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Ti-5331 G &b, AL i nsk 1 Rt it 2 b)#)|
177 M E S A EYIHUSE N 1.2 mm FIEE L 7E 900 C
HASIR K 2 h, TR A S N S RIS R . 7E ATMR-
400A /N FNFELNL AT ARTE 88 10% F125% ¥ .48
T, BINAFEFERIN . K7L T 5 FIFE i fE FB-600 il
B T 500 CHEZASIE K h, IHBR G & 5L 2 5
[ PA I RS AR B, L AR R AR B e — A AR B
ek DNl VAN CE5 ST SR I S TS D =
FIRE S AR 10 mmx 10 mm>0.5 mm (K17 5, 38T 4 AR 4%
HEATHUMA G , FEXTAE ST PR 20 , 1 B R
J1)Z B G TE CBE R PG e 23R T (15751 o

A ELBTY G & & AL S RHIE R F & 3T L7 BB R
fiE, RS AR /NG R PR TRTFT B 28 J5L 5% 2 70 pm HLARTHIDG
TR R KA R R BN @3 mm /MR A
B J5 R FH PR R 00 M 3k AT R A B, FBL AR R D HCLO,:
C,H,OH: CH,0H=6:35:50 (1] 78 & ¥ ¥ , XU i 78 o =R
TR A, R R N IR R I /E 2543 C, B R 4ERFTE
35V, I [E] 7£ 120~150 s, f% J& 7 28 5 FEI Tecnai G2 F20
% B BB AT RO L 40 EE . B 1N Ti-5331 &
GABEAT 0% 10% A1 25% IO A A . K 1a Ti-
5331 A& BMALZ, HAN o A (o) HIE a
H Ca ) F1 B AR LB, ) LI, Hoh 40N oy I A
a BB AGHE BIEEAFLAR F o IR 1D A 1e AT DL
P Ti-5331 & &2 Ja BRI T RS A A B , IF
B s R gE 4G . B T R 3N, A 5 % 5
BTG 2, 28 LAYREE T AT At X 288 A B 1

O TR A MT3-R2 UK BE & T E AMLSE I -
2y BN AR AR AE T 10% 1 25% HIARE 78 5 I8 N HEAT
48 HRBE M 50 keV, #8 R 57 & A 8x10" ions/cm” HY 20 &
THER . W 2 Brox, {1 SRIM (stopping and range
of ions in matter) F£ 5P R4l Ti-5331 & & 2 & T 18

1 Ti-5A1-3V-3Zr-0.7Cr B & F B U FE RS
Table 1 Main chemical composition of Ti-SAI-3V-3Zr-0.7Cr alloy
(wWt%)

Al \% Zr Cr Fe Ti
4.85 2.63 2.9 0.7 0.02 Bal.

HE 7= A s A B B R SR B A A R . K A
N3 ERSY : TR X (B2 ) CR X (L B AlE 3% 2 ) W NIR
X CIEEN B i1 5 45 B8 &5 A6 75 BB R i R
[f 25~425 nm ¥ B 96 BBl 9, 75 285 nm P FE AL ik FE A
FI VAR , 9245 W £E 235 nm.e
FIF I R 23 ) f 56 1% (DBS) X Ti-5331 54
HEURIERRAAR TR TR, R IERTF5HFR
AP A 2y T REVE R S LA ) Y SR KT FE - S & o A
SER A R TR T 2 AN [F) R B R R B S B IR B DA K o A
BEATRSTRERIN . S5 IR T B 2 Na B S AR R, i i
NS IE HL T A B T (0.18~20.18 ke V) , 4 R (1D 5
HE T FF N SRV 4 0.58~1099.72 nm ™
4 % 10*

Z(E)= E'® (D

K, Z(E) BFR/RIEHETAGRE (hm) , E &2 IEH T
IS BER (keV) , p &M B (kg/m®) , Ti-5331 &4
(1% B A 4.453 g/em’s FIH SHI WS HUHHR IF B 1 %
(B 5o AT, o3 AT L R0 SR ELAE A R A R A 4% 1
S . SHN WS HG A E O OB E X (510.2~
511.8 keV) 1 3t = 51 2 [X (504.2~508.4 keV 1 513.6~
517.8 keVO H () 1HE S 2385 ) i Wi 1% (499.5~522.5 ke V)
HR T LA
T [R5 S NG X AT 5 (GIXRDD) PR
A8 HR X HEAT di R 25 3 AT, 25038 XS R NI A
JEE (<50 SRR T 6 25 U FEE 3 ] P 5 RS o 1 i AR 5 4
PP 1S A (CTDSO! R B i o 1% o T B A, B A&
JEF-FEA AL R g B AT, d88 ek A R B SR Y
I 2 R0 PR FEE L 75 380 SUAE 5 A 8 S5 O R Ak
M ERAEIGE DL TR ALK I, 856 A (D THE
B A5 AN (R BRI P AR IO B 0t B IR B
T, Z B ARG R P79,
E=0.00297, (2)

