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Fig. 1. The defects distribution simulated by SRIM:
(a) 20 keV; (b) 30 keV; (c) 40 keV.
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Table 1. The parameters of Fig. 2.
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Fig. 2. TEM image of vanadium before and after the irradiation.
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Table 2. The contrast of dislocation loops in different g vectors in theory.

g\b 100 010 001 110 110 101

101 011 011 111 111 111 111

—
_
()

X X X X X X X X

X X X X X X

T BARFRAT; ¢ x 7 FoRTER

066102-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin.

Vol. 65, No. 6 (2016) 066102

B3 WA T AL AT LR B B RN AT I SRR TTHEROR A E; (a), (b) HSRER BRI T
RLHEFE H AL E

Fig. 3. TEM images with different diffraction conditions: the dashed circle for invisible; solid line box for

not sure; solid line circle in (a), (b) pointing loop H.
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Fig. 4. Different diffraction conditions expressed in
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Table 3. The contrast in TEM images.
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Table 4. The burgers vectors and nature of dislocation loops.
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Table 5. Analysis results of dislocation loops.

GEaWIRE ARG AT

2013 2= Are s (BB

155-157

b=1/2(111) b= (110) b = (100) Interstitial loops Vacancy loops
Number 70 6 0 29 0
Sum 76
5] Yao Z, Jenkins M L, Jenkins M L, Kirc M A 2008 Phil.
A
4 éé: 7 Mayg. 88 2881
6] Huang Y N, Wan F R, Jiao Z J 2011 Acta Phys. Sin.
A hys. S
60 036802 (in Chinese) [FAKEK, iR, EEA 2011 ¥
& M2 ‘
1) GRS T A, 7R SR TR A AR SR 60 036502]
h, B R B RN (100) FIAZEE A (7] Wan F R, Zhang Q, Long Y, Yang S W, Zhang G W,
2) ABFHREAigH, MIRKREN1/2(111) Du Y F, Jiao Z J, Ohuki S 2014 J. Nucl. Mater. 455
290 = 2
(AL B B 7 28 KR 73 9 92%, IR &N (110) X o3
. e s " [8] Zhang C X, Lu EY, Jin S X, Zhang P, Li Y H, Cao X
7'3 2 il ﬁ’ 'Jj 8%’ E Iﬁ\‘ lﬁﬁ%ﬂz?’j—: {110}_{112} Z, Wang B'Y 2014 The Twelfth National Conference of
ZIEU Positron Annihilation Spectrum Yantai City, Shandong
) —%%%} FTQ[E%ILEPﬁ/B‘ZE/]'fJ‘%ﬂH b@z Province, 2014.07.09-2014.07.13 pp68-70 (in Chinese)
. . [FFME, 5 0, BT, SIS, R, BHXMAE, TR X
E 5 a] i 2L A A=A A
B 1A A0 D TE) R BT A8 FR, A i R I A= A B 7 2014 54— s o T i
FEHA. 2014.07.09—2014.07.13 %5 68—70 1]
4) S TR 5 0 V-4Cr-4Ti & 4 [ far 9] Yu G, Ma Y, Cai J, Lu D G 2012 Chin. Phys. B 21
B — 036101
BB S Uy N L IR SRS AN R VA AN . . . .
, [10] Jin S X 2013 Ph.D. Dissertation (Wuhan: Wuhan Uni-
MRZ. versity) (in Chinese) [#Hii%*
EBUR)]
[11] Rice P M, Zinkle S J 1998 J. Nucl. Mater. 258—263
L% A s
[12] Nagasaka N, Muroga T, Watanabe H, Yamasaki K, Heo
[1] Ivanov L I, Ivanov V V, Lazorenko V M, Platovet U M, N, Shinozaki K, Narui M 2005 Mater. Trans. 46 498
Tovtin V 11992 J. Nucl. Mater. 191-194 928 [13] Kawanishi H, Ishino S, Kuramoto E 1986 J. Nucl. Mater.
[2] Fukumoto K, Kuroyanagi Y, Kuroiwa H, Narui M, Mat- 141-143 899
sui H 2011 J. Nucl. Mater. 417 295 (14] Kawanishi H, Ishino S 1988 J. Nucl. Mater.
[3] Nishizawa T, Sasaki H, Ohnuki S, Takahashi H, 940
Sshibayama T, Kayano H 1996 J. Nucl. Mater. 239 132 [15] Matsui H 1994 Plas. Fus. Res. 70 807
[4] Yao Z, Herndndez-Mayoral M, Jenkins M L, Kirc M A [16] Leguey T, Pareja R, Hodgson E R 1996 J. Nucl. Mater.

