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Abstract: With the development of nuclear energy and nuclear equipment in recent years, more and more attention has
been paid to the influence of high-energy particles on the service behavior of lubricating materials under the irradiation
environment. In this paper, a-C: H films were deposited by a magnetron sputtering system designed by ourselves and
then irradiated by gamma ray source. The influences of Compton effects induced by gamma irradiation on
microstructure, mechanical and tribological properties of a-C: H films were investigated. The results showed that the
structure of a-C: H films had a change from sp’ hybrid C atomic to sp’ hybrid C atomic after irradiation. The breakages
of C-H bonds occurred due to the collision of gamma ray and the bonding energy of H atoms in the film reduced.
Compared with the pristine samples, the nanometer mechanical properties as well as the internal stress of the irradiated
a-C: H film increased significantly. The irradiated film at 13.5 MGy dose observed the local peeling due to the effect of
internal stress. In addition, the friction coefficient and wear rate of the a-C: H films were slightly increased induced by
irradiation. The comprehensive analysis showed that the effect of irradiation on the frictional properties of a-C: H films

was limited, but the increase of internal stress was the key factor limiting their application in the nuclear environment.
Key words: gamma irradiation; a-C: H films; microstructure; mechanical properties; friction and wear

Received 25 May 2020, revised 28 June 2020, accepted 28 June 2020, available online 28 March 2021.

*Corresponding author. E-mail: pengwang@licp.cas.cn, Tel: +86-931-4968144; E-mail: wenglj@licp.cas.cn, Tel: +86-931-4968003.
The project was supported by CAS “Light of West China” Program and National key R&D project (2017YFE0302500).
VA2 e AT BN [ 5 B S A -l 35T H (2017 YFE0302500) 55 B).


http://dx.doi.org/10.16078/j.tribology.2020093
http://dx.doi.org/10.16078/j.tribology.2020093

170 BE ¥

S 1 841

Al st e T 6 R A e ) e S O EE AR . R AT 1)
SRR S AR T, A D AR I AR ) S
THREENIN 525 VR G AU A i) i s, 76 2% 1)
W% I IS HE 55T 20 A B R A K f 8 PR s 1.
THE A MR Re R (B s - BT
VG )2 iE R AR R IR0, 3B 45
B SO RN BB P IR AL DAL I, 6 HE A 358 T 3 i Al i
) i L VAR 1k S 7 2 A P T AR 32 31 ke Bk
22 B E 0 (y) B 2 K A 0,001 nm 1) 70 i
R, I ARAE T 28 1) S 3% R BN ME IR B v y S 28
cHE Ho e & DA WROSob BHE 7 BN AN R, 230l a8
e HLRAN R A 1 2580 8 R EE, - X R0 75 R A T L
BRI, SRR R S5, 3T S LA FR AL A R
1 5 PTFEMIPEEK SR & W &5 1 18 A B E % I 8 HE
[ & e A RL, 0 3 2H 2R 14 e 52y HR (1) 52 iF 7L 2
J 22 AU BRI, % I X Al o B 0 AR R A%
1T R H R = 785 IR IT. STk, 8 TR R AE
s Tk Ve P A0 5 A R JS 5 40 0 2 M e S L R 2 1k
e (S A HIAEE, [R) A Al o T v I A% A 55 T 1
PR SCRF, A SCVE 3 R W4 IS & a5 2% 1 &
SR & Tk T B (a-C:H), X B 34T T e m A =k
13.5 MGyl 48 f&, >R F $7 2 (Raman). £L4MFTIR).
i B (TDS) 55 T B Wt 7t 4 HE 771 B 0] a-CHHE 5 o I
ML F2 ), IR 9K e IR ASCRI BR -2 41 & R K
B2 8 AU f R JEE 2 1 e e e ) 2 R R

1 XAy

1.1 EESIE

ARG FF B AT VI 9 22 50K 2 B R
S A% - C: HEME. PIHYHETZ(300 mm>75 mmx5 mm)
ERERAE R ISR R, 53 ) 22 B 0 e e A v A e Y R AR
sk b SRHGUS(AT 99.99%) FHE(CH,, 99.99%)
53 AE R B S SRR B S AR JiE AR JE FE 525+
20 um R AR R B Si(100). EARGTRUSRE @ R« 56 A
23 A & 3 T AT T 7K 2 B A Y %o 5 JE R AT
I BE %20 min, f5FFJ5 5 R b 1B R 7 DB RS =
FEah e B b RS T Ah AT B i =6 1% 1.0x10 7 Pa
PAF, R AR FEAE200+5 °C; 38 B PTAR BN G i
N 40 scom, B H 2 S K F2 € /£ 5.0 Pa, St H
=550:£10 V(1) i s 0T P70 FR 8 A ot 3E 4T 55 B8 AT
B, B 2920 ming 28 5 30 i AR i R 1 PR S e =
PSR %0.75 Pa, FETE X R DUALLE B4

200+20 nm B T =, BT HLI 4.0 A Tid I 20T
FUERUE, A CH S, A% IR A, (i k
TEE 150 V. 4 T w5 R 454 77, CHY/S
PIE NI R Z A T m i vk, CREE T I 2 5
DUR/NE A A Ti TICHE SRk 45 B FE 2. B 3
CH,S i & 15 2140 scem, 78IRS 2644 T 2 e iR
60 min, 5 2% Fir il 2% (1) 8 BB A4 JE 9 1.340.1 pm, H
s B 2 R FE 29500 nm, B LT a-C:HJZ & B4
600 nm.

