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Isothermal Evaluation of Commercial 18650

Moli high energy

density 18650s

(NCA | SiGr) were
studied by long term
cycling at constant
temperature (NRC)
and by in-operando
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Calorimetric Signature of Structural Changes in Silicon

Silicon has unique, voltage dependent,
electrochemical behaviors, such as LisSi,
crystallization. For the first time these
behaviors are carefully characterized with
Isothermal calorimetry.

Metallurgical silicon half cells

for pure silicon behavior -
(Dalhousie) - 1

* In-operando isothermal
calorimetry in a TA
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* Figure shows impact of
lower voltage cutoff (LCV).

70mVv. 1L

1 I
(d) Cycles 11-14

5mV

Capacity (mAh/g)

70 mV LCV

70 mV LCV shows no o ————
crystallization S = Erthiy Potntia
exotherm, and an £ cro
enthalpy potential 2o\ i

which is identical on :
lithiation and
delithiation indicating a
reversible process.

* 5mV LCV shows a
crystallization
exotherm, and different
enthalpy potential on
lithiation and
delithiation indicating
thermodynamic path
dependence. (@)
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Long term cycling shows fade
rate dependence on cycling
rate and temperature.

Fade rate decreases with
INncreasing cycling rate.

New faillure mode starts
below 20°C.
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In-operando heat flow measured in a
broad range of temperatures.
Enthalpy potential (Uy) shows
reversibility (except in Si region) and
very weakly influenced by entropy.
Enthalpy potential can be used to
predict heat flow for broad range of
temperatures: g = I(V — Uy)
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correspond to different
regions of the dQ/dV curve.
- The crystallization of
Li,sSi, has a very small
feature in the dQ/dV but a
very large exotherm in the
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* The lost electrical work (voltage P L L
curve hysteresis) is consistent S L 7omvLey |
with the waste heat EL .
(calorimeter) at all currents. 2450_ ”””” o _

» Substantial heat is predicted at sl - ol |
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showing current independent
hysteresis.

* Significantly larger heat is
produced if the Si crystallizes,
showing the importance of the
Si structure in real world
applications for thermal
Mmanagement and efficiency.
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Contact Cyclikal for cell characterization services and consulting.
cyclikal.com | info@cyclikal.com



