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Abstract: The formation energy of all kinds of point defects formed by hydrogen or helium
and the change of elastic constants of tungsten containing a point defect were studied by
using first-principles method based on GGA with a PBE form. The other two kinds of point
defects, such as vacancy and self interstitial atom in tungsten, were studied by using the
same method. After calculation, we found that the crystal volume has some changes due to
the formation of a point defect in the tungsten formed by hydrogen or helium. And the
results depend on the sites of point defects. The crystal volume becomes bigger when the

defects are located in the tetrahedron or octahedron sites, while the volume becomes smaller
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when a tungsten atom is replaced by a hydrogen or helium atom. For helium, the substitu-
tion site is the most favorable over the tetrahedron and octahedron sites. For hydrogen, on
the contrary. the tetrahedron site is the most perfect site over the substitution and octahed-
ron sites. In these defects, we can find the smallest formation energy corresponds to the
defect formed hydrogen which located in tetrahedron site, and the biggest formation energy
to the formation of a self interstitial atom. If tungsten contains a point defect formed by
hydrogen or helium, the body modulus and the shear modulus will have some changes. The
crystal will change to plastic when there is a hydrogen substitute defect or self interstitial
atom in tungsten. The tungsten becomes more brittle when it contains other point defects,
but it still has the ductility in total. The crystals may become anisotropy when there is a
defect in tungsten, and the results depend on the site of the defects. Only for the defects at

the substitute site, the anisotropy will not happen. The research can provide a theoretical
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reference for the development of the plasma facing materials.

Key words: hydrogen; helium; tungsten; first-principles

R AL AR AR I T A ReIR Y . BRAE
YE b 21 2 fe FRAR 09 BE IR A 52 31 1 Bk 2 1Y
RVE . FrAlJE 2006 4R LIk FRE bR FmA T
[H R #4404 3R 48 S2 56 HE (International Thermonu-
clear Experimental Reactor, ITER) i H!**, i%
T H AT B Bras Rl i PR AR S KA
PEIH o 5708 HE ) 5 — B S0 I 2 R e
Iv1) 45 B 1A B AR A o BRI, G ZH OB L S P hy 45
Bk BE A B (plasma facing materials,
PFMs) . i1 357 — BE 4 R} 1] X fr) o — ol A o 26
35 By KL SR AN 55— BEAS R TTER RETR %
RIETHRENBZ —, HEL.AMNE&EK T2
T ] BE 1) &% — BERA L, H b e UL (1Y 55 — BE i B 1
BHEHE(Be)™ " (il (O FE bR A (W) Je 3
Bt R A A LA IR W S R R R A Y
g2V B LG T e L e e s A R AL &
PERE) B A oy 2 de B W T AR e b R . &
L3 A Ay FAAZ SRS BN ) SN ) F0 A= L), 1 B
AR R RE L RERS Ay 2= B 48 A B ThoE LBk
WAL A BRI RERE 200 14 MeV, WL
RE 1Y v RE 8 {45 v B B0 2 A6 R 1) Bt X
PR BRBE . 55— PR R BB U7 R B g R b T
RIS B R SRR L IF ARG T —E BUR
s FJRIRAE RS — MR 5T T AR X A
AT Ry B R A R I AR ek A — M DR vk
52T 58 5 By AR i & Abdullah 5890 ff T AS —
PERR BT Ty VR R OE T AEE RS T TS T
A TAE FE R A AR A A VS b 2 5L 0[] B Jit
THIE BCRE « LA K ik B 2 1l i 45 o 38 R 7

A6 SO BT IS AR 3 R 2 150 — PR R B 5
JEIT

1 HEREMGE

.1 &R

@ TG S5 A &R R A [ BEAE S
Im-3m,a=p=y=90",a=b=c=0. 316 5 nm, H
m ARG AR T 1 A — /N B PR — A
2X2X2 Wl M. A AR T B 2 07 AL
B A I (substitutional site) 48 2% # [A] B (inter-
stitial site) 5 4%, 10 [ B & ¢ X A 4% 79 A
(tetrahedral site) [A] B 45 2% f1 /\ 1 #& Coctahedral
site) [A] 48 2% . SCH 73 50iC 8 Hew s Hew s Heoo
Ho s Hoeon Hoo o 7958 —BERTRL 5558 # % 24852
R RE SRS 1 A 48 IR 2 5 A PO A L (va-
cancy) 1 [8] B J& T (interstitial atom) , 3 H1 ik
W 1l Wisio
1.2 #HEAFE