1.2 BRI

SR Coflil Ty 5 RSO IS AR R, K % fa-C:H
VIR B TR IR L & b, BT AR R AT )
R N491 kGy/h, SFEIX13.5 MGy, yhE A
B e 78 2 0 T EAT, A B I B (RH) PR 7 7
40%~65%. 4 %5 M ) & 4 il 18 1. 5. 1041 13.5 MGy
B, 5 040 a-Co s RS i FH T )5 SR 3R AE. B U5 4R R
RER N 1.17811.33 MeV, HRIE vt 2 59 5 (1 FH 5%
R, 1ZRE RO R Py ST 26 32 BLAE a-CHHE B Py e A
N RIS By 5 W 5 A B P AR IR
ML AU G, B S Bt HL - 5 P A A 1 e Bk
B 2SR 5 R A M B A, T i ek 2 A
1.3 MG R T, BEEFERIE

R S IS a-Co U SERE i 6 70 32 A AN AL 5K S
A5 AR FH X 28 % 7 BB 1% A (XPS) FTHR 8007 47
J6 1A (HORIBA Jobin-Yvon)#EAT K. 43 4k, 78 = iR
I FH Nexus870£L #1120 A3 xof 4 HEAT Ji5 1) 7 s 3t 47 1
AR 0 21 46 6 30 S5 (FT-IR), F 38 i 5 6k 4 S 5
(ATR)RE R EAT 448, BR324k, A
37K ) FH F B 14 R (TDS) ) 4 18 Al J5 965 P9 HL, 10
TR AT AEAT 7 RAE N FR B 680 °C, In#AGE =
910 K/min. F FH & 70 #4125 B 2B (HRTEM) WL
S I i Y IBE 1 W TR T 3.

VHE JIES 1) 290 A Lo A5 52 R s e A ) ) 400 oK s 9
ACHEAT AL, TN #4075 mN. 7849l 0 8 i -
BUEFEA D TSR A, FEx HA B B 241, F)
F 2 B GURA AT IS Bl 2R 142 4k, 38 A Stoney A L Blle =
V6[EJ(1-v)1(t1t)[(1/R,)-(1/R )] 5545 M Vo JIk (1) 5 4%
NI b vt EGr ARG IR IR I RA b JERE A5
PERL R, (AR IR, Ry Ry M N TR 5 644
A 0T A, HLSR AR B 9 130 GPa, JHTA
bt 250.28. F A 41 & AR -4 B #2156 AL (TRB 600,
Anton Paar, Austria)li 7 & 7E = i\ KSR T
X E £120%+5%) IR BE A 1 e, BESR AT B4 FE 96 mm



52 W

SER 58, 55 yAR IR X a-C: HI B ROWZH 23 0 bk e S B 2 VE BE O 2 171

(1 SisN P BBk, PEHERES 26 R iR M i 8 N, R
M@S mm, #1126 Hz. BEHEIE 5 R FH o't 2 12 S B Wi ¢
VP R R TR 3, FEAR I Micro-MA X AF 2 ik = 4k ¢
JER A0 2t 3 PR RE B R, R A Ro=VIN-L) i 53
IRUERR, Hrh VRERRE S BB AR (mm®), N&E
) 2 AT (N), LA B2 25 (m).

2 FER5THE

2.1 GERFIEXfa-C:HERMAEE RS20
a-C:HEEZ BT G BEHTR M ST

FP BB 45 K40, AL ot 8 B R 5 A A CL R 5 B

AL RS AR RAER + 0 A BB, B (@R

@ — Pristine
— 1 MGy

-——— -

-

PL backgri)-und

Normalized intensity/a.u.

200 400 600 800 1000 1200 1400 1600 1800 2000
Raman/cm™!

AN [A) 7 B R R T Ramandll iR 45 2. 1K 1(a)
A4, T TEIEAE 1 000~2 000 om PRI E St FE L R
S I DLCHE 8 6 1R . Hodr, 4751 560 cm !
Je A5 B (GIE) R T 1 380 em A A5 U (DU ) 43 5l
J2 F 5 PR TR 45 R P sp” 2 A Bk -k ) Aeh 4 4% 56
ROAELE BB BRI J ) sp” 24 A0 7 st A P IR IR 50 5 2.
H T a-C:HH JIE o [7] I 77 78 sp’ 24 46 Rl sp’ 24 4k 1 B R
T, HE GG, DU A GUE R X 558 B LU AE (Iy/I) LA
J% GUE 57 B 3 7] LA [A] 132 26 /iE DLC I sp” 24 1 iR
T Fsp’ 24 A0 J5 7 2 TA] (RO AR o B DR, 6 BT
DU FEARE i T Raman g 33547 =y BT -8 AR 2% 7 Ve Ab 2, Py
BEERWE 1(b)FTR.

Fig. 1 Raman spectra of a-C:H films with respect to irradiation dose
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Fig.2 Cls XPS spectrum and sp/sp’ ratio of a-C:H films
with respect to irradiation dose
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Fig. 3 FTIR-ATR spectra of a-C:H films with respect to irradiation dose(a), and TDS curves of the pristine and
irradiated a-C:H films at 13.5 MGy dose
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Fig. 4 TEM micrographs of the pristine (a) and irradiated a-
C:H films at 13.5 MGy dose (b)
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Fig. 5 Mechanical properties and displacement-load curves
of a-C:H films
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Fig. 6 Internal stress of the a-C:H films with respect to
irradiation dose
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Fig. 7 Friction coefficient and wear rate of the a-C:H films with respect to the irradiation dose
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