PATENT SPECI FI CATION  (11) 1461587 / (21) Application No. 12573/73 (22)
Filed 15 March 1973 (23) Conplete Specification filed 15 March 1974 (44)

Conpl et.e Specllication. published Lm lan. 1977 (51) INT CL2 (C22C 11/08 (52)
| ndex at acceptance C7/A B249 BZ 28p, B287 B28Y B309 B319 B32Y B335 B337
B339 1349 'B369#B38&9 B399 B40Y B41 13‘8415 B417 B419 B41X B439 B44Y B455
B457 B459 B489 :B519 B539 B549 B559 B610 B613 B616 B619 B621 B624 B627 862X
B630 B633 B634 B661 B663 B665 B667. B668 B669 B66X B67Y (72) |nventor _
KENNETH PETERS (54) ELECTRI C STORAGE BATTERY GRIDS / (71) W, ELECTRIC

A Co Y Vaﬁ PRI ol e £ 16Tl TE“

I
a Corrpaﬁy/regl st
t he Laws ,of" sve h as'to render the. alloy
cast abl e%n\gﬂocﬁm éggﬂ%g | ,9) B lgwg%ﬁher eby " g opArERwsLi n grids
e.g. 1.0 “S’“ wch | elnventlon for ’r;"“ o

a suff|C|,.apt F‘---. 1olmPGr that a patent/ dto
us, and t& ot ?ﬁzcﬂéfﬂ?l ing such as automatic past . by
whi ch it ct . b§d _
descri bed= n an “ﬂéﬁ%‘@’ﬁ%’nzs& 2§?§69 B?ﬂ hs\i B l%rééﬁr SR .

| owi ng statement:- = B413 B41S B417 B419 B41X B43arB4€Y @asyic sto grid

is made from 10 . Théég‘w&rﬂ“ﬂ BYIOrBI39 B4LBIHORE100 | ead a

==
whi ch conprises by ‘we 'Bgﬁtg%?)g%?pg%@ pregera lead acid electric

accunul ators, up to y 1%to 45 and to

accunul at or nnmmmmygﬁwl ds. 3% from above 02% up to 0.5%

ar seni c, Lead antl nony al oys are known for such prefepably 0.25 to 0.49%
or 0.4% . 0% up to use. P(S#aaElLéﬁ'dRIGSSTMQEaKTEERIYMD&D is 0.1% copper,
e.g., 0.005% or 0.02% to 15 added to |rrprove t he strength and

castability , (7B &F&Eﬁ ls?é‘ “QRro %ﬁl Sepated Jer %’ ﬁd‘};ﬁl

However, at ﬂfé‘miﬁ@ {ahd)10Ps miénoQG 00 b réh

above 4% t hedsg ]'Joﬁdoﬂ, sw@,m,l Bogland) dt,emmcyfd&mrof thnngﬁlﬁk%; ho tﬂmhxrmrthﬁk 05% 0%
up to 0. 5% deplareatite mmsm cfofoerh!del\sassm f tlyr grgng anddurableform r019% or
0.02%to 0. 3%, aépata‘“ ggl t & éEgF*Bl yg,%egm lling Pk B BREcHene 0% 0. 0206
to 0.03% amg phw ar i Tigs aordidg 5 DAS ipkdile Givedlde SPONQY

| ead sel erIuwungtstamugnt-O 005%to 1% or @ Eldcidict sorage bitvey grgljiamadefrphat e. -

This resdfts The pyespns inveation Bilaes o t;a tombalbg;,, 'dt PB‘§ mv%ltt ny 55

ducti on of ; Q‘Lf}r;‘? °’%t d g,ho oc® KRown
optional al ket fof Ga a feaalylommzyo&/t. o IQ4RE 0, @rtedl ents

' oyé- &
and i rrpurl t mesPurbhadrie twealeaxpl ammoxsyl B0 @é%seopbqssgotwﬂﬁ%r e 0.02Re o nventi on
g oor 0.1%; 0% up to 0.5% sulphur,

al so extd 3‘1% i '

ahi ch'the atL %%v;sggggﬁ ﬁmfgg% £ Db WA T T 0
anti nmony CoOfke antAbtdyl ﬂst:yrelere th, e, DN L/Cor 0029 4%69 g%t to as
| ow as pQssiitt ghet elegtrelitecéuriop eservicd @nd) 0635%0Q2i°/ht0 ®3m%ld 00050, aB®%B 3L opper ,

circuit ”8s ‘\‘;Pm}g&tl‘taér 999 70,0 98% t%el ni um
mgfauvi Im‘%@t A or 0 to %1 Qb ?

