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Al \% Ru Ni o} C N H Ti
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Fig.1 Initial microstructure of titanium alloy forged rod
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Table 2 Hot rolling process of experimental titanium alloys

Rolling  Holding Plate nd ;
; . 2™ Plate Deformation
temp?rature/ “”.‘9/ thickness/ thickness/mm  amount/%
C min mm
1000 60 60~20 20~8 86
940 60 86
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Fig.2 Morphologies of the Ti alloy plates after hot rolling at 940 “C (a) and 1000 C (b)
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Fig.3 Longitudinal (a, c) and transverse (b, d) microstructures of Ti-6Al-4V-0.5Ni-0.05Ru alloy plates after hot rolling at 940 'C (a, b) and
1000 C (c, d)
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Fig.4 Microstructures of the alloys after hot rolling at 940 “C and annealing at 750 °C (a, b), 850 ‘C (c, d), and 900 C (e, f) on longitudinal (a, c, €)

and transverse (b, d, f) sides
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Fig.5 Microstructures of the alloys after hot rolling at 940 ‘C and double annealing: (a) longitudinal and (b) transverse
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Fig.6 TEM images of the alloys after 940 “C hot rolling (a) and double annealing treatment (b)
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Fig.7 Orientation imaging maps of the alloy after hot rolling at 2000 ‘C (a) and annealing at 750 “C (b), 850 C (c), 900 C (d) and double

annealing (e)
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Fig.8 Grain size area fraction of the alloy after hot rolling at 1000 ‘C (a) and annealing at 750 ‘C (b), 850 C (c), 900 ‘C (d) and double

annealing (e)
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Fig.9 Tensile properties of the alloy after hot rolling at 940 ‘C and different annealing treatments: (a) YS, (b) UTS, (c) EL, and (d) RA
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Fig.10 Impact properties of the alloy after hot rolling at 940 C and different annealing treatments: (a) impact energy and (b) impact
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Fig.11 Tensile properties of the alloy after hot rolling at 1000 ‘C and different annealing treatments: (a) YS, (b) UTS, (c) EL, and (d) RA
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Effect of Heat Treatment on Microstructure and Properties of Ti-6AI-4V-0.5Ni-0.05Ru
Titanium Alloy Used in Oil and Gas Exploration

Liu Qiang®, Zhao Mifeng?, Zhu Guochuan®, Li Ning?, Xie Junfeng?, Wang Pengbo®,
Yu Yang®, Song Shengyin®, Yin Chengxian®
(1. State Key Laboratory for Performance and Structural Safety of Petroleum Tubular Goods and Equipment Materials,
CNPC Tubular Goods Research Institute, Xi’an 710077, China)
(2. Tarim Oil field Company of CNPC, Petroleum Engineering Institute, Kuerle 841000, China)
(3. State Key Laboratory for Fabrication & Processing of Nonferrous Metals, GRINM Group Co., Ltd, Beijing 100088, China)

Abstract: The new Ti-6Al-4V-0.5Ni-0.05Ru titanium alloy was designed for oil country tubular goods (OCTG) in the rigorous oil & gas
exploration environment of China. However, the hot working technology and heat treatment of this new titanium alloy are unclear. The
effect of hot rolling process and heat treatment on microstructure and tensile properties of Ti-6Al-4V-0.5Ni-0.05Ru titanium alloy were
investigated by optical microscopy, mechanical performance test, electron backscatter diffraction (EBSD) analysis and transmission
electron microscope (TEM) observation. The results show that the hot rolled plate has good deformation ability after 80% deformation
rolled in a+p two-phase zone (940 °C) and S phase zone (1000 °C), and no macroscopic cracks are observed. After hot rolling in a+4 phase
zone, the single annealing treatment homogenizes the microstructure to a certain extent, but the grain size is still large, and the longitudinal
and transverse microstructure of the rolled plate is still quite different. After hot rolling in the g phase zone, the microstructure is smaller
and more uniform than that rolled in a+p two-phase zone (940 °C), and the morphology of the longitudinal and transverse microstructure is
basically the same. Under different hot rolling temperatures, the smaller and more uniform microstructure will be obtained using double
annealing treatment. With the increase of single annealing temperature, the tensile strength of hot rolled plate decreases, and the impact
energy and impale toughness increases. When using double annealing treatment, the strength can be improved but the toughness of the
plate is reduced. In the same heat treatment process, a good match of strength and toughness can be obtained by increasing the hot rolling
temperature to 1000 °C and single annealing at 850 °C.

Key words: new Ti-6Al-4V-0.5Ni-0.05Ru titanium alloy; oil country tubular goods; hot rolling; heat treatment; microstructure; high

strength and high toughness
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