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.ABSTRACT 

This letter sunu:narizes the results of life-tests on 
storage batteries of the "starting and lighting" type, using 
grids uade of 14 different alloys. These included compositions 
of a type which previous work at the Naval Research Laboratory 
and the National Bureau of Standards had indicated were promising. 

The results indicate that grids ~ade of lead containing 
2-1/2% antimony, and .05 to .10% silver resist anodic oxidation 
better than grids of stcll1dard composition (8 to 11% antimony) 
while producing negligible sulfation and self-d.ischar£e in the 
negative plates. The hardness and strength of these alloys is of 
the sa.Me order but sori1ewhat grec,ter than that of the standard 
conpositidn and is due to the combined effect of the antimony and 
the silver. 

No composition of the series tested containing strontium 
gave satisfactory positive grids tmder the conditions of the test 
although in most instances the outwti'C:. appet.rc.nce of the grid 
proper upon dissembling the cells was excellent, Tests with 
calcium and barium have, in the past, sho1m no encouraging results. 
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AUTHORIZATION 

1, This problem was authorized by Bureau of 
Engineering confidential letter C-SS/S62(2-15-Ds) of 21 February 
1933. Other pertinent references are listed a.s (a) to (h) 
inclusive. 

R~T erence-~-¥ 

(a) Prelir,tlnary Report on Studies of Grid Alloys for 
Submarine Storage Batteries of 27 JuJy 1933. 

(b) NRL let. ssj19 of 20 April 1934 to Bureau of 
Engineering. 

(c) NRL Report No. H-1052 of 17 Me.y 1934. 
(d) NRL Report No. :H-1121 of 30 January 1935. 
(e) BuEng. let. c-ss/s62(7-31-n) of 7 August 1935. 
(f) Bureau of Standards Report on Storage Battery Grids 

Cast from N2,vy Type Experimental Alloys of 7 
December 1936. 

(g) NRL let. c-ss/19 of 16 September 1937 to BuEng. 
(h) NRL Report No. H-1443 of 6 June 1938. 

STi.TElIENT OF PROBLEM 

2. The object of this work was to develop an alloy for 
storage battery grids, and in particular for the positive grids, 
which would consist principally of lead and have the durability of 
lead alloyed vii th antimony vri thout the undesirable tendency towe.rd 
contamination of the negative plates with antimony plated on from 
the positive plates. The principal aim was to find a ~ray of 
strengthening the metal of the grid to enable it to support its 
ovm weight and that of the active paste, and, at the same time, to 
give it resistance to the attack of nascent oxygen (anodic corrosion). 
E:Jccept perhaps for the 11iron-clad11 battery anodic corrosion is 
responsible for the najority of failures of lead batteries of all types. 
The common and traditional composition of storage battery grids is 
lead alloyed with antir11ony, 4-i/2% of this metal conferring maximum 
resistance to oxygen, but 8 to 11% being necessary to obtain the 
required strength. The hi6her percentages are also more re2.clily cast. 

FJ:i.CTS ESTJillLISHED BY PLST RESEJ.HCH 

3. From the long series of anodic corrosion tests at the 
Naval Research Laboratory, in conjunction with the two previous life­
test series at the Bureau of Standards, several conclusions were 
drawn. These were set forth in paragraph 5 of reference (h), and 
the ri10s t iraportant are repeated here. 

(a) Lead can be very effectively hardened and 
strengthened by the use of 0.05 to 0.40% of any 
one of the alkaline earth metals barium, calcium or 
strontium. Of these three, strontium confers by far 
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{b) 

(c) 

