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Fig.1 Calculated results of phase contents of test alloy with

temperature
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Table 1 Heat treatment schedules of test alloy

Schedule  Solid solution treatment Aging treatment
SS1 1080 °Cx4 h—air cooling -
SS2 1120 °Cx4 h—air cooling -
SS3 1150 °Cx4 h—air cooling -
HTI 1080 °Cx4 h—air cooling 900 °Cx10 h—air cooling
HT2 1120 °Cx4 h—air cooling 900 °Cx10 h—air cooling
HT3 1150 °Cx4 h—air cooling 900 °Cx10 h—-air cooling
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Fig.2 As-cast microstructures of test alloy: (a) y/y’ eutectic; (b) y/y
two-phase region in dendrite trunk
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Table 2 Electron probe analysis results of borides (at%)

Ti B Cr Co Mo W Ni

4.07 34.01 27.29 2.96 16.43 5.47 5.39
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Fig.3 Distributions of y/y’ eutectic after solid solution treatment at different temperatures: (a) 1080 °C, (b) 1120 °C, and (c, d) 1150 °C
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Fig.4 Morphologies and distributions of borides before and after solid solution treatment at different temperatures: (a) as-cast state; (b) 1080 °C;
(c) 1120 °C; (d) 1150 °C
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Fig.5 Morphologies and distributions of y" phase in dendrite trunk before and after solid solution at different temperatures: (a) as-cast state;
(b) 1080 °C; (c) 1120 °C; (d) 1150 °C
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Table 3 Volume fraction of precipitates at different solid solution FG BRI L AR (e 3h . (18 VE 04, B b 7 5
(emperatures %) HLALR T 1 T 20N =0 R BRSO B L 407 Ty

Precipitate As-cast 1080 °C 1120 °C 1150 °C JETE N AR /N AR AT DLS RS B A kAR 5 R R A RN
y/y’ eutectic 10.7 10.8 10.7 7'5 E%%mf-ﬁ” 1—\—‘7‘%:‘E:lhjézjj ’ ?% %*j*4§i§[13] o Xﬂ‘ t[: HTl *D HT2

AT ULR B, 03 I AR B S P /N 3 = 20y RS
WK, & B B A s AR MR FE R B, & it
RO FEH I TR Y B 0 BE 3 BUy TR T 3R (Al Ta.

Boride 0.6 0.5 0.6 0

Secondary y’ in dendrite trunk  68.8 66.7 44.4 38.8
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Fig.6 Morphologies of borides under different heat treatment schedules: (a) as-cast; (b) HT1; (c) HT2
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Table 4 Elemental analysis results of boride region under

different heat treatment schedules (wt%)

State Ti B Cr Mo w Co
As-cast 1# 3.1 12.5 22.7 36.0 14.8 4.4
As-cast 2# 33 11.6 21.0 36.8 16.3 3.0
As-cast 3# 32 12.3 224 38.1 16.3 1.6

HT1 2# 2.6 11.3 25.5 36.1 139 2.6
HT1 3# 32 12.1 23.0 35.1 16.7 35
HT2 1# 3.0 9.4 272 37.3 13.0 3.1
HT2 2# 3.0 8.9 26.1 39.0 13.7 3.7
HT2 4# 3.8 6.8 254 43.9 12.2 39
HT2 5# 34 7.1 27.1 41.7 12.3 3.1
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Fig.7 Morphologies and distributions of ' phase in dendrite trunk under different heat treatment schedules: (a) as-cast; (b) HT1; (c) HT2; (d) HT3
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Table 5 Tensile properties at 800 °C of alloys under different heat

treatment schedules

State R/MPa R /MPa A1% ZI%
As-cast 920 772 10.5 17

HTI1 900 771 11.0 17

HT2 929 786 15.0 16
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5, DR SR [ 9 B 28005 & bt o P AT 5 v AR AR AR 43 3
IS G a4,

HT1 &4 & P05 50 2 (900 MPa) BG4 NI& T
2.2%, J& R L (R, ) LA T THT UL 46 26 (2D SE A Rg~F , 7
JE K R AR T 4.8%. 1 HT2 254 4 BB 9 52 T A
BAGERE T 0.98%, JHRGRE R T 1.8%, W5k
RITE T 42.9%  (HWr LG F KT 5.9%. 55— 71,
B3R 5 A1, HT2 54 & P hr om B A i AR o 2 43 0l
HT1#F T 3.2% F1 1.9%, Wi J5 i K 258 & 1 36.4%, 1
W7 J5 AL 4 25 A T AR AR, 1 G o4 e R BT 5 A K 23 309 W 4 B
BNe AU HT2 B MBI ATI A B E, 1X
RHT2 A2 B HT1 &6 & H R ey s i d/Nox
BCT B, A AT FE 3R B, 470N (R RBURL A R0/ AH S T 3
BT AR TR R N D A A 1 M1 B K R R
FHESL PR HT2 A5 5N ST B i %, HIB B i
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Table 6 Durability at 800 °C/580 MPa of alloys under different

heat treatment schedules

State 7/h Al%
As-cast 59.8 5.5
HT1 144.5 10.5
HT2 93.1 7.5
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Effect of Heat Treatment on Microstructure and Mechanical Properties of a High-Boron
Ni-Based Superalloy

Han Shaoli'?, Shang Hang’, Hou Jie’, Liu Tianyu’, Li Shangping’
(1. Institute of High Temperature Materials and Superalloys, Central Iron & Steel Research Institute, Beijing 100081, China)
(2. Gaona Aero Material Co., Ltd, Beijing 100081, China)

Abstract: The effect of heat treatment on the microstructure and mechanical properties of a high-boron Ni;Al-based superalloy was investigated
by scanning electron microscope, tensile test and stress rupture test. The results show that when the solid solution temperature increases from
1080 °C to 1150 °C, the volume fraction of y" phase in dendrite trunk decreases gradually, the morphology changes from blocky to spherical, and
fine tertiary 9’ phases are precipitated inside the y channel. When the temperature rises from 1080 °C to 1120 °C, the skeleton-like primary borides
are partially dissolved, and the granular secondary borides are precipitated. The precipitation tendency of secondary borides is increased with the
increase in temperature, and the borides are completely dissolved when the temperature rises to 1150 °C. After aging at 900 °C for 10 h, the alloy
solid-solution-treated at 1080 °C achieves the ultimate tensile strength of 900 MPa during the tensile test at 800 °C and the stress rupture life of
144.5 h under the condition of 580 MPa/800 °C, exhibiting the best comprehensive mechanical properties. Therefore, the optimal heat treatment
process of the test alloy is 1080 °Cx4 h—-air cooling+900 °Cx10 h—-air cooling.
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