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Background

= Both poative and negative electrodesin lead aad batteres are porous electrodes.
Battery performance strongly depends on pare structures

= Most of those electrodes begin with paste mixing: leady axide additives, water; and
sulfuric acid were mixed into paste, fallowed by grid pasting curing, and formnation.

* For 3B5based paste farmula, by varying the paste conposition, pore structures are
mainly decided after paste mixing.

= Ancther way of modifying pore structure is to contral the 4BS crystal size and
anount after cuning.

= 4BScrystal gronth can be affected by two ways
thermodynamically and kinetically.
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Background

THERMODYNAMC WAY. Change soluble Pb concentration

Log (total soluble lead)

= Twoways tochange soluble Ph concentration in paste
tenperature and pH

= Asshowninthe figure tatal soluble leadin agueous
solution with SO, is strongly pHrelated It isthe lonest
araund pH9.3. Further fromthis pH the higher the

solubility. f
= BlowpH9.34B5isnat stable above this pH 4B5is f
stable |
" |ncrease past_e pH shoud increase the cmcentranm of hG oH B o =
g‘m‘ﬁ lead] increase the supply of meterial for 4B5 B S o st consongsompommsod wovrst P
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Background

KINETIC WAY. Change the rate of soluble lead reaching 485 surface

* TJenperature affects the diffusing rate of soluble lead
» Surface area of 4BS crystals

= Hectro-Osnatic Punping™ noverment of liquid by electro-osntic flow
= Seric Hndrance sloas down the soluble lead reaching 4B5S crystal surface

= Sone inert materials block the ways of mass transfer in wet paste, like red lead inthe paste
= Some nolecules absorb onto the surface of leady material, preventing soluble lead material
fromleaving the surface of raw material and reaching the surface of 4BS crystals

*SV. Baker; PT. Moseley, AD Turmer,, J. Rower Sources 27 (1989) 127-143
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Test Plan; 2 Phases
Phase |: 485 Qrystal Growth Quning Study

= 5%HS0, in paste 1.0% SureCure 100 (SC100) 4BS seeds as contral, adding other addtive to make paste
= pHagent isa chemcal material that canincrease paste pHwhen added tothe pagte ina small amount.
= [B-PhOisthe less stable isomorphic phase of PO in roomtenperature it is supposed to be higher

soluhility than a-Pb0 in roomtenperature

= [ignosulfonate are widely used in expander farmrulas There are reports that Vanisperse prevent 485

crystal growth in negative plates In this presentation, we repart the effect of Vanisperse A(Van A and
Vanisperse HI-1 (HI-1) on 4BSgrowth and electrochenical performmance in positives.

= Quring 35°C ~79% RH48 hours fallowed by 60°C drying for 24 hours.

Mix ID 4BS seeds 4BS seeds% | Other additive | Other additive%
SC100 SC100 1.0% none 0.0%
SC+pH agent SC100 1.0% pH agent 0.1%
SC+B-PbO SC100 1.0% B-PbO 10.0%
SC+Graphite SC100 1.0% Graphite 1.0%
SC+VanA SC100 1.0% Vanisperse A 0.1%
SC+HT-1 SC100 1.0% Vanisperse HT-1 0.1%
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Test Plan; 2 Phases
Phase II: Cell Test

=  Sare paste farmula and cuning profile as Phase | except the difference in “cther additive’, details listed below
= Those padted plates used as positives, 2P3Ncell structure

Cell formmation
OCA-1 . — -
) Mix ID 4BS seeds SC100 Other additive Other additive
M CEPGCItYT 3BS none 0.0% none 0.0%
OCA-2 4BS SC100 1.0% none 0.0%
. SC+pH agent SC100 1.0% pH agent 0.1%
Fhserve Cﬂ)&CIty 2 SC+B-Pb0O SC100 1.0% B-PbO 10.0%
Gassing Test SC+Graphite SC100 1.0% Graphite 1.0%
qm'reg: SC+VanA SC100 1.0% Vanisperse A 0.1%
SC+HT-1 SC100 1.0% Vanisperse HT-1 0.1%
Feukert Test SC+CB SC100 1.0% Carbon Black 1.0%
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SEM: Graphite vs. Carbon Black
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Phase |: Cured AM Analysis- 4BS vs. Curing Time

