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Fig. 1. (a) Relationship of microscopic heat flux (J) with
time; (b) relationship of heat flux autocorrelation function
(HFACF) with time. The temperature is 1500 K, the size of
the perfect supercell is 6a X 6a X 6a.
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Fig. 2. Effect of size on the thermal conductivity.
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Fig. 3. Relationship between the thermal conductivity ()
of SiC supercells containing point defects and the concen-
tration of point defects (¢, equivalent to the ratio of point
defects to lattice points): (a) 600 K; (b) 1500 K.

P~ (100) B fi)) AT,

SiC #fE T FEEARE -, FEIR A =Y IX
A PR Bl B B R IR IR AN B 22 i, RIS 7
BOH 2| s Se s A% 3 28 AR IR, SRS 1]
FETEREAE L, A5t B & A il i, ZEM kb |
A RGBT R, AT S B K
AR, R 5. AR S 13 R 2% 2 5
B A= 37 Covaopm (B Gy R 1
PR U AT, vap i o J7 1) 75 1158 R THE 12
T R R LA B TR ] ), AR A R T
T HE A | R N Ay (S ERHAD). A B
FEAK T 75 F A, A5 28 G000 . & vt
IR SR AR A R ABH R (R = 1/0), T
AT SR 5 | RS 1 A BEL 28 38 in 5 53k hy 50 S BHL
$ (AR = Rdefe(:t - Rperfecta /ﬂ\:EP Rdefe(:t j‘j /5’\755\@%
FERABHBE AR R orgoer AN L BRBE AR PEH
), WIRAIMARH 337 B 3 SR BE R BE A5 Im, a5 ik
B I B b sy, AN ABH 3R, TR/ N MR B
FEIIA, AT LATA A 0 A/ FABE 232 i et ke o 3k 5 104 T s i
AR, WK 4 FoR, BUOMARH R 5 s fE ik B
S R EE R, 455 Crocombette
Al ProvilleBY f2i5—20. IBAK 4 1 AR-c KR
GV RN S50

AR =lc+ ARy, (3)
K U SRR R B ARy AIG REL, 1Y
TS BRBEHEE A 0 B BAMNABR ) IZ(E %A 0,
HE b, WAL EI AR HA FHEGET 0. B4k
ROZ A, Xl AR-c FIZR I 6 RAFELE T8
R AR B S Rl N, X s ) S BB TR B, A 22
[P AFFEAH AR, S8 ZAH B SO AR SR A 0
R VAT, T TS e s %o P RS 2ot

AR (3) =X, FEffE TR T AR
BB ) A BH A R BUE , TG SRR S R R B R
SiC MR, T R AR

A= (Rperfect +y lici) o (4)

(4) FUBGE T 485 TP BRBE 1 P AR R BCRAH
ALY, AR R BRGNS, 55 SMZ T
AR FESLPR R R LSS | R | SR A AR
SFBR AR

AR & 4 H A9 805 il 2 T A5 276 L 0 600
FI 1500 K A50F T 4 Bl s i b i PP R R 8 4521
Nk 5 o, AT LA 28 (AT B R B 5 | i

036501-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B =% R Acta Phys. Sin.

Vol. 71, No. 3 (2022) 036501

A AL 5 2 50— it LU Al A7 780 A5 i I A AR BHL R R 4
1R el T S Y P RH 3 R A — i LA T Ak
Fe PR RH % 2R ER ;) Si AU B (S 7 N Si
[ BT ) 51 A Y P A8 R A — M Lk C 288 (C =31
F1C [RIBR) MR R R Em. XO= N ETCHLAE 4
JE, ML T E AR T, B AR Sh BE
T B G, $BH (LN, LG ARG
JE) FE R A 22 ) R ELAE FE RS A S

0.30 F(a)
= Cy v

025} o g
T o020 4OV
= v Siy
v 0.15F *Sic
£ < Siy
< 0.0}
g
< o5t

0 L
~0.05 . , , , ,
0 0.004 0.008 0.012 0.016
C

7
=
X
&
~
S
<

0.008 0.012 0.016

c

0 0.004

B4 & EBEFE Y SiC R IR &AM A BE R (AR) 5 Bk
FEHRBE (¢, AT REBRIE SR SR L) BIE R (a) 600 K;
(b) 1500 K

Fig. 4. Relationship between the excess thermal resistance
(AR) of SiC supercells containing point defects and the
concentration of point defects (¢, equivalent to the ratio of
point defects to lattice points): (a) 600 K; (b) 1500 K.
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Abstract

Silicon carbide (SiC) has been widely used in nuclear technology due to its excellent properties. In the
irradiation environment, the energetic incident particles can cause the atoms in the material to deviate from the
position of the crystal lattice, thereby producing the vacancies, interstitial atoms, anti-site atoms and other
point defects. These defects will change the thermal properties of the material and degrade the service
performance of the material. Therefore, in this work the equilibrium molecular dynamics method (Green-Kubo
method) is used to study the effect of point defects on the heat transfer properties of cubic SiC (3-SiC or 3C-
SiC) with the help of the Tersoff-type potential. The point defects considered include Si interstitial atoms (Siy),
Si vacancies (Siy), Si anti-site atoms (Sic), C interstitial atoms (C;), C vacancies (Cy) and C anti-site atoms
(Cgi)- It is found that the thermal conductivity (\) decreases with the increase of the point defect concentration
(c). The excessive thermal resistance (AR = Rgefect — Rperfecty £ = 1/A, Ryefeet is the thermal resistance of the
defective material, and Ry is the thermal resistivity of the material without defects) has a linear relation
with the concentration of point defects in the considered range (0.2%—-1.6%), and its slope is the thermal
resistivity coefficient. It can be found that the thermal resistivity coefficient of vacancy and interstitial atoms
are higher than that of anti-site atoms; the thermal resistivity coefficient of point defects at high temperature is
higher than at low temperature; the thermal resistivity coefficient of Si vacancies and Si interstitial atoms are
higher than that of C vacancies and C interstitial atoms. These results are helpful in predicting the thermal

conductivity of silicon carbide under irradiation and controlling the thermal conductivity of silicon carbide.
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