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•Up to 1.5 MW battery assist
•Up to 15% fuel savings
•$425 million potential annual savings (North America)

•Up to 1.5 MW battery assist
•Up to 15% fuel savings
•$425 million potential annual savings (North America)

Elect rochemical bat tery 
model required:

Mission simulat ion 
Evaluate design opt ions
Verify degradat ion modes
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Battery Cell Description

Electrochemistry

Microstructure

Packaging
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Sodium – Ferrous Chloride
(Discharge React ion)

Na (L) - e- → Na +

β” Alumina (BASE)
300°C

Anode

Cathode
FeCl2 (S) + 2 e- → Fe (S) + 2 Cl -

NaAlCl4  (STCA)
300°C

FeCl2 (S) + 2 Na (L)    → Fe (S) + 2 Na + + 2 Cl-

300°C

Net Cell

Na (L) - e- → Na +

β” Alumina (BASE)
300°C

Anode

Cathode
FeCl2 (S) + 2 e- → Fe (S) + 2 Cl -

NaAlCl4  (STCA)
300°C

FeCl2 (S) + 2 Na (L)    → Fe (S) + 2 Na + + 2 Cl-

300°C

Net Cell

E0 = 2.33 V

Cell Chemistry
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Cathode:
powdered
iron + NaCl

Cathode current
collector +
elect rolyte
reservoir

β”  alumina fluted tube
(Na+ conduct ing solid 
elect rolyte separator)

Top of case. 
Hermet ically 
sealed to tube 
and case

Spring clips (4) to 
center tube in 

case

Steel cell case. 
Doubles as anode 
current  collector

Cathode inside of solid elect rolyte tube
Anode outside of tube

Cell Construction
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FEM Model

Geometry

Model Formulation

2-D model of 0.21 m cylindrical cell
300°C isothermal operation
Constant current discharge @ -8.13 A
Initially fully charged @ 50 A-h
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Current
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BASE

STCA
Reservoir

Cathode

Anode

Cell
Case

Boundaries 
are numbered

3 subdomains:
1. Cathode
2. STCA reservoir
3. BASE

Model Geometry

5 inter faces
indicated by 1 - 5
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Subdomain Cathode STCA Reservoir1 BASE Dependent Variable Init ial Condition
Transport Equation

electronic charge 
continuity X (Fe phase) X field potential

ionic charge 
continuity X (STCA phase) X field potential

mass continuity X superficial mole-
avg velocity2

NaCl (s) mass 
balance X NaCl volume 

fraction3 0.010

FeCl2 (s) mass 
balance X

FeCl2 volume 
fraction4 0.264

Fe (s) mass 
balance X Fe volume fraction 0.184

NaAlCl4 (sol'n) 
mass balance X

NaAlCl4 mole 
fraction5 0.897

1)  STCA distribution assumed discontinuous -- no molten-phase transport
2)  Binary molten-electrolyte solution assumed (NaCl + NaAlCl4).
3)  Initial NaCl volume fraction associated with seed area.
4)  Initial FeCl2 volume fraction represents 1.25 x 109 coulomb/m3.
5)  Initial mole fraction represents NaCl-saturated STCA at 300oC.

Model 
Formulation
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Pore-Wall Flux Reactions

FeCl2

Fe

Cl-

Cl-

Na+
e-

Na+

Sodium ion 
migrat ion 
from anode

Mass-t ransfer-limited But ler-Volmer elect rode kinet ics

Na+ Cl-

-Crystalizat ionkinet ics: first  order in Na+ and Cl-.

NaCl

NaCl crystallizat ion from solut ion:  1st order in [Na+] and [Cl-]

for elect rode over-potent ial
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Results

Transfer Current Density

NaCl Concentration in Electrolyte

FeCl2 Volume Fraction
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a b

Depth of 
discharge 
DoD = 4.9%

DoD = 58.9%

Discharge transfer 
current is negative 
by convention

Color map: transfer (Faraday) current density (A/m2)
Arrow map: electronic current density (Fe & C phases)

Transfer current  density wave v DoD
broadens with lower density
translates away from separator
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ba

DoD = 4.9% DoD = 58.9%

Color map: concentration ratio [NaCl] /  [NaCl]sat

Arrow map: ionic current density (molten electrolyte)

[NaCl] v DoD
initial super-saturation >100%
opportunity for model refinement

Ionic current  density
concentrated between lobes (A) at high DoD

A

[NaCl]
[NaCl]sat
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ba

DoD = 4.9% DoD = 58.9%

Color map: FeCl2 solid-phasevolume fraction
Arrow map: superficial mole-avg. convection velocity

FeCl2 dist ribut ion v DoD
FeCl2 depleted in wake of transfer current wave

Elect rolyte squeezed out  of cathode into reservoir
Sodium flux across BASE
Reduced pore vol. fr. due to NaCl precipitation

FeCl2 vol. fr.

A
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Comparison With Experiment
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Na / FeCl₂ Model

Na / NiCl₂ Experiment

D.C. resistance -- model v experiment
Good agreement 
Dominated by ionic IR drop
Initial divergence ⇒ over-estimate of [NaCl]

Cell resistance × Cell height
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Summary

• Nernst-Planck model of Na | FeCl2 cell
• Visualization provides valuable insights
• Good agreement with experiment
• Opp’ty for improved mass transfer kinetics

This work is supported by
Jeff Immelt , CEO & Chairman, GE
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