1 Mass Conservation in the Solid

We assume that mass within V' can be changed only by allowing it to enter or exit through the
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We divide both sides of the equation by V' and take the limit as the volume shrinks to zero:

oc
V. N—hm—#N ndS——‘l}g})V///( ) V—_a

We assume that for the movement of lithium atoms within either the negative- or positive-
electrode active material crystalline structures, it occurs due to interstitial diffusion only. That
is, we assume that molar flux density N is proportional to the concentration gradient Ve via
Fick’s first law:

N = —-DVe,

which gives the mass conservation equation (known as Fick’s second law)
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2 Charge Conservation in the Solid

We assume that charge within V' can be changed only by allowing it to enter or exit through
the boundary S.
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We divide both sides of the equation by V' and take the limit as the volume shrinks to zero:
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Here, we assume the rate of electron movement in the solid lattice is much faster than the
rate of other processes in the electrochemical cell. Therefore, py reaches an equilibrium state
relatively quickly and dp/dt =~ 0. Next, based on Ohm’s law, current density i is proportional
to the applied electric field E:

i=0cE=—-0Vo,

which gives the charge conservation equation in the solid

V.-oVep=0.



3 Mass Conservation in the Electrolyte

The electrolyte is formulated by dissolving a charge-neutral solute into a charge-neutral solvent.
Here, the electrolyte is considered to be binary electrolyte, that is, one having exactly two
charged constitutes. The binary electrolyte comprises the solvent (0), the positively charged
ions (cations) and the negatively charged ions (anions). For either cations (4) or anions (—),
the mass continuity equation holds,
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As a result, the mass conservation equation is
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We can see that the concentration changes due to three causes:
e diffusion: ions move because of a concentration gradient
e migration: ions move due to effects of an electric field

e convection: ions move subject to a pressure gradient—solute ions are pulled along by the
movement of the solvent

In contrast, the concentration change in the solid is only subject to diffusion.

vyD cr it?
Ny =cpvy = —V;%Tc—ocvﬂe + _z+} + Vo (4)
with
vRT dln~yy dln ¢
Vie = 1 1-— \V4 5
H c < + dlnm) ( dlnc ¢ (5)
i i—i. i—2_Fc.v_ i zicp  Fv_ i
N p— f— p— f— f— p— _ 6
+ C+V+ Z+F Z+F Z+F Z+F + Z+F Z_|_F +C+V ( )
Koy Ky_ i

ci vy + +cive ) +ceypvg — v 7
et (e e ) fave - e )

Koy Ko_ Ko_ i
=— " ¢\ V,+———— . V_ —civy+ +c v 8
Koy + Koo 77 " Koy + Koo © - (1 Koy + Ko 2, F o ®)

—ZE?%CWe i



Ky Ko
Kos + Ko Koy + Ko
— . K0+V+ + K()_V_ — KO+V0 — K(]_VO
T Ko, + Ko_

_ o Bor(vo—vy) + Ko (vo —v-)
* Ko + Ko

C4V_ — C4 Vg

Koo(vo—vi) + Ky (vo = v )+ K o(vo—v_) + K4 (vy — V)

T Koy + Ko_
Vi +c-Vii- c(viViy +v-Vi_)

T Koy + Ko o Koy + Ko
c(vsV(py +2,.F¢) +v_V(p_ +2_F9))
-t Koy + Ko
_C+C (V4 Ve +v-Vp) _ Ct Vi,
Kot + Ko- Koy + Ko-

v vRTcye D
+CT(K+0+K_O) C_T V o I/+ CT

VRT o M TURT ¢ VM

_ Ope
e

Oie Olnm
VC_alnm dc ve

Ve

Ope O (vypy +vp-)
Olnm Jdlnm
O (v4 RT In(myy4: A7) + v-RT In(m_~y_X%))
Jlnm
O (v4 RT In(mvyv4AT) + v_RT In(my_~_)\%))

Jlnm
0 (v4 RT In(m~y) +v_RT In(my_))

Jlnm
Oy RT(Inm+1Invy,)+v_RT(Inm +In~y_))

Jlnm
O ((vy +v_)RTInm + RT(In~" +1n~""))

dlnm
T1 T In~Y
:8(VR nm+ RT In~Y) CRT <1+81n7i)

Olnm dlnm

dlnm _ aan_:Vc: 0ln U+C§MO o Oln - U

Oc oc Oc

O(Inc—1Inecy —InMy) dlne

0
1 dln ¢
B dlnc Oc VC_E(l_ dlnc)Vc

_ VRT Oln~yy dlncy
Vite = c (1+ 8lnm) <1_ dlnc>vc

(25)

(26)

(27)



with

with

Oc i~Vt9r

Der dInyy dln ¢
D=——11 1-—
Co ( * dlnm) ( dlnec

Charge Conservation in the Electrolyte
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