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Abstract: This paper introduces the recycling technology of three kinds of cathode materials for vehicle lithium
batteries at home and abroad, including pyrometallurgical technology, hydrometallurgical technology and
biometallurgical technology. After comparison, the hydrometallurgical technology with acid leaching-precipitation/
extraction method has low requirements on equipment and energy consumption. It is an excellent technology with
high leaching efficiency and easy to introduce in industry.
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Table 1 Main metal content in lithium ion batteries /%

Element Co Cu Al Fe Li

Content 15 14 4.7 25 0.1
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Fig. 1 Flowsheet of the cathode material recycling process
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Table 2 Leaching rate of different leaching agents

Chemical Type of cathode

Metal type and Source of

Name i i Condition i .
expression material leaching rate literature
:I:ime :30 min Li,98. 9%
Temperature:80 C Cor94. 3%
0,94.
Malic acid CyHgO5 LiNiCoMnO, Acid concentration: 1. 2 mol/L Ni. 95 IVO [11]
1,95.
Volume ratio(liquid/liquid) : 1. 5% y !
. . Mn.96. 4%
Volume ratio(solid/liquid) : 40 g/L
Temperature: 80 C Li,98%
Oxali id C,H, O LiCoO 12
xadte ad P ! : Acid concentration: 1 mol/L Co,98% [12]
Time:120 min
Temperature: 70 C
Citri id Cs Hg O7 LiCoO; Co.967 13
tre ac R ot Acid concentration: 1 mol/L 0,96% [13]
Volume ratio(solid/liquid) ;30 g/L
Time:120 min
Temperature: 70 C
Sulfuric acid H, SO, LiNiCoMnO, Acid concentration percentage:10% Li,94.63% [14]
Stirring rate:400 r/min
Volume ratio(solid/liquid) :1 : 5
TA S 60 i
mmesbrmm C0.96. 3%
Temperature:60 C Li.100%
Phosphoric acid H; PO, LiNiCoMnO, Acid concentration:2 mol/L Nfl '98 8; [15]
Volume ratioCsolid/liquid) :50 g/L Ml' o 5;
H,O; volume percentage:4 % ne 90/
Time:150 min
T ture:55 C
Nitric acid HNO, LiFePO, emperature: o Li.9l1.25% [16]

Acid concentration:4. 5 mol/L

Volume ratio(solid/liquid) ;1 * 8
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Table 3 Comparison of different technical methods

Technology type Method

Advantage

Disadvantage

Pyrometallurgical
Y & High temperature roasting
technology

Simple operation,a large scale

and variety of treatments

High energy consumption, producing a

large amount of exhaust

Simple operation,

Acid leaching-Precipitation
Hydrometallurgical

technology
Acid leaching-Extraction

Producinga little qualitative waste water

high metal recovery

Simple operation,low energy

Producing organic waste water and VOCs

consumption, high metal recovery

Biometallurgical . .
Bioleaching
technology

Low cost,energy efficient,

Immature

environmental

Ton exchange

Saltingout method
Other methods

Electrolytic method

Short process,simple operation

Simple operation,low cost

less reagents,no impurities

Low recovery rate of cobalt
Low recovery rate
The system is complex and easy to produce
co-precipitation of multi-metal.

Difficult to handle electrolytic waste liquid

4 X

S TS I v ] A AR iR s L = B R
FHEE > i Il e i B ok K 0 B AR i 4 2R K
G 1R, A AT DGR KPR TG R
REREE T ME LSt . 2R iR [l i £ B8 0 L 300R
AR TR A A7 A 8T S AR TR E R W06 B F S AR X R
SRAGELOL B A Gy HETT o TR % BB R L Li
Co 5 ZFh 42 Jg MYt AR KT 9500, AR fE
FE/N OB ZORAK Tl BRI ABAE)™ . IRIHALH
T [ W R SRR L% AR I 3 B XA [ T
SRV G AR BN R BN ) AT 58 3 -

1) 48 v PIAL B A R0

T35 IS T 20 AR K 8 — A R i PR A 2
So% . PRAEMR RIS T O AL 0 PR R BRRE SR
WHE . T T AR BORAR. W 2R BEW JT & LA 2
7o R BT e Y — IR AL IR B i S ORI R R
Tt 40 B A A AR 3k B R b [ SO S ) Ok
N

