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Table 1 Chemical composition (w/%) and f-transus
temperature (7j) of Ti-Al-V-Zr-Cr

Alloy Ty/C Al V. Zr Cr Fe 0] Ti
Tl 934 5.07 2.96 2.95 0.02 0.091 Bal.
T2 925 5.13 3.03 2.87 0.76 0.02 0.087 Bal.
T3 913 497 3.11 2.83 1.52 0.02 0.071 Bal
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Fig.1 Microstructures of the bar with different Cr contents: (a) T1 alloy, (b) T2 alloy, and (c) T3 alloy
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Table 2 Chemical composition of the three alloys at various
points (®/%)

Alloy Position Al \ Zr Cr Ti
Matrix 496 284  2.59 - Bal.
T1 Equiaxial  4.61 1.40 1.63 - Bal.

Acicular 3.52 3.79  2.22 - Bal.

Matrix 5.41 2.59 298 0.74 Bal.

T2 Equiaxial ~ 5.22 0.45 2.49 0.14 Bal.
Acicular 3.31 4.29 3.62 1.63 Bal.

Matrix 498 271 2.78 1.58 Bal.

T3 Equiaxial 528  0.80  2.52 0.51 Bal.
Acicular 3.63 3.39 3.57 1.84 Bal.
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Fig.2 XRD patterns of the Ti-Al-V-Zr-Cr alloys with different

Cr contents
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Fig.3 TEM image of the T3 alloy under 900 ‘C/1 h AC
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Fig.4 Tensile properties of the Ti-Al-V-Zr-Cr alloys with different
Cr contents heat treated under 900 C/1 h AC
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Fig.5 Yield strength/ultimate tensile strength, KV, values and
three kinds of deforming energy of the three new alloy

bars heat treated under 900 ‘C/1 h AC
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Fig.6 Cross-section microstructures of the tensile specimens under 900 ‘C/1 h AC: (a) T1 alloy, (b) T2 alloy, and (c) T3 alloy

Bl 7 2900 C/1 h AC B AL A5 G2 (¥ b o 7 VRS RE IR SEM i
Fig.7 Fracture surface (a~c) and cross-section (d~f) microstructures of impact specimens under 900 ‘C/1 h AC for T1 alloy (a, d),

T2 alloy (b, e) and T3 alloy (c, f)



% 8 Y] B WA Cr FEXEHNEE o Sha S EUS PERER I

- 2645 +

T, XLl s ) 8. 1T o ha &
o, SRR SV IR o BERRL RN, R A 4
PP e R G R AR, PR R G
JEEN, PRI EIERARE . AR o A T4
/N R EREYT R R F R BELV A e A AN G, AN A
T PR . AR, Cr on RTINS T o AH
VA B, FRAC T & @i B REUURE, [N/ T
I o SR RT o HIE 2 () Cr JC RN BUR Kd 78
hEeRd o MR Z, HBRE Fah, AT
RO . XM T3 5&MNT T a5, &
SRAE ok T 1 2T 2 OG0y e S i, (HR AE A
PRI B, BT B s A

3 & it

1) CrJGZ MM AT LA B 404k Ti-AL-V-Zr R &4
M dhRn, (2 T A& SHLhIRAEERIR o AT, H
0.76%Cr A LB B AL HE R SR o BV, Ze E 5

2) EAFEAR Ti-Al-V-Zr REEHMERITEN R, Cr
TG VNN S 2 B v T G W R e R i iR 8, 3L
1 0.76%Cr £ xR I 1 B A

3) Cr L& A AT LU 2538 i & S e b M e
HrP AR InE 0.76%Cr 11 T2 &btk e, X
HWRE a b vV L EE ST L,

4) 0.76%Cr [f] T2 £ 4 Ll Ho A &5 £ 20 45 0] S5, 2
/N, e, HRs BN, WREEK. Croos
A 2 38 p HARNL PR o BESG N, MR
LN Z, ey, G N

S 0k

[1] Zhao Yongqing(BX 7K [K). Materials China(" [E 44 FL1E JE)[1],
2014, 33(7): 398

[2] Zhu Zhishou(k %1% ), Wang Xinnan(E ¥ 74), Shang Guo-

References

qiang(7 E 58) et al. Journal of Aeronautical Materials(Fi 7
ELEHR)(I], 2016, 36(3): 7

[3] Chang Hui(#; #), Wang Xiangdong(-F 7] 4), Zhou Lian(J&
). Materials China(*1'[H #1812 Ji#)[J], 2014, 33(9-10): 603

[4] Davis J W, Ulrickson M A, Causey R A. Journal of Nuclear
Materials[J], 1994, 212-215: 813

[5] Marmy P, Leguey T, Belianov I et al. Journal of Nuclear
Materials[J], 2000, 283-287: 602

