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INTRODUCTION,

(&) Authorization.

1. This problem was authorized by Bureau of Engineering letter
S&/SéZ(?-BO*Dlg of 7 August 1935.

{b) Statement of Problem.

2. The purpose of the work givem in this report was to extend the
studies which have been made by the author on the general problem of
heat balance relationships in lead-acid storage cells, The work completed
to date is discussed in Prior Work on Problem. As gtated in that section
the general problem has been solved as far as all heating and cooling
effects are concermed except in the cases of the heating effects due to
heat of formation of molecular gas and the heat effect of gravity equali-
zation. However, it is also pointed out in that section that our Xnowl-
edge of the above is limited to the gross effects. Little is known of
the distribution of the heating or cooling due to the various causes.
This last is concerned with the point of originm of the gas during the
gassing phase of cell charge and the current distribution during charge
and discharge.

3, The work given in this report was therefore concerned with the
completion of the work on heat of formation of gases and the heating
effect due to gravity equalization, the study of the point of origin of
the gases, and the general problem of current distribution over the
plates. This last is of course of great interest from the standpoint of
plate and cell design.

(b) Prior Work on Problem.

4o Prior to the work started by the suthor in 1934 at the U S.
Naval Research Laboratory no systematic studies seem to have been made
of heat balance relationships in lead-acid storage cells. Since that
time the studies have been continued and the results have been submitted
to the Bureau of Engineering in three reports (see Bibliography).

5. General Temperature Characteristics. A normal charge on a cell
of the WLE-29 type results in the generation of sufficient heat to raise
the cell temperature approximately 30-35° F, The actual rise found will
of course depend upon & number of conditions such ass tempersture of cell
surroundings, rate of ventilatiom, etc. Temperatures throughout the cell
ape fairly uniform although as much as an 8° difference between the
interior of the cell and hear the cell box may at times be foumd. This
difference is found only in the early stages of the charge before gassing
produces & mixing of the electrolyte. Temperature rise is most pronounced
during the early stages of the charge when current values are high. During
the latter stages of the charge the temperature,. usually remains constant
or decreases in value. Another rise is found when gassing commences. Ihe
following factors are important in cell temperature studies.

6. Irreversible Heat. This is a major factor in cell heating during
the early stages of the charge when maximum current values are employed.

7. Reversible Heat. This effect is most promcunced with large
charging currents.
-1.



8. Heat of Formation of idolecular Gases. This effect is only found
during gas evolution. It is the major factor in cell hezting during | the
gassing phase of cell charge.

- 9. Reversible Heat, liater Electrolysis. This effect produces &
cooling sction. It is only present when gassing takes place. During the

stgdiea data have been compiled for the proper calculation of this magni-
tude,

10. Radistion to Cell Surroundings. This effect is very difficult

. to estimate. Its magnitude depends upon the cell environment.

11. Evaporation Losses. Even under optimum conditions for evapora-
tion this effect produces very little cooling.

12. Radistion (and Convection) to Ventilating Air. This effect is
quite small in magnitude and is insignificant in cell temperature control.

13. Of the above effects all were well-understood when the work
given in the present report was undertsken with the exception of the heat
of formation of the molecular gases. Alsc little was understood abo
the heating effects that might result from the mixing of electrolyte due
to diffusion from within the active material of acid of different gra%ity
from that in the main body of the electrolyte.

14. It should be pointed out that little was understood as to the
source or origin of the gas bubbles formed during the gassing phsse oF
cell charge. This knowledge is necessary to determine the place st
which the heat resulting from the formation of molecular ges is most
pronounced.

15, It should also be pointed out that the effects discussed above
are understood only from the standpoint of their gross magnitude. In |
other words it is known in only a very general way how these effects are
distributed in the cell. The knowledge of current distribution therefore
becomes a major question in the complete knowledge of heat balance re-
lationships., This problem of current distribution was studied by
Crennell and Lee but their work was concerned with the development of a ’
method of czlculating current distribution rather than a method where
current distribution could be measured in a regular cell. (See Bibliog-
raphy). Work on current distribution has also been carried out by Dr. C.
G. Fink at Columbia University but the author understands that his work
wasg concerned with methods of overcoming uneven current distribution
rather than with the study of methods of measurement.

EXPERTMENTAL PROCEDURE.

(a) Apparatus,

16, Cells and single plates used in the tests discussed in this
report were of the Exide KXH-7 plate type except in the case of the
studies bearing on the temperature effects at the two plates (Tests 1
and 2), For the latter elesven-plate cells were used of approximately
200 ampere-hour capacity. DBoth types employed pasted plates.
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17. Voltage measuremenis were made on either & Queen-Gray or & Leeds
and Northrup Type K potentiometer. The less exact voltage measurements
were made with voltmeters. Current measurements were made with ammeters
of proper accuracy.

18. Tenperature meszsurements were made with thermocouples of one
junction constructed from No. 30 copper and constentan wire. The couples
were enclosed in thin-walled rubber tubes, ths cnds being sealed with
rubber latex cement. Ice-water mixtures were used for, the cold junctions
and the temperatures were obtained from the voltage measurements which
were maede with a Leeds and Northrup Thermocoupls Potentiometer.

19, Gravity readings were made with a regular battery hydrometer.

20, Metsllic probimg electrodes were made of platinum wire sealed
in the ends of glass tubes. These were held at the desired positions in
the cells. The exposed platinum wire was of No. 27 gauge and in length
was approximately one guarter of an inch.

21. For the polarization measuremenis with ths mercury-mercurous
sulphate electrodes a glass vessel similar in shape to those ordinarily
used for calomel electrodes was employed. This type consists of a tube
about six inches long into the bottom of which is seculed & platinum wire.
On the outside this wire enclosed in & tube filled with mercury which
furnishes the contact for the potentiometer circuit. The wire on the
inside is covered with the mercury-mercurous sulphate paste which is of
course in contact with sulphuric scid. A side arm which is bent at
right sngles extends to the point in the electrolyte at which it is
desired to make the measurement. In the experiments discussed the
sulphuric acid wes of the same gravity as that found in the fully-
charged cell under test. _

22, In certain tests potentials were messured both from the mercury-
mercurous sulphate electrodes snd from points on the backs of the plates
comected to the potentiometer circuit by means of lead leads soldered to
the grid at the desired points. These leads were protected froa the
ekectrolyte by means of rubber tubes end rubber cement.

23, 1In cases where only two plates were employed they were held in
position at the bottom by means of regular rubber feet such as &re used
in the KXH cells. At the top they were held in place with Bakelite
spacers. The plates were approximately two inches apart.

24. In certain of the tests a KXH cell was used for the poleriza-
tion measurements. In order to have space for the tubes from the refer-
ence electrcdes the two middle plates (one lesd &nd one peroxide) were
removed. Both in these cases znd with the tests with two plates there
were no separators between the plates upon whose surfaces polarizetion
measurements were being made.

25, In the tests wherein one plate was inverted the spacing was
the seme &s in the other two-plate tests except that the peroxide plate
was inverted and the lesd was soldered in position and covered with
rubber tubing and rubber cement for protection from the electrolyte.
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26. For the resistance peasurenents KXH plates, both witk the active
paterial in place and with the asctive material removed, were used since it
was with this type of plate thet all- the polaurizetion measurements were
made. Difficulty was found in making a good connection with the plates. It
wes necessary to have constructed & special type of clamp employing &
brass screw that could be turned so as to embed the point in the grid
poterial. The resistance pmeasurements were made w#ith & Kelvin bridge.

(v) Hethods of Test.
27. While many tests were nmede only certain typical data are given

in this report. In discussing the methods of test it will be more con—
venient to refer to the specific tests. A list of the tests &s reported

feollows.
Test No. Purposes

1. To determine if different neat effects are found at the
Jecd and lead peroxide plates. Charge.

20 To determine if different heat effects are found at the
lead and lead peroxide plates. Overcharge.

3. Polarization measurements. Two plates. Nine reference
electrodes. Charge.

4o Polarizetion peasurenents. Two plates. Nine reference
electrodes. Overcharge.

5e Polarization measuremenis. Two plates. Nine reference
electrodes. Dischargee.

6. Polarization measurements. Two plates. Nine reference
electrodes. Overcharge. Also with thermocouples so
located as to measure heat effect due to diffusion.

7o Polarizetion measurementse 7-plate KXH cell with two
center plates removeds Nine reference electrodes. Charge.

8. Polerizetion measurements. 7-plate KXH cell with two
center plates removed. Nine reference electrodes. Dis-
charge. .

% Polarization measurements. 7-plete KXH cell with two
center plates removed. Nine reference electrodes.
Charge and Overcharge.

10. Polarization measurements. 7-plate KXH cell with two
center plates removed. Six reference electrodes. Dis-
charge.

11. Polarization measurements. 7-plate KXH cell with two

center plates removed. Six reference electredes. Charge.
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Test No. Purncse,

124 Polarization measurements. Two plates. Peroxzide plete
inverted. line reference electrodes. Charge.

13, Polarization messurements. Two plates. Peroxide plate
inverted. Nine reference electrodes. Discharge.

i 2% Polerization mecsurements. Nine leads soldered to back
of each plate. Three reference electrodes. Charge.

1s5. Polarizstion meesurements. Nine leads socldered to back
of each plete. Three reference electrodes. Discharge.

16. Resistance Messurements on lead and lead peroxide
plates.

28, Tests 1 and 2, typical of those tests made to deternmine if
Gifferent heat effects are found at the lead and lezd peroxide plates,
were made to check further the theory of the heating effect due to the
formetion of moleculer gas. &n eleven-plate KXH cell was fitted with
eighteen thermocouples. These were distributed in peirs at opposite
points on separators &s shown on Plates 1 and 2. It will be noted
from Plate 2 that these couples form three groups us viewed from the
sides of the elements. The distribution used was designed to check
any possible differences due to differences in location in the cell
&s & whole.

29, Tests 3, 4y 5, and 6 are typical of the tests mude with the
two-plate cells. The purpose of these tests was to deternine the
polarization existing at both the lead and lead peroxide plctes both
on charge and discharge. Potentisls were measured between the refer-
ence electrodes and the lead znd lead peroxide plates. In Test 6
thermocouples were located in the electrolyte neer the plete in the
diffusion currents due to the electrolyte issuing from the active
meterial into the main body of the electrolyte. Temperectures were
determined on these couples in the usual msnner.