2) 9ok 3R 4

I ¢ ) B PR BUR 2R 254> Tl Al ok B2 7K Ak
[ A I 7 0 A 6 BB TG 7 A el A L B AL
Xt % [ SR v ) Al A B3 352 M IR TR B
FERE PR o I DAAE SR [ i B 323 T R ek A 1)
bAoA i PR AR B 5 1) S8 & 2 IBUG A0 R o e 4 s
G ) I (5 1 R A 2 ok o DR M JBE o [l I 2 %) 8 7
B2 M MLER IR ABIE S » e 1 R o Ak B 32 )

S & k-

(1) XVEDS . BSr 4. EARTE EJ NS T 3 ) o &

o

45

(2]

(3]

(4]

(6]

[7]

PR K a4 [) ], VR TR, 2018(3) - 11-13.

LIU Guofang, ZHAO Lijin, WANG Dongsheng.
Development status and trend of lithium-ion battery in
China and foreign Auto
2018(3) :11-13.

SIT K,LI P K C,IP C W,et al. Studies of the energy

countries[ J . Engineer,

and power of current commercial prismatic and cylindrical
Li-ion cells[ J]. Journal of Power Sources,2004,125(1) .
124-134.

A% TR TH A 8 1 Fi Yib 1 8 R e T %000 g TRl
MR RID]. KV KPR W5 B . 2014,

REN Guoxing. Research of valuable metals separation
and recovery from spent lithium-ion battery by reduction
smelting[ D ]. Changsha: Changsha Research Institute
of Mining and Metallurgy,2014.

BRF5 7 IVE A PR I . K R B T W A 25 Ab SR
B i E %S A F . 2002(6) :18-19.

OU Xiugin, SUN Xinhua, CHENG Yaoli. Comprehensive
treatment method for waste lithium ion battery[J].
China Resources Comprehensive Utilization, 2002 (6) ;
18-19.

LINDA G. To recycle or not to recycle that is the
question: Insights from life-cycle-analysis [ J ]. MRS
Bulletin,2012,4(37) :333-338.
CHERET D, SANTEN S. Battery
7169206 P]. 2005-04-18.

2 18 T2 B BRIy, 4. B TH 3 7 et (el e R
FARMPERELT]. )N ,2014,39(4) : 81-86

HE Hongkai, WANG Yuewei, CHEN Chaofang., et al.

recycling: US

Advances in waste power lithium battery recycling
technology[ J ]. Guangzhou Chemistry, 2014, 39 (4) .
81-86.



543

kB A R TH AR e Yl AR B R T e g A B 5 0 63

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

o SUME  BIS2 3  E G . 3 D R 2 Z8C o FL TR 1Y
WFgEl)]. A @R JE GRFRH ) . 2007(4) :5-7, 26.
YUAN Wenhui, XUE Dingfan, WANG Chengyan.
Research on recycling of spent lithium ion battery by
smelting process[J]. Nonferrous Metals
(Extractive Metallurgy) .2007(4) :5-7,26.

AT B TR A VB RR BT K TH AL T
Wy R A )R [T R AR 4R, 2009,
9(2):264-268.

LI Dunfang, WANG Chengyan, YIN Fei, et al.

reducing

Leaching of valuable metals from roasted residue of
spent lithium-ion batteries with ammonium sulfat[J].
The Chinese Journal of Process Engineering, 2009,
9(2):264-268.

B 0 BT IR B o R 1A e B 58 1k Ak B AR 1 4
MBS, Al - 2006,24(3) - 12-14.

YANG Zhongping,JIN Xiaozhu, ZHU Guocai. Process
of techniques researches on low-grade manganese ore by
roasting with ammonium salt [ J]. China’s Manganese
Industry,2006,24(3) :12-14.

JEL G S AR AT L Y0 bR L AL DR TH B R 18R 4 L Yl v ol
WA 4 Jm iR L2000, Ao DR 2= B 2 4k (3 AR R
207D 5 2017,32(1) 1 6-12.

ZHOU Tao, XU Liping, FAN Bailin, et al. New process
for recovering valuable metals from waste LiCoNiO,
batteries[ J]. Journal of Xuzhou Institute of Technology
(Natural Sciences Edition),2017,32(1) :6-12.
ZHANG P W, YOKOYAMA T,ITABASHI O, et al.
Hydrometallurgical process for recovery of metal
values from spent lithium-ion secondary batteries[ ] ].
Hydrometallurgy,1998,47(2/3) :259-271.
IMGERE R BE L B B L AL DA TH I 3 P R IR A T
R BT L] ] AT B B o 4l 2018, 20 (3)
18-19,30.