3 FRMITL

3.1 {UENEE FiRR RGN R
B 3 N AN [ B AR & 1) Ti-5331 & 4 48 IR AT )5 1
GIXRD & . ATUAME 3ahFE Y, Ti-5331 & R IB RS

Bl 1 AR RN Ti-5331 A a4 21
Fig.1 Microstructures of Ti-5331 alloy with the deformation of 0% (a), 10% (b), and 25% (c)
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Fig.2 SRIM simulation of damage and helium concentration
distribution in Ti-5331 alloy irradiated by 50 keV helium ions
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(0%-3 dpa) fiT 5 W 7] 72 #1 FEEAR RS L o UM 7E 0 R 2
TR S E KRB, HEUR T3 SR A R R
A, SR R B, A IR e . R, BEE
AT R P BE 0, AH LG T ARG FERE 5, Ti-5331 & & 4R R
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Fig.3 GIXRD patterns of samples with different deformations before and after irradiation (a) and magnification of characteristic peaks

corresponding to crystal planes (101) and (002) (b)

Ji - BRI D v B8 202 4 i 25~ ) o7 B [ o 8 =
EREAM BB R AR TR TSR A%
(He, V) , S 55 AE 9 Bes BF 2 BELAG 205 19 k9] i &R
TREW KA, T B m PR AR, F T AR
10% HIFE 5, A8 T8 25% AF & T 00 55 % B2 10 7= o B
iR - e AR 5 38 0, A7 S 0 A B R B Ak )RR L FWHM
1B B35 R EL AR T 10% 5 5 B8 0B 2
3.2 M REFREBRFAERNEI

Kl 4 /2 Ti-5331 &4 LA A B R IR HT 5 1 S-E
FIAS-E 2% (AS=S 4 = Sy FHE da ] WL, A A5 RS
wn Bl AR T R BE N, TR S SN % T, 5
FYIE H T A A SR R R (1 9 38 R K, TR 25% b
[ S ZHW B T IEAR 10% FRB LR I S S 5. A
AR RRFE S S S EOY R T REIRAE S, TEEAE T
RIS BEFE S B I RUR 75 PR T R AR A
B, P2 A KRS A R G , IF TR S A AL T R I
WEREAE R S S8 T AR MR A RCY. 455K 40

2 E 3 ERAEA 2051 FWHM &
Table2 20 and FWHM values of the corresponding crystal
planes in Fig.3

20/FWHM/(°)

(100) (101) (102) (103)
0%-unirr  35.681/0.216 40.803/0.239 53.625/0.287 71.417/0.394
0%-3 dpa 35.707/0.423 40.918/0.524 53.744/0.549 71.504/0.577
10%-unirr  35.463/0.493 40.630/0.655 53.656/0.571 71.388/0.721
10%-3 dpa 35.392/0.621 40.396/0.882 53.281/0.805 70.837/1.078
25%-unirr  35.321/0.476 40.575/0.642 53.442/0.601 71.466/0.699
25%-3 dpa 35.300/0.540 40.297/0.841 53.016/0.852 70.655/1.131

Sample

AS-E £ 73 BT, 78 2 RE i AT 20 TR I, SR
TN R He, V, B AR, R it b 880 9
R S AF BRI PR U T BLAS SR 79/, &
R AL, D bty N A0S LSRR T A, 3 BUR AL
FEAR I AS ZH BAR T RATEAE . Horp, 22T 25% Ff
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Fig.4 S-E (a) and AS-E (b) curves of Ti-5331 alloy with different deformations irradiated by helium
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Fig.5 S-W curves of Ti-5331 alloy unirradiated (a) and irradiated curves by helium under the deformations of 0% (b), 10% (c), and 25% (d) (A1,
B1, and C1 are the slopes of curves of the unirradiated samples with different deformations in Fig.5a; A1, A2 in Fig.5b, B1, B2 in Fig.5c,

and C1, C2, and C3 in Fig.5d are the slopes of curves of samples with different deformations after helium irradiation)
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Fig.6 Thermal desorption spectra of helium in Ti-5331 alloy with
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Table 3 Temperature and desorption energy corresponding to the

thermal desorption peaks of helium under different

deformations
Deformation/% Peak Temperature/K Energy/eV
0 A 1393 4.039
B1 1059 3.071
10 B2 1128 3.271
B3 1364 3.955
Cl 1092 3.167
25 C2 1192 3.457
C3 1369 3.970
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Zhou Mei'?, Shi Yunmei'?, Wu Zhen'”?, Yu Yao'"?, Wang Qianqian’, Zhu Te*, Wan Mingpan', Cao Xingzhong™’,
Chen Yu™’, Ma Rui'
(1. Guizhou University, Guiyang 550025, China)
(2. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

(3. Institute of High Energy Physics, Henan Province Academy of Sciences, Zhengzhou 450046, China)

Abstract: The interaction between dislocations and helium-induced defects in Ti-5331 alloy with different cold rolling deformations (0%, 10%,

25%), and the retention behavior of helium in the alloy were investigated by positron annihilation spectroscopy (PAS), transmission electron

microscopy (TEM), and grazing incidence X-ray diffraction (GIXRD). The results show that the dislocations generated by deformation in Ti-5331

alloy hinder the diffusion of injected helium atoms into the alloy. Moreover, a large number of vacancy defects generated by irradiation in the

alloy form helium vacancy complexes with helium atoms, which finally evolve into helium bubbles. The irradiation damage of the inner layer of

Ti-5331 alloy after deformation is lower than that of the surface layer. Additionally, the helium desorption amounts of the alloy with deformations

of 0%, 10%, and 25% are 1.576x10", 1.894x10"°, and 2.171x10" ions/cm’, respectively, indicating that the larger the deformation, the more the

helium retention in the alloy.
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