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LEAD-ZINC BATTERY 

RELATED APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/756,015 ?led under attorney docket no. 
STF-122-A on Jan. 13, 2004, currently pending. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a novel type of 
storage battery Which is distinguished by its unique electro 
chemistry. The positive electrode comprises lead dioxide 
and the negative electrode Zinc. The electrolyte consists of 
an alkaline aqueous solution of an alkali metal hydroxide or 
tetramethyl ammonium hydroxide to Which various buffers, 
including carbonates, borates, silicates, and phosphates, may 
be added. Upon discharge the lead dioxide is reduced to lead 
oxide and the Zinc is oxidiZed to Zinc oxide. 

BACKGROUND OF THE INVENTION 

[0003] The most common storage battery, found in almost 
every vehicle, is the lead-acid battery. This battery com 
prises a lead dioxide positive electrode, a lead metal nega 
tive electrode, and sulfuric acid for the electrolyte. Its chief 
advantage is loW cost. Nevertheless, it has a limited energy 
density and the electrolyte is extremely corrosive. Further 
more, sufficient acid is required to react With the electrodes 
during discharge. Maintenance-free types avoid the loss of 
evolved gases, as disclosed in US. Pat. No. 3,862,861, but 
their cycle-life is still restricted. 

[0004] The search for alternatives to the lead-acid battery 
has been ongoing. As far back as 1934, Drumm disclosed the 
nickel oxide-Zinc battery and the silver oxide-Zinc battery 
(US. Pat. No. 1,955,115). Both of these batteries employ 
Zinc as the negative electrode and caustic potash as the 
electrolyte. Nickel oxide or silver oxide serves as the posi 
tive electrode. These batteries have improved energy den 
sities and for many uses are a good compromise. 

[0005] The ideal storage battery Would combine the best 
features of existing batteries With none of the draWbacks. 
The need for such a battery is apparent for backup systems 
and in mobile applications. Therefore, it is an object of the 
present invention to provide an improved storage battery, 
one that is both economical and highly ef?cient. These and 
other objects, features, and advantages of the invention Will 
be recogniZed from the folloWing description and accom 
panying ?gure. 

SUMMARY OF THE DISCLOSURE 

[0006] A storage battery is fabricated from a positive 
electrode of lead and a negative electrode of Zinc. During 
charging some lead is converted to lead dioxide. Upon 
discharge lead dioxide is reduced to lead oxide and Zinc is 
oxidiZed to Zinc oxide. These reactions are reversible such 
that the battery ful?lls both functions of a secondary battery: 
supplying electricity on demand and storing or accumulating 
surplus electricity. 
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[0007] The electrolyte of a cell is alkaline. Aqueous solu 
tions of bases provide the alkalinity. These bases include 
ammonia and the hydroxides of the alkali metals, namely, 
lithium, sodium, potassium and cesium. In addition, tetram 
ethyl ammonium hydroxide may be employed. 

[0008] Certain additives have been found to be effective 
buffers in the electrolyte. These additives include carbon 
ates, borates, silicates and phosphates. They may be intro 
duced by the corresponding acids or their respective salts. 

[0009] The electrodes of a practical embodiment of the 
invention may be con?gured as sheets, ?bers, or particles 
thereby to maximiZe electrode surface area. Interspersed 
particles of a carbonaceous material may be used to improve 
the electrical conductivity. A gelling agent may be added to 
immobiliZe the electrolyte. As required, a separator may be 
employed betWeen the positive and negative electrodes to 
prevent a short circuit. 

Written Description 

[0010] The chemistry of the lead-Zinc battery is important 
in order to gain an understanding of its operation. Apositive 
electrode comprises lead dioxide Which is reduced to lead 
oxide during discharge. The negative electrode comprises 
Zinc Which is oxidiZed to Zinc oxide When the cell is 
discharged. The electrolyte is alkaline such that the solution 
contains an excess of hydroxyl ions. The electrode reactions 
during discharge can be represented by the folloWing equa 
tions: 

[0011] Positive electrode: 

In the above reaction, Zinc hydroxide may be an interme 
diate in the formation of Zinc oxide. When these equations 
are combined, the reaction for the cell is: 

In the overall reaction, there is no change in the average 
composition of the electrolyte during discharge although 
there may be concentration gradients. 

