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ABSTRACT

This report presents in summary form all pertinent facts drawn
from previous work on special lead alloys for submarine storage
batieries. The effect of various alloying constituents on the
operational characteristics of pasted plates is discussed in detail
and reasons given for the choice of alloys used in the current series.

The method used in casting the grids is discussed and plans
for facilitating future research are included, this raport covering
only such details as wore involved in the manufacturc of the grid;
the results of physical and lifo testing will bo the subject of
another report. This is nccessary since the results of lifo tests,
at tho Bureau of Standards &re not yet aveilablo.
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AUTHORIZATION

1. This problem was authorized by Bureau of Enginsering
confidential letter C-S5/562(2-15-Ds) of 21 February 1933. Other
pertinsnt references are listed as (a) to (g) inclusive.

References:

(2) Preliminary Report on Studies of Grid Alloys for
Submarine Storage Batteries of 27 July 1933.

(b) NRL let. S5/19 of 20 April 1934 to Bursau of
Engineering.

{(c) NRL Report No. M~1052 of 17 May 1934.

(d) MRL Report No. M=1121 of 30 January 1935.

(e) BuBng. let. C-55/562(7-31-Y1) of 7 August 1935,

(£) Bureau of Standards Report on Storage Battery Grids
Cast from Navy Type Experimental Alloys of 7 December
1936.

(g) MRL lst. C-55/19 of 16 September 1937 to BuEng.

STATEKENT OF PROBLEM

2. The object of this work was to prepare storage battory
grids of such alloys that strongth in tho finished plate would bo a
maximum and sulfation and intergranular correosion would be 2 minimum.
In practice this mcans elimination of entimony from tho positive grids,
or reducing the amount of that olement to below 4-1/2%.

3. The experimental work leading up to the presont status of
the problem and influencing tho current trend of research has been
carried on at this Laboratory, with life tosts conducted at the
Nationel Bursau of Standerds. The results have been presonted in
Naval Research Laboratory Reports No. M=-1052, M=1121, and by formel
roport from the Buroau of Standards.

4, Pertinent facts ostablished by the forsgoing rosocarches
will again be presentod bolow for the sake of clerity.

FACTS ETSTABLISHED BY PAST RESEARCH

5. (a) Antimony below 4%, especially at 2-1/27, reduces sulfa-
tion to a low level and alds in reducing the tendencies toward the forma-
tion of moss and trees. At the same time, antimony at even so low &
concentration as 2-1/2¢ aids materially in giving the positive grid
resistence to oxidetion or "forming," which is the chisf cause of
positive plate failure. At this concentration the antimony is largely
in solid solution in the lead. Grids containing 4-1/2% antimony with
no othor alloying element are, however, lacking in strongth, at least
for service in submarine cells.

(v) Strontium plus 2-1/2% antimony was found to prolong
the life of grids as compared to the plain strontium type, and at the

-1--
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same time caused no more self-discharge than grids containing stromtium
alone.

(c) A large number of life tests on grids conteining vary-
ing percentages of strontium plus tin showed that such positives soon
failed due to intercrystelline attack of nascent oxygen. This seemsd
to contradict the conclusion, from numerous laboratory tests of selid
unpasted plates of the same compositions, that some of them were more
resistant than entimony alloys. Tin promotes the growth of large
columnar grains, which may be the cause of the tromnble.

(d) Sodium has been used as a preferentisl oxidizer to
protect the strontium from oxidation but apparently does not serve the
purpose. The probable accumulation of the sodium or some of its oxides
at the grain boundaries was thought to augmont corrosion activiily both
genarally and locally.

(e) Strontium~tin alloys of lead, if properly cast, are
supsrior to lead-antimony alloys in strength, elsctrical conductivity,
and resistence to corrosion, except as noted under (c) abovs.

(f) Alloys containing no antimony are prone to form trees
during opsratione.

(g) Silver has a protective effect against corrosion.

(h) Impure lead causes much of the spurious corrosion often
l1aid to other causes.

