative recycling technology
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Abstract

Annually above 1 billion unit cells (15,000 tons) of spent batteries have been generated as
wastes in Korea. Spent Ni-Cd batteries have been recycled but the other spent batteries did
not be treated yet. So recycling processes of spent lithium-ion battery and zinc carbon battery
should be developed for environmental aspect as well as the effective utility of resources. In
case of spent zinc-carbon and alkaline battery, magnetic material and zinc sheet from the
battery were regained by physical treatment process. A series of mechanical processing is
conducted in the following sequence to yield enriched Zn and Mn particles: crushing, magnetic
separation, sieving and classification. The crushed particles including Zn and Mn were
dissolved in sulfuric acid solution with hydrogen peroxide as a reducing agent. After removing
impurities such as Fe, Cu and Al, Zinc sulfate and Manganese sulfate were precipitated into
compounds powders by low pressure vaporization process. These co—precipitated
metal-compounds could be used for feedstuff. In case of spent Li-ion battery, physical
treatment of waste LIBs is consist of discharge, dehydration, dry, and crushing step; crushing,
magnetic separation, and screening. The leaching was carried out on -16 mesh crushed
powders of lithium ion batteries by using diluted sulfuric acid solution and reducing agent.
After removing impurities such as Fe, Cu and Al, cobalt ion was separated by solvent
extraction process. Purified cobalt sulfate solution could be used for source of lithium
secondary battery. Therefore the recycling process of spent lithium secondary battery without
waste solution could be developed.
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Az AEE HEe A4 2 FAAE ez yE 5 v A 54 FEEEHY
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Chemtec2A] 1997 % 7]Eo2 A 300082 AT + = AAANHAHE ZF2 U
700CAA A F 223 4, AEIAHES AR ALASYL BAGA=Z Bese FH2E 9
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TEE FASY A e TEAA HAAE Wd, 27437 Bde AL dof
gt B9 A9 FEETE] o AT AZEFTA ALH JA F& oM A
AYrtol B2 AR F59 U @Fo|5%e] nHHJYeH EIF AFLIAHAA HAFE g7,
TA X EGE WEE dE EF G0l WA JARenE Fo2 B =FAM JEd FAH
%3 B ASe SFIF Bt o) FolAof & Aol
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2.1 933 AA N R 284

2 A A HAgAA e APAAGA NN FAT ARdAE FHREE AP Aoz B
AR G FAR ] FAHZEL Table 10] JdebA vie} 2o3]. d3 YAz 749 9%
Aolx, &3, 5 R AsA=2 FAH e FHAAE JAAZ d28S ALY ofd g
FEROE ARG ofd w3 & YRAAE FAANE FFFE ALY S5 oldE B
22 AEoEAM FF UH AA $FE ¥4 &+ AR

Table 1. YK o 2| YZiHX|el FHYE(SH : wt. %)

T2 MnQO2 Zn Carbon | &% & | Case(Fe,Ni) Mol | Z|E}
HZHE X 15.0 225 30 75 225 20.3 92
otzha| XM x| 26.0 1.2 40 40 340 14.8 6.0

& Fig. 12 AR3AAE 23 o2 HEsta] P31 ofdo] 58 EMUES 2 §F o8
oz FAMEsY FAYRolA S AF}E TS Ued Aot IHE A= AHAd
B BANELE o] &8 EJ"“%- ofd#, A Aol & A AAY F 8 vld 23d L o]
&3t -8 w4 EAAES AUTh AGRAA EALE Wl oAt W] FFL 165%, 17.5%
olx FL 14% E3H 319"‘11 HL@GRAA ] BFfoe ok, B3, o] I HA £
9] 21.3%, 30.0%, 2.3% ArAsta ot SZFRAA A vlE FHAA] BHIE W ofd FFol
$E olfrE PTAAY FS ol BFoE ALY HEG d=EE A +8 dH4 FHoR

& Ryo] 2H7| Wzt
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Fig. 1. HIZZZHHX 2R oY 2iotd A= S

otz Hzto] FFE EHAES FUAE AT E AHES R AESAER FAEAE AA
s&ol2oz Eglern AE8Y W E€EA Z, UA, 78 R ¢F9ES AAG2 ofdF
g3t o] &rto] g3 H e §AS ERFAX WL o &5t FAUZL, Foldoz 33
At

