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Introduction to Li/FeS, Thermal Battery Cathodes (™ o

Heat pellet “Slumping”

| cathode L

Separator ‘
N\

Current collector

= Cathode electrical conductivity:
selected for ease of measurement
and impact upon performance [1]

= Slumping induces a microstructural
reorganization, which affects

) ) FeS,
material properties

Electrolyte, binder,
lithiating agent, and voids
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Cathode/ Anode
electrolyte pellet

= Insulation

Heat paper
fuse strip

) cell
Electrical
match

Current manufacturing
practices are based on
empirical data, but
changes to the cathode
affect the microstructure,
properties, and battery
performance




Powder and Pellet Preparation

= DOE: Nine pellet types with three
variables
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1. Pellet density

2. Relative FeS, content

3. FeS, particle size distribution
= Powder preparation
= Particle size reduction

= Sieving to isolate size
distributions (32-38, 38-45,
45-53 um)

w
—

= Fusing

w
=l

= Pellet preparation: uniaxial cold-
press

N
O

= Challenges: limited material,
trial-and-error process

N
>

= Compensation: measured
densities ”5

N
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Achieved Density (g/cm?)
N
(0]

Expected } |
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2.7 2.8 29 3.0 3.
Target Density (g/cm?) 4
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Uniaxial load

Thermocouple

Connections to
potentiostat

3 (counter

Mica sheet electrode,
Stainless steel electrode working
3 electrode, two
voltage
Stainless steel electrode references)
Mica sheet \

Thermocouple
c e . 80 10
=  Minimized interference, = | v
inductance, and water - N
Contamination 50 [~ 10 [b]IJ”H.l S S R IR | Lol S W
i 10° 10 10° 10° 10*
= |mpedance results were ] Frequency (Hz)
fit to a single resistor to l 0
. . 20 -
calculate conductivity ol 5 (Zero phase shift)
5
0 =
E [a] 1 1 1 1 1 1 [c]
O — 10770 10 20 30 40 50 60 70 80 T
R A . 10 10 10 10 10
fit Z Frequency (Hz)
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Representative Geometry Construction L

=  Microcomputed tomography (MicroCT)

=yolume

5

FeS, isolation
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Conformal Decomposition Finite Element Method (@ i

= Application via Aria, a coupled multiphysics program within Sierra Mechanics

Particle surface Finite
:> Sy " i element

Nodes>

NN R
S NSRS

=3

R N
NN
LSL NN
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Governing Equations and Boundary Conditions )l
=  Ohm’s law PBC NBC oter

J=cE=—-VV

= Steady-state continuity equation for
current density

V-I=0
= Boundary conditions: Two ways to

measure conductivity; apply current
or voltage, measure the opposite

7.55a-01

5.03-

2.52e-1

-1.1%e-07

= Upper bound = Dirichlet |
boundary conditions (DBC) [7] Current density (A/m*2)

6.55e+05
= Lower bound = Neumann
boundary conditions (NBC) [7]

= Variables

4 91a+05

J Electrical current density vector Ao

E Electric field vector
I/ Potential
o Electrical conductivity

1.64e+05

2 13a+1

8




Verification

=  Mesh size

Need greater mesh
refinement on small
particles and between
small gaps

=  Volume [8]

More error results from
the domain volume than
the applied boundary
conditions

RVE =0.310 mm3,n__ . =

proj —

91 for 1% RE Anisotropy

Ogr (1/(€2m))
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Experimental Results T

® PSDA,¢=2283 @ PSDA, ¢=290 @ PSDA, p=3.925 O = it
» PSDB,p=2283 > PSDB, =290 » PSDB, p=3.925 = compaosiuon

B PSDC,0=2283 W PSDC,0=290 B PSDC, p=3925 ratio of FeSz:EB

T 25 C T =100C T = 200°C

107 | Preslump

C’prealur-rp (1/ (Qm))
o

00| e tme | |

++

L PostSIum I | ] — — | ] S— HHiLl |
. ‘fﬂf* f TL’TlJr s T
ol 1 *

2.5 2.6 2.7 2.8 2.9 3.0 3.1 2.5 2.6 2.7 2.8 2.9 3.0 3.1 2.5 2.6 2.7 2.8 2.9 3.0 3.1
p(g/ar?) p(o/ar) p(g/cm?)

