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QUALITY-CONTROL TECHNIQUES FOR DRY CHARGING 
LEAD/ACID BATTERIES 

J E MANDERS 

Zmc and Lead Asran Servzce, 124 Exhzbttron Street, Melbourne, VIC 3000 (Australra) 

Introduction 

Dry-charged lead/acid batteries were introduced because of the prob- 
lems inherent m the storage of wet-charged types. At the time, the materials 
used to construct batteries were such that wet-charged batteries suffered 
high rates of self-discharge and sulphation on standing, and generally deteri- 
orated on the shelf Many slow-movers were, m fact, scrapped pnor to sale 
The dry-charged battery provided the customer with a fresh battery, and 
gave distributors and retailers a means of safely carrymg both a wider range 
of products and larger stocks. In many cases, transportation was simphfied 
and made cheaper by using dry-charged types. 

Technical developments, resulting m low mamtenance and mamte- 
nance-free batteries, have removed the ongmal problems with wet-charged 
systems In some markets today, dry-charged batteries are rarely seen at the 
pomt of retail. However, other markets still demand these batteries, and dry 
charging is carried out to facilitate shipment to export markets 

Methods of dry charging 

The choice of the best drymg or preservation process for plates is 
determined by the requirements of the finished product, as well as by 
economic considerations such as mvestment, available space, labour costs 
and energy demands. 

The requirements of the finished products may be separated into two 
broadly different areas 

(1) Conuentzonal dry-charged. Here the market requires dry-charged 
batteries and the product must satisfy the expectations of the consumer. 
Specifications often need to be met and quality control is unperative The 
batteries are manufactured with plates processed by one or other of several 
well-known methods [l] which preclude the action of atmospheric oxygen 
during drying. These methods mclude: (a) vacuum drying; (b) drying m an 
inert gas atmosphere; (c) drying using superheated steam; (d) drying by sol- 
vent displacement, (e) hot platten drying. 
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(11) Conuenzence dry-chargzng Here the finished product is not likely 
to reach the end point of sale and is basically used within the confines of 
the company and its own distributors. The process is used mamly for the 
purpose of avoiding transport of electrolyte either for weight savmgs or for 
regulatory reasons Before fmal distribution, the batteries are usually filled 
and given a refreshing charge Outside specifications are irrelevant and a 
degree of relaxation m quality control is permissible 

Additionally, it may be necessary to dry-charge batteries m an emer- 
gency, for example, when conventional dry-charged manufacturmg eqmp- 
ment is m need of mamtenance or replacement Two distinct methods have 
been employed for such situations (a) drying the plates m a hot-an oven 
after impregnation of the plates with an oxidation mhibitor or anti-oxidant, 
(b) using a conserve-charge method which mvolves drammg the battery of 
fluid electrolyte and sealing agamst the mgress of oxygen, the plates, separa- 
tors, etc , remam moistened with electrolyte 

Product specrfrcatron 

In practical terms, the traditional dry-charged battery should be capable 
of startmg a vehicle, without the necessity for a boost charge, withm 15 - 20 
mm of fillmg with electrolyte at ambient temperatures Quality-control 
procedures should be m place within the manufacturmg plant to ensure that 
batteries meet this performance requirement Process-proving procedures and 
final product-testing should be carried out on a regular basis (at least weekly) 
m the quality-control laboratory. Quality-control monitoring of components 
should be conducted continuously m the factory usmg mexpensxve eqmp- 
ment and a minimum of skill 

Laboratory testmg 
The following tests should be performed: (a) battery activation, (b) 

measurement of the water content of both positive and negative plates, 
(c) measurement of the moisture content of the separators, (d) measurement 
of the oxide content m the negative plate, (e) determmation of the effi- 
ciency of the oxidation mhibitor 

Quahty-control monltormg 
Quahty-control monitoring should be performed contmuously and 

should mclude simple yet mdicative tests on all components relevant to the 
dry-charge nature Tests should mclude. (a) cadmium electrode testmg of 
both positive and negative plates, (b) measurement of the moisture content 
of positive plates, (c) water absorption testmg of negative plates, (d) deter- 
mmation of the ohmic resistance of cell packs As well as these procedures, 
factory personnel should routmely check the temperature of the ovens used 
for drying positive plates, the control of plate washmg (via pH measure- 
ments) and, where installed, the reading of oxygen-analysis meters 
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Battery activation testing 

This test determmes the abmty of the battery to start a vehmle without 
a pnor boost charge. The test should be carried out regularly on freshly 
produced battenes, as well as on batteries taken from stock or returned by 
the distribution network. Measurements taken durmg the test also give 
some indication of any component or area of processmg that may be at 
fault The steps mvolved m the test are listed m Table 1 

Figures 1 to 4 show the deterioration m the dry-charge activation 
characteristics durmg battery storage. If the battery farls to pass the activa- 
tion test, the measurements recorded can indicate those areas of the process 
requnmg investigation. A typical analysis LS outlmed m Fig. 5. 

