Development of an ultra long-life (6000 cycles) VRLA for deep-cycle service
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1. Introduction
Consciousness on environmental problems such as resource recycle and prevention of global warming increases on a global scale, and efficient use of energy and practical use of natural energy are required. Accordingly, development of distributed power systems is advanced. For example, there is a load leveling system which stores electric power in the midnight and which releases electric power in the daytime. The other examples may be systems which utilizes natural energy such as wind or solar power. As a storage battery for such systems, not only a lead storage battery, but also a lithium-ion battery, a sodium-sulfur battery, a redox flow battery, a nickel-metal-hydride battery, and a capacitor are under consideration. The storage battery has to be selected in accordance with scale, output- power performance and intended application of the system. In this situation, it is desired for VRLA, which is excellent in cost, maintainability, and safety, to have an elongated cycle life.  Conventional VRLA has a cycle life of about 1000 cycles under deep discharging condition.  However, the system is desiring the battery exchange to be eliminated during system operating period. For this, the cycle life of 10 years or more is required. As a result of research and development, the Furukawa Battery Co., Ltd. has developed an ultra long-life VRLA and under the 70% DOD cycle life test, the battery has already passed 6000 cycles.  Progress in the following VRLA techniques enabled this achievement: that is, suppression of PAM softening, application of a corrosion-resistant alloy to a positive grid, improvement in charge acceptance property by means of an additive of NAM, application of a separator with an excellent mechanical elasticity. Further, to confirm the excellent cycle life performance of the developed battery, the test was performed under a PSOC condition. It is recognized that energy efficiency and cycle life of the battery are improved under the PSOC condition.
2. Experimental
Table 1 shows failure modes of the VRLA under a deep cycling condition.
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To improve the cycle life of the VRLA, we performed the following investigations and examinations. To suppress the PAM softening, NAM sulfation, and the water loss, we developed new additives. To suppress the positive grid corrosion, we introduced a high corrosion-resistant alloy. To suppress stratification and declined compression, we introduced a new separator and also evaluated the horizontal placement of the battery [1-2]. The achieved results were reflected in the 12-V, 50 Ah at 10-hour rate VRLA and evaluated the cycle life.
3. Results and Discussion
The following two types of the cycle life tests were performed with the 12-V, 50Ah VRLA.  The first cycle life tests that assumed an actual load was performed under the condition at 0.25CA of discharge current and 70% depth of discharge with 0.25C of discharge capacity.  And 10-hour rate capacity test was performed per 100 cycles. The change of the discharge duration time by the 10-hour rate capacity test was shown in Fig 1. This result shows that cycle life of the newly developed VRLA is greatly improved compared to that of the conventional VRLA. The developed VRLA keeps discharge duration time of about 9.5 hours even at after 6000 cycles, and experiences further cycles without sudden degradation of capacity. Further, in addition to this elongated cycle life, the developed VRLA keeps a high energy efficiency of about 88%.
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Positive plate PAM softening

Grid corrosion

Negative plate Sulfation

Electrolyte Water loss

Stratification

Separator Declined compression



Table 1.  Failure modes under a deep cycling condition


Figure 1． Changes of 10hr discharge duration time
Fig. 2 shows a relationship between depth-of-discharge and cycle life regarding a flooded lead-acid battery, a conventional VRLA for EV, a developed VRLA, and a Ni-MH battery for EV [3]. This result shows that cycle life of the developed VRLA is greatly improved compared to that of the conventional VRLA, and is approximately equal to that of the Ni-MH battery for EV.
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Figure 2.  Relationship between depth-of-discharge and cycle life 
regarding a flooded lead-acid, a conventional VRLA for
EV, a developed VRLA, and a Ni-MH battery for EV.
The second cycle life test was performed under a high rate charge and discharge conditions.  Fig. 3 shows a comparison of results by a PSOC cycle life test profile and a normal cycle life test profile. The PSOC cycle life test procedure is as follows. A charge up to 100% of the discharged capacity is performed, after the discharge at 1CA from 90%SOC to 10%SOC. And the charge and discharge is repeated five times. Then, the charge up to 118% of the discharged capacity is performed. In accordance with the PSOC cycle life test profile, the test was performed [4].
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Figure 3． Changes of 10hr discharge duration time
Capacity degradation with the PSOC cycle life test profile is gentle compared to that with the normal cycle life test profile, and cycle life is improved by about 34% as shown in change of the 10-hour rate capacity of Fig. 3. Generally, in an operation under PSOC condition, a battery will reach the lifespan due to sulfation of NAM. On the other hand, it is shown that sulfation is suppressed in this developed battery due to optimized charge acceptability of NAM. Further, it is recognized that, with PSOC cycle test profile, energy efficiency is improved to 86.0% from 83.2% of the normal cycle life profile. Table 2 shows a comparison of energy efficiency at 4000th cycle between the PSOC cycle life profile and the normal cycle life profile.
Table 2. Comparison of energy efficiency at 4000th cycle between 
the PSOC cycle life profile and the normal cycle life profile.
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4. Conclusions
The developed VRLA into which various improvements are introduced achieved cycle life of 6000 cycles or more in a deep discharge cycle test under 0.25CA and DOD70%.  The developed VRLA is still under evaluation. Further, it is recognized that still longer cycle life and higher energy efficiency are obtained in operation under the PSOC condition. Therefore, the developed VRLA is broadly applicable to power storage systems, systems utilizing natural energy such as wind or solar power, electric vehicles with an on-vehicle battery charger, and the like.
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