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Abstract; Lithium iron phosphate is an ideal cathode material for power lithium-ion batteries, it has been
widely used in the new energy vehicles field. The recycle of spent lithium iron phosphate power batteries will be
the focus of spent batteries recycling area in the next few years. At present, most of reported technologies for the
recycling of spent lithium iron phosphate cathode materials were researched by Chinese scholars and still under
laboratory stage. This article introduces various recycling methods of spent LiFePO, cathode materials. including
direct roasting regeneration and repair roasting regeneration technology. hydrometallurgical recovery and
regeneration technology, and biological recovery technology, and their advantages and disadvantages are

summarized. Hydrometallurgical method maybe the suitable and better way to realize the recovery and
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regeneration of spent lithium iron phosphate cathode materials, but many researchs works still need to be done to

improve the medium circulation and impurity-removing efficiency. Thus, a low-cost, green, and efficient method of

spent cathode materials recycling will be established., and it may help to accelerate the industrialization process of

recycling of spent batteries.

Key words: spent lithium iron phosphate; cathode material ; high temperature regeneration; hydrometallurgical recycling
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Fig. 1 Flowsheet of the recovery process of spent lithium iron phosphate!™
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Table 1 Experimental conditions and electrochemical performance of high-temperature regenerated lithium iron phosphate
Roasting temperature Electrochemical
Raw material Supplement oasting ‘;Tjﬂle"l ure ectrochemica Research institute Reference
and time performance
150. 99 mA + h/g at 0. 2C
300 C,2 h 99.96 mA « h/g at 20C Central South 067
) 750 C,7h the capacity retention of 92. 96 % University
Direct after 1 000 cycles at 0. 5C
regeneration
(sLFP) . (nLFP)=3:7 700 C.8 h 144 mA » h/g at 0. 1C Hubei University [7]
135.02 mA « h/g at 0. 1C
500 'C,30 min . m /g/ ' . Korea University [s]
112.36 mA « h/g at 1C
147.3 mA « h/g at 0. 1C Tianiin Uni Gty of
650 C.1h The capacity retention of 95. 32% 1an]’;n hnl\{ersl ve [9]
after 100 cycles at 0. 2C echnology
Li; CO4
152. 42 mA « h/g at 0. 5C Central South
) 2 t
700 C,3 h The capacity retention of 97. 71 % o fq ?u [10]
. University
after 200 cycles at 0. 5C
159.6 mA + h/g at 0. 1C
Li, CO;3 350 'C,4 h; 86.9 mA ¢ h/g at 20C Hefei University of [11.12]
glucose 650 C,9h The capacity retention of 91% Technology ’
after 1 000 cycles at 10C
148 mA « h/g at 0. 1C
94 ;n A ,hg/”l 5C Kunming University
. .6 « h/g at .
Reparative 700 ‘C,2 4h . m Ag ! of Science and [13]
. The capacity retention of 98. 9%
regeneration Technology
after 50 cycles at 1C
Li, CO; 141. 5mA « h/g at 0. 1C
2Cs 500 C.12 h; 104. 13 mA « h/g at 3C
FeC, 0, 500 €12 b B v ma s /e a CALB [14]
(NH,) H; PO, 700 'C,12 h The capacity retention of 97. 8%
after 100 cycles at 1C
134 mA « h/g at 0. 1C
400 'C,3 h; m Y g A Guangzhou Institute of
. The capacity retention of 86. 04 % . . [15]
650 C,10 h . Energy Conversion
after 50 cycles at 0. 1C
V,0s5 . 153.4 mA « h/g at 0. 1C
Li,CO; . 450 'C,4 h; 142.6 mA « h/g at 1C Kunming University of [16]
NH, H, PO, 700 C,6 h The capacity retention almost no  Science and Technology
attenuation after 100 cycles at 1C
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Table 2 Leaching conditions and products of wet recovery LiFePO,
Leaching reagent Leaching conditions Leaching rate/ % Product Research insitiue Reference
60 C,2 h Li.92.15 Zhengzhou
HCI 20 % H;0; ’ FeCls ; Lis PO 20
A H0; S/L=1:5 Fe:91. 73 s s University [20]
FePO, Xiangtan
HCI 5 /L 60 C,4t Li.96 21
moy ! ' Li; PO, University [21]
FePO
H,S0; 0.3 mol/L. L/S:10 mL/g, Li.96. 85 Puie 695 iy Fuzhou _—
i .
H, SO, * Hy0,=0.57 ¢ 2.07 60 C,2h Fe.0. 027 Yy ! University
Li; PO,
n(Li) /n(H2;S0,) 2. 63, Li.98. 48 FePO C 1 South
H.S0,0. 28 mol/L n(LD /nCH2 500 ' e entral Sout [23]
85 'C 240 min Fe.0.01 Li; PO, University
§ 1.1.97 FePO, Harbin Institute of
H,SO, 2.5 /L 60 C,4 h,L/S:10 . 24
e mo / Fe.98 Li; CO; Technology [24]
FePO, Hefei University of
H;PO, 0.5 /L R t at ,1h 95 25
3P0y 0.5 mol/ oom temperature 5 LiH, PO, Technology [25]
H, PO, 0. 6 mol/L Ball-milling activalion} 2 h, Li.94. 29 FeP()',l « 2H, O \Iorl}heas?ern r267
S/L.:50 g/L,20min Fe:97. 67 Li; PO, University
H;PO,0. 8 mol/L 40 C,40 min, Li:97.57 Shaanxi University of
: Purity:98. 4% Li; PO, 27.28
4% (voD) H, O, 30 mL/g Fe:0.93 unty % Li ' Science & Technology [ 1
80 C,1 h, . Beijing Institute of
H.C,0, 0. 3mol/L Li:98 FeC, 04 « 2H, 0O 29,30
e moy S/L:60 g/L ! Szt Technology [29,30]
. Li:97. 82 . Beijing Institute of
CeHs O m(H; Cit) :m(LFP) =20 Li, CO;4 31
ST i A Fe:95. 62 1 Technology [s1]
FePO Institute of P
20% H; PO, 80 C.1h Li>95 o petute of Trovess [32]
Li, CO;3 Engineering
CH;COOH 0. 8 mol/L L/S:120 g /L, Northeaste
; me &/ Li:95. 05 99. 95 % Li, CO, ortheastern [33]

