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ABSTRACT: Integrated with heat-generating devices, a Li-ion
battery (LIB) often openlcs al 20—40 °C lugher than the ordinary

@ Supporting Information

workin; i of the
lFenn;i zontribution has shown a s_xﬂcant reduction in the LIB
rformance, the molecular level structural and chemical origin of
Ezncry aging in a mild thermal environment has not been
e]undated On the basis of the ::ombmed experiments of the
Cs- d electron
and in situ analyses, we herein provide operando structural and
chemical insights on how a mild thermal environment affects the
ov:ral] battery pexformance using anatase TiO, as a model
ingly, a mild thermal condition Nanostructured TiO,
induces excess ln.luum even at bient temper-
ature (45 °C), which does not occur at the ordinary working
The 1 lation enables excess lithium storage in the first few cycles but exerts severe intracrystal stress,
consequen!ly cracking the crystal that leads to battery aging. Importantly, this mild thermal effect is accumulated upon cychng,
nesullmg in irreversible capacnty loss even after the thermal condition is removed. Battery aging at a high working temperature is
lin neary all i ! pounds, and therefore, it is ‘o ifi to und d how the thermal condition contributes
to battery aging for d ds for ad d battery el d I
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ZX: AHannan, State-of-the-Art and Enerqy Management system of Lithium-lon Batteries in Electric
Vehicle Applications: Issues and Recommendations., IEEE, 2018.04.23
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= H{E{2|2| Heat flux (W/mm?) A At
- HiE2[2| §O| At
2nrh + 2mnr? = (2*m1*9*65) + (2*n*81) = 4184.54mm?

- HIE2[2] 7= (397H)
4184.54 * 39 = 163197.08mm?

« HHE{Z| 170 & Heat flux AAt gt
360W / 163197.08mm? = 0.002 W/mm?

h = B{E 2| = 0| [mm]
r = H{E 2| BtX[S [mm]
360W = HiE{2| = ™
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»  Heat flux Air : 25°C
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Case (1) A2 E:63°C Case (2) | X/ 2&:57°C

Temperature (°C)

63.690E+10
[ 62.220E+00
60.750E+00
— 59.260E+0

foor
54 870E+00 Case (3) A2 E:58°C Case (4) XD LE:52°C
53.460E+00
51.930E+00
50.460E-+00
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Von-mises (MPa)
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7.041E-02
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Contour Plat
Element Stresses (20 & 3D)(vonMises) Subcase 2 (stress) : Static Analysis : Fra
Global System
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23 200MPa -> 230MPa =7}
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Contour Plot
Factors of Safety(Von Mises)
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Case 4 B &l XMz 2 E
2 52°C 49°C
29 230.7MPa 231.9MPa
OF™ A== 1.37 1.37
71 DET X3 2 H W
. 5.77kg < 4.624kg
S 265MPa < 231.9MPa
o A 119 < 1.37
=& 79°C < 49°C
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