and less th %ﬁ gkt s le uQééeei

sul phur SOImasoenseofdleadoandCMonm et uplioh 0 NPkdisnes atm;ehtues - The [ nvent | on nmay
be put- i r'&%‘t’%é‘%tﬁt’g‘é@e flesopd ghateer na eﬂ‘FP Wg ' in
various abll 3P c9fm & %n“ aﬂég 05, , 0015 Z

posi ti ons fli:ﬁmthib @ |p bleést ot Wol b.0 %Qﬁp"nmgﬂ/ot @gc &

i avention t hecundes§t€§&ldesmd¢rbmd bh)erwvaeg ogO(EX//a l‘JPIOQIS@(;II eramdaw des thmtl on in
suc A
ant| mnyﬁoﬂfﬁg" 1% automotive batteries et eﬂe 1§venltr1lr>§'brlm% l&?x' gto pracuoe L
- - charged from altemaung current sources, eg .in various ‘ways and a number of melt com- - 65
~ alternators, " positions from which grids can be cast will - .
. According to the present mvenuon the re- -be desmbed by way of examp!e only and are
ducuon m antlmony content “of . a: lead anum- i set out in Table 1 below _




2 1, 461, 587

2 TABLE | % added to nelt based on total weight Alloy Sh%
As% Cu% Sn% Se% 3% 0.4% . 0. 05%
0. 4% 0.5% 2 3% - 0.40.05% .

0. 4% 0.05% 3 3% 0. 4% . 0.05%

0. 4% 0.01% 4 1% 0. 4% - 0.05%

0. 4% 0.5%5 - 1% 0.4% - , 0. 05%

0. 4% 0.05% 6 1% 0. 4% 0. 05%

0. 4% 2 '_‘o 01%7 146087 0.25% 0.02%2
0.02% 0.5%8 TABOE 1 . - 0.25% - 0.02%

0. 02% 0.05% 9 1% 0. 25% 0. 02% >
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Six further allovs are descnbed below in

. Table 2. The contents quoted are percentages

by weight of the actual ingredients of the cast .

alloy.
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13 14 15 16 17 18 % Sb
2.56 2.41 2.50 255 232 2 QS

0. 05 0. 27 0. 36 0. 45 0. 47 0.49 % Sn
0. 036 0.63 = 0. 033 0. 019 0. 015 0.027 % Cu
0.013 0.011 ° 0.028 0. 029 0. 029 - 0.032 % Se
0. 010 0. 008 +0.014 0.008 . 0.007 -0.009 % S
<0.001 . <0.001 <0. 001 oy <0. 001 '

<0. 001 Autormtl ve
pOsi t hVe—ahc C : c - 3tested
for cast with these mel t COh‘pOSItTMﬂﬂE at 14 5 hardness and rate of

i ncrease "of, hardness with_casti ngs per mnute for extendéd casting runs .
age and the'®sults are dPven if*Table 8. 5 Wbth no ignifilant reductions

