
 Electric Storage Battery, The.  The principle of 
the electric storage battery was known as far back as 
1801, for in that year Gautherot discovered the secon-
dary current obtained from a cell which consisted of 
two silver or platinum electrodes immersed in a com-
mon salt solution.  He first charged the cell by passing 
a current through it; then breaking the charging cur-
rent, he connected the two plates to the terminals of a 
galvanometer and obtained a momentary deflection, 
indicating a flow of current in the reverse direction to 
the original charging current.  This, then, may be said 
to have been the discovery of the principle of the stor-
age battery, but it was nothing more, since 41 years 
elapsed before anything noteworthy, more, was done 
toward its development.  In 1842, however, Sir William 
Grove constructed his famous gas battery, which was 
a long step ahead in the direction of a commercial ac-
cumulator.  Grove's battery consisted of a pair of 
platinum strips immersed in dilute sulphuric acid, 
each strip surrounded on the top and sides by a closed 
glass tube which collected the gas developed in charge, 
and kept each gas in contact both with its respective 
electrode, and with some of the adjoining acid surface. 
If this apparatus, after having current passed through 
it for some time, be connected to a galvanometer, it 
will yield a small current in the reverse direction for a 
considerable time, or until the oxygen and hydrogen 
developed by the charge have gradually become ab-
sorbed by the platinum and have recombined to form 
water.  It will be seen that this cell was a very great 
advance over the experiment of Gautherot, but yet it 
was absolutely without practical value as a storage 
battery, and a great deal of thought and labor ex-
pended since Grove's time have failed to further de-
velop it. 
 It remained for one Gaston Plante, a Frenchman, 
in 1860, to make the one more important step which 
immediately demonstrated the wonderful possibilities 
of the storage battery, and which set other inventors to 
work all over the world. His experiment consisted in 
making a cell which had lead strips instead of plati-
num, immersed in dilute sulphuric acid, as was used 
by Gautherot; this cell being charged by a current 
would yield a very considerable reverse or “secondary” 
current.  Plante's important discovery, however, was 
that each time such a cell was charged and discharged 
the amount of the secondary current, or the “capacity,” 
of the cell increased; and further experiments showed 
that by not merely discharging the cell but by charging 
it up in the reverse direction each time, the capacity 
was brought up even more rapidly.  Plante was thus. 
enabled to make secondary cells having enough capac-
ity to give them great commercial importance, and 
since the changes and improvements which have been 
introduced since his time are all directly along the 
same lines and all involve the same fundamental prin-
ciples, it is eminently fitting and proper that to Plante 
has been attributed the honor of inventing the storage 
battery.  Examining his results carefully, Plante found 
that the lead plate which was connected to the carbon 
or negative pole of the primary battery, became coated 