(d) 

the best resistance to anodic attack, and 
in conjunction with 0.2 to 2.0% tin gives 
alloys of high tensile strength and ductility. 
In the form of solid plates subjected to 
electrolysis in sulfuric acid so~e of these 
alloys suffered nro.ch less oxidation than antimony 
alloys. 
However., when cast into actual grids, pasted 
and made into batteries and given life tests, none 
of these alloys produced grids which retained their 
capacity as well as those containing 4% anti.i-nony 
only. The cause of failure was largely loss of 
active uaterial from the positive plates. This 
loss of active material was possibly due to the 
formation of a white layer of surface corrosion 
product. This nay have destroyed the bond between 
the grid-bars mid the active rr..aterial, but there 
was at the same time some loss due to bree.king 
up of the grid-bars. In the case of the 
antimony alloys, failure wa.s due to breaking up 
of the grid-bars only and there was no sign of 
white surface corrosion. 
It was further discovered that lead, containing 
2-1/2% antimony vlith additional hardening 
elements (alloy No. VII of par,. 2, reference (g) ) 
gave far the most durable positive grids of any 
of the hardened alloys studied up to that time, 
and at the san:e time only an insignificant amount 
of antimony was plated on to the negatives. 
Silver, to the amount of .05% (See alloys 111 ~ 
& V, table 4 of reference (g) ) see1~1ed to improve 
the character of the positive grids without 
seriously injuring the negatives. 

MA.TERIAIS AND COMPOSITIONS 

4. It was decided to make up alloys of 14 compositions 
based on the results of all previous work. Thirty grids were 
made of each composition, which was sufficient for four ?-plate 
cells. In all cases the negative and positive grids in each cell 
were of the same composition. One set of 4 cells had grids of 
4-1/2% antimony. All the rest were 2-1/2% antimony, with varying 
small percentages of strontium, tin, silver, and tellurium. A 
full account of the rn...-=mufacture of these grids will be found in 
reference (h). The nominal and actual compositions of the alloys 
a.re given below in Table 1. 
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TABLE 1 

N01IINAL ACTUAL 
ALI/JY 

% Sb % Sr % Sn % Ag % Te % Sb %Sr %Sn %Ag %Te 

A 4.5 4.7 

B 2.5 .05 3.0 .05 
C 2.5 .10 3.4 .12 
D 2.5 .07 .05 2.4 .09 .06 

E 2.5 .O? .20 2.8 .06 .20 

F 2.5 .o? .10 3.9 .04 .10 

G 2.5 .15 .05 2.5 .16 .06 
H 2.5 .15 .20 2.7 .12 .20 

I 2.5 .15 .10 3.2 .13 .11 

J 2.5 .15 .15 .05 2.9 .19 .16 .05 

K 2.5 .15 .02 2.9 .09 * 
L 2.5 .15 .20 .02 2.7 .14 .20 * 
M 2.5 .15 .40 2.8 .07 .41 
X 2.5 .o? .15 .05 2.4 .06 .16 .OJ 

* Not reported. 

It will be noticed that the tin and silver were recovered 
in almost the exact percentage added. The antimony is subject to 
fairly large variations possibly due to segregation since 2-1/2% 
is slightly above the actual solid solubility limit. The 
strontium, in spite of careful precautions, also showed wide 
variations. 

-3-
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STRENGTH AHD HARDNESS 

5. Hardness was measured by Vickers diamond pyramid 
with 10 Kg load. Tensile tests were made in a regular tensile 
testing machine at a rate of loading of 1000 pounds per minute. 

TABLE 2 

ALLOY HARDNESS ULT., TENSILE ULT. ELONG. 
(VP 10) STRENGTH (psi) PER.CENT 

A 13.0 3600 3.1 
B 15.5 3650 4,7 
C 17.7 5300 4.5 
D 17.7 5100 4.5 
E 9.5 4550 4.5 
F 11.3 * * 
G 16.3 * * 
H 9.3 * * 
I 16.6 * * 
J 18.5 * * 
K 9.8 * ➔f-

L 9.3 * * 
M 11.6 * * 
X 12.8 * * 

* Not determined •. 

For comparison with the above fi5~res Table X of reference 
(c) may be examined. It is plain that the alloys of the present 
series are deficient in both strength and ductility as compared 
with the former. For exa.r11ple, an alloy of 10% antimony has an 
ultir~ate tensile strength of 7670 psi. One of 0.4% strontium. and 
1.0% tin gave an ultir:iate tensile strength of 7600 psi and an 
elongation of 28%. 

