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Motivation

Lead alloys used in lead‐acid batteries contain 2‐5 elements. Alongside Pb, 
they are also formed by a mixture of alloying elements in different 
amounts.

Accurate computational description of the lead‐bulk containing all 
impurities in the desired amounts is impossible.

We thus investigate the interaction between each atom of impurity and 
the lead‐bulk in terms of energies, forces, densities of states …

even these simplified calculations are time‐ and resources‐consuming

We monitor the computational needs in order to calibrate the resources 
(time, number of processors, algorithms).



Computational details

The computational code is SIESTA
Use LCAO bases sets of DZP type and a LDA/CA (Ceperley‐Adler) density functional; For the
5f orbitals of lead we used a single zeta orbital with a radial extent of 3 Bohr
Use numeric atomic orbitals of Gaussian shape;
Adapted for study of large systems.

We used two rules to optimize the material quality.
The first one is to refer to the alloy stability which is maximized when the density of states at
the Fermi level has a minimum;
The second one is to follow the formation of alloys in which the forces acting on the impurity
and the voltage induced in the elementary cell to be relatively homogeneous (i.e.
comparable or equal to various types of impurities present in the alloy).



The relevant properties as resulted from the ab‐initio 
calculations include 

the electronic population of the impurity atom Q1,
the electronic population on Pb atoms placed in the first coordination sphere 
of the impurity Q0,
the maximum force exerted on the atom impurity by the lead matrix Fmax,
the mechanical stress induced by the impurity in the lead super‐cell S 
the energy balance resulted by substituting one lead atom with an impurity 
one

Where 
EPb−I  total energy for the impurity‐containing super‐cell

Pb energy of an isolated Pb atom in vacuum 
EPb energy of the lead super‐cell (without impurities)

energy of the impurity atom isolated in vacuum.



Lead bulk is generated as fcc, as follows:

Different dimensions (ie 5x5x5, 6x6x6, 7x7x7, 8x8x8) corresponding to different 
concentrations of impurities into lead alloy
As alloying elements we considered the elements from group II (up to Ba), group VI (up 
to Sn), group VII (up to Bi), transition metals (V to Zn), Al and Ag.



Bi

Hole

Be

5x5x5

5x5x5
corresponds to a 
concentration of 0.8 %

6x6x6 
corresponds to a 
concentration  of 0.46 % 

7x7x7
corresponds to a 
Concentration of 0.29 %

8x8x8 
corresponds to a 
concentration of 0.19 %



Scientific results look like



Model for improvement of properties
• Free electron model: stability of an alloy is ensured when 

density of states has a minimum at Fermi level
• DOS of lead: 



Variation of the density of states, DOSPB(E)‐DOSALLOY 
(E) on the concentration of some alloying elements.



Conclusion:

• We provide a database suited for further experimental search 
for new alloying elements and concentrations

• Density of states analysis allow us to propose predictions over 
the future tests. 

• The data for the traditional alloying elements (Ca, Sn) are in 
full agreement with the common experience in the field



Computational resources analysis ‐

time per iteration



Computational resources analysis ‐
total time



Computational resources analysis ‐
time per MD iteration



Computational resources analysis ‐

MD time per total time



Conclusion

• Strong nonlinear dependence of computing time to the super‐
cell size – electronic structure part

• Spin polarization is the most important feature in terms of 
time consuming 

• Remarkably, there is practically no dependence of computing 
time on the chemical element used in the alloy

• The scaling of calculation for dynamical properties is much 
better that the one for electronic structure 
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