
Hydrometallurgy 134–135 (2013) 47–53

Contents lists available at SciVerse ScienceDirect

Hydrometallurgy

j ourna l homepage: www.e lsev ie r .com/ locate /hydromet
Preparation of lead carbonate from spent lead paste via
chemical conversion
Xinfeng Zhu a,b, Jiakuan Yang a,⁎, Linxia Gao a, Jianwen Liu a, Danni Yang a, Xiaojuan Sun a, Wei Zhang a,
Qin Wang a, Lei Li a, Dongsheng He a, R. Vasant Kumar c

a School of Environmental Science and Engineering, Huazhong University of Science and Technology (HUST), 1037 Luoyu Road, Wuhan, Hubei, 430074, PR China
b Henan University of Urban Construction, Pingdingshan Henan, 467000, PR China
c Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, CB2 3QZ, UK
⁎ Corresponding author. Tel.: +86 27 87792207; fax:
E-mail addresses: jkyang@mail.hust.edu.cn, yjiakuan

0304-386X/$ – see front matter © 2013 Elsevier B.V. Al
http://dx.doi.org/10.1016/j.hydromet.2013.01.018
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 27 June 2012
Received in revised form 14 January 2013
Accepted 31 January 2013
Available online 4 February 2013

Keywords:
Recycling
Spent lead paste
Extraction
Carbonation
Lead carbonate
Lead paste generated from spent and discarded lead acid battery has been converted to lead carbonate and lead
oxides with a view to investigate a method for minimizing environmental pollution associated with spent lead
paste recycling. The process includes four steps: namely desulfurization, leaching, carbonation and calcination,
presented in the details as the follows. (1) In a spent lead paste, lead sulfate is the major component and is ac-
companied by lead oxides and metallic lead. On reacting the paste with (NH4)2CO3, the PbSO4 is converted to
lead carbonate with (NH4)2SO4, generated as a by-product. (2) The desulfurized paste consisting of lead carbon-
ate and the unreacted lead oxides are then leached with an aqueous solution of nitric acid and H2O2. At a molar
ratio of H to Pb>2.5 and at a slurry density of 100 g·L−1, the extraction yield of lead from the paste into the
aqueous solution is achieved up to 98.0%. (3) In the next step, the Pb (II) in the leaching solution is converted
with the addition of Na2CO3 (aq) into a lead carbonate precipitate. It was found that under optimal conditions
more than 99.9% of Pb can be extracted from the leaching solution into the solid lead carbonate phase. (4) In
the final step, the lead carbonate is readily converted by thermal decomposition at a relatively low temperature
of 350–450 °C into leadmonoxide (PbO) or lead tetroxide powders (Pb3O4) that can serve as precursor for mak-
ing new lead paste and other lead products.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Lead is a hazardous element in the environment. Many of its favor-
able physical and chemical properties such as softness, malleability,
ductility, high density, conductivity and corrosion resistance, have
resulted in the widespread applications of lead. Lead compounds
have also been widely used for a great variety of applications such as
in lead battery pastes, matches, pyrotechnics, X-ray absorbing coat-
ings, ceramic glazes and lead glasses. In the past 15 years, the core of
the international lead market has shifted to China. China has become
the largest producer and the largest consumer of raw and refined
lead. Lead-acid battery is still the largest field of demand accounting
for over 80% of the total lead consumption in 2010 (Zhu et al., 2010).
With increasing production of lead-acid batteries and growth of cars
and electric scooters in emerging economies, the issues for dealing
with discarded lead-acid batteries have become a focus of serious at-
tention, because of lead's well documented environmental hazardous-
ness (Lyakov et al., 2007).

Spent lead-acid battery comprises fourmain parts: grids, paste, poly-
mer containers, and waste acid. Among these, treatment of spent lead
paste is the most difficult process. Lead paste is a mixture of metallic
+86 27 87792101.
@hotmail.com (J. Yang).
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lead and its compounds with the following composition range:
50–60 wt.% of lead (II) sulfate, 20–30 wt.% of lead (IV) dioxide, 5–
15 wt.% of lead (II) monoxide and 1–2 wt.% metallic lead (Chen and
Dutrizac, 1996; Ferracin et al., 2002). Lead paste can be separated from
leadgrid byphysical separationmethods. Currently, spent lead-acid bat-
tery paste is converted into metallic lead by conventional pyrometallur-
gical processes. A major drawback with pyrometallurgical methods of
lead production from secondary materials is associated with the unde-
sirable emissions of harmful sulfur oxides and lead containing particu-
lates (Bernardes et al., 2004; Kreusch et al., 2007; Lyakov et al., 2007;
Rabah and Barakat, 2001).