ARTAE W R — F 3 F DFT (density
functional theory) A M\ k& & F 51 ¢ & ¢
CASTEP ( Cambridge sequential total energy
package) . ‘& H IV P 07 2 oK B T O
i AR PR U0 R B S T T R AL SR T
-l A EAE B KRB # i LDA (local density
approximation) B}, GGA ( generalized gradient
approximation) HEAT {8 . A TAE H 1 F 538 Br HH b
1SR O S5 H . 31 5 R PBE (Perdew-
Burke-ErnzerhoD JE 2" (15 GGA I 81 1) #8 4% I
P AHBFGS (Broyden-Fletcher-Goldfard-Shanno)



ji iRk SSUTE B R R Y 5 — Y IR AT 5 21

(a) 2140 I, (b)) — 8 3 iz, (o)

BIEF AR, (D—B A HUL . (o)
A /NER R 483 5 /N ER R B A BT
B 1 AR

LUNEREN AN C RN TF N VA

Fig.1 Computing models
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Table 1 Lattice parameter of tungsten and it’s defects

[ ERUES B a/nm NERLES B a/nm
w 0.318 3 Hi 0.639 0
Heu 0.634 2 H 0.6351
He 0.642 3 Woae 0.6319
Heoer 0.638 5 AW 0.645 0
Hauw 0.631 8
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Table 2 Formation energy

of the single defects in tungsten
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323.2 GPa JEH — 8. MLHE 450 36 2 KA A
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Hee 6.407 8 6.23 6.16 Table 3 Bulk modulus and shear modulus
Heoe 6.424 6 6.48 6.3 of perfect and defect tungsten
Hu 10068 0.92 - —
. LS i [IRYIF ST .
Hieo —2.288 8 —2.47 PN i G/B
B/GPa G/GPa
Hoet —1.98114 —2.07
w 318.168 105. 896 0.333
Woae 3.461 2 3. 36 3.4 3.6
Wi 11. 689 Hegu 272.634 96. 670 0. 355
Hee 254. 846 131. 639 0.517
N ™ Heqe 274.618 119. 536 0.435
2.3 HUEH ‘
N N Hos 280. 616 86. 932 0.310
SHPCPE ORI R SR B R RAEM R B S
s I RN s ., Hie 299. 936 147. 232 0.491
B, SO TR R RS I R L 3 e P A “
» - " N s Ho. 293. 936 139. 268 0.474
AT LIS 3 5 S A 72 Rl ) A SR A B ‘
i Wl ¥ N N W 267.115 119. 833 0. 449
I R SBCHE R 1 A ORE SRR R T Ay B AR AR
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Table 4 Young’s modulus and Poisson’s ratio of perfect and defect tungsten
] 1 KA it/ GPa HER /=4
BB Al 2
E, E, E. PR,, PR,. PR..
w 314. 697 314. 697 314. 697 0.320 0 0.320 0 0.320 0
Hew 363. 494 363. 494 363. 494 0.277 8 0.277 8 0.277 8
Hew 315. 204 315. 204 210. 923 0.117 0 0.505 0 0.3380
Heoo 301. 620 301. 620 314. 839 0.401 0 0.263 8 0.263 8
Haun 340. 825 340. 825 340. 825 0.297 6 0.297 6 0.297 6
Hiet 379. 550 379. 260 390. 500 0.303 2 0.274 4 0.282 5
Hoet 404. 550 404. 550 404. 464 0.280 9 0.2655 0.265 5
Woae 350. 251 350. 251 350. 251 0.281 5 0.281 5 0.2815
Wint 30. 251 30. 251 324.497 0.937 0 0.258 0 0.716 0
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