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Abstract

100074)

The microstructure and thermal property of 25 wm graphite film under the condition of vacuum

proton irradiation with an energy of 100 keV and a maximum fluence of 2.5%10" p/ecm* were studied. The

microstructure was analyzed by Raman, XRD and XPS methods, thermal performance was analyzed by using laser

flash analysis (LFA). The interplanar spacing of the graphite film is 0. 335 83 nm, and the degree of graphitization

is 95.0%. The results show that proton irradiation can lead to defects in the surface layer of the graphite film, the

interlayer spacing increases, the degree of graphitization decreases, and the oxygen content increases; the integral

area ratio of the D and G peaks in the Raman spectrum indicates an increasing defect density as the proton irradiation

dose increases. The thermal diffusivity of 25 wm graphite film has no obvious change after proton irradiation with

energy of 100 keV and injection fluence of 2. 510" p/cm’.
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Fig. 1 Raman spectra under different proton irradiation fluence
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Tab.1 Average defect distance and defect density in
graphite films after irradiation
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Fig. 2 XRD patterns of different proton irradiation fluences
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Fig. 3 Interplanar spacing and graphitization degree vary with
irradiation fluence
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Tab.3 Oxygen atomic content in graphite film
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Fig. 5 High resolution Cls spectra of the graphite specimens after different fluence of proton radiation
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Fig. 6 Plot of C==C content vs. proton radiation fluence

2.4 RFEREHERE

12 i @25 mm A A SR AR T =41, B4 oo
— 2, ITJE 25 CIAY B R E () M s 2 ) 2R
A3 BT JE 110, 5%10™, 2. 5%10" p/em? 5 7 4 18 52
54 B RO R 25 CRT I AR B . BT R
R TS R R BN TR

BT = AR Y 25 CRY LR BT (E 5 B
FHME T2 hip://www.yhclgy.com  20234F 4521

1000 T T
1x10" p/em® ! 5x10"plem® ' 2.5x10" p/em®
Irradiation ! Irradiation 1 Irradiation
950 - ! !
I 1
900 Before After 1 Before After | Before After
- 1 1
” i i
Ng D¢ _g_ : e .
I e ¥ (gt w9 A
3 ! I
800 |- | |
| :
1 1
750 | l |
I 1
i ] average line
700 s

P78 BT S A R 8025 °C)
Fig. 7 Thermal diffusivity (25 ‘C) before and after irradiation

with different proton fluences
b+ 842,842 847 mm?/s, L AN R HAR I , 25 °C
YW R BCEYIE 550 - 847 847 847 mmYs, B4
FE i A X T 8 B AT Y A2 16 %2 0.59%.0.59% . 0.
SRIM K 42145 52 B 100 ke V 5T 175 7 S8 15 N A 1
TR BEFE 0. 70~1. 1 wm, 177 A7 55 A B JEL B 3K 2] 25

m, A BLR MR B R AR, AR R R
— 103 —



R TR ) DX, 3 A 5 248 DR 70 oA W R DX, PRt
A8 BRI R A B A B R BT B 2] L X
SHARIRER B
3 &g

(1) A7 SR R TR [E)FEA 0. 335 83 nm, £7 8210
4 95.0%. 100 keV Jit 74 M S B IR £1 S8 IR KR N
JUAR PR G5 R FE T 51 S BB, B A 8 T T i 0 4

I/l POAESE R, i % 5 Tk, ) 2 BRSO, £

SRR, RIZE TR S BT

(2)25 pm A S8 E2 L R R 100 keV IR 2. 5%
10" p/em® BT F4RIRJE , 41 SRR HCR O] i 22 1k
R ] A S Rt — 20 TR o BRI AT 52 e
LR b AR K AT REMEPAN 4R S

Sk

[1] HUANG H, MING X, WANG Y, et al
Polyacrylonitrile—derived thermally conductive graphite film via
graphene template effect[J]. Carbon,2021,180:197-203.

[2] ZHAO X, LI W, WANG Y, et al. Bioinspired modified
graphite film with superb mechanical and thermoconductive
properties[ J]. Carbon,2021,181: 40-47.

(3] #e, g, 25— L, 45 . SR SRR SRR
Kw LRI ] A RIRFERAR ,2022,42(1) : 131-138.

TONG YL, TAOZC, LIY F, et al. Carbon materials with
high thermal conductivity andits applicationin spacecraft [ J].
Chinese Space Science and Technology,2022,42(1):131-138.

