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Effect of hot isostatic pressing process on microstructure and tensile properties of
as-cast Ti-24Al-15Nb-1Mo alloy
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Titanium Alloy Precision Forming Technology, Beijing 100094, China; 3. Baimtec Material Co., Ltd., Beijing 100094, China )

Abstract: To address the internal defects and low room-temperature ductility of cast Ti-24Al-15Nb-1Mo alloy, the effects of hot
isostatic pressing (HIP) process parameters (temperature, pressure, and holding time) on its microstructure and room-temperature
ductility are investigated. An orthogonal experimental design is adopted. The alloy specimens melted and cast in a vacuum
consumable skull furnace are subjected to HIP treatment with different process parameters. X-ray transmission is used to characterize
the closure of porosity. Combined with scanning electron microscopy and X-ray diffraction, the phase constitution and distribution
are analyzed, and room-temperature tensile property tests are carried out. The results show that under HIP treatments with different
process parameters, casting defects including porosity and shrinkage cavities below ¢1-4 mm in the as-cast Ti-24Al-15Nb-1Mo alloy
are completely eliminated. Range analysis indicates that temperature exerts the most significant effect on the room-temperature
ductility of the alloy, followed by pressure, while holding time has the weakest effect. After HIP treatment at 1000 °C under 130 MPa

for 2 h, the room-temperature tensile strength of the alloy increases to 887 MPa, which is 15% higher than that of the as-cast alloy;
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the elongation rises to 2.95%, 4.9 times that of the as-cast alloy. Therefore, HIP markedly improves the room-temperature ductility

of the alloy via defect healing and synergistic microstructure optimization.

Key words: Ti-24Al-15Nb-1Mo alloy; hot isostatic pressing; casting defect; microstructure; room-temperature plasticity
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Table 1 Chemical composition of Ti-24Al-15Nb-1Mo alloy ingot (mass fraction/%)

Al Nb Mo Fe Si C

(6] H N Ti

12.66 26.8 1.90 0.06 0.005

0.0024 0.077

<0.0010 0.006 Bal.

K 100 kg BLAS [ FE H AR BE 7S 98 5 7 DR TR
Ti-24A1-15Nb-1Mo & # , % i $r A 4 BE I 1k 78
Instron 5569R A, F 7 fEi i L k47, MK A 4
B BT 5 B | T IR R L W7 5 T T A
A IRB BRI LG R R N 6.4x10 'S

FL # Ti-Al-Nb = JG #H [& F1 SC ik [26], i)

Ti-24AI-Nb 5411 B AHFE AR RBGE FITE 1100~
1200 °C, 45 & Ti;AlE: & 4 M K R A, 78 GSL-
1600X BV A b g AT S AL SE 5, W28 Ti-24Al-
15Nb-1Mo &4 B A AR IR A 1134 °C,

BF %} Ti-24A1-15Nb-1Mo & 45 45 11 1Y 580 s
TR, FeT aptB WA XA B AHES A8 IR 19 I
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Table 2  Process parameters of orthogonal test
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6 1030 130 2 FE Ab B (9 % IR PR RE R o i T Ti-24A1-
7 1100 130 4 15Nb-1Mo & AR = R IR 2%, 78 TR R
8 1100 140 2 W oy e A Ja e 4, DR A AR B A B A
9 1100 150 3 T XA &= mW S MR, 3R 5 F XA

S i R BE . R 3 RO R B ) 6F Ti-24A1-15Nb-
1Mo & 4 VEEWT 5 KR RS2 I AR B JE A 74080, mT
PIE W, I 7 RO R B[R] A 2% R 43901 R
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BIXTEA | EE R RS A S AL T B 200
g2, K CamScan3100 BIFAHli i F B LEEHL 1,75, 0.24 F10.65, SEMAFREE R E/IMKI N - TR >
AT CE S, SR D/max-r B BUBERE BAML X 5 PRI ] > FRJy, 1885 m 82 2%, R g AR PR s [
AT (Xoray diffraction, XRD) {354 L IWGEF 52 8355 TR L e 7 AR R B 8] () d5e 7K SF

nn

(-2 —

B 1 REMESE T ZRRSESE S X LA (a)1000 C/140 MPa/3 h; (b)1050 °C/140 MPa/4 h; (¢)1100 C/
130 MPa/4 h; (d) 1100 °C/150 MPa/3 h; (1) #SEFEHT; (2) EF S
X-ray images of as-cast alloys before and after different hot isostatic pressing processes  (a) 1000 °C/140 MPa/3 h;
(b) 1050 °C/140 MPa/4 h; (c) 1100 “C/130 MPa/4 h; (d) 1100 °C/150 MPa/3 h; (1) before hot isostatic pressing;
(2) after hot isostatic pressing