4BS vs. Curing Time

SOMECE

RVATIONS

07 ———— = \erylittlechangein 455 contents with C+an

—SC100 —SC+pH agent —SC+p-PbO

Aand SGHI-1 pastes during curing

= 4BSfinished groathin first 12 to16 hours of
curing for SC100 C4pHagent, SCHE-PhOand
LCiGraphite paste

—SCrGraphite —SCHANA  —SCHT- " |nthefirst 12 hours of auring, 485 in SC#pH

agent, C3-Pb0 and C+Graphite paste are

o B — higher than 4BS in C100 paste.
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Phase |: Cured AM Analysis- BET vs. Curing Time

1.6 Paste BET vs. Curing Time mq: 'NA-"N

\/\ = \ery little change in BET of SCHan Aand
SC+HI-1 pastes during all 48 hours of curing.

!0 = BET of all the four 4BS pastes reduced in first

e o et 16 haursdf auring

e O W = BET of SOHI-1 pasteis loer thanthat of
R C\an Apaste during all 48-hour auring

0.2 | \/ m‘lai
o = Fromtime 2012 haurs of curing, BET of SC+pH
. . 10 15 ZDCurin i:—,me{mao 35 40 a5 50 a@t, 3:+B—H)0 am 3:+Gl‘aphte paﬂs are

g lower than that of ST100 paste
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Phase Il: Cell Test Paste pH

Totest the electrochemical performance of these additives, 2 batch of pastes were made. Paste formula and its pHwas listed

below

SOMEOBSERATIONS
= (1% of pHagent significantly increased the pHof paste

= 10% B-PoO (total oxide: 10% B-Pb0 +90% of leady oxide) can slightly increase paste pH
= Both\Vanigperse Aand Vanisperse HI-1 canincrease pHof the paste

= Graphite and carbon black showed little effect on paste pH

Mix ID SC100 Other additive PH
3BS 0.0% 0.0% 10.29+0.03
SC100 1.0% 0.0% 10.25+0.01
SC+pH agent 1.0% 0.1% 10.91+0.02
SC+B-PbO 1.0% 10.0% 10.39+0.01
SC+Graphite 1.0% 1.0% 10.26+0.01
SC+VanA 1.0% 0.1% 10.64+0.02
SC+HT-1 1.0% 0.1% 10.72+0.01
SC+CarbonBlack 1.0% 1.0% 10.35+0.01
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Phase ll; Cell Test Cell Formation
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Formation was performed in 40°C water bath

SOMEOBSHRATIONS

Con'panng to no additives
pHagent and 3-PbO show very sinilar postive
potential/polarization as no ather additives (3BSand SCI00).

= Graphite and carbon black in positive paste can reduce
formation positive patential/jpolarization.

= Vanigparse Aand HI-1 in positive paste increase positive
patential/polarization during formation.
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Phase |l: Cell Test Cell Formation

After farmation, pogtive plates were washed acid free dried for matend analysis.

SOME OBSERATIONS
= Graphite and carbon black in positive paste canincrease a-PhG, in positive plates after formation
= Vanigperse Aand HI-1 in positive paste don't show effect on a-Pb0, in pasitive plates after formation.

Paste a-PbO a-Pb0O2 B-PbO2 PbSO4 BET (m2/g)
3BS 8.0% 12.8% 79.0% 0.2% 3.60
SC100 10.3% 17.7% 72.1% 0.0% 5.00
SC+pH agent 9.0% 9.2% 81.9% 0.0% 5.78
SC+B-PbO 5.7% 9.7% 84.6% 0.0% 5.41

_ sosGraphite | sa | oew ] eorw [ oaw [ a7 |

SC+VanA 7.5% 14.3% 77.0% 1.2% 5.57
SC+HT-1 5.7% 15.7% 77.6% 1.0% 4.42
SC+CB 1.9% 23.9% 72.6% 1.7% 3.78
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Phase |l: Cell Test - After Formatlon PAM SEM
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SOME OBSERATIONS
= Graphite and carbon black were ohservedin after formation PAM
* |nsome SBMs, graphite was dbserved encapsulated in a shell by active material, while no such phenomena was observed with carbon black plate
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Hg Porosimetry. Cured vs. Formed
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SOME OBSHRVATIONS

