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DEVELOPMENTS IN STATIONARY MAINTENANCE-FREE 
LEAD/ACID BATTERIES 
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Introduction 

The development of mamtenance-free lead/acid battenes in West 
Germany started about 1955. At that time, the batteries were mamly re- 
quired for portable mstruments such as radios, tape recorders, medical 
mstruments, photoflash equipment, etc 

The first step towards a fully mamtenance-free battery was the semi- 
mamtenance-free system shown in Fig. 1. This battery was developed from a 
motorcycle type and was equipped with an acid-density mdicator consistmg 
of three balls with different specific weights. Because of the value of such a 
device, the battery 1s still being manufactured today, albeit m small numbers 

Fig 1 Design of semi-maintenance-free lead/acid cell 
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Fig 2 Design of (a) gelled-electrolyte lead/acid cell, (b) vent plug 

The electrolyte IS not unmoblhzed, a labyrmth system m the top of the 
contamer prevents acid leakage through the cell plug when the battery 1s 
placed on its side or upside down The battenes are constructed with ant+ 
mony-free gnds when the end-apphcatlon mvolves little service from the 
battery, antimony alloys are used when more frequent operation IS antlcl- 
pated, e g , m press-reporters’ cameras 
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Battenes with gelled electrolytes 

Cell design 
The successful step towards a totally mamtenance-free battery has 

involved the development of a gelled electrolyte type with lead-calcmm 
grids, z e , the acid 1s n-nmoblhzed m slhclc acid to grve a thlxotroplc gel 
(Fig 2(a)) In this design, each cell 1s fitted with a vent plug (Fig. 2(b)) to 
allow the escape of pressure that may build up mslde the cell either dunng 
operation under high ambient temperatures or durmg overchargmg periods 
After the pressure has been released, a rubber draphragm m the vent plug 
prevents atmosphenc an from entermg the cell. Apart from being completely 
mamtenance-free, the battery has a very low rate of self-discharge. For 
example, the selfdlscharge at 20 “C IS about 50% m 17 months (Fig. 3). The 
battery 16 also deepducharge protected, eg , after standmg w&h the 
appliance switched on for about 4 weeks, the battery ~111 recover 100% of 
Its capacity after only a couple of charge/drscharge cycles 

Normally, the substltutlon of lead-calcmm for lead-antimony m the 
gnd alloy results m a decrease m the cyclmg ability of lead/acid battenes At 
the time of the development of mamtenance-free battenes for portable 
instruments, a very high cycle life was requrred. To obtain this characterrstlc, 
phosphonc acid was added to the electrolyte This resulted m a performance 
of about 200 cycles at 100% depth-of-discharge (DOD) and up to 10 000 
cycles at more shallow DODs (Fig 4) 

Chargmg charac terastlcs 
Mamtenance-free lead/acrd battenes are charged under constant voltage 

condltlons m order to mmlmlze the loss of water At an ambient tempera- 
ture of 30 “C, the charging voltage must be mamtamed at 2.25 V/cell The 
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Fig 3 Self-discharge rate of gelled-electrolyte lead/acid battery at various amblent 
temperatures 
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Fig 4 Cycle hfe of gelled-electrolyte lead/acid battery as a function of depth-of-discharge 

chargmg current of gelled-electrolyte cells 1s not hmlted, the battery ~111 
accept about 500 mA per 1 A h capacity after complete discharge. Durmg 
the chargmg process, the current will drop m relation to the state-of-recharge 
of the battery. This means that the charging current 1s regulated automatl- 
tally by the battery, over-chargmg 1s not possible as long as the charging vol- 
tage is kept constant The chargmgvoltage of 2 25 V/cell IS sufficient to keep 
the battery fully charged and to recharge the battery, d necessary, m ambl- 
ent temperatures between +lO “C and +45 “C When the temperature lies 
outside this range, the chargmg voltage should be altered accordmgly (Fig 5) 
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Fig 5 Top-of-charge voltage of gelled-electrolyte lead/acid battery as a function of 
amblent temperature 
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Irrespectrve of the desrgn, all mamtenance-free lead/acid battenes 
exhibit gas evolution after reaching a fully charged state. This gas is recom- 
bmed to water mside the cell. In the case of gelled-electrolyte systems, the 
oxygen formed at the positive plates diffuses through the capillary network 
of the gel to the negatives where It reacts and is returned to the electrolyte 
as water (Fig. 6), 1 e , 

2Pb + HzS04 + O2 - 2PbS04 + 2H,O 

The lead sulphate so formed mactivates a small portion of the negative plate 
material However, because the cell is designed to have a surplus of this 
material, the battery capacity is unaffected by the water recombmation 
process The overall result 1s that water loss is kept to a minimum and no 
addrtrons are required dunng the entrre service hfe of the battery 

Dryfzt batteraes 
The demand for mamtenance-free lead/acid battenes has now changed 

from portable and cychng apphcatlons to standby power for UPS systems, 

Electrolyte Separator Gelled electrolyte and separator 

TRADITIONAL FLOODED CELL NEW SEALED RECOMBINATION CELL 

Fig 6 Schematic representation of oxygen recombmatlon mechanism m gelled-electro- 
lyte lead/acid cells 
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Fig 7 Demand for mamtenance-free lead/acid batteries 

alarm systems, emergency hghtmg, etc (Fig 7) Because of mcreasmg labour 
costs, these battenes are becoming more and more m demand for mdustnal 
applications. 

