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Nanoindentation Experiment and Properties Analysis of C/C Composites
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(Xi’an Aerospace Composites Research Institute, Xi’an 710025)

Abstract  The properties of C/C composites with different graphitization temperatures and mixed matrix carbon
were investigated by nanoindentation. The results show that the nanoindentation modulus of C/C composites with
graphitization temperature of 2 500 °C was 10% lower than that of C/C composites with graphitization temperature of
2 300 C. The highest modulus of resin carbon is measured by nanoindentation in C/C composites with mixed matrix
of pyrolytic carbon, resin carbon and asphalt carbon, followed by pyrolytic carbon and the lowest by asphalt carbon.

The surface fracture toughness of the C/C composite micro—component was finally obtained as 0. 492 MPa*m'* by

nonlinear fitting of the nanoindentation load displacement curve after finite element calculations.

Key words

0 55

C/ICE A MR EA B | B B Tl ey i i 4%
Tl AR AR A 2R B0 S R, PRI 12 R A A
RGBT, JUHIE C/C 2 G RIT B 5 1 T 2
PEBE , (1136 R BEFE 45 R B T IEH IR . DIk
Xt CICE A MR 12 R F R 2 AR ST, (H & E
it WD) 2 R SR AR B C/C 2 A bR bR
R AR ME TS M7 AU TR C/C B AR R £ R OIL4E #y
X AR T 2E BRI GOR R IR B ARAE S —
T ZRAEAA A SR T 9 K RUBE g 2 M g 1 — by =X, AR
P F AL g i J1 2R 2, oK IR B R BA s il
B AR RS, AT U RS - 3RA5 4 R
F12E AR BT Z N T AR A A R E
T, AR WA VR 25 B AR X R EARAE S C/C
AR PO ) 2 PERE AT FSE . M. Kanari”
X T4 C/C B A FHR AT AR IR IR, 25 SRR,

Wk H 41 :2021-08-26

C/C composites, Nanoindentation, Degree of graphitization

TE 45 1) [] P A 58 R0 C/C 42 4 4R 67 3% 95 BBl 50
N~20 mN B, PRFRATBHE 55 — Rl 31 0 He R it 2 AR 55
B SR AT O, R B 1 28007 06 P v 2% B A
WS B AEBAMES T . MOHAMMED S #F9E T C/C B4
MBI 9K R IRAT o, 45 AR 3R W] e IR A8 i Bl 2 TR R
AT A I RRAR , OF ELAR R EF 4 AE C/C R A MR
R T IS B R A AR E A ) R A
TR DR UK IR IR 5T C/ICE A MR
Y RIFLAR I F12EVERE , 45 SR R W 4 43 b 27 4 R
PR BEEL PR A B A R S 1 0 7 AR, BN
6] 7 1) €T 4 B P RE AR A ] . 52 T O FH gk
JEIR 43 51003 T 1 AR B S A sk v T RS O 9 SR A
fiie \CVD FEAARBR Y C/C A ML, 45 R R WA R B 14
e T, i R AR 1 B A 8 g B RS R, 45 3
SR R, MR AR R R AL, H AT R
X CIC A MR 9K H IR T ik RAE C/C 52 & K

S—EE WA 5RAR, 1993 4 AR i, BB TR0, =B AR B/ S S bt MRS AR T BB S TAF . E-mail: ranz163@163. com

— 100 —

FHAMELLZ  htp://www.yhelgy.com 20214 ] |



(1) 2% 11 BT A4 1) 1

AR SCGE 2 g K R IR I A B A B AR R R
2 300 12 500 CHIPHFh C/C 2 A B, BN REa 541
LD AR IR AR i 55 R 5 TR B A A A (]
AR (0 A0 K PR AR 2 5 R 5 3 T 4K R 5R
TR HT C/C 2 G MR SR T W 2B
1 X§
1.1 JFE&E

il 5 C/C 52 G b HH T FH 1 15081 44 A 448 4 2 0 51
A, A% 5 4 0. 68 glem®, 3 Tl B A& 25 B 44 7y
SR P (CyH ) S AR i b il 75
1.2 Ml

LA il AR I 0 R0 7 B M TR B B4R, 2 BT 1
NN i N Ceo A

WRERR HERBRK

Bl L5k %

AEN

K1 c/CEAEMERNETZ

Fig. 1 Manufacturing techniques of C/C composites

1.3 K ERIRIESGNE# B R B E

PBFARFEY) AL 20 mm*x20 mmX10 mm, #x AW 85
[l . SR MBI B X iaRE AT 1 2l , Al 3k
A4, YK F IR SR (Nano Indentation G200)
XA B 1 ) 2 P RE R AT AR, 015 2 Bty 2 %
MLk, MRS Rt R i 1) B, 2 1o W 240 1 K
ik

Bl e

| C/CE AR

K = \/2Ey (1)
L _ 1P

=— 2
v =5/ 5 48 @)
A, =235k 3)

Krh, E R s,y PR TH AR M AR T g
v R W AL B I B T AR RE I, P oA N AR e
AR SRR HIEE AR IR B AR, b BB VR A
REE
2 #ERE5IFR
2.1 FRIAZELEENC/ICEGMBAKRIER

TE A BE a FAF R b PP LR}, B DLZF 4E 52 s
FE 2.0 mm [ 2 0 T A 38 SR K, DLIAIR B B s
TR AN i IR A SRR 1 C/C 2 A kL, A S840
BE 53312k 2 300 F12 500°C . A i i AR S 46 W4 B
SR e PR S 8 X iR R A 7 i 2 o, (R
B MR A — D 2RI R IR R
B -y R o B RIRAL B R DG 0B WL
TR I 38 (A 1 2 0 SR LS T 4R B B A TN
KRS, HOB2= B R il 2 s o RHERR Y
FHAE T2 hup://www.yhelgy.com  20214F B4 |

B P4 2 7 FH B A e AR B B AT Y o X 4
AGE 0 SEAE A A RS SRt I 2 A, 1 2 B Ik
) 28 /1> 200 nm, 2 far A1 H ZAE 0~500 mN 224k, 15 5]
AT R ML . T IR TR ZE B TEREMLAY B
X R R ST T 10 DL BRI .

o e RT3 B Y
(a) 1 VS (b) O
"‘. *N& ;
i Ve
e 5
. ad
(a) 2300 C (b) 2500 °C
Fl2 B4R Jy 2 300 F12 500 CHY C/CE S EDEF

TR A
Fig. 2 Photographs of C/C composite optical microscope with
graphitization temperature of 2 300 and 2 500 °C
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Fig. 3 Load-displacement curves of nanoindentation
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Tab.1 Modulus and hardness of materials
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Fig.4 Photomicrograph of nanoindentation
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Fig.5 Load-displacement curves of different substrates for

nanoindentation
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Tab.2 Modulus and hardness of materials
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Fig. 6 Load-displacement curves of nanoindentation of C/C

composites
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