The management of hazardous waste is seen as a serious challenge
in all regions of the world and governed by Basel Convention (Duan et
al., 2011). Given the environmental concerns with the pyrometallurgi-
cal processes, increasing attentions to hydrometallurgical processes
have been devoted in recent years. Several researches, pilot plants and
commercialmethods have been advanced to overcome the stated prob-
lems, especially with respect to the SOx emissions and lead containing
particulates (arising from elevated temperatures>800 °C) encoun-
tered in the smelting route. The hydrometallurgical methods typically
convert sulfur in the paste into soluble sulfates by reacting the lead sul-
fate with reagents such as NaOH and Na2CO3 in aqueous solutions (Arai
and Toguri, 1984; Gong et al., 1992a, 1992b; Lyakov et al., 2007;
Prengaman et al., 2001; Volpe et al., 2009). Lead is converted into insol-
uble Pb(OH)2 or PbCO3 and collected as sludge or filter cake which is
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Fig. 1. Schematic flowsheet of the novel process for lead paste.
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then dissolved in powerful acids such as H2SiF6 or HBF4 in order to re-
cover lead by electrowinning. Electrowinning is capital intensive and
is often suitable only for large scale operations, thus entailing large
transportation of hazardous raw materials (Olper, 1993; Prengaman,
1995). Although the purity of the electrodeposited lead is high at
99.99%, only 1/3rd proportion of pure lead is required for grid applica-
tion and a larger proportion (66%) of lead is re-oxidized (e.g. in Barton
mill or hot ball mill) to form PbO powder for preparation of pastemate-
rials for making new batteries.

Development of low cost and eco-friendly technologies should be
encouraged in order to further develop the recycling operation, which
will not only meet the increasing demand for lead but also conserve
rawmaterials.Methods based on direct leaching of lead paste under hy-
drothermal conditions have been given considerable attentions. An
environmental-friendly method based on leaching of the spent paste
with citric acid followed by a low temperature calcinations route for di-
rectly converting the paste into PbO has been recently reported (Kumar
et al., 2006; Sonmez and Kumar, 2009a, 2009b). Issues concerning sep-
arating and recovery of the leaching solution and the availability and
costs of the leaching agents of citric acid still need resolving. Schwartz
and Etsell (1998) have examined the possibility of recovering metallic
lead fromammoniacal ammonium sulfate (AAS) solutions via cementa-
tion, using Ni powder as a reductant. Lee (2009) has attempted to
prepare pure lead carbonate from lead sulfide dust (PbS) using a hydro-
metallurgical process.

The objective of this work is to develop a novel process for recover-
ing Pb directly as lead carbonate or lead oxide directly from lead paste
via chemical conversion. The flowsheet of the process is shown in
Fig. 1. As shown in Fig. 1, the suggested process consists of four main
steps. In the first step, lead (II) sulfate part of the lead paste is
desulfurized and converted into lead (II) carbonate, which exists with
other unreacted components (namely Pb, PbO and PbO2), is separated
from the filtrate. The ammonium sulfate in the solution is recovered as
a by-product. In the second step, the desulfurized paste (containing
lead carbonate, and unreacted metallic lead, PbO and PbO2) is leached
with aqueous solution of nitric acid and H2O2. The hydrogen peroxide
is used to reduce Pb(IV) dioxide to Pb(II) oxide. Lead carbonate and
the lead oxides are converted to lead nitrate which is soluble. A small
quantity of residue (including metallic lead, lead sulfate, diaphragm
paper, et al.) does not leach into this solution and is separated by filtra-
tion and can be remelted, refined and alloyedwith the grid components.
In the third step, sodium carbonate is added into the leach liquor to con-
vert the dissolved lead nitrate into lead carbonate which is then precip-
itated out. In the final step, the lead carbonate is readily converted into
leadmonoxide (PbO) or lead tetroxide powders (Pb3O4) by thermal de-
composition at a relatively low temperature of 350–450 °C.