Gelled-electrolyte lead/acid battenes produced by the author’s com- 
pany (the “Dryflt” range) are avsulable m 2 V cells from 200 to 1500 A h 
capacity (C/10 rate) and have lead-calcium tubular posltlve plates and 
gravity-cast, flat negatives. The cells are fitted with the vent plug described 
above (Fig 2(b)) The self-discharge rate of these batteries at 20 “C is approx- 
imately 50% of the nommal capacity m 25 months (Fig 8) The batteries 
are charged with a constant voltage, the chargmg current 1s regulated by the 
state-of-charge of the cell Neither equahzmg charges nor mltlal charges are 
necessary because of the gel-structured electrolyte. The battenes are dehv- 
ered filled and charged so that acid handlmg at the mstallatlon site IS not 
required A further mdustrial type of battery (the “Dryfit Block”) was 
introduced to the market about 6 years ago This model uses die-cast mds 
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Fig 8 Self-discharge rate of Dryflt A 600 gelled-electrolyte battery (curves I) compared 
with that for a conventional lead-antimony battery (curves II) at various ambient tem- 
peratures 

Ambenttempemtum 

Fig 9 Constant charge voltage settmg to achieve full charge condltlon of gelled-electro- 
lyte battery at various amblent temperatures 

for the posrtme plates and gravrty-cast grads m the negatrves. The battery has 
the same performance characterlstlcs as the earher gelled-electrolyte systems 
(Fig. 9). 

The service hves of the Dryfrt batteries vary with the choice of gnd 
construction Those with gravity-cast positive and negative grrds have a 
hfetrme of 4 - 5 years, tubular plate mdustrral types grve 15 years’ servrce, 
whereas about 12 years of operation 1s obtamed from mdustrial battenes 
with die-cast posrtrves and gravity-cast negatives 

Because of the high water recombmatron effect of each cell, gas devel- 
opment m mdustnal battenes IS considerably reduced compared wrth con- 
ventronal hquldelectrolyte cells (Table 1). 

A cost comparison 1s gven m Table 2 showing the clear economic 
advantages of the gelled-electrolyte, maintenance-free battenes. 

Dryfrt gelled-electrolyte batteries have now been accepted by some 
European and overseas mstrtutes and organmatrons for various apphcatrons, 
e g , as an emergency power supply for medmm- and low-voltage switching 
equipment m the Steag power station at Walsum, F R.G. A special versron 
of the battery has been evolved from the tubular-plate mdustrral type 
for solar apphcatrons. Smce this type of service requires the battery to 
deliver power each nrght, a very hrgh cycling capabrhty 1s essential. The cur- 
rent versron IS able to operate for 1500 cycles at 75% DOD and -4500 
cycles at 30% DOD Because the batteries use an excess of electrolyte with 
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TABLE 1 

Development of hydrogen gas m Dryfit mdustrlal batteries (version A 600) by cornpar]- 
son with flooded type OPzS cells 
All values given are per 100 Ah nominal capacity (10 h rate) 

Mode of operation Battery 

A 600 OPZS 

Float-operatton 
(2 23 V/cell) 
Hz development 

Residual current 

C/l 0 * discharge 
(end voltage 1 8 V/cell) 
H, development 

Charge after C/l 0 discharge 
I max chargmg current = 
40 A/100 A h 

U, = 2 4 V (boost charge), 
t=5min 

LJ, = 2 23 V/cell 

max 8 ml H, durmg 24 h approx 100 ml H2 durmg 
24 h 

lo-15mA 25 - 30 mA 

20 - 70 ml H2 m 10 h 60 - 70 ml Hz m 10 h 

90 ml Hz durmg the first 200 ml Hz durmg the first 
24 h, then dropprng to 24 h then droppmg down 
8mlHzm24h to 100 ml m 24 h 

Maxlmum during the 2 h Maxlmum durmg the 2 h 
of charge = 19 ml Hz h-’ of charge = 21 ml Hz h-’ 

TABLE 2 

Cost comparison of conventional mdustrlal batteries (OPzs and OGI) with Dryflt A 600 
and Dryflt block batteries for a 1000 A h, 110 V system (55 cells) 

ConventIonal type 
mdustrlal batteries 

Dryflt A 600 and Dryflt 
Block 

Mamtenance (labour) 

Installation cost 
First charge 
Transportation 
Transportation of acid 

Room equipment 
Room size 
Room ventllatlon 
Mamtenance materials 

and tools 

400 mm/year (one service 
per year) 

Same cost 
4 Days 
Same cost 
Approx DM 500 for 

packmg plus transpor- 
tatlon 

Approx DM 200/m2 

DM 1 lo/year 

No cost 

Same cost 
No need 
Same cost 
No cost 

No cost 
67% less than conventlonal 
75% less than conventional 
No cost 

a low speclflc gravity, the self-discharge rate and corrosion processes are 
reduced In addition, the batteries may be overcharged durmg dally peak 
msolatlon periods 
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Future developments 

There is a trend towards the use of die-cast gnds m gelled-electrolyte 
battenes for mdustnal apphcatlons. This 1s because the technology of die- 
cast gnds is well developed and 1s more economical than that of tubular 
counterparts However, the cycle hfe of such mdustrlal batteries requires 
further Improvement. This challenge 1s being taken up by manufacturers 
and it 1s anticipated that a solution to the cycle-hfe problem will be found 
so that the production of mamtenance-free, flat-plate mdustnal battenes 
will outstnp that of other types. 

Because of high enwonment pollution, it can be estimated that m 
the future, especially m countnes with warm chmates and a lot of sunshme, 
the use of battery-backed-up solar systems will mcrease. It IS expected that 
maM%nance-free battenes for solar service ~111 be on the market by 1987 

Fmally, there ~111 be an mcreasmg demand for gelled-electrolyte 
battenes m emergency power systems (both small and large mstallatlons) 
for safety and protection requirements 


