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Introquction

> Lead-acid battery improvement ( Gas recombination )
1) Increase in energy density (Ah/kg, Ah/L)
2) Extension of cycle life
3) Reduction of self-discharge
4) Automation of processing and assembling which reduces greatly the prodution costs
» The advantage with recombination battery
Topping up with water is not necessary over the whole life of the battery
1) Reduction in water decomposition
2) Small release of hydrogen gas
3) Low rate of self-discharge
> Failure modes of VRLA batteries are discussed with respect to teo main cause;
1) Design / processing
2) Incorrect use / abuse by customer
= The survey includes virtually all types of VRLA batteries of both gel and AGM design.
1) Gel type : tall cell ( Acid stratification can be avoided )
2) Gel & AGM design : Short cell ( Both )




Positive grid corrosion

1. Lead alloy : Free from antimony grid
Why? 1) Antimony is released from the positive grid by corrosion.
2) Migrates to the negative plate where it lowers the hydrogen overvoltage.
As a result
1) Increase in hydrogen evolution
2) Higher self-discharge
3) More water loss

2. Lead—Calcium alloy ( Additive some Tin )

< Ca 1) Grid hardening agent ( Pb3Ca : Intermetallic compound )
2) Aging ( Al2 83 & A=A 3} : Precifitation hardening )
3) Reduction of hydrogen overvoltage.

< Sn 1) Improvement of the casting process
2) Helps to avoid problems at the grid/active material interface of the positive




< Al 1) In order to avoid excessive calcium loss from the pot during casting

2) Improvement of the casting process
+ Lead—-calcium—tin alloy is presently the most common choice.
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< Corrosion rate : Lead—calcium-tin alloy << Lead—antimony alloys
But, the rate decreases with decreasing antimony contents
< Corrosion type ’
1) Antimony alloy : An intergranular corrosion with a quite regular corrosion front over the whole area
2) Pb—Ca-Sn alloy
® Well casfing sémple : Small corrosion rate
@ Not properly casting sample
: Heavy intergranular corrosion
: Not uniform
: Penetrates deeply into some parts of the grids
= Gride HUst &= 2dolM Lugl| &= =&
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X Failure results when the grown grid comes into contact with the negative top—bar to create an
internal short—circuit.
: During stand—by duty, consequence of grid growth can be that the active material is not able
" to fllow the grown grid and, therefore, contact between grid and material is lost.




®» Grid corrosion0ll S22 0|Xl= JI&E SRE I NENE=E
1) Alloy composition 2) Grid design  3) Casting condition 4) Positive active material
Bat

5) Impurities that accelerate corrosion 6) Battery temperature
7) Potential of the positive plate

2.1 Alloy composition

Ca contefilis® =3 =~ — - corrosion rate ¥
But, lower Ca content gives slower grid hardening
% Ca 0.1wt% cohtent helps to keep both corrosion rate and grid growth at low level
( A calcium content is used that is sufficiently high to allow handling of the grids during plate processing.
2.2 Grid design : Grid structure
1) There is the tendency to improve grid structure to reduce the electric resistance of the grid.
(Particularly for applications where high discharge currents are needed)
- 2) Z= Ol MY e =TIA = D8 ol A=
+ |t is not so easy to cast well
+ High corrosion rates
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Positive grid corrosion

2.3 Casting conditions
% The variables casting process
+ The grid / mold design
+ The temperature of the pot and the mold
+ The speed of casting
+ The pressure in the case of pressure casting ( Tubular plates )

1) Pressure casting
- Leadlcalcium}tin tubular grid
= Low corrosion rate
= \ery thin corrosion lay after several years in use
. Corrosion of lead—calcium—tin tubular grids has very seldom been the cause of the failure of valve—
regulated batteries.
2) Gravity casting
= [lat positive lead—calcium—tin grid
= More sensitive
- More prone to corrosion
but, Ol &t £2410| Battery =3 = MHletele A2 JIE SU6IH 2 E6GHN= &
= Cyclic use : Degradation of PAM is more critical
= Stand-by use : Drying out could be a at least of similar importance to grid corrosion.
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Accelertated corrosion test

20

Change of grid weight measured every 3 weeks
without removal of corrosion layer.