SUN Xiaolin,ZHAO Qi,LYU Xiaozhu,et al. Study on
recovering valuable cobalt from the waste lithium-ion
batteries by acid leaching[J]. Journal of Liaoning
Institute of Science and Technology, 2018, 20 (3):
18-19,30.

AR5, PR 5 AR L L AL MUK H 40 o b A 3 3 b
BR R A BB Bl J1 2 WE S [T ). v 72, 2018, 38(5)
103-106.

LI Qiang,CHEN Ruokui, TAN Qunyin, et al. Kinetics
of leaching lithium from waste residue of spent lithium
battery by sulfuric acid[J]. Mining and Metallurgical
Engineering,2018,38(5) :103-106.

PR AT L RERR L A IR IH A R A 4 R TRk
B Z 0 IEAR AR PR 45 (T ). b T3 e, 2019, 38(5)

[16]

[17]

(18]

(19]

[20]

(21]

[22]

2499-2505.

CAO Ling,LIU Yali, KANG Duozhi,et al. Recovery of
valuable metals from spent lithium ion battery and the
resynthesis of Li(Ni;; Coys Mnyss ) O, materials[J].
Chemical Industry and Engineering Progress, 2019,
38(5):2499-2505.

EEA, 500 50, 46 R IHBERR P T B T R
AR LT ] IR AR ,2019,43(1) :57-59, 116.
WANG Bainian, WANG Yu, LIU jing, et al. Recovery
technology of lithium in waste lithium iron phosphate
battery[ ] ]. Chinese Journal of Power Sources, 2019,
43(1):57-59,116.

RA LR, B AESR. R IH B TE AR RS Rl R S op
LD L. T B R 4 B A R4, 2015, 231D
15-17,21.

ZHU Ying, LI Quan, LYU Zhi-qiang. Leaching cobalt
from cathode material of lithium cobalt in waste lithium
battery[J]. Journal of Henan Mechanical and Electrical
Engineering College,2015,23(1):15-17,21.

ZHANG P W, YOKOYAMA T,ITABASHI O, et al.
Hydrometallurgical process for recovery of metal values
from spent nickel-metal hydride secondary batteries[ ] ].
Hydrometallurgy,1998,50(1) :61-75.

Rl E oK B0 W £ 98, 4. R G BRI R R R i T
20N TH AR H it o [Tl LiNGg g Mg, Cop.» O, [T 1.
Wi 42 )8 5 1 45 4 . 2017,45(6) : 14-23.

LU Xiuyuan, ZHANG Guiqing, CAO Zuoying, et al.
Recovery of LiNiy 4 Mn, , Co, ; O, from spent lithium
ion batteries by leaching with H, SO, and reductans[]].
Rare Metals and Cemented Carbides, 2017, 45 (6).
14-23.

k. P TH R g - R il I AR R [l i A AF5E LD L 8
Z AR I KA, 2016.

YAO Lu. Study on recycling of cathode material from
waste lithium ion batteries] D]. Xinxiang: Henan
Normal University,2016.

N AR AR TTUE R [CUR TH W R Bk A e b o i R
FHLL)]. AR T, 2017,44(4) : 12-16.

HAN Xiaoyun, XU Jingiu. Recover of iron and lithium
from spent lithium iron phosphate batteries by precipitation
process[J]. Guangdong Chemical Industry, 2017,
44(4) . 12-16.

JEISE AR A R I B e 0 R i i SR W R [T ). LT L
Ml R 22 A CH AR B2 D . 2012,32(2) 1 135-137.
ZHOU Lidai. Experimental study on ammonium ferrous
sulfate for reduction of chromium slag[J]. Journal of
Liaoning University of Technology ( Natural Science

Edition),2012,32(2) :135-137.



64 eI R A N 510 &
[23] PMESE. ok WG, F ¥, KL 48 458 bk ik i LI Huan. Investigation of LiFePO,-based spent lithium-ion

[24]

[26]

[27]

[28]

[29]

[30]

JRRRE B FELT]. A )8 . 1997.,49(2) : 37-41.