(i) The Navy type alloys #1 and #2 of the composition =

I - 4% Strontium + 3% Tin
II - 4% Strontium 4 1,04 Tin

whon used as positive plates, disintegrate more rapidly than the stan-
dard antimony 2lloy. They were superior to the plain lead typo, how-
evor. Loss of capacity on open circuit was much loss in the strontium
alloys, but the antimony plates regained their lost capacity after re-
cycling for a few cycles and wers once more superior.

(j) When cells were constructed using both positives and
negatives of each of Navy alloys I and II, it was found that they
maintained their capecity longer than when used as positives egainst
negatives of standard alloys.

(k) Charging voltages for the Navy type alloys I and II
were higher than for pure lead or lead-antimony alloyse

(1) The Navy type alloys I and II were subject to moss and
trees but this feult was sasily remedied by a slight change in design
of the cells.

(m) Rate of sulfation for negatives of Nevy type elloys is

-2-
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much smaller than lead-antimony plates and little, if any, greater than
the pure lead type.

(n) Pure lead positives and those containing less than
24 antimony corrode badly and crack, while at 3% or more antimony
these properties are very good.

(o) Antimony content does not affect the capacity of cells.

(p) Cadmium alloys, when used as positives, caused excess
treeing on the negative, these redissolving on open circuit. These
alloys are also expensive, deficient in strength, and have nothing to
recommend them.

(q) Age hardening alloys appearcd to withstand corrosion
better than solid solution alloys. Their ductility and hardness are
also supcrior.

(r) Plain calcium and barium alloys showod grect internal
corrosion in electrolytic oxidation tests and became extremely britile,
while the plein strontium type remnined tough, ductile, and lacked
pronounced corrosion. (Results of laboratory tests on solid plates.)

(s) The strontium content of a series of grids cast from
one melt varied from .4% for the first few grids cast to nothing in
the last, getting poorer and poorer in this element throughout the
process.

MATERTALS

Te Since it was shown that accidemtal impurities were responsible
for much of the inefficiency of pasted plates used in storags batteries,
only elements of the purest composition obtainable were used in the
present work and much care taken throughout the procedure to eliminate
this doubtful variable. The lead was the purest commercial type
available, being 99.99% pure.

COMPOSITIONS

8. Grids were produced of the following compositions, these
analyses being chosen by Dr. Re H. Canfield afier a caroful considera-
tion of esteblishod facts.
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Table 1

Theoretical Compositions of Grids

4sb 4sr #sn dag LTe
2 &} -- - - - - - -
B 2% - - -- .05 =
c 2% - - - - .10 - -
D 2% .07 -- .05 =
E 25 07 <20 - - - -
F 2% 07 - - 10 - -
G 2% 15 - - 05 - -
H 2% 215 «20 -- - -
I 2% 15 - - .10 --
ke 25 15 .15 +05 --
K 25 15 -- - - 02
L 2% 15 .20 - - .02
M 25 .15 40 - - --
X 2% 07 o15 05 --

9, Having found that positive grids containing less than 4%
antimony reduced sulfation to & very low level, and since unrelated
research has proven 2-1/2{ to be the limit of solid solubility of
antimony in lead, this was selected as the basic composition of the
entire series. It was decided, in the light of substantial evidence,
that perhaps the precipitated phase known to bo present in alloys
containing moro than 4% Sb might be the cause of accelorated sulfation
as the proportion of this slement is raisod. A plain 4.5% antimony~
lead sorics was mado to be used as & rcforence standard for comparison
of operationnl cherecteristics. This composition is superior to any
othcr plain load-antimony alloy in prolonging cell life.

