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Figure S1. Fast charging cycles (2C charge, C/3 discharge) at different

temperatures for each cell.



Cell #4 — NMC811/NG+SiO,

1,00 ik ==
o o
2 2
2 e i)
= .99 - =
b B
2 )
a a
£ =
0,98 - .
o ——23°C 9
3 —10°C 3
(&) — 0°C (&)
0,97 4 ——-10°C
T T T T T 1
0 50 100 150 200 250 300
Cycle number
Cell #8 — NCA/NG
= =
2 o995 2
2 o
2 °
% 0,990 - "ﬁ
2 5]
2 e
£ i
5 0,985 g
=
3 3
O 980 O
0,975 ; ‘
0 100 200 250 300
Cycle number
Cell #11 — LFP/AG
1,005
g
5 1,000 -
2
=
[+
L o995 —M
0
£
o
3 — 23 °C
[#] |
g oo 10°C
—— 0°C
——-10°C
0,985 T T T T T T T T 1
0 50 100 150 200 250 300

Cycle number

Cell #6 — NCA/AG+NG

1,00
0,95
0,90
0851 ——23°C
——10°C
0,80 - —— 0°C
—-10°C
23 °C (C/3 charge)
0,75 |
I]‘1II] 2h 3II]‘4‘IJI5ID E‘ﬂ T‘D‘Blﬂlﬂlﬂ‘ﬂ‘]ﬂ
Cycle number
Cell #10 - NMC532/NG
e _WM/W w
0,995 W
——23°C
0,990 | ——10°C
—— 0°C
——-10°C
0 50 100 150 200 260 300

Cycle number

Figure S2. Coulombic efficiency associated with the fast charging cycles (2C

charge, C/3 discharge) from Figures 1 and S1.
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Figure S3. High magnification X-CT axial images of the core of cell #8 for (a)
calendar aged and (b) cycled cells at -10 °C. The red arrows show the occurrence

of mechanical stress in the jelly roll close to the center pin.
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Figure S4. SEM surface observation of the plated lithium on the anode of cell #11

at two different magnifications.
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Figure S5. XRD pattern of the anode surface of cell #4. Peaks at 21.3, 30.6 and
31.8 ° are respectively the 110, 202 and 002 diffraction planes of the Li2COs crystal

structure.
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Figure S6. High magnification cross-sectional OM images of the anodes. Encircled
zones mark spots where strong graphite exfoliation is clearly evidenced.
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Figure S7. High magnification cross-sectional OM images (x1000 for all cells
except cell #11: x500) of fresh cathodes (left) and cathodes fast charged at -10 °C
(right). Scale bars: 20 um for all cells except #11 (50 um).
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Figure S8. High magnification FEG-SEM images showing CNT/CNFs in the

formulation of the active layers of the cell #8’s cathode (left) and cell #11’s anode
(right).



Test |Test Test time Discharge capacity (Ah) and retention (%) at each 100th cycle
temp. | type (days) 0 100th 200th 300th
23°C  Cycling 40405 2912 2.667 92% 2.592 89% 2.534 87%
+ 0.
Storage 2.875 2.865 100% 2.832 98% 2.814 98%
10°C  Cycling 3541 2.903 2.621 90% 2.230 77% 1.548 53%
+
Storage 2.886  2.865 99% 2.843 98% 2.827 99%
0°C Cycling 14405 2916 2.208 70% 1.640° 56% - -
+ 0.
Storage 2.883 2.867 99% 2.853° 99% - -
-10°C Cycling 2907 1.490 51% - - - -
9.4+0.1
Storage 2.898 2.890 100% - - - -

2 cycling was stopped and SOH test performed at cycle # 122.

Table S1. Cell #4's testing time (days), SOH discharge capacity (Ah) and capacity

retention (%) at each 100" cycle for cycling and storage cells at four different

temperatures.
. . .o
Test |Test Test time Discharge capacity (Ah) and retention (%) at each 100th cycle
temp. | type (days) 0 60th 85th 100th
23°C  Cycling 2.838 1.185  42% - - - -
5.7%£0.2
Storage 2.863 2.866 100% - - - -
10°C  Cycling 2.834 - - - - 1.428  50%
79 £0.1
Storage 2.825 - - - - 2.812 100%
0°C  Cycling 2.840 - - 1.438  52% - -
7.0£0.5
Storage 2.840 - - 2.830 100% - -
-10°C Cycling 2.854  1.896 66% - - - -
5.0+0.3
Storage 2.858  2.852 100% - - - -

Table S2. Cell #6’s testing time (days), SOH discharge capacity (Ah) and capacity
retention (%) at each 100" cycle for cycling and storage cells at four different

temperatures.