30, Tests 7-11 inclusive were made with the 7-plate KXH cell with
two center plates removed to meke room for the reference electrode
tubes. The purpose wes the same &5 in the preceding paragraph.

31, Tests 12 and 13 were pede to determine the polarizstion
effects when one plate is inverted. In all tests with two plates the
two leads were located opposite each other rather than staggered &s
in the ordinary arrangement. This was done to eliminate one factor
meking for better current distribution as the main purpose of Tests 3
to 6 was to test methods of measurement rather than to determine
current distribution.

32, Tests 14 and 15 were made to deternine the efficiency for

current distribution measurements of the polarization values obtained
from leads soldered to the back of the plstes. Potentials were measured
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between these leads snd the mercurous sulphete reference electrodes and
between various pairs of soldered leads.

33, The resistance measurements on the lead &nd lead peroxide
plates were made for use in connection with the interpretation of the
polerization data as & means of studying current distribution.

34. The locations of the soldered leads on the plate backs in Tests
14 and 15 and the location of the reference electrodes in the various
polerization tests are on the proper Plates.

35, Observations of gﬁs evolution on both the lead and lead
peroxide plates were mede in verious tests under various conditions of
charge and under various charging currents.

(c) Exzplsnation of Calculestions.

36. When single electrode potenmtisls are given they are obtained
from the reading as determined from the lead or lead peroxide plate
end the mercury-mercurous sulphate electrode by adding or subtracting
the single potentizl of the reference electrode. This was taken as
600 volt. Of course this value is only approximste and varies with
the temperature and acid gravity. However, the data given are for
comparison purposes &nd the sbsolute megnitude is not pertinent to the
studies being made.

37, Resistance values for the lead and lead peroxide plates are
obtained directly from the Kelvin Bridge.

BESILIS.
(a) Data Obtained.

38, In this work meny experiments were conducted but in order to
keep the report from becoming too bulky only certain sets of typical
dats are included. The numbers of the tests and the purpose of each
are given in Methods of Test. The actual data are given in Tabulated
Deta for Tests. This date and the methods by which they are obteained
ere probably cleer from the text &s already given.

39, In comnection with the resistance measurements on the lead
end lead peroxide plates it should be stated that similer values were
found both with and without the active materiel present. It was ex-
pected that the peroxide would not zdd to the conductance due to its
very high resistance. The lead would probably increase the conductence
of the grid after being saturated with electrolyte but this would not
effect the distribution of resistance which is the important factor in
these considerations.

(b) Statement of Errors.

0. Temperature Readings. All temperature readings, whether
obteined by thermocouples or by thermometers, are accurate to 1°
Fehrenheit. More accurate readings were not considered necessary.
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41. Yoltuge Readings. ALl voltage readings mude on the potenti-
ometer were determined in tenths of millivolts. However, in recording
the dats in this report the figures are given to the neerest millivolt.
This was done because certain sources of error such as temperature
changes, changes in position of tip of reference electrode, etc. made
the last plece of doubtful value. It should be stated that small
changes in the position of the electrode tip produce considerzble
changes in the voltage values obtained.

42. Current Feadings. These were accurate to at least a tenth
of an asmpere. Extremely sccurate current readings were not necessary
to the work and so were not made.

43. Resistance Measurements on Grids. These measurements were
extremely hard to duplicate due to the difficulty of obtaining good
connections on the grids. The velues given are the average of seversl
values. They mey be considered sccurate to about five percent.

DISCUSSION OF RESULTS.

(a) Heat of Formation of sioleculsr Gases.

A, It was hoped that different temperatures could be detected
&t corresponding points on the lead and lead peroxide plates. If this
difference were in the proper direction it would be final proof that
the theory of the heat of formation of the moleculer gases is correct.
48 ig known the heat of formation of the oxygen at the one plate is
different from the hest of formation of hydrogen &t the other plete.
However, @s seen in the data of Tests 1 and 2 such differences could
not be noted. Temperature measurements were accurate to only ¢ il
Perhaps more accurate measurements would have detected a difference
but the problem of measurement would have been difficult due to the
close packing of the plates. However, the data does snow in a
pronounced way the temperature increase during the gassing phase and
thus furnishes still further circumstantizl evidence in favor of the
theory. Further consideration of the factors inveolved and discussion
with certsin thermodynamic experts lead to the conclusion that the
theory is substantially correct. However, it is probsble that the
monatomic gzses formed are not in the lowest energy state nor is the
moleculzsr gas necessarily in the normsl energy state. If this is
correct it means that the heat of formation would probably be less
than the values used based on the normal state for the monatomic and
moleculer gas. This agrees with the results of the experiments with
the %LH-29 cell in which in some cases less than the anticipated rise
was obtained.

(b) Heat of Mixing of Electrolyte.

45, During discharge water is formed from the electrode
reactions and during charge sulphuric acid is formed. In an ideal
cell the electrolyte would be of uniform concentration throughout the
entire cell at any one time, the energy involved in the formation of
the water or the acid as the case msy be being tied in with the free
energy change in the cell as a whole. In practice this is not usually
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the case, the electrolyte inm the pores of the active material where the
electrode reactions take plece being of different concentration from
the main body of the electrolyte. The diffusion of this electrolyte
from the sctive materisl into the main body of the electrolyte produces
en irreversible heating effect whose magnitude depends upon the current
flowing and the difference in gravity. Tests were made of the possible
heat effect by placing thermocouples at various distances from the
plate surfaces. These were pleced in the diffusion currents which were
visible to the eye in many of the charges employing large current
values. Temperature effects which would produce rises that could be
detected on thermocouple sensitive to 1° F. proved to be absent. This
shows that this possible heating effect under the worst of conditlons
is neﬁliggbly small. & typical set of values is given in the data for
Test No. 6.

(e) Qgigig of Hydrogen and Oxygen Gas.

46, The heat of formatiom of the moleculer hydrogen and oxygen
gas from the atomic gases will be evolved at the point of origin of
the molecules. Many of the tests were used to determine by visusl
observation the places &t which the bases were formed. Hany different
conditions of charge were employed. The ges bubbles both in the case
of hydrogen and oxygen are formed in the active materiel and are
evolved from cracks in the plate surface or from between the grid and
the active meterial. It scems to be beyond question that evolution
is from the interface between the active materisl and the grid. Of
course gas bubbles in electrolysis phenomena evolve most easily from
sherp points on the surface. It should be noted that when only two
plates were employed evolution is just &s strong from the back surface
as from the surface facing the other plate.

(@) Methods of Measuring Current Distribution.

47. In the Bibliography is listed & reference to a paper con-
cerning specific gravity changes during charge and discharge in sub-
marine storage cells. The tests concerned were conducted by the
Flectric Storage Battery Company. Samples of electrolyte were obtained
et proper time intervels end at various depths in the cell end the
results plotted. They show that changes in the electrolyte near the
bottom of the elements are small in charge and discharge. Maximum
changes are obteined near the top of the elements. Otherwise the
change is roughly proportional to the depth. Thus it is seen that the
current density is greatest in the upper part of the cell. These
results suggest that the use of gravity measurements &s a means of
studying current distribution. However, if much gassing tekes place
the slectrolyte will be so stirred that gravity will be equalized
throughout the cell. In the sbsence of gassing the method may prove
effective although it is considered difficult to withdraw & truly
representative sample from & position very far within the elements,

48. If the temperature readings made at various points in the
cell in the numerous tests that have been made to date are studied
it is found that on discharge the temperature rise is greatest in the
early stages in the upper portions of the elements. As the discharge
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continues the temperature effect becomes fairly equal throughout the
clements. This shows that the current density is greatest near the
top of the elements in the early stages of the discherge but as the
discharge continues and the upper oortion becomes exhzusted the

current density increases in the lower portions. On charge the same
general effect is found. However, a slightly lower temperature may

be found over the elements due to the cooling effect of the ventilating
air. On charge, gassing produces a mixzing of the electrolyte and hence
an equalization of temperature. Therefore temperaturs measurements
could be used s a means of measuring current density during charge
end discharge as long as no gassing takes place. However, the results
would be only approkimite dppréoithécseveral factors affecting the

cell temperature. '

49. Schoop (see Bibliography) determined the equipotential
1ines over the face of & plate by rapidly revelving two lead
electrodes between the plates. By this means he was sble to determine
the current distribution. Such a method requires that the electrodes
be fairly far aspart and so the method could not be spplied to ordinery
cells with their closely packed plates.

50. Cpennell and Lea (see Bibliography) have worked out &
method whereby current distribdution cen be calculeted from: the fall
in potentisl in the body of the plate, the resistence of the electro-
lyte between the plates, and the polarization &t the plates. Their
conclusions were tested by means of discharge measurements on &
specielly coustructed cell. Now unless stretification is pronounced
the gravity of the electrolyte should be the same throughout an idle
cell. However, it will be different from plece to place in the cell
during charge or discharge the differences being due to differences
in current density. Of course the £sll in potentisl in the plates is
fixed. Now the polarization at different points will be different
due to differences in current density. Consequently it seens that
voltege readings at various points will be different due to the first
and last effect both of which depend on current density. This
voltege should be a function of current density znd the determination
of its value from place to place should give & measure of the current
distribution. It is this voltage which has been determined in the
work reported on in this paper in the case of the tests using mercury-
mercurous sulphate electrodes. It is termed the polarization at the
verious points. In reality it is of course the polarizetion plus the
noriel voltege at the particular polnte The question is now raised
as to the various methods whereby this voltage can be measured.

51, The first type of reference electrode used was made of
platimum &8 discussed in Experimentel Procedure - Apparatus. This
type becomes bipoler during the passage of a current between the
plates and hence gas forms on its surface. Hence it becomes useless

for meesuring point-to-point voltege.
52, In Tests 14 &nd 15 are given the results obtained when

voltages are measured between the top of the elements and leads
soldered at various points over the backs of the plates. Voltage
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readings were &lso made between the various leads. An examination of
the data shows that a general picture of the current distribution as

we know it is obtained. Of course what we are actually measuring is
the voltage drop produced by the current in the plate, the magnitude

of the current of course being the factor we wish to measure. In this
method the differences are smell and it would be very difficult indeed
to neke such measurements on & typical storage cell with closely
packed elements. The use of mercury-mercurous sulphate electrodes
seemed to offer & much better method and so the above itype of test
was abandoned.

