POSITIVE TUBULAR ELECTRODES FOR LEAD ACID BATTERIES WITH 180 Ah Kg-1, SPECIFIC CAPACITY
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1. Introduction

Lead acid batteries tubular plates are usually assembled with a mixture of PbO and Pb3O4, and the typical specific capacities are about 120 Ah.Kg-1 [1]. The use of nanometric PbO2 particles in these cases could be very interesting due to its presumable high surface area. Bervas and co-workers, using nanometric PbO2 synthesized in alkaline media, were able to build up tubular electrodes with up to 100 Ah.g-1 which were capable of standing more than 150 cycles [2].

Considering the aglomerate of spheres model [3] to describe the positive active material particles, one can conclude that the first necessity of any methodology that aim to produce positive tubular electrodes from nanometric PbO2 is to buid up the necks between the particles, and also the contact between the particles and the grid.

In the present work, tubular electrodes mounted with nanometric PbO2 and submitted to specific “cure like” processes furnished up to 180 Ah Kg-1 of specific discharge capacity and a cycle life performance comparable to conventional plates.

2. Experimental

Nanometric PbO2 was synthesized from the hydrolysis of Lead (IV) [4], caracterized using X-Ray diffraction and the pattern observed corresponded to that of ( - PbO2 [5]. Using Scherrer equation and the parameters of the highest peak, the mean diameter of the particles could be estimated to be 10 nm [6] and the area, measured with N2 adsorption, was 32 m2.g-1.

The porous tube was 25 mm height with an internal diameter of 8,6 mm and the lead spine at the center had a diameter of 3 mm, and the amount of PbO2 in each electrode was 2 g.

Different methods to build up the interconnected structure of the PbO2 electrode had been tested. Only the method with the best results on utilization coefficient measurements will be discussed, and it was the same used to produce electrodes that were tested for cycle life. All the electrochemical measurements had been carried out in typical 3-electrodes electrochemical cells. All the potential values were measured with Hg/Hg2SO4 reference electrodes.

3. Results and Discussions

The parameters used in specific capacity measurement test were: idischarge = 5 A Kg-1, until the cut off potential of 0.75 V (8 hours discharge) and icharge = 10 A Kg-1 with 1.3 charge factor. The experiments were performed in 2.0 M H2SO4 solution.

Afer a few cycles, elecrodes assembled with the nanometric PbO2, without any “cure like” pre treatment, achieved a maximum and stable specific capacity of 80 mA Kg-1.

The electrodes that showed the best results on specific capacity measurements were those submmited to the following procedure: 2 h inmersion in sulfuric acid solution, washed with destilated water, dried and oxidezed for 30 min in 2.0 M H2SO4 solution with 5.0 A Kg-1. After a few cycles these electrodes capacity achieved 165 Ah Kg-1.

After the cycles cited above, the electrode submitted to the “cure like” pre treatment was recharged, disassembled and its particles were analyzed by TEM. The image can be seen in Figure 1B. In Figure 1A is show the PbO2 just after the synthesis (the particles size on Fig 1A corroborates de mean diameter stimation by x-ray diffraction).
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Figure 1 -
TEM images of the active material: (A) after synthesized and (B) after utilization coefficient measurement. The reference bars on the inferior right corner of each image are 50 nm lenght.

The mean diameter of the particles apparently increased a little, compared to those just synthesized, but it still of the order of 20 nm, and many conection between particles and many aggregates can be seen on Fig 1B (and not on Fig 1A). These features indicate that the PbO2 particles conserve their small size character trough the ‘cure like’ process and charge/discharge cycles, and also develop an aggregated structure.

The surface area, measured by N2 adsorption, at this point, was 20 m2 g-1.

The cycle life test was made using fast (pulsed) charge and deep discharge because it is both an agressive regimen that minimezes time of experiment and also can furnish information about the electrode structure. For comparison, conventional tubular plates made of PbO were also tested. The charge algorithm tested used a frequency of 1 Hz, which was found to be an optimun value by different authors [7, 8]; duty cycle of 50% and a current of 1C30.

Due to the low efficiency observed on pulsed charge experiments (40 % for the nanometric PbO2 and 65 % for conventional PbO), after each cycle of pulsed charge and deep discharge, it was performed another cycle, with conventional slow charge, followed by another deep discharge, to measure the capacity.

On Figure 2 it can be seen the capacity of the electrode, measured after the conventional charge, during the pulsed charge experiment.


[image: image2.wmf]0

20

40

60

80

100

120

140

40

60

80

100

120

140

160

180

200

 

 

Specific capacity / Ah.Kg

-1

Discharge number


Figure 2 -
Typical variation of the specific capacity of the nanometric PbO2 electrode during cycles with pulsed charge with ton = 500 ms, toff = 500 ms and I = 1C30 (complete charge in two hours). The capacity values shown on this figure are those measured after the conventional charge of each cycle.
The probable reason for the high specific capacity observed in Figures 2 (180 Ah Kg-1) is that the high surface area implies in a low superficial current density, and the lower the current density, the thicker the passivation film (PbSO4 formed during the discharge, in this case), which means a higher discharge capacity for the same amount of active material. The low efficiency of pulse charge implies in a great rate of oxygen evolution, which could had increased the electrode porosity and also the capacity, compared to the electrodes submmited only to conventional charges.

4. Conclusions

It was shown that it’s possible to assemble tubular electrodes of lead acid batteries directly with nanometric sized particles of the active material, if some specific “cure like” treatments are implemented to the electrode before the charge/discharge cycles.

The electrodes showed very good specific capacities (which could lead to lighter plates) and, until present, a good cycling stability, comparable to conventional electrodes.

The high specific capacity obtained for the nanometric PbO2 electrodes was attributed to its high surface area (which decreases the superficial current density), and also was pointed out as an evidence that the previous treatment aggregate the particles.

The poor relative results obtained for the pulsed charge tests with the nanometric PbO2 electrodes revealed that during its pretreatment the contacts built up between particles was highly resistive.

The cycling tests must continue to determine what would normally cause the electrodes to fail. Preliminary results indicate that it’s very possible to be the corrosion of the spines.
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