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Table 1. The range of investigated parameters
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Table 2. Chemical composition of Kaldo furnace lead residue
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Figure 1. XRD spectrum of Kaldo furnace lead residue
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Figure 2. Microscopic images of Kaldo furnace lead residue at 100x magnification with analyzer and polarizer
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Figure 3. The effect of acid concentrationon zinc and arsenic recovery at a temperature of 75°C, a reaction time of 90 min,
and a liquid-to-solid ratio of 6
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Figure 4. Concentration of zinc and arsenic at various amount of sulfuric acid under conditions of 75°C, a reaction time of 90
min, and a liquid-to-solid ratio of 6
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Figure 5. The effect of temperature on zinc and arsenic recovery at 0,75 Mdcid concentration, a reaction time of 60 min, and
a liquid-to-solid ratioff 6
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Figure 6. The effect of leaching time on.zinc and arsenic recovery at 0.75 M acid concentration, a temperature of 60°C, and a
liquid-to-solid ratio of 6
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Figure 7. The effect of liquid-to-solid ratio on zinc and arsenic recovery at 0.75 M acid concentration, a temperature of 60°C,
and reaction time of 60 min
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Table 3. Concentration of zinc and arsenic in leaching solution
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Figure 8. Distribution of various chemical species of zinc in the leaching solution
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Figure 11. The effect of iron sulfate to potassium permanganate ratio on arsenic removal at a temperature of 60°C, reaction
time of 60 min, and pH=4.5
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temperature of 25°C, and pH=4.5

PH 156 oy -Y-F-F

Si bl 0 4 ¥ GIPH (8L aS ol (Lad WY S gl S e Lyl St L83 w18 40 (s0ulS” (25 Jslre PH
SoSelS SIS FI ol PH o o, 10l PH o 0o ,0 49/29 Jlade jiSTas a9 cab a3l st BB jsb 4 S|
Lry e leat Gollas ST o G (sl a5 W)ls conlin (65ll (2] sloarnS's oun 5 lauST Vi) onss JSas
Lrvlasl castio AS(V) a0 AS(HT) ogaslacasT jo GliKiey pumsliy ainge o, Shoe 51y el Soa 10l PH 5o yiimen
D, Gy g5 59y w0 FO U Y sgus Lol g JolS L.s).c.a Sy B> 4,510 YU PH ,80aS 0t sanbics (> o0l b
e85 s o b sl ag pPH bl oml b 09l Olls Sl 1l gy 4 youie Wlgi oo SYL pPH «s A o Gl odsay ()]
g bulpd Glsie 4 F10 pl PH oMl cpl 4 azgi b 0 plonil Jolme ;0 (59, L o8 5 S I3 (el oo
S oo o8 (g5, ax g BB Cgasy (g |y St )T Bdo el 0 5V 15 Bods e ol

'Y



101.00 +

100.00 +

99.00 ¥+

) die sk

98.00 T+

97,00

PH

As
315 6lw 4,3 TD (glos g ARES Fo ylo) B puwly SUSowy s oprT il gus S 38 Sswy| B> PH W30 WY Ui

Figures 13. The effect of pH on arsenic removal at a ratio of iron sulfate to potassium permanganate of 5, a reaction time of
60 min, and a temperature of 25°C
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ABSTRACT
This research investigates and optimizes the zinc recovery process from the pyrometallurgical residue of a

Kaldo lead smelting furnace iniZanjan province. Chemical analysis revealed that the waste contains 14.7% zinc
and 4% arsenic. The primary objectives of this study are to recover zinc as a valuable metal and remove arsenic
as a hazardous contaminant. To achieve these goals, first, an acidic leaching method was examined. Under
optimal conditions (0.75 M concentration, 75°C temperature, 60 min duration, and a 6:1 liquid-to-solid ratio),
acidic leaching with sulfuric acid resulted in zinefand arsenic recovery of 99% and 50%, respectively. These
results demonstrate the high efficiency of the acidic leaching, in extracting zinc from the waste. For arsenic
removal from the leaching solution, a precipitation method using ferrous sulfate and various oxidants was
studied. Among the oxidants examined, potassium permanganate showed the best performance with a 99.94%
removal recovery under optimal conditions (5:1 ferrous sulfate to potassium permanganate ratio, 60 min
duration, ambient temperature, and pH 4.5). The combination of<acidic leaching and arsenic precipitation
processes provides an effective approach for selective zinc extraction and arsenic removal. This combined method
not only enables high-purity zinc recovery but also contributes to reducing environmental pollution caused by
arsenic. This study marks a significant step in developing efficient and sustainable methods for metal recovery

from industrial waste and can serve as a model for similar projects in the metallurgical industry.
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