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Table 1 Composition analysis results of iron-

bearing solid waste ( mass percent ) %

)i%in Fe Ca SO, Al Cu 7n Mn Pb

& 15.81 15.61 31.22 0.21 0.013 0.018 <0.01 <0.01

2) B2y, I B G L L BRRR L AR,
Patk S0, MK ,99. 9%  AREEAAR B IR — A 8%, AR,
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Fig.1 Process flow diagram of synthesis of

o

battery grade iron phosphate from iron-bearing

solid waste
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Table 2  Effect of reaction time on the composition of Fe-rich leaching solution
JE—— B/ (mg L") SO, MR/ s R/
pH fi FFe® Al Ca Cu Zn % %
30 3.41 29.1 182 810 8. 60 14. 25 45.72 81.21
60 3.43 29.2 186 795 8.70 14. 45 46. 55 82.70
90 3.40 29.3 191 815 8. 65 14.70 46.73 83.35

T = AN ¢/L,

2 ATLAE W, SO 30 ~90 min, 5 H RN 43
FEAREE R K AR AL, SO, FI FH A it 1402 % b
o st ] SE K 355 R 88 v A AS T k4 I g ) S
30 min B, “EALBR A L) 45. 72% |, #iTHE0E
KLY 81.21%

2.2 BRRBEHPFBRZIRATE

W 2B T Cat AP Zn®* (Cu®" BYIRJE
B, il R S R BE TRk e T A, R, T
BB R T 4 P B F R bRk, TR IR
I KFLIEAT pH (E, B4R R] pH B4R H
TR AR A R W 3,

&3 AIE pH E T BRAS BRI o3 Bl R
Table 3  Analysis results of element content in

solution after purifing at different pH

My F v
ik Ca0 B AR A (mgeL )
pH{E &/
(kg-t™!) B Fe” Al Ca Cu 7Zn
3.41 — 29.3 191 810  8.60  14.70
4.5 21.0 28.6 28.65 745  <0.10 14.15
50  29.0 28.0 3.79 755  <0.10 13.05
5.5 58.5 27.8  2.47 770 <0.10 11.30

Vi x ZLOMALEN gL,

M3 ATLUE OB pH [N 3. 41 425
F]5.0 J5, Al ¥ E M 191 mg/L f#F] 3. 79 mg/L, Cu
W JE M 8. 60 mg/L FERIMLTARMIBR  F-58 hnf Jk H
e pH A S 5.5 B, B b 4 B vk B2 TR A W]
i BEAIG, PRt (B 2 A5 R4 pH (B2 5. 0 BIAT,
2.3 TAERERRIBRILFRENIALG

B S b iR — A WEKIR AR A

FZEOKAERIAR FR pH A, 13 2K 21 (070 & B 9 IR 2k
ULTE (8K 29.06% | W 16.98% | Bk W HL 0. 947 | B
1.56% KiJE D50 23.17 pm) . SRJa G ULTE VTR,
TE—E WIBERR MR E S Lt BE T PR AR 1L A5 53R
GG TR A BERR R o SC T
R R R ) SCHR BT RHR 22 | (BT R e B4 14 5
HLERRI AR ARSI, R X2 8 3 AT A5 23 #T
2.3.1  WRFRUK LR BRAEE B 520

AR I 4,7 fESUILIE 2, Horr, e 7
P[RR AR BT 5 DA IR B €73 B P 6 sl 3R € T 1
Al

R4 PRALEE R B ATC K BERR Bk L5343 b

Table 4 Aging transition process and composition

analysis of anhydrous ferric phosphate

BRIRWKIE/ RlA) e Aunt Witk (HEBER )

(mol-L=") U pH{E [M/min  Fe/%  P/% Fe:P  D50/um
ek — —  29.06" 16.98" 0.947 23.17*
0.3 1.38 28 35.91  20.99 0.947 3.124
0.2 1.47 40 35.93  21.10  0.943  3.506
0.1 1.65 70 36.28 21.01  0.956  2.998
0. 05 1.80 110  36.27 20.89 0.961 2.850
0.03 1.75 133 36.30 20.64 0.974 2.753
0. 01 1.92 225 36.79 20.69 0.984 2.685

o RR G R BEIBK I EE

H & 4 FNIE 2 W] LUA H BE A PRIk il e vk B2 1Y
REAR, 6 50 I5F ] DA 28 min 789 €K 3] 225 min ; 1T
PR R LI B B, A5 A LE N 0. 947 42
2] 0. 984 Ul B Il R A i R Wk B2 mT LA 7 i TR
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Fig.2 Comparison of properties of aged slag before and after roasting
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Fig.3 XRD analysis results of aged slag

before and after roasting
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Fig.5 The morphology of aged slag with time

XRD Mg, KRS BE AT, 4 PRI G T 2 h
B, U D JOE LA s B[] 2 h 2, DR A A O —
IKEBERRER AL, A I 285 700 °C 7KK b fe
HRAL TC /K B IR R R 2
RS BRI R FIURLEE 73 B4l
Table 5 Analysis of aged slag composition and

particle size

Kibe e ST
Frft —
N LR
IfE/h  Fe/%  P/% Fe:P  S/% S/ %
D50/ pum
PR — — — — 1.56  23.17
1.0 35.83  21.00 0.944 <0.01 0.07 17.98

1.5 35.88 20.86 0.952 <0.01 0.09 18. 14
2.0 36.32 20.76  0.968 <0.01 <0.01 2.13
2.5 36.42  20.80 0.969 <0.01 <0.01 1.94
3.0 36.22  20.56 0.975 <0.01 <0.01 1.75

