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ABSTRACT: The research progress of polyimide-based graphite film materials is reviewed. The classification synthesis meth-
ods and applications of polyimide films are briefly described. The method of preparing graphite films from polyimide, the mo-
lecular structure in the process of carbonization and graphitization, and the change of its morphology and properties are intro-
duced in detail. The mechanism in the process of preparing graphite films is expounded, and then the factors affecting the prop-
erties of polyimide-based graphite films are analyzed, mainly including the chemical structure, sintering process and the influ-
ence of doping components in composite films on the structure and properties. Subsequently, the application direction of graph-
ite film materials is analyzed through the patent situation at home and abroad in recent years, and the future development direc-
tion of polyimide-based graphite film materials is summarized and prospected.
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Tab.1 Property parameters of commonly used thermal conductive materials
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Fig.2 Chemical structure of common commercial
polyimide films
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Fig.3 Structure evolution process of PMDA/ODA polyimide
during heat treatment
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Tab.2 Microcrystalline parameters of different polyimide films during heat treatment
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Fig.4 Structural evolution model of polyimide film during
heat treatment and graphitization
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Tab.3 Influence of pre-stretching on the properties of PI film and its graphite film

Pltype Sample Type of drawing Degree of drawing/%  E/GPa oy/MPa el% pl(g-cm™) k
I-1 No drawing — 11 292 17 1.441 0.376
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Tab.4 Conductivity of nickel-containing carbon film

Electric conductivity/(S-cm ')
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SRR AR T, T TR A AL R I
A EALEE . CN106832923 B 175 B2 ik 37 Jiz i ek vp 7
INT 2 FhIEHLIDRE, 43 32 A 5 A A 4 Rk 4 4
ey, Tl 7 SR AE 2 300 C TR ta ka2, Bl
I HLAT BB SR RE A 5

5GBS 5 K, HE SRR RS T
R BB TR, KRBTy
TCEIE I R PR, BOHOHE B Ak ) 2980 R ATl
(9 & R — ., R, B R m@%mag [5]
REE 1 17 RV T B0 2 R BT . 5G9 Sk, BT AT 4k
HB L HE AT — 6 1 P B AR TR, 1 S BB
B 5G REH TR S AT AR R 32 58 (6]

6 ik

ARSCEZAGT B N HME IR R e 9 5 Sy 5
AT 7 1 Ji 5 2 R AR, MR A B R R HE AR B
TR, (RS BRI BT AR B B R

FOR IS 52 38— I 46 249 o HandE LB
E,iaﬁ%ﬁm% o s R H A . (8]
Gb, mA SRR RS, A LA R
%,m%ﬁ&E%WQWXEMEI Kk, #fFsTE
ST AR T B2 TR 28 850R LA K3 o PR R s b | 22
P FHESF IR,

(7]

(9]

SE Rk : (10]

[1]  ZHENG Qi-ye, BRAUN P V, CAHILL D G. Thermal
Conductivity of Graphite Thin Films Grown by Low
Temperature Chemical Vapor Deposition on Ni (111)[J].
Advanced Materials Interfaces, 2016, 3(16): 1600234. [11]

[2] OHNISHI T, MURASE I, NOGUCHI T, et al. Highly

in the field of graphite heat dissipation

Conductive Graphite Film Prepared from Pyrolysis of
Poly(p-phenylene vinylene)[J]. Synthetic Metals, 1986,
14(3): 207-213.

LIU Yu-hang, ZENG Jie, HAN Di, et al. Graphene En-
hanced Flexible Expanded Graphite Film with High Elec-
tric, Thermal Conductivities and EMI Shielding at Low
Content[J]. Carbon, 2018, 133: 435-445.

OHYA H, KUDRYAVTSEV V V, SEMENOVA S L
Polyimide Membranes[M]. London: Routledge, 2022.
BURGER A, FITZER E, HEYM M, et al. Polyimides as
Precursors for Artificial Carbon[J]. Carbon, 1975, 13(3):
149-157.

T2~ BB A& S N R HERE[T]. HL kL4,
2001(6): 10-12.

WANG Duo-ren. Advances in the Synthesis and Applica-
tion of Polyimide[J]. Electric Wire & Cable, 2001(6):
10-12.

ORI BREET e W50 S SR 0], 2R 55 R
2007, 24(3): 33-37.

SONG Xiao-feng. Research and Progress of Polyimide[J].
Fiber Composites, 2007, 24(3): 33-37.

ARG, FERZR, SREE. SR & OS5 ok
[7]. HUMAET, 2009, 39(4): 12-15.

BAI Chun-yan, TANG Xu-dong, ZHANG Jia-he. Syn-
thetic Methods and Modifications of Polyimides[J].
Hangzhou Chemical Industry, 2009, 39(4): 12-15.
SPASSOVA E. Vacuum Deposited Polyimide Thin
Films[J]. Vacuum, 2003, 70(4): 551-561.