in casting qual- Tty as the run progressed. TABLE 3 ATOY : 13
14 1% s6 = 16 2.56 Ad - 250 18 Brpsinel ey dnesgsag nitially
11.3 - 13.2 13.5. = 13.5 13.1 © . 14.4 1 day '
12.5 - BAs 14 05 19272 0.36 13, .45 104470 2d 849
- “q s - 151 PV day -
15. 3 %S 7006 03 °°3315 % day 00159 0.0 14.1
16. 4 - 16.Gu 16. &.&iday . 0.011 0.028 140.029 0.08.4 0.032 - -
- - 6 day - 14,9 - . 16.3
17.0 7 day % Se ) Q.010 10.008_ 0.014 17. G008 olgno 8 ngpy 9 day 15. 2
- ' 1 1 ay
17.6 1§ N <0. 001 . &)1 <o&o§ %@mﬂ <0.001  <0.001 16. 0 i
1 18.6 o '18.5 19.0 The hardness was measured on a Vickers
The time of\w ¢ pwitiveoand oégative gridlsomet. \Wa SThecliigs oialel'biddﬁ&é Sheh asate@forusi Ng a
| oad of @gg‘" ﬂﬁ‘mugéorég@ns’s“‘% 4 alt-Spe hs@% ansiheeeﬂm ess with  di anet er
bal I, is. Gith no. Sgnificant mdumons@f ";‘%ontaéen e, BRAYS gre ?der initially
and reachtyaedepﬁ:e;bb@esMr dness levels, e.g., 15, rmre qU| ckly Twel ve
further alloys are described below 20 . 4
1,461,587 in Table 4. The content,s lﬂ}tp ted are percent- the cast all oy as
det erm ned by atonmi c absorp - "ages by wei ght of the actual ‘ingredients in
tion anal yshgey TABLE 4 AI1Boy 14 15 19 16. a0 18 21 22
23 ~24--04-Sb — 2- 50! : : ~200
2. 600 2 500 gésess 0.270 -+ 0.070  0.310°  0.060
0.310 i B;g 13 132 0.02Q 5 013030 43 0. 030444 0.020
0. 030 0In % Cu 0. 020 0.020 - 0. 020 0. 010
0. 020 01@&0 % Se  12.5 — 0.008.5 . (14008 13.90. 00814.9 0.012
0. 008 0. 008 : '
_ 2 day - - 151 - - - =
3 day - 15.3 - - 151 158
Adey 141 164 162 168 . - -
6day 14.9 == e 16.3 17.0
Tday . -2 e . 80 .- =
Sday o= = o= LT
) dy . - 152 - oL ms sl
10 day.' B X -
Cildy . 160 - =6 - 185 190

The hardness was measured on a Vickers The time of application of the load was ten 15 -
Hardness tester using a load of 4 kg. and seconds. As can be seen, the alloys with

2 mm. diameter ball, ie. arsenic ‘contents above 0.2% are harder
. S : _initially and reach acceptable hardness levels,
— =1 : .e.g., 15, more quickly.

- D? : Twelve further alloys are descnbed below 20



% S 0. 001 <0. 001 <0. 001 <0. 001 <0. 001 <0. 001 25

26 27 28 29 30 % Sb 2.600

2. 500 3.200 3.000 3200 — 2 9000 04 As 0.310.

0. 070 0. 310 0. 070 0. 310 0.070 % Sn 0. 030

0. 020 0. 050 0. 020 0. 050 0.030 % Cu - 0-020
0.020 0. 020 0. 020 0. 020 0. 020 % Se ; - 0:008

0. 008 0. 009 0.012 0. 009 0.008 % S s <0. 001

<0. 001 - <0 001 <0. 001 <0. 001 01 Al'loys 19 and 20 were cast
under i dent- i4 i 1 ] r r_] AlLL QYS 25 20

condi tions, namEbje 4. c';létstcmmgts rqgoted %p@ast-l ngus caslatﬂdv B @etpvgrined brgomi bsdrd- \j

castings per ABRGY et ohiffipcws! paeloBol MRS re [err] under sa
conditions as alloys 19 and 20. |ead pipe tenperature 4900C. , noul d
tenpera- Alloys 27 and 28 were cast & tasti ngs 10 ture [err] noul d
cooling water injgf term peggm nutgounder 2f he sagp condpjions g perature
[err] . alloys. 19 and 20 ter
25 Al loys 21 and 22 were cast under identical.-inlet tenperature of [err]

Alloys 29 and cofdi® ions, nafe®®), cdsPPng 208 15 2588t | ng}§°°30 \%eﬁ"% cast
under same condiions as all ober ut e, t ot rat wr

tenpera-. 27 and&ﬁ at 15 cag%lzl%ngs S?FBm m?tage %rﬂtgﬁre gsjg?l oys 19 and 20,
| ead pi pe tenperptsire - The | wgroof totwsogri dbsoscast 020 des dr3bed [0a030]

cooling water inlet tenperature [eré’]ég above were then tested for hardness
and 30 Alloys 2?3 Gnd 24 wer &%Pso P undd0 a%dd | APLase %O har dness

w th age as des- entical cqngti onsess alol‘m{s 19.@9d 2Q,008 Ne  oGgok bed
above and the resu ts are given in casting rate being 12 castings per