2. Experimental

2.1. Reactants and raw materials

Lead paste used in the work was provided by Hubei JinyangMetal-
lurgical Incorporated Co., Ltd, China, a company specializing in the re-
covery of spent and discarded spent lead-acid battery. In laboratory,
the powders were then washed with distilled water to remove any
remaining sulfuric acid until the pH value of washed water was
above 6.5. The sample was selected from the dried reddish powder
by a sieve with the size of less than 120 meshes (corresponding to
125 μm). Then chemical analysis and hydrometallurgy leaching were
conducted by using part of the paste whose particle size is less than
125 μm, which accounts for 80% by mass.

An aqueous solution of ammonium carbonate ((NH4)2CO3, 99% pu-
rity, Sinopharm Chemical Reagent Co., Ltd, China) was used as the
desulfurizing agent to react with PbSO4 in the paste. Aqueous solutions
of nitric acid (HNO3, 99% purity, Sinopharm Chemical Reagent Co., Ltd,
China) and acetic acid (CH3COOH, 99% purity, Sinopharm Chemical
Reagent Co., Ltd, China) were used as leaching agents for the lead com-
pounds. Hydrogen peroxide (H2O2, 30% w/v, Sinopharm Chemical Re-
agent Co., Ltd, China) was used along with the acids in order to reduce
lead dioxide to lead monoxide. Sodium carbonate (Na2CO3, >99% puri-
ty, Tianjin Kerme Chemical Reagent Co., Ltd, China) was used as the car-
bonation agent for treating the lead nitrate solution.

2.2. Desulfurization of lead paste

100.0 g of the separated fine lead paste was added to ammonium
carbonate aqueous solutions of varying concentrations. After comple-
tion of the desulfurization reaction, the filtered solids were washed
with distilled water, then filtered again and then dried at 60 °C to
get a desulfurized filter cake. High-frequency Infrared Carbon & Sulfur
Analyzer (HCS-140, Shanghai DeKai Instrument Co., Ltd, China) was
used to check for any remaining sulfur in desulfurized paste.

2.3. Leaching of desulfurized paste

Leaching of the desulfurized paste (20.0 g) was carried out at room
temperature with 200 mL of nitric or acetic acid (aqueous) solution.
Hydrogen peroxide (30% w/v) was added in order to reduce lead
(IV) compounds into lead (II) compounds. At the end of the leaching
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Fig. 2. XRDpatterns of (a) the starting lead paste (from industry) and (b) desulfurized paste.
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process, any unreacted or any precipitated product was filtered and
the lead content in the filtrate was analyzed by titration with EDTA.
Then the solid phase was washed with distilled water and dried at
100 °C.

The extraction yield of lead was calculated according to Eq. (1).

Extractionyieldof lead ¼ V1 � C2ð Þ= W1 � C1ð Þ � 100% ð1Þ

WhereW1 (g) is themass of the desulfurized paste, V1 (L) is the vol-
ume of leaching solution, C1 (wt.%) is the percent of lead in the
desulfurized paste, C2 (g·L−1) is the lead concentration in the leaching
solution.

2.4. Carbonation of lead nitrate solution

For the carbonation step, a specific amount of Na2CO3 was added
into 200 mL leaching solution of lead nitrate (lead concentration of
7.5 g·L−1) in a 500 mL beaker under constant stirring with a magnetic
stirrer. In this step, white lead carbonate was formed as a precipitate.
After carbonation, the solid product of lead carbonate was filtrated
through ordinary qualitative filter paper, and dried at 100 °C. The lead
in the filter after carbonation conversion was analyzed by AAS
(WFX-180, Beijing Beifen-Ruili Analytical Instrument (Group) Co. Ltd.
China). The carbonation ratio of lead nitrate was calculated according
to Eq. (2)

Carbonationratio ¼ 1− V3 � C4ð Þ= V2 � C3ð Þ½ � � 100% ð2Þ

Where V2 (L) is the volume of the leaching solution before carbon-
ation; V3 (L) is the volume of the filter after carbonation conversion;
C3 (mg·L−1) is the concentration of lead in the leaching solution be-
fore carbonation; C4 (mg·L−1) is the concentration of lead in the filter
after carbonation conversion.

2.5. Calcination of lead carbonate

The resulting lead carbonate powder was heated in air, at a heating
rate of 5 °C min−1 and calcined at 350 °C or 450 °C for 1 h. Calcination
temperature was determined based on the literature (Karami et al.,
2008). The weight loss was measured for each set of the experiment.