TAKAHASHI Y, IJIMA M, INAGAWA K, et al. Synt-
hesis of Aromatic Polyimide Film by Vacuum Deposition
Polymerization[J]. Journal of Vacuum Science & Tech-
nology A: Vacuum, Surfaces, and Films, 1987, 5(4):
2253-2256.

T, FoKE. BB TR RS I RIESE I
7). &5 FHRRl2: 5 TR, 2005, 21(5): 5-9.



+ 118 -

2022 4 8 A

[12]

[15]

(21]

(22]

(23]

[24]

PU Hong-ting, WANG Yong-xing. Recent Advance in
Vapor Deposition Polymerization of Polyimides[J]. Poly-
meric Materials Science & Engineering, 2005, 21(5): 5-9.
CHEN Wen-juan, CHEN Wei, ZHANG Bao-qing, et al.
Thermal Imidization Process of Polyimide Film: Interplay
between Solvent Evaporation and Imidization[J]. Polym-
er, 2017, 109: 205-215.

AFANASOV I M, SAVCHENKO D V, IONOV S G, et
al. Thermal Conductivity and Mechanical Properties of
Expanded Graphite[J]. Inorganic Materials, 2009, 45(5):
486-490.

KUZRER. etk A BRI A il £ S S I ERERT S (D). I
IR MR Tl KA, 2013.

LIU Rong-yue. Preparation of Flexible Graphite Film and
Its Thermal Conductivity Property Research[D]. Harbin:
Harbin Institute of Technology, 2013.

GONZALEZ I P P, LAMURE A, SENOCQ F. Polyimide
(PI) Films by Chemical Vapor Deposition (CVD): Novel
Design, Experiments and Characterization[J]. Surface and
Coatings Technology, 2007, 201(22-23): 9437-9441.
SPASSOVA E. Vacuum Deposited Polyimide Thin
Films[J]. Vacuum, 2003, 70(4): 551-561.

CHEN Ji, YAO Bo-wen, LI Chun, et al. An Improved
Hummers Method for Eco-Friendly Synthesis of Grap-
hene Oxide[J]. Carbon, 2013, 64: 225-229.

PEI Song-feng, CHENG Hui-ming. The Reduction of
Graphene Oxide[J]. Carbon, 2012, 50(9): 3210-3228.
DOYAMA M, ICHIDA A, INOUE Y, et al. Partial Carb-
onization of Aromatic Polyimide Films[J]. International
Journal of Inorganic Materials, 2001, 3(8): 1105-1107.
GUO Hui-na, RASHEED A, MINUS M L, et al. Polya-
crylonitrile/Vapor Grown Carbon Nanofiber Composite
Films[J]. Journal of Materials Science, 2008, 43(13):
4363-4369.

GUO Hui-na, SREEKUMAR T V, LIU Tao, et al. Struct-
ure and Properties of Polyacrylonitrile/Single Wall Carb-
on Nanotube Composite Films[J]. Polymer, 2005, 46(9):
3001-3005.

KOGANEMARU A, BIN Yue-zhen, TOHORA H, et al.
Carbonization of Oriented Polyacrylonitrile and Multiw-
alled Carbon Nanotube Composite Films[J]. Asia-Pacific
Journal of Chemical Engineering, 2008, 3(5): 521-526.
INAGAKI M, HARADA S, SATO T, et al. Carbonization
of Polyimide Film “Kapton”[J]. Carbon, 1989, 27(2):
253-257.

ZHANG M Y, NIU H Q, QI S L, et al. Structure Evolu-
tions Involved in the Carbonization of Polyimide Fibers
with Different Chemical Constitution[J]. Materials Today
Communications, 2014, 1(1-2): 1-8.

FWH, ZETRL, R, . I AR A &
FAE[T). YhREREL, 2015, 46(17): 17097-17101.

YUAN Guan-ming, LI Xuan-ke, DONG Zhi-jun, et al.
Preparation and Characterization of Graphite Films with
High Thermal Conductivity[J]. Journal of Functional Ma-

[26]

[29]

[30]

[34]

[37]

[39]

terials, 2015, 46(17): 17097-17101.

AL, RIS, TKREL, S SRV A ) A
I £1 SR AP BTSE[]. TIBERT L, 2006, 37(1): 106-108.
LI Hai-ying, GAO Xiao-qing, ZHANG Guo-bing, et al.
Research on the Highly Oriented Graphite from Polyim-
ide Films[J]. Journal of Functional Materials, 2006, 37(1):
106-108.

BOURGERETTE C, OBERLIN A, INAGAKI M. Struc-
tural and Textural Changes from Polyimide Kapton to
Graphite: Part I. Optical Microscopy and Transmission
Electron Microscopy[J]. Journal of Materials Research,
1992, 7(5): 1158-1173.

INAGAKI M, IBUKI T, TAKEICHI T. Carbonization
Behavior of Polyimide Films with Various Chemical
Structures[J]. Journal of Applied Polymer Science, 1992,
44(3): 521-525.

