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Abstract Silicon carbide (SiC) ceramics are widely used in the application of high-temperature structural devices due to
their light weight as well as superior hardness, fracture toughness, and temperature stability. In this paper, we employed
classical molecular dynamics simulations using Tersoff’s potential to investigate the elastic constants of the SiC crystal at
high temperature. The stress-strain characteristics of the SiC crystal were calculated with the LAMMPS software and the
elastic constants of the SiC crystal were analyzed. Based on the stress-strain analysis, the SiC crystal has shown the elastic
deformation characteristics at the low temperature region. But the slight plastic deformation behavior was shown as applied
the high strain over 1,000°C. Also the elastic constants of the SiC crystal were changed from about 475 GPa to 425 GPa
as increased the temperature to 1,250°C.
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Fig. 1. Unit cell structure of the SiC crystal.
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Table 1
Tersoff’s potential parameter of the SiC crystal (ref. 9)
C Si
A (eV) 13939 x 10’ 1.8308 x 10’
B (eV) 3.467 x 10 47118 x 107
LA 3.4879 2.4799
n (A 22119 1.7322
B 1.5724 x 107 1.1000 x 10°°
n 7.2751 x 10" 7.8734 % 10"
c 3.8049 x 10* 1.0039 x 10°
d 4384 16217
h -5.7058 x 10" -5.9825 % 10"
X, =0.9776
Rec-¢ Sc-¢ Rsi-si Ssi-si Re-si Sc-si
1.93 2.13 2.60 2.80 2.36 2.56
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Fig. 2. Simulation models of the SiC crystal.
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Fig. 3. The MD simulation procedure for the elastic constant
of the SiC crystal.

SiC Z24¢] gAIFE Atslr] flsixe 2748 4

2 gl WS Atsteof slal, 79 250l B

1 ]—‘3— et SiC 24 W] dAel] &

3L, AA=e] 83 X5 (thermal V1brat10n)*
%, °JX}E*°* AR HPAIA W

o] xHld oA % §HS ARSIt SiC €X4-4

S AHE 1500°C7H] WS, 242l e

ZhlA QI7kEE WelE 0.02 7HAoR ZMTIHEA

SiC 2% W7ol 7t dxel Adele %E—i‘% 3145k 3ATh.

a3 SiC Aol A7k W91 H=2 oUAR <l

9Jztel 5748 A @9 A= ﬁxlf)ﬂ’\i Bo] Hojd 4

T+, 3 A= S 9l o] dAE Xﬂﬂa 74 €

S A sislt

AR olge) 2 54 B BHES

4. Za} 9! nEt

SiC 249 255 A2HE 1,500°C7H] WHsA7]
A 33 9] (Stress-strain) 54 2 B8-S 43}
I A3E Fig. 47H Fig. 67FA JeASI

SiC A74eo] 1,000°Cold o= WHLe] QI7tell os)
MY == ¢S Fig. 4o YeRd Aot} Fig. 4(a)y=
1,000°ColA] 8oz gt SiC 24S Jehd A
°]3L, Fig. 4(by= 0.159] &= WHHE Avisie W=

)

H

®FS el Zlolth, 53] 1,100°C o1 exelM =
© g% 2¥L kR A, sic AR U Helz



Molecular dynamic studies for elastic constant of SiC crystal at high temperature 235

574 dApE @9 A AN 3e] olgd AoR
ﬂomtﬂu} ol aLolA Ekgk dxpe] gF XF
A7FE =2 WS oUAZE FeliA] AR Helzh At
SA7E fIHeA olgt Aow Algdnh a2E®
iAo e s s 99 A% 9 l°ﬂ Al olergh
QA= AQElr, A YRS e g R k9] AAle]
A ¥ Adsl] sic 249§ 54 9
EAEES AT

EAEASHS olgate] AFRFE 1,250°C 2E7HA
SiC 2749 ¢8-He 54E& w43 Z4HE Fig 59
YRS, =2 SiC 2749 A, o= Hell g8l
AR7F 7vdo] YA EA AA] URA|7E 2o 7
MPgHo=r LdHo] Zrlslth z8]al 0.2 o)A U=
H97F A7k, Al S dAs groll s 3t
F5e EA4L JephQdth B3 249 L7} 500°C7)

T T T T T T T T T T T
70 .
60 _ /I/A,li:zfi'::rzﬂ. i
P e
T~ 1
or //“/ IS p .
! v V. |
CtLv 40 + /g:/ N 4
o 4 ’
2 Vi
g 30 =
n
I —=—25°C
20 —e—500°C | ]
—1-1000°C
10 o 4
—v—1250°C
0 " 1 " 1 " 1 " 1 " 1 " 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Strain

Fig. 5. Stress-strain characteristics of the SiC crystal at various
temperatures.

(b)

Fig. 4. Deformed shapes of the SiC crystal simulated with MD at 1000°C: (a) before and (b) after applied 0.15 strain.
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Table 2
Comparison the elastic constants of the SiC crystal with the various SiC ceramics at room temperature
Sample E(GPa) Remarks
SiC crystal 475 This work
SiC Ceramics 440 Measured with the IET method
SiC ceramics (+ 9 wt% Nitrates) 375.5+6.0 Z.H. Huang, et al. [1]
SiC ceramics (+ 10 vol% nano-SiC + 9 wt% Nitrates) 387.8+ 84 Z.H. Huang, et al. [1]
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