53. Tests 3 to 13 gives resulis typical of those obtained when
mercury-mercurous sulphate referénce electrodes are placed at various
points in the cells. Voltage messurements are made between the refer-
ence electrodes and the straps at the tops of the elements. It should
be pointed out in this comnection that in the tests reported tempera-
ture control was not employed. However, the variations were always
smell and it is doubtful if changes produced by temperature effects
pleyed any part in the voltage values reported. In comparing the
tests made with two plates and those made with the KXH cell with two
center elements removed that in the first case the volume of the
electrolyte was sufficiently large in comparison with the electrode
surfece so that gravity changes did not take place during charge or
discharge. This of course was not true when the KXH cell was used.

It should also sgain be pointed out that when two plates only were
employed the straps through which the current passed into &nd out of
the elements were alweys on the same end of the pair of elements.

54. The tests made with the KXH cell and which zare represented
by Tests 7-11 are considered &s approximating most nearly the re-
sults found in & reguler cell. Of course in this case there was no
separator between the peroxide end the lead plates between which the
reference electrodes were located. Moreover the quantity of elec-
trolyte between these two pldtes is much greater than between two
plates regularly spaced.

55. Upon examination of the data and plates of Test 7 it is
seen that on charge the potentials at the lead plate rise very
rapidly when the current is first started. Then the rise if falply
gradual until the cell becomes approximately fully charged. A very
rapid and pronounced rise is then found due of course to the much
increased voltage accompanying the onset of the gassing phase of
cell charge. After this very rapid rise the voltages go over a very
slight maximum and take fairly constant values for a given charging
rate. At the peroxide electrode the same very rapid increase is
found when the current is first turned on but after that there is.
usually a slight decline after which there is a gradual rise of the
same nature as is found with the lead electrodes. The rise in
voltage which takes plsce with the onset of gassing is much less
steep than thet found on the lead electrode. After this the voltage
assumes approximately & constant velue. As current lines are on the
whole operating at right angles to the plate similar changes should
be found on the two electrodes and such in & general way proves to
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be the case. It should be pointed out that with the lead electrode =
slight drop after the initial rise &t the beginaing of the charge is
sometimes found. This drop in both the case of the lead and lead
peroxide electrodes is probably due to sudden changes in the acid
gravity in the pores of the zctive material and is perhaps to a
certein extent regulated by the immediate prior history of the cell.
Typicel voltage curves for the lead and lead peroxide pletes ere
_given on Plate 17.

" 56, As stated sbove changes in the potentisls of the lead
plates take place with simultaneous changes at similar points in the
peroxide plates. This is easily seen upon comparison of the time-
voltage plots for the electrodes for & given charge. Sec for
example Plates 13 and 14 as compared with Plates 15 and 16. There-
fore for current distribution studies the voltages at elither electrode
may be used. However, the slopes and spacings of the lead values
appear to lend themselves much more readily to examination and com-
parison. :

57. For purposes of comsideration a discussion will be given
of the potentials as found in Tests 3, 4, and 7. These are quite
typical. Dischasrges given results that fit into the same interpre-
tation. In eat No. 3 two plates are used. . Upon examination of Plates
22 and 23 it is seen that the plate resistance inereases from around
the lead straps in increasing circles. Consequently if two plates are
placed with their lead straps opposite one another the same condition
will hold. The current should therefore center around the straps, being
smallest near the far edges of the plates. 4n examination of Plates 3
and 4 shows that points 3, 9, 2, and 6 do indeed show efifects differnt
from 1, 4, 7, 5, and 8. In other words the same circular distribution
is found. Point 3 near the strap is particularly well-marked &as ex-
pected, Now consider Test 4. Here after gassing is pronounced 1, 2,
and 3 show maximum current values. This is to be expected. But & and
9 show minimum velues. This is umexpected from the standpoint of
plate resistance but in the overcharge the cell is gassing heavily and
the rising gas forms a blanket of resistance over the electrode sur-
faces thus increasing the resistance of the path between the electrodes.
This serves to cut down the current density and explains why these two
points have changed groups. It will be noted that in the first part
of the overcharge 4 and 7 show minimum currents as expected but as
gessing sets in these points show a higher current demsity than the
points 6 and 9, The distribution of the potentials at the points in
the regular charge and in the overcharge can be explained on the basis
of the operztion of two resistance factors: grid resistance and change
of resistance in electrolyte due to gassing.

58, Now consider Test No. 7. In this test the iwo plates have
the straps at opposite ends, the same arrangement &as found in a regular
cell. An examination of the resultant resistance effects from those
in the two individual plates shows that except for immediately under
the strap and on the edges the resistance values show little difference
over the face of the surface. Now 8Bdexamination of the polarization
curves on Plages 13 and 14 shows the maximum effect at point 6 (except
for 9 which is located on the edge). This is according to predictioms.

~11-




Later with the onset of gassing the current appereatly falls off at 6.
In the overcharge stage 9, 1, and 4 show meximum current values. The
smallest values ere found with 3, 8, and 2. This can again be explained
by considering the effect of gas bubbles in increasing the electrolyte
resistance. 7 and 8 on the edges show low currents due probably to the
fact thet the reference electrodes are situated close to the edge of the
element and probably large overvoltage effects come into play even in the
early stages of the charge. In both charges 3 and 7 it is seen that
voltages at single points quite often cross one another in the earlier
stages of the charge. One might expect them all to come %o the same
value but hardly to pass one another. This crossing gives an indication
of the switching of the current deusity over the surface as the various
areas become more or less charged. The great amount of "crossing" in
Test 7 was to be expected due to the almost complete elimination of the
ges%atange factor in the grid material, a condition which did not hold

n Test 3.

59, It is therefore believed that the polarization values as
obtained give & very good indication of current distribution. Distri-
bution is as expected in the early stages of the. charge when the grid
resistance is main factor, the electrolyte resisteance being approxi-
metely the same throughout the cell. The explanation of the character-
istics as found may be sumnarized as follows. In the early stages of
the grid resistance is the important factor. Therefore current density
will follow the grid resistance contours. As the charge continues and
as the various areas become charged the current density switches to a
greater value in the uncharged areas. When gassing sets in the resis-
tance effect of the gas bubbles passing through the electrolyte pro-
duces an effect that offsets the grid resistance thus switching the
current density to the bottom portions of the cell where electrolyte
resistance will be at & minimum.

(e) GCrid Resistance Messurements.

€0. For the values obtained see Plates 22 and 23. 4&s discussed
above the resistance contours increase in all directions from the
strap. This is as expected. An inspection of the plates used shows
that the peroxide grid is much heavier then the lead grid and hence
when the active material is removed shows the lowest resistance. With
the addition of dry active lead no change is found but with active
meterial wet with electrolyte no doubt the value becomes approximately
equal to that of the grid on the peroxide plate. Of course the active
lead peroxide hss &n exceedingly low conductivity.

(f) Effsct of Inverting One Plate.

61. Tests 12 and 13 show the polarization effects produced when
the peroxide plate 1s inverted in a two-plate combination. The effect
is of course to equalize the grid resistance values. The distribution
of the reference electrodes is the same &s in Tests 3-6, see Plate 12.
ks is seen from the data the polarization is almost the same over the
entire plate surface during all stages of the charge. This would
indicate that this method of employing the plates would be effective in
producing efficient current distribution.
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(g) Some Practical Jonsiderations of Cell
Construction,

—_— L T L T .

Charzing Procedure and

. 62. 1If the above interpretation of current distribution results
is correct certain practical conclusions may be drawn in regard to
practical charging procedure. Inverted plates would ceriulnly produce
more efficient current distribution. A4lso the effect of allowing «
certain period of gassing at the end of a charge and the effect of
overchargé may take on an additional interpretation. The idea in the
overcharge is to remove all sulphate that may be left after a series
of normal charges. This probably results from the fact that the gus
jncreases the electrolyte resistance in the upper portion of the cell
thus directing the current in greater quantities to the bottom por-
tions of the cell where this excess sulphate is most likely to be
found. In other words gussing is used as & mezns of effecting desired
current distribution. Inverting alternate elements may do away with
the need of employing gassing for this purpose.

63. The effect of varying the rib size in helping cut dowma
inequalities in current distribution in the small plates used is
i1llustrated by the tests. The question arises as to whether this has
been properly coansidered in the construction of the plates for the
large submarine cells. Certainly the subject is worthy of study in
the iron-clad type of construction.

CONCLUSIONS.

(a) Heating and Cooling Effects.

64. Heat of Formation of Molecular Gases. Further confirmation
has been obtained as to the correctness of the theory that the heat
of formetion of molecular gases is one of the major heating effecis
sttending the gassing phase of cell charge. However, absolute proof
wes not obteined by detecting temperature differences at corresponding
points on two plates.

65. Heat of Hixing of Electrolyte. As expected this effect
proved to be negligibly small, even in those cases where diffusion
current could be visibly detected.

66. Conclusions. It can be concluded that the knowledge of the
various heating and cooling effects is complete from the stundpoint of
gross effect. The distribution of the effects within the cell can only
be snswered after & knowledge of current distribution is obtained.

(b) Source of Gas.

&7. Both the hydrogen and oxygen gas is evolved from within the
active mass of the plates in the pasted type of construction. With
current passing only to oue side of the plate the gas in both the case
of the lead and the lead peroxide plate appears in equal quantities
from both sides. The evolution is around the grids and from breaks or
holes in the active material. It nay be safely concluded that the
formation takes place at the interface between the grid metal and the

active material.
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(c) Ourrent Distribution Studies.

68, Metallic probing electrodes are of no use in measuriag
current distribution due to gas evolution from their surfaces.

69, Heat measurements are of use only in the sarly stages of
charge and discharge.

70. The determination of potentials from leads soldered at
various points over the back of the plates does not seem to offer
a satisfactory method of determining current distribution.

7l. The use of mercury-mercurous sulphate electrodes for
measuring the current distribution by determining the polarization
at various points over the plate surface appears to offer a method
which can be adapted to lead-acid cells.