10. The ege-hardening effect prosent in tho usual antimony-
load grids of 8 = 14% antimony was nocessorily oliminated with the
choice of the low limit of 2-1/2%. As 2 consoquencc some agent had to
be uscd which would impart the neccssary hardness charccteristics to
the finishod plote and at tho samo time not show any tondency toward

—4-
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promotion of sulfation. Strontium was selected on the basis of iis
past good showing in decrsasing self-discharge, prolonging the life
of the grid, promoting hardness, and decreasing formation of trees.
In certain cases such as the Navy type alloys I and II, it is safe
to say that the results obtained were greatly influenced by such
unfortunate circumstances as a gradual loss of strontium through
oxidation in the melting pot and the presence of large colummar grains
as & result of the presence of tin as well as adverse temporature
grediont in the mold with corresponding directional solidification
in the finished product. This series could hardly be taken es a
criterion of the truo action of strontium.

i1. Alloys of lead containing Sr and Sn in small percentagoes,
when properly cast, wore found to be superior to plain load-antimony
typos in several respccts especially in the form of solid plctes,
and 2s © result such alloys are repeated in the currcnt series with the
hope that perbops marc purity and homogencity moy bo roclizod under the
rovised procodure and the rosults be more conclusive. Tho tin soems to
be 2 dominant factor in the resistanco to clocirolytic corrosion, at
loast in solid unpasted plates.

12. Since cadmium causecd oxccss trocing when used 23 a con-
stituent of positive grids, and redissolving on open circuit, it was
concluded that this slemont had no boneficial offects.

13. Likewiso, calcium and barium alloys showed up vory poorly
in operctional tests and were discarded in favor of strontium.

14, Tollurium was found to inhibit corrosion, but it also
sorved to make the grid soft. As a result it wes docided to incorporate
the possible anti=corrosion properties of tellurium with the hardening
property® of strontium in a certain number of grids to see if such a
double duty combination might not focilitate bottor and longer cell
performance .

15. Silver was added in several cases becausc of its bene-
ficisl offect in protecting the structure from intercrystalline cor-
rosion. Whothor it accomplishos this &s a result of alloying with the
other elements or by forming a protectivc coating at the grain
boundaries is not clearly understood @i present.

16. Certein other unaccountable phenomena have menifested
themsolvos throughout the ressarch on this projoct which m2y be
clarified by futurc research. Such rescarch will bo resumed whon
results are cvailable from the current life test being conducted at
the U. S. Burcau of Standards on the above scoriecs to sce if further
work in the presont diroction is justificd.

MANUFACTURE OF GRIDS

17. As mentionsd before the loss of strontium during the cast-
ing process was probably respomsible in large part for the poor opera-
tion of many of the grids. After a resumec of available literature,

-5-
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it was decided that perhaps the rapid disappearance of the strontium
through oxidation could be controlled by the maintenance of an atmos-
phere of COg and CO over the surface of the molten alloy. Such a
method had been successfully used by the Bell Laboratories in the
manufacture of calcium grid alloys. Pulverized charcoal was spread
over the surface of the molten alloy and kept there during casting.
This showed from analysis of grids taken at the beginning, middle, and
end of the seriocs, that the rapid and comstant loss of strontium took
placo in spite of those precautions. Also smell particles of charcoal
wore occuluded in the metal of the grid and resulted in a product of
poor gquality. The small holes coused by the charcoal would undoubtedly
promote localized and increased corrosion during operation in the cell.

i8. Owing to the fzct that helium is mvailablo, and on account
of its unrcactive and non-explosive proporties, it seemed thot porhaps
this sort of atmosphere, if maintained over the metal, might sclve the
oxidetion problom and ct the samc time be economical. Thus, tho unit
pictured in Plate 1 was designod and built at the Laboratory. The
purificetion train for romoval of moisture and any amcll zmount of
oxygen that might be presemt in the helium consisted of (1) CaCly
drying tube, (2) fusod quartz chomber containing a coil of very fine
mosh copper screen for removel of the oxygen, (3) @ HpS04 (c.p.)
drying bottle, (4) 2 mineral oil flow indicator also serving to keep
any HyS804 vepor from passing over into (5) tho final CaCly drying tube.
An oloctrical hoating element weas placed around the portion of the
quartz tube containing tho wirc scroen and kept at approximetoly 15000 F
to promoto the separation of tho oxygen which, if present 2t all, is in
vory small amounts. Tho slight blackening of the copper indicatod that
some oxygen wes boing removed. It was not thought necossary to further
purify the helium as any othor goses that might bo prosent would
probebly not zffect tho strontium.