6% vol Hz()g

50 C,30 min

University
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Table 3 Electrochemical performance of wet recycling LiFePQO,

Leaching reagent Product Supplement Reaction conditions Electrochemical performance Reference
152.2 mA « h/g at 0. 2C
FePO, 300 C,4 h; ’ .m g :
H, SO, . 20% sucrose The capacity retention of 91. 6% [24]
Li; CO; 700 'C,10 h .
after 20cycles at 5C
159.3 mA « h/g at 0. 1C
. FePO), Li, CO; 350 C .4 h; e » 5]
p apacity retention of 95. 4 g
? ' LiH, PO, 20% glucose 650 C,9 h ¢ capacty retention o ‘) 0 ’
after 500 cycles at 5C
136.1 mA « h/g at 0. 1C
H3; PO, FePO, Li, CO3 800 C the capacity retention of 97. 2% [27]
after 50 cycles at 0. 2C
144. 25 mA » h/g at 1C
X FeSO, « 7H,0 . Ao " . &at
Lis PO, ~ . ) 200 C 6 h The capacity retention of 96. 7%
5% Ascorbic acid fror 2 los at 1C
HCl after 200 cycles at [34]
FePO Li;CO; 20% N2,300 C,2 h; 141. 2 mA « h/g at 0. 2C
e
' Glucose 700 ‘C,10 h 1C 134.5 mA « h/g
168.51 mA » h/g at 0. 1C
HCI FePO, Li, CO4 700 C,8 h The capacity retention of 99. 36 % [35]

after 25 cycles at 1C
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Table 4 Comparison of the existing research technologies

Recycle technology Industrialization

Advantages Disadvantages

Direct regeneration

Small-scale industrialization

Repair regeneration Hunan Bangpu etc.

Method is simple,short process, High energy consumption,

with less acid and alkali strict impurity removal

H, SO, Hunan Bangpu,GEM
Shenzhen Jiabin,
HCI
Wet Hubei Haorui,etc.
recovery
H, PO, Wuhan Ruijiete, Shenzhen

Jiabin, Hubei Haorui,etc.

Mature technology, Complex process.,

high metal recovery rate, high cost,

high purity of product waste acid and alkali, etc.

Biological recovery Laboratory research

Environmentally [riendly, Long processing cycle and the

low equipment requirements conditions are uncontrollable
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