B Standard alloy / standard casting
-0t - |mproved alloy / standard casting
® |mproved alloy / improved casting
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Accelerated corrosion test of gravity—test, lead—calcium-tin grids in sulfuric acid (60C, 1.260 sp.gr, constant
potential 1.85V against SHE)




Positive grid corrosion
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2.4 Positive active mass
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Another point is the stress on the grid due to volume changes of the mass during charge and discharge
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2.5 Corrosion—accelerating impurities

= This is not only important because of accelerated corrosion of grids,

= Qrganic acids or chlorine compounds
= So

but also because there is a marked
influence of some impurities on both self-discharge and hydrogen evolution
=1 5

= Self-discharge ®impurity & PbJ} local cell




Positive grid corrosion
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2.6 Battery temperature
1) Incorrect use or abuse of valve- regulated batteries is also an important determinant of grid corrosion.

2) j|.II- E}CF.&} AEM
— Temperature
— Charging voltage §_The potential of positive plate )
3) Higher temp. > Higher corrosion rate
: Serious reduction in service life
0t == 280 Uist 80| EJ)lsotltH, =

4) Battery = ZFA|
Tight packing # heat emission # accelerated grid corrosion ¥ takes place drying out or thermal runaway
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@ Minimal corrosion rate
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Positive grid corrosion
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Schematic of positive electrode polarization of flooded, gel and AGM cells ( sulfur acid 1.300 sg )




Runaway effect / arving out
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3. Runaway effect / drying out
1) Drying out
+ Too severe charging regime
+ High cell temperature
. SR e "= 215t =0 M
: 94Xl = Battery 20l 01 =28t
% The avoidance of high rate
2) Runaway effect
#+ Drying out also increases the recombination efficiency and this can be a severe problem in UPS
application where an excessive recombination efficiency can increase dramatically in temperature
of the battery.
“ so called thermal runaway effect” in UPS service.
3) The best way to avoid;
+ Floating operatings 2t = A8 10~20mm 2t2Z S XIJt BEtE Al @ 2 EICH,
+ High charging voltage - reduction the charging time
— avoiding sulfation
- but, the risk of runaway/drying out ( high current )
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harging, specially after deep discharge and at high temperature.




Runaway effect / drying out

4) In the case of AGM battery
e E B D FO ) B [EROI RGN, Lok AR ]eRen () | ey
+ Too low level of saturation
e =2 MEE 2=
: AAMGLSHERIHAN =2 8F XIS LIEHHL.
5) In the case of gel béttery
+ Rather low recombination efficiency in the beginning
» After some water loss, the recombination efficiency will increase
> )| MU0 SE4A S Hlok)| flol SHLHE BES| 4F6HHO0F otH pressure—releaseE 100~200mbar2
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Barrier layer

4. Barrier layer (£ S5) ]
+ Sulfation layerOl2t D& 5tH, 222D L2 T A0 A, 3
: Very poor cycle life e

: Antimony—free effect '’
= An effect on the grid / positive material interface ‘-ﬁ
= On the whole crystalline structure of positive active material ,_ .

so-called “softening” - Premature capacity loss (PCL) 5

: AntimonyS &JI6t Xl 22 Lead-acid battery= grid/X=& 22 HHO A Lead sulfate barrier layer2 &4 ot kL |
O Failol 20Ut= =8 R02I0/et= Algl= X EGHC. B

: &l A MOl Electric vehicle servicelll A= D2 M0 2tAl Barrier layer= ™ 2 L= softening g
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Positive—imass softening and sultation
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5. Positive—mass softening and sulfation

+ The problem of cycling application
+ Softening & sulfation S & &Y

3 Il_-|6HOH == Olj?._ ],O:I EI‘IOI
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1) Sulfate™ 2 L &SIt 2 A0 Zasgs 8ot 2+ ULH
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2) Softemngo' 22 OCVe=e 22506}
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5.1 Softening
» Lead dioxide® 252t 2l & =F0| ARALEIH & D& 22 =gl o & 0 HekAdaH 0l A BN processdif Zi0]

