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One of possible methods of considerable reducing antimony 
content in lead obtained by processing secondary lead-
containing raw material, fi rst of all scraps of lead batteries, 
is the insertion of aluminum in molten metal with the 
subsequent formation of the AlSb compound in the form 
of a solid phase. The melting point of AlSb is 1058 ± 10°C, 
and density, about 4.2 g cm−3 [1]. The method is known 
for a long time [2], but its thermodynamic substantiation, 
including temperature process conditions, and also an 
experimental verifi cation of the fulfi lled calculations were 
carried out rather recently [3, 4]. 

It was found that refi ning secondary lead antimonide 
(the initial antimony content about 2−3 wt %) with 
aluminum is effective under the following operating 
conditions: the temperature of aluminum input 690−720°C 
and the duration of intermixing at this temperature up to 
30 min, therewith the aluminum consumption can vary 
over a wide range, but should be no less than 40% of 
the weight of removed antimony [3]. The recommended 
subsequent rate of cooling up to the fi nal temperature of 
350°C is 5−6 deg min−1. The antimony content in lead 
can be reduced up to 0.005 wt %. Experimental studies 
completely confi rmed the thermodynamic analysis [3]. 

It is of interest to consider behavior of some possible 
admixtures in secondary lead, namely, tin, copper, 
bismuth, and arsenic during this process. The phase 
diagram of the lead−aluminum−tin system at 650, 730, 
and 800°C was studied by Davies rather explicitly [5]. 
This ternary system was also studied in other works [6, 
7]. The systems Al−Sn and Pb−Sn belong to eutectic 

systems, and the ternary system Pb−Al−Sn includes an 
extensive phase separation area adjacent to the Al−Pb side 
and somewhat decreasing as temperature increases. 

Data on the distribution of tin small amounts between 
aluminum and lead phases in liquid state are given in the 
work of Pleva et al. [8]. Unlike antimony removal by 
adding aluminum, which belongs to intermetallic refi ning 
processes, in the case of tin the extracting separation 
of metals takes place. It was shown in [8] that in the 
temperature range of 700−900°C the coeffi cient Kx of 
tin distribution between aluminum and lead, expressed 
as the ratio of mole fractions in coexisting aluminum (I) 
and lead (II) liquid phases, is 

                

xSn(Al)           xSn

            =          = 0.32 ± 0.04.
xSn(Pb)          xSn

I

II

The same authors [8] noted that at a phase equilibrium 
the mole fraction of lead in the aluminum layer xPb(Al) does 
not exceed 0.005, and the lead layer practically does not 
contain aluminum. 

In the other work [7] the distribution of components 
between two not mixing phases in the system Pb−Al−Sn 
was studied at higher tin contents in the temperature range 
800−1020°C. Depending on the total tin content in the 
ternary system its distribution coeffi cient between phases 
I and II at 800°C expressed in terms of tin mole fractions 
lays within the limits of 0.381−0.424. 

At equilibrium tin activity in coexisting phases is the 
same, αI

Sn  = αII
Sn  and αI

Sn γI
Sn = αII

Sn γII
Sn , where γSn is the 
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tin activity coeffi cient in a corresponding phase. This 
implies 

                            

xSn
                 (γSn) II

            =              .  
xSn

                 (γSn) I

I

II
                          

(1)

If tin concentrations are low, as it usually takes place 
in processes of lead refi ning, equation (1) can take the 
following form: 

                               

xSn
                 (γSn) II

            =              .  
xSn

                 (γSn) I

I

II

∞

∞
                         

(2)

In this expression γSn
∞ represents the tin activity 

coeffi cient at infi nite dilution xSn→ 0. The range of tin 
concentrations, where the distribution coeffi cient Kx 
retains a constant value at a specifi ed temperature, is 
connected with the ranges where Henry’s law for tin in 
alloys with lead and aluminum is obeyed [9]. Equation 
(2) implies that at the considered concentrations of 
the component (tin) distributed between phases I and 
II Henry’s law is obeyed in the both phases and the 
dependences αI

Sn = f(xSn) and αII
Sn = f(xSn) αI

Sn = αII
Sn are 

linear. 
According to [10], at 800°C the activity coeffi cient 

of tin in liquid alloys with lead at the infi nite dilution is 
1.84 and its limiting value in liquid alloys with aluminum 
is 5.79. According to equation (2), the value of Kx 
appears to be 0.30, which is close to its average value 
in the temperature range 700−900°C. Such distribution 
coeffi cient of tin in the lead-aluminum system does not 
allow us to expect appreciable reduction of the tin content 
in liquid lead at refi ning with aluminum application. 

