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Fig.1 SEM images of specimens obtained via deformation and
different annealing treatments:

(a)as-deformed,(b)940°C,(c)970°C,(d)1020°C
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Fig.2 Effect of annealing temperature on the tensile properties
and impact energy of Ti6321 alloy pipes
(a) tensile properties  (b) impact energy
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Fig.3 Microscopic morphology of as-rolled Ti6321 alloy
seamless pipe: (a-b) TEM (c¢) IPF & (d) KAM &
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Fig.4 TEM microscopic morphology of Ti6321 alloy seamless
pipe annealed at 940°C: (a,b) bright image of o lamellar
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Fig.5 TEM microscopic morphology of Ti6321 alloy seamless
pipe annealed at 970°C: (a,b) bright image of o lamellar
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Fig.6 TEM micro morphology of Ti6321 alloy seamless pipe
annealed at 1020°C: (a,b) bright image of a lamellar
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Fig. 7 Fracture morphology of tensile specimen of Ti6321 alloy pipe
after annealing:
(a-a" )as-deformed,(b-b")940°C,(c-¢")970°C,(d-d")1020°C
MAOUIT TS5 B R g, SRAT 940 A1 970°CIR K
Jahr R W DR LR A T, R — e &
W& 2, R R BRI 2B IENERE. B BKJA

T H T T PP AR R AR P AT B AR, B R T
AR, 2B TR ARESHT, H & kR
ZURFAIE, FORLEPENE RERUIR.

3 HFig

(L) BB F L+ REL T 23R\ R 04 Tie321
HETAEEM, LIS HR 3 2R A A LML,
940°CiE K J5 13 2| & 440 2, 970°CIB K G 15 BIXNGEH L,
1020°CiB K Ja 13 3B R A2,

(2) B IR KR EE T, BRI 2 J e IR e o
PUbi o BE BT RS, EM I EBYEEAMAR R LT
AR, TEAAL DL R SRR T e 2 5 Tt
G PR E

(3) KH4E Ti6321 &4 L5 EMIE B IR K IR AE
J9970°C, UL EAMEI P D, FIMEN 62); HE
A JE MR R FE BB g AR G AR S8 4E 2 0 A
786MPa. 878MPa #ll 16.25%.

4 BSELHEK

[1] Lutjering G, Williams J C. Titanium[M]. Heidelberg: Springer,
2003.

[2] Chang Hui(# #%), Liao Zhigian(Z &), Wang Xiandong(E [F] 7R)
et al. Marine Engineering Titanium Material (%% Li24k 4@ 6
#1)[M]. Beijing: Chemical Industry Press, 2017.

[3] Zhao Yongqing(X7k FK). Materials China ([ #4443k )],
2014, 33(7): 398-404.

[4] Xiong Hancheng( fiE ¥ 3% ), Huang Haiguang( % #F)"), Li
Zhimin(Z=580) et al. Heat Treatment of Metals(4x J& # b)) [J],
2019, 44(12): 107-111.

[5] Schutz R W, Watkins H B. Mater Sci Eng A[J], 1998, 243: 305.

[6] Gao Wenping(&3C°F), Lv Xianghong( & #£3 ), Xie Junfeng(it
{R21U%) et al. Rare Metal Materials and Engineering(Fi4H 4 J&#1 %}
5TF#)[J], 2018, 47(1): 151.

[7] Liu Qiang(X|5#), Bai Qiang([5%), Tian Feng(H %) et al. Rare
Metal Materials and Engineering(#:i 5 4 J& 44 #l 5 TF£)[J], 2020,
49(1): 177-184.

[8] Wang He(E A1), He Fengmin({f X&), HuShunzhong(#A)ii L) et
al. Steel Pipe(4%)[J], 2019, 48(4): 25-30.

[9] Yang Qi(#%F), Hui Songxiao(Z#A%%), Ye Wendun(iH3CE) et al.
Rare Metal Materials and Engineering(## 4@ #1 kL 5 TAH[J],
2023, 52(3): 899-910.