with a film of dark brown peroxide of lead, and the 
lead plate connected to the zinc terminal of his pri-
mary cell was coated with spongy metallic lead. Each 
time the current in the secondary cell was reversed a 
little more of the solid metallic lead of the plate became 
peroxidized, and the gradual accumulation of this film 
of “active material” on both plates, caused the increase 
in capacity.  Plante arranged a large series of cells 
through which he continually passed a current, first in 
one direction, then in the other, the duration of the 
charges gradually increasing, and by this treatment, in 
course of time, his plates accumulated a considerable 
thickness of active porous lead and lead peroxide upon 
their respective surfaces, and after one or two months 
of the treatment (which he called formation) were 
ready to be used. It will readily be seen that this form-
ing process for converting the solid lead into active 
material was very troublesome and expensive, and it 
was in overcoming this difficulty that the next great 
step ahead was taken.  While Plante's batteries might 
have been of great commercial value, the very limited 
use of electricity at that time necessarily curtailed its 
usefulness very much, and it was not until the devel-
opment of the dynamo that the real need for a storage 
battery was felt.  It was in response to this need that 
Camille A. Faure, in 1881, patented a method for mak-
ing storage batteries, by which the long forming proc-
ess of Plante was entirely obviated.  Instead of chemi-
cally attacking the surface of the metallic lead plate, 
Faure covered the surface with lead oxide in the first 
instance.  A single charge then was sufficient to con-
vert this into lead peroxide upon the one plate and 
metallic lead upon the other.  This invention, which is 
virtually the last great stride toward the perfection of 
the storage battery, is commonly credited to Faure, but 
incorrectly so, since Charles F. Brush, in America, 
working independently of Faure, arrived at the same 
principle at almost the same time, so that in this 
country priority was given to him, and it is Brush's 
patent which has ever since controlled the so-called 
“pasted” plate throughout the United States.  All bat-
tery plates made to this day are either after the Plante 
type, where part of the metallic lead plate is chemically 
acted upon to produce the active material, or else after 
the Faure-Brush, or pasted type, where the active ma-
terial, usually in the form of an oxide of lead, forms an 
integral part or the original plate. It must not be un-
derstood from this that no improvements have been 
made in recent years, but rather that each improve-
ment taken singly has been of relatively small impor-
tance, and that the vast number of these, and the con-
stant perfection of detail, have collectively made an 
immense difference to its practical performance. 
 Some of these refinements of design and detail are 
as follows: 
 Faure's original plates consisted of plain sheets of 
lead, sometimes roughened on the surface, upon 
which was spread or pasted the lead oxide intended to 
become active material.  It was soon found, however, 
that in practice this arrangement was entirely inade-
quate, since the lead peroxide on the positive plate 
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quickly lost its hold upon the supporting sheet and fell 
away from it. 
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 In order to meet this difficulty, Swan, in England, 
and Brush, in America, at about the same time, de-
vised a variety of grid plates, whose object was to pro-
vide means of locking the material fast.  These grids 
were either like a flat plate with a number of deep 
grooves extending into its surface (Fig. 2), or else like a 
flat plate having a number of holes entirely through it 
(Fig. 3); the lead oxide intended to become active mate-
rial being worked into the openings in either case and 
there held by the large surface of contact with the grid. 
But with a few years experience it was found that nei-
ther of these two expedients was sufficient for practical 
purposes, and many inventors set to work to construct 
grids which would effectively retain the active material, 
and particularly the lead peroxide upon the positive 
plates. The number of different forms of grid thus 
brought out almost surpasses belief, and a few only of 
the most important are here illustrated (Figs. 1 to 9). 
 These examples, selected from among the types of 
pasted plates which have been most successful, show 
the general tendency toward that construction of grid 
which will have the best grip upon the active material 
and which will make it as difficult as possible for the 
latter either to lose electrical contact with the grid or to 
fall to the bottom of the cell. In some cases, as the Tu-
dor plates illustrated, the grids after being cast have 
been passed through rolls which turn over a part of 
each fin so as to give it a grip on the material; in other 
cases the grids have been cast with holes bigger in the 
middle section than at either surface; and in still oth-
ers, notably the chloride plate, the active material 
made into small blocks has been placed in the mold 

and the lead grid cast around it.  Finally in the latest 
type of pasted plate two grids. each having a perfo-
rated sheet of lead cast on one side are riveted together 
with the sheet of lead on the outside, thus forming a 
number of completely enclosed pockets which hold the 
active material (Fig. 9). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figs 1 to 12 are types of grid for pasted plates.  Shaded portions represent lead, un-shaded portions active material. 