19. Tho pot was made fairly gas tight by uso of a copper gasket
and strong machine bolts. The smnrll cmount of leakage through the hole
in tho large pipe cap and othor places was cllowed as an oscape for the
helium which was constantly forced through the unit. Also it allowed
an oscape for initial eir zs it was forced out by tho helium. The
pot was heoted electrically by means of nichrome wire olemonts bont
4o tho shepo of the pot and mounted in "thormolith" cemont. The unit
was made so it could bo easily dissemblsd in detnil for cleaning after
sach molt of & cortain soriecs to insure the absence of any contaminat-
ing compounds. Tho current for heating was controlled by the spoecial
transformer, also shown in Plate 1. The space around the comented
olements was lagged with ground diatomrceous earth and shredded
asbestos.

20. The pot used wos already on hand at the Laboratory and was
made of cest iron found to be suitable from previous tcsts.

21. The extension unit and valve were constructed of a specicl

nigh cobelt alloy. This material was found to have a very low coef=-
ficicnt of expension cnd to have unusually good characteristics when

-6-
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operated at elevated temperaturss. High temperature at the valve
and through the extension unit was necessary since at any tempera=-
ture below the melting point of the lead alloy the valve would freeze
upe 4n electrical heating element, fitted clossly around the exten-
sion and kept at approximately 1300° F. was used most of the times.
This is not shown in the picture. A bunsen burner kept under the
valezc constantly maintained it at the right temperature and was also
used to preheat the pouring ladle. The very low coefficiant of ex~
pansion of the cobalt alloy permitted the valve to oporate satis-
factorily without seizing and sticking and was yet constructed with
close enough tolerances to provent lsakage of the lead.

22. The pot was charged with molten pure lead through the
small pipe seen projecting from the lid. Helium was foreed rapidly
through the heated, empty pot to remove the drdinary atmosphere
prosont. Keeping up the rapid flow of helium, the pipo cap was removed
and previously melted lead introduced by meams of & ladle. The lead
wes melted in a second electrically heated pot and ladled out as
rapidly s pogsible. The tempsrature of the pot was mcasured by means
of an iron-constentan thermocouple maintained in a 3/8" tube lcading
1o the bottom of the pot and sealed into the cover. This gave a
constent control of the temporature of the locad, boing measured directly
in degrees Fohrenheit on & Leeds & Northrup potentiomoter. A4 volt-
metor was also kopt acress the circuit to give a constant insurance
that all electrical connections were intact and that the proper taps
woro being used on the transformor.

23, Pot temporatures as low as 11500 F were used for the first
few heats but it was found that the strontium was not being alloyed
with the lead. As o result tho bath was mrintained at 1450° F and
much better results werc obtaincd. The addition of stromtium, silver,
antimony, tin, and tellorium as desired and in proper quantities, was
mede by first introducing these clements into the larger of the pipes
2t the top of the assombly. The handle, as shown in Plates 1 and 2,
was rcised to its highost level and held there by hand. Next, the
pipe eap was reamoved, the nlloying agents iniroduced, and the cap
replaced. These additions werc hcld in the pipe by means of a cone~
shaped plunger on the end of the stirring rod and any air present
could be swept out with the holium. This plunger when raised as
high as possible, fitted tightly into a seat at tho bottom of the
pipe and kept even the finely divided elements from falling into the
boeth until the proper timo., Whon released and dashed up and down it
also sorved to thoroughly agitats the molten motal, this precaution
being adhered to bofore pouring each grid as 2 precaution against
posgiblo segregation.

24, Analyses made from grids at the boginning, middle, and
ond of & melt proved boyond any doubt thet no loss of strontium was
being suffered, end that the percontage was remaining vory comstant.
This was proof that one of the greatest obstacles in the menufacture
of this typo of alloy wos surmountod.
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25, Another very difficult step was ths production of satis-
factory grids from the metal. As mentioned before some trouble was
experienced with previous plates due to the presence of large
columnar grains with their consequent increased rate of deteriora-
tion through accelerated oxidation. In an effort to eliminate, or
at least reduce, this trend the grid mold was heated from the bottom
by moane of an a2ir blast burner. The arrangement is shown in Flate
3., From microscopic oxamination the structure of the finel grids
was of a fine grained variety and very uniform. Since thc mold was
kept at approximtely 3500 C., the cooling gradient from 1450° F. was
much steeper than thot usually employed and might account in largs
part for the fine groins. The mold was operated at as low a2 tempera-
ture 28 possible consistent with good handling technique.

