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Performance characteristics of AGM lead acid battery with the content of
positive plate incorporating nano-size additive material
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Abstract Nano seed incorporated in micro-sized 4BS (Tetrabasic lead Sulfate) seed was applied to the positive electrode
active material and compared with Nano 4BS seed (NS). The dispersion of NS decreased due to the aggregation
phenomenon, while the nano seed incorporated in micro-sized 4BS seed (INS) could confirm excellent dispersion. As the
content of INS increased, the particle size of the active material became small and constant, which was confirmed through
SEM and particle size analysis. The specific surface area for the reaction was increased and the high-rate discharge and
lifetime characteristics were improved. In order to confirm the variation in particle size distribution in the plate
manufacturing process, internal resistance and voltage were measured for 200 AGM lead-acid batteries, and it was
confirmed that batteries quality variation decreased.
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Table 1
Mixing condition of positive paste; (A) INS 0.0 wt%, (B) INS 1.0 wt%, (C) INS 2.0 wt%, and (D) INS 3.0 wt%
Sample Lead oxide (g) Red lead (g) Water (g) H,SO, (g) 4BS seed (g) INS (g)
(A) 100.0 40.0 13.5 12.0 04 0.0
B) 100.0 40.0 13.5 12.0 04 1.0
©) 100.0 40.0 13.5 12.0 04 2.0
D) 100.0 40.0 13.5 12.0 04 3.0




Performance characteristics of AGM lead acid battery with the content of positive plate incorporating nano-size additive material 125

N

Fig. 19 UYepfigich. 4 3 x5 AX e
He 2HS AH 94 HIFE 2= HSOE T 7,
%—Xd—% 53 AlFol eHdEt 2007k BAEF 70
AR on, F=u, S5, Aeds Bobd
( ellyS FAsHATh S-S Azl A4S H, 7ht
og%ﬂs}oq ZHE A&AA ] ¥F 12582 H,S0,
Kl X |

PZ- Fosilon, 254 AAste] AlF Wl 3

> B JM tlo

INS 2% Fd 2 A Afel= gRle fJsl AY +
APAAFE ] 7 (LV-SEM: Low Voltage scanning electron

microscope, Merlin compact, Carl Zeiss)OZ +243}%1

o, NS¢ INSY U HEibw Bl 9§ s
1.315 32k =89 300 mlo] zHzt B 5 g% H7lsted

1087F 229 AF7]eA 24 3, 3R] d3E vws)
ATH INS ol w2 S5 39 4 2 "l w
2 3¥ 3 9 44 e B4S g8l FARAERA
(SNE-3200M, SEC)% XA 3]-8EA7](XRD, X’pert
PRO MPD, PANalytical)S &-&3l53tt. A+ =7 W=
golsly] 98] Y= F217](Partica LA-960, HORIBA)
oA BAe AAEIITH

AAE A7) Sl 38 AsRE AAl iAol w

A¥e RyPsATt AL A]% A Ade AL 7t
Ao 25+2°C Ao 257} HE=E 124)7F o] oF
st AL T AAEI e 7} *‘fﬁ e oRga) 7}
20/17HE B AlFL A8 AGM ﬁ%ﬁﬂ 2007
/A 35 5 V7| H]—Xﬂ 3}

ANE e AEe FHo] g8d" F -18/-30+ 1°C7t
HES 24A7F ol HgsE AlRIYh Azt 760/450 AR
W FA Agfe] 72 Ve =Eed :qp;};q PAsA 2

A7HS Btk SBA S0101 7% AlES ISG Al
o] A== xFelA AAE wiE 7} *11:%‘5]\:‘ s
5 S < ]z—;gp: ]z‘ﬂ HHH 2& a};q
HAFE 45A, 59sec 5 T3 F, 300 A, 1secCZ 2
off Ax AAJgict. o]o] 14.0 VZEA] 100 A, 60 sec
e Ar Hﬂ# 36003] WHE- &k F, 48717+ Bt
f?_ . }6 ] 0 e % cycleﬁ Aste] ghE
=) E]U:] 501 E
S v:—‘sg sithb = 2%8 A = =4
= @fﬂlovdﬁ} stk W-AEk Bl A S8 AP
INS 71l wE 374 F2 A3} vuE S8 WiA
g 2 S g3tk AlE EEE fla FH ¢=
33U A & SAS AAEY WE A e 2 A
& BT-3562(Hioki)Z A-2(25 +2°C)llr =431t}