72. The current distribution as determined with the mercury-
mercurous sulphate electrode is foumd to be as expected. During the
early stages of cell charge and discharge the greatest current
density is in the regions where the smallest resistance drop is
found in the platea. This is usually near the upper parts of the
plates and particularly near the straps. In the later stages of
the charge the current distributes itself rather evenly as the
various parts become charged. In the gassing phase of cell charge
greatest density is near the bottom of the elements dus to the
high resistance of the electrolyte in the upper portions resulting
from the gas evolution. However, data of greater accuracy should
be secured before final conclusions can be arrived at.

73. The use of the mercury-mercurous sulphate electrode in
connection with two plates one of which is inverted sc that the
current is led in from the bottom leads to the conclusion: thatimuch
better current distribution is found in this type of errangement.
However, the data are too meager for positive conclusions.

T4 ¥ ; eristics, In the early stages of the
charge the voltage curves may cross one another thus showing that
points do not come to the same potential but actually pass each
other. 4An examination of & typical voltage curve for & point on a
lead electrode shows that when the current is first started a sudden
rise in voltage results. After the first sudden rise there may be
a temporary falling off after which & gradual rise is found until
gassing sets in. Then the potential rises very rapidly due to the
necessary overvoltage to effect gassing. After this rise the curve
goes over a slight maximm after which it is fairly flat. At the

de electrode essentially the seme characteristics are found
except that the drop after the first sudden rise is perhaps a bit
more pronounced.

RECOMMENDATIONS.

75. - The recommendations for the further study of heat balance
relationships may be divided into twe partss those concerned with
current distribution and those specifically concerned with heat
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balance studies. These recommendations follow., Of course many
problems concerned with storage battery construction and control have
arisen during the work but recommeéndations are limited to the particu-
lar problem in question.

(2) Current Distribution Studies.

76. The further use of the mercury-mercurous sulphate electrode
as a means of measuring polarization and the utilization of the
polarization data from various points over the plate surface for pur-
poses of obtaining current distribution should be studieds The data
thus collected should be correlated with the other knosm facts about
current distribution. Should the mercury-mercurous sulphate electrode
prove satisfactory, as is now indicated, its application to large cells

should be studied and & method developed for using it on closelyr
packed plated such as are found in the commercisl cell.

77. It is also recommended that further tests be made with in-
verted plates. It is believed that much better current distribution
can be obtained,

(b) Heat Balance S;ugigs.
78. Determination of the Heat Capacity of the WLH-29 Cell, No

actual measurement of the heat capacity of the WLH-29 cell used in
many of the tests has been made. The hest capacity value used has

been one calculated from the specific heats of the substance making up
the cell. uipment is now available, with certain slight modifica-
tions for defermining this heat capacity and it is recommended strongly
that this be done. This will enable one to make & much mopre careful
study of the available data.

79. Further Adiabstic Studiss on the WLH-29 Cell., With the
determination of the heat capacity as outlined above it is recommended
that three or four charges be made with an entirely adiabatic pro-
cedure, that is, one in which heat trsnsfer either into or out of the
cell is completely eliminated. This could be easily done with the
equipment now available at the Naval Research Laboratory. These
charages should be conducted in such a way as to test all conclusioms
drawn to date.

80. Shipboard Tests, It is highly desirable to continue the
studies as conducted to date on shipboard, particularly under normal
operating conditions. Without such studies it will be impossible to
calculate heat losses due to interchange with the surroundings in the
battery space. Temperature phenomena may prove quite different from
those found in laboratory practice.

8l. Preparation of Complete Report. With the completion of the

sbove all data and results should be assembled in one full end complete
report on the problem.

-1 5=



OGRAPHY,

1. Report of Test of Charging Methods, etc., on Tudor Type
20-POR-820 Submarine Storage Cells. New York Navy Yard,
2 July 1934.

2. Specific Gravity of Submarine Cells. Bulletin of Engineering
Information, No. 90.

3. Heat Bealence Studies on Submarine Storage Cells, H. D. Crock-
ford, NRL Report No. P-1113.

4o Heat Balance Studies on Submarine Storage Cells. The Gassing
Voltege-Gravity-Temperature Relationships in Lead-acid Storage
Cells. He D. Crockford and W. G. Sink, NRL Report No. P-1195.

5. Heat Balance Studies on Submarine Storage Cells. H. D. Crock-
ford, NRL Report No. 1243.

6. Distribution of Current Density in Lead Accumulators. Jour.
(Brit) Institute Electrical Engineers, 66, 529-36 (1928).

7. Distribution of Current Density in Lead Accumulators. Schoop. I
Bulletin de la Societe lYrancaise de Physique, 3, 252 (1906). I




4500

Table 1.

Temperature Studies

To determine if different heat effects are found at lead
znd lead peroxide plates

Gravity Gassing

1140 none
1145 none
1145
1145
1145
1145
1145
1150
1150
1150
1155

1160
1165
1165
1165

1180

o,
lll‘lllllltli—“llllll
oy
=y
o

1185 Consid-

1200 -
1210 -

1215 =
1215

1230 -
1240

1255

1260

1260 -
charge secured

Data for charge, rate 10 amperes

Volts

Alr

1.993-2.030 75°

2.124
2.125
2,125
2.127
2.127
2.128
2.133
2.137
2-140
R.149
2.154
2.160
20168
2.175
2.183
2,188
2.195
2.200
2.208
23221

2e232
2.240
2 e 2-49
2,260
2.272
2.279
2.290
2,308
20328
2.340
2,352
20 364
2 e 364’2 - 235

charge should be completed at 4200.

75
7545
7565
78
76
79
79
75
75
75
75
74
74
T4
75

75

75
75
76
75

75
75
75
75
75
75
0>
75
75
76
76
76

1

Y245
72.5
73.5
75.0
7545
7545
7645
73.0
78.07
78.5
78.0
78.0
78.0
78.0
78.0
7645
76.5
775
78.0
78.0
78.0

7800
78.0
78.0
78.0
78.0
7800
78.0
78.0
78.0
78.0
79.0
79.0

Temperatures
4 10
72.5 2.5
72.5 T2.5
740 T35
4.5 75.0
75.5 75+5
75¢5 755
76.0 76.0
78,0 78.0
78.0 78.0
78.5 78.0
78.5 7845
78,0 78.5
78.5 78.0
78.0 78.0
78.0 78.0
76.5 T77.0
77.0 T7.0
76.5 T7.0
78,0 78.0
?890 7800
77.5 185
73.0 78.5
78.0 78.0
78.0 78.5
77.5 78.0
78.5 78.0
78.0 78.0
78.5 7865
78.0 78,0
7900 79.0
78.5 79.0
78.5 79.0
79,0 78,5
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Table 1 (continued)

Temperatures
Time 17 1 2 5 11 8 3 6 12

0830 72.5 T2.5 TR5 TS5 TS5 125 725 72.5 TR5
0900 73.0 73.0 72,5 725 725 725 72.5 TR.5 TRe5
0930 74.0 745 740 740 T3.5 T35 74.0 73.5 735
1000 745 75.0 75.0 745 The5 T15.0 745 0 745
1100 75.5 75.5 75.5 75.5 75.0 75.5 75.0 75.5 75.0
1200 76,0 76,5 75.5 T5.5 T5.5 75.5 755 5.0 755
1300 76.0 76.5 75.5 76,0 76.0 76.0 76.0 T75.5 76.0
1430 78,0 T77.5 7.5 8.0 T7.0 775 76.5 T7.0 T77.0
1530 78.5 78.0 78.0 78.0 78.0 78.5 78.0 78.0 77.0
1630 78.0 78.0 78.5 78.5 T80 78.5 78.0 78.0 78.0

1810 78.5 78.0 78.0 78,5 78.0 78.5 T7.5 78.0 -78.0
1905 78.5 78.0 78.0 78.5 78.0 78,0 T7.5 78.0 78.0
1955 78.0 73.0 78.0 78.5 78.0 78.5 775 78.0 78.0
2115 78.0 78.0 78.0 78.0 73.0 78.0 77.5 T78.0 7T7.0
2245 78,0 78.0 78.0 78.0 77.5 78,0 78.0 78.0 77.0
2400 77.5 T7.0 77.0 77.0 77.0 77.0 76,0 T7. 77.0

2500 78.0 T7.0 77.0 T7.0 T7.0 77.5 765
2600 78.0 T80 T7.5 T6.5 TI.0 765 76.5
2700 78.0 78.0 78.0 78.0 78.0 78,0 77.0
78.0
8.0

i
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o

77.0
765
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2830 77.5 78.0 ° 78,0 78.0 78.5 T7.5 Ti- 77.0
3000 78.0 78.0 78. T7.5 T8 8.5 T1.5 T 78.0
3145 78.0 78.5 78.0 78.0 T7.5 78.5 178.0 78. T7.5
3300 7860 78-0 7805 7800 78-0 78.0 7300 7705 Wo 5
3415 78.0 78.0 178.0 78.0 78.0 78.5 78.0 78.0 78.0
3530 78.0 77.5 178.0 78.0 77.0 78.0 76.5 T1.5 T1.0
3630 78.0 77.5° 78.0 78.0 T7.5 78,0 78.0 78.0 T7.5
370 78.5 78.0 78.0 78.5 78.0 78.5 78.0 7.5 78.0
3830 78.5 78,5 78.0 T85 785 78,0 78.0 78.5 78.0
4000 78.5 78.5 78.5 78.0 78.0 78.5 78.0 78.0 78.0
440 79.0 79.0 79.0 79.0 79.0 79.0 79.0 T79.0 78.5
4300 79.5 78.5 79.0 78.5 78.0 79.0 79.0 78,5 79.0
4400  79.5 9.5 79.5 78.5 79.0 79.5 T9.5 19.5 795
4500 3.80.:0 79.5 7905 79.0 7900 7905 7905 7905 7905

For key to location of couples see Plate 1.
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Table Z.
Temperature Studies

To determine if different heat effecis &re found at lead and
: lezd peroxide plates

Date for Overcharge - rate, 10 amperes

Time Gravity Volts Temperstures

Air 1 4 10 7 17 12
1100 1270 2.130-2.195. 79° The5 The5  The5 The5  The5 75.0
1120 - 24399 80 75.5 75.5 75.0 75.0 75.5 75.5
1150 1270 2,390 8L  76.5 76,5 T6s5 765 6.5 T6e5
1300 13 2.393 81 78.5 80.0 79.0 79.0 7305 79-90
1405 1270 2385 81 80.0 80.0 80.0 80.5 80.5 80.5
1500 ot 20387 80 8100 8100 31.5 8105 8]-05 81.5
1600 - 2+390 80 82.5 82.0 82.5 82.5 82.582.5
1645 1275 2.390 80 82.0 82.0 82.0 82.0 82.5 82.5
1645 charge secured
Time Temperatures