2.6. Material characterization

X-ray diffraction (XRD) data were collected from desulfurized
paste, lead carbonate products and the final calcined products using
a X'Pert PRO XRD (Philips, PANalytical B.V., Holland) with Cu Kα radi-
ation andλ=1.5418 Å at scanning rate of 0.28° per second for 2θ from
5° to 75°. Morphologies of the lead carbonate and the final calcined
products were investigated by scanning electron microscopy (Sirion
200 SEM, FEI, Holland) operated at 10 kV after coating the samples
with gold.

3. Results and discussion

3.1. Desulfurization of lead paste

Desulfurization experiments of lead paste were carried out under
the optimized conditions as described in another paper (Zhu et al.,
2012). Some optimization parameters were determined with refer-
ence to our preliminary experiments and previous literatures (Arai
and Toguri, 1984; Gong et al., 1992a, 1992b; Prengaman, 1995).

The desulfurization was performed in a baker immersed in a ther-
mostatic water bath under mechanic agitation to keep solid particle
suspension during conversion experiments. 100 g of the separated
fine lead pastewas added to desulfurization solutions of specified con-
centration. Accordingly, the desulfurization experiments were carried
out at 35 °C, at a solid/liquid ratio (w/v) of 1:10, and a desulfurization
time of 120 min. The results from the desulfurization experiments of
the lead paste starting with an initial stoichiometric molar ratio of
CO3

2−/SO4
2− concentration, showed that desulfurization efficiency in-

creasedwith increase ofmolar ratio of CO3
2−/SO4

2− achieved by adding
further amounts of (NH4)2CO3. A maximum desulfurization efficiency
of around 99.0% was achieved at a molar ratio of CO3

2−/SO4
2− of 2. The

sulfate ion concentration of the paste was only 0.05% after 60 min de-
sulfurization treatment, which could be satisfactory in the following
hydrometallurgical process of desulfurization.

The solubility product constant of PbCO3 and PbSO4 is 3.3×10−14

and 1.06×10−8, respectively; PbCO3 is much more insoluble than
PbSO4. The desulfurization can be summarized as Eq. (3).

PbSO4 sð Þ þ NH4ð Þ2CO3 aqð Þ→PbCO3 sð Þ þ NH4ð Þ2SO4 aqð Þ△Go
298K

¼ −28:98kJ � mol−1
ð3Þ

The reaction has large driving force and does occur readily as
shown by the results in this work.

It was found that PbCO3 and PbO2 phases were predominant in the
desulfurized lead paste as shown in the XRD pattern (Fig. 2), indicat-
ing that most of the PbSO4 had been converted into PbCO3 and soluble
(NH4)2SO4. The content of PbO2 in desulfurized paste was 31.3%, and
the total lead content of desulfurized paste was 79.8% (see Table 1).

3.2. Leaching with acid

The desulfurized paste was then leached at ambient temperature
(~25 °C) with nitric acid and/or acetic acid. A number of factors
were found to influence the leaching efficiency. The following param-
eters were investigated for each of the leaching acid: the molar ratio
of acid to total lead (referred to as molar ratio of H/Pb), concentration
of the acid, the molar ratio of hydrogen peroxide to lead (IV) dioxide
(referred to as molar ratio of H2O2/PbO2), solid to liquid phase ratios
(w/v), and leaching time.

3.2.1. Effect of type of acid
The results for the leaching experiments are shown in Fig. 3. It

was found that HNO3 is more effective for leaching of desulfurized
paste than CH3COOH. The major components in desulfurized paste,
i.e., PbCO3, PbO can react with nitric acid. PbO2 can also react in the



Table 1
Chemical compositions of the lead paste specimen (wt.%).

Compound As-received battery paste Desulfurized paste

PbO2 29.5 31.3
PbSO4 60.5 1.0
Total lead 75.6 79.8
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Fig. 4. Effect of molar ratio of H/Pb (nitric acid) on extraction yield of lead from desulfurized
paste (temperature 25 °C, phase ratios (w/v) 1/10, leaching time 30 min).
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presence of H2O2. The leaching reactions for each of the component
in the desulfurized paste are suggested as shown Eqs. (4)–(6).

PbOðsÞ þ 2HNO3ðaqÞ→PbðNO3Þ2ðaqÞ þ H2O ð4Þ

PbO2ðsÞ þ 2HNO3ðaqÞ þ H2O2ðaqÞ→PbðNO3Þ2ðaqÞ þ 2H2O þ O2↑ ð5Þ

PbCO3ðsÞ þ 2HNO3ðaqÞ→PbðNO3Þ2ðaqÞ þ H2O þ CO2↑ ð6Þ
The reactions of lead paste with acetic acid may be probably given

as Eqs. (7)–(9).