26. A very importent item in making good clean grids seems
to bo tho choice and menipulation of a propor spray for cocting the
surface of the mold. This spray must be fine enough to give & smooth
surface even in the small ribs as any roughness in the finished grid
+onds towards incromsed oxidation, be heat rosistant and tough enough
to stand repected use, and satisfactorily provent sticking of the
grid in tho mold. The type, devoloped by B. H. Schubert of the
National Lend Company, and known as “Molsproy", was found to be
satisfactory for this work and was used throughout.

27, The grid mold surface should be thoroughly cleaned with
& wire brush and heated externally, no flame to be applied directly
to the mold face. The temperature should be slightly above casting
heat 8t the time the spray is applied to compensate for the thermal
loss in vaporizing the Molspray. An instantansous evaporation is a
good indication of proper temperaiure. The Molspray, diluted half and
half with water should be atomized upon tho grid surface by means of
an air gun. A&n ordinary Atlas nasal atomizer attached to an air line
was found satisfoctory. The nozzle should be kept about 5 inches
from the mold surface while spraying. Starting at the top corners
of the mold, the sprayer should be moved horizomtelly across the
mold surfacc ot tho somo time working down. Noxt the sprayer should
be operatcd in like manner with a vertical motion and moving across
the face., The proper technique can be obtzined only from experience
nnd it should 2lways be borne in mind that the ultimate aim is a
thorough covering of the surface only deep enocugh to provent gticking
of the grid. It was found best to apply a light layer, cast a couple
of grids and apply 2 second layor, this being kept up until a proper
coating was obtained. “Fins", or extraneous motal around the grid,
often rosult from a piling up of the spray in certoin rogions around
the mold face. A leather strike was used to dress down the face of
tho mold end clean the air vents. The mold used in this work was of
the ordimary, mnuzlly operated variety and is clearly pictured in
Plzto 3. The smll dots noticed in the rear mold foce are air vents
leocding entirely through the metal. It was found very importont that
these nir passages be kept cleer as they served as outlots for the
air forced ahead of the moltem metal. If these become plugged, a
back prossure builds up which favors the production of cold shuts.
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Once the required mold temperature and thickness of ceating is
attained, the unit can be operated for a complste series without
further attention to this factor. Excessive roughness on grids
is evidence: 0f too thick coatings of this spray. Outwardly the
composition of this product seems to be a suspension of ultra-
finely divided graphite in water but it may be more complox.

28, The techniquo of pouring tho grids appeared to coms
from exporionce as it was impossible to got good resulis at first.
Howevor, aftor a certain amount of practice this difficulty was
climinatod. The entims procedure of pouring the grid was as follows:

The valve and pouring ledle were kept hot by means of tho
burner shown in Plates 1 end 3. After raising the mold temperature
to 4000 C., as monsured by small chromsl-alumel thormocouples placcd
in holes drilled in the mold, the hoat was turned off and tho surface
spreyod as outlined 2bove. The valve was operated by moans of an
extension hondle as shown and a ladlo full of tho molton alloy
quickly drawn. This was immediately transforred to tho mold and after
a predetermined time necessary for the grid to solidify, the mold was
opened and the grid removed. This was trimmed free from the heavy
lug and fins with an ordintry paper cutter ond stamped with the proper
lebel.

29, The strontium contont wos tho oniy control wvarizble
chomically checked throughout as it was assumsd from past experience
that 211 the other clomsnts would romain constant and in their
proper proportions.

30. Certain grids were sclected for final chemical analysis
from ecch series. Others were roscrved far such tests ©s were necos-
sary, ond 30 grids of each of 14 series submitted to the Netionmal
Burocu of Standards for life tests. These tests and others are now
under wcy and the results will appeer in futurc roports, not being
in any definite order of completion at the present time.

