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Table 1 Spent LFP battery composition

Element wi%

Li 3.35

Fe 26.70

PO, 4529

Al 1.27

Ti 0.18

Cu 1.70

Graphite 0.10

Acid and insoluble substances 21.10

w is mass fraction.

#*2 LFPREMENKRIRTERBTESE

Table 2 Metal element content in acid leach solution of spent

LFP battery
Element Content/(g-L™")
Li 8.60
Fe 0.08
P 1.63
Al 1.99
Ti 0.000 4
Ca 0.072
Ni 0.66
Co 0.63
Cu 2.59
Mn 1.76

Lithium-containing leaching solution from spent LiFePO,

'

| Reductive removal of copper |

copper sponge

Mother liquor

1

Ca(OH), _’I Neutralization for impurity removal I

Residue Mother liquor
i

| Alkalinization for impurity removal
Filtration & Washing

Mother liquor Residue
]

| Calcium removal by ion exchange resin |

}+—Na,COyNaOH

Mother liquor
Fluoride adsorption
Mother liquor

o
1,CO;

K1 BRI AR
Fig. 1 Acid leaching solution purification and decontamination
process
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Quanta-430 %Y, [ FEDWEAE MMREHS. W
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Fig. 2 Effect of the addition of reduced iron powder on
recovery of Cu and purity of copper sponge
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HE 3d o] W, WREFHER, Lic Ni. Co Al Mn $ii
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P 1 Fe 175 Br 2B I SO B =i A R R, B4A
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9 7 B AR 28 BER A M 42 )8 Niv Co.
Mn I Cu, FHFEFH—PIREEW pH (E, FHAEK
PUE LR B o B AR H o ARSESR 9T T
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< 2092 - CRERR Th 223400

S1F o
0/
48+ /
o
'g 45 o/o
z 42 /
E 42y "
= o
39+ /
3.6+

15 16 17 18 19 20 21 22
The amount of Ca(OH), (theoretical multiple)
(a) Effect of Ca(OH), dosage on endpoint pH

100 Fy—y—V—vy—y—y—v
© 80 &=
B oA .
— | —m—TFe
2 60 _e—F
g —A— Al
= 40F A -v-P
z A AR <
=) ° 1
2, e ® > Co
E 201 -6~ Mn
a4 —*—Li
30 60 9 120 150 180 210 240 270

Time/min
(c) Effect of time on impurity removal efficiency

J Chin Ceram Soc, 2025, 53(8): 2088-2099 2025 4

100 | v)va\v~v~12':ﬁ

s 80} '7'/.11/‘/

% / o—° {

E —M—Fe

g 60r ~o-F

% —A- Al

% 40 - Zi

2, —b—Co

= wpd o

=

1.5 16 1.7 1.8 1.9 20 21 22 23 24 25
The amount of Ca(OH), (theoretical multiple)

(b) Effect of Ca(OH), dosage on impurity removal efficiency

OFYy—v—y _y—v—v—v—v
—n
L 80r n
b A, —a—a—8"  m
E
s 60f —#—Fe
é A—A -o-F
—A- Al
2 a0f 04 A/A—A—A/ -v-P
E \ —-Ni
2 —® (o
20+ )
: ‘\ o— " —o—0 ~®—Mn
o *—k—X—% —k—Li
ol '\%Z’é’-—“;“ﬂ
N S

20 30 40 50 60 70 80 90 100 110
Temperature/ C
(d) Effect of temperature on impurity removal efficiency
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Fig. 3 Effects of different ca(oh). dosages on endpoint pH value of mother liquor and removal rates of various elements, and
influence of reaction time and temperature on the removal rates of each elemen
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Fig. 5 Adsorption process of calcium ions on different resins
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(c) Pseudo-second-order reaction kinetic equation fit
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(b) Pseudo-first-order reaction kinetic equation fit
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Fig. 6 Adsorption kinetic curve pseudo-first-order reaction kinetic equation fit, pseudo-second-order reaction kinetic equation fit

and adsorption isotherm line of HP4040 resin
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Fig. 7 Resin adsorption of calcium ions linear fitting of Freundlich model, linear fitting of Langmuir model, R values at different
temperatures and initial calcium concentrations, thermodynamic parameter fits
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Table 3 Results of linear fitting of Freundlich model for calcium ion adsorption by HP4040 resin
T/K Fitting formula Ki(mg-g™) n R?
298.15 InQ.=1.70InCc—-1.09 0.34 1.70 0.96
313.15 InQ=1.62InCc—1.13 0.32 1.62 0.88
323.15 InQ.=1.94InC—2.22 0.11 1.71 0.86
=4 HP4040 BIAEXTE5ES F IR M Langmuir fRBVEL M S LER
Table 4 Results of linear fitting of Langmuir model for calcium adsorption by HP4040 resin
T/K Fitting formula Ow/(mg-g™) Ki/(L'mg™) R?
298.15 C/0~0.029C:+0.83 34.89 0.034 0.98
313.15 C/0~0.0261C:+0.70 38.37 0.037 0.98
323.15 C/0~0.026C+0.57 38.63 0.045 0.98
RS HP4040 RIS FIRMEIANFSEHELER
Table 5 Results of fitting thermodynamic parameters for calcium ion adsorption by HP4040 resin
Co/(mgL ) 51 100 210 310
A H/(kJ-mol ") 19.65 17.92 6.36 7.45
ASY(kI-mol K1) 0.12 0.11 0.07 0.07
AG°(298.15K)/(kJ-mol ") ~17.89 ~15.13 ~13.66 ~12.70
AG*(313.15K)/(k] mol ') -19.78 -16.80 ~14.67 -13.72
AG°(323.15K)/(kJ-mol ") —21.04 -17.91 ~15.34 ~14.40
*6 WMFILERST DITAR L RER S
Table 6 Adsorbent chemical composition analysis and specific surface analysis
Adsorbent x(Li)/% X(AD/% x(Fe)/% x(Ca)/% x(Mg)/% x(F)/% BET/(m*g™")
B-spodumene 1.46 8.88 3.07 2.06 3.60 0.120 0.93
Acid washing activation with 5% HCI 1.41 9.38 2.84 1.69 2.99 0.076 3.30
MgO-modified - spodumene 1.36 8.82 2.79 1.04 8.15 0.071 12.80