2 5 1 8 3 1z 9

1100 T74.5 The5 The5 The5  The5 The5  The5 The5
1120 755 75.0 75.0 75.0  75.5 75.0 75.5 75.0
1350 7605 T6e5 5.5 6.5 6.5 76.5 76.5 765
1300 78.5 78.0 78.5 79.0 78.0 78.0 73.0 79.0
1405 80.0 80.0 79.5 80.0 80.0 80.0 80.0 80.0
1500 81.0 81.0 80.5 81.5 81.0 8l.0 8l.5 81.5
1600 82.0 81.5 8l.5 82.5 82.0 81.5 82.0 82.5
1645 82.0 82.0 81.5 82.5 8l.5 8l.5 82.0 82.5

for key to location of couples see Plate 1



Table 2.
Current Distribution Studies

Test made with two pletes in comnection with the use of nine
reference electrodes

Cell Voltages-Lead Electrode
Time Current Voltage Gassing 1 2 3 4 5 6
1130 0-1.0 2 074-2 ° 178 none ° 361 ° 361 ° 362 ° 361 ° 361 e 361
1145 1 26232 - ¢392 390 o387 <396 .395 .394
1200 1 2 0235 b ° 396 o 394 ° 390 ° 399 ® 398 ° 396
1300 1 2.240 slight on <401 399 o395 404 L4023 401
1415 1 26252 lead o406 403 o399 409 407 406
1500 : 8 2. 260 considerable . 409 ° Z}% ° 401 ° 412 ° 409 e 408
1700 1 2.280 Slight on P'b02-l|.16 04.11 0406 -419 .Z;,l5 0413
1300 1 20290 - 0420 cm 0408 0422 0417 -Alé
1930 1 318 considerable on 425 418 412 428 421 419
2030 1 2,340 - both 42T <420 AL o430 424 421
2136 1 2.360 - AR WJA22 A6 433 426 423
2200 1 2.370-2.280 - o430 0428 41T 434 42T JL24
Time Voltages-Lead Electrode Voltzges-Peroxide Electrode

7 8 2 L 2 3 4 5 6 7 8 9

1130 o361 .361 .362 1.705 1.705 1.705 1.705 1.705 1.705 1.705 1.705 1.705
1145 o393 o392 .392 1.830 1.832 1.836 1.827 1.828 1.829 1.829 1.830 1.830
1200 o396 .395 .394 1.831 1.833 1.837 1.828 1.830 1.831 1.831 1.832 1.833
1300 402 .400 399 1.833 1.835 1.840 1.830 1.832 1.833 1.833 1.835 1.836
115 o407 o404 o403 1,839 1.842 1.847 1.835 1.838 1.839 1.838 1.840 1.842
1500 o410 o408 o405 1.842 1.846 1.850 1.839 1.842 1.841 1.841 1.844 1.845
1600 o413 410 408 1.848 1.852 1.857 1.845 1.849 1.850 1.847 1.851 1.852

1700 417 413 <411 1.855 1.861 1.866 1.852 1.857 1.858 1.854 1.859 1.861
1800 <420 <415 o413 1.864 1.870 1.875 1.861 1.866 1.867 1.863 1.867 1.870
1930 425 o420 o417 1.888 1,895 1.901 1.884 1.891 1.893 1.887 1.892 1.895
2030 o423 421 o419 1.906 1.913 1.919 1.902 1.909 1.911 1.904 1.910 1.913
2130 o430 o424 o421 1.926 1.933 1.939 1.922 1.929 1.931 1.924 1.929 1.932
2200 o431 o425 <422 1.934 1.941 1.947 1.931 1.937 1.940 1.933 1.938 1.941

Charge should be completed at 2030 at 9 ampere-hours




Table 4.
Current Distribution Studies
Test mede with two plates in connection with the use of nine
reference electrodes

Overcharge-charging rate-1 ampere - medium gassing

Time Voltage Voltages—-Lezd Electrode

Cell i & 3 wdezd 167 & 9
0845 20107-20200 0371 0371 0371 4371 0371 0371 0371 0371 b37l
0900 20368 .431 0421 0416 0436 0427 0423 0435 0427 .423
0930 2.382 o440 o430 o425 JLL3 WL35 L3244 434 L300
1030 2.402 o439 o431 JL2T Lh2 435 433 439 434 o432
1130 2,409 WA37 o431 428 LAY 435 o434 o439 433 o432
1230 R2.412 o436 o430 o428 o439 o435 <431 o437 433 432
1400 2.415 o4i3h o439 o428 JA38 434 o434 o435 432 432
1500 2.419 o435 o430 oh30 3438 <435 o435 o436 433 <432
1600 2.422 oA36 431 o431 o438 o436 43T L3T 434 435
1700 2.423 oh37 o433 o433 JAL0 $437 o439 o438 436 437
1800 2.427 WA3T 433 A3 oLLO 439 J4LO 138 436 438
2000 2.435 oh39 436 o438 JLAR oh4) JL43 oLhO o440 442
2100 2,440 hh2 o439 ALY JAAS Jbhd LLT JAhD L4R Ld5
Time Voltages—-Peroxide Elecirode

1l 2 3 4 5 6 T 8 g
085 1.728 1.728 1.728 1.728 1.728 1.728 1.728 1.728 1.7238
0900 1.924 1.934 1.939 1.918 1.927 1.931 1.919 1.927 1.930
0930 10935 10945 10950 1¢931 1.940'10943 10933 10940 10944
1030 1.955 1.963 1.967°1.952 1.958715960 1.953°1.959 1.961
1130 1.963 é‘)’?o 1.973 1.960 1.966 1.966 1.962 1.966 1.968
1230 1.968.%.974 1.976 1.964 1.969 1.970 1.967 1.971 1.972
100 1.973 1.979 1.979 1.971 1.974 1.974 1.972 1.975 1.975
1500 1.977 1.982 1.982 1.974 1,977 1.976 1.976 1.978 1.978
1600 1.979 1.983 1.983 1.977 1.979 1.977 1.978 1.980 1.980
1700 1.981 1.985 1.985 1.979 1.979 1.979 1.930 1.982 1.931
1800 1.983 1.987 1.986 1,981 1.980 1.980 1.982 1.983 1.982
2000 1&987 10990 19989 16932 19983_10983 10936 lo987 le985
2100 1.990 1.992 1.991 1.987 1.985 1.985 1.989 1.989 1.987




Table 5.
Current Distribution Studies

Test made with two plates in comnection with the use of
nine reference electrodes

Discherge data-discharge rate-l.5 amperes

Time Voltage Voltages——Lead Electrode
Cell 1 2 3 4 5 6 7 g 9

1100 2.100-1.950 373 <373 o373 <373 <373 .373 373 373 373
1105 1.940 0333 337 .337 329 331 .328 .333 .334 333
1130 1.970 0333 337 338 4329 <330 .328 332 334 333
1200 1.968 0330 o334 o335 «326 <327 .325 330 331 330
1300 1.960 0326 .330 .332 320 .323 o321 .325 .328 327
1500 1,940 o318 o324 13277.314 .317 317 .318 .321 322
1530 1.933 0316 .322 .326 .311 .315 .316 .315 .319 .320
1745 1.910 2304 .313 .318 .300 .306 .308 .304 310 .213
1830 10903 0300 0309 .314 .2% 0302 0304 0300 ..306 0309
1930 1.891 0294 +303 .308 .290 .290 .298 .293 .300 .302
2040 1.872 0282 294 .300 .277 .286 .289 .28l .289 .293
2130 1.840 SPEL 22 281 J248 4263 270 252 266 J2Y3
2230 1.760 0192 215 .232 .186 .205 .217 .187 .203 .217
2230 discharge secured

2230 1.930 032 326 328 o327 2327 4329 329 .329 .331
2245 2,012 0337 +338 o339 .338 .339 o339 .340 340 341

Time Voltages—Peroxide Electrode
1 2 3 4 5 6 7 8 9
1100 1,719 1.719 1.719 1.719 1.719 1.719 1.719 1.719 1.719
1105 1.597 1.584 1.593 1.601 1.600 1.602 1.597 1.596 1.597
1130 1.632 1.628 1.627 1.636 1.635 1.637 1.633 1.631 1.632
1200 1.631 1,627 1.625 1.635 1.634 1.636 1.631 1.629 1.630
1300 1.627 1.623 1.621 1.632 1.630 1.632 1.628 1.626 1.626
1500 1.616 1.610 1.606 1.620 1.617 1.617 1.616 1.613 1.612
1530 1.611 1.604 1.600 1.615 1.611 1.611 1.612 1.607 1.606
17.5 1.600 1.592 1.587 1.604 1.598 1.596 1.600 1.594 1.592
1830 1.597 1.589 1.583 1.601 1.595 1.593 1.598 1.591 1.589
1930 1.591 1.582 1.577 1.595 1.589 1.586 1.591 1.585 1.582
2040 1,586 1.574 1.567 1.589 1.580 1.577 1.585 1.576 1.573
2130 1.584 1.565 1.554 1.588 1.572 1.565 1.583 1.569 1.561
2230 1.657 1.657 1.656 1.656 1.656 1.655 1.655 1.655 1.654
2245 1.663 1.662 1.662 1.662 1.662 1.662 1.662 1.661 1.661




Table 6.
Current Distributicn Studies

Test mede with two plates in comnectiocn with the use of nine reference
electrodes and six thermocouples.