[0013] During recharging of the cell, the reactions are 
reversed. Thus, lead oxide is oxidiZed to lead dioxide and 
Zinc oxide is reduced to Zinc metal. The emf necessary for 
charging is supplied by an external poWer source. The 
discharge-recharge cycle can be repeated endlessly, thus 
ful?lling the function of a storage battery. 

[0014] Aparticularly dif?cult challenge in designing neW 
batteries is identifying electrode materials that Will undergo 
electrochemical reactions and still Withstand corrosion by 
the electrolyte. Although theory is helpful in this respect, 
empirical data are required to prove the effectiveness of 
materials—both for the electrodes and the electrolyte. One 
measure of the relative performance of a cell is its open 
circuit voltage. 

[0015] The use of lead in an alkaline cell may seem 
questionable because lead in the +2 oxidation state com 
monly forms plumbous salts containing the positive divalent 
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ion Pb“. However, by the action of hydroxides on plumbous 
compounds it is possible to form the negative ion HPbO; 
Which is soluble in aqueous solutions. Accordingly Pb(OH)2 
is regarded as an amphoteric hydroxide. In a similar manner, 
concentrated solutions of alkali hydroxides act upon the 
dioxide PbO2 to form plumbate ions, PbO4'4 and PbO3_2, 
Which are likewise soluble. 

[0016] In vieW of these considerations, one goal of the 
research on neW cells Was to control the concentration 

hydroxides in the electrolyte. This result Was made possible 
by employing solutions of sodium carbonate Which react as 
folloWs: 

From this equation it is seen that such solutions are strongly 
alkaline. The carbonic acid set free on hydrolysis does not 
escape When the base is strong but forms the bicarbonate. 
HoWever, hydrolysis can be reduced by increasing the 
concentration of the sodium carbonate, thus permitting a 
degree of control over the formation of hydroxide. 

[0017] In place of carbonates, borates can be employed to 
similar advantage. Boric acid is a Weak acid, much more 
mild than carbonic acid. Thus, its salts tend to hydrolyZe in 
solution. The folloWing equation shoWs the reaction of 
potassium meta borate in solution to form potassium 
hydroxide and potassium tetra borate. 

Again the hydroxyl concentration can be controlled by 
adjusting the concentration of the potassium borate. 

[0018] Carbonates and borates are effective not only in 
controlling the alkalinity of the electrolyte, but they also 
form insoluble salts With lead and Zinc. In this manner the 
corrosion of such electrodes can be minimiZed. Not only are 
carbonates and borates helpful in this regard, but other salts 
are likeWise effective. Both silicates and phosphates form 
insoluble salts With lead and Zinc. 

[0019] Alkalinity can be provided by compounds of the 
alkali metals including lithium, sodium, potassium, and 
cesium. Lithium has certain limitations inasmuch as its 
carbonate and phosphate are almost insoluble in Water. 
Cesium provides a very strong base but the cost of this 
material limits its potential applications. While ammonium 
hydroxide is basic in solution, its volatility restricts its use. 
Finally, tetramethyl ammonium hydroxide is knoWn to be 
strongly alkaline, approaching that of sodium hydroxide and 
potassium hydroxide. 

[0020] The present invention covers the use of aqueous 
solutions for the electrolyte. These solutions have the advan 
tage of superior electrical conductivities. Although use of 
organic solvents including alcohols and glycols is feasible, 
their performance is inferior. 

[0021] The con?guration of a lead-Zinc cell is not 
restricted. For purposes of testing various combinations of 
electrodes and electrolytes, a simple cell Was assembled 
from a glass jar and strips of metals separated, as need be, 
by a polypropylene sheet. A Workable battery, hoWever, 
Would necessarily be designed With the maximum surface 
areas for the electrodes and minimum volume of electrolyte. 
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Such geometric designs as parallel plates, either ?at or 
spirally Wound, are appropriate. Alternatively, particles of 
lead and Zinc either alone or interspersed With graphite may 
be employed. In this manner, the capacity of the cell can be 
increased and its internal resistance minimiZed. 