 Quite soon after the storage battery came into ex-
tensive use it began to be found that in spite of all 
possible precautions in the design of the grids, the 
peroxide of lead on the positive plates would always 
become soft on the surface and would gradually wash 
away, leaving the empty grid with little or no capacity. 
This inherent defect of the pasted positive led manu-
facturers to seek a remedy in the older or Plante type 
for their positives, and in this they were so successful 
that except for small batteries for automobiles and 
some few other cases where lightness is a great factor, 
the Plante type of positive is now always used. Its ad-
vantages consist in the facts that, (1) the peroxide be-
ing a very thin layer and very close grained, and also 
being protected from the wash of the electrolyte by 
reason of its location in the grooves or interstices of 
the plate, is not readily washed away as is the material 
of a pasted plate; and (2) that as the peroxide becomes 
very gradually disintegrated through use its place is 
continually filled by the fresh peroxide slowly “formed” 
by the working of the cell upon the surface of the main 
grid. The pure Plante plate made by casting a grid with 
very fine channels extending from one side to the other 
(Fig. 10), is the standard on the continent of Europe, it 
having but the one fault, liability to become bent or 
“budded” with use, to the extreme detriment of the 
battery.



  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
For explanation of figures, see article. 
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 In America, however, the type known as the “Man-
chester” positive has been the most successful. This 
plate with its prototypes is here illustrated (Figs. 11 to 
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spaced between 15 and 35 per inch, exposing to the 
acid a surface from five to ten times that of a plain 
plate of the same outside dimensions. 
 As the positive plates made after Plante's method 
came into increasing demand, manufacturers found 
that the process of formation was exceedingly slow and 
expensive and hence they set to work to try to cheapen 
it. To this end they subjected the plates to be formed 
to the action of some chemical which would easily at-
tack the surface and leave there a porous layer of a 
lead salt which could readily be “formed” into peroxide 
by the oxidizing agency of an electric current. Swan 
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FIG. 7 – Winkler 
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thus exposed his plates to the action of acetic and car-
bonic acid fumes, and thus covered his surfaces with 
white lead, while Dujardin dipped his plates into nitric 
acid and thus formed a layer of lead nitrate; the plates 
covered with a layer by either of these processes were 
set up in dilute sulphuric acid and there subjected to 
the action of a current which converted the porous 
layer into peroxide. It was soon discovered after this, 

that these two operations would be carried out to-
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FIG. 9 – Box 
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weight is considerably higher, so that for the class of 
work mentioned it fills a very important place. 
 In the early days of storage batteries both Plante 
and Faure used positive and negative plates of identi-
cal construction, and any form of positive described 
above may be used as a negative; but the conditions 
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 But later investigators, notably Gladstone and 
Tribe, noticed that the density of the sulphuric acid 
electrolyte always changed when a cell was either 
charged or discharged, rising on the former and drop-
ping in the latter case.  The amount of this change in 
density which they noticed was much greater than 
could be accounted for by the old theory, and hence 
they were led to examine into the chemical composi-
tion of the active material at various stages of charge 
and discharge. Doing this they found that both plates 
on discharge instead of being converted into lead mon-
oxide were changed to lead sulphate, and hence the 
drop in density of the acid. Putting these reactions into 
the form of a chemical equation, we have:  
 

Charged Cell. 
PbO2, XH2SO4, yH2O, Pb, equals 

Discharged Cell. 
PbSO4, (X-2)H2SO4, (Y + 2)H20, PbSO4. 

 
That this reaction represents approximately the 
changes taking place in the storage cell is now gener-
ally acknowledged, but one thing which the equation 
does not account for is the fact that it is never possible 
to obtain anything like the full theoretical capacity 
from a cell.  That is, experience has shown that after 
one half – at the utmost – of the active material has 
been turned to sulphate, the e.m.f. of the cell has 
dropped to zero and we can get no further current 
from it. The exact reason for this is not easy to give 
with certainty, but it is generally supposed that as lead 
sulphate is a very poor conductor it is necessary that a 
considerable amount of lead peroxide and metallic lead 
respectively be left in the two plates in order that the 
active material as a whole shall be a conductor. 
 If the thermo-chemical equivalents of the above 
equation be considered it is found that a thermal 
change of 85,700 to 87,700 heat units is involved; and 
the temperature coefficient of a storage cell is .022 
percent per degree Fahrenheit. The well known equa-
tion of Helmholtz,  