(4] M, mRKA, dm e, 55 . A S S 12 Rl B
ARG ERIREILT ] PEAL Tl R22#412, 2020, 38(S1) : 16-21.

WANG Y, GAO C C,MENG Q L, et al. Application of heat
conduction band of graphite film in low temperature optics of
space remote sensor [J]. Journal of Northwestern Polytechnical
University,2020,38(S1) : 16-21.

(5] S8 & RO, i/NE] A5 R T BRIV 14 o A
11 BRI BE S BEIRE L) ). 5500 R, 2021,54(2) :1-7.

WENG M M, YU W T, LU X C, et al. Research progress of
high thermal conductivity graphite film based on polyimide [J].
Insulating Materials 2021, 54(2): 1-7.

(6] RN, SR rh s, XIBE, 55 . R T AR IR o #8720
WA RELT ). MR, 2022,32(16) : 108-116.

WANG C X,GUO C X, LIU Y, et al. Research progress on
synthesizing graphene from solid carbon sources [J]. Materials
Reports,2022,32(16) :108-116.

(7] FEIE B, s, B84, 45 . 0 ] S AR AR F
GEREREL)]. PERRHE R, 2020,39(6) :450-457.

CUL Z W,YUAN G M, DONG Z J, et al. Research progress
on carbon materials with high—oriented thermal conductivity [7].

Materials China,2020,39(6) :450-457.

— 104 —

(8] fofsiilfs , ¥y, U L 55 . 25 [ADRL FHR ST RS T A1 825
EAERER A [T ], 2 FREE T2, 2020,17(3) : 15-20.

HE D P, GAO H, XING Y, et al. Evolution mechanism of
tensile strength for graphite films under space particle irradiation
environment [ J]. Equipment Environmental Engineering, 2020,
17(3):15-20.

(9] 3kT, ik, M B 7, 45 . o0 I IELBA 2 AR AR
P[] ], P BAAR,2017,66(2) :26103.

ZHANG N, ZHANG X, YANG A X, et al. Damage effects
of proton beam irradiation on single layer graphene [J]. Acta
Physica Sinica,2017,66(2) :26103.

[10] WANG W, WANG S, ZHANG S, et al. Effects of
substrates on proton irradiation damage of graphene [J]. RSC
Advances,2020,1(2):126-1267.

[11] NI Z,WANG Y,YU T,et al. Raman spectroscopy and
imaging of graphene[ﬂ. Nano Research,2008,1(4):273-291.

[12] RABEE IR 5RER . f7 S GiB e SR a5 R 1E
MRLLT ). 22541, 2014,72(3) : 301-318.

WU J X,XU H,ZHANG J. Raman spectroscopy of graphene
[J]. Acta Chimica Sinica,2014,72(3): 301-318.

[13] ECKMANN A, FELTEN A, MISHCHENKO A, et al.
Probing the nature of defects in graphene by Raman spectroscopy
[J]. Nano Letters,2012,12(8) :3925-3930.

[14] CANCADO L G,JORIO A,FERREIRA E H M, et al.
Quantifying defects in graphene via Raman spectroscopy at
different excitation energies [J]. Nano Letters, 2011, 11 (8) :
3190-3196.

[15] FENG W, QIN M, LV P, et al. A three—dimensional
nanostructure of graphite intercalated by carbon nanotubes with
high cross—plane thermal conductivity and bending strength [J].
Carbon,2014,77:1054-1064.

[16] JAE . MR M. 4R, JEaT AU Tl
AL, 2020: 13.

ZHOU Y. Materials analysis methods [M]. Fourth edition.
Beijing: China Machinery Press,2020: 13.

[17] IWASHITA N, IMAGAWA H, NISHIUMI W.
Variation of temperature dependence of electrical resistivity with
crystal structure of artificial graphite products[J]. Carbon,2013,
61: 602-608.

[18] TRMS XL H . A0 SR A 1Ak XPS i o Jak ) S B 3
WAL ). E bR EL, 2020(S1) :310-315.

XU P, LIU R X. Research on the key factors influencing
quantitative measurement of graphene powder using XPS [J].
China Standardization,2020(S1): 310-315.

[19] NAGANO H, OHNISHI A,NAGASAKA Y, et al. Proton
irradiation effects on thermophysical properties of high—thermal-
conductivity graphite sheet for spacecraft application [J].

International Journal of Thermophysics,2006,27(1): 114-125.

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4524