Quality control monitoring 

Cudmum electrode test 
On of the most valuable tools avarlable for contmuous monitoring of 

both positive and negative plates is the simple cadmium electrode test 

TABLE 1 

Actlvatlon test for dry-charged (12 V) lead/acid batteries 

Stage Experlmental procedure 

1 Stablhse the battery to a temperature of 25 “C 
2 F111 the battery with electrolyte whose temperature 

Is25”CandSG 1s1 260 
3 Immediately after fdhng the posltlve-end-cell, 

measure the potential against cadmium 
4 Immediately after fllhng the negative-end-cell, 

measure the potential against cadmium 
5 Immediately after fdhng the complete battery, 

measure the openclrcult voltage across the 
terminals 

6 20 mm after filling measure 
l temperature 

l S G of each cell, or at least centre cell 

l open-circuit voltage across terminals 
7 Discharge the battery to 6 V usmg a discharge 

current equal, in amperes, to 3Cz0 
l measure voltage at 5 s 

l measure time to 6 V 

l momtor potential of posltlve and negative 
plates against cadmium 

Test requirements* 

See Tables 2 - 4 

See Tables 2 - 4 

1200v 

Rise of 8 “C (maxImum) 
-see FJg 1 
Drop of 0 025 S G. 
(maximum) - see Fig 2 
12 30 v 

9 5 V (minimum) - 
see FJg 3 
3 0 V mm (mmlmum) - 
see FJg 4 

*Speclflcatlons for a fresh battery, I e , less than 60 days storage 
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Rg 2 Actlvatlon test charactenstlcs for dry-charged batterfes acid S G drop (20 mm 
after fllhng) us storage time 

Plates can be tested nnmedlately on emer@ng from the drymg machme, 
durmg storage m the factory, and lmmedlately pnor to assembly 

The testmg eqmpment is mexpenslve, and the tests can be carned out 
on a table m the plant by an operator with mmlmal trammg All that 1s 
required is (1) a voltmeter with two probes, one of which cmes a cad- 
mium stick, (ii) an empty battery box with one cell contammg sulphurlc acid 
electrolyte of 1 260 - 1 270 S G (Fig 6(a)), (m) a stop clock A single 
positive, or negative, plate IS dropped mto the cell contammg the electrolyte 
and the potential agamst the cadmium reference electrode IS measured (Fig 
6(b)) 
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Fig 3 Actlvatlon test charactenstlcs for dry-charged batteries 5 s voltage us storage 
time. Flllmg acid 1 260 S G at 80 OF Discharge at 144 A (3 CZO) 20 mm after fillmg 
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Fig 4 Actwatlon test characterlstws for dry-charged battenes discharge time us storage 
time FJlhng acid 1 260 S G at 80 “F Dwcharge at 144 A (3 $0) 20 mm after fdlmg 
Cut-off voltage 6 V 

The time taken for each plate potential to reach the appropnate value 
indicates the ability of each plate to perform satrsfactonly in an actlvatron 
test if those plates had been assembled mto a battery. Table 2 shows the 
relatlonshlp between the elapsed time to a given potential and the respective 
condltron of the plate. The degree of oxldatlon of the negative plate and the 
grading of the positive plate are grven m Table 3. Finally, Table 4 presents 
expenmental results obtained from a negative plate that was senously 
oxidized, together with those for a posltrve plate that was suffermg from 
extensive thermopasslvatlon. 
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Battery Falls Actwatton Discharge 

/ \ 

J I 
S G drop excesswe 1 S G drop not excesstve 
Temperature r1s.e excesswe 2 Temperature rcse not excessive 
Open-circuit voltage immediately after 3 Open-clrcuct voltage tmmedlately after 
fllllng - marginally low fllllng - very low 

1 
2 
3 

1 
Negative Oxidation 

Oxfdatlon Prior to Assembly Oxldatlon During Battery Storage 

a Exposed prior to dry-charging machlne 
l Dry-chargtng machtne faulty excess 02 
l Oxldatcon In atmosphere I” plant during 

a Moisture In posctwe plates 
l Mowture m negattve plates 
l Sealmg faulty 

plate storage and battery assembly 
. InhIbItor InefficIent or insufftctent 
l Still wet after dry-charging machtne 

l lnhlbrtor IneffIcIent or InsuffIcIent 

1 
PosItwe tilgh Reststance 

a Thermopasscvation 
a Underwashlng 
l OverwashIng 

Fig 5 Interpretation of results from activation test 

(a) @I 

Fig 6 Equipment for cadmmm electrode test 

TABLE 2 

Cadmmm electrode test for dry-charged batteries 

Time 
(s) 