HISHIYAMA Y, YOSHIDA A, KABURAGI Y, et al.
Graphite Films Prepared from Carbonized Polyimide
Films[J]. Carbon, 1992, 30(3): 333-337.

SMIRNOVA V E, GOFMAN I V, MARITCHEVA T A,
et al. The Effect of Different Orientations in Rigid Rod
Polyimide Films on the Graphitized Products[J]. Carbon,
2007, 45(4): 839-846.

TAKEICHI T, KABURAGI Y, HISHIYAMA Y, et al.
Effect of Uniaxial Cold-Drawing on Graphitization of
Polyimide Films[J]. Carbon, 1995, 33(11): 1621-1625.
TAKEICHI T, TAKENOSHITA H, OGURA S, et al.
Carbonization of Polyimide Films: Effect of Cold-Draw-
ing and Chemical Structure[J]. Journal of Applied Polym-
er Science, 1994, 54(3): 361-365.

INAGAKI M, HISHIYAMA Y, KABURAGI Y. Effect of
Heating Rate during Carbonization on Graphitization of
Carbon Films Derived from Aromatic Polyimides[J].
Carbon, 1994, 32(4): 637-639.

HISHIYAMA Y, YASUDA S, YOSHIDA A, et al
Structure and Properties of Highly Crystallized Graphite
Films Based on Polyimide Kapton[J]. Journal of Materials
Science, 1988, 23(9): 3272-3277.

TAKEICHI T, TAKENOSHITA H, OGURA S, et al.
Effect of Cold-Drawing on the Carbonization of Polyim-
ide Films[J]. Chemistry Letters, 1993, 22(4): 657-658.
TAKEICHI T, EGUCHI Y, KABURAGI Y, et al. Car-
bonization and Graphitization of BPDA/PDA Polyimide
Films: Effect of Structure of Polyimide Precursor[J].
Carbon, 1999, 37(4): 569-575.

TAKEICHI T, ENDO Y, KABURAGI Y, et al. Carboni-
zation and Graphitization of Polyimide Films: Effect of
Size of Leaving Group at Imidization[J]. Journal of Ap-
plied Polymer Science, 1998, 68(10): 1613-1620.
KABURAGI Y, TORIYAMA T, YOSHIDA A, et al.
Carbonization Behavior of Polyimide Film Containing
Iron Complex in Relation to Magnetic Properties[J].
Journal of Materials Research, 2001, 16(2): 352-365.
HATORI H, HISHIKI S, KOBAYASHI T, et al. Car-



F19% £

BRTK, G BB R AT SR A R ST - 119 -

[40]

[41]

[43]

[44]

bonization Behavior of Polyimide Containing Nickel
Compounds[J]. TANSO, 1999, 1999(189): 165-170.

BIN Yue-zhen, OISHI K, KOGANEMARU A, et al.
Catalytic Effect of Nickel under Carbonization of Poly-
imide Films[J]. Carbon, 2005, 43(8): 1617-1627.

MA Lian-ru, WANG Yan-xiang, WANG Yao-yao, et al.
Graphene Induced Carbonization of Polyimide Films to
Prepared Flexible Carbon Films with Improving-Thermal
Conductivity[J]. Ceramics International, 2020, 46(3):
3332-3338.

NIU Yong-an, FANG Qing-hong, ZHANG Xin, et al.
Structural Evolution, Induced Effects and Graphitization
Mechanism of Reduced Graphene Oxide Sheets/Polyi-
mide Composites[J]. Composites Part B: Engineering,
2018, 134: 127-132.

NIU Yong-an, ZHANG Xin, WU lJie, et al. Catalytic and
Enhanced Effects of Silicon Carbide Nanoparticles on
Carbonization and Graphitization of Polyimide Films[J].
RSC Adv, 2014, 4(80): 42569-42576.

KONNO H, SHIBA K, KABURAGI Y, et al. Carboniza-
tion and Graphitization of Kapton-Type Polyimide Film

[45]

[47]

Having Boron-Bearing Functional Groups[J]. Carbon,
2001, 39(11): 1731-1740.

A, BHEA, FDLR, 55 OS85 S R B
i AR T A SRR i 45 77 CN110304625A(P].
2019-10-08.

CAO Chun, LI Wei-jie, ZHOU Guang-da, et al. Graphene
Induced Polyimide Oriented Crystallization Based
High-Thermal-Conductivity Graphite Film Preparation
Method: CN110304625A[P]. 2019-10-08..

S — i S S R A S AR R A
#5: CN109234691A[P]. 2019-01-18.

WU Guo-ming. High Heat Conductivity Type Graphite
Film-Metal Composite Material and Preparation Method
Thereof: CN109234691A[P]. 2019-01-18..

R, =oE5T, WES, & —M TS AT A%
P R T IV e S R LAl 45 77 CN106832923B [P
2019-07-19.

HE Zhi-bin, YUAN Shun-qi, TANG Chang-dan, etc. A
Polyimide Film for Preparing Artificial Graphite Film and
Its Preparation Method: CN106832923BJ[P]. 2019-07-19.

LG XL



