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Fig. S1 (a) FT-IR spectra of PAA-MG, PI-MG and pure PI; (b) XRD patterns of pure MG , PI-MG
and pure PI; (¢c) TGA curves of pure PAA at a heating rate of 10 °C/min in Ny;(d) TGA curves of PI-
MG, pure MG and pure PI at a heating rate of 10 °C/min in Ny; () Raman spectra of PI-MG, pure MG

and pure PI.

The imidization process from PAA-MG to PI-MG was confirmed by FT-IR spectra (Fig. S1a),
and the detailed peaks of them were presented in Table S1. When the imidization temperature was
around 450 °C, the peak at 1625 cm™! (C=0 stretching) was disappeared, and the peaks at 1776 cm™!
and 1715 cm™! was appeared, demonstrating that the polyimide matrix was formed completely through
the thermal imidization process.[1, 2] The FT-IR spectra of pure PI was also showed in Fig. Sla, it is
indicated obvious absorption peaks at 1776 cm™ (C=0O symmetry stretching vibration in the imide),
1715 cm™! (C=0 asymmetry stretching vibration in the imide), 1370 cm!' (C-N stretching vibration in
the imide cycle) and 730 cm™! (C=0 bending vibration in the imide cycle), respectively.[1, 2] There is
no obvious change in the absorption peaks between PI and PI-MG composite, which indicate that the
multilayer graphene are successfully incorporated into polyimide particles.l* The crystal structures of
the PI-MG composite and its precursor were characterized by the XRD technique (Fig. S1b). The sharp
and strong diffraction peak located at about 26.5° are observed in the XRD patterns of pure MG and

PI-MG composite, which should be attributed to the feature peak (002) of graphite, and the XRD



patterns of PI-MG composite showed the same peak at 26.5° after graphene was incorporated into PI

matrix, revealing that the thermal imidization process does not affect the crystal structure of the MG.

As we all know, the content of single component in the composite material is very important,
especially PI, which mass content will decrease during thermal imidization process. Therefore, It’s
necessary to accurately calculate the mass content of PI after thermal imidization. As demonstrated in
Fig. Slc, The stage I and II represent the imidization process of PAA to PI and the thermal
decomposition of PI, respectively. When the degradation temperatures around 450 °C, the mass
fraction of PI remained 91 wt.%, which is corresponding to the evaporation of residual solvent and the
imidization process (stage I). The second step (stage II) started around 530 °C, which could be due to
the decomposition of PI. In this work, 400 °C was chosen as the final imidization temperature and the
annealing time was 30 min, by which the PAA would convert to PI completely. Besides, the TGA
curves of PI-MG composite, pure MG and PI are observed and showed in Fig. S1d. The PI-MG sample
displayed a weight loss region at 500 °C, and the degradation temperatures of 5 wt.% (Tys) loss weight
are around 554 °C, while the degradation temperatures (Tq10) of 10 wt.% loss weight are at 600.1 °C.
As comparison, Pure MG has almost no degradation when temperature arrived 800 °C. Additionally,
The char retention of the PI-MG composite was increased from 59.25 % to 79.56 % when compared
with pure PI. Moreover, the addition of multilayer graphene improves the heat resistance of the

composite and reduces the risk of the battery during operation.

Raman spectra is an effective technique to characterize the structures of materials, especially for
carbon-based materials. As shown in Fig. Sle, Raman spectra of pure PI showed the same
characteristic peaks and the strongest peak at 1612 cm! could be from the stretching of benzene rings
in PI molecules. These results are the same as our previous report.[4] The spectra of MG exhibited two
peaks at around 1587 and 1328 cm!, which could be assigned to the so-called G-band and D-band.
This result is agreed with the characteristic peaks of graphene.[5] The Raman spectra of PI-MG showed
all the peaks from pure PI and MG, indicating both components of PI and MG could be observed from

PI-MG composites.
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Fig. S2 Cyclic voltammetry of (a) pure PI, and (b) pure MG particle.
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Fig. S3 Cycling performances of (a) pure PI, and (b) pure MG particle.
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Fig. S4 Charge-discharge curves of of pure PI (a) and pure MG (b) electrode at a current density of

100 mA gl
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Fig. S5 Rate capability of electrode made of the pure PI (a) and pure MG (b) at current densities

from 100 to 5000 mA g .
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Fig. S6 Electrochemical impedance spectral (EIS) of PI-MG, pure PI, and pure MG before (a) and

after (b) cycling test.

Fig. S7 SEM images of PI-MG electrodes before (a) and after (b, ¢) cycling test. (¢) is a higher

magnification image from (b).
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Fig. S8 Specific capacity and Coulombic efficiency of the (a) pure MG and (b) pure PI sample at

various temperatures from -15 °C to 55 °C.
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Fig. S9 Cycling performances of (a) pure NG and (b) pure CB at 0.1C.
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Fig. S10 SEM images of (a) PI-NG composite, and (b) PI-CB composite; Nitrogen adsorption isotherm

of PI-MG, PI-CB and PI-MG composite (c), and comparison of specific surface area of these samples.
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Fig. S11 Schematic diagram of the preparation of PI.




Table S1. The detailed FT-IR peaks of the PAA-MG and PI-MG.

v(C=0) sym.stretching,

1683 v(C=0) amide I 1776
imide I

1506 V(C6H4) 1646 V(C6H3)

1305 v(C-N) 1421 v(C6H4)

1065 1237 v((OC),NC) imide II

643 n(C=0) acid 730 v(C-N-C) imide IV




Table S2. Performance of reported carbonyl-based organic anode materials for lithium ion batteries.

Mass ratio of
Anode structure | active material Specific capacity Cyclic stability Refer.
in electrode
625.7 mAh g'! at 100 mA
612.3 mAh g'! after This
PI/MG 90% g',632.8 mAh g! at
100 cycles work
0.1C.(1C=856 mA g)
200 mAh g'at0.1C. 170 mAh g after
PI 60% [6]
(1C=405.8 mA g 100 cycles
PI/ Graphene 205 mAh g'at0.1C. 197 mAh g! after 10
_ 60% [7]
nanocomposites (1C=367 mA g) cycles
PI/CNT 125 mAh gt at0.1C. 90 mAh g! after 300
. 85% [8]
nanocomposite (1C=273 mA g cycles
3D graphene
175 mAh g at0.1C. 101 mAh g'! after
network- 80% [9]
(1C=443 mA g) 150 cycles at 0.5C
supported PI
226 mAh g at0.1C. 175 mAh g! after
PI/SWNT films 100% [10]
(1C=443 mA g 200 cycles at 0.5C
poly(anthraquino
218 mAh g'at0.1C. 198 mAh g! after
nyl sulfide) 40% [11]
(1C=492 mA g) 200 cycles at 0.1C
(PAQS)
3,4,9,10-
perylenetetracarb 123 mAh g'! after
o 131 mAh g'! at 100 mA
oxylicacid- 80% | 200 cycles at 100 [12]
&
dianhydride mA g!
(PTCDA)
2,5-dimethoxy-
312 mAh g''at 10 mA g | 250 mAh g after 10
1,4-benzoquinone 40% [13]
! cycles at 10 mA g'!
(DMBQ)




1,4,5,8-

naphthalenetetrac
899 mAh g'! at 100 mA | 724 mAh g! after 30
arboxylic 60% [14]

g! cycles at 100 mA g!
dianhydride

(NTCDA)

poly(5-amino-1,4-
dyhydroxy 101 mAh g!at40 mA g | 129 mAh g after 50

50% [15]
anthraquinone) ! cycles at 40 mA g'!

(PADAQ)
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