Fig. 1
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Table 3 Morphology of casting defects in test bars before and after treatment with different hot isostatic pressing processes

Defect
Number
Before hot isostatic pressing After hot isostatic pressing
1 Widespread porosity Shrinkage cavity closes and porosity eliminates
2 Widespread porosity with ¢1 mm shrinkage cavity Shrinkage cavity closes and porosity eliminates
3 Widespread porosity with ¢1 mm shrinkage cavity Shrinkage cavity closes, porosity eliminates, and surface
depression presents
4 Widespread porosity with 2 mm shrinkage cavity Shrinkage cavity closes and porosity eliminates
5 Widespread porosity with ¢4 mm shrinkage cavity Shrinkage cavity closes, porosity eliminates, and surface
depression presents
6 Widespread porosity with ¢4 mm shrinkage cavity Shrinkage cavity closes and porosity eliminates
7 Widespread porosity with numerous surface shrinkage ~ Shrinkage cavity closes, porosity eliminates, and surface
cavities depression presents
8 Widespread porosity with ¢4 mm shrinkage cavity and  Shrinkage cavity closes and porosity eliminates
numerous surface shrinkage cavities
9 Widespread porosity with numerous surface shrinkage  Shrinkage cavity closes, porosity eliminates, and surface

cavities and ¢4 mm shrinkage cavity depression presents

F4 AFRSFHET 2T Ti-24A1-15Nb-1Mo £ 4 & bk g
Table 4 Room-temperature tensile properties of Ti-24Al-15Nb-1Mo alloy under different hot isostatic pressing processes

Number Tensile strength/MPa Yield strength/MPa Elongation after fracture/%
1 887.25 738.22 2.95
2 879.56 724.08 2.88
3 871.17 746.13 2.04
4 910.27 749.89 1.19
5 899.40 743.27 0.81
6 900.58 745.30 1.44
7 944.78 802.20 0.75
8 947.11 830.87 1.17
9 957.83 840.72 0.69

5 AFETESHOE Ti-24A1-15Nb-1Mo 4 4 W) K RS RARE (9 ZE 007

Table 5 Statistical analysis of the influence of different process parameters on the elongation after fracture of Ti-24Al-15Nb-1Mo alloy

Temperature/ “C Pressure/MPa Time/h Mean of elongation after fracture/% R
1000 130, 140, 150 2,3,4 2.62 1.75
1050 130, 140, 150 2,3,4 1.15

1100 130, 140, 150 2,3,4 0.87

1000, 1050, 1100 130 2,3,4 1.63 0.24
1000, 1050, 1100 140 2,3,4 1.62

1000, 1050, 1100 150 2,3,4 1.39

1000, 1050, 1100 130, 140, 150 2 1.85 0.65
1000, 1050, 1100 130, 140, 150 3 1.59

1000, 1050, 1100 130, 140, 150 4 1.20
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Table 6 Room-temperature tensile properties of as-cast and hot isostatic pressed Ti-24Al-15Nb-1Mo alloys

State Tensile strength/MPa  Yield strength/MPa  Elongation after fracture/%  Elastic modulus/GPa
As-cast 771 — 0.50 108
Hot isostatic pressing 887 738 2.95 111
1000 1000
(a) (b)
800 800 |
e e
s 600 - = 600 -
@ @
o 400} £ 400}
» )
200 | 200 |
0 0

Strain

2 Ti-24A1-15Nb-1Mo &4 % iR B AN F7- A48 it 2%

Fig. 2 Tensile stress-strain curves of Ti-24Al-15Nb-1Mo alloys at room temperature

0 0.01 0.02 003 0.04 0.05

0 0.01 0.02 0.03 0.04 0.05
Strain

(2)%75; (b)1000 °C/130 MPa/2 h W &5:#

(a) as-cast;

(b) hot isostatic pressing under 1000 °C/130 MPa/2 h
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K3 Ti-24A1-15Nb-1Mo 54 2 IR i isURe i L AR
Fig. 3 Fracture morphologies of room-temperature tensile specimens of Ti-24Al-15Nb-1Mo alloys

(a)¥2%; (b)1000 °C/130 MPa/2 h W 45#

(a) as-cast;

(b) hot isostatic pressing under 1000 °C/130 MPa/2 h
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Fig. 4 XRD (a), microstructure morphologies (b) , and backscattered electron images (c) of Ti-24Al-15Nb-1Mo alloys
(1) as-cast; (2) hot isostatic pressing under 1000 °C/130 MPa/2 h
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