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SR, RSO T AR IR A G A 5 D1 TR RE AT
KA R T BT R LRI, 8
TizSiCo MAX MREAE I B HE NIRRT % 7
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CASTEP # £ (Cambridge Serial Total Energy
Package) H i ~F- [HI 5 Ji 35 7 720 & &UAE TisSiCy
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Ti, Si, C, He M H 25828 1 1 HL 7 AN 8 1 SE AR
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Fig. 1. The structure of TizgSiC2. The cleavage plane

is schematically shown by a grey plane.
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Fig. 2. Stress-strain curves of tension along c¢ axis in

the presence of helium.

®1 PBREN TizSiCo i 3 W2 0 R A (B AL
GPa)
Table 1. Critical stress of cleavage fracture in TizSiCa

in the presence of helium (unit: GPa).

TR Ak He-SiTi He-Ti He-SiC
26.83 10.06 20.23 13.53

TEATHI M S R B, MR e e 5 SR 7 i
) Si—Ti(2) Ji 7 2 ] W 3, 3X P T Ti—Si 8 2 %
55 LA B 1 R A IR RO th AR A R T B

ARG e e B R CR 5 Y 2 T ) R 1 7 D)
FHIR, 2R REBRR RS0 J& BT R TR RE REAR 53 9
KT R T R R RE R G I, R BUECR 5
RE, ML . AR B, 45 TizSiCo R EE
Wi H Si/Ti(2) J 7R EIFG, HIERR T38RI,
TE B H T R I F B B8 2.36 J/m?; T3 4% S0
T, BRI R T B R R N FEE]0.721 J/m?.
PR AERE T2 R A PR

3.2 SITARIGFEHENDTE

Lol EJE TN LR = AR B, SRR
H 7E 1-Ti 8] B BV REde e, 9 —2.228 eV AR
FAE I-SiTi LA K I-SiC [a] B A 1D ¥ ik R Al o 42 00T
A& N —2.850 eV, JE#H N —2.853 eV. XEH], 5
ZAEE AL, SR e TR AR AE SiE M. K
TIX =N RIBRAE B, FRA T3 T R4 B (0001) 7 17]
BT B AR AL SE S, AR S R B LA, B
BHR S fE Si-Ti(2) i 72 il BT . &) 3 0 Hhl 2
RERLAR S 7] - AR il 2%

30

25

20

15

o/GPa
“

10
st
-/

0oF

1 1 1 1 1 1
0 0.05 0.10 0.15 0.20 0.25 0.30
€

3 BIREUR TN ¢ B R 77 - AR 2
Fig. 3. Stress-strain curves of tension along ¢ axis in

the presence of hydrogen.

x2  BIREAN TizSiCo fift B W7 2L 1 IG 55 I (AL
GPa)
Table 2. Critical stress of cleavage fracture in TizSiCg

in the presence of hydrogen (unit: GPa).

ToE T db ik H-SiTi H-Ti H-SiC

26.83 25.73 26.57 20.21

M3 R g - A 28 BN, 45 A AR T
(% 591 & S0 AE T-Ti AT T-SiTi 1] B A7 B ) L A 4 iy
ZAIG TR 7 5 5 B AR AR

BNAJE T HIE, TigSiCo MR B B AR T
BITISi/Ti(2) MW, ME T I-SiTifLE, ¥
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R T )T ¥R T BE A 2.32 J/m?; fE [-SiC A7 &
i, PEAE PR T BE N 2.33 J/m?. X EHE 5
ZB NN Si/Ti(2) FHIRH AR B, XK HB
ANZRE T IEAREA A2k TizSiCo MM EEMTR, X
SHATT B R ARSI 5 SR — B