PREPARATION AIID TESTING OF THE CELLS 

6. Follovring is a description by the Bureau of Ste.ndards 
of the preparatj_on and testing of the cells: 

7. All grids were pasted with Eagle-Picher battery oxides 
blended to approximately equal periods of for~ation for the 
positive and negative plates. The paste was mixed with sulphuric 
acid solution and J/8 per cent lamp black was added to the negative 
plates. Because of the lirni ted capacity of the f4.JQ..I;U{.J1~11~Jl~.t~ri,....,..,.... , 
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two batches of paste vrere mixed for the positive pla.tes and two 
for the negative plates. The first batch in each case was 
dumped from the macPine and when the second batch was ready, the 
first batch was replaced in the machine and the two batches were 
then mixed together. This procedure assured practical uniformity 
of the paste for all plutes of the respective kinds. 

8~ The grids were pasted by hand, the . paste being kept 
covered with wet cloths during the pasting process. The plates 
were dipped in sulphuric acid as pasted and placed in racks to dry. 
All plates were allowed to dry in the laboratory for about 1 week • . 

9. The dry plates were assembled in ?-plate test cells 
(3 positives and 4 neg~tives) with moist separators of Port Oxford 
cedar 5/64 inch thick. :Ea.ch plate rested upon an individual strip 
of hard rubber 1/4 inch high which was inserted between the 
separators at the bottom of the elements to retard the ~Towth of 
trees at the bottom of the pl8.tes. 

10. The plates were formed in the battery boxes in series at 
a charging rate of 3.4 to 3.6 amperes until near the end of the charge 
when the rate was reduced to 2 ampere?I. An · input of 144 ampere 
hours was required to form the positive plates and 150 ar:1pere hours 
to forn the negatives. The specific grc:.vity in all cells a.t the 
end of the format:i_on chr-.r ge vras within the ranbe 1.110 to 1.120. 
The average values for the cell voltages and single potentials for 
the cells of each alloy at the end of the formation charge are eiven 
in Table 3. 

Alloy 

A 
B 
C 

D 
E 
F 
G 
H 
I 
J 
I( 

L 
M 
V 
A 

Table 3 

Cell voltage and single potentials at end 
of fonna.tion che.rge. 

(Specific gravity 1.110 to 1.120) 

Cell Single potentials 

2.45 
2.46 
2.47 
2.48 
2.50 
2.47 
2.47 
2.48 
2.45 
2.44 
2.49 
2. 45 
2.46 
2.46 
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Cd pos 

2..36 
2.37 
2.36 
2.35 
2.37 
2.37 
2.36 
2.37 
2.36 
2.36 
2.37 
2.36 
2.36 
2.37 

Cd neg 

-.09 
-.09 
-.11 
-.JJ 
-.12 
-.10 
-.11 
-.11 
-.10 
-.18 
-.12 
-.10 

-.10 
n~~li ·It ,,,..,.~,·7~~··"""'· 
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11. After terminating the formation charge, the cells 
were discharged and the electrolyte was then dtlJ!lped from the 
cells and replaced with new electrolyte having a. higher specific 
gravity. After recharging the cells the specific gravity was 
within the range 1.255 to 1.265 which increased to a practically 
constant value of 1.270 to 1.280 during the early period of the 
cycling test. 

·12. The cycling test consisted of repeated cycles of a 
discharge for 4 hours followed by a recharge for 8 hours. - The 
discharge rat.e was 7.5 amperes at the beginning of the test but 
this was increased somewhat as the capacities of the cells 
developed and later reduced when the capacities began to decline. 
The charging rate was adjusted in relation to the discharge rate 
to provlde about 20 per cent overcharge for each cycle. The 
ampere-hour capacities of the cells were measured, periodically., 
to an end voltage of 1.75 volts. In order to avoid overdischarging 
any of the cells during the mee.sured discharges., each cell was 
disconnected from the circuit as soon as it had reached the end­
point voltage. 

STEJ-Jl-C0RR0SI0N TESTS 

D. At the time of casting the grids a number of steam­
corrosion s:pecimens were prepared and tested at the Na.val Research 
Laboratory. Previous vrork ha.d shovm that there is very 6ood 
correlation betv,reen the results of a steam corrosion test and those 
of an anodic corrosion test. The specirnens were exposed continuously 
to an atmosphere of air and moist steam at about 212° F. for a 
period of three months. At the end of this time all specimens vrere 
in good condition, ductile and free from intercrystalline oxidation. 
There vras in all cases a decrease of hardness as comp2red with the 
original condition but lead alloys in genere.l show changes in hardness 
-v-r.i. th tine and these changes are usually in the direction of lovver 
hardness. 

