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AR 3T 8l J1 281 55 5 15 A0 Tersoff /8 F A8 7T 7 76 58 B4 8% (amorphous carbon, a-C) 3R JZ & XT
SiC YR a4 /SiC 9K E -SRI T R F1 232 Re g2, o iras LRI, BEE R 2R 3G I, 4K 4 4
38 88 RO P, B @9 ) FE IR JZ 1T DL R B BE a8 AN EH. M a-CIRZEE t < 0.3 nm i,
RO HBFBAYE, POKE SRR MBIt 720 ¢ = 4.0 nm I, RE0R Ay, SiC 9K e 4k
RAREBILG, W PR E S B RAR R 2N TC IR Z KR S B 4 65, IR g & — MR, i
HEREZY, a-CREM IR SiC YR 4 /SiC AR E A R P A LB E EFE &R, A& RRUR %
W &S GBI IR RGP KR E A A R S . B Fe 4 el o T F N B RS mE e &

SEPURE SRR SR,

KEE: 7> T, FAT N, REGMEL a-CIRJZE

PACS: 71.15.PD, 62.20.-x, 62.23.Pq, 61.43.Er

1 5 =

EH T oK 9 21 4 1 5 9 PR Ok 5 A 6 B (ce-
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WA TE ) A A R, AR T R AR R A N
FHI R, MAERE0RT DLV il & A e, IF
RE 4k SR 3, 28 17X Be KB REAT AT 3R A5 = 1 )
PE. DR, FERVEAN RSO WL 3 AT A IE HON
MRAS b 1 fRIR R R 9K £ 4t /e A ST () s e A
HERE N, DA% R B B s S
YUK AL 0% CMCs SRAEFRIRIE. BIMESTCK
¢ CMCs MR G T IR B B TR B A KEW
g =109 B B % T CNTs/Al, O3 49K 5 4 44
B Sck (4100 8RB AT T 99K CMCs iR 2
AT A iR E .

AR H 4 F 8) 71 % (molecular dynamics,
MD) 77 B4, T 5 A T 7€ B4 ik (amorphous car-
bon, a-C) ik & 1) 8 dh -SiCnp 1 52 SiC 3 1A B
MBI R ARAT A, AR ER T a-CiRJE X -
SiCnr/SiC & & Mk Wr 22458 ) 2w, DL AR
P A 77 5 BR AN 3 B 7 £ v R B A I RAE, IF
R [ RARRGAEAFREEZ R a-CIRZH Y R
1709, RSO T gh BT R Rk CMCs B
AT R m ) SR G )5 I Re SR (LR LA

2 R¥EA R E T %

UK E MR R — R E A a-C i
JZ1H) B B-SiCnp 1L B-SHC AR AL B, A7 5
B 12 FAET, R5F410.0 nm x 11.5 nm x 11.5
nm, H A SiCnp K242 1.0 nm, K4 10.0 nm,
Wk TR, SiCnr MIBEERTE /ST, WK 1 (a)
B, HePAg e SO 7SI B A0 BT R R -7

BIBEES. T @ SiChr KA a-CIRE, AL
R L 25 U891 e Y TAE, 75 SiCnr iR — 2 R
4N, S8 5 S RIA AN SRR 5 2k,
MERa-CRE. TEERRE 2R, ARCHE
B a-CIREHE N2 g/cm®, EE L3550, 0.3,
2.0, 4.0 nm. FJ5 KB ABRLETCAMINE AT | iR
9300 K 75 ahig, fiik ik 2.

N T B RO REREF T BTN, &
SCHTH SiC BB R A T B L, Bk Seild #2
N FEZ AR R a7 B W E BT SiCnr
Sl ) PRSP T DN SRR AR, DION TR B 2 AN S A
B TR MR O A 2ERE AR
b, Gl 1 (b) A (c) iR,

K R I MD 77 % LAMMPS JT 5 4 A2 5 4
T HL B-SiCnp /SIC E A PEHET [111) 77 M B 1
TR i R O ] e A A A g L R
I I 4% 2045 o )2 ok S R, EL A R AR 2
0.005% ps~t. BRIt INALF 1Y & 5 B A S5 4
74 0.5 ps, LAORIE RSEAE 300 KR FE N 14 2117
FEgit. Bah iR IR RS K HUCR 0.5 fs, IF
X H velocity-rescale J7 % K 1% i #EAMA R FIIHEFE.
B A 5 . SiCnp St 1) 17K~ 77 180 5K &) 3 11
R A, MD i8R ] Tersoff 28 56 88 4 K 4
it SiCnp A1 SiC AR A Si-Si, Si-C Fl C-C J5i¥ 2 []
AR ELAEF 3 POV X T a-C IR 2 JRF 2 1A AR B4
71, RHHE A REBO % P 3& I T8 IERI#
Wy 5 5 (221 1 22 A 3 2 ol ORI 9T a-C &5 4 1)
PAES Rl

1 BEEARL SiCnp/SIC REMBIIETYIEHEE  (a) SiCnr KBTI NAEAEL (b)

KRB GIEL (o) REUXIFA S5 BT

Fig. 1. Atomic configuration of SiCnp /SiC nanocomposite with pre-defect in matrix: (a)

top view of hexagonal SiCnr; (b) nanocomposite; (c) zoom in the crack area.
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Fig. 2. The process of generating a-C coating.