CONCLUSIONS

3l. The problem of satisfactorily casting a series of
strontium-lead alloy grids without expericacing o constant and often
completo loss of strontium was solvod.

32. This method could be used on a large sctle by the Navy
for production of submarine battories and with certain modifications,
by commercial concerns. It would only be necessary to find a suit-
able atmosphere as a substitute for helium to make the procedure
generally acceptable. This, however, would not concern the MNavy.
The amount of helium used in the preparation of approximately 750
grids was in the order of 30 cu.ft.

33. The use of @ controlled atmosphers over the surface of

the metal, and the practice of taking the cleanest motal from the
bottom of the melt gave castings of a much better quality than would
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otherwise be the case since contaminating oxides were a minimum
and occluded particles of charcoal were eliminated.

34, The high temperature of 1450° F. was necessary in order
to alloy the strontium completely with the lead since the melting
point of strontium is approximately 1400° F. This was definitely
established by chemical analysis of grids poured at lower tempera-
turese.

35, Horetofore commercial attempts to use 2 velving technique
with molten load wore in vain. However, the use of a spocial cobalt
alloy, prepared at this Laboratory, served to solve the problem wery
afficiontly. The low coefficiont of oxpansion of this metal, to-
gother with its good operational charactoristics at elovated tompora-
tures permitted the unit to oporate without seizure or leakage at tompera-
turocs es high as 1450° F. After repeated use at this tomperature the
outlot plugged with oxide e2nd it was decided to operate it at 2 lower
degree of heat. At about 1000° F. the valve oporatod with perfoct
casc and efficiency for the durntion of the casting work. The type
and goneral foatures of the valve are shown in dissombled condition
in Plote 2. The other parts of the melting cssembly are also dise
sembled to show their general form.

RECOMMENDED CHANGES IN TECHNIQUE

36. Since the cast iron pot used in the past was far too
cumbersome for convenienco, it would be best if one could be mnde
of 1/8" sheet stesl rolled and welded in the form of a cylinder.
A suitable flange for tho cttachment of the lid and mecessary
articles ¢ould clso be welded on and holss drilled for fasiening
the two perts. This would fecilitate cleaning aftor successive
heets. The bottom of the pot could be made eccentrically conical and
the outlet wolded 2t the lowest point. This would completely drain
tho molten alloy. This bottom would be welded securely to the cylin-
drical sidos. Heating elements of nichrome could bo molded in
"Thermolith® comont around the pot and the whole encased in o motal
shicld 22 used in the current practice. The lagging betwecen the
heating elemcnts and the casing would be ground diatomaceous earth.
The illustration of Plate 5 will serve to show how the alicred
agsembly would look.

37. To eliminate the high porsonal equation in the pouring
of the grids it might be well if some sort of modified ladle could
bo utilized. Certain of the alloying constituents seom to change
the fluidity of tho molten metal and meke it either moro @ lcss
easy to cost. Soms of the compositions proved difficult to cast
into good grids, and the manner of handling the ladlo socemed to be
very important. If the entire surface of the mold opening werc not
covered with the molt at the same time a great number of “cold
shuts®, or unfilled ribs, were obtained. The unit picturcd in Plate
6 would perhaps eliminate this varizble, to be usod only when found
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necessary. The time loss of heat in the hand operated ladle would
be lessened as the time of manipulation could be somewhat decreased.
A certain amount of metal loss dus to splashing would also be
eliminated.

38. The mold would no doubt operate far more efficiuntly if
it woro heated by clectricity, using clemsnts espocially adaptod to
the purpose. A steady flow of heat into the mold would thus result
and no loss of timo for intormittent hoatings would be nocossary.
Also the effect on the mold would be far less drastic than the use
of burners since excess heating at spots where the flame impinges
is bound to result in a warping of the individusl plates. This was
noticed in the current mold and ceused considerable "finning" around
ths grid. This was removed from the finished casting with a knife or,
with a cortain amount of cars, could possibly be preventod by using
an oxtra amount of mold spray in the looscly fitting places. The
troublo with this procedure is that mold spray is also depositod
whore it ie not nesded, causing unnocessarily heavy castings.
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