In the lead-copper system an area of layering is 
observed, its expansion at the monotectic temperature 
(954.8°C) being within the limits 0.18 ≤ xPb ≤ 0.57 
[11]. The upper critical temperature is 1006°C. Liquid 
alloys of lead with copper are characterized by positive 
deviations from an ideal behavior, the maximal value of 
mixing enthalpy being 6.8 kJ mol−1 at 1200°C [11]. In 
the aluminum-copper system a number of ordered phases 
are formed in the copper-rich region of compositions, 
which results in rather noticeable negative deviations of 
activity isotherms of the components from Raoult’s law. 
The enthalpy of mixing is negative, and its maximal value 
reaches −19.0 kJ mol−1 [12, 13]. 

According to Tanaka et al. [10], γ∞Cu(Pb) at 800°C is 
8.44. In [11] the temperature dependence of the limiting 

activity coeffi cient of copper dissolved in liquid lead (T, 
K) is given: 

ln γ∞Cu(Pb) = −1.43 + 3913T−1. 

Correspondingly, at 800°C ln γ∞Cu(Pb) = 2.217 and 
γ∞Cu(Pb) = 9.18. 

The calculation of the limiting activity coeffi cient of 
copper in a liquid alloy with aluminum at 800°C by the 
data recommended in [10] gives the value 0.068. In [14] 
γ∞Cu(Al) = 0.043 at a higher temperature (1100°C). In the 
handbook [12] the following values of γ∞Cu(Al)  are given: 
0.045 (1100°C) and 0.047 (1200°C). Anyway, according 
to equation (2), the distribution coeffi cient is very high 
(120−130°), which points to a possibility to reduce copper 
admixture content in liquid lead by a refi ning operation 
with aluminum application. 

Aluminum and bismuth are partially soluble in a liquid 
state, appreciable positive deviations from an ideal 
behavior [12] are observed in the system. A layering area 
in the ternary system lead−bismuth−aluminum occupies 
a greater part of the concentration triangle at 900°C. All 
this suggests that bismuth content in liquid lead would 
not decrease on its refi ning with aluminum. 

In the aluminum−arsenic system a single compound 
AlAs melting congruently is formed (mp about 1760°C), 
which is characteristic for AIIIBV systems. Eutectic points 
in the subsystems Al−AlAs and AlAs−As are located in 
the vicinity of the pure components [16]. We failed to 
fi nd information on the thermodynamic properties of 
AlAs. The aluminum−arsenic system belongs to eutectic 
systems, and thermodynamic properties of its liquid alloys 
were studied repeatedly by various methods [17−19]. 
According to [19], the activity coeffi cient of arsenic in its 
dilute solutions in liquid lead at 527°C does not exceed 
1.4. In the studied range of compositions of the Pb−As 
system (xPb < 0.7) only slight positive-negative deviations 
from an ideal behavior are observed. When aluminum is 
inserted into liquid lead containing an arsenic admixture, 
we can expect a certain intermetallic refi ning effect in 
connection with the formation of the AlAs compound. 

In the patent [4] a two-stage refi ning of black lead 
is provided. The considered interaction of admixtures 
with liquid aluminum forms the first stage of the 
refi ning process. The second stage consists in the anode 
polarization of lead in molten sodium hydroxide at 
350−380°C for the further decreasing the antimony 
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content and the removal of excess aluminum and some 
admixtures according to their electrochemical behavior 
[20−22]. The results of the two-stage refi ning of black 
lead obtained by processing real active masses of a lead 
battery are given in the table. According to the accepted 
technology, active masses of positive and negative plates 
were treated by a sodium carbonate solution for obtaining 
an oxide-carbonate cake, which was exposed to reducing 
melting. Black lead was analyzed by the method of 
atomic-and-absorption analysis with the use of a 4100-Z 
“Perkin-Elmer” spectrophotometer. 

It is seen from the table that even after the fi rst refi ning 
stage lead corresponds to the C2 grade according to 
GOST 3778-98 on the antimony content. As it was shown 
earlier [21], the anode polarization mode with low current 
densities makes it possible to obtain lead containing less 
than 0.001% of antimony that corresponds to C1-grade 
lead. By the tin content lead corresponds to the C0 grade 
after the second refi ning stage. By the copper content even 
after the fi rst refi ning stage correspondence to the С0 
grade is reached. As it was already pointed out, bismuth 
admixtures are not characteristic for black lead obtained 
by processing battery scraps, its initial content does not 
vary during the two-stage refi ning. The arsenic content 
corresponds to the С2 grade. The absence of information 
on the thermodynamic properties of the AlAs compound 
does not allow us to make a corresponding estimate of 
the refi ning process possibilities. 

CONCLUSIONS

(1) The black lead refining with application of 
aluminum results in a stable decrease in the contents of 
antimony up to 0.005 and copper, up to 0.0005 wt %. 
There is no decrease in the tin and bismuth contents. 

(2) Additional refi ning with application of anode 
polarization of lead in a hydroxide melt makes it possible 

to decrease the contents of antimony up to 0.001, tin, up 
to 1.6 × 10−5, and arsenic, up to 0.001 wt %. 

(3) The described method of two-stage refi ning does 
not change the bismuth admixture content.
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