3.3 Rt

N A7 - A il 2 (B 2 AN 3 ) AR W e ath e e o
TigSiCo X 5 28 M A= 25 T 1R AN [F] ¥ 77 25 Wi 7.
JUE X IX PR 2R 5 (145 2%, TigSiCo #i 2 #E Si-Ti2
JEIRIKTIT, HIX 25 AR AR S b 22 B e
K. MBI G, R = Ff (8] B A7 1z
PO, JFLfige T BT 2R S D HE RIS TR 2. R AR
75 I-SiTi fl I-SiC [RIBAL B, AT i 57 248 ) %
KT 62.5%, Ja#& K T3 50%. 1fixt FH A, 5
HREAE -SiTi M I-Ti L &, Ik AW 5 JLFAS
ZAR T, ST [-SIC AL B I, I 5
FLN S JHAL K T 24.7%.

ft AR FEBEAMBRAER WL K? B
Se ik AT T MR — T % R B A R A A,
Bl 4(a). wLLE R MR IZ SR BER 2"
TR T8 Ti-C-Ti-C-Ti-Si 4k BA 50 16 v
JR 2R 58 = 45, B AE TisSiCo RN JLF
AN GATA] J5 7 R A v 2 AR P A A L E
EHe BN RERINT A RIIEALR, i S8k
A0 SiJE TR A OB ERASALE (B 4 (c) H Siv,
AR5 1E I-SiTi fir B ), 38 17 Si-Ti2 45
M BEDBIR T Ti-C-Ti-C-Ti-Si i 1%, [A I 7 i fif
A I ST RN ) 2R R . 5 AN A& R
FEAL TR 1-SiTi (Rl BR AL, S5 5 4R 1) Si i
FsHTERET M, K5 5 &% E (PDOS)
Fi7R. TiAE Ti(2)-C-Ti(1)-C-Ti(2)-Si & 78, Si-
Ti(2) FERH ST R T p TS5 Ti(2) K THd
PSS U SR FRIImA R BA i
5 Si-Ti(2) Ik E B A RFAE, R EUR 7 AR 2
5 BRAR Ti3SiCo fib A8 110 fif 3 W LG S 7. X F &
JEF1E I-SiIC AL B, VEAHRI0T 7L R LSRR 5 R 4R
(17 Si T s A R A Ak, Bt IR SR iX
A Si JE T BT AL S A B A REAE, DR A7 PO
RS TR B R 10 58 B iRk A E] (2 0L EL3).
SR E 247 J& (overlap population) 731 3 B iX 4™
Si Jf T 5 I R TR TR TR T A, 1M
AR FEWT LR ) T B, (HE AR T B I L.

- 8.765x 10!

. —1.309x10~2

B4 (MTRE){110} MHEGZES () 4 TisSiCo
fmf4; (b) HTE I-SiTi A K47 B; (c) He 7E I-SiTi [A] KR
(DA

Fig. 4. (color online) Density of charge on {110} plane:
(a) Perfect TigSiCa; (b) H in I-SiTi position; (c¢) He
in I-SiTi position.
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hydrogen in I-SiTi.
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TE R S 200, IR A M fEL - &85 40 1) £ 2 40,
TisSiCy B A th &8 B iF i a vt fe.

B —J5 T, 9256 & M TigSiCs £E 1200 °C LA R
FEI NN 2 121 A T S ) B RN g AR
i 28 D) S5 7R 1A R TE W 2 o e VR ) ST A L. 3R
AT R B SRR F 4 S A S AT I, 1T B R SR AE
PSR IG R B TARKMIER. thah, ZSEi0 R 8
TizSiCo MY AR 15 R AR 2 ) AH O, (K IF B2 AR
T H BRI AR . R R AR R i
TA AR R HE RS R A2

23 F PR, L3 W TisSiCo JFARAEH 2R
NG, SR AE I N HE IR A% 26 A, Mk 02
B R Msaae, BIA R E IR PT & Ae bl
FHEIE, 0T EEHCPUS P AR ) B AR . okt
FRAHE, KRR (n, p) Al (n, o) & N AS AT 38 4
HEAZ AL R 5] NERIAL 3 A SRS R . R4,
TigSiCo fE AL MR I FEEE T 481N, Fig
52, S BATHIHE 7T R P, TisSiCy 1E a ki T
RN RGN EEEE: MRETIE S
ZIRBE R, Bl 2 7 A I S AN W, B SR
THE B R ENAESSE IS SR 2, #
T 11 S 7 Sl 2B 1 s Ar B S8
XA AT, TigSiCo ¥ <A M ZR T 5
B EE T