2008 Phil. Mag. 88 2851

066102-6

231 191


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/0022-3115(92)90609-O
http://dx.doi.org/10.1016/j.jnucmat.2010.12.073
http://dx.doi.org/10.1016/S0022-3115(96)00418-7
http://dx.doi.org/10.1080/14786430802380469
http://dx.doi.org/10.1080/14786430802380477
http://dx.doi.org/10.1080/14786430802380477
http://wulixb.iphy.ac.cn//CN/abstract/abstract18146.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract18146.shtml
http://dx.doi.org/10.1016/j.jnucmat.2014.05.048
http://dx.doi.org/10.1016/j.jnucmat.2014.05.048
http://dx.doi.org/10.1088/1674-1056/21/3/036101
http://dx.doi.org/10.1088/1674-1056/21/3/036101
http://dx.doi.org/10.1016/S0022-3115(98)00208-6
http://dx.doi.org/10.1016/S0022-3115(98)00208-6
http://dx.doi.org/10.2320/matertrans.46.498
http://dx.doi.org/10.1016/0022-3115(86)90114-5
http://dx.doi.org/10.1016/0022-3115(86)90114-5
http://dx.doi.org/10.1016/0022-3115(88)90445-X
http://dx.doi.org/10.1016/0022-3115(88)90445-X
http://dx.doi.org/10.1016/0022-3115(96)00373-X
http://dx.doi.org/10.1016/0022-3115(96)00373-X

32 % R  Acta Phys. Sin. Vol. 65, No. 6 (2016) 066102

Characterization of dislocation loops in hydrogen-ion
irradiated vanadium”

Cui Li-Juan  Gao Jin  Du Yu-Feng Zhang Gao-Wei Zhang Lei Long Yi
Yang Shan-Wu  Zhan Qian  Wan Fa-Rong'

(University of Science and Technology, Beijing 100083, China)

( Received 2 November 2015; revised manuscript received 9 December 2015 )

Abstract

Vanadium alloys are considered as the candidate materials for structure application in fusion reactors because of
their low radiation-induced activation, high resistance to radiation damage, high thermal conduction, and low thermal
expansion coefficient. Before these materials, which will be exposed to high-flux hydrogen and helium isotopes, may be
safely used in fusion device much more data based on irradiation damage are required. The study of dislocation loops
in vanadium is designed to indicate the mechanism of void growing under irradiation. The mechanism is that different
types of dislocation loops have different bias which represent their abilities to absorb point defects. It is possible to
explain the irradiation swelling performance in the material with the bias of loops. The thin disks samples used in this
experiment are made of pure vanadium and vanadium alloy (V-4Cr-4Ti) by twin-jet electro-polishing. Electrolyte of
H2S04-CH30H (1 : 6 by volume) at —20 °C is used in a current of 80-120 mA. To get a clear view of dislocation loops,
the SRIM code is used to simulate the implantation of hydrogen ions into vanadium. The ion irradiation is carried
out to a dose of 5 x 10'® H™ /cm?, at an energy of 30 keV. Microstructure observations are performed on a Tecnai G2
F20 (transmission electron microscope, TEM) at an accelerating voltage of 200 kV. The Burger’s vectors and nature of
the dislocation loops formed in pure vanadium by hydrogen implantation are confirmed by TEM. This experiment has
focused on as many as 76 dislocation loops, lots of images are taken under different diffraction conditions from the same
areas of interest. Results show that most of the dislocation loops have a Burger’s vectors of 1/2(111) (> 90%), and a
few of (110). No loops with b = (100) loops can be found in this study. The nature of dislocation loops is determined
by the inside-outside method. The number of the dislocation loops that can make sure of their nature is 29, and all of
them are conformed to be interstitial type, their habit planes are from {110} to {112}. No vacancy type loops are found.
The density and average size of dislocation loops in vanadium and vanadium alloy are also analysed. Compared with the
pure vanadium, the loops in vanadium alloy of V-4Cr-Ti are formed in a smaller size and higher number density. As a
future work the difference of the loops nature between pure vanadium and vanadium-based alloys should be investigated

to illustrate their behaviour of irradiation swelling.

Keywords: vanadium, transmission electron microscopy, dislocation loops, hydrogen

PACS: 61.72.Ff, 68.37.Lp DOI: 10.7498/aps.65.066102
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