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ABSTRACT: This research investigates and optimizes the zinc recovery process from the
pyrometallurgical residue of a Kaldo lead smelting furnace in Zanjan 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 zine and arsenic recovery of 99% and 50%, respectively. These results demonstrate the high efficiency  Keywords:

of the acidic leaching in extracting zinc from the waste. For arsenic removal from the leaching solution, Lead Residue

a precipitation method using ferrous sulfate and various oxidants was studied. Among the oxidants Leachi
eaching

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 = Kaldo
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.

Zinc Recycling

Arsenic Precipitation

1- Introduction 2- Methodology

The increasing global demand for metals has led to
a growing emphasis on recycling and recovering metals
from industrial wastes [1]. The Kaldo furnace, used in lead
production, generates significant waste containing valuable
zinc and hazardous arsenic [2]. While numerous studies have
addressed zinc recovery and arsenic removal from various
metallurgical wastes [3], limited research investigates
simultaneously recovering zinc and removing arsenic from
wastes. This study aims to optimize zinc recovery and arsenic
removal from Kaldo furnace waste through a two-stage
approach: acidic leaching followed by arsenic precipitation.
The study shows that an optimal combination of these
methods can maximize zinc recovery while minimizing
arsenic content in the final waste. By examining the effects of
parameters such as pH, temperature, reaction time, and solid-
to-liquid ratio, this research seeks to develop an efficient
and sustainable process for managing Kaldo furnace waste,
contributing to more environmentally friendly practices in
the metallurgy industry.

*Corresponding author’s email: h.kamran.h@aut.ac.ir

The study used waste samples from a lead Kaldo furnace
in Zanjan, Iran. Laboratory-scale acidic leaching and arsenic
precipitation experiments were conducted using sulfuric
acid, iron sulfate, and potassium permanganate. Leaching
experiments were performed in 1-liter beakers with a liquid-
to-solid ratio of 6. The study examined various parameters,
including acid concentration, temperature, and reaction time,
varying one parameter at a time to assess individual effects.

3- Results and Discussion

XRD analysis revealed the presence of zinc hydroxide
nitrate ammonia and lead hydroxide arsenate in the waste,
indicating significant amounts of zinc, lead, and arsenic.
Sulfuric acid concentration significantly affected leaching
efficiency. Acid concentration varied between 0.1 and 1 M.
From Figure 1, it can be noticed that an increase of the acid
concentration from 0.5 to 0.75 M increased the zinc recovery
from 51.69% to 98.04%, along with the arsenic recovery
increase from 13.72% to 50%. The difference in the recovery
of zinc and arsenic may be explained by the zinc phase in
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Fig. 1. The effect of acid concentration on the recovery
of zinc and arsenic at a temperature of 75°C, a reaction
time of 90 min, and a liquid-to-solid ratio of 6

the sample, which is in hydroxide form and generally has a
higher solubility under acidic conditions compared to arsenic
[4].

The effect of temperature (25-85°C) was studied at 0.75
M acid concentration for 60 min. At 25°C, 90% of zinc
leached while arsenic recovery was 41.67%. According to
the Arrhenius equation, lower zinc activation energy leads
to higher dissolution [5, 6]. The optimal temperature was
selected at 60°C, where zinc recovery reached 97%. After
examining the effects of acid concentration and temperature,
the effect of leaching time (5-90 min) was explored. In
the first 15 min, zinc recovery increased rapidly due to the
high solubility of zinc hydroxide in acidic conditions [7]. A
60-minute leaching time was optimal, achieving 97.12% zinc
and 46.31% arsenic recovery. In addition, the effect of L/S
ratios of 3, 4, 6, 8, and 10 were investigated. Results showed
that as the ratio increased from 3 to 6, zinc recovery enhanced
from 53% to 97%, attributed to the increased volume of the
leaching solution relative to the solid waste. This increase
enhances the contact surface between the solution and the
solid particles, leading to greater dissolution of both zinc and
arsenic compounds [8].

Under optimal conditions of 0.75 M acid concentration,
60°C, a leaching time of 60 min, and an L/S ratio of 6,
the concentrations of zinc and arsenic were 10.89 g/L
and 1.81 g/L, respectively. Due to this significant arsenic
concentration, ferrous ions and various oxidants were used
for arsenic precipitation. Among the manganese dioxide,
hydrogen peroxide, and potassium permanganate, potassium
permanganate showed the best performance with a 99.94%
arsenic recovery [9, 10]. The optimal condition of ferrous
ions and potassium permanganate addition was achieved at
a molar ratio of 5 (as shown in Figure 2), while higher ratios
(10 and 25) led to a slight decrease in recovery.
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Fig. 2. The effect of the iron sulfate to potassium per-
manganate ratio on arsenic removal at a temperature of
60°C, a reaction time of 60 min, and a pH =4.5.
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Fig. 3. 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

Additionally, the effect of reaction time on the arsenic
removal was examined over a range of 5 to 90 min. In the
first 5 min, 91% of arsenic was removed, indicating a rapid
initial reaction due to the strong oxidizing capability of
potassium permanganate, which can quickly convert arsenite
(As(IID)) to arsenate (As(V)) [11]. Therefore, a reaction time
of 30 min (with a recovery of 99.88%) is optimal, balancing
high removal efficiency and process productivity. Finally,
the effect of pH was studied within the range of 2 to 5.5. As
shown in Figure 3, increasing pH from 2 to 5.5 significantly
improved arsenic removal, reaching a maximum of 99.97% at
pH 4.5. At this pH, the colloidal particles formed (likely iron
oxides and hydroxides) exhibit suitable stability for effective
arsenic adsorption [12].
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4- Conclusions