3 WEEXRSIT®

AR T FAR R LB 3K SiCr /SIC F1 1 1)
THOLT, BA B % E a-CiR)J= 1 SiCrr/SIC H &
FORBHE 300 K I RIHLAT 9, Horba-C i)z 108 2
A0, 0.3, 2.0, 4.0 nm. ZREWH, EYPKREH
R AR AE PR I R B RGUS IEGNK LT 4k AN
ZEGUHS TR R e, 3R 5 A UK P 2T 4 05
CMCs ¥Rk 22 05 30 A

3.1 REEEXERG AN

B3R T a-CIRZEE ¢ 537150 14.0 nm
i) SiCnr/SIC E G R W 2R . M EH AT B
FH, X THRARZEBIRZEE (6 < 0.3 nm) K94
KEAME, RO HEF BKA Y, 8
ZRT AR T G, Ik Wy R AR 20 SR T g S A (1 JifE
PEWTZL, TR ERE (t = 4.0 nm) 9K E A
Mokl BAAREUEH B FENKAHMAERZ
HORAE T Wi, BEAE INEM 4k 8, Ray R JT 1R
a-CIRZFRRAET MR, SiCnp 7517 B 344 7l B 24
GUALWT R, JFRE S R E ik, LR E A RRER
AR W R R, YORA4ERRE, HTRE
(R JZ AT o] LU 78 1 4 T 752 30 03 #ider, KB
MBS 2 R A2 R AR I W 2L, T 2 LA — b 3 o X
Wr 2 iy 7 SR AR, BRIk, XA B Y S a-C
WIZ M) SiCnp/SIC HEEMEL, a-C 2 JEE 2R
P R R Ay RS AN FERE R, ta T
BA MBS AP O BT AR, RS IE M
W2 R AR BT 18 = W B9k 5 &M B
Wk,

B3 R a-C BRI SiCxp/SIC H AP FHTE R TRER  (2) RERE; (b) %

JZJEE N 4.0 nm

Fig. 3. Atomic configuration of fracture surface in SiCng/SiC nanocomposite with a-C

coating in different thickness: (a) without a-C coating; (b) thickness of a-C coating is 4.0

nm.

3.2 REEEXHMRIEEERIZ I

FERERY SiCnr /SIC B A M BHHL M FEF, W]
PLSRILSiCnr AR R G AR 22 11 71 A Kl T
Jii PR MRS B AL RS ARAE 52 7 B0 A AR B AT
RIFIRE SRR ) - RAZ 2, Wi 4 B,
TUMR B HE , B0A B A 1 AR SiCnp /T i
KAEZE K42 8 AR R I 40K = A RDRH B
RAMH. R 2 — 2 T AR 4ERGPIKR R 544

KEAR SZ # A T AR AN [F]. SR, BPAS AN 25 lE g oK
YR Z A, BA a-CIRJZH SiCrr /SICE A
MR SZ (R B KB )29 93 GPa, KT E & HTK
AR E R BAR SiCnr T K 32 1 B K B /7B (~ 103
GPa). X UL S GG 4E N IR IER, %A IR
J& R R R T ECH R 40K S a kL 2 N B b
Wi I8 ) de KAB PR, H A Ja 4R 4R N 1S R 3L
WAE e, 54, BlAdie vl LA, AR
EEREEE (t < 0.3 nm) B, SiCyp MIAKE A
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FARLIRISE 7 it 7 A2 )38 I L P S22 PRk, Bl
Ja BIE Ny B KA, KA AR 4k B8, N2 1 3&
BUATERREIRONE, RWIRRL 2 B2 ) ffg 1 M 2
i3 MR ERE (t > 2.0 nm) I, MRS
JS2 77 - A il 2 Y BLAR R 5. AR IR R R
t = 4.0 nm i, PORE GBI AT B B K AE
JE B RAEFIRRIRONE, TR RINARL MR 2
BRI R, X P AR A3t I 53R W L A4
BOA KR RAEERI M PEWT R, X PRI GASE T 1
3 rp L 1 JE ARSI F 7 A T 1 A

12 120
—c0 e=c2

10+ c0.3 =c4 _==% 4100

W 711/GPa

K4 (MTREO) RFAEEa-CikZER SiCnr/SIC H&

PRAEAR SiCnp HIRLAH R ) - A 2R, Hoh NF &R

HiR SiCnr

Fig. 4. (colored online) Tensile stress- strain curves

of SiCnr/SiC nanocomposite and single SiCng with

different thickness of a-C coating. NF denotes single

SiCNF.