Overcherge-—charging rates as shown.--gassing strong
Time Cell Voltage Volteges-Lead Electrode Current

1l 2 3 4 5 6 7 8 9
1130 2.105-2.260 o374 <374 <374 <374 <373 <373 374 o374 37, 0 -1

1140 2.425 006 o402 o4OL o410 407 406 409 o405 405 1
1200 2.448 216 L10 406 o419 4L o412 o417 G413 411 1
1300 2.485 oh29 o422 JA18 o432 o426 424 o430 425 W423 1
1500 2,517 oLAO o434 o432 JAA2 o439 438 44O 437 437 1-2
no data on polerization teken beyond this time
Time Current Voltages—Peroxide Electrode

1 2 3 4 5 6 7 8 9
1130 0-1 1.725 1.725 1.725 1.725 1,725 1.725 1.725 1.725 1.725
110 1 2.005 2,010 2,013 2.000 2.003 2.005 2.000 2.003 2.004
1200 1 2.023 2,029 2,033 2.019 2.024 2.026 2.020 2.025 2.027
1300 1 2,052 2.057 2,062 2.048 2.053 2.056 2,050 2.055 2.058
1500 1-2 2,069 2.074 2.077 2.066 2.070 2,070 2.068 2,071 2.071
Time Current Temperatures

Couple Numbers
1 2 3 4 3

1130 0-1 73 73 73 13 V3

1150 1 %5 75 % T 5 D
1200 1 75 75 T4 T4 5 TS
1300 1 75 75 T T4 UL T4
1510 1-2 7 75 B 75 B 5
1520 2 75 75 B VB DB D
1600 2-3 % 70 75 B T
1610 3 % %6 76 16 76 7
1635 35 76 76 76 76 16 76
1645 5 76 76 76 % 76 77
1715 5 7 7 77 71 78 78
1815 5 79 79 79 79 80 &0
1900 5 80 80 80 81 81 8l

Room Temperature - 73°
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Table 8 ®
Current Distribution Studies

Test made with KXH 7-plate cell, with two center plates removed and with
nine reference electrodes

Discharge-rate of discharge 6 amperes

Time Cur- Grav- _ Voltage Voltage-Lead Electrode

rent ity Cell i 2 3 -4 55 6 67 78 9
1000 0-6 1200 2.039-1.890 356 +356 356 <356 356 +356 .356 .356 +356
1010 6 - 1.888  +304 .299 305 <305 2305 307 .298 .300 .308
1020 6 - 1,882 .304 .299 «304 0302 .303 .307 3297 .300 .308
1045 6 - 1.878  .302 .298 .303 .300 .302 1306 +296 +299 +307
1115 6 1195 1.868 300 .295 300 0297 +299 2303 +293 «297 o
1215 6 1190 10842 0297 4290 o296 0293 <294 .299 .289 4292 305
1345 6 1180 1.806 .293 286 291 .289 288 ,290 .282 .283 300
1500 6 B 1.768 "286 288 o284 .28l <278 272 J272 271 297
1645 6 1165 1.645 o274 0268 <274 o258 o251 o253 o246 <244 +290
19 60 i Jgeo-1Ege - = = R R ow | e
1915 0 1160 - 0347 0346 .3156 .346 0347 03‘}6 0345 03‘!&5 .347
0%0 0 — 10995 u%'? 0346 03&'&6 -346 0346 0345 0346 '345 0347
Time Voltages-Peroxide Electrode

1 2 3 4 ‘55 7 9
1000 1.675 1.675 1.675 1.675 1.675 1.965 1.675 1.675 1.675
1010 1.573 1.577 1.573 L.573 1.573 1.597 1.579 1.575 1.567
1020 1.571 1.575 1.570 1.573 1.57% 1.568 1.578 1.575 1.567
1045 1.567 1572 1.567 1,570 1.568 1.565 1.574 1.571 1.564
1115 1.558 1.504 1.558 1.561 1.559 1.555 1.565 1,562 1.552
1215 1.535 1.543 1.537 1.540 1.539 1.535 1.546 1.542 1.529
1345 1.503 1.511 1.506 1.507 1.510 1.507 L.514 1.514 1.497
1500 1.474 1.482 1.477 1.480 1,284 1.483 1.48
%gis 1.383 1.387 1.382 1.402 1.410 1.409 1.41

5 e ol = - e e -
1915 1.589 1.590 1.591 1.589 1.590 1.591 1.589 1.5
0900 1.641 1.642 1.642 1.641 1.642 1.642 1.641 1.642




Tabla 9.
Current Distribution Studies

Test made with KXH-7 plate cell, @itk two center plates removed and
with nine reference electrodes.

Charge and overcharge

Time Cur- Grav- Voltage Voltage-Lead Electrode
rent ity Cell 1 2 3 4 5 6 ' g8 9

0900 0-6 1160 1.997-2.160 .349 V348 J348 o348 348 o348 o347 348 <348
0906 6 ™ 2.260 QAOO QAOO 0394 OADO 6398 0397 0403 0404 0395
0915 6 _ 29255 aLDO 0401 0396 0402 0400 0399 0405 040? 0397
0930 6 - 2,250 2401 402 398 .403 401 o401 406 410 399
1000 6 - 20245 o402 o404 o400 o405 o403 o403 o407 413 401
1030 6 1160 2.248 o404 o406 402 LO7 W06 406 410 416 403
1057 6 - 2.248 05 408 404 <409 .408 208 412 418 404
1200 6 1165 2.258 o410 412 o407 o413 411 o421 417 422 406
1245 6 - 2.268 L1l o415 JA10 o417 415 15 422 424 409
1345 6 1175 2.284 419 419 o413 2422 o420 o420 o428 428 412
1500 6 1180 2.312 A26 o426 o420 43R 4RD +428 o439 o437 418
1600 6 - 2:395 Wbl o439 o437 448 JLh4 b3 o459 453 <430
1630 6 1195 2.455 455 JLEY o469 46T A6 4TL LTE LTI H4E2
1715 6 - 20550 0523 053? 0544 0535 0541 0542 -539 -547 -536
1751 6 o) 2-568 0548 0555 0558 0554 ’558 0558 -557 0562 0552
188 6 1200 2,567 o549 o554 «557 553 +554 <554 +555 <560 »550
192, 6 - 2 567 o548 o554 555 «553 «554 o554, +556 <561 550
2027 6 ~.566 o547 o552 +555 <552 553 +553 «554, +559 <548

2300 6-0 1200 2.567-20340 o546 «552 <553 551 552 o552 #5354 +559 «548
1000 O 1200 2.082 0358 o359 +358 358 +358 0358 o358 .358 358
2130 O 1200 2,059 2358 o358 1358 0358 .358 .358 358 .358 358

Time Gassing Voltages-Peroxide Electrode

1 2 3 4 5 6 ¥ 8 9
0900 none 1.642 1,643 1.643 1.643 1.643 1.643 1.643 1.644 1.645
0906 - 1.855 1,854 1.860 1.853 1.856 1.857 1.841 1.850 1.859
0915 - 1.849 1.848 1.853 1.848 1.850 1.851 1.845 1.843 1.853
0930 - 1.842 16840 1,845 1.841 1.843 1.842 1.838 1.833 1.845
1000 - 1.835 1.833 1.837 1.833 1.834 1.834 1.830 1.824 1.837
1030 - 1.834 1.832 1.831 1.833 1.833 1.832 1.828 1.822 1.835
1057 - | 1.83 1.832 1.836 1.831 1.833 1.833 1.828 1.822 1.836
1200 very 10840 1.838 10843 1n836 1.338 1.838 1.832 1.828 10842

slight

12.5 -~ 1,846 1.845 1.850 1.843 1.844 1.845 1.838 1.836 1.851
1345 slight 1.859 1.858 1.864 1.855 1.857 1.857 1.848 1.848 1.865
1500 - 1.281 1.882 1.888 1.877 1.879 1.880 1.869 1.870 1.889

1600 moderate 1.942 1.943 1.944 1.933 1.937 1.937 1.921 1.928 1.950
1630 st;ggg 1098? 10978 10968 19974 1-971 10969 10965 1.964 1»982
on 2

1715 strong 2.007 1.695 1.688 1.997 1.992 1.991 1.993 1.986 1.997
on both :




Table 9 (continued)

Time Gassing Voltages-Peroxide Electrode
1 2 3 4 5 6 7 8 9

1751 S 20006 20000 10997 2.000 10999 10999 10?98 10993 2.003
1848 Vigorous 29006 2-000 10997 2.0'00 26000 10999 10998 1-993 20003
1924 - 2,006 2,001 2.000 2.002 2,001 2,001 2,000 1.995 2.006
2027 - 2,007 2,001 1.999 2,002 2,001 2.001 2.000 1.995 2.005
2300 = 2,009 2.004 2.002 2.004 2.003 2.003 2.002 1.998 2.008
1000 - 1,715 1.715 1.715 1.715 1.716 1.715 1.735 1.716 1.715
2130 - 1.692 1,692 1.692 1.692 1.692 1.692 1.692 1.692 1.692

Table 10.
Current Distribution Studies

Test made with KXH, 7-plate cell with two center plates removed and six
reference electrodes

Discharge, discharge rate & amperes

Time Gravity Current Voltage Voltage-Lead Electrode
Cell 1 2, 3 4. B 6
1030 - 0 2,019 +350 350 350 350 .350 +350
1215 - 0-6 2.018-1.746 .350 350 350 +350 350 351
1230 - 6 1.660 o240 241 .237 236 236 <240
1300 1175 6 1.647 o231 232 .221 .228 228 .230
1415 - 6 1.615 219 219 .212 .216 222 211
1530 1150 6 1.581 0207 +207 2192 200 204 .190
1645 - 6 1.420 0197 183 4150 (175 1.68 140
1800 1145 6-0  1.020-1.800  —.132-.240-.303-.2362 0290 =»330
Time . Volteges-Lead-Electrode
1 2 3 .26 1.

1030 1.670 1.670 11670 1.670 1.670 1.670
1215 1.670 1.670 1.670 1.670 1.670 1.670
1230  1.419 1.419 1.423 1424 1l.424 1.419
115 1.415 1,216 1e421 1420 1.420 1.417
1530 1,399 1.398 1.406 1.402 1.395 1.406
1645 1,380 1.380 1.396 1.387 1.383 1.397
1800 1.164 1.290 1.358 1.287 1.346 1.384




Table 1l.
Current Distribution Studies

Test mede with KXH Cell, 7-plate, with twe center plates removed and six
reference electrodes.

Charge, rate of charge o amperes.