[6] Davis J W, Wille G W, Heitzenroeder P. Journal of Nuclear
Materials[J], 1996, 233-237: 592

[7] Marmy P, Leguey T. Journal of Nuclear Materials[J], 2001,
296(1-3): 155
[8] Rodchenkov B S, Kozlov A 'V, Kuznetsov Y G et al. Journal of
Nuclear Materials[J], 2007, 367-370: 1312
[9] Belous V A, Borodin O V, Bryk V V et al. Functional
Materials[J], 2013, 20(3): 351
[10] Gorynin IV, Ushkov S S, Mikhaylov V 1. Proceedings of the
11th World Conference on Titanium[C]. Kyoto: The Japan
Institute of Metals, 2007: 1617
[11] Han Zhiyu(# & 5%), Xu Wei(f& §), Liang Shujin(£1545)
et al. Titanium Industry Progress(ik Tk 3k i)[J], 2015,
32(3): 7
[12] Marmy P, Leguey T, Belianov 1 et al. Foreign Nuclear
Power[J], 2008, 29(4): 56
[13] Zhang Zhu(7k %), Wang Qunjiao( £ H#EHF), Mo Wei(¥£ 2).
Titanium Metallography and Heat Treatment(¥K 1) 4 J& = Fl
AL FE)[M]. Beijing: Metallurgical Industry Press, 2009: 21
[14] Sobol' O V, Andreev A A, Gorban' V F et al. Technical
Physics Letters[J], 2012, 38(7): 616
[15] Zhang Baochang(7k  &). Nonferrous Metal and Heatreat-
ment( 4 8 4 J& K& L # A #1)[M]. Xi’an: Northwestern
Polytechnical University Press, 2007: 94
[16] Zhang Haoyin(5Kk 5£J&l), Zhu Yaomin(fi % [X}), Wang Wenyan
((E3C#%) et al. Materials Science and Engineering of Powder
Metallurgy(Fr KA &M R} 22 5 T R[], 2015, 20(3): 383
[17] Wu Huan(%& *X), Zhao Yongqing(®X 7K JX), Ge Peng(%5 i)
et al. Rare Metal Materials and Engineering(%if 4= J& ¥ K}
5T R[], 2012, 41(5): 805
[18] Ma Xiqun(WK P4 #f), Sun Qiaoyan(#hF5#), Cao Weichan(H
f57) et al. Materials China(H [E# 812 &£)[7], 2006, 25(5):
18
[19] Semenova I P, Polyakov A V, Polyakova V V. Materials
Science and Engineering A[J], 2017, 696: 166
[20] Chen Haisheng(%if§/E), Luo Jinhua(% #i%¢), Wang Wen-
sheng(F3CH%) et al. Rare Metal Materials and Engineering
i3 & B RS TFE)[I], 2016, 45 (11): 2948
[21] Xu Wujiao(#& X #F), Tan Yuquan(i§ £ 4%), Gong Lihua(Z%F|
18 et al. Rare Metal Materials and Engineering(%i 5 4= J& #4
B TAD)[I], 2016, 45(11): 2932
[22] Wang Chunyu(EFF), Xi Wenjun(Jif L H). Rare Metal
Materials and Engineering(Fif3 4 )& M KE-5 LFE)[J], 2012,
41(4): 663



* 2646 * Mty JE RS T 548 5

Effect of Cr Content on the Microstructure and Mechanical Properties
of Near-a Titanium Alloy for Pressure Vessel of Nuclear Reactor

Zhao Bin'?, Zhao Yongging'?, Luo Yuanyuan®, Hou Zhimin'?, Zhang Jingli®, Wu Jinping’, Zhang Pingxiang'?
(1. Northwestern Polytechnical University, Xi’an 710072, China)

(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The effects of Cr content on the microstructures, phases, tensile properties and impact properties of the Ti-Al-V-Zr alloys with
addition of 0.76%~1.52% Cr were investigated for nucleus applications. Microstructural analyses were carried out using scanning
microscopy, X-ray diffraction and quantitative microprobe analysis. The addition of Cr refines the microstructure of the modified alloys,
and promotes the formation of the acicular a grains. XRD results show that the total amount of S phase increases with the increase of Cr
content. The addition of Cr improves the strength significantly but not improves the plasticity of the modified alloys. T2 alloy has much
higher value of the impact toughness and energy among all the studied alloys. The experimental results indicate that the fracture in
Ti-Al-V-Zr alloys is influenced by Cr addition considering the influence of the number and the shape of the second a phase. They have the
great potential to become new candidates for nucleus applications.

Key words: near-o titanium alloy; microstructure; impact toughness; tensile properties; nuclear reactor
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