CONDITION OF PLl1.TES J.,Ji'T£R ill SSELBLING THE CELLS 

14. Great variation was noticed in the condition of the 
plates as they were removed from the cells, so photographs were 
nade af representative specimens and these are reproduced as .A to X 
of Plates 3 to l4 inclusive. From these pictures Plates Band C 
Yrere in especially bad condition at the end of the cycling period. 
Plate D appeared to be in better concdtion than A but did not last 
quite as long in the life test. Grids of corr.position from F to X, 
inclusive, were not adversely affected by the tests but the paste 
appears to have fallen out badly from all plates. None of these 
cells lasted aore than 160 cycles., as can be seen from Plate 1, in 
spite of the fact that even the thin cross bars were intact. This 
r:iay or ray not have been the result of sane film forming on the 
surface of the grid and destroying the bon:i between it and the plate. 
ilso sone momentary formation of 6a.s may have taken place &.nd spalled 
the paste off by a weak explosive action. At any rate the loss of 
active riiaterial was undoubtedly responsible for the early- ra::tiure of the 
cells as the base grid was intact. ~/{ 
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SilliilJAH.Y AND CONCLUSIONS 

15. While the results of the current tests 1r.rere largely 
inconclusive as far as estaulishing any single alloy as superior to 
types novr in service. they may serve a directive influ.ence for 
planning future work. It appears from physical tests and from the 
condition of several of the plates efter dissembling the cells that 
satisfactory stability can be obtained in grids of the substitution 
alloy types without the high antimony now used. In fact, ,nore 
experimental Viork will undoubtecU.y develop substitute alloys in 
which the antimony vrill be even less than 2-1/2%. The developrr.ent ..--; 
of inhibitors such as cobalt or nickel to be used either in the ! 
electrolyte or in the paste for decreasing charging voltages would .,,,.,.- r 
greatly increase the efficiency of cells n:a.de from substitution 
alloy grids. The cells of the subject series -would undoubtedly have 
shmm to better advantage under such conditions. 

16. The cells made with 2-1/2% antiD:ony plus 0.05% silver 
(B of plE.te 5) were the r,ost promising of any of the ,Present series. 
The coaparable grid containinb 0.10% silver with 2-1/2% antimony 
(C of plate 6) was also very good to 175 cycles when one of the cells 
failed. At the ·end of 265 cycles only one cell remained good, but 
the capacity was still high. From these results silver seems to be 
a promising substitute alloy for use in store,€,e batteries vmen more 
is knov.rn about its influences. Some work has also been done bv Jl:..ir ., 
A. J. Dornblatt who was associa,ted with the silver research project 
and who made and tested several alloys containing 4% ,,mt:i.I1"ony and 
varying amounts of silver. The results of this vmrk will be 
available to the Laboratory very soon, as };ir. Dornblatt has promised 
to forvrard a copy of the vrork. This V!as presented to Columbia 
University as partial fulfillment of the requirernents for Doctor of 
Science degree in 1940. Mr. Dornblatt has stated orally that his 
results indicate 0.10% silver to be extremely beneficial and soffiewhat 
better than either 0.05 or 0.15% of the element. 

l?. That more conclusive and valuable results were not 
. obtained is due in part to lack of an intensive and comprehensive 

prosecution of the project with sufficient funds to n-ia.ke available 
the necessary manufacturing and testing equipment for a satisfactory 
program. 

-7-







DECL 

Plate 3 



D , CLASSIFIE:) 

Plate 4 



Pl te 5 



DECL 

Plate 6 



DECL SSI 

Plate 7 



Plate 8 



LASS!Ft ·-

Plate 9 



r"\ 

OECL 

Plate 10 



Plate 11 



, 
t-.._i 

Plate 12 



OFCLA !=ilFI 

Plate 13 

13 9 



OECLASSIFIEO 

Plate 14 




