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This report discusses the effects resulting from the stratification of
electrolyte in submarine batteries. These effects are such as to accentuate
the deficiencies inherent in the use of tall, narrow storage cells for sub-
marine work.



1. This problem was authorized by refersnce (a); other corrsspondence
pertineat to this problem are listed as references (b) and (c).

Reference: (a) Bu.Eng.let.SS/862(7-30-D1) of 7 hugust 1935.
(b) CO USS BONITA's let.SS165/862-4 of 12 July 1935 to Bu.BEng.
(¢} Institution of Electrical BEngineers, Journal, 56
529 (1928). o

STATEMENT OF_PROBLEM

2. During ths greater portion of the charge of a lead-acid storage
cell strong sulpauric acid i1s generated within the pores of the plates by the
action of the charging current. This strong acid tends to fall to the bottom
of the cell and stratifiecation results — layers of strong acid at the bottom
of the jar, progressively weaker layers above. If the charge is not continued
well into the gassing phase, this stratification remains and has certain dele-
terious effects. In the normal charge of & submarine battery, the charge has
to be continued for some time after the active material in the plates has been
recharged in order to generate gas to mix up the stratified electrolyte. If
thais gassing were not required, the charge could be secured befors the usual
excessive gassing ceccurs. This would have the following advantages: explosion
hazards due to gassing would be minimized, batiery temperatures would be kept
doim, formation of acid sprey would be reduced, water loss would be cut down,
and wear and tear on engines and electrical plant would be reduced.

KNOWN FACTS BEARING ON THE PROBLEM

3. The effects of stratification are sncountered more in Navy submar-
ine cells than elsewhere owing to the narrow, deep cells used and to the small
sxcess electrolyte space provided. In the batteries of telephone and public
utility companies, the use of large open cells with a great excess of electro-
lyte minimizes the amount of stratification, while in industrial and other uses
of tall cells, as in traction batteries, vibration and motion tend to reduce
stratification. :

b The experience of the Material Laboratory, Navy Yard, New York, in
the life testing of submarine cells shows two effects of stratification and its
associated phenomena. Cells broken down for inspection at the end of the life-
test period often have the lower third of tae plates seriously sulphated. Apart
from the gassing of the cells on charge, the chief factor in mixing the electro-
lyte in submarine cells is the rolling, pitching and vibration of the ship. The
effect of these upon the electrolyte stratification is well brought ocut in ref-
erence (b) in tests of the N.R.L. batitmeter on the U.S.S. BONITA, These tests
showed taat when the battery was charged while the ship was under way at sea, the
hydrometer readings more nearly corresponded to the battmeter readings than was
the case when the battery was being charged when the ship was secured to a dock.
That is to say, the stratification was less when the ship was under way. This
effect finds confirmation in the experience of the Materisl Laboratory. Formerly
submarine cells on 1life tests were rocked on a tilting machine simulating tae
rolling of a sutmarine at sea. Experience showed that cells so rocked had a
longer 1ife than those standing quietly in the laboratory.



5. Fhen a storage ceil is charged, sulphuric acid is generated witain
the pores of both the positive and negative plates. This acid mixes with the
electrolyte within thase pores and makes it more concentrated and therefore of
a higher density. As the charge progresses, this concentrated heavy acid is
forced out of the plate and there meets ths lighter electrviyte near the separ-
ators. Being more dense, the concentrated acid tends to fall to the bottom of
the jer, just as honey poured intoc a glass of water falls to the bottom, even
though it is soluble in water. ILf the charge wers sscured at this point, there
would be a condition of stratification with strong electrolyte at the bottom of
the cell, progresaively weaker electrolyte in layers toward the top.

