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Abstract: Because of excellent comprehensive properties, titanium alloys draw wide attentions from researchers and us-
ers. The key research direction is the relationship among composition, processing, microstructure and properties. The de-
sign of composition and the relationship among processing, microstructure and property were qualitativly analyzed in the
past, and good results were achieved. In recent years, the quantitative relationships among composition, processing, mi-
crostructure and properties were studied, and some results were achieved. This paper interviews the development of quan-
titative design of composition for high strength titanium alloy and the research of quantitative relationship among process-
ing, microstructure and property, mainly including the quantitative design method of composition for high strength titanium
alloy, quantitative characterization for microstructure, quantitative relationship between microstructure and properties and
quantitative relationship between processing and properties, and the quantitative relationships, were tested and verified.
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Table 1

Qualitative comparison for properties of typical microstructures in titanium alloys

Structure type  Strength at RT

Plasticity at RT  Attack toughness Fracture toughness

Fatigue limit  Duration strength Creep resistance

Widmann-statten Higher Lower Lower
Basket-weave High Low Middle
Bi-modal Low High Middle
Equiaxed Low Higher Higher

Higher Lower Higher Higher
High Middle High High
Low Middle Low Low

Lower Higher Lower Lower

Note: RT means room temperature
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Table 2 Theory computative values and testing values of tensile

strength at RT and elongation for Ti-10Cr alloy

Testing values Theory computative values

State R,/MPa A/% State R, /MPa A/%

700 C/1 h+WQ 1040 15.5 Solution from 1047 14.6
730 C/1 h+WQ 1150 9.5  @¥Bphase 5,4y 3

zone followed
760 C/1 h+WQ 1130 7.5 by quenching 1154 11.8

1000 15.0 Solution from g
phase zone followed 1 002 17.2
980 17.0 by quenching

900 C/1 h +WQ
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Table 3 Result of quantitative design of composition for two high
strength titanium alloy

Target value Computative value

Alloy
R,,/MPa A/ % R, /MPa A/ %
Ti-1600 1 650 8 1 639 7.7
Ti-1500 1550 8 1567 7.9

BEXS e BB AR R BRI AL A Y
Jrdk, RATO Gifgdisk, Al-Mo, Al-V. Al-Sn % i) £
B RETRESR Zr, Ai# Cr, Fe %, R AFE
R U, 7381 25 kg $55E . P BETT IR HRIE K
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MR A PERE, NS R INK 4 Pron. FTUEH, &
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1L 93% o L R T BB A B 1 23 E BT 2
uILibje
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Table 4 Mechanical properties of two high strength titanium al-

loys designed by quantitative method

R,./MPa A/ %
Alloy
Target value Testing value Target value Testing value
Ti-16001¢ 1 650 1 650 8 8.3
Ti-150017 1550 1580 8 8.5
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for titanium alloy
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Fig. 2 Schematic diagram of manual split for binary image
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Fig. 3 Schematic diagram of measurement of colony « lamellae thickness
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Fig. 7 Measurement of grain size: (a) original image, (b) grain boundary split, and(c) measurement of intercepted line
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