SUN Chuanyao,ZHANG Yahui, WANG Dianzuo. Acid
leaching of ocean polymetallic nodules using ascorbic
acid as reductant[ J ]. Nonferrous Metals,1997,49(2)
37-41.

W5, 2 B WAt AR L A IR IR 88 7 W Tt v el A Y
W B g5 AR LT o B A 60 4 8 2 4. 2013, 23(7) .
2047-2054.

PAN Xiaoyong, PENG Ling, CHEN Weihua, et al.
Recovery of Co and Li from spent lithium-ion batteries
and their comprehensive utilization[ ] ]. The Chinese
Journal of Nonferrous Metals,2013,23(7):2047-2054.
CONSTANTINO V R L, ARAKI K. Preparation of
aluminum compounds from bauxite: Considerations
about some aspects involved in a didactic experiment[ ] ].
Quimica Nova,2002,25(3) :490.

B A YRR B, 4. R T B R R PR v b Il ik
BRI . HLUREOAR . 2014.38(4) :629-631.

WU Yue, PEI Feng, JIA Lulu, et al. Recovery of
aluminum, iron and lithium from spent lithium iron
phosphate batteriesJ]. Chinese Journal of Power
Sources,2014,38(4) :629-631.

WL . A R ORE B - s DD Kb g R
#,2004.

PAN Zeqiang. Recovering cobalt products from waste
bearing cobalt[ D]. Changsha:Central South University,
2004,

MISHRA D,KIM D J,RALPH D E,et al. Bioleaching
of metals from spent lithium ion secondary batteries
Acidithiobacillus  ferrooxidans[]].
Management, 2008,28(2) :333-338.

XIN B P, ZHANG D, ZHANG X, et al. Bioleaching

using Waste

mechanism of Co and Li from spent lithium-ion battery
by the mixed culture of acidophilic sulfur-oxidizing and
iron-oxidizing bacteria[J]. Bioresource Technology,
2009,100(24) :6163-6169.

A3 P IH LiFePO, #1544 4 i 114 [0 e ¢
ARWFFELD]. F& M A7 M K2, 2016,

[31]

[32]

[33]

[34]

[36]

[37]

battery for the recovery of valuable metals[D].
Fuzhou:Fuzhou University,2016.

WAL BR , SR 75 VE T HE L S5 MK TH A 2 R il v [l s 66
AR T 2000, Hi it . 2006,36(6) :481-482,

HU Chuanyue, GUO Jun, WANG Xingyan, et al.
Recycling technology for Co and Al from spent Li-ion
batteries[ ] ]. Battery Bimonthly,2006,36(6) :481-482.
F 057 R ISR B 7 U s ik A L ]
1048 FH.2004,14(4) :697-701.

WU Fang. Recovery of cobalt and lithium from spent
secondary batteries[J]. The Chinese
Journal of Nonferrous Metals,2004,14(4) :697-701.
A, B AR AL AR R IH A B T A I BT R
ek i [T, BREE LA A . 2008, 16(6) : 1-3.

FENG Jia, ZHANG Hua, SHAO Liming, et al. Cobalt

lithium-ion

recovery from lithium-ion battery by ion-exchange
method [ J ]. Environmental Sanitation Engineering,
2008,16(6) :1-3.

S B4 MO AR T, s BB T R AR R
R Il sl R BF 5 00 1. 3R B R A% A i, 2006,
26(7):1122-1125.

JIN Yujian, MEI Guangjun, L1 Shuyuan. Study on
cobaltous recovery from cathode leachate of lithium-ion
battery by salting out[ J]. Acta Scientiae Circumstantiae,
2006,26(7):1122-1125.

g, WEM s Fabh R s )] AeasE,
2002,54(4):69-70,77.

SHEN Yongfeng. Recovery cobalt from discarded
lithium ion cells[J]. Nonferrous Metals, 2002, 54 (4) .
69-70,77.

LI L,CHEN R J,SUN F,et al. Preparation of LiCoQO,
films from spent lithium-ion batteries by a combined
recycling process[ J]. Hydrometallurgy, 2011, 108 (3/4):
220-225.

TAO Y, ZHU B J, CHEN Z H. Studies on the
morphologies of LiCoO, films prepared by soft solution
processing[ ] |. Journal of Crystal Growth, 2006,293(2):
382-386.