Open Circuit Effects

6. Wita the negative plates of the cell now in contact with strong
electrolyte at the bottom of the cell, and at the same tims in contact with
weik slectrolyte at the top, thers results what is known as a "concentration
cell”, as illustrated in Plate 1. That is to say, owing to the higher poten-
tial of the Pb-PbS0, electrode in concentrated sulphuric acid than in wesk, a
c2ll is set up such that the bottom of the plate tends to charge the top of the
plate., Similarly, the positive plates constitute a concentration cell which
tends to result in a charging of the top of the positive plates at the expense
of the bottom. If, therefore, this stratified condition is present on an open-
circuit, the net result is for the bottom of the element to become further dis-
charged,

T If subsequent charges were not carried fully to completion, the
ultimate result of this would be an unhealthy sulphation of the bottom of the
plate. To illustrate, if a submarine cell with 1.280 specific gravity electro-
lyte were cycled repeatedly without sufficient gassing to stir up the electro-
lvte completely (even if the plates were fully charged), the concentration of
tha electrolyte at the bottom of the element would gradually increase and at the
end of the charge would become greater than 1.280., It is well known that un-
healthy sulphation and corrosion of grids is much more rapid in electrolyte
greater than 1.280 specific gravity. Hence, this stratification condition
would result in hastening this type of corrosion and sulphation. Recent work
by the Bell Telephone Laborutories shows that corrosion and sulphation of this
trpe are much greater in alloys and storage batbery plates containing antimony
then in pure lead or lead alloys other than of antimouny.

Charge Effects

8. This "concentration cell" effect also has an inflnuence on the charge.
The work of the British Admiralty Research Laborztory on tiae current distribu-
tion in tall submarine cells (reference (c)) shows that the upper portion of
tall elements takes a charge better than the lower. As the upper portlon become:
charged, the sulphuric acid there formed streams down %o the lower part and
thereby increases the electrode potentials of the lower portions of tne plates.
This incrsased potential opposes the charging current and thus tends to confine
the charge even more to tie top of the element. Were it not for the polariza-
tion resulting from gassing, the bYottom of tae element might remain uncherged.



Discharge Effects

9. If now a stratified cell is discharged, the fact that the lower
portion of the cell has a higher electrode potential than ihe upper tends to
cause the lower portion to discharge first, whereas, as the British Admiralty
work shows, in & normal cell the upper portion discharges first, One effect
of this maldistribution of discharge current is to reduce the capacity of a
normal unstratified cell, and it might be expected that with a stratified cell
the increzsed discharge from the lower portion would tend to increase the over-
all capacity of the cell. However, this increase in the capacity of the lower
portion due to the Mconcentration cell® effect is at the expense of the capac-
ity of the upper portion, and hence little or no gain results.

10. In open-circuit, charge, and discharge conditions alike, the ef-
fect of stratification is to accentuate tne deficiencies in electrical and
other characteristics inherent in the use of tall, narrow cells.

METHODS OF TEST

11. The experimental work discussed in this report was incidental to
other problems which have been reported on previously.

DATA OBTAINED

12, The amount of stratification in submarine cells is illustrated by
Plate 2 taken with a USS CACHALOT cell (WLH-29), while the effect of stratifi-
cation and the attendant phenomena on the capacity and hydrometer readings in
a cell is shown in Plate 3, which records the data of a test by the Electric
Storage Battery Company on & UL-49 Ironclad,

CONCLUSIONS AND RECOMMENDATIONS
(a) Facts Established

13. From the above discussion it follows that in ihe present design
submerine cells with their tall, narrow elements, stratification tends to
cause the following effects: on open-circuit it would sulphate the lower por-
tion of the plates, corrode the grids and negative material of this portion,
and thereby shorten 1life and reduce capacity; on discharge it would reduce
the capacity of the cell; and on charge it would favor the upper portion of
the element in taking the charge. In short, the effects of stratification
are to increase the deficiencies already inherent in tall, narrow elements.
In the present design cells gassing with all its attendant evils must taere-
fore be resorted to in order %o mix up the electrolyte at the end of charge.

(b) Opinions

h .20 To minimize the effects due to stratificatlon and to increase the
discharge capacity of submsarine cells, several engineers have suggested that
artificial means be used to circulate the electrolyte. For exaample, it has
been suggested that each cell in a battery be fitted with an electrically
driven stirrer {Plate IV) or a compressed gas lift. The complexity introduced
by such a device makes this Laboratory hesitate to recommend its adoption, but
the Bureau might well consider its feasibility. Another suggestion which has
been made is to invert the negative plate assembly so that the negative bus bar

-3-
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FPLATE 4

S‘//M CELL WITH ELECTROLYTE CIRCULATOR



- RUBBER-COVERED

-E’/M CELL WITH BOTTOM COLLECTOR BUS.

<)
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