dt
deT

23073
UE +=  

 
(where E is the voltage of the cell, U the heat energy of 
the chemical reactions involved, T the absolute tem-

perature, and 
dt
de  the temperature coefficient), gives 

from these values 1.96-2.01 volt as the e.m.f. of a stor-
age cell at 63° Fahrenheit; while the observed e.m.f. is 
1.99-2.01, an agreement which greatly strengthens the 
theory.  Applying to storage batteries the osmotic the-
ory of Nernst, the German investigators Liebenow and 
Dolezalek conclude that the energy of the discharge is 
derived from the tendency of the ions of lead peroxide 
and of metallic lead to go into solution, and surprising 
as it seems at first sight this view appears to be gain-
ing ground. At various times a great deal of most inter-
esting work has been done upon the theory of storage 
batteries, yet it must be admitted that the theoretical 

development is far behind the practical up to the pre-
sent time, and it is safe to say that, as in the case of 
most useful inventions, if the pioneers in the art had 
waited for a full theoretical knowledge the invention 
would never have been made. 
 Properties. – The fundamental property of a storage 
cell is its capability of storing energy, as the name im-
plies. As has been pointed out, the source of the cur-
rent of the battery is chiefly chemical energy. On the 
discharge of the cell this is converted directly into elec-
trical energy, whereas on the charge the original 
chemical constituents are reproduced, with a conse-
quent absorption of energy. The useful energy given 
out by the cell during discharge is of course never 
quite equal to that put in during the charge; both the 
quantity of electricity and its P.D. (that is, the differ-
ence of potential between the terminals of the cell) be-
ing smaller than in the former case. When a cell is dis-
charging at constant current, its P.D. continually falls 
off until it reaches zero, the drop being very much 
more rapid as the end approaches.  These phenomena 
are very much more easily understood by reference to 
the accompanying illustration (Fig. 21), in which the 
abscissæ represent time in hours and the ordinates 
show the P.D. between the terminals. The cell has not 
been completely discharged until the P.D. reaches 
zero, but since the latter end of the discharge would be 
of very little value, and beside this it is found very in-
jurious to the cell to completely exhaust it, the usual 
practice is to stop the discharge when the voltage 
reaches some definite value, usually 1.8 for the normal 
rate, 1.7 for the hour rate, and the “capacity” is the 
number of ampere hours given out to this point.  Simi-
larly when a cell is charged with constant current the 
P.D. gradually rises as illustrated in the upper curve 
(Fig. 21), but here it will be noticed that there is quite 
a definite point when the charge is completed, namely 
when the P.D. reaches a maximum value, as at the 
point marked “B”; this point “B” shows that the plates 
have absorbed as much oxygen and hydrogen as they 
can hold, and if the cell be examined at this time these 
gases are found to be liberated in large quantities, 
causing a boiling or “gassing” that is very characteris-
tic of the charged cell. 
 The capacity of the cell, that is the number of am-
pere hours it can give out on discharge is generally the 
measure of its useful size, and is the chief property by 
which it is bought and sold. A consideration of some of 
the most important points bearing on capacity is 
therefore of the highest importance.  Firstly, the capac-
ity of an individual cell is by no means constant, as 
might at first thought be assumed.  The capacity at 
any given rate of discharge varies directly as the tem-
perature, and at constant temperature inversely with 
the rate of discharge.  Within the ordinary range of 
working temperatures the capacity varies very nearly 1 
per cent for every two degrees above or below 70° 
Fahrenheit. 
 Inasmuch as the energy of the cell is derived from 
the chemical substances which compose it, it would 
seem that the energy obtainable at a given tempera-
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ture would be quite independent of the rate of dis-
charge; such, however, is not the case, for when a high 
discharge rate is used the active material at the sur-
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down to the lowest weight, the amount of acid is very 
small and the capacity consequently varies but little 
with rate.  In the case of a cell with a large excess of 