22 A Fol LA N2 2 A9

£ 490l AH$E AL FUARE dYo2 ASHE 2% WA En AAE ALt
g Table 2014 B uhsh o] 2y Axe] B Fetrg Aoz WRe AL REFHE Aol
27b 2 a29e P4 B EendAe] 9 dFuE AR FAH gt
dol thari0l. 348 oz x U FIVEAL WA Fe o B%E AAsn Y%
SEEE AX 1Y 317-390 g€ AAdT Qom nEE o 14% =S AAstn Yt

Table 22%-E #HZFol2dR e A BEEXEE AT & don 2005450 3 Fo] 47
AA2NE AAA 1 kgd AERe= B¢ HFH 2R o]dstga 0.75kg, HF 0.002 kgo] EA
& ¢ F Av9)l 279 B9 59 MJo HE3 7 7he AT o] idsteArt 1.28kg RS
2 @457 A ujde] B olidstga EAo] 0.0042kge® AR Fr|Hor FEH &
Z9 93 2go] fEY R} Table 2914 EHE]Y HA 7 &FnF ] =
oz ARGt FEE AJANAE &FvEF 7] 3FFo| plate EFYl Hl EA o
Bttt
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Table 2. FOiH 3tol| AR =& 2| Fo|2TX|2 =4

Platetype Polymer type
weight(g) wt.% weight(g) wt.%
Total 28.08 100 22.14 100
Plastic(2| &) 6.48 23.08 6.25 28.23
Metal 1.22 4.34 0.83 3.75
ICO| & -
Plastic 0.29 0.10 0.20 0.90
Case Metal 3.32 11.82 0.93 4.20
(SREXAT | Pplastic 0.27 0.96
Separate 0.6 2.14 0.65 2.80
Alfoil 0.75 2.67 0.85 3.84
LiCoO2
Cathode 6.47 23.04 5.26 23.76
Powder
Powder
Co 3.90 13.89 3.17 14.32
Cu foil 2.05 7.30 2.25 10.16
C powder 3.11 11.08 3.08 13.91
Other 3.52 12.54 1.84 8.31
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o2 Fig. 3& 283 AYIAE 7AA 35d AFAA e} ¢2PRAA] EF 2ANES
Aoz FAEF Aot} WAl 0EE AUHEA ofde FE&L 99%, YL 94% o) d &
Jetiigich ol S9AE HAstEAE 4 vol% FEFALT nH= 100g/12 %S AP}
Aok &L W EEEQ] Fe, Cuy, Al 5& A= pHE EAA JA, AANZLH AEs=
F&o| g AAY Y5t Y S AL AT EF FoANN 27E EEE FEE UF
A717] 918t ol TS FSlste] Ao R FH H & FEo|2S AAGIY s E 32
AE4Y U a5 F=8 vUehd Aotk A& 8L EEES AL §99 pHE T4
02 ¥o|7] Y3 EHAE9 ojvEd AHgsHen 2 A} ofd P =7 wA e
Wt
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Fig. 3. HUZIXX| E2f&HE EMEAE HS
(2M HoS04, H202 4vol.%, 100g/l, 200rpm)

Table 3. Wz X| &4k HEHol =M(mg/)
Zn Mn Fe Cu Ni Al pH
HEY 34300 26730 0.514 0.98 22.45 0 5.8

tlo

2E ¥ FUYR} FhotA e Az 9
g BRAZ7] Ui FUHY URe D202 Ade]

N

3t EFAx7]1E AMEET. AE=8Y

TEL SU3tn AAstE FAET Fioldo] RE wEd. ¥ Table 45 25FAXx7]
A AzE FAAGtolde AEEN ARE Yepd Aol ofdF Fer FAH i v
A FEAEL AEHA Uk AzE FAARF FAelde] XRD #AZ2AS % EF S
Fig. 4, 50| YA}

