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Abstract–This paper focuses on determining the feasible time 
for production of lead from spent paste (SP) by pyrometallurgical 
process through the rotary furnace. The extraction process faces 
several problems due to difficulties to control reaction media 
conditions. The experiments had been done on rotary furnace which 
exists in a secondary lead smelter in Baghdad - Khan Dhary. The 
SP mainly consists of lead sulfate and lead oxides. The experiments 
are implemented at high temperatures (1300°C) for reduction and 
desulfurization. 20 experiments were designed to determine the 
feasible smelting cycle time. The weight of slag, matte, and lead bullion 
was determined in each experiment as well as the percent of lead in 
each phase. These data were analyzed and graphically represented. 
The reaction’s rate profile can be detailed in the following manner: 
(1) High rate during the first 90 smelting min. Low rate from 90 to 
120 min. Very low rate after 120 min. (2) The feasible extraction time 
is between 120 and 130 min with average lead percent in slag not 
>8%. (3) The slag with lead percent higher than 5% is returned to 
the furnace whereas the lower one is extracted by the blast furnace.

Index Terms—Lead, Pyrometallurgical Process, Secondary Lead 
Smelter, Spent Past.

I. IntroductIon

The recycling of lead from lead acid battery scrap (BS) is 
important for two reasons, the first one is to provide a source 
for lead metal, and the second is to clean the environment 
from poisonous materials (Alessandra et al., 2009 and 
Vest, 2002). The lead in battery consists of alloys for poles 
and connectors, and pure for positive and negative active 
materials as shown in Fig. 1 (Vest, 2002 and Wei Zhanga 
et al., 2016); therefore, the spent paste (SP) is an important 
source for pure lead (Paul, 2015 and Hota, 2013).
There are three methods to extract lead and as follows:
a. Hydrometallurgical process (Habashi, 1997 and Hotea, 

2013).
b. Electrochemical cell (Cole, 1984).

“The objective of the hydrometallurgical methods, or 
electrolytic methods, is to electrically and selectively reduce 
all lead compounds to metallic lead” (Vest, 2002).
c. Pyrometallurgical process by the blast and/or rotary furnace 

(EPA, 1986; Habashi, 1997; and Hota, 2013).
The production technology starts by breaking the BS and 

separating its components of plastics, polyvinyl chloride, lead 
metals, and SP (Errington, 2005; Vest, 2002; and Wei Zhanga 
et al., 2016). The SP represents about 56% weight percent 
of total battery weight. It consists of about 20% lead oxides 
PbOx and 80% of lead sulfate PbSO4 (Paul, 2015; Jaeck, 
1989; United Nation, 2002; and Wei Zhanga et al., 2016). 
The SP is charged into a rotary furnace which is shown in 
Fig. 2 (Monometer Co., Ltd., manual).

A reduction reaction occurs to lead oxides during the 1st h 
of smelting by coke (anthracite). A desulfurization reaction 
occurs to lead sulfates during the 2nd h (Wright et al., 1994; 
Kateřina et al., 2015). Fluxing agents are mixed with the 
charge to improve extraction reaction media. They consist 
of sodium carbonate (Na2CO3) to create molten reaction 
media, coke for reduction reactions of lead oxides, salt 
NaCl to reduce slag molten temperature, and iron filings for 
desulfurization reaction of lead sulfate (Habashi, 1997; Iain 
et al, 2001; Tuffrey, 1989; and Yliaho, 2016).

The chemical reactions inside the furnace during the 1st h 
are determined as follows (Arnout et al, 2011; Benrontol, 
2010; United Nation, 2002; Vest, 2002; and Yliaho, 2016).

 2PbO  CO 800 C Pb CO+ +


°  (1)

 2PbO   C800 C PbO CO+ +


°  (2)

 4 3PbSO 1000 C PbO  SO    +


°  (3)

 3 2 2SO    SO  ½O   → +  (4)

Whereas the chemical reactions through the 2nd h are as follows:

 4PbSO 4C1000 C PbS 4CO + +


°  (5)

 4 2PbSO   2C 1000 C PbS 2CO+ +


> °  (6)
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 2PbS+ PbO 1000 C Pb +SO   >


°  (7)

 2 3 2 2PbS Na CO 1200 C Na S PbO +CO+ +


°  (8)

 PbS Fe1200 C FeS Pb + +


°  (9)

It is shown that there are many reactions. The rate of these 
reactions depends on efficient mixing, heat distribution, and 
concentration of reactant materials (USAID/Egypt, 1999).

