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Preparation of graphite films with high vertical thermal conductivity by
graphene oxide inducing carbonization of polyimide films

ZHANG Yuanhao, WANG Ting, YANG Chenghan, ZHOU Yubo
(Ningbo Solartron Technology Co., Ltd., Ningbo 315034, China)

Abstract: With the miniaturization and light-weighting of electronic equipment, graphite films with high thermal
conductivity attract extensive attention. In this paper, a series of nanocomposite films were prepared by copolymerizing p-
phenylenediamine (p-PDA) with 4,4’-oxybisbenzenamine (ODA) and 1,2,4, 5-benzenetetracarboxylic anhydride (PMDA),
and various two-dimensional carbon nanomaterials, including graphene oxide (GO), reduced graphene oxide (rGO), and
graphene (GP), were added via mechanical mixing. And then corresponding graphite films were obtained after high-
temperature sintering of polyimide films at 2 850°C, the morphology and crystal type of graphite films were analyzed. The
results show that graphite films with two-dimensional carbon nanomaterials are flat, they exhibit more flexible, higher
degree of graphitization, and larger crystal size, and the lamellar spacing is closer to the ideal graphite. In particular, the
horizontal thermal conductivity and vertical thermal conductivity of graphite film containing 2% of GO nanosheets is 1 207
W/(m-K) and 8.38 W/(m-K), respectively. It is concluded that GO nanosheets can induce graphitization of polyimide films
under high temperature, and the graphite sheet sintered shows excellent thermal conductivity.
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(5.407 0,50 mmoD) , I A\ 217 g DMAC, fif ODA #l
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Fig.1 The FTIR spectra of polyimide films
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Tab.l The mechanical properties of polyimide films

o B R B SR EE/MPa Wi K2 /% BiE/GPa
ali P1 AT 28 i 114 31.4 23
0.5% GO/PI A7 28 fi5 121 45.0 2.2
1% GO/PI A7 2 fii 125 54.7 2.1
2% GO/PT £ R Jfi 133 56.7 2.4
3% GO/PI A7 88 fii 116 46.4 2.4
2% rGO/PT 47 55 it 114 22.9 23
2% GP/P1 7 52 JI5 107 22.5 2.4
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Fig.2 The images of graphite films
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Tab.2 The analysis of surface roughness of graphite films

FE i R /um R /um

4 PL A7 SR 7 13.083 2.957
0.5% GO/PI £ 5 it 5.767 1.556
1% GO/PI £ 52 fi5 3.019 0.789
2% GO/P1 A1 2 2.560 0.425
3% GO/PI 3 [ 2.572 0.570
2% rGO/PI f3 24 fii 5.767 1.556
2% GP/P1 47 55 i 7.434 1.651
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Fig.3 The Wide-angle X-ray diffraction spectra of

graphite films
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Tab.3 The layer spacing and crystal size of graphite films

yer m— EyTR—
. A7 51 JZ [a] R g SR AR S
20/(°) d/nm D/nm
20 PT AT 58 i 26.32 0.338 0.247 32.67

0.5% GO/PI A7 58 fi5 26.63 0.334 0.207 39.00
1% GO/PT f7 S 15 26.12 0.341 0.171 47.17
2% GO/PI f7 S 15 26.44 0.337 0.148 54.53
3% GO/PI {7 H 26.42 0.337 0.154 52.41
2% rGO/PI A 5% JiE 26.38 0.337 0.176 45.85
2% GP/PIf7 S 26.20 0.340 0.208 38.78

T 2K 5 2 W] P9 0 AR R B B T B A SR AU R R i
GO Jii & 73 HUh 3% I, i 1 v D g i B, R
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Fig.4 The Raman spectra of graphite films
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Tab.4 Peak intensity of Raman spectra of graphite films

Ff it L, 1, (L1,
afi P1 A7 28 ik 278 768 0.362
0.5%GO/PT £ S Jii 335 853 0.393
1%GO/PT A7 5 fift 277 671 0.413
2%GO/PI 47 i 410 929 0.441
3%GO/PI A7 HJii 427 956 0.447
2%rGO/P1 7 55 fi5 263 645 0.408
2%GP/P1 1 5[ 182 477 0.382

224 & ZSEHMILI i
B 5 RO T A o R ) 2R T AO0 T 55, KL 5 AT
PUE H, 4l PIRR A a8 B3R T 2 I A B A R84 . 24



72 BRI SES A SR 75 5 R R P MR ) 46 v T S A SR iRl 2023,56(2)

GO B HUN 2% I, AL B TP, 1 ZEREE0.334nm).
/B IS AN R B L IX R E T GO RIS B IE Ji 2 T7)
FEAE SRR R — e R RR MR T G R i e
R IR 5 4975 10 43 O 2% £ 1GO IR, 7T B e E o
S5 0 5% 1) 4 5 % THT 1) B A B 38+ 24 V8 I st o

B HON 2% 1 GP I, A SR IR T L TR R

PG

10nm

365.8pm

(a)4li P A7 52 fi5t

(b)2% GO/PI £ B S RO 340.1pm

10nm

(¢)2%rGO/PI 47 5 fi5 (d)2%GP/PI £ S i
Elo AEBRMIBSEFEE
Fig.6. TEM images of graphite films
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Fig.5 Micro-structure of graphite films
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572 GOrGO 1 GP A7 28 JiE /K ~F/3f B J7 7] f)
FIERE. WERSTETUUE H, &0l 2 850°C 1 il b

AR E ST v B B A 6 B WO TTEA gy et v g ey 7 SR 0B, A SR I R B AR
B SR e 2 850°C R A TR, BB g St . SR S AR 7 5 S 1
PSR WOW AT RA T, I TIEW pr s IR, TR ) 4% 0 B P g Mk A
SEIATE N . MR T 3E 78 1GO AT GP 942K A 1A 54 R IR IR N 8 e - S e P N
J5, GO Ji & 4 BN 2% W 26 6 J2 58 8 o FEw s BT A 90K A SIS R A O
B, & F JE TR B 0.337 nm, EEZIEFAR A SR 181419 W/(m-K).
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Tab.5 The horizontal/vertical thermal conductivity of graphite films
- s ERAE KT BUR B KPFGHEH BEHATHRE H SRR
/(g/em®) /(J/(g-K)) /(mm?/s) /(W/(m-K)) /(mm?/s) J(W/(m-K))

4li PLA 22 2.48 0.66 867 1419 3.41 5.58
0.5% GO/PI 7 S i 2.22 0.78 849 1470 3.55 6.15
1% GO/PI A1 = fift 2.23 0.84 694 1299 4.42 7.54
2% GO/PI A1 = Jii 2.28 0.81 653 1207 4.54 8.38
3% GO/PI A1 = Jii 2.16 0.69 740 1103 4.00 5.96
2% rGO/PT £7 55 fif 231 0.69 738 1177 4.48 7.14
2% GP/PI A7 58 5 1.90 0.76 674 974 435 6.28

BiE GOA K & B m, Higm MR E 2 A TR HEMEA. WRSFR, 4GOM K E
BOHEEEEERAMEHE Z B EASEE 28N 2%, A S B 5 S A R &)
522 a8 5F R BAEH 555 A 5 5% 450 ) 5.58 W/(m-K)# = & 8.38 W/(m-K), $#2 7+ 7 50%.
X B W AR R BRI, R SRR (H2, A SR AKE SRR EBEE GO & & R N
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(2) YERRAN K 7 357 BB 2 = R It 0. e 4 1) vy
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