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Table 1 Composition analysis results of iron-

bearing solid waste ( mass percent ) %

WA Fe Ca SO0, Al Cu Zn Mn Pb

e 15.81 15.61 31.22 0.21 0.013 0.018 <0.01 <0.01
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Fig.1 Process flow diagram of synthesis of
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—— BB/ (mg- L") SO, FIIR/ kit R/
pH K M Fe* 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 ¢/ Lo

MF 2 AT LAE H S 30 ~90 min, 32 H R4
FEAEE R K AE Ak, SO, F F it 1Tk i3 R Bl 2
o7 Fsf 1) SiE < 355 AR 4 vt AS O g 24 B g ) R
30 min [, A LB R R 45. 72% iR 1
B2 81.21%
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Table 3  Analysis results of element content in

solution after purifing at different pH

iR G0 BRACEHSY (mee L)
pHH &/
(kget-1) HFe™ Al Ca Cu Zn
3.41 — 29.3 191 810 8.60 14.70
4.5 21.0 28.6 28. 65 745 <0.10 14.15
5.0 29.0 28.0 3.79 755 <0.10 13.05
5.5 58.5 27.8 2.47 770 <0.10 11.30

TE: o 80N ¢/ Lo

M3 TR, PR pH E A 3. 41 425
F)5.0 J5, Al #e B2 191 me/L [£3F] 3. 79 mg/L, Cu
WM 8. 60 me/ L [ERIIK TR R o FFHS 47 Ak ]
A pH EF] 5.5 W, W b 2% Bk B2 TR A
B RRAR, PR B 2 Hfs 8% pH (B3 5. 0 BT,
2.3 TAERERRIBRILFRENALG

B E AL IR — SR BEUKIR BTG, A

FERPERIR R pH (H, 75 210K 25 (0 0 Y W R 2K
ULUE (4R 29.06% . W 16.98% | & # 1 0. 947 | B
1.56% JRiE D50 23.17 pm) o #RJE , KEULHETETR,
TE— 2 WO BERRMCE SN BE T PR AR L, 15 3R
A R AR D . ol e Ftiek
B U RR R SR SRR 22, (B X R AL 5% 2L A i
HUBRE R AERA ST , PR 3788 0 AT 3 i 20 A o
2.3.1  WRBRUKBEXT HRALEE RSN
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Table 4 Aging transition process and composition

analysis of anhydrous ferric phosphate

BERRWR L/ BT et MRkt (Ribess)

(mol-L™") 4 pH{H [6/min  Fe/%  P/%  Fe:P  D50/pm
i — —  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 3593 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

T AR BE K i R

I 4 M 2 AT LA B PRI R e JEE 110
FEAER , e TRUARF B AN 28 min 7203 4 < 3] 225 min s 7
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i 21 0. 984 5 A il PR P i i 4 32 T L2 R0 W PR
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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
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Table 5 Analysis of aged slag composition and

particle size

- KR IE SR
4N
A
iil/h Fe/%  P/%  FeP S/%  S/% -
D50/ pm
PERH — — — — 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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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

ST BRI Al ATl At Pag il BRI ATl it ™
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 11.2 <150

Al/ppm 21.1 <500 Ni/ppm 0.7 —

Mn/ppm 15.3 <1000 PRSBEREE/ (grem ™) 0.84 =0.6

Cr/ppm 12.7 RAEER WREEY (m*-g™") 4.2 3~16

Mg/ppm 12.2 <600 BLEE D30/ pm 1.68 1~9

H: xR HG/T 4701—2021 H b FABEFRAKARUE ; o ppm FRF it HE, 1070,

Fig.7 SEM analysis of iron phosphate
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Fig.9 The SEM image of LiFePO,
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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. , Ltd. ,

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
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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/, 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/1., 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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