= Overall, larger pores in cured pastes lead to
larger pores in formed AM

= |ncreased pore sze in formed SCtGraphite PAM
Inplies other contnbutions fromgraphite
partial oxidation

= Smilarto cured pastes pare digtribution of

Pore Size (um)

SCHHI-1 showed nore pore valune in large
pore area than that of S&Van A
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Phase ll; Cell Test - CCA Test
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= Al pogtives showed very close CCA10 sec voltage
= Considering test variation, it's hard to draw conclusion on total CCA discharge Ah
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Phase Il Cell Test - Gassing Test

Gassing Positve Chart Gassing test Negative Chart
1.50 -1.0

1.40

1.1 —3BS
—3BS - - SC100
§ - - SC100 SC+pH agent
% 1.30 SC+pH agent = 10 SC+B-PbO
. = -1. — .
% SC+B-PbO = SC+Graphite
o —
2 —SC+Graphite § SC+Van A
3 —SC#+VanA e == SC+HT
8 1.20 - = SC+HT-1 T .13 - - SC+CB
[<5])
- - SC+CB =4
1.10 -1.4 =
1.00 15
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Charge Current (v) Charge Current (A)

= Very little difference between pasitive patentials during gassing test.
= The difference between negatives is nore significant than postives
= (01%Van Aand HI-1in positive plates can slightly increase the polanization of negative plates in gasang stage.
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Phase |l: Cell Test - qDCA Test

gDCA test
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= 100 SCpHagent and SCH3-Ph0 showed

Hic mld

better gOCA performance

= |arger pores seers to help gDCA (Id), while

high a-Pb0, does nat.
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Phase ll; Cell Test - Peukert Test

Peukert Test

20 = After previous tests (C20, 2 Reserve Capacities
28 gassing and qDCA), clearly 3BS pastes (3B5

26 Van Aand HI-1) showed lower capacitiesin
2 higher discharge curent than ather 485
pastes (SC100, SCipHagent, SC+B-FbQ)

520 L+Graphite, SC+carbon black). This probably

i means larger pores in those 4BS platesis
® 16 %8s - seio advantageous for high power performance
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Conclusions
Paste Mxing and Qunng

=  Small amount of chemicals can Sgnificantly increase paste pH

= pHagent, B-PbOcan accelerate 4BS crystal gromh This means increasing paste pH/solubility of
leady material can help 4BS crystal gromh

= Graphite increased 4BS groath may inply ather mechanismon crystal growth, may be due to
electro-asnotic punping or athers

= VanAand HI-1 can increase paste pH but they still inhibit 48S crystal growth. Thisinplies
surfactant that can strongly adsorb onto the surface of leady naterial can significantly inhibit
crystal groamh This can guarantee zero 485 in cured positive paste achieve nore process

tolerant, low energy consuntion, warry free production
= 4BSseeds, surfactants can be used to nodifying active material pore structure
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Conclusions

Call Tedt:

Adding conductive agent in positive paste like graphite and carbon black can reduce
formnation polanization, increase a-PhG, content in formed PAM

Surfactants like Van Aand HI-1 in postive paste increase the positive plate
polanization in formation

After fommation, there is till some graphite and less carbon black Left in positive
plates

In formed PAM graphite was abserved encapsuled in shells, while no such
phenomena was abserved with carbon black plate

Addition of SC100, pHagent, B-PbQ graphite, carbon black, Van Aand HT-1 in positive
shoned little effect on positive gasaing patential.

Addition of Van Aand HT-1 in postives can slightly increase negative plates gasaing
polanzation This may inply that some surfactant came out frompositive and
adsorbed by negative

Larger pores created by 4BS crystals help high current performance and qDCA (Id).
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Summary

Methods of Modifying Active Material Sructures
= Modifying the crystal size/pare structure of AMin curing
= Varying paste formula like water; acd, additives
= Tenperature (paste nixing, curing).
= 4BSseeds particle size loading, etc
= Additivesthat affect 4BS crystal gronth (pH surfactants, etc)).
2 MJdlfylng crystal size/pore structure of AMin farmation
Formed AMstructures partially inhented fromcured paste
= Fomed AMstructures partially fromnodifying of formation process
(change formation efficiency at stage | and stage Il).
* Fomed AMstructures partially fromather contributions like pare
creation agent like carbon matenals.
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Thank You
for Your Attention!
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