3.4 1
3.1. FE4 By

SEAZ AMEE INS9 NSo| b A4S vlwsh]
3 LV-SEMe.2 2418 218)gt A= Fig. 20 e}
etk dA 4852 NSl tidt S Fig. 2(A0l Y
Elilen, 1A =718 20~40 nm $FEOE FoldT)
SHH ) INS9] YAR= mlol= = F7]9] 4BS seedol] W=
A71¢] 4BS seed’t SEEH USS FIT 5 AATH
(Fig. 2(B)). INS9] #2F HgAe Elshr] Hsll, &3t
30l ALEHI d= BT 1315 A 8ol i
S Wk AR, HA] A w2 Al 23S Fig. 3
o Jellilem, Fig. 3(AE @3 NS, Fig. 3(B)E
INSell gk Aot} A £ 27] 108 &<H A

Fig. 2. LV-SEM image of positive plate: (A) NS and (B) INS.
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Fig. 4. Particles distribution of positive active material with
increasing INS content: (A) INS 0.0 wt%, (B) INS 1.0 wt%,
(C) INS 2.0 wt%, and (D) INS 3.0 wt%.
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Fig. 5. XRD patterns of positive active material with increasing INS content; INS powder, (A) INS 0.0 wt%, (B) INS 1.0 wt%,
(C) INS 2.0 wt%, and (D) INS 3.0 wt%.
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Fig. 6. SEM images of positive active material with increasing INS content: (A) INS 0.0 wt%, (B) INS 1.0 wt%, (C) INS 2.0 wt%,
and (D) INS 3.0 wt%.
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Fig. 8. Voltage behavior during —18°C CCA test of batteries
with increasing INS content: (A) INS 0.0 wt%, (B) INS 1.0
wt%, (C) INS 2.0 wt%, and (D) INS 3.0 wt%.
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Fig. 9. Voltage behavior during —30°C CCA test of batteries
with increasing INS content: (A) INS 0.0 wt%, (B) INS 1.0
wt%, (C) INS 2.0 wt%, and (D) INS 3.0 wt%.

M
o
:

ujz} 854 o]lg g8o] IIF] ) )
2o2s —18°C ¥ -30°CollM Als A5 Hrkske
CCA(Cold Cranking Ampere) AgS 38l om, 1
A3E 72t Fig. 8 ¥ Fig. 99l YeRIATE. CCAE A}
2k viElg ] Als s Wrlske A=, A dF
oA wlElR] e ATehs AEE HAFOZ AN
"k -18°CollXe] CCA Al A¥(Fig. 8), INS T
o] T7VFE 7.2 VA "olX]= Aol HA St
AL AT F Q). o] A=A 127F A

> FA43] "R AL 2 FHE AAE] Ay Ashrt 21
YHE AL & 4 Jed, Fig 8A)2 B 12 A3
Al ke 8.10V, Fig. 8(B)~(Dy= Z+7+ 821, 8.35,
842 VE, 1Z0M 2] HUE INS o] 71842 =
o= A RIS ol ¥ EF YA At

L

2o

14

@A) =—®) —(©O )

p— o p—
ot [ 5] (8]

Voltage (V)
o
=

9
8
7
6
0 5 10 15 20 25 30
Weeks (W)

Fig. 10. Voltage behavior during SBA S0101 life cycle test of
batteries with increasing INS content: (A) INS 0.0 wt%, (B)
INS 1.0 wt%, (C) INS 2.0 wt%, and (D) INS 3.0 wt%.