Negative plate 
voltage (V) 

Posltlve plate 
voltage (V) 

Plate 
condltlon 

0 0 15 2 15 Excellent 
15 0 15 2 15 Excellent 
60 0 15 2 15 Good 

120 0 15 2 15 Satisfactory 
> 120 0 15 2 15 Unsatisfactory 
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TABLE 3 

Guldehnes for cadmmm electrode testing of dry-charged batteries 

Time Negative plate 
(s) wt % oxide* 

Positive plate process** 

0 <4 Excellent control of washmg and drying 
15 2’6 Excellent control of washmg and drymg 
60 5+8 Good control of washing and drymg 

120 8+12 Washmg suspect 
> 120 > 12 Thermopasslvatlon 

*Time to 0 15 V 
**Time to 2 15 V 

TABLE 4 

Data from a cadmmm electrode test on a defective dry-charged battery 

mrne 

0 
30 s 
5 mm 
Conclusion 

Negative plate 
potential (V) 

0 35 
0 30 
0 30 
oxide > 20 wt % 

Time 

0 
1 mm 
5h 
Conclusron 

Positive plate 
potential (V) 

168 
1 85 
2 15 
heavy passlvatlon 
and overheatmg 

Moisture content of plates 
Measurements of the moisture content of plates should be conducted 

regularly, together with similar moisture testing of the separators Such 
actlon 1s essential m estabhshmg that the drying process IS adequate and that 
the storage faclhtles offer sufficient protection agamst the environmental 
condltlons m the plant The maxunum water content should be zero and 0 3 
wt.% for negative and posltlve plates, respectively 

Contmuous momtonng by the quality control technique (Table 5) 
should be camed out to ensure that the process 1s taking place as required 
and that operators are not deviating from the prescribed procedures. 

Inhlbrtor test 
Oxldatlon mhlbltors are used to hmlt the oxldatlon of the negative 

plate dunng the dry-charge process and/or to retard the oxldatlon dunng 
storage pnor to battery assembly and durmg battery storage. Some mhlbltors 
are added drrectly to the paste murture, whereas others are applied by 
soakmg the charged and washed plates m solutions of the mhlbltor for 
penods of up to 1 h pnor to the dry-chargmg process. 

As well as provldmg protection for the negative plate, the mhlbltor 
should have the following propertles 
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TABLE 5 

Quahty control of moisture content m dry-charged plates 

Stage Procedure 

Place a sample posltlve or negative plate on an electrically heated 
hot plate whose surface temperature IS 100 - 120 “C 
Place a cold, dry watch glass on the battery plate 
Wlthm 15 s a fog ~111 appear beneath the glass 

l If this fog forms condensation on the glass, then plates are 
too wet for use 

0 If this fog does not form condensation and disappears 
quickly on hftmg the watch glass, then plates are satisfactory 

TABLE 6 

Oxldatlon mhibltors for dry-charged plates 

Materials added duectly to paste 

Long cham carboxyhc acids, e g , stearlc 
acid (0 8 wt W) 
Oxynaphtholc acids, e g , alpha oxynaph- 
tholc (1 0 wt %) 
Polymerized resms contarnmg 10 - 80 
wt % abletIc acid (0 2 wt %) 
Non-addltlve motor ads, e g , 30 W grade 
(1 litre per tonne) 

Materials added through soakmg charged 
plates 

Boric acid (saturated solution) 

Dlhydroxy and trlhydroxy benzenes, e g , 
resorcmol and pyrogallol 
Phenols, e g , cresol 

Polyhydroxy alcohols, e g , sorbltol 
Combmatlon of boric acid and phenol 

0 Quantity used should not inhibit for-matron. 
0 If added to the mix, should not be lost m processing. 
0 Should be permeable to the electrolyte on activation 
0 Should not convert to an organic acid, e g , acetic acid 
0 Should not cause deficits m battery performance 
Some typical mhibltors are listed above m Table 6 

Laboratory tests are needed, firstly, to determine whether the inhibitor 
IS the correct choice for the particular production unit or factory, and, 
secondly, whenever a new mhibitor is being tested. Quahty-control testing 
should be carried out continuously to ensure that deviations from pre- 
scribed procedures are not occurrmg The two methods that are most 
commonly used are given m Table 7 