[0022] To gain a greater appreciation of the present inven 
tion, FIG. 1 illustrates its distinctive features. The cut-aWay 
perspective shoWs a lead-Zinc battery comprising a single 
cell With its electrodes arranged as ?at parallel plates. The 
lead positive electrodes 1 and the Zinc negative electrodes 2 
are kept apart by separators 3. These parts are immersed in 
the alkaline electrolyte 4, Which is contained in casing 5. 
This sectional vieW also shoWs the electrical leads attached 
to the electrodes. An advantage of this design is that by 
placing the positive and negative electrodes in close prox 
imity to each other the quantity of electrolyte is reduced. 

[0023] Applications of a secondary battery as provided by 
the present invention are almost limitless. The largest appli 
cation is in vehicles including automobiles poWered by neW 
hybrid motors. Other uses include portable electronic 
devices such as cell phones and laptop computers. 

EXAMPLES 

[0024] 1. The electrolyte in this example contained 
sodium carbonate. The sodium carbonate solution Was 
prepared by heating 96.8 g. of baking soda (sodium 
bicarbonate) to 500° F. and dissolving the product in 
185 ml. of Water. The positive electrode Was formed 
from a 11/2 in. Wide strip of lead obtained from a 
plumbing supply business. The negative electrode Was 
a 11/2 in. Wide strip of Zinc Which had been removed 
from a ?ashlight battery of the Leclanche type. The cell 
compromised a glass jar about 2% in. diameter by 21/2 
in. high. After charging the cell for 23 minutes at 2.50 
v., an open circuit voltage of 2.32 v. Was observed for 
the cell. The cell Was repeatedly discharged and 
charged during the course of the run. At the end of the 
experiment, the electrodes Were in perfect condition 
and the electrolyte Was Water-White. 

[0025] 2. In this run the electrolyte Was a solution of 
potassium borate. The same electrodes and container 
Were used as in example 1. To prepare the electrolyte 
40.0 g. of potassium hydroxide and 44.5 g. of boric acid 
Were dissolved in 175 ml. of Water. After charging the 
cell for 39 minutes at 2.50 v., the open circuit voltage 
of the cell Was 2.1 v. No corrosion Was apparent on 

either electrode at the end of the run. 

[0026] 3. Tetramethyl ammonium borate Was employed 
for the electrolyte. The same electrodes Were used as in 
the prior runs, but a smaller glass jar 2 in. diameter by 
3% in. high Was substituted. The electrolyte Was pre 
pared by dissolving 50.0 g. of tetramethyl ammonium 
hydroxide pentahydrate and 19.9 g. of boric acid in 100 
ml. Water. An open-circuit voltage of 2.18 v. Was 
obtained after charging the cell at 2.50 v. for 32 
minutes. Both electrodes Were in excellent condition at 
the end of the run. 
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[0027] 4. In this case the electrolyte comprised sodium 
hydroxide, sodium carbonate, sodium silicate and 
sodium phosphate. The electrodes and cell Were iden 
tical to the ones in the previous run. The electrolyte Was 

prepared by adding 50.1 g. of a household dishWasher 
detergent to 160 ml. Water. The detergent contained 
sodium carbonate, sodium silicate, enZymes, and 7.4% 
phosphorous in the form of phosphates. Activated 
carbon Was added to the solution before ?ltering it 

through four coffee ?lter papers. 125 ml. of ?ltrate Was 
obtained. Next 5.0 g. of sodium hydroxide Was added 
to the ?ltrate to produce the electrolyte. After extensive 
charging at 2.5 v., an open-circuit voltage of 2.1 v. Was 

realiZed. The cell capacity Was equal to or better than 

the results for any of the other runs. The electrodes 

Were in perfect condition at the end of the experiment. 
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The invention in Which exclusive property or privilege is 
claimed is de?ned as folloWs: 
1. A storage battery comprising: 
(a) a positive electrode of lead; 

(b) a negative electrode of Zinc; and 
(c) an alkaline electrolyte. 
2. A storage battery of claim 1 in Which the alkaline 

electrolyte is an aqueous solution of a hydroxide of an alkali 
metal selected from the group lithium, sodium, potassium, 
and cesium. 

3. A storage battery of claim 1 in Which the alkaline 
electrolyte is an aqueous solution of tetramethyl ammonium 
hydroxide. 

4. A storage battery of claim 1 in Which the alkaline 
electrolyte contains a buffering agent selected from the 
group carbonates, borates, silicates, and phosphates. 

* * * * * 