Time Current Gravity . Gassing Voltage - Voltages-Lezd Electrode
Cell i 2 3 4 5 6
0900 0 - 6 1150 none 16982"‘2.180'"."03% .338 1338 63% 6333 0338
0906 6 = = 20500 0385 .385 .393 .389 .386 .392
0930 6 o - 2«267 1389 0388 0395 0393 0389 9393
1020 6 - - 2.268 <395 393 400 400 .394 .398
1200 6 1155 = 20285 -kaB oﬁ.OB m 0410 4405 0410
3315 6 - very slight 2.315 o412 415 423 423 419 W422
1345 6 1160 - 2,330 o417 o419 427 427 423 424
1520 6 1180 vigorous on Pb02 2.500 AB2 o433 432 448 436 4430
1600 6 -~ s8light on Pb 2.508 o459 o438 o436 o452 o440 434
1645 6 1185 - 2,512 o463 ALY o439 45T Ahl <438
1815 6 - strong 24520 AT2 450 AdT 46T 453 L6
1915 6 1187 - 2.525 AT oL5T 453 AT LOY o453
2130 6 1190 - 2.547 2502 480 473 499 486 ALT5
2245 6 -0 1193 - 2.570-2,320 520 o499 o491 517 506 495
Time - Voltages-Peroxide Electrode
1 2 3 4 5 6

03900 1,649 1.649 1.650 1.650 1.649 1.650
0906 1.887 1.886 1.880 1.884, 1.886 1.882
0930 1,880 1.880 1.874 1.875 1.879 1.875
1020 1.875 1.876 1.870 1.870 1.876 1.872
1200 1.87¢ 1.887 1.878 1.880 1.885 1.880
1315 1.907 1.904 1.897 1.898 1.902 1.899
1345 1,917 1.915 1.908 1.907 1.913 1.911
1520 20051 20068 2&069 20054 2.066 2 -070
1600 2,051 2.073 2,075 2.057 2.070 2.076
1645 2,053 2,075 2,076 2.059 2.070 2.077
1815 2,052 2.073 2.077 2.058 2.070 2.078
1915 2,051 2,073 2.078 2.057 2.070 2.078
2130 2,050 2.072 2.079 2.054, 2.067 2.078
2245 2,052 2,072 2.080 2.054 2,067 2.078
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Test with two plates, peroxide plate inverted.

used.

Tsble 12.

Current Distribution Studies

Discharge, rate of discharge, 2 amperes.

Time Current Grav-

1200
1206
1230
1409
1518
1600
1700
1800
1930

Time

1200
1206
1230

1518
1600
1700

1930

SRS TN ST S B0 S B 6 I S B S I |
N

b

1.800
1.668
1.664
1.648
1.641

1.637

1.629
l 0619
1.600

ity

Voltage
Cell

1

1245 2.158-1.835 .365

1240

1235

1.840
1.840
1.820
1.810
1.802
1.792
1.779

171
176
+172
-170
<168
165
0162

1235 1.752-2.000 .156

2
1.800
1.666
1.662
1.645
1.640
10635
1.627
1.617
1.597

3
1.799
1.668
1.664
1.646
1.639
1.63‘5
10627
10616
1.597

v
1 .799
1.666
1.662
1.646
1.640
1.635
1.627
1.616
1.597

Voltages-bezd Electrode

2 3 4

+306 365 365
0174 172 173
0178 176 o177
o175 1174 <175
0172 o172 172
0170 <170 .169
0166 166 .165
0158 159 .161

5 6

2366 366

«172 .178
2177 183
o174 172
<171 .170
<169 ,168
168 .167
.167 .165

-161 +159.

7

<366
.169

o172

s 169
+170
.168
. 166
O 164

8

«366
L] 170
175
172
-170
.168
<166
»165

Nine reference electrodes

9

366
172
173
171
«169
<167
.165
163

+159.3260.1158

Volteges-Peroxide Electrode

5
1.799 1.799
1.666 1.660
1.662 1l.656
1.647 1.648
1.640 1.641
1.626 1.627
1.615 1.616
1.596 1.597

7
1.799
1.671
1.667
1.652
1.641
1.637
1.628
1.617
1.598

8

1.799
1.669
1.664
10648
1.641
1.637
10627
1.616
1.597

9

1.799
1.670
1.666
10649
1.643
1.638
1.629
1.618
1.599



Teble l4.
Current Distributgéh Studies
Test made with two pletes and three reference electrodes. Nine lead leads
soldered to back of each plate

Voltages
Time Cur- Grav- Gas- Voltege Lead Electrode FPeroxide Electrode
rent jty sing Cell : & 2 3 1 2 3
j000 0-1 1220 none 2.061-2.190 .362 .362 .362 1.702 1.702 1.702
1020 1 - - 2,263 07 406 405 1.849 1.850 1.852
1050 1 i = 20255 0409 .2.08 0406 1.838 1.839 1.841
12&5 1 . i 20312 0493 9492 04.90 10815 10816 1.818
1600 3 - 1223, = 2,314 492 490 A87°1.819 1.820 1.823
1830 : 1 - - 2,319 493 491 489 1.823 1.824 1.826
2100 1 1228 - 20315 0491 o&% '489 10816 1.818 11819
2330 1 - - 2.330 495 +493 491 1.833 1.834 1.836
0900 3 1240 - 2.385 .508 5506 505 1.873 1.875 1.877
1230 L 1240 slight 2.412 .516 .514 512 1.893 1.894 1.897
1430 1 - - 2.430 .521 .520 520 1.906 1.907 1.907
1645 1 - - 2.462 +537 <535 «535 1.922 1.924 1.924
1815 1 - medium 2.540 .584 582 .582 1.950 1.952 1.952
2130 i 1245 vigor- 2.615 626 624 624 1.9T4 1.976 1.976
ous ,

2245 1 T = 20628 0635 -634 0632 1.981 10982 1.984
2400 1-0 1245 = 2.633 639 .637 636 1.983 1.986 1.987
2405 0 - - 2.285 .366 .366 .366 1.894 1.894 1.894
Time Voltages--Lead Plate

A-4 12 1-3-3 455 4B 7-8 7-9 1-4
1000 .00000 .000C0 ,00000 00000 00000 ,00000 00000 .00000
1020 .02505 000015 .00023 00011 .00015 ,00007 .00008 .00010
1050 02495 00015 .00023 .00010 .00015 .00006 ,00008 .00010
1245 02505 000015 .00023 00010 00015 .00005 .00007 .00010
1600 10255 00015 00023 ,00010 .00015 .00005 .00008 00010
1830 .10190 00015 .00023 00010 .00015 .00006 .00008 00010
2100 10280 00015 ,00022 00010 .00015 ,00005 00008 00010
2330 .10060 .00014 ,00022 .00010 00015 .00005 00008 .00010
0900 .10445 o00014 ,00021 .00009 .00014 ,00005 00007 .00010
1040 .10495 00013 .00020 00009 .00013 ,00005 00007 00009
1230 10550 00013 ,00020 .00009 00013 ,00005 +00007 00009
1430 .10535 00012 .00020 .00009 .00013 ,00005 00006 .00009
1645 .10675 00013 ,00020 00010 .00013 ,00005 .00007 .00009

,00013 00020 .00009 .00013 .00005 .00007 ',00008

1815 10800

2130 .10875 00013 .00019 ,00008 00012 00004 .00006 .00008

2245 10945 00013 .00018 .00008 .00012 ,0000, 00006 .00008

2400 .10990 .00012 00018 00008 .00012 00004 .00006 .00008 !
205 .00000 .900000 00000 ,00000 . .00000 00000

00000 00000




Table 14 (continued)
Volteges-Lead Flectrode Voltages-Peroxide Electrode
1-7 2-5 2-8 3-6 3-9 A-13 10-11 10-1z2 13-14
00000 .00000 00000 00000 .Q0000 +00000 .00000 .00000 00000
.00019 .00005 .00010 .00002 00004 .01895 .00009 .00013 .00006
.0001¢ 00005 .00009 00001 .00004 .01920 .00009 .00012 .00005
,00019 .00005 .00009 .00002 00004 .01920 .00008 .00013 .00005
00019 .00005 .00009 00002 .0000L .01945 .00009 .00013 .00005

«00020 00005 .00010 ,00002 .00004 ,01985 ,00010 .00014 .00006
»00019 .00005 .00009 .00002 .00004 .01985 .00009 .00013 .00006
.00018 .00005 .00009 .00002 .00004 «01425 .00009 .00013 .00005
.00018 .00005 .00008 .00002 .00004 -01415 .00009 .00014 .00006
.00017 .00005 .00008 .00002 .00003 .01415 .00009 .00013 .00006
.00017 .00005 .00008 .00001 .00003 «01430 .00009 .0001/ .00006
.00017 .00004 .00008 .00002 .00003 +01435 .00009 .00014 .00005
-00017 .00004 ,00008 .00002 .00003 «01445 .00009 .0001/ .00006
.00016 .00005 .00008 .00001 .00003 «01430 .00009 .0001% .00005
000016 .00004 .00007 .00001 00003 «01420 .00009 .00013 .00005
.00015 .00003 .00007 .00001 .00003 .01420 00009 .00013 .00Q005

»00015 .00004 .00007 .00001 .00003 -01420 .00008 .00013 .00005
-00000 00000 00000 .00000 .00000 .00000 .00000 .00000

:

Voltages-Peroxide Electrode
13-15 16-17 10-13 10-16 11-14 11-17 12-15
.00000 ,00000 .00000 .00000 .00Q00 .00Q00 .
00014 .00003 .00006 .00010 .00002 .00004 .
.00008 ,00003 ,00005 .,00009 .00001 .00003 .00000
.00008 .00003 .00005 .00010 .00001 .00003 .OO0f
.00009 .00003 .00005 .00010 .0C001 .00003 .00000
.00010 .00003 .00006 .0OOl0 .00003 .00004 .0O0000
. o00009 .00003 00005 .00010 ,00201 .00003 .0O00D0
00009 .00003 .00005 .00010 .00001 .00003 .00000
.00009 .00003 .00006 ,00010 .00001  .00004 .0O0OO
- «00009 .00003 .00005 ,00010 .OOOOL .0OC03 .
".00009 .00003 .00005 .00010 .00001 .00003 .
»00009 .00003 .00005 ,00010 ,.00001 ,OO003 .0O0O0O0
00010 .00003 .,.00005 .00010 .00001 .0QO03 .
00009 .00002 .00005 .00010 .00001 ,.NOOO3 .
00009 .00003 .09005 .00010 .00000 .00203 .
.00008 .00003 .00005 .00010 .00000 ..00003 .0D0CO
.00008 .00003 .00005 .00009 .00001 .00003 .000C0
.00000 .00000 .00000 .00000 .0Q0000 ,O0QOOQ .0OOO0O




Table 15.
Carrent Distribution Studies

Test made with two plates and three refersnce electrodes. Nine lead
leads soldered to the back of esach plate.

