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Abstract

Effects of alloying elements on the corrosion layer formation of Pb-grid/active materials interface has been
researched for improvement of corrosion resistance of Pb-Ca alloy. For this research, various amounts of
alloying elements such as Sn, Ag and Ba were added to the Pb-Ca alloys and investigated their corrosion
behaviors. Batteries fabricated by using these alloys as cathode grids were subjected to life cycle test. Over-
charge life cycle test was carried out at 75°C, 4.5 A, for 110 hrs. with KS standard (KSC 8504). And then,
after keeping the battery with open circuit state for 48 hr, discharge was carried out at 300 A for 30 sec.
Corrosion morphology and interface between Pb-grid and active materials were investigated by using ICP,
SEM, WDX, and LPM. Corrosion layer of Pb-Ca alloy got thicken with increasing Ca content. For Pb-
Ca-Sn alloy, thickness of corrosion layer decreased as Sn and Ag content increased gradually. In case of
Pb-Ca-Sn-Ba alloy, thickness of corrosion layer decreased up to 0.02 wt% Ba addition, whereas, it was not

changed in case of above (.02 wt% Ba addition.
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Table 1. Chemical composition of samples

Content of alloy (wt.%)

Pb Ca Sn Ag Ba
C3 bal. 0.03 - - -
Cé bal. 0.06 - - -
9 bal. 0.09 - - -

C9S6 bal. 0.09 0.6 - -
C9S12 bal. 0.09 1.2 - -
C9S18 bal. 0.09 1.8 - -

C9S6A2| bal 0.09 0.6 0.02 -

C9S6A4 |  bal. 0.09 0.6 0.04 -

C9S6A6| bal. 0.09 0.6 0.06 -

Samples

C9S18B1| bal. 0.09 1.8 - 0.01
C9S18B2| bal. 0.09 1.8 - 0.02
COS18B3|  bal. 0.09 1.8 - 0.03
COS18B4| bal. 0.09 1.8 - 0.04

life cycle testy® KS T2 (KSC 8504)°l wa}t 75°C
AN 45AZ 110A17F FHE o W3] E(open
circuit) “ejolA] 48A17F WXL ©o]lE 300 A=
3027 WASHE AL leycleE 3t Ao E 2
ATk A5 SR fEAY S92t 9
ALESEF7|ICPE B4, 7 a3 &83
Alole] A E I3 FHe EANEE SEM,
WDX, LPM& AR&-3tq #&at .
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Photo 1. Corrosion layers formed at the interface of the
Pb-Ca alloy grids and active material after the
first charge: (a) Pb-0.03Ca, (b) Pb-0.06Ca, (c)
Pb-0.09Ca.
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Atole] BAAHS SEME o]§3te] #g3 Allo] 71o14] ™ Snol 0.6914 12 2 1.8 wt%= Z7}
t}h. 937190 Ca &2l 0.039014 0.06 2 0.09 wt.% g2 RAAHS FFFAE 16129 133 ¢

B ZIITERE FAAHY] HF5FAT) 17. 2@]/«1 20.5 114ums FAHo 2 7+rdle AFS E 5 9
I8 367 um=Z FAHOE FAYAL It} = t}. o] Sno| PbOZF PbOn(l <n<2)o.Ee] 2+3}7}
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Photo 3. Corrosion layers formed at the interface of the

Photo 2. Corrosion layers formed at the interface of the Pb-Ca-Sn-Ag alloy grids and active material
Pb-Ca-Sn alloy grids and active material after after the first charge: (a) Pb-0.09Ca-0.6Sn-
the first charge: (a) Pb-0.09Ca-0.6Sn, (b) Pb- 0.02Ag, (b) Pb-0.09Ca-0.6Sn-0.04Ag, (c)Pb-

0.09Ca-1.28n, (c) Pb-0.09Ca-1.8Sn. ' 0.09Ca-0.65n-0.06Ag.
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Photo 4. Corrosion layers formed at the interface of the Pb-Ca-Sn-Ba alloy grids and active material after the first
charge: (a) Pb-0.09Ca-1.8Sn-0.01Ba, (b) Pb-0.09Ca-1.85n-0.02Ba, (c) Pb-0.09Ca-1.8Sn-0.03Ba, (d) Pb-
0.09Ca-1.85n-0.04Ba.

