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Effects of Hot Isostatic Pressing Temperature and Holding Time on the
Microstructure and Tensile Properties of Powder TA15 Alloy
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(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: TA1S titanium alloy is the key material of large aviation structural parts. Hot isostatic pressing (HIP) technology
is effective for realizing near net shape formation of high-performance powder titanium alloys. However, the coarsening of
the microstructure during the HIP process often leads to an imbalance between strength and plasticity. The purpose of this
study is to explore the influence of HIP process parameters on the microstructure evolution and tensile properties of powder
TA1S5 alloys to provide theoretical support for the optimization of the process window. To address the issues of
microstructure coarsening and performance imbalance during hot isostatic pressing (HIP) of powder metallurgy TAI1S
alloys. The effects of temperature (890~980 ‘C) and holding time (2~6 h) on the microstructure and tensile properties of the
samples were systematically investigated. The results indicate that all the samples achieve full densification, whereas the
microstructure evolution is governed primarily by the HIP temperature. Distinct prior particle boundaries (prior particle
boundaries, PPBs) are present at a low temperature (890 C), forming a fine basket-weave « microstructure, which
corresponds to a relatively high yield strength (966 MPa). As the temperature increases, the PPBs gradually disappear,
whereas the a laths and their colony structures coarsen significantly, leading to a continuous decrease in strength. When the
temperature approaches the B-transus (980 °C ), the B phase fraction increases, leading to further weakening of the
mechanical properties. In contrast, the holding time affects mainly the degree of microstructure coarsening but affects the
mechanical properties. Comprehensive analysis reveals that optimal strength-ductility synergy can be achieved under the
conditions of 920 C-120 MPa-4 h.
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Tab.1 Chemical composition of the TA15 pre-alloyed powder
(mass fraction/%)
Sample Al v Mo Zr Si Fe C N H (6] Ti
Determined value 6.40 2.21 1.48 2.06 0.010 0.029 0.003 6 0.020 <<0.001 0 0.10 Bal.
1 TA15 :(a) ;(b)
Fig.1 Microstructure of TA15 pre-alloyed powder: (a) low magnification; (b) high magnification
PUS (optical microscope, OM)
2 TA15
Tab.2 Particle size distribution of the TA15 alloy powder TAIS °
(volume fraction/%) GB/T 228.2-2015  GB/T 22315-2008 ,
Particle size/pm ~ >180 150~180 106~150 45~106 <45 3
Determined value  0.000 0.350 7.405 92235  0.010
2, 70 MPa , TA15
(120 MPa) 3
’ ’ T(1 002 C) o
15 ‘C/min, 1.2 MPa/min, OLYM- T,
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Fig.2 Temperature-pressure curve during hot isostatic pressing Fig.3 Dimensions of the tensile specimen
TA1S o , , 120 MPa ,
T, 4 (890,920,950 ° , 890 C
980 C), 2.4.6h, QIH-32 (prior particle
, 890~980 C | 120 MPa boundaries, PPBs)(  4a),
2~6 h TA15 , ,
,890 C
2
a b b

2.1 TA1S5 o

4 TAI1S (T'=890 C, o ,PPBs «
T7,=920 C ,T=950 'C ,7,=980 ‘C).120 MPa 4h s o HIP

o , 890~ 920 'C , ,
980 C , HIP TA15 , o , o
4 :(a) 890 C-120 MPa-4 h; (b) 920 "C-120 MPa-4 h; (c) 950 C-120 MPa-4 h;

(d) 980 “C-120 MPa-4 h
Fig.4 Microstructure at different hot isostatic pressing temperatures: (a) 890 ‘C-120 MPa-4 h; (b) 920 ‘C-120 MPa-4 h;
(c) 950 ‘C-120 MPa-4 h; (d) 980 ‘C-120 MPa-4 h
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Fig.5 Metallographic microstructures at different holding times: (a) 920 ‘C-120 MPa-2 h; (b) 920 C-120 MPa-6 h
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Fig.6 Statistical diagram of the o phase content under different a+B ’ Ty a—P
hot isostatic pressing processes , B
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Fig.7 Inverse pole figure (IPF) maps at different hot isostatic pressing temperatures: (a) 890 ‘C-120 MPa-2 h; (b) 980 ‘C-120 MPa-2 h
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3 TA15
Tab.3 Mechanical properties of powder TA1S5 alloy under different hot isostatic pressing processes
HIP processes Room temperature 500 C
Yield strength/MPa Elongation/% Yield strength/MPa Elongation/%
890 ‘C/120 MPa/2 h 966 13.5 544 17.0
890 ‘C/120 MPa/4 h 944 17.7 548 21.7
890 ‘C/120 MPa/6 h 939 14.8 556 23.0
920 C/120 MPa/2 h 935 17.0 525 16.5
920 ‘C/120 MPa/4 h 930 16.5 544 21.2
920 ‘C/120 MPa/6 h 904 16.3 515 23.5
950 C/120 MPa/2 h 925 18.8 523 23.8
950 C/120 MPa/4 h 894 17.5 510 23.5
950 ‘C/120 MPa/6 h 889 17.5 505 23.8
980 C/120 MPa/2 h 863 15.3 484 21.0
980 ‘C/120 MPa/4 h 884 17.5 487 24.7
980 ‘C/120 MPa/6 h 887 17.8 487 25.5
8 :(a) ;(b)

Fig.8 Contour plots of room-temperature tensile properties: (a) yield strength; (b) elongation after fracture

9 , 500 C , - o 2h
TA1S , HIP ) ;

9 500 C :(a) :(b)
Fig. 9 Contour plots of tensile properties at 500 ‘C: (a) yield strength; (b) elongation after fracture
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