4.0 36.33  20.70 0.972 <0.01 <0.01 1.70
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PR TRl ol A 23 R PR ARV TR A A
VR I I W) A W VR B T 4G A5 B 1) FePO, -2H, 0
R L BB T = 5 0. 972
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ORI G SRS A TG e R A il R
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Fig.6 XRD analysis of slag with different aging time before and after roasting
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Table 6 Analysis of physical and chemical properties of synthesized iron phosphate
IIHTI U Fllmaf * i BRI Al e *
Fe/% 36. 35 35.7~36.7 Na/ppm 41.6 <200
P/% 20.74 20.0~21.1 K/ppm 15.8 <200
Fe: P 0.970 0.96 ~1.0 Cu/ppm 1.8 <30
Ca/ppm ™ 39.4 <100 Zn/ppm 1.2 <150
Al/ppm 21.1 <500 Ni/ppm 0.7 —
Mn/ppm 15.3 <1000 PRLHEE/ (grem ™) 0.84 =0.6
Cr/ppm 12.7 ER(EN HRMEY (m2-g~") 4.2 3~16
Mg/ppm 12.2 <600 BEE DSO/wm 1.68 1~9

TE: oA HG/T 4701—2021 H b FIBERRJARE ; o+ ppm FoR BT 1,10 70,

7 WERREKIY SEM 43 Hrah R
Fig.7 SEM analysis of iron phosphate
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XRD F1 SEM 43 B 45 5, JIr 75 8 2 2% 420 7™ ok ke R
R R AE 1 ~20 pm ZJ8], SFHR 4R D50 2
4.56 pm, K10 25 M BERREREE 0. 1C I K5

L R . HUMAE 3. 4 V AR T 5 ,50%
RN R E 22 0.05 V 2247, 228/, W%
MR AL /N AT PR, BRI A E N
158.59 mAh/g, it HL L 45 54 158. 15 mAh/g, JEAR
BORRGIK 99.72% o 11 S 45 U R R AL 1C (Y
PEIRRNLE . B U L 25 B 147. 6 mAh/g, 223 200
KAEHIG LR AN A 147. 2 mAh/g, B R IFRB
£ 99. 73% , I BT TR IR E T

3 45ie

AT LA I AR R R R P R A
AT R U, SR SR - R 2 —
R T e 2R 4 T o5 BREAIMEL 1 o b s i 7=
B BT % T LSRR, IR R IR A R B
R IR 45 7 B P B TE MR A 0 e r
eI, A5 B LT LS,
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Fig.8 The XRD pattern of LiFePO,
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Fig.9 The SEM image of LiFePO,
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Fig. 10 The initial charge and discharge curve
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Preparation of battery-grade ferric phosphate from iron-bearing solid waste
SHEN Qingfeng'”
(1. Xiamen Zijin Renewable Energy and Advanced Materials Technology Co. , Lid. , Xiamen 361101, China;
2. State Key Laboratory of Comprehensive Utilization of Low Grade Refractory Gold Ores, Shanghang 364200, China)
Abstract; Lithium iron phosphate batteries have a large market share in the new energy vehicle industry and the

energy storage industry. The low cost of iron resources is benifit to reduce the production cost of lithium iron

phosphate and maintains its market share.
prepared, using iron-containing solid waste from mines,
smelters as raw materials,

phosphate.

In this paper,

The effects of various process parameters were investigated,

high-value battery-grade iron phosphate products were
by-product sulfuric acid and sulfur dioxide gas from

through a process route of reductive acid leaching-impurity removal-synthesis of iron

and lithium iron phosphate cathode



2025 410 55 5 1) R I ;5 BRI AR 7 ] o PR S IR BRI B T 5T - 113 -

materials were prepared and tested, using the synthesized iron phosphate sample. The following main conclusions
were obtained ; in the reductive acid leaching process, when the sulfuric acid concentration was 10 g/L, the liquid-
to-solid ratio was 4: 1 (L/kg) , the temperature was 75 °C , the amount of SO, gas (flow rate 80 mL./min) was twice
the theoretical amount, and the reaction time was 30 min, the iron concentration in the acid leaching solution was
29.3 g/L., the utilization rate of sulfur dioxide was 45.72% , and the iron leaching rate reached 81.21% . Lime
had a good effect on the removal of Al and Cu. When the pH value was neutralized to 5.0 with lime, the Al
concentration decreased from 191 mg/L to 3.79 mg/L, and the Cu concentration decreased from 8. 60 mg/L to
below the detection limit. Under the conditions of phosphoric acid concentration was 0. 03 mol/L and aging time
was 2 hours, the iron-to-phosphorus ratio of iron phosphate was approximately 0. 97, and the physical and chemical
indicators met the HG/T 4701—2021 standard for battery-grade iron phosphate. The aging mechanism of
amorphous iron phosphate was speculated : under the combined action of phosphoric acid and heating, amorphous
iron phosphate gradually dissolved, and at the same time, a large amount of sulfate ions wrapped by iron phosphate
were released into the solution, causing the concentrations of iron ions and phosphate ions in the slurry to gradually
increase. After reaching supersaturation, small particles of FePO, -2H,O crystals would slowly recrystallize, and
the crystallization process would adjust the iron-to-phosphorus ratio towards the theoretical value of 1: 1. The charg
and discharg performance of the lithium iron phosphate cathode material was tested. The initial discharge specific
capacity of lithium iron phosphate was 160. 02 mAh/g at 0. 1C, and the initial coulomb efficiency was 99. 42% .
After 200 cycles at 1C rate, the discharge specific capacity reached 147. 2 mAh/g, and the capacity retention rate
was 99. 73% , indicating excellent cycling performance.

Key words: iron-bearing solid waste; by-product sulfuric acid; reductive acid leaching; iron phosphate; lithium
iron phosphate; aging mechanism; charg and discharg performance
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