PbOðsÞ þ 2CH3COOHðaqÞ→PbðCH3COOÞ2ðaqÞ þ H2O ð7Þ

PbO2ðsÞ þ 2CH3COOHðaqÞ þ H2O2ðaqÞ→PbðCH3COOÞ2ðaqÞ þ 2H2O þ O2↑ ð8Þ

PbCO3ðsÞ þ 2CH3COOHðaqÞ→PbðCH3COOÞ2ðaqÞ þ H2O þ CO2↑ ð9Þ
For amolar ratio of H/Pb=2.5, and a leaching time of 60 min, extrac-

tion yield of leadwithHNO3 andCH3COOHwas 97.8% and92.0%, respec-
tively (shown in Fig. 3). The reason is that HNO3 is stronger and more
acidic than an equal concentration of CH3COOH. Therefore, HNO3 is con-
sidered a suitable leaching agent for leaching the desulfurized paste into
an aqueous solution and more preferable than acetic acid.

3.2.2. Effect of molar ratio of H/Pb
Fig. 4 presents the variation of leaching efficiency of Pb with molar

ratio of acid to total lead at a solid density of 100 g·L−1. As shown in
Fig. 4, when themolar ratio of H/Pb increased from1.5 to 2.5, extraction
yield of lead increased considerably. However, extraction yields
remained nearly constant atH/Pbmolar ratios greater than 2.5. Lead ex-
traction increased with the increasing acid concentration. At an acid
concentration of 0.95 mol·L−1 HNO3 solution are higher (while
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Fig. 3. Comparison of extraction yield of lead between nitric acid and acetic acid for dissolv-
ing of Pb from desulfurized paste (temperature 25 °C, solid/liquid phase ratios (w/v) 1/10,
molar ratio of H/Pb 2.5).
keeping the molar ratio of H/Pb at a constant value of 2.5), 98.5% of
lead was leached as shown in Fig. 4. In further application, a HNO3 solu-
tion of 0.95 mol·L−1 may be suggested as the optimum concentration.
Thus the optimum amount of nitric acid as given by the H/Pb ratio of 2.5
is greater than the stoichiometric ratio of 2 for the suggested reactions.

3.2.3. Effect of H2O2 dosage
Hydrogen peroxide acts as the reductant for PbO2 thus facilitating

leaching of Pb(IV) (Sonmez and Kumar, 2009a). Fig. 5 demonstrates
the lead extraction by leaching with various dosages of hydrogen per-
oxide. It can be seen from Fig. 5 that extraction yields of lead increased
with the increase of hydrogen peroxide dosage until themolar ratio of
hydrogen peroxide/PbO2 reached a value of 2, twice the value as re-
quired by stoichiometry. Oxygen gas is generated from the reduction
reaction of hydrogen peroxide with PbO2 and can be visibly observed
as rising bubbles from the aqueous phase. The in-situ stirring effect
can further help increase the reaction efficiency with the increase in
its concentration. The extraction yield of lead did not increase any fur-
ther beyond molar ratio of hydrogen peroxide/PbO2 at 2.

3.3. Carbonation of lead nitrate solution

The lead nitrate solution has been obtained by leaching of
desulfurized paste as discussed previously. There aremanyways to re-
cover lead from the lead nitrate solution. The crystalline salt of lead
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Fig. 5. Effect of the concentration of H2O2/PbO2molar ratios on extraction yield of lead from
desulfurised solids (temperature 25 °C, phase ratios (w/v) 1/10, leaching time 60 min,molar
ratio of H/Pb 2.5).
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nitrate can be obtained by an evaporationmethod and further purified
by the recrystallization technique. Karami et al. (2008) discussed the
synthesis of nano-structured lead oxide through reaction of lead ni-
trate solution and sodium carbonate solution by the sonochemical
method. Nano-structured lead oxide can be produced at the tempera-
ture of 320 °C from lead carbonate.

In this process, carbonation of lead nitrate solution was carried out
by a precipitation reaction where the slurry was made by dispersing
carbonate particles into the solution. As shown in Fig. 6, carbonation
ratio reached more than 99.9% at the mole ratio of CO3

2−/Pb2+ of 1.5.
Fig. 7 shows the effect of carbonation time on the carbonation ratio

of lead nitrate. As shown in Fig. 7, a conversion ratio of 97% for carbon-
ationwas obtained for a molar ratio of 1.5 for CO3

2−/Pb2+ with a dura-
tion time of 10 min. The carbonation ratio increased with the increase
of carbonation time and 99.8% of lead can be carbonated at 30 min.