2 ofd AFFALE ol bt E-E FF

Table 4. EFUZ=7|0M M=g Ltdtotele] 4EE4 23t

Zn Mn Cr Ni Fe Cu Al
% 19.2 144 00 0.0 0.0 0.0 0.0
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AAARH7E 719 & o8¢ AYRAA 9 B34 B7F AFeAE AGEHA g da¥, &5
2879 77185 JaFRAA &4dFe FEE 2¥HAVEZ AYsH. 7AYo s
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32 ALl EoledA ARE 4¥A% 2 02
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Table 5. 2| 0| 2MX| m2f M2 F -80il¢ 2L FAHAME
MM Co Li Fe Cu Al Ni
arzkwt. %) 25.58 3.71 0.40 0.34 0.77 0.19

i

FHAELS O3 A3 Zo] +37F ALEC|2S YNNI = AR HFAFFALE ALEEY &
Abg oA wEAIF|E BT W fIHESE0] EF o|2AHZ &9t} e Fig 62 28 34k
AHFE 50 g/l, ZNEE 300 rpm, ¥HE2E 75TCoA 94 scws e aLE fEY
FE2&S Yed Aot ZAFY B¢ FLA] i JFo] AL ki IFES F¢ A
HE 9F] F2 ¢ & Ao oS Table 6& FE8Y U f7l5%9 =4S Yeld Aol w
A 53 GFAILE £AE A7) YA F, 7, ¢FVES FHAER AAsS &9FF
FAM UAF JELS AAsE §2 ¢ F Aok

2LiCo0z + 3H2S04 + H202 — 2C0oS0O4 + LizSO4 + 4Hz0 + O

Table 6. H2| F0|2MX| AEE%Y2| F&Hol2 5%

THME Co Li Fe Cu Al Ni
& Z(mg/l) 16,900 1,900 430 430 350 160
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Fig. 6. M2l 50|28 x| EMAr22| HMAE Al A Szt 2 FHo FHE2
(2M H.S04, 75°C, 300rpm, pulp density 50g/l)

YAz ades 2t §uFEFAHdAAE FEAZ 738 Na-Cyanex272& AH&3sH o
o]& bis(2,4,4-trimethyl pentyl) phosphinic acid® o}2] A3 zZ& ®goz FLETS Mezo
2 F23n £ ILEJ} FEE 471838 4T AL HEAIE g o FEE
ILET} 84 oz Bgs ©rh. oS Table 7 A& LYo RE ILEE {r|4o=
%23 A9 A7}E Y Aot ILEE 81%7F FE2HANSH o 2%9 FEH 37%< Y
Aol 37 FEHAUL ol BETEESS AFFAANA AARALe HF LHARAE FARL
E g9 g Table 8 vtebuiict,

Co” + 2(HR)2 <> CoRz(HR)2 + 2H'

ole] AzRE ELE ol 100ppm ©]8el FAILE LAS AxY & Yoy o Fit
FALEE WJE AxE F8Z Ago] /M3y Y fsstaddels dHzZgads AxE o AE
3l CMB(cobalt manganese bromide)Z vl 2] 982 Algo] 7Mgdict =3 2 43S & 9l
£ dolrs A& o|AAAZ Fo|2EDY HAZ ALLHUEA HA ALgFo] FFdA
dom olF Axde PEEAN FAILE A 1 AHgo] FUHE o] olxtAA|e] AREA
E A7 22 ¢ 5 A9

SujF 23RN 5E FAILE §AL2 I AARE 82N A7} shedid 2@ 2F
3 3RS Fdtd FAALE £2S AT 4+ Uk ©F Table 9= Axd FAILE L
Z24< Uekd Aol Fig. 7, 82 2% A% %9 XRD #423%4E vepd Aot
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Table 7. 2 Z 8% o2 £E Na-Cyanex272 £Z&Hol s 2t FHol22 FESE(mg/)
(0.7M Cyanex272 with kerosene, 40% saponified, O/A ratio = 2(40ml:20ml), retention time 10 min., 25C)

Co Li Ni Mn Ca Fe Al Cu Na pH
feed solution | 20500 | 3805 | 20.9 18 4845 | 037 45 04 2219 6.7
raffinate 2700 | 3765 | 20.1 0.3 462 | 0.34 4 0.1 | 13500 | 53
loaded organic | 17800 | 40 08 177 | 225 | 0.03 0.5 0.3 >
extraction rate(%)| 86.8 22 37 985 | 46 -