mnute, cool- Talde 5 bel ov0.001 5 <0.001 <0.001  <0.001  <0.001 - <0.001
1,461,587 e - ' S FAR B A
19 20 21 22 23 . 24 Initial Brinnel
Har dness | -hour - 13320 241.2 27 13.6123 131 30.13. 4
10.3 1. day 138 13.-0. 4.7 —13. 0 15 72 days
14.7 13.7 16.1 .0 16.6 days.,... 5 :
14.9 16.6 %S0 147 245 250 3 day¥® 3200 2ot
- 17.9 ¢ 6l5.0 0.%8- 5 o0.070 14.0318 daysoro  o0.310 - Jolord-
15.8 18.9 16. 6 . 18.4 15.1 8 days : _ 17.6
16. 1. 19.2 %San 16.6 . - 00_38 3 0.020 -0.050 dayi020  0.050 0934 - -
19.7 - 17..4 19.2 25 27 o 28 o '
30 1 hour - %cu 932,70 omgy o 0gf’ oo Zhow o 01"728 11.2
1 day % Sk5. 4- 13608  0.0084. 30.009 13@2 0'01:4 7 0.008 13.8 2
days 15.8 - 15. 7 14.7 .14. 6 3
days %6 6 <0.001 <9l <0.001 _<0_.001 <i)6)05 6 ﬂ)afgpé
18. 1 16. 6 ———418—2 68— 86 —teTT T uays T
18.6 16. 9 18.5 17.7. 19.0 16.4 8 days
19. 1 169 At 1153090 wee cul G e 19 e e il Bmuom 25 20
19.4 ' - conditions, hilnefly, casting fafe 35 ca 1 and 26 were dadt rom
Tabl e 5, the @b oyoute, lead 185) temperat‘t:lre 380°C,, ?ﬁii& 27e@3ngi8ﬁ%sva8tdﬂosarl§emsiu%20
mo era- [y an ca -
contents aQS V%f:g) gg@ﬂ mould ooiﬁﬁ%fwater I:em- per yrfnnute under - eﬁm muons f: :
perature 23°C. alloys 19 and 20 with mould cooling water 25
Alloys 21 and 22 were cast under 1denucal inlet temperature of 12°C. Alloys 29 and
conditions, namely, casting rate 15 castings 30 were cast under same conditions as alloys
. per minute, pot temperature, mould tempera-- 27 and 28 at 15 castings per minute, o
15 ture as alloys 19 and 20, lead pipe temperature - - The lugs of .the.'grids cast as described - : -
-+ 500°C., cooling water inlet temperature 13°C.. above were then tested for hardness and 30

Alloys 23 and 24 were also cast -under.

_identical conditions as alloys ‘19 and 20, the
* " casting rate being 12 castmgs per mmute, cool-

fate of increase of hardness with age as des- -
- cribed -above and- thie results are gwen in

: Table 5 below



initial hardness val ues and reach acceptable 0.01-0.04%
15 5 hardness |evels nore quickly than those with Sn

001 - 0 eOB0omriannntmmmeBitmO ot Sl e Oare Goraede bal ance | ead. The
batteries having grids nade fromgrid Al'l oy 32 had the follow ng
conposition:--al koys in accordance with the present inven- tion have

substantial ly:reduced water | osses Sh 2.600% 10 as can be
seen from Tabl e 6 bel ow. As 0300% - 20
Alloy 31 had a composition within the - Sn ' 0. 040%

fol low{ nd ranges:: 1461587 =~ oy _30. 020%
Se. 0. 009% bal ance 'he@[% 5 6 o
1,461, 587 TABLE 6 Lo . -- Water Losses Per
Cel | Per 30 Wdaws Charge (. ) Aoy 3121 = 2 23 . 24 Alloy 32 No.
of - Conpl et & e+ - - .03

0.91 2,4 0.03 0. 30 0.88 1 - 0.11

0.67 } zﬁéé‘ffei"'_,‘“e‘ 0. 02 0.25 1.54 2. 0.11

0.94 '3:31 - - 0.05 0. 67 . 2.31 3 . . - 0.12

1.41 318ger - 0.01B.0 - W79 136 3 0914 13.4  ° 1030, 16

2.29 ' 0.1 09 The t eratures quoted in
Table6aretldoy to an e%dsvoltggjgue of l7498 vo fs [err] 30

t enper at ur es2afaydthi ch' t heigover chgrge cym.es rme.- vverses carried out.