This study examined zinc recovery from Kaldo furnace
lead residue. Acid leaching with sulfuric acid achieved
99% zinc recovery under optimal conditions (0.75 M acid,
60°C, 60 min, 6:1 liquid-solid ratio). For arsenic removal,
a precipitation method using iron(II) sulfate and potassium
permanganate resulted in 99.94% removal under optimal
conditions (5:1 iron sulfate to potassium permanganate ratio,
60 min, room temperature, a pH of 4.5). This combined
approach offers effective zinc extraction and arsenic removal
from the lead waste.
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Table 1. The range of investigated parameters

g 5 2 3 G| SCazed Aol
- AR (Y g0) clale
fo-5- YO-AD 4> ,0) L
(81,5 6l
o-4- 0-4- (aidd) oo
- ¥ ol 4 2alo o

AFINEN -

pH

I I

2-2502

1000 — CaSo0:0.5H:0 ; Bassanit, syn

Ca(CO:s) ; Calcite

CaS0.:2H:0 :;: Gypsum

SiO: ; Quartz, syn

CaS04(H20) ; Calcium Sulfate Hydrate

Zns(OH)s(NO:): 1.3 NH: 0.7 H:O ; Zinc Hydroxide e Nitrat Ammonia

500 —

915 8,55 © paw ilowny diges XRD b ) JSU5

Fig. 1. XRD spectrum of Kaldo furnace lead residue

Jelos 5)90 piin Ol b w50 0 bibesl ol 31 Jols ol

85 a5 ey g

Cou g @b -y
Ggod olwlis =)V =Y

O 1y Sy dg05 (XRD) el ansl oly 36TV S
2 S Glgw GluSy Jold il olulid Lol ol e o
2391 (pedS Slgur Slyad 9 G «uilol) Gl alise JKS
oS g sl Slany 5> Sllges SLS 5 1139 I ssimd L oS
5055 359 il oo Kol b (gjlu S 1] 5 5l b Y] (CaCOs)

dlge b adsl STyss )3 d9290 (slaalBl 4 bgsye Wl e 35 (SI02)

sl islejl 15 g oad anls ¥ S pb L alols S a8 205 0 s
Syl o g (Sl Sz sloghlojl b 435 IS4 3o
(o) Ao yd A S pgadgw dwal 5l o3lisl b alBiulejl wlie 4
b oy Uiy 5 003 WA ol e b into ol Clilgus g (o)
Ve > Sazed talol o 250 plosl (plal] S p0) 203 WA ols
3)90 Sl5aad €85 g ST 5L 0 b 95 delr 4 ol o b (552
55 sl iles it J,55 sy im0 pH s ol
Ogelld 3 g b g cuslie LIS (4l (SOl jen dod
ool ods 03> LS Y Jgda p3 a8 10wy p 3y9e (slayielyb Lings
ol el o o (Jb 50 0 03l s 2oy S aleil o sl

255 18 bl 3yee Allis b 4y Jole o 3l b was ash o

rat



WA BAYAY dorao VYT Jlo oV ojlads @F 093 (S ol (Jlyos (awiizs 4 i

9 295 0w Wilowny diged lionsd S 3 Y Jgoa

Table 2. Chemical composition of Kaldo furnace lead

residue
Pb SOs SiO2 Fe203 Na2O (S ) polic
YIiYd YAIAY VIYYS AR \vias oy
Cu CaO Cd As Zn (cuS ) polie
+[+Y) YAIYY «[fYY fleA VFIVY WP

o0 33 3952 M0 9 5951 i Voo (alod S5 53 g 805 o paw Wilowuny Wiged (19wig Sue gl .Y S

Fig. 2. Microscopic images of Kaldo furnace lead residue at 100x magnification with analyzer and polarizer
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Fig. 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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Fig. 5. The effect of temperature on zinc and arsenic recovery at 0.75 M acid concentration, a reaction time of 60
min, and a liquid-to-solid ratio of 6
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Fig. 6. The effect of leaching time on zinc and arsenic recovery at 0.75 M acid concentration, a temperature of
75°C, and a liquid-to-solid ratio of 6
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Fig. 7. The effect of liquid-to-solid ratio on zinc and arsenic recovery at 0.75 M acid concentration, a tempera-
ture of 60°C, and reaction time of 60 min
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Table 3. Concentration of zinc and arsenic in leaching solution

Pb Fe Cl Mn Co Ni Cd As Zn ypolc
3045 o) cdale
4 \Y- YA YIA /A \ YV YAVD V-AQ- ed
(5
[A5043‘],1.0,1. 30.00 mM [7‘"2+]'r0'1' 157.00 mM
196 zZn* Zn(OH),(s)
0.8
g 0.6
2
g
g 0.4 \
- L Zn;(AsO,),12.5H,O(s)
0.2 M\
L 4116,)1‘1‘
0.0 . | i .
2 - 8 10 12

pH

Sz Jolowe 53 (59, Bliseo (o bops (SBAISS 29595 A JS

Fig. 8. Distribution of various chemical species of zinc in the leaching solution
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Fig. 9. Distribution of various chemical species of arsenic in the leaching solution
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Fig. 10. The effect of various oxidants along with iron sulfate during 60 min, a temperature of 60°C, and pH=4.5
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Fig. 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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Fig. 12. The effect of reaction time on arsenic removal at a ratio of iron sulfate to potassium permanganate of 5,
a temperature of 25°C, and pH=4.5
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Fig. 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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