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During lead production through pyrometallurgy, slag is discharged from the
furnace as a by-product. The resulting slags mainly contain iron, lead, and zinc.
This study aims to recover lead from Kaldo furnace slag while removing iron
and zinc through flotation, which has economic and environmental
implications. The slag characteristics were determined using X-ray diffraction
(XRD) analysis, optical microscopy, and scanning electron microscopy (SEM).
The slag was found to predominantly contain magnetite, hematite, metallic
lead, and hardystonite (Ca=ZnSi20O-), and as a result of the Kaldo furnace's high
temperature (1200°C), lead particles exhibit a high interaction in the slag. In
flotation experiments, the effect of potassium amyl xanthate, sodium sulfide as
an activator, pine oil, zinc sulfate, sodium cyanide, and starch on the grade and
recovery was investigated. Experiments were conducted on slag samples with
particle sizes smaller than 100 microns (passing 80%). It was observed that
using sodium sulfide at a concentration of 3000 g/t decreased the grade and
recovery of lead, zinc, and iron in the concentrate, while amounts ranging from
0 to 1000 g/t increased lead recovery and grade while depressing iron and zinc.
On the other hand, depressants such as zinc sulfate, sodium cyanide, and starch
did not significantly affect the grade and recovery of iron and zinc and often
caused non-selective flotation and lead depression. Finally, under conditions of
1200 g/t of potassium amyl xanthate as a collector, 1000 g/t of sodium sulfide
as an activator, 35 g/t of pine oil at pH 9.5, along with the removal of 94% iron,
and 86% zinc, a concentrate containing 24.72% lead was obtained from the slag
(initial grade of 6.16%) with a recovery of 40.81%.
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EXTENDED ABSTRACT
1. Introduction

Lead slag is a by-product of the lead production process, which is divided into primary (mainly
galena-rich (PbS)) and secondary (mainly waste lead-acid batteries) slag based on the feed used in
the furnace. [1]. Large amounts of slag are generated during the lead smelting process (for the
production of one ton of lead, 7100 kg of primary slag and between 100 to 350 kg of secondary slag).
Slags contain heavy and hazardous elements such as lead, zinc, iron, arsenic, sulfur, and cadmium.
[1, 2]. In total, two studies have directly studied the flotation of lead slag (secondary) with potassium
amyl xanthate. [3, 4]. In other studies [5, 6]. The recovery of lead slag was carried out using the
roasting process followed by flotation. In the roasting process, zinc was converted into ZnS in the
presence of carbon, pyrite, and sodium salts at temperatures above 800°C and subsequently recovered
in the flotation process. [5, 6].

In this work, the recovery of lead from Kaldo furnace lead slag (primary), along with the depressing
of iron and zinc, is studied using the flotation process. The effects of collector concentration,
activator, depressants, and pH on lead recovery are investigated.

2. Materials

The sample used in this study is the Kaldo furnace lead slag from a factory in Zanjan. Potassium amyl
xanthate, sodium sulfide, zinc sulfate, sodium cyanide, starch, pine oil, MIBC, and sulfuric acid (98%, pH
Regulator) were used in these experiments.

3. Flotation experiments

The primary flotation (rougher) of lead slag with a solid percentage of 30% in a Denver machine 1-liter
cell was investigated under various conditions with a frothing time of 6 minutes. After adjusting the pH, the
conditioning time was 5 minutes for the collector (xanthate) and depressants and 15 minutes for the activator
(sodium sulfide). 80% of the slag sample particles (after several stages of grinding in a micronizer) are finer
than 100 pm.

4. Characterization of the sample

According to the XRD analysis, the slag contains phases of magnetite, metallic lead, hydrostonite
(CaxZnSi1,07), tenardite (Na>SO4), and wollastonite (CaSiOs). Despite the complex compounds in the slag,
XRD, XRF analyses, and optical microscopic studies confirm the presence of silicate and calcium compounds.
The exact amounts of the elements lead, zinc, and iron were determined by atomic absorption analysis (AAS),
being 6.16%, 3.45%, and 23%, respectively. In the scanning electron microscope (SEM) studies, metallic lead
particles, due to the 1200°C temperature of the Kaldo furnace, have a high degree of interaction with iron and
zinc particles. The liberation degree of lead particles is variable because they mostly exist in the slag in metallic
form.

5. Results and Discussion

The study of the concentration and type of frothers (pine oil and MIBC) indicated a higher lead recovery
in the presence of (35 g/t) pine oil compared to MIBC due to the collector properties and the production of
stable bubbles by pine oil. Increasing the collector concentration from 200 to 1200 g/t resulted in an increase
in lead recovery due to the enhanced contact angle of the collector with the particle surface. [7]. According to
Fig 1, a concentration of 1200 g/t was selected as the optimal concentration. As shown in Fig 2, the use of
sodium sulfide (concentration of 1000 g/t) leads to an increase in lead recovery and a decrease in the recovery
of iron and zinc in the concentrate. One of the reasons for this can be attributed to the flotation potential range
of the particles. [8], such that at a concentration of 3000 g/ton, the recovery of all elements decreases. In the
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investigation of the pH effect from 8 to 9.5, the recovery of lead, zinc, and iron showed an increasing trend.
However, at pH 11, the recovery decreases hydrophilic species like zinc and iron. [9]. Zinc sulfate, sodium
cyanide, and starch depressants were ineffective in depressing zinc and iron. The high particle engagement
and the changes in the mineral properties resulting from the 1200°C temperature in the Kaldo furnace are the
reasons for the lack of success in depressing these elements.
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Fig 1. The effect of collector concentration on the recovery and grade of elements under the conditions of 200 g/t of zinc
sulfate, 35 g/t of pine oil, and 3000 g/t of sodium sulfide at a pH of 9.5.
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Fig 2. The effect of sodium sulfide concentration on the recovery and grade of elements under the conditions of 1200 g/t of
potassium amyl xanthate, 200 g/t of zinc sulfate, and 35 g/t of pine oil at a pH of 9.5.

6. Conclusions

This study was conducted with the aim of lead recovery and removal of iron and zinc from Kaldo furnace
lead slag using the flotation method. The SEM analysis shows that the lead particles have variable sizes and
significant interaction with zinc and iron. The concentrations of frother, collector, sodium sulfide, and pH were
among the most effective parameters in this process. Under optimal conditions, 1200 g/t of potassium amyl
xanthate as the collector, 1000 g/t of sodium sulfide as the activator, and 35 g/t of pine oil at pH = 9.5 resulted
in a lead concentrate with a grade of 24.72% and a recovery of 40.81%. Additionally, the flotation process
under these conditions resulted in the removal of 94% of iron and 86% of zinc in the concentrate.
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