acid the capacity varies nearly inversely as 
the square root of the rate of discharge, 
whereas in the case of automobile batteries 
it is much more nearly constant, being 
sometimes as low as the fifth root of the 
current; both these rules holding only within 
the ordinary range of currents.  The 
variation of capacity with the rate is also 
somewhat dependent upon the type of plate 
used, since with very thin or very porous 
plates the acid is able to attack all parts of 
the active material more readily than with a 
thick or very compact one; but the effect of 
different kinds of plates upon this 
phenomenon is not so marked as might be 
expected. 
 In stating the capacity of a battery it is 
thus necessary to specify the rate at which it 
is to discharge, and the rate ordinarily as-
sumed is that which a battery of stationary 
type can maintain for eight hours; or for 
three or four hours if of the vehicle type.  In 
the lightest types of vehicle batteries it is 
found possible to obtain about 15 ampere 
hours per pound of active material, or 26 per 
cent of the theoretical capacity, but when 
the lead grids, acid, jar, connecting straps, 
and other accessories are included beside 
the active material, it is found that 
practically the best attainable for com-
mercial conditions is five to six ampere 
hours per pound total weight of cell; while in 
the large station types about one third this 
figure is attained. 
 A few words with particular regard to the 
electrolyte may be in place here.  The two 
main functions of the electrolyte are first as 
a conductor of the current from one plate to 
the other, and secondly to furnish sulphuric 
acid, which shall enter into combination 
with the active material of the two plates on 
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discharge. So far as the first function is 
concerned it would be preferable to use sul-

phuric acid solution of about I.25 specific gravity, 
since that density gives the greatest conductivity.  So 
far as regards the second function, the greater the 
density of the acid the better, since this would mean 
that a smaller total weight of electrolyte would furnish 
the necessary amount of acid for the discharge of the 
plates.  But, unfortunately, there is a third considera-
tion which must be given due weight, and that is the 
physical effect of the acid upon the plates.  It is found 
that as acid above 1.2 specific gravity is used it begins 
to have an injurious effect upon the plates, whereas if 
under 1.15 it fails to carry out properly the second 
function, and in consequence the full capacity of the 
plates is not available. For ordinary usage, therefore, 
the electrolyte is used which shall be about 1.2 specific 



gravity in the charged condition of the cell, and in 
such amount that on discharge of the cell it will drop 
to about I.15.  In the automobile cells, however, it is 
usual to use acid that is somewhat heavier than this –
as high as 1,250° to 1.300° – in order that a smaller 
amount of it may suffice to furnish the necessary lead 
sulphate on discharge; the slightly less endurance of 
the plates being more than made up for the smaller 
total weight of the cell. 
 The mean P.D. of a battery on discharge may be 
taken at 1.9 volts, so that the maximum energy capac-
ity is - for the vehicle type – about 10 to 12 watt hours 
per pound; or, in other words, if all the energy of the 
cell could be expended in lifting the latter it would 
raise it 26,600 to 31,900 feet high.  The magnitude of 
this figure is perhaps better realized by noting that it 
is about l00 times as great as the amount of energy 
which can be stored in a pound of elastic rubber, and 
1,700 times as great as the amount that can be stored 
in a pound of steel wire having an elastic limit of 
60,000 pounds per square inch. 
 The next important property of a battery is com-
monly its efficiency, and this is one the determination 
of which requires considerable care.  Two curves of 
charge and discharge (Fig. 21) are sufficient to give the 
efficiency, but a chance for error lies in the fact that it 
is difficult to tell whether both of these curves will rep-
resent the performance of the battery for a continued 
period.  It is found always necessary to charge for a 
greater number of ampere hours than are taken out on 
discharge, and the only way to tell how much this 
“overcharge” must be is to run a battery continuously 
for some; time and carefully measure each charge and 
discharge.  By carrying this out it is found that from 5 
to 10 per cent more must be put in, in order to keep 
the battery in a properly charged condition than is 
taken out.  Furthermore, as these same curves illus-
trate, the mean voltage on charge is considerably 
higher than on discharge, and here is another source 
of loss.  Taking the battery working at its eight hour or 
normal rate, the mean charge voltage will approximate 
2.21, the mean discharge 1.91; summarizing, then, the 
voltage efficiency is 86 ½ percent, the ampere hour 
efficiency is 92 ½ percent, and the watt hour efficiency 
80 percent. 
 This last figure, the energy efficiency, is that which 
may be commonly obtained from a battery continually 
worked to its full normal rate capacity.  A battery on 
the other hand, performing “regulating” work, that is, 
the steadying of a load which is subject to very large 
fluctuations of short duration, is called upon to alter-
nately discharge and charge at rates as high as four to 
eight times the normal, lasting, however, for fractions 
of a minute only.  Working at this service it is usual to 
give an overcharge once in several days, or once a 
week, and in the interval the battery is working at an 
ampere hour efficiency of almost unity, since the 
plates, being always only partly charged can always 
take up all of the charging current without the devel-
opment of any gas. The periodic overcharge reduces 
the mean efficiency somewhat, so that 94 to 96 per-