x is mole fraction. BET is BET surface area.
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Fig. 8 XRD spectra of untreated and treated lithium pyroxene
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Fig. 9 SEM images of B-spodumene, 5% HCI activated B-spodumene and MgO-modified - spodumene
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Extended Abstract

Introduction The complexity of lithium iron phosphate waste sources dictates the intricate composition of the solution after acid
leaching. Particularly during the pretreatment process, lithium iron phosphate waste can become mixed with anode materials and may
contain trace amounts of nickel, cobalt, and manganese. Therefore, in addition to the characteristic impurities of lithium iron
phosphate, such as iron, aluminum, and phosphate, the acid leach solution obtained from lithium iron phosphate waste through
high-pressure oxidation leaching is typically accompanied by small amounts of copper, nickel, cobalt, manganese, fluorine, and other
impurity elements. On one hand, regarding product purity, if these impurity elements are not adequately removed, they may lead to
the deterioration of lithium carbonate quality, adversely affecting subsequent processing. On the other hand, considering recycling
value, metals like copper, nickel, and cobalt have significant market value, necessitating their recovery to improve the economic
viability of the entire process.

Methods Remove Cu, Fe, Al, P, Ni, Co, Mn and other impurities by chemical method. Removal of calcium impurities by HP4040
resin. The adsorption process of Ca*" was correlated using kinetic equations, confirming that the adsorption process of HP4040 resin
for calcium removal aligns more closely with a pseudo-second-order kinetic model. This indicates that the adsorption reaction
between calcium ions and the resin is predominantly governed by chemical adsorption. Thermodynamic analysis revealed that the
adsorption process of calcium ions on the resin conforms to the Langmuir isotherm model. Removal of fluorine impurities by
modification of MgO-modified B-spodumene, both pseudo-first-order and pseudo-second-order kinetic equations were employed to
describe the adsorption of fluoride ions onto the adsorbent. The fitting results suggest that the fluoride adsorption process largely
adheres to the pseudo-second-order kinetic model. Thermodynamic analysis further indicated that the adsorption of fluoride by the
defluorination agent aligns better with the Langmuir model, suggesting a preference for monolayer adsorption.

Results and discussion The main conclusions of this study are summarized as follows. This research systematically investigates the
purification and decontamination processes of waste LiFePOa lithium-containing leach solutions, focusing on the reduction and
removal of copper, neutralization of iron, aluminum, and phosphorus, alkalization for nickel, cobalt, and manganese removal,



%5355 8 1 TN S5 IR LiFePOs &8I H AR IRIR B IR 22 BOR S pL 3 . 2099 -

resin-based calcium removal, and adsorption for fluoride removal. The distribution of impurity ions in the acid leach solution,
including Fe, Al, Cu, Ni, Co, Mn, Ca, and F, has been analyzed throughout the decontamination process, and the entire flow of acid
leach solution decontamination has been experimentally validated. The findings are as follows: To effectively reduce and remove
copper, the optimal addition of iron powder is 1.1 times the theoretical amount, achieving a recovery rate of 99.95% and a copper
sponge purity of 95.02%. For neutralization to remove iron, aluminum, and phosphorus, the optimal reaction conditions are a
temperature of 30 ‘C, an endpoint pH value of 4, and a reaction time of 30 min. Under these conditions, the impurity elements Fe, Al,
and P are predominantly removed, while the loss of valuable metals like Ni, Co, and Mn is minimal. In the alkalization process for
removing Ni, Co, and Mn, precipitation occurs at pH 12, with precipitation rates exceeding 99.5% for all target metals. The
resin-based calcium removal process studies and compares the advantages of three commercially available calcium removal resins,
ultimately selecting HP4040 resin, which demonstrates a maximum adsorption capacity of 35.28 mg/g for calcium, achieving over
91.6% single-stage calcium adsorption. Meanwhile, the synthesized MgO-modified B- spodumene adsorbent material achieves a
single-stage adsorption rate of over 85.8% for fluoride, providing a pathway for developing low-cost deep fluoride removal materials.

Conclusions This study systematically investigates the purification and decontamination process for waste LiFePOa lithium leach
solutions. After the reduction to remove copper, neutralization to eliminate iron, aluminum, and phosphorus, alkalization for nickel,
cobalt, manganese removal, resin-based calcium removal, and adsorption for fluoride removal, the purification of the liquid obtained
allows for lithium carbonate recovery.

Keywords separation and purification; adsorption separation; recovery rate; adsorption kinetics; adsorption thermodynamics