Separator mo&ue 
Most separators absorb morsture readily under high humidity condi- 

tions Care should be taken with storage, and conditions should be such that 
humidity is below 30% 
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TABLE 7 

Methods for testing oxldatlon mhlbltors m dry-charged plates 

Laboratory method 

1 Measure oxide content of plate 
2 Expose plates to 80 “F/SO% humidity 

in oven 
3 Measure oxide content over 8 weeks 
4 Increase m oxide content 3% maximum 

Water drop absorption method 

1 Place a drop of water on the negative 
plate and monitor the time taken for 
absorption 
l instant absorption - no protection 
l 5 - 10 mm -low protectlon 
l 4 - 8 h - good protectlon 

Some companies apply an ohmic resistance test on each group or 
element Just pnor to assembly of the battery cover If a resistance of 50 000 
Q or more 1s obtamed, the battery 1s considered satisfactory from the 
separator moisture pomt of view. 

Oxygen content of drying medwm 
The oxygen content of an inert gas used m the negative drying process 

should be mamtamed below 0 2% This usually requires the composltlon of 
the gas to be burnt to contam less than 1% oxygen. 

Expenence shows that platten dry-charging produces a negative plate 
with an oxide content m a very low range (1 e , 2 - 4 wt 9%) On the other 
hand, gas-drying techniques usually yield plates whose oxide contents are 
somewhat higher and generally m the 5 - 10 wt ‘96 range 

Internal resistance of posltrve plate 
Phynco-chemlcal and electrochemical mvestlgatlons have shown that 

the posltlve electrode 1s thermally damaged durmg the drying process The 
effect of drymg temperature on the internal res&ance of the posltlve plate 
has been recogmsed for some time Badger [2] has discussed the effect of 
internal resistance on battery performance, and the change m internal reas- 
tance with increase m the process temperature has been reported by Tlegel 
[l]. The latter’s fmdmgs are reproduced m Fig. 7 Here, curve (A) represents 
the change m resistance with temperature of drying for well-washed plates, 
and curve (B) represents the change for plates after only rmsmg off the acid 
instead of a good washing The data show that the temperature of drymg 
ovens must be hmlted so that a maximum plate surface temperature of 
180 “F (82 “C) IS obtamed. 

AnastasiJevii: et al [3] have dlscussed changes m the structure of the 
active mass and m the composltlon of the passlvatmg layers durmg drying 
Except for very short drying penods (exposure to heatmg <4 mm), thermo- 
passlvatlon resultmg from the changes occurs at temperatures lower than 
180 “F (82 “C) and 1s dependent on exposure tnne. 



J% 7 Internal resistance of dry-charged batteries as a function of plate drymg tempera- 
ture [II 

Drying temperature/oF 

When drymg temperatures are not extreme, the resultant thermo- 
passlvatlon has httle effect on cell potent& when the battery is drscharged 
at moderate temperatures (15 - 25 “C). The effects mcrease, however, with 
decrease m the discharge temperature, and when combmed with errors m 
washing procedures It has been shown that there IS at least 600 mV dif- 
ference m electrode potential between cells discharged at 20 “C and -18 “C 

It should be noted that the thermopasslvatlon decreases with mcreasmg 
soak time m the electrolyte pnor to discharge, and although the nntlal 
battery performance 1s poor, the thermopasslvatlon and the structural 
changes mentioned above disappear on rechargmg. 

Care must be taken m washing posltlve plates The final washing water 
should have a pH between 4 and 5 Underwashmg (z e , pH <4) causes an 
increase m electrical reastance, a short-cucult element is formed between 
the gnd and the active mass wrth the formatron of lead sulphate m the 
region Note, this can also occur d plates are left to stand m formatron 
electrolyte on open crrcurt prior to washing. Overwashmg (z e , pH >5) 
leads to a sltuatlon where the posltrve plates take up CO* from the an to 
form basic lead carbonates This occurs more quickly at elevated tempera- 
tures such as those found m posltlve storage ovens (>40 “C) 

Conclusions 

With the availability of maintenance-free and very low mamtenance 
battenes, it 1s no longer necessary from a product storage pomt of view to 
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produce dry-charged batterres. The process 1s also expensive and labour 
mtenslve. Where markets demand dry-charged batteries, however, the manu- 
facturer has very httle chorce but to produce such umts 

For good product rehabrlity, strmgent quality control 1s requrred: not 
only dunng the process itself, but also durmg component storage, battery 
assembly, and battery dlstrlbutron and storage The techniques discussed in 
this paper assist manufacturers to hmrt the effect of devlatlons caused by 
machme problems, operator fa&ngs, and envrronmental conditions. 
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