cent is usually obtained in this kind of service. The 
voltage efficiency in this case is not materially different 
from that already considered, for while on the one 
hand the loss due to internal resistance is higher, on 
the other hand the successive cycles of charge and 
discharge follow each other so closely that the P.D. has 
not time to reach its ultimate value before the current 
is reversed and another value sought. The mean volt-
age which a battery maintains under these conditions, 
commonly called its “floating point,” lies between 2.05 
and 2.1 per cell; and the shorter the intervals of 
charge and discharge and the lower the current the 
less is the departure from this mean value, while long 
intervals and higher currents cause the voltage to fall 
more on discharge and rise more on charge with inter-
vals such as commonly occur of from a quarter of a 
minute to a minute duration, and with current rates of 
four times the normal, the variation may be taken as 5 
to 8 per cent on both sides of the floating point, and 
the watt hour (or energy) efficiency will then approxi-
mate 90 per cent. 
 To summarize the whole question, the efficiency of 
a storage battery in practical operation is usually be-
tween 75 and 90 per cent, the former figure applying 
where current rates are high and the battery plates 
large, and where full capacity is used, the latter where, 
though the current may be high, the duration of each 
discharge is very brief; and the efficiency attainable in 
any given case is also somewhat dependent upon the 
temperature, type, and general condition of the bat-
tery. 
 The resistance is frequently an important consid-
eration in the operation of a large battery plant, and it 
is the remarkably low value of this quantity which 
makes it possible to draw from a storage cell a very 
much heavier current than from a primary cell of simi-
lar dimensions. Depending upon the size and type of 
plates, the separation, and the condition of a cell as to 
whether charged or discharged, the resistance varies 
between .03 and .08 ohms, divided by the normal or 
eight hour rate of the battery in amperes, the lower 
value holding nearly constant throughout most of the 
discharge followed by a rapid rise near the end. The 
resistance here referred to may be called the virtual 
resistance, being obtained from two readings of the cell 
voltage, first with current flowing and second on open 
circuit, and the difference between these two readings, 
termed the “drop,” divided by the current, gives the 
virtual resistance. This virtual resistance is composed 
of two main factors, the resistance proper of the elec-
trolyte, the plates, connections, etc., and a certain po-
larization resistance at the surface of the plates, and 
the accurate measurement of each of these factors 
separately is a matter of so much difficulty that it is 
seldom attempted. 
 Storage Batteries Other Than Lead. – Thus far 
there has been considered but one genus of storage 
battery; namely, that using lead or lead compounds as 
the active material, and dilute sulphuric acid as the 
electrolyte. To the present time no storage cell using 
other constituents than these has come into any ex-
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tensive use, but there are three other classes which 
deserve to be noticed. The first class, the zinc-lead cell, 
may be regarded as a cross between the ordinary pri-
mary cell and the lead storage cell, since in the matter 
of a negative it follows the former class, and in the 
matter of a positive the latter, while the electrolyte is 
sulphuric acid, used sometimes with the primary, al-
ways with the lead storage battery. Upon discharge the 
zinc constituting the negative is dissolved to form zinc 
sulphate, while the lead peroxide on the positive is 
reduced and converted into sulphate. Since it is al-
ways troublesome to continually dissolve and re-
deposit the material of a plate without destroying its 
original shape, a plan frequently adopted in this class 
of battery is to deposit the zinc upon a thin pool of 
mercury in the bottom of the jar, which keeps it al-
ways fully amalgamated and tends to prevent its dis-
solving by local action. This expedient, however, ne-
cessitates an awkward construction of cell, with very 
high resistance, and it is found in practice to have a 
very low efficiency beside, though it has the advantage 
of giving a very high P.D. of between 2 and 2.25 volts. 
This class of cell is applicable only where low currents 
are used and where weight is not a great factor. 
 The second class of storage battery, other than 
lead, is known as the copper-zinc, and its chief dis-
tinction from those heretofore considered is the use of 
an aqueous solution of caustic potash as electrolyte. 
The negative, as in the last class, consists of metallic 
zinc which dissolves on discharge, but the positive is 
composed of cuprous oxide, which on discharge simply 
becomes reduced to the metallic state. This class pos-
sesses the disadvantage of the first class, that it is very 
troublesome to dissolve and redeposit the zinc con-
tinually without its becoming very lumpy and uneven, 
and moreover the cupric oxide which may be formed 
on overcharge is slightly soluble and may thus cause a 
great deal of trouble. A further drawback incident to 
this class is its exceedingly low P.D. of only .8 volt. 
 The third class holds much the same relation, to 
the copper-zinc as the lead cell holds to the lead-zinc, 