BV 0A Gy B RS WP =R v E S A IE A

e 588 JEE 1 T 2L RE R AT BRI, ar i 5 2 SO A
FEFFGURE S MBI 5277 il 7 5 K AH; A fg
O 4z feft L g -2 A% Y 2 B 6 B f) T RROR 3R A4S, /T
IR A R 2k

Ef:/ (J'dé‘7 (1)
0

N AL TR AR A RE W 2R I IR WA ) RE R, IR R T R
RE% I, PP MBI — A EE R AR, A
o RIRM. I, e RoanMAE. F4E (1) BRI AT SRAFAN [
JEFERIZ K E MBI EE. Bl 5 SR 1 hifd
AR SiCnp/SIC & & A4 BE iz A i J52 M1 7 22 g
HIRBEREEN KR, AL EERTIRE LN
KE GBI EPERER R, X B %A 45 H AR
SiCnp HIFLAH SR E S Wi e me. KPR LA H, &
a-CIRZEEE t < 0.3 nm i, BEE 2RI,
SiCnr/SiC & & A4 B} Fir A 5k R0 W7 22 e #8¥ A
R HE RIS, Ha-CREEEt > 2.0 nm i,
YK ST AR R A5 R T B BE A (2 2 M

e, HLAom B B = T oK 2% SiCy/SiC & & A
B Ao R B = 2k 5P = 2 o N OB v L
FELY A TR )5 I 9K 55 G b R A 8 B2 1) 4 £
Wradpe U He T — MR M. fEROK 2 SiCe/SiC
MR SR sE s D01 dog B, A R R
558 R 2R B I A U 2 L T 3 o o 3 A v, D
YK ST AR Rk Hp R A i R W L RR BE IR R R
A a5 A% ROK G2 A AR 5258 1 30
Z—3. F, BA a-CIRER SiCnp th AT LK P
RGP E AWM B M ER .

12 12
O HifomEE
10+ = 410
| g
o L 4
e 8 8 ~
° B
;%( 6 16 2
o )
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= oaf 4 fg
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5 (MTIEE) SiCnr/SiC E -G MHRHI Rt 35 B A1
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Fig. 5. (colored online) The tensile strength and frac-
ture energy of SiCnr/SiC nanocomposite as a function

of the thickness of a-C coating.

45

RE2ITVIE L iE N

6 SiCxr FHIRIAERRHE a-C BRI KR
Fig. 6. The average stress concentration factor of

SiCnF vs. the thickness of a-C coating.

K 6 /& SiCnr 21 4E 75 2 G 4 KL T 24 2 Al 1)
PN TR R E R R R AR A X LY
Y INE 775 v B HOE SO AR 2T 2 W7 28 55 J5E o LA 2F
HEAE PR R TR (BN 7. PRI S
FREOR, VLI GK B S ADRHE A& S BRI R A7 i
FRAERR. Ko EL, RAREN R &)
DK LT YEAE TR TR B B SR AR v, X R T
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PR YEHG 58 CMCs MR I 27 A F. HiRE
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Abstract

Fracture behavior and mechanical properties of SiC nanofiber (SiCnr) reinforced SiC nanocomposites as influenced
by the thickness of amorphous carbon (a-C) coatings are studied via molecular dynamics simulations using Tersoff
potential. To simulate the condition that a matrix crack arrives at the interface between matrix and coating, a pre-
setting matrix crack is created. Results show that the tensile stress-strain curve of nanocomposites without and/or with
thin a-C coatings (e.g., ¢ < 0.3 nm) demonstrates an abrupt drop after achieving a maximum value, while nonlinear
tails appear in the curves of nanocomposites with thick a-C coatings (e.g., ¢ > 2.0 nm). It is demonstrated that the
SiCnr is penetrated by the matrix crack when it is uncoated and/or coated by a thin a-C layer (¢ < 0.3 nm) and the
nanocomposite fails in a typical brittle mode; whereas the crack deflection path changes and the SiCnr is pulled out from
the matrix when the a-C coatings are thick enough (e.g., 4 nm), showing a different fracture mode in nanocomposites.
Compared to nanocomposites without an a-C coating, the tensile strength of nanocomposites with a-C coating of 4.0 nm
thickness is about four times higher, and the fracture energy increases around an order of magnitude. Furthermore, the
average stress concentration factor for SiCnr in nanocomposites, defined as the ratio of tensile strength of single SiCnr
to the average stress of the nanofiber in the composite when it is broken, is extracted and shows a decreasing trend with
increasing coating thickness, indicating that a-C coating can therefore be expected to simultaneously enhance the tensile
strength and fracture energy of the SiCnr/SiC nanocomposites. This work sheds light on the toughening mechanism
in SiCnr/C/SiC nanocomposites where a-C coating plays a significant role, indicating that the toughening mechanism
in conventional ceramic matrix composites on a microscale is still valid on a nanoscale. Simulation results suggest
that coating thickness in material design is efficient for engineering SiCnr/SiC nanocomposites with high strength and

toughness.
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