The solubility constant of PbCO3 is only 3.3×10−14, while
Pb(NO3)2 is highly soluble in aqueous solutions. The carbonation can
be summarized as Eq. (10).

Pb NO3ð Þ2 aqð Þ þ Na2CO3 aqð Þ→PbCO3 sð Þ þ 2NaNO3 aqð Þ△Go
298K

¼ −76:90 kJ � mol−1
ð10Þ

According to the thermodynamics analysis result, the reaction is
thermodynamically feasible in the carbonation process. The carbon-
ation conversion reaction has large driving force and does occur readily
as shown by the results in this work.

For the carbonation of lead nitrate in the solution, the required
minimum pH was 8.0. Carbonized precipitation product was filtered
and dried at 100 °C. The XRD pattern of the product is shown in
Fig. 8, which is a pure lead carbonate pattern according to the standard
card (JCPDS File No. 70–2052) (Criado et al., 1982). The SEM image of
the product of lead carbonate is shown in Fig. 9. As shown in Fig. 9, the
distribution of particle size is within the range of 0.1–1 μm.

The XRD patterns of the calcined products from lead carbonate are
shown in Fig. 10. The results showed that the lead carbonate decomposed
completely at the temperatures of 350 °Cwhen held for 1 h. As shown in
Fig. 10(a), the lead carbonate has been converted to a crystalline phase of
orthorhombic α-PbO (JCPDS File No.87-0604) (Yang et al., 2012;
Živković, 1979). When the calcination temperature was 450 °C, lead te-
troxide (Pb3O4, JCPDS File No.08-0019) (Munson and Riman, 1991),
was formed, as shown in Fig. 10(b).

The SEM images of the calcined products from lead carbonate are
shown in Fig. 11. The SEM images showed the changes of morphol-
ogies of the calcined products at different temperatures. As shown in
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Fig. 6. Effect of the molar ratio of CO3/Pb on carbonation ratio (carbonation time 30 min,
temperature 25 °C).
Fig. 11(a), the morphology of the calcined products at 350 °C showed
crystals in the size of 200–500 nm.When the calcination temperature
was 450 °C, the particles became smallerwith the size of 200–300 nm,
as shown in Fig. 11(b).

The spent lead paste can be used to produce lead oxides powders
after simple chemical conversion steps. The lead oxides powders cal-
cined at a relatively low temperature is of high-purity at over 99.9%.
This simple recycling method for waste lead acid battery paste has a
positive effect on the recovery of lead oxide from the starting mate-
rials of spent lead paste. Lead oxides could be directly used as the ac-
tive substances for new lead-acid batteries.
4. Conclusions

A research investigation for the preparation of lead carbonate prod-
uct and lead oxide product from lead paste spent lead acid battery has
been performed using a novel process. Lead paste was desulfurized
with ammonium carbonate solution, and then lead sulfate in the paste
was converted into lead carbonate and ammonium sulfate. The lead car-
bonate is separated as insoluble solid alongwith the unreacted lead ox-
ides and metallic lead. The desulfurized solid lead paste was then
leachedwith nitric acid, optimally at aH/Pbmolar ratio of 2.5. Hydrogen
peroxidewas also used as a reductant in the leaching step in order to fa-
cilitate the dissolution of PbO2 by a reduction reaction of Pb(IV) to
Pb(II). In the 3rd step, the lead nitrate in the solution was carbonated
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Fig. 8. XRD pattern of the lead carbonate product.



Fig. 9. SEM image of the lead carbonate product.
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into a solid insoluble phase of lead carbonate, PbCO3. Over 99.9% of lead
could be extracted from the lead nitrate solution. The lead carbonate
was shown to convert into PbO (containing some Pb or Pb (IV)) as a
precursor for making new pastes. A new cleaner flowsheet for recover-
ing lead from lead paste is also proposed. This processmay complement
other hydrometallurgical-calcinations processes being currently devel-
oped (Li et al., 2012; Yang et al., 2011, 2012) depending upon the local
and/or global availability and relative costs of competing reagents.
Fig. 11. SEM images of calcined products from the lead carbonate at different temperatures
in air: (a) 350 °C, (b) 450 °C.
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