[10] Seshacharyulu T, Medeiros S C, Frazier W G. Mater Sci Eng
A[J], 2000, 284: 184.

[11] Qu Y D, Wang M M, Lei L M et al. Mater Sci Eng A[J], 2012,
555: 99.



[12] Zhou D D, Zeng W D, Xu J W et al. Materials
Characterization[J], 2019, 151: 103.

[13] Yang Yingli(#%</H), Su Hangbiao(Z5#i#%), Guo Dizi(353k
F) et al. The Chinese Journal of Nonferrous Metals( ' [E
.45 J& #4R)[J], 2010, 20: 1002.

[14] Ning Zixuan( 7 T #F), Wang Lin( £ #f), Cheng
Xingwang(F£3%HE) et al. Acta Armamentarii(&% T.243R)[J],
2021, 42(4): 862.

[15] Li Yanxing(Z5™ ), Zhou Zhe(J& %), Wang Lin(EHk) et al.
Rare Metal Materials and Engineering(¥# 4xJ&#4 5 THH[J],
2023, 52(3): 953-958.

[16] Wang Q, Ren J Q, Wu Y K et al. Journal of Alloys and
Compounds[J], 2019, 789: 249.

[17] Xu Lingyu(iF¥ £),Wang Yang(F #£),Jiang Peng(Efi)et al.
Titanium Industry Progress(£k Tl J&)[J], 2020, 37(06): 12-16.

[18] Chen Haisheng( % ¥ 4= ), Luo Jinhua( ¥ %% %), Wang

Wenshegn( & 3C %% ) et al. Rare Metal Materials and
Engineering(# 4 @4k 5 TF2)[J], 2016, 45(11): 2948-2952.

[19] Wu Xiaofei(2 1% &), Duan Menggiang(E:# %), Wu Yukun(%
5231) et al. Developmet and Application Materials(#1 £ % 5
B2 FH)[3], 2020, 35(04): 11-13.

[20] Yang Shegli(Bft:Al), Sun Erju(#h —2%), Liu Xianggian(X![a]
T )et al. Rare Metal Materials and Engineering(¥i /G 4 /& # Kl 5
TA)[J], 2020, 49(03):1002-1008.

[21] Li Shikai(Z=1:3l), Xiong Baiging(f&H17), Hui songxiao(ZE
I%)et al. Ansactions of Materials and Heat Treatment(#7#} #u4b
FH2£3R)[J], 2008, 29(6): 82-85.






Effect of annealing on microstructure and mechanical properties of large diameter
Ti6321 titanium alloy seamless tube
Li Chong ™2, Shi Hongjie®, Sun Erju™?, Xu Yali'?, Xu Lingyu*?, Chen Chunyang®,Sun Xiaoyi*, Song Dejun*?
(1. Luoyang Ship Material Research Institute, Luoyang 471023,China))

(2.National and local joint engineering research center of advanced titanium and titanium alloy materials technology, Luoyang 471023, China)
Abstract: Large diameter Ti6321 alloy seamless tube with ¢450*20mm was prepared using forging billet by cross piercing and hot rolling process,
and the effect of annealing temperature on the microstructure and mechanical properties of seamless tube were investigated. The results show that
the as-rolled tube microstructure is mainly composed of a phase and transformation P, equiaxial structure is obtained after annealing at 940°C,
duplex structure is obtained after annealing at 970°C, widmanstatten structure obtained after annealing at 1020°C; With the annealing temperature
increasing, the room temperature yield strength and tensile strength of the pipe will gradually decrease. The plasticity of the pipe will not change
much below the transformation point, but will decrease sharply above the transformation point; the impact toughness first increased and then
decreased. According to comprehensive analysis, the suitable annealing temperature for the prepared large-diameter Ti6321 alloy seamless pipe is
about 970°C. The average yield strength, tensile strength, elongation and impact energy are 786MPa, 878MPa, 16.25% and 62J, respectively.

Key words: current method Ti6321 titanium alloy; large diameter seamless tube; annealing; microstructure; mechanical properties
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