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Abstract : The recovery of valuable metals from waste lithium-based secondary batteries is very important in terms of efficiently
utilizing earth’s limited number of resources. Currently, the cathode material of a LiFePO, battery, a type of battery which is
widely used in automobiles, contains approximately 5% lithium. After use, the lithium in these batteries can be used again as a
raw material for new batteries through lithium recycling. In this study, low-concentration sulfuric acid, a commonly used type of
inorganic acid, was used to selectively leach the lithium contained in a waste LiFePO,4 cathode material powder. In addition, in
order to compare and analyze the leaching efficiency and separation efficiency of each component, the optimalleaching
conditions were derived by applying a two-step leaching process with pulp density being used as a variable during leaching.
When leaching with pulp density as a variable, it was confirmed that at a pulp density of 200 g/L, the separation efficiency was
approximately 200 times higher than at other pulp densities because the iron and phosphorus components were hardly leached at
this pulp density. Accordingly, the pulp density of 200 g/L was used tooptimize the leaching conditions for the selective leaching
and recovery of lithium.
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HEA HolAdA Y] A5 QLG 71&2 AR (Pyro-
metallurgical method)2} <5-4]% (Hydrometallurgical method)Z
FEY 5 9Jon, o= A AR H(Direct Regeneration)
T AFs] AFEAL itk o5 Tl et da&, A,
oo Aol F4, ovA ARF, 84 23tE 1A 7]eH
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LiFePO, W Ao et &g A9 Aol A-54 3
S 9 AR Aol diste] &dstA AFE o
[22-26]. §3] oF4h, ZHANSHA, T1=]al FrlA) 22 JEAIE
o]-gsto] HEZ ot AFE0] v HalE L Qlk oFt
= o83t AFoA = oMIEAL, ZEAY, AEHAA 9S4
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[27-31]. BARIAIY] A%, B4 ES, BAEEE 181
DAL E S o-85to] HES AHZHor X&olto] 3]st
T3} 8k AT} A EEQITH32-37]. Kim et al[37] 3&5.9]
LA ASHAIE ol8ste] LT IEx2A0M A st
Z+ Ak g el MEE&d 1 mEof diste] Bkl
F714k2 0|83t LiFePO, WA A9 &g A= Table 19]
gelsto] UERWQITH38-43]. 7]&0] +3E A++= JEA=R
ARG ARY] BTt Adste] FE E tE ARE IS #
3ot AE7F diR2el it 18U Li et al[38]9] AHof
A SStFER ZAF JE S ol-8sto] 7 Aol JUolA
& 96.9%, 21 1.95%, & 0.03%9] A& 245ty B
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Table1. Hydrometallurgical methods using the mineral acids for the recycling of waste LiFePO, batteries

Leaching agents Experimental conditions Products Results Ref.
0.3 M H,SO4 by
. . . - L.R.” Li 96.9%
Sulfuric * H,SO./Li molar ratio 0.57 - FePO, . 0 .
acid - H,0,/Li molar ratio 2.07 - LisPO4 (95.6%) | i'g' 56109'(5)‘;}”’ 2017_Lietal. [38]
- Temp. 60 C, Time 120 min e e
. * 2.5 M H,S0, . _ e
Sulfuric | b 1 density 100 g/ - FePO,2H;0 LR, Li98% 2016_Zheng et al. [39]
acid o - Li,COs - L.R.Fe 97%
* Temp. 60 C, Time 240 min o
. ) . . - FePO,-2H,0
Sl;lcf;lé‘lc I?Ioglpletely dissolved using HSO4 and | Fe(OH)s 2014 Cai et al. [40]
e - LisPO,
Mineral -
Acid * LFP+EDTA-2Na=3:1 * L.R. Li 94.3%
Phosphoric (Mechanochemical) - FePO4-2H,0 -L.R.Fe 97.7%
acid - 0.6 M H;POy leaching - LisPO, 'RR2Lis26% | 2017 Yangetal [41]
* Pulp density 50 g/L (20 min) *R.R. Fe 93.1%
. c05M H3P 04 3)
Phosphoric X . - FePO4-2H,O *CM” L.R. 95% .
acid Pulp density 25 .g/L . - LiH,PO, “RR. Li~75% 2016 _Bian et al. [42]
* Room Temp., Time 60 min
- LFP 700 C, 10 hr annealing
Hydrochloric | - 6 M HCI1 ) .
woid - Pulp density 50 g/L - FePO42H,0 2015 Shin et al. [43]
- 120 C, Time 6 hr