for it uses caustic potash solution as electrolyte, but 
replaces the soluble zinc negative by a grid pasted with 
an insoluble metallic sponge.  Upon discharge, the 
metallic sponge becomes oxidized, while the metallic 
oxide on the positive becomes reduced, and on charge 
the original condition is reproduced.  A great many 
experiments have been made, notably by Edison in 
this country and Jungner in Sweden, to determine the 
best active materials to use in this class of battery, but 
so far apparently without any very definite result.  For 
the negative, iron and cadmium have been somewhat 
successful, while for the positive, nickel, cobalt, copper 
and silver have been recommended. The chemical re-
actions taking place in a cell of this class are approxi-
mately represented as follows: 

Charged Cell.  Discharged Cell. 
Fe KOH H2O Ni2O3 = FeO KOH H2O Ni2O2 

 It will be noticed that this reaction is very simple 
and direct as compared with the reactions of any of the 
other classes of storage batteries, since the electrolyte 
maintains its composition unchanged and acts simply 
as a means of transporting oxygen from one plate to 
the other.  The energy of the discharge is derived solely 
from the greater affinity of iron than nickel for oxygen, 
and consequently this class, is often called the “oxygen 
lift” battery.  The advantages claimed for this class of 
battery are greater capacity per unit weight, and longer 
life, against which must be counted the low P.D. of 
only 1 to 1.25 volts; and up to the present time the 
claims have not been commercially demonstrated, so 
the ultimate success of the class yet remains to be de-
termined, 
 The lead storage cell on the other hand, in spite of 
some inherent faults, possesses such well established 
valuable qualities that it is constantly proving itself a 
commercial necessity, and is now recognized both in 
this country and in Europe as a standard piece of elec-
trical equipment, in just the same light as are boilers, 
engines, and dynamos. See BATTERY; DYNAMO; 
ELECTRIC BATTERIES.  HERBERT LLOYD, F.eS., 
 President of the Electric Storage Battery Co.
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