The batteries- rrade fromalloy 31 had both 5 One overcharge unit
conprises thédep | owing 5pbsitilA and Wefgatl ve”grl dsl’Pade f¥oeM al | oy

char ge/ di sch e cycle. dth wer asted with
conventi onal gt‘ﬁ% battery |-’s1 charged at Af anps 1cﬁstan 5 pOSIFtiI)VE past e

(grid weight 76ygranms, totzad  35iscurrents.d or fieve hoursss and tfen di schar ged
at. pasted plate wei ght 565" rams) and conven- 4 anps for one hour and this
is repeated 83ys tjonal nbefativelsplaste Petid wght 68-frans,—10 tines at
tenperat ur es,0 err] p ed plate we t 56 rans The battery is then
l eft on opefl1 cdlf ?%:urt for ﬁ%te batteri esbgrrgde f?o‘?n al ?gozv 32 had 96 hours
and t hen -di'scharged at [err] rate both grids made from alloy 32. The
grid 40 at [err] . wei ghts were 57 grans
and 55 grans 1 espec- Afterzseach it of 2(‘5ver chaizrsge on X¥onstanm® tively and
wer e past ed™W" m " . ' kept at'
the sane as ht,gr aI | oy 3113 pattenl ps to1ggj ve tmtc,al pagt,ed temperature

i,e., [err] and  plate weights of 565 grans -and 595 granms. were re-charged
on an alternitdsy and the Wet'er e pl ates werB-Qhen HMehersetb-§n 500 ni.

45 | osses qugt in Table are . nmeasur e{hdurl n% of ‘ﬁGO SPe 9" '

sul phul ric aci "and- chargéd the alternat’or portion of ‘the tes at
4 anps for 53hayy s foI | owssc by: 1 -hour 2055 The-constmy “current portion of
the test discharge at 16 anps repeated-five tines. was an accelerated

agei ng sequehdays tF‘h’ey - wer® t hel¥-F eadyl&%br t ek ng. ¥k al ternator
cycl e was as-,fdgl Tabl &6 thug givesa neasyre of gharging 50
The battery was’ di’ scharge(? at a constant char acteristics at varying '

battery agess.deyw rent di s¥Har ge 16 50% 1964 i t s Yigfi nal19cap- Mabl e 7 bel ow .
gi ves the Cﬁﬁgll ati-ve watey.:25 .acity. The. battery was then 1r_’e2 charged on a

| osses for fest's’ show 4i n Table 6. 191"he e RS
As can be seen from Table 5, the alloys . .8b . -~ 5.80—6.40%
with arsenic contents above 0.2%, ‘have higher - As. - T 0.15~—0.20%, '
- initial hardness values and reach acceptable - Cu C 0.01—0.04%, 15
5 hardness levels more. quickly: than those w1th L $n 0 001-=0.05% -
arsenic .contents below- 0.2% " . balance lead

The battenes having s.made from grid —
alloys in accordance witki the present inven- AlIOy 32 had the followmg composition:

. tion have substantially ‘feduced water - -losses- ~Sb S 2.600%,
10 as;{laln be seen from Table 6 below. . ‘S\s SR ' 8%28://0 20
. oy- 31 had 4..com smon w1thm t.he' ' n - S .U
following tanges— . -.po - Cu- . 0.020%, -
. ' ' - Se. : 0.009%

balance lead



standard unconpensated Lucas type 15 ACR overcharge |osses are the -water
| osses during alternator for thirty hours. t he alternator
cycle which are quoted in col-—_55 This sequence til

bat- umm 1 and the open circuit |osses (coI um 2) teries failed to g| ve a
four-m nute discharge are those occurring during the 96 hour_ opgen circuit

perkod. TABLE 7 Colum 1 . Colunn 2 Overcharge Losses
Open. Circuit Losses [err] Alloy m./cell/1,Q00 hours -
m . kcel 1 /1,000 hours 31 1.7 19.9 75.1

0.8732 6. ... 3.5 38.1 - 144143871 ' 1.4 7 -

1, 461, 587 - 7 W& do not to usé norewhan
0.5% ar seni c antinmony- up . to 49% - nchE’pEt% this level very good age

har dening from above 0.2%to 0. 5%t@h§££‘és¢?erb§u§’§mﬁ¥oﬁﬂ agg e Jgve i s

I evel there is a 0%up to_Q. 1% copper. t.endency for
the=grids to crack on storage O%Mgw ) 0. 5% sul phur, this can
|nterfere Wi th automatic pasting %Up to.0.5%tin, a'mfy |stendency
i ncreases mar kol of Gomplatedeni ¢ 0 005% to 0.5% selenium contents nmuch above |
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