o 971 B Ag FHEol 0.02, 0.04 B 0.06wt.% Table 2. Thickness of corrosion layer formed at grid and
2 Z71E5E 7Ha EHEA Alold HAH B active material after the first charge
AR FAE 15394 142 T3 13.5um=E Grid Thickness of corrosion layer A
HagY ol AgZt FEULE FHVMEH 79w Alloys 1 2 3 veree
BAEATY) RAZS 7HAANA AEALS A c3 17.23 17.00 17.46 17.23
7= AoE FAadHr C6 20.04 20.45 21.10 20.53
9 38.25 37.17 34.59 36.67
3.1.4 Pb-Ca-Sn-Ba =2 #2] Ad 986 16.71 16.30 15.29 16.10
AFRl 4= Pb-Ca-Sn &3¢ Bal 7}l Az C9S12 13.33 13.27 13.39 13.33
& FHE A 23 Fo] RAAHEL I3 Ao C9S18 11.47 11.18 11.44 11.36
t}. o] wd Spoli} Ago] A$s} mlAIIAE Ba C9S6A2 | 1530 15.70 15.00 1533
o] Z7184E RAMAE 2o S/} 7has) C9S6A4 | 14.25 14.07 1431 14.21
FA T Bag] ol 0.02 wt% ©o|AY s & A CI956A6 13.27 14.11 13.20 13.52
o]é’ Ho|x] o= C9S18B1 | 11.25 11.34 11.46 11.35
2= 7} st}:luaﬂ BAZ Z72 7hz) A & C9S18B2 | 11.13 11.22 11.46 11.27
%@ SEM Ao 23E 2x3 Hagrolth. o7 C9S18B3 | 11.24 11.30 11.27 11.27
oA B® Ca7t 0.03914 0.09 wt.%= F7Hol u} C9S18B4 | 1112 1142 11.16 11.23
g} F2 W-gZ o EAL 7 dA A F71e
25 Pb-0.09Ca0l Sn& 0.67E 1.8%744 H7het 315 A o4 ¥ ¥ WDX 2%
AL W P EHHoT Ha whezo By} 7t AR 5= X 2AE 7 EEE M9y SHE
23S & T U Agd] HUtel Ytz F2] ut Z Atolol] FAHE RAF ] JEHIE golr|
&E F l a7 BAEJ o Bal Aol ¢ 23t WDXE ©|&3le] Pb, O, Ca ¥ S& £4
gk 12 M2 FARSE AY gle Aoz u g Aolt}. 7oA e 7zt dEdad gy

EbtTh, Z¢] (a) Pb-0.09Ca, (b) Pb-0.09Ca-1.8Sn, (c) Pb-
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Photo 5. Results of WDX of Pb-alloys after the first charge: (a) Pb-0.09Ca, (b) Pb-0.09Ca-1.8Sn, (c) Pb-0.09Ca-0.6Sn-

0.06Ag, (d) Pb-0.09Ca-1.8Sn-0.04Ba.

0.09Ca-0.6Sn-0.06Ag % (d) Pb-0.09Ca-1.8Sn-0.04Ba
S8 AxF FHE MHsle] zAaletgo 1 A
I Pb= S} EAEZ Abolo] AHo|A PbOL}
PbSO.E Absgto zm 7hihdte 43S Jehyx
2HE PO AAel w7 Flele e
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= 4 er Caol H7HE Agole Adol
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AA F-AFo] g vehd Aoz dddn
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*White: PbSOs4, *Red: PbO;, *Yellow: PbO *Dark yellow: Corrosion layer

Photo 6. Polarized optical micrographs showing the interfaces between the grid and active material after the first
charge: (a) Pb-0.09Ca, (b) Pb-0.09Ca-1.8Sn, (c) Pb-0.09Ca-0.6Sn-0.06Ag, (d) Pb-0.09Ca-1.8Sn-0.04Ba.
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Table 3. Analysis, from the polarized optical micrographs, of the products formed at the interface between the grid and
active material after the first charge

Samples o-Pb0O, B-PbO, PbSO, PbO Pb
Pb-0.09Ca 5% 30% 7% 8% 50%
Pb-0.09Ca-1.8Sn 9% 31% 3% 3% 54%
Pb-0.09Ca-0.65n-0.06Ag 12% 33% 4% 4% 47%
Pb-0.09Ca-1.8Sn-0.04Ba 7% 28% 3% 3% 59%

x40 x150
*White: PbSO4, *Red: PbO,, *Yellow: PbO *Dark yellow: Corrosion layer

Photo 7. Polarized optical micrographs showing the interfaces between the grid and active material after 4 overcharge

life cycle test: (a) Pb-0.09Ca, (b) Pb-0.09Ca-1.8Sn, (c) Pb-0.09Ca-0.6Sn-0.06Ag, (d) Pb-0.09Ca-1.8Sn-
0.04Ba.
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