Zlobdaes vk FrA o] ol W 7)o Hgto]
Fasle Fo] AL Aoz etEl, -30°CollAe] CCA

3 Fig. 90IM% -18°C Azte} U3l INS
ol TGS WA U &, 12 F A9 S
a3 72 V7R R EE dee AR HA3F STkshe
548 eI

INS 7t we 3 AE A3E Fig. 109 HeR
Ko, Tz = ZF cycle’d 3600 NolA 300 A A2
yepd Aotk AlF 4 T8 W dedel 72 vk
Tl 9 AlEL F55H, Fig. 10(A)%} Fig. 10(B)
= 49 A8 JiA 3 265, Fig. 10(C)¢} Fig. 10(D)y=
Z}z} 27 9 28F wholl FREHATE INS o] 57t
SrE FHS Ok Ikl ZoR Holu, R T
F e e ofd Aoz wdHEn. ST Fig
109] 157=2F Ageld & 5 Axel, 153k ek
INS shafoll wel Z7isl=dl, Fig. 10(A)~DyHA 2zt
11.04, 11.42, 11.88, 11.82 VE INS 2.0 wt%7H&= A
o] MzF Z718IH7F INS 3.0 wit%2! Fig. 10(D)llA &=
Tha sk 548 BAth ole Sk daes vzt
TR E YA A717F aEtal o sl ost dE
WS g8o] SUEHQ] WEeR gk vx|ge g
YA} B 7ol gt T AF FE HA
HX= FEe A S8l AlE 2000 oigh R
A 2 FQ; FolE BASI] Fig. 11, Fig. 120 UE}
Wdek $A, Fig. 112 INS &8 ] o i
A Az gholw, WA gke] /A t/H 4%k Table
20 JERITE. INS $HEFo]l FUFERE, FHu/FH A%
Hxl= 27 Fig. 11(CY/HA Eo15t7F 271 Fig. 11(D)
AN oAl SRS ERISHIT. INS 7] og &
o] #dst A= FE7F AF T S A Rk o}

Yz, AlE AA F4 Axpl= vRle o] Ak

(o3

>
i)
o



Performance characteristics of AGM lead acid battery with the content of positive plate incorporating nano-size additive material 129

3.80

*A) =(B) 4(C) D)
3.70
5 360 —— ..
E ¢ f“ . P -
= 350 122 = -
2 ..u:_._- E u_ % fAr- P
8 ..A A m » ’Ap’ﬂ" fual ny Ly
Z 340 'sf"?;d‘. AR Bk Te g 5SS
£ s i W R
— % 1 ] 2 5% ot h
:g 330 Z Q,:l?: Q'E::Qa 0\’ :‘ c‘. "““’ Te :0("" 0’.’)'
E .5"’ & * N o p%e e b
= o g unm 1§ . & N
=320 |20 mie - L
r* 0’. *n m, = E . >
3.10 ¢ -
*
3.00

0 20 40 60 80 100 120 140 160 180 200
Battery (ea)

Fig. 11. Internal resistance behavior of 200 batteries with in-
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Fig. 12. Final voltage behavior of 200 batteries with increas-
ing INS content: (A) INS 0.0 wt%, (B) INS 1.0 wt%, (C) INS
2.0 wt%, and (D) INS 3.0 wt%.

Table 2
Internal resistance of batteries with increasing INS content; (A)
INS 0.0 wt%, (B) INS 1.0 wt%, (C) INS 2.0 wt%, and (D) INS

3.0 wt%

Sample Avg. (mQY) Min. (mQ) Max. (mQ)
(A) 3.32 3.06 3.59
B) 3.38 3.16 3.56
© 3.39 3.31 3.46
D) 3.31 3.15 3.50
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Table 3

Final voltage of batteries with increasing INS content; (A) INS
0.0 wt%, (B) INS 1.0 wt%, (C) INS 2.0 wt%, and (D) INS 3.0
wt%

Sample Avg. (mQ) Min. (mQ) Max. (mQ)
(A) 12.88 12.85 12.95
B) 12.91 12.85 12.96
© 12.92 12.90 12.93
(D) 12.91 12.87 12.94
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