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Modeling Effort

e Electrochemical Deposition of Nickel Hydroxide
» Deposition rates of thin films
» Impregnation of porous electrodes
* Experimental Characterization of Nickel Hydroxide
» Diffusion coefficients of protons
» Self-discharge rates (i.e., oxygen-evolution kinetics)
» Hysteresis between charge and discharge

» Capacity loss on cycling



Modeling Effort

Mathematical Modeling of N1/H, Batteries
Experimental Verification of the Ni/H, Battery Model
Mathematical Modeling Li-Ion Batteries

Experimental Verification of the Li-lon Battery Model
Integrated Power System Models for Satellites
Experimental Verification of Integrated-Systems Model



Schematic of Ni/H,
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Proton Diffusion Coefficient
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Utilization of the NiOOH
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Utilization of the NiOOH
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Constant Current vs. Constant Potential Experiments

Hysteresis in the Nickel Electrode

Offset Ili)otential

N
-

I

(mV)

(N
-

—
-

o

.OO

1.0




Potential (mV) vs. Ag/AgCl
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Boundary and Scanning Curves During
Proton Intercalation/Extraction
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Potential (mV) vs. Ag/AgCl

“Wiping

-out” Property of Systems Exhibiting Hysteresis
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Potential (mV) vs. Ag/AgCl
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Internal Hysteresis Loops in The Ni Electrode

500 T T T T

N
o
o

T

300 [

Potential (V) vs. Ag/AgCl

00 01 02 03 04 05 06 0.7 08 09 1.0

200

500

400 T

300 [

Potential (V) vs Ag/AgCl

200




Path of the System During Continuous Cycling Over Small Z
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Crystal Structures for
Nickel Hydroxide

ABBCCA Structure: NitOOH
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ABAB Structure: Ni(OH),

._.Mﬂ\.ﬂ..\ﬁw\_nm_.\ﬂ "
a, _-.n._._._____..___._____.._...xf_ .r..____.f_

\;\.ﬁh;ﬂ\;&fxﬁ.&fx ,H.\_rx‘.,.._:.,
LR L L LR ERE B¥ L k&N L ]

R & S
s%mkth\f&mk;\ﬂfhﬂf&ﬂfhﬂ,\

Ny .ww.‘_. A ,szuﬁ\ y A e

an LX | LR LN w A%

i J_,M__u._., N@..,\Ukﬁm .xG ....._D ..,..u Mﬂ . f...
) N ,r y by

,.ﬁ\ M,,Q:Gx..x..ﬁx.,,x .W_fof

L N b B = | B ] = EE BN - "




Bode Diagram

0.~ Ni(OH), — Y-NiOOH |..ABBCCA... Stacking

discharge

B Aging Overcharge

B-Ni(OH), *— PB-NiOOH |[..ABAB... Stacking

discharge

o-Ni(OH),
Formation
\ charge +
200-Ni(OH), _  3y-NiOOH
. o ...ABBCCA...
«—i< Aging Overcharge Stacking
. 2B-Ni(OH), ™ 3B-NiOOH
>m~5m \ @ HA VN g @ H’
Formation
v 5 @ _ ZKOEVN —ehame @ — NiOOH ...ABAB...
discharge mHM-O—Amnum




|ooH, , - X, H,0

—Z w

number of Ni vacancies y= number of N1 vacancies occupied by K”
N ” - . . .
total number of Ni lattice sites total number of Ni lattice sites
. number of H* = number of water molecules

w

number of Ni vacancies notoccupied by K* total number of Ni lattice sites

) number of interlamellar protons
— 7 =

total number of Ni lattice sites



lroxide Redox Reaction
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No. of Electrons per Mole Ni
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Average Oxidation State
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AM (g/mole Ni)
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X;=X,=y,=.25%, n,= 0 and y,=0

20 %Z%.S A<Zvo.& O0,6H267 s 3y %Z%.S ﬁ@i@ 0,613
+1.330H +0.33K" +133H,O0+1e"

charge

X;=X,=4.11, n,= 0, y,=y,=0 and n,=1

N@ \_HZWN.Nm A/\Zw vopw H_ ON.NmmN.Nm wm \_Hzm.wm Amvopw H_ ON.NmmH.HN

+OH"™ +H,0+1le"

charge

discharge

X;=X,=y,=0.25, n,= 2 and y,=0

o %Z%.o ANEVO.wL 0, o H, o ——3y %Z%.S (K)oss ; O,67H 133
+20H™ +0.33K" +2H,0+1.67¢"
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Voltage (V)
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Comparison of Model Predicted
Cell Potential with TRW Data
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T(°C)

Comparison of Model Predicted
Cell Temperature with TRW Data
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Comparison of Model Predicted
Cell Pressure with TRW Data
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Experimental & Simulated Discharge Curves for a
Li-Ion Cell with 1.25 M Initial Salt Concentration
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Experimental & Simulated Discharge Curves for a
Li-Ion Cell with 0.5 M Initial Salt Concentration
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Experimental & Simulated Discharge Curves for a
Li-Ion Cell with 0.25 M Initial Salt Concentration
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Project Objectives

“Investigate the optimal
design of hybrid power
systems for use in
mobile systems.”
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