&tA o= AMEH.
[etd L=22=2 & 9| Softening0ll T &t Battery= nominal OCVE JIHAILE &£=40| A0},




Positive—mass softening and sulfation
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Outer parts
= 100 cycle
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Amount of soft positive mass during cycling
according to conditions.
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= inner parts&

: thin layer on the both sides of the positive plate
. thicker

: more than 70% of positive active material. (2 &+

Ol A Barrier layer=




Positive—mass softening and sulfation

+ Softened material increase = Capacity decrease
(2T0A Lead—sulfate? 22 ALK SELA £8)
+» Kugelhaufen theory : A network of agglomerates of sphere—like particles
= Softening processE “=c|H otHL} LlotH otl= =S8 A= 02 HEo6HAl &L,
&, 2PN O = Softening= High rate discharge@ Z 20l S &Lt ZH K] A2 LE, small discharge
current M & L LHCEH il high discharge pulse2 A 20 softening processot Jt&3t S0
22 Mo Chis
> X EHOZ, Softening speedlfl &= == s WHIHKIL UASE+ AU, ASWHMHE MS2 Design
ol == Bl BRI Gl
1) Battery design
2) Application type
' 3) Charging regime
S26t S8M ZAHAUNNZ =832 X0
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Positive—mass softening and sulfation

5.2 Sulfation _
Caused by a charging regime 3
- 53|, Heavy cyclingAl ( For batteries discharged to 80% or even more during every cycles ) .-
= Short charging time ( High initial charging current ) '’

- Overcharging = Water loss = eventually drying out ‘_ﬁ
: Undercharging : Sulfation of the positive mass ‘_ :
1;0 i Al
nfluence of charging voltage on 4 " 1
5 ycle life. (12V25Ah at C/5 rate) ; =
o
m:13.80V *3
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Positive—mass softening and sulfation
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But, High charging voltage
= Promotes grid corrosion
= Drying out
= Thermal ruﬁaway
Low charging voltage
= Sulfation
Trouble shooting method
» 2 step charging
= ZJ| 12h charging voltage : 2.40V/cell
= _1 0|= charging voltage : 2.30V/cell
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Failure of negative plates
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6. Failure of negative plates
1 ==E2 Ballure = 2= TrCHO 0l YL (cyele &Btand—hyuse)
2) CycleAl life time2 HE = Y=TH0 215+0 HISHECE
S 2= 1000cycle= 0l & = good conditionE /Xl
3) Negative plates2| F=& failure

@ The pressure-release valve was not in a good condition ; ,, .
: Not close correctly after opening & & LI0l 449 o 22 Z2E 0xidation |

= Sulfation = Limited life time -
( 0l ZR0= Drying outE ZaHE % US| WaH L2 MBS ) AL

(2LA corrosive attdack at the lug/top bar ‘area : VRLEA battery

: Top leadOil antimonyE AtEE 20 M iy
: “Crevice corrosion” at the positive postit =Al ';1'
o Top bar2l OIMEt 2 = Sulfuric acid?l £t = Thin electrolyte film on lead 244 l’.

= Electrochemical reaction = Thin filmAtOIZ ionic current flow = £412| Ji=3t F %

= Voltage drop = Completely destroyed ( No longer a contact between the plate and
top—-bar )




4) In order to avoid
@ Impirities2| 2t st I Ml (top lead)
@ Antimony2| Hi Al
@ Welding & COS 2| =& J|& : good bonding
: i Pr_oper fluxing process

\ >

Failure of negative plates
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Short circuit

7. Short circuit

. BatteryJt deep discharge T & [ needle—type lead2 growthe Z °Clst He| & E1t
- X 20= oY SEet d=2 EIE Sot0 the problem of growing lead needles= 2 & ot
2=20| = AR,
1 )

. Special ingredient : Sulfate salts (XL EHX)

- Single sheet separator : cell t2 0l M 2| short—circuit A &2 A =M
- Enveloping type separator : good way ( short—circuit zero percent )




Conclusion

8. Conclusions b
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