AT AR 70 45 51 10— 12] CL3R BA Ti3SiCo B 1R 4T
P Re kL T HE IR A 1, DAt 2UAR IR BT B A 1
H R0 1 e 7 (B HAZ2 E B8 77, self-repair abil-
ity) 221, AR TAE X EIR T A A RE ™ 5 PR A 2
Wil SR T, MR, TE R N HERR R T, &
(1 R 2R 75 B[R] 25 £E (] an &2 P /) SRk 5 %t 4
B YRR IR, DUA B A THVEAS A 6L BB SEBR
N AT EEE. BT T LA A R, A N
AR Ti5SiCo ORI H I L (IANE.

4 % #®

ARTAERF SR EZ BT
AL TisSiCo M AX FIMRHREE T 24 5L .
WEF R I, AN A2 Sk & R 5 78 Si a1 )2 T Bt
B, SRR BB A 261, TizSiCo XX
FE T 10 ) 2 m MR AR 0™ H KA R iR
P MR A e TN 7, EAS KRR, P9 [A] R AR A
ZRETWRE P2 A A . w2
A 1) TigSiCy & 4 Y Ti-C-Ti-C-Ti-Si Ji 1 85

Si—Ti(2) BIBIN. 153 45 R0z s
MR R. fE AR M2, ZAAE TisSiCo 5 R
T L Z AT ATk e 4 R R A B e R R
TFIEE TR IS MBI R, FIMET TizSiCy
FEFE IR K iR KR R R BRI R B,
ZAEHE i T AT 208 R EUM R 8L
. dhia N BT AR DL TAR, AT
TigSiCo VE A% S FH MR BAGVEE N {H.
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Abstract

Layered M AX phase ternary compounds (M = early transition metals, A = group A elements, and X = C or N)
show promise of wide applications in many applied fields because these compounds have combined ceramic and metallic
properties. As an exemple of the M AX phase family, TizSiCz exhibits a high melting temperature, high electrical and
thermal conductivities, and an excellent resistance to oxidation and thermal shock. Particularly, it possesses unusual
mechanical properties, such as easy machinability, high Young’s modulus, thus it is considered as a candidate in advanced
nuclear reactors.

In this work, we investigate the effect of hydrogen and helium on the cleavage fracture of TizSiCy in order to
evaluate the reliability of Ti3SiCs used in nuclear industry. We have performed first-principles mechanical calculations
by using the density functional theory as implemented in the Cambridge Serial Total Energy Package code. Uniaxial
tensile simulations along c-axis have been done to calculate the stress-strain curve and the cleavage energy for each
interlayer of TizSiCs. It is found that Ti3SiCs has the cleavage characteristics, and the habit cleavage plane starts from
Si-Ti interlayer because of relatively weak Si—Ti bond. Hydrogen and helium always accumulate in the Si layer. Helium
decreases largely the critical stress of cleavage fracture of TizSiCa. In contrast, hydrogen does not efficiently affect the
cleavage fracture in Ti3SiCs. The difference between helium and hydrogen behaviors in TizSiCs originates primarily
from the difference of electronic hybridization with lattice atoms of TizSiCz. For helium, the neighboring Si atoms will
be ejected by helium atoms, and the Si—Ti bonds will be broken, thus resulting in the cleavage fracture. However, for
hydrogen, it is primarily hybridized with the s states of neighboring Si atoms, which does not severely disturb the p-d
hybridization between Si and Ti atoms. Thus, the cleavage fracture from Si-Ti interlayer is hardly aggravated in the
presence of hydrogen. Fortunately, Ti3SiCs has a self-repair ability at high temperatures. It will desorb helium atoms
at high helium pressure through Si layers. This behavior will alleviate the cleavage fracture induced by helium. In

summary, Ti3SiCz may be a potential material applied in light water or other fission reactors in the future.

Keywords: density functional theory, irradiation damage, cleavage fracture, TigSiCo
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