Y LR. : Leaching efficiency, ® R.R. : Recovery Rate ¥ CM : Cathode Material
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2 Aol A AREE HILiFePO, YA
5 L1FePO4 FIA AzYo HJHJ—@ A % 150 um o]
BgEold BUS ABHATRT). AL Slato] AL
§ AP0, 419 244 5 434 F9E el o
FALAAFE O] 7 (Scanning  Electron  Microscope, SEM, Mira3,
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Table 2. Chemical composition of waste LiFePO, cathode powders
used this study and previous studies (%)

Li Fe P Al etc Ref.

52 | 345 (240 | 02 | 124 This study

44 | 325 18.1 - - 2021 Mahandra et al. [28]
39 1290 | 16.1 | 113 | 7.7 2021 Pengetal. [35]
46 | 3371195 - 0.2 2019 Zhang et al. [32]

35 1265|159 | 169 - 2018 Yang et al. [27]

41 |313]|189 | 0.2 - 2017 Yang etal. [41]
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Figure 1. (a) X-ray diffraction pattern and (b)-(c) SEM image of waste LiFePO4 powder.
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Figure 2. Experimental procedure for the lithium separation/recovery
of waste LiFePO4 powder.
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Figure 3. X-ray diffraction pattern of leaching residue according to
the pulp density from LiFePO,4 cathode powder (pulp
density = 50 g/L, 100 g/L, 200 g/L).
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Table 3. Chemical composition and leaching rate of reaction leachate according to the pulp density from waste LiFePO, cathode powder

Leaching pulp density . Concentration (ppm) . Leaching rate (%) oH
(gL) Li Fe Li Fe P

50 2,591 7,276 5,667 99.2 422 47.2 1.1

sti:p 100 4,211 4,140 3,768 80.6 12.0 15.7 2.5

200 5,187 2 1,423 49.7 0 3.0 4.9

50 90 2,892 2,316 3.4 16.8 19.3 0.6

stip 100 613 11,700 10,072 11.7 339 41.9 0.9

200 3,880 277 534 37.1 0.4 1.1 1.9
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Figure 4. The correlation of leaching rate according to the pulp density; (a) Li leaching rate, (b) Fe leaching rate, (c) P leaching rate.
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Table 4. Partition coefficient and separation efficiency of reaction leachate according to the pulp density from waste LiFePO, cathode

powder
Leaching Pulp density (g/L) D (Li) D (Fe) D (P) p (Li—Fe) PLi-P)
50 126.73 0.73 0.89 174 142
! 100 4.16 0.14 0.19 31 22
step
200 0.99 0.00 0.03 35,448 32
50 -1.30 0.41 0.57 -3 -2
1+2
100 1.54 0.63 0.99 2 2
step
200 2.81 0.00 0.01 697 243
100 | 2 Li -®- Li-Fe ,. (a) 4 100 100 72 Li = 100
:?'* [ Fe Li-P \*‘E“ [IIII Fe
o, 80 P ’,' 180 — e 80 P 80 —
g : 2 g 2
£ 60 {60 = £ 60 60 =
-§ 40 ! 140 e = 40 40 s
g s = g 1=
~ 20 ; 120 = 20 20
0 0 0 0

100
Pulp density (g/L)

50 200

Pulp density (g/L)

Figure 5. The correlation of leaching rate and separation rate % according to the pulp density at Ist and 1st+2nd leaching step ; (a) 1st, (b)

Ist+2nd leaching step.
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