Discharge, 1 ampere.

Time Gravity  ¥Yelépge Voltages
Cell Lead Electrode Peroxide Electrode
1 2 3 2 2 3
0900 1245 2.092-1.940 371 371 371 1.724 1.724 1.728.
0920 - 1.915 0322 ..322 .323 1.595 1.594 1.592
1215 - 1.980 «321 .322 .324 1.661 1.660 1.658
1430 1242 1.976 +320 320 .322 1.659 1,658 1.656
1630 - 1.973 #319 320 321 1.656 1.656 1.654
1900 1236 1,965 «316 .317 .319 1.652 1.651 1.649
2215 1233 1.955 2312 .31 W31 1.645 1.643 1.641
0915 1227 1.892 297 299 .301 1.597 1.595 1.593
1045 - 1.871 0293 295 297 1.578 1.576 1.574
1215 - 1.850 0290 292 .293 1.560 1.558 1.557
1415 - 1.811 «282 28/ 284 1.529 1.527 1.527
1630 1220 1.415 210 .212 201 1.255 1.249 1.252
1645 - -800-1.760 - - - 2 & i
Time Voltages-~Lead Electrode
A4  1-2 1-3 4-5 46 7-8 7-9 -4 17
0900 ,00000 .00000 .00000 .00000 .00000 00000 .00000 .00000 00000
0920 .02485 .00013 .00018 ,00008 .0001l3 .0000 .00007 .00008 .00016
1215 .02465 .00013 .00019 .00009 .00013 .00004 .00007 .00008 .00016
1430 .02495 .000233.00020 .00008 .00013 .00005 .00007 .00008 .00016
1630 .02505 00013 00020 .00009 .00013 .00005 .00007 .00009 .00016
1900 .02475 .00014 .00020 ,00009 .00013 .00005 .00007 .000LO .000L7
2215 02480 00014 .00020 .00010 .00013 .00005 00007 .Q0010 .000L7
0915 .02480 .00015 .00022 .00010 .00015 .00006 .00008 .00010 .00019
1045 .02490 00015 .00022 .00010 .000l5 Q0006 00008 .000L0 .000L%
1215 .02515 .00016 .00022 .0001l .0001l5 .00006 .00007 .0001l .00020
1415 .02515 00015 .00022 .00011 .000LlZ .00006 .00007 .00011 .00020

1630 .02490 .Q0017 .00020 .00012 .02010 .Q0005 .00003
Time Voltages-Lead Electrode Voltages-Peroxide E:!.ectrode
2-5 2-8 3-6 3-9 A-13 10331:110-12 13-14 13-15

0900 .00000 .00000 .00000 .00000 00000 .00000 .00000 .00000 .00000
0920 .00004 .00007 .00001 .00003 .01750 .00009 .00013 .00006 .00010
1215 .00004 .00007 .00002 .00003 .01775 .00010 .00015 .00006 .00010
1430 .0000 .00008 .00002 .00004 .01805 .00010 .000l4 .00006 .00010
1630 .0000Z .00008 .00002 .00004 .01815 .00010 .00014 .00006 00010
1900 ,00005 00008 .00002 .00004 01815 .00010 .00015 .00006 00010
2215 .00005 .00008 .00002 .00004 01825 .00010 .000Ll5 .00006 .00010
0915 .00005 .00010 .00003 .00004 .01855 .00010 .00014 .00006 .00009
1045 .00005 .00010 .00003 .00005 .01865 .00010 .000l4 00006 00009
1215 .00006 00010 .00003 .00005 01875 .00010 .000L4 .00006 .00008
1415 .00007 .00005 ,01880 .00010 .000L4 .00006 .00009

.00010 .00003

1630 - ® 01870 G ) - -




Table 15 (continued).

Time Voltages—Peroxide Electrode
' 16-17 10-13 10-16 11-17 12-15 11-14

0900 .GO00O0 .00000 .00000 .00000 .0O0OQ .00000
0920 .00003 .00006 .00010 .000C3 .0OOO0 .OOOCL
1215 00003 .00006 .00010 ,0OO00O4 .0OOOO .00002
1430 00003 .00006 .00010 ,0000, .00000 .00002
1630 .00003 .00006 .O0O0O10 .000OL .OOOOO .00002
1900 .00003 .00006 .00010 .00004 .00000 .00002
2215 .00003 .00006 .000ll1 .00004 .00000 .0OOO2
0915 .00003 .00006 .00010 .00004 .0O0000 .0OOO2
1045 .00003 ,00006 .00010 .00004 .00000 .00002
1215 .00003 .00006 .00010 .00004 .00000 .00OO2
1415 .00003 .00006 .00010 .00004 .0O000 .00002
1630 .00003 = = - = =




LOCATION OF THERMOCOUFPLES--TESTS | AND 2

/10

/1

12

END VIEW OF ELEMENTS

SO0LID LINES---FPLATES

I |
4|/ IAVE;
8 5|2 17\ 14
| 6 |3 18115

BROKEN LINES---SEFARATIRS

PLATE |




-

LOCATION OF THERMOCOUFPLES -—-7ESTS [ AND 2

TOP VIEW OF ELEMENTS

I
1017 417
/1118 22
/2|9 AE]
14,7,10
13,16
25,8,/
14,17
‘51629J}??
/5,18

16|13

17 ' 14

18115

S5I0E VIEWOF
ELEMENTS

FPLATE Z

sy T




/
£

ar& 3
A
P







M SeND

NONNN

g
PLATE 5

vV

g
%




AT TRl

\

LEAD ]El. EC T/?ODF POTEN r/m S

'_ |

1 %
OVERcrmﬁ@ £---TWOPLATES |

. | 'li

|
I 1
; AAT I i
&4 |

TS Rt T T e T - e B e

e i e B
—

e e RS R o e

oy (7 e AL G SRR L

0845 1045 1245 1445 1645 1845 2045







2 TEST &

| LEAY ELECTROPE POTENT/ALS
. I} Ryt o 0 165 S - Y -
fa‘! % DISCHARGE
\\X TWO| PLATES
! N\\ e T > ‘-H‘*--.._‘_H‘_
S iy Sl B R WRIREE SR
it}

=

'Lz

[ 100 1500
TIME




: L (i bl i DO A 2
| I [

TEST & /J
il LEAD PEROXIDE POTENRIALS

|
. [ 8L
\\ ih OISCHARGE --TWO P{_ﬁ'ia’é 5 bl i e
) — S — R — — -— 1 e — _._.+ — —
',
|
i SRl LS S [ SR A

| | |

PLATE 10

2300

0
S |
S

100 1500
TIME




LOCATION OF REFERENCE ELECTROOES ~—--TESTS 7-9

Pb PLATE

s e s Y e LW 13

g T I S e

PLATE 11




—_— — — — —— - — ———— — _——— —
- - e — = s —— = e e e —
e ST mce=sr T = e = — il A T S == TEzo= & = e ——— e R == =

PLATE I1Z

LOCATION OF REFERENCE ELECTRODES ---TESTS 3-6




22222




TEST 7
ELECTROOE POTENTIALS
V= s S e~
1 RGE--TPLATE CELL /) \:g
A
/ "”‘"---__._‘“*'27
kLR -4
// / i)
520 // /
480 ////
é//
1330 /1430 1530 1630 1730 1830 1930
TIME

PLATE 14




“NIEST 7 3

—=r fz.45
“PEROXIDE| ELECTROOE POTENTIALS J
: CHARGE--17 PLATE CELL

BN
s

L
AL
A\

/

/
I/

T —

0830 0930 1030 EY, 1230 /330 1430

7TIME
FLATE S




TEST 7

PEROXIDE| ELECTROOE POTENTIALS

CHARGE--+7 PLATE CELL

1820

1648
0830 0930 1030 /1130 1230 1330 1430

TIME

PLHTL 1§




\ TEST-A

PEROXIOE ELECTROOE POTENTIA S g
o /é el
CHARGE--7 PLATE CELL Y !
&
= 2-8
2

7

// /7/

1330 1430 1530 /1630 1730 /1830 /930
TIME
PLATE /6




=1/

T 2020
TEST i
CHARGE-{T PLATE CELL
1940
PERQX IDE ELECTRODE POTEWTIAL
\ / REFERENCE ELECTRODE |NO.5
| s
- 0
N 184
Y
! /
| //LE(-?D ELECTROPE POTENTIAL
aF & i ;
/ REFERENCE ELACTRODENOS| .
| ’_,,.-J-"’/
|
|
ir
50l ; | 1640
0830 030 1230 1430 1630 1830 2030
TIME

RLATEM T,

MILLIVOLT S




LOCATION OF REFERENCE ELECTRODES-—-TESTS 10-1/

Pb PLATE
4 /
5 2
[ 3

PLATE 18




¢ 4L TEST 11 6
5
LEAD ELECTRODE POTIENTIALS Z
CHARGE-V PLATE CELL / /
/

NN/

L/

W Ll
94
7

/

290

a3
0%0p 1000 1100 1200 1300 1400 /500
TIME

PLATE /2




LEAD EL
CHARGE

ECTRODE Pl
~~TPLATE ¢

TEST 1/

PTENTIALS
(Y47

2300 2500

RLATEZ0



LOCATION OF REFERENCE ELECTRODES —-- TEST I4

e --MERCUROUS SULPHATE REFERENCE ELECTRODES
/~18~-50LDERED LEADS

PLATE 21




RESISTANCE OFLEAD GRID

237

235

231

226

220

222

223

226

-5
VALUE GIVEN X /1O =RESISTANCE INOHMS FROM STRAP TO POINT THAKEN

PLATE 22




- =8
o W g

TR S TRSRT T S Wy Ty

RESISTANCE OF PEROXIDE GRID

187 182 176 171 163 154 147 153 156
184 178 177 173 /70 X /59 162 163 /
180 185 180 173 175 164 168 169 165
184 185 182 J80 178 174 174 173 1717
186 184 183 /183 184 181 182 179 179
189 187 188 189 /88 /83 185 186 {185
192 194 191 /190 /89 186 /88 187 188

REABDING GIVEN X /0 5=RESISTANCE IN OHMS FROM STRAP TO POINT TAKEN

PLATE 23