The molten metal, slag, and additives are poured into 
500 kg cast iron pots after specified smelting time as shown 
in Figs. 3-5.

Physically, the molten media are recognized to three layers 
before pouring. The lower layer is the lead which is of higher 
density, the matt which is the transition zone between the 
metal and slag, whereas the slag is the upper layer as shown 
in Fig. 6 (Calvo, 1985 and Wei Zhanga et al., 2016).

The production is crude lead bullions. The red shiny 
color for slag is recognized easily; therefore, it is poured in 
separated pots. The matt is flowing with the lead and forms 
an upper layer over the crude lead pot. The matt is removed 
manually and returned to the furnace. Fig. 7 shows two pots 
one with the matt layer and the other after removing it. The 
polluted gases are exhausted of the furnace through a cooling 
and filtration system (Hawkins, 1993 and Jitka, 2016).

A safety precaution was taken in consideration. Monthly 
monitoring of lead in blood is done by the medical department.

The research experiments were done on rotary furnace in 
secondary lead smelter factory in Baghdad - Khan Dhary. 
The aim of this paper is to search for the feasible lead 
extraction time from SP.

II. ExpErImEnt EquIpmEnt

a. Rotary furnace: A 1.5-m diameter, 2 m long rotary furnace 
is manufactured by Monometer Co., Ltd., UK. Its’ capacity 
is 1 ton charge weight without additives. The furnace is 
equipped with 70 L/h gasoil burner. A geared motor rotating 
drive unit is assembled with the furnace; therefore, it rotates 
at a constant speed of 2 rpm (Vest, 2002).

b. Cooling and filtration system for polluted gases (Calvo, 1985).

III. mEthodology

A. Design of Experiments
The efficiency of extraction is affected by many factors 

in addition to the smelting time such as temperature, mixing 
rate, and amount of fluxing agent. The weight of the charge is 
fixed at 1 ton SP. The amount of fluxing agents is determined 
from the lead smelting knowhow by Chloride Com. Ltd., 

Fig. 1. Lead acid battery components.

Fig. 2. Rotary furnace with burning system.

Fig. 3. The actual rotary furnace where the experiments had been done.

Fig. 4. Pouring of molten metals, slag, and additives.
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UK, manual. The charge type of SP is taken in consideration 
as shown in Table I (Paul, 2015 and Errington et al, 2005 
and Eric, 1989).

The smelting time is considered as a variable parameter. 
The production data after the 1st h is determined each 
5–10 min. For this research, 20 experiments have been 
conducted to cover the range from 60 to 160 min. The weight 
of lead bullion, matt, and slag was determined for each run. 
The amount of remaining lead in the slag is determined for 
each run, and is considered as a guide for efficient extraction.

B. Chemical Analysis
The amount of the remaining lead in slag is determined 

by chemical analysis method according to the chemical 
analysis procedure manual-CHLORIDE technical documents 
(Dean, 1979). The results were confirmed by additional 
X-ray florescence equipment manufactured by Swiss ARL 
company, model 1988.

C. Temperature Measurement
A 300 mm portable manual thermometer type k from 

“Thermo Co., Ltd.,” was used. The temperature of the 
exhaust gases was measured through the gap between furnace 
and exhaust duct. It is calibrated by Iraqi Standardization and 
Quality Control Organization (ISQCO).

D. Weighing Scale
Hanged weighing scale was used with capacity 500 kg and 

2 kg accuracy. It is calibrated by ISQCO.

IV. ExpErImEntal rEsults

To determine the feasible production technology time, 
20 experiments were done for this research whose details are 
shown in Table II.

V. dIscussIon of rEsults

1. Increasing the extraction time will increase the amount 
of produced bullion lead as shown in Fig. 8. The rate of 
productivity has a uniform increase through 2 h; then, it 
became slow and approximately constant. The maximum 
productivity of bullion lead is 400 kg from 1 ton charge.