" oincreases with temperature, density, and composition
= Possible causes of scatter: effects of minor or trace elements [9], oxidation [10]

0-postslump (1/ (Qm))
o
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Simulation Results i) Natona

= No preslump trend; postslump results show trend with density
= Consider impact of simulation physics, mesh resolution, and domain volume

e PSDA, p=2.283 e PSDA, p=29%40 ® PSDA, =392 |¢p-=
» PSD B, p=2.283 » PSD B, p=2.940 » PSD B, p=3.925 | composition
m PSD C, p=2283 m  PSD C, p=2940 m  PSD C, p=3.925 ratio of

FeS,:EB
2.5 & ;
o
. . T -
gzo ‘ ;
= 1.5 ¢ " ® i I .
© 0
1.0/
Preslump Postslump
035357236 28 30 32 22 2.4 2.6 2.8 3.0 3.2
p(o/am’) p (g/am’)
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Regression Analysis rh) e

0.4 : , Experiments ‘
0.3 Preslump

0.2 Postslump
0.1
0.0 um —

. - — B

E—O.l
Q—O.Z-
—--0.3
O— - Y
9 0.4 Simulations
g ¢
4
I
o 2
5 o
S :

-2

-4

C,p Csa 1Cup CsT Cepa C,pp Cgpl  Coa@ CyaT  Cyy@lT
Coefficient x Variable

Density and particle size distribution are the || Fit R2 R2 g
most significant processing parameters Experiment, Preslump 88.42 84.48

p = pellet density (g/cm?3)

a = mean target particle diameter (um)
® = composition ratio of FeS,:EB Simulation, Postslump 97.74 93.96
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Conclusions e s
= Preslump experimental results showed a link between density, composition, particle size,
and electrical conductivity

= After slumping, this link appears to be erased, possibly due to impurities or oxidation
= Simulation results did not replicate the experimental results
= No trend in preslump simulation results

=  Postslump simulations demonstrated a relationship between particle size
distribution, density, and electrical conductivity, not seen among experimental noise

= The simulations are not representative of the experimental observations, so the model
lacks fidelity

= However, this work is a step toward a more fundamental understanding between
processing parameters, microstructure, material properties, and performance

= Additionally, these results suggest that thermal battery performance will be affected by
(1) variability among FeS, material properties and (2) slumping, which should increase
electrical conductivity

= Improvements include chemical purification and analysis of FeS,, better microstructure
characterization, mesh size, and domain volume

=  Future work: Simulations to test effects of surface oxidation and contact resistance,

effective conductivity with less conductive outer layer
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Prior Research
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2.0
E vs. t (400C, 0.4A
= Prior research studied the 16! ( )
effect of FeS, particle size S
distributions on —_—
8=

performance, effects of 2 _ | nano
powder composition and ..g 0.8} micron
forming pressure on o ‘
mechanical strength, and 0.4
electrical properties of 0 0' o B o » u
FeS,, but not the 0 300 600 900 1200 1500
relationship between FeS, Time (sec)
particle size dlstt‘l'butlons, Max. Run Time to Capacity to 1.46V
powder composition, pellet Voltage (V) | 1.46V Cutoff (s) | Cutoff (mAhr)
density, and electrical
properties Micron Single Cell 1.897 843 82

Avg. Nano Single 2.016 1249 121.4

Cell

Average 6.30% 48.20% 48.00%

Improvement
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Particle Size Analysis L

= Performed in water with 1 minute of sonication
= Agglomeration observed
= Applied the expected values due to the manufacturing process

_ 10 Expected:} /- _ 10 Expectedy /- _ 10 Expected:|
o 32-38 um }- Sl Q 38-45 um Ji-f-iiie u 45-53 um }/—i Weert
c e c SR ey e c | GBS RS
c i c  {Mean: B c jMean: -
g i g 120.16 um R 5 :13.08 um

0 """"""""" 0 R e | ° 0: """"
& 102 10° 10° 10* > 102 10° 10 10* o 102 10° 10®  10°

Size (um) Size (um) Size (um)




Validation of Reconstruction Method

= Volume fraction changes due to

MicroCT resolution
Binarization (Watershed)
Smoothing for surface mesh
CDFEM mesh resolution

10

10°

10 102

Size (um)

0 ' '
102 10t 10°

102 10%® 10%

10!
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® Binarized vs. Experimental
m  Surface Mesh vs. Experimental
» CDFEM vs. Experimental
0.10
>
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»u °.°s >
[ ) ' . o [ | m . n - [ ] : ®
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]
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Conformal Decomposition Finite Element Method @™ i

=  Verification

V (volts)

= Background mesh resolution (h) vs. radius 1.00

(r) affects the representative geometry
= Sigma ratio = 1000 is sufficient

0.50
< Volume Fraction e SAN B Oy
. 0.25] |
Second order )\ 0.00
107} s
L 0
G 0 < 10
o L 107
.GZ) 107} - < ® LItJ 10-2 i <
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o >
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