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Aging diagnosis of lead-acid batteries based on
electrochemical impedance spectroscopy and relaxation time
analysis
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Abstract: As key components of backup power systems in data centers, lead-acid batteries
are prone to sulfation, grid corrosion, and other aging phenomena under long-term float
charge conditions, resulting in capacity attenuation and early failure. The traditional internal
resistance test method cannot accurately evaluate the health status of acid-lead batteries.
Therefore, a joint analysis method based on electrochemical impedance spectroscopy (EIS)
and the distribution of relaxation times (DRT) is proposed to systematically study the aging
mechanism of lead-acid batteries under float charge conditions. The GFM-360E valve-
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regulated lead-acid battery was selected for the experiments, which covered three aging
states: not in service, qualified in service, and unqualified in service. EIS measurements were
conducted at different states of charge (SOC). Subsequently, DRT was used to deconvolute
the impedance data and extract the ohmic resistance (R,,,,), characteristic peak positions (P1—
P4), peak areas, and other key parameters. The results show that the EIS curve exhibits a
diffusion slant in the low-frequency region, coupling the P3 and P4 peaks in the DRT spectrum to
form a wide giant peak (peak area > 150%), and an increase of R, of more than 30%. These
can effectively identify aging modes such as the sulfation of active substances, electrolyte
drying, and grid corrosion. By constructing the comparative analysis framework of "different
aging states with the same SOC" and "different SOC values with the same aging state," the
aging judgment index system based on EIS-DRT was established, and the multi-dimensional
quantitative diagnosis of the aging state of lead-acid batteries was realized. This method
overcomes the subjectivity of the traditional equivalent circuit model, improves the accuracy
and reliability of aging predictions, and provides an effective technical means for the precise
health management of lead-acid batteries under floating charge conditions.

Keywords: lead-acid battery; electrochemical impedance spectroscopy; distribution of

relaxation times; aging diagnosis; floating charge
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Table 1 Parameters of GFM-360E lead-acid battery
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Table 2 The state information of lead-acid batteries
measured in the experiment
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Table 4 Statistics of diagnostic indicators for
batteries with different health states

EiELin A#(n=3, W1, 2. 3) A&EMK(N=2, Hih4. 5)
R,. 0.408(0.348~0.496) 0.898(0.505~1.290)
R, i 0.173(0~0.423) 1.575(0.450~2.700)
40% SOCHE( ~ 6.42x10%(5.49x10%~  1.87x10°(1.02x10°~
(1 Hz) 8.06x10%) 2.72x10%)
40% ;c;g L 35.40(16.77~65.57) 60.80(51.98~69.63)

241.02(173.85~
308.19)

0.465(0.057~0.874)

P3~P4IE[F1  186.93(164.49~213.69)

U 34 0.136(0~0.299)
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Table 5 List of aging phenomena and judgment

indicators
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