2. The weight of matte layer reduces by increasing extraction 
time (Tuffrey, 1989) which means better separation phases. 
The matte weight decreases over 2 h. A natural cooling leads 
to mild separation. Fig. 9 shows the profile of reducing matte 
weight with time.

3. The percent of lead in the matter is reduced by increasing 
extraction time. The experiments show that the minimum 
lead weight percent in matte is 15%. The matte materials 
are recharged to the rotary furnace for efficient extraction. 
Fig. 10 shows the rate of lead percent decrease in matte 
material over a time.

4. The weight of slag is reduced by increasing extraction time. 
The slag constituent of non-extracted lead metal which is still 
as sulfate and dioxide, and molten fluxing agents. Fig. 11 
shows the rate of slag weight decrease over a time.

5. The weight percent of lead in slag is reduced by increasing 
extraction time. The rate of decrease is high at the first 2 h. The 

Fig. 5. Cast iron pot, capacity 500 kg.

Fig. 6. The molten layers inside the rotary furnace.

Fig. 7. Two metal pouring cases, the right one with matt and the other 
without.

TABLE I  
amount of fluxIng agEnts for onE‑ton chargE

Material Amount in kg
Sodium carbonate Na2CO3 80
Coke as anthracite 60
Iron filings 50
Commercial salt NaCl 25
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lowest lead percent in slag is 8%. The slag that contains lead 
>5% weight percent is returned to the furnace. The accumulated 
slag with lead percent <5% is transferred to blast furnace unit 
for more extraction. The physical properties of slag are effected 
by its’ composition. It is shown obviously that the density of 
slag is reduced with time while its’ viscosity increases. Fig. 12 
shows the profile of lead extraction efficiency.

6. Fig. 12 shows a decrease in extraction efficiency >2 h 
smelting. During the period from 120 to 160 min, the saving 
in the lead is only 2%, that is, 20 kg. The global price of 
lead in December 2017 is 1140 US$ for one pure metric ton 
(Mining Market and Investment sheet). The value of 20 kg 
lead is 23 US$. During the 40 min, the amount of consumed 
diesel oil is 47 L. The local market price of 1-L is 0.4 US$. 
The value of fuel is 19 US$ and when adding the costs of 

operation and services, it looks that the production cost is 
higher than the saving amount of lead. It is shown obviously 
that increasing the extraction time >130 min is not feasible.

VI. conclusIons

1. The productivity efficiency of crude lead improved by 
increasing extraction time.

2. The feasible extraction time is between 120 and 130 min.
3. The best amount of crude lead produced from 1 ton SP charge 

is 400 kg.
4. The weight percent of lead in slag is about 8% after 2 h 

smelting.
5. The slag with percent lead >5% is returned to the furnace 

with new charge.

TABLE II
dEtaIls of ExpErImEntal data

Experimental No Extraction time 
minutes

Weight of 
slag kg

Percentage lead 
in slag

Weight matte 
zone kg

Percentage lead in matte 
zone

Weight of bullion 
lead kg

1 60 120 37 28 30 210
2 61 122 35 30 28 200
3 70 120 30 30 28 230
4 70 115 30 35 27 205
5 80 117 24 32 32 250
6 80 112 25 30 30 240
7 90 95 19 29 26 340
8 95 100 21 28 27 320
9 100 93 16 25 21 338
10 100 90 17 27 22 330
11 110 86 12 24 20 364
12 114 80 13 20 20 350
13 120 81 12 24 18 382
14 120 85 12 20 20 370
15 130 79 10 19 16 403
16 133 75 10 17 18 400
17 140 75 8 19 16 410
18 142 65 11 16 18 400
19 150 70 8 18 14 414
20 160 68 10 18 15 405

Fig. 8. The effect of extraction time on net lead bullion 
production efficiency.

Fig. 9: The effect of extraction time on the matte weight.
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Fig. 10. The effect of extraction time on the matte 
materials lead percent.

Fig. 11. The effect of extraction time on the amount of 
produced slag.

Fig. 12: The effect of extraction time on percent of lead 
in slag.

VII. rEcommEndatIons

The following points are recommended for future work:
1. The mixing efficiency effect on extraction rate.
2. The effect of fluxing agent constituents’ amount on the 

extraction efficiency.
3. The effect of extraction temperature on production efficiency.
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