Test |Test Test time Discharge capacity (Ah) and retention (%) at each 100th cycle
temp. | type (days) 0 100th 200th 300th
23°C  Cycling 392 +0.03 2536 2471 97% 2.402 97% 2.343 97%
Storage 2.525 2.508 99% 2.504 99% 2.500 99%
10°C  Cycling 397+ 0.2 2.539 2422 95% 2.337 95% 2.248 95%
Storage 2.528 2.496 90% 2.511 90% 2.515 90%
0°C Cycling 194435 2.553 2.032 80% 1.469 65% 1.241° 49%
Storage 2.542 2.518 99% 1.894 99% 2.510* 99%
-10°C Cycling 123417 2546 1.721 68% 1.606° 63% - -
Storage 2.541  2.526 99%  2.525° 99% - -

2 cycling was stopped and SOH test performed at cycle #230.
b cycling was stopped and SOH test performed at cycle #123.

Table S3. Cell #8’s testing time (days), SOH discharge capacity (Ah) and capacity

retention (%) at each 100" cycle for cycling and storage cells at four different

temperatures.
Test |Test Test time Discharge capacity (Ah) and retention (%) at each 100th cycle
temp. | type (days) 0 100th 200th 300th
23°C  Cycling 3914005 1.519 1.516 100% 1.502 99% 1.501 99%
.1+0.
Storage 1.481 1.497 101% 1.493 100%  1.483 100%
10°C  Cycling 392 £ 0.02 1.503 1.498 100% 1.478 98% 1.441 96%
2x0.
Storage 1.509 1.525 101% 1.525 101%  1.515 101%
0°C Cycling 39.040.32 1.524  1.497 98% 1.477 97% 1.437 94%
.0+0.
Storage 1.498 1.512 101% 1.513 101%  1.500 100%
-10°C Cycling 346410 1.521 1461 96% 1.395 92% 1.343 88%
6x1.
Storage 1.429 1.428 100% 1.426 100% 1.419 99%

Table S4. Cell #10’s testing time (days), SOH discharge capacity (Ah) and capacity

retention (%) at each 100" cycle for cycling and storage cells at four different

temperatures.
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Test |Test Test time Discharge capacity (Ah) and retention (%) at each 100th cycle
temp. | type (days) 0 100th 200th 300th
23°C  Cycling 3814406 1.043 1.039 100% 1.030 99% 1.023 98%
.14+ 0.
Storage 1.048 1.044 100% 1.038 99% 1.031 98%
10°C  Cycling 38.97 4 0.1 1.033 1.030 100% 1.022 99% 1.013 98%
970.
Storage 1.03 1.028 100% 1.026 100%  1.022 99%
0°C Cycling 3914 0.04 1.028 1.019 99% 0.983 96% 0.946 92%
1+0.
Storage 1.034 1.030 100% 1.027 99% 1.022 99%
-10°C Cycling 302402 1.030 0.952 92% 0.866 84% 0.816 79%
2 10.
Storage 1.035 1.030 100% 1.028 99% 1.027 99%

Table S5. Cell #11’s testing time (days), SOH discharge capacity (Ah) and capacity
retention (%) at each 100" cycle for cycling and storage cells at four different

temperatures.
Cell type #11 #12 #13
Capacity (Ah) 1.1 1.55 1.1
Chemistry LFP LFP LFP
AG Graphite Graphite
CCCV | CConly | CCCV | CConly | CCCV | CConly
C/5 95% 90% 86%
C/4 95% 90% 84%
C/3 95% 89% 82%
C/2 95% 87%
1C 96% 84% 49% 11% 57% 8%
2C 97% A2% 0% 18% 0%

Colour code: >80% ;

; <60%

Table S6. Charge rate map of different LFP cells at 5 °C.
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