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Abstract: To address the low recovery efficiency of iron resources from pyrite cinder and the
inefficiency of conventional acid leaching methods, a synergistic leaching system of H,C,0,-
H, SO, is proposed. The optimization of process parameters, such as leaching time, temperature,
liquid-solid ratio, and sulfuric acid concentration, is performed using response surface method.
The synergistic leaching mechanism is analyzed through leaching kinetics and thermodynamics,

and the morphology and phase compositions of samples before and after leaching are characterized.
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Results show that oxalic acid significantly enhances the iron leaching rate due to its strong

complexation ability. The optimized H,C,0,-H,SO, model, developed using response surface

method, accurately predicts the leaching efficiency. Under the optimized conditions of 6 hours of

leaching time, 90 °C temperature, a liquid-solid ratio of 6 mg/L, and 50% sulfuric acid concentration,

the iron leaching rate from pyrite cinder reaches 98. 62 % , with a deviation of only 0. 37 % from the

predicted value. Oxalic acid preferentially complexes with iron oxides to form soluble [ Fe(C,O,)]" ,

while sulfuric acid accelerates its conversion to Fe, (SO, ); through protonation. The leaching process

is jointly controlled by interfacial chemical reactions and internal diffusion. Furthermore, ferrous

oxalate dihydrate is successfully recovered from the leachate using a photo-induced reduction method,

yielding crystals with high purity and intact structure. It provides an economical and environmentally

friendly solution for the resource recovery of metallurgical waste.
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Fig. 1 Effect of co-solvent on iron leaching efficiency
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Fig. 2 Influence of leaching conditions on iron leaching rate
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Table 1 Experimental design and results of response surface analysis
F& A/h B/C C/(mL-g™" D/% x/ % F% A/h B/C  C/(mL-g") D/% x/ %

1 6.50 80.00 5 30. 00 72.704 8 16 7.00 90.00 6 40. 00 99.543 4
2 6.50 80.00 5 50. 00 95.1388 17 6.00 80.00 6 30. 00 80.456 9
3 6.50 80.00 6 40. 00 89.853 3 18 6.50 90.00 7 40. 00 98.956 1
4 6.50 90.00 5 40. 00 97.1355 19 6.00 80.00 6 50. 00 97.4879
B 7.00 80.00 7 40. 00 94.786 4 20 7.00 70.00 6 40. 00 79.517 2
6 6.50 90.00 6 50. 00 98.075 2 21 7.00 80.00 6 50. 00 96. 3134
7 6.50 80.00 6 40. 00 94,5515 22 7.00 80.00 5 40. 00 89.853 3
8 6.50 70.00 5 40. 00 71.589 0 23 6.50 70.00 6 30. 00 57.5531
9 6.50 90.00 6 30. 00 94.0230 24 6.50 80.00 6 40. 00 95.1388
10 6.50 70.00 6 50. 00 87.504 2 25 6.50 80.00 6 40. 00 93.670 6
11 7.00 80.00 6 30. 00 75.758 7 26 6.50 70.00 7 40. 00 75.758 7
12 6.00 80.00 5 40. 00 85.742 4 27 6.50 80.00 7 30. 00 78.225 2
13 6.00 70.00 6 40. 00 70.473 2 28 6.00 90.00 6 40. 00 99.5100
14 6.00 80.00 7 40. 00 88.9137 29 6.50 80.00 7 50. 00 97.7815
15 6.50 80.00 6 40. 00 93.318 2
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Table 2 Analysis of variance
kiE HiE S Sz, F P
AL 14 332065  237.19 49.65 << 0.0001
A 1 14. 49 14. 49 3.03 0.103 5
B 1 1748.41 1748.41 365.97 <C0.000 1
C 1 41. 28 41. 28 8. 64 0.010 0
D 1 1075.02 1075.02 225.02 <C0.000 1
A=B 1 20. 30 20. 03 4.25 0.048 4
AxC 1 0.78 0.78 0.16 0.6930
Ax*D 1 3.10 3.10 0.65 0.4337
BxC 1 1.38 1.38 0.29 0.599 4
BxD 1 167.69  167.69  35.10 <C0.000 1
CxD 1 2.07 2.07 0.43 0.5210
AxA 1 8. 46 8. 46 1.77 0.204 5
BxB 1 145.23  145.23  30.40 <<0.000 1
cCxC 1 44, 30 44, 30 9.27 0.008 7
DxD 1 134.81  134.81  28.22  0.0001

B 14 66. 88 4.78
i 10 49.92 4.99 1.18 0.494 7
A3t 28 3387.53
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Table 3 Comparison of iron leaching efficiency with other methods

L IR E] /b BRI/ C i B o ik ) M vk WE L/ (mL - g™y WA/ 0 BHEE/ 0 ORIE

7.5 98 50% H,SO, 20 95.70  Xmk[12]
4.0 110 3 mol/L H, PO, 12+ 1 98.10  Cwk[13]
3.0 90 30% HCI 4.76 ¢ 1 89.44  SCHk[14]
6.0 90 50% H,SO, 6:1 2 98. 62 FiNg'd
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