Table 8. M2 2He 358 EMIALE Ao =4

(2M HoSOs, O/A ratio = 6(40ml:6.7ml), retention time 10 min., 25C)
Co Li Ni Mn Ca Fe Al Cu Na
ma/l 96000 34 1.6 22.0 41 2.3 40 1 11.7

Table 9. M=% EAIaWE Hoto| =M (%)
Co Li Ni Mn Ca Fe Al Cu Na | Total impurities

% 26.1 |0.00005| 0.001 | 0.02 | 0002 | 0.01 0.0 | 0.008 | 0.002 0.04

)
o>

Fig. 8. M =& gMzaLE E2e|l XRD &4 Zt

Fig. 7. MI=H &MIALE EYS

4. A&

FU A At ¢ - E o)A Algste AAE F£9ol tEtd 1 wFe] A2 HAA R
gtk HAAAZ A% FALFL Foln AA U f7HEES LY d82 Holgste HA
Ao & APt ATFste o L FES AU

1. A%AF7t 718 o] 4T AAA &34 H7te 71E AFANe & A72EH 222 747
& AFLTAL AANINA F9 HFol AR} ARRAA ] AL HARE, 27, WFH)
4 A9 Wyt ARE =28 4 dod, AAA Y FEES TLHoE ABEHY A=
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B3 ol5S nfdty 27 vidAl gl H§ FHE G HA et 44T + A

2. AAA AEE IS AL HAME 98 oY, MHE, ARE FE A2 FE T
< YUMoz o do.

3. HAAAY AFEL w-AFAE-JAEEe e 223 HNHITAHFS G FAIPE-ECE
AA- gidziold EoAze 383 HEFHoLE FAS FAE LS Higsn Ay
Aol Qe IEF AL E THE FFIHAL

4 AAFoleAA ABEES PA-AZ-RA-AINE-AELS BoH AATHSH A B4
AE-AAR % BEE AA-S0FE-FUTRE §9 Az HH FHoz TR 2
FoledAe s, F% A AL T £247 e AR F0) A2 95 Pu=
MEE qPoz FFIE TES AVE THL TR

5. MAA ALE TR0l FAEE 27 fAdAE 95 TH, Adu & FIse AFII7HA
AFE Azl a9 AZE AE9 27 AFHLRE FHFH Qlojof A, o] F A HF
AFS F 7HA o]z tssta o9 Wale vl I EF FaA %] AH F
£ T3 FoANAM = AF A2EHE FFFo=M AXTHE SF5t YA E2 F
oAl Hd 7€ 9= % H AL IAEYG 7 FHS LA 7 A

Reference

(1] B3 F, “Ha52d A4&8 o3 A7 234987, 2010. 3

[2] ¥FEFFTE, “MAFEY AFTSAL AL 71/ EdT” §9R A
KECO02010-RE03-10, 2010.6

31 &&=, "gMeolE3 WA, 312 HAHA AZL", AYAZE7|=/WEARAG, p. 241~267,
2009

[4] Martin K. Meyer, "Consequences of landfilling, incinerating or recycling of batteries”,
Proceedings of 12th International Congress for Battery Recycling, 2007

(6] FAAANE L3 FHo]A| (http://www kbranet)

[6] H&7] ¢, “AARHF7t 71'HE 0|8 AgFolHA AEE A o &34 F7p°, A
487133 A A6d 135, pp.dl-46, 2005

(7] B3 9, “dFol&dR e AZd digd R34 Hr1", FXFAsEsA A17d 23,
pp.163-169, 2006

8] A+ ¢, “HFol243Y oo i 44 Hr, d=FH7E83A, A22A 535,
pp.432-440, 2005

[9] 3%, “LCAZIH & o] 8¢ HAA(YFol 2R, ¢Za-4AA])e FF Lt A", 214
Z|ZEE A TFALAE AR A, 2006

[10] €4 9, “HeFol2AA FAAZEHo2HE fufFE Y o3 ILE EIIdF,
2007 = g=xAdeRo| FHY 53] A THENSI, 2007



