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Samples : In order to investigate mechanical and 

electrochemical behavior of Pb-Ca-Sn-Sr alley Four different 
samples with constant ca content and various sr content were 

prepared and Sn and Al was so similar for all samples. 
. The samples were prepared from pure Pb (99.99%), pure Sn 

(99.99%) and the Al–Sr alloy by atmospheric casting. 

NO
Composition (wt%)

Ca Sr

Sample 1 0.04 0.012

Sample 2 0.04 0.020

Sample 3 0.04 0.040

Sample 4 0.04 0.060

Sample 5 (Ref) 0.09 ---
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It should be noted that the sample 5 is NGK 
conventional positive grid alloy and it was considered as 

reference sample .



Electrochemical properties including passive current density, PbO formation 

and oxygen evolution reaction were assessed using potentiostatic and 

cyclic voltammetry techniques. In addition, the hardness measurements 

were performed for various samples.

Cyclic Voltammetry

Cyclic Voltammetry

Hardness

samples polarized one cycle 

from -2000 to 3000 mV/SCE 

with the scan rate of 1500 

mV/min

samples cyclically polarized 

from 800 to 2800 mV/SCE with 

scan rate of 1500 mV/min  

for 50 times

Brinell Hardness (HB) after two-day 

aging. The load of 1 kgf was applied 

for 10 s with 1 mm diameter 

Potentiostatic tests
Constant Potential of 

900 mV/SCE for 3600 s at 

4.8M H2SO4 solution
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Potentiostatic tests : In order to access the effect of Sr addition to Pb-Ca-

Sn grid alloy on corrosion resistance of the aged sample, the potentiostatic 

tests were run for different specimens after 10 days aging at room temperature. 
LABAT 2017

Constant Potential of 

900 mV/SCE for 3600 s in 4.8M 

H2SO4 solution

A robust passive layer which mainly contains PbSO4 is formed while 

holding the surface at this potential. In this way, comparison of the 

measured passivity current densities (IIpass) for the whole samples 

shows that the Sr addition to the grid can significantly reduce the 

passive current density and also the corrosion rate considerably 

decreases with puting the Sr into the positive grid alloy.



Cyclic Voltammetry Test : In order to access the effect of Sr addition 

to Pb-Ca-Sn grid alloy on PbO formation and oxygen evolution reaction of the 

aged sample, the cyclic voltammetry tests were run for different specimens 

after 10 days aging at room temperature.

Shorter peaks, better 

Charge Acceptance

Shorter peaks, lower 

discharge resistance

Longer line, lower 

water consumption
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Cyclic Voltammetry (1st Cycle)LABAT 2017

Samples polarized one cycle from       

-2000 to 3000 mV/SCE with the scan 

rate of 1500 mV/min



Cyclic Voltammetry (50th Cycle – Positive Electrode)LABAT 2017

Samples cyclically polarized  from 

1800 to 2800 mV/SCE with scan rate of 

1500 mV/min  

for 50 times and then the data were 

extracted from 50th cycle.

The results shows that the rate of PbO 

formation is lower with putting the Sr in 

the Pb-Ca-Sn grid alloys and the best 

result is detected when the Sr amount 

is between 0.012% to 0.02% wt.  

Oxygen evolution starts at more positive 

potentials from 2400 mV/SCE . In order to 

compare the O2 evolution reaction on the 

prepared grid alloy, the current density at 

2400 mV/SCE was considered and the 

obtained results shows that adding Sr to Pb-

Ca-Sn alloy will decrease oxygen evolution 

and effectly water consumption.



Hardness
LABAT 2017

Hardness of various samples was measured using a 

Brinell Hardness (HB) tester after two-day aging. it is 

necessary to reach a hardness value approximately12 

HB after aging for two days in room temperature.

All the Sr containing samples meet the required hardness, 

except for 0.012% Sr. Thus, it can be claimed that 

although decreasing the Sr value in Pb-0.04%Ca-1.2%Sn 

contributes to the higher corrosion resistance and good 

electrochemical behavior, sufficient amount must be 

added to get an acceptable hardness.  



NO
IPass

(mA/cm2)

PbO formation pick

(mA/cm2)

Current at 2400 mV/SCE

(mA/cm2)

Hardness 

(HB)

1 0.012 -49.2±0.5 53±2 10.55

2 0.012 -50.2±0.4 60±3 13.90

3 0.013 -72.1±0.6 92±3 13.40

4 0.017 -62.1±0.3 92±3 14.50

5 0.051 -83.1±0.7 170±4 12.05

Summary of the Results

More than four times lower 

passive current density

40% lower PbO formation 

peak (indicates better charge 

acceptance) 

67% reduced current density

 at 2400 mV/SCE

 (indicates lower water consumption) 

15% Higher Hardness and 

reduced aging time
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Battery Test Results According to 

B255210 –D Standard

66 Ah Batteries were manufactured in NGKh Co. with 

6 positive and 6 negative plates by 2nd and reference samples

with the same grid casting, paste making, pasting, curing, 

assembly and formation processes

and then were tested according to B255210-D standard.

NO
C20
(Ah)

CCA

 (-18 °C)

640 A

Charge 

Acceptance
(A)

Cycle Life
C20 After 

Cycle Life
 (Ah)

Acceptable 

Result
66

V10s=7.5

t6v=90
13.2

6 Units
Each unit 32 cycles

---

2

5 (Ref)

66.08

65.31

V10s=7.92

t6v=101

V10s=7.51

t6v=91

18.1

13.25

10.38 Units

300 Cycles

6.5 Units

208 Cycles

47.6

23.6
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Capacity decrease after cycle life test

Initial C20
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cycle life

28% 

Capacity Loss

58% 
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Breakdown Pictures

No. 5, Sn-Ca Alloy 

after 208 cycles

No.2, Sn-Ca-Sr Alloy

After 300 cycles

Much stronger connection 

between grid and past 

comparing to reference alloy 
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2nd Sample 

VS

 Reference Sample

✓ Equal Battery Capacities 

✓ 6% improved cold cranking ability

✓ 37% increased charge acceptance

✓ 44% improved cycle life

✓ 45% lower capacity loss

 after cycle life test

✓ Electrochemical Tests Summary:

✓ more than four times lower 

passive current density 

✓ 40% lower PbO formation peak 

✓ 67% reduced current density at 

2400 mV/SCE

✓ 15% Higher Hardness

✓ More than two times increased 

corrosion resistance 

Battery Tests Summary:
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