FEERIN
SPECIAL STEEL

Vol. 34. No. 4
August 2013

Al-Nb 3§ 700 CxE B LA T H GH706 & & H A Fnhi {14 BE IR M

BRE ZXE AWFE R W BRBEE
(FE—EREFER SRR 5T BT, X 300457)

M E RKH GHI06 A4 (/% :0.034C.16. 10Cr.41. 13Ni, 1. 64Ti 2. 93Nb 0. 39A1) Mk B & 4 (/%
0.027C.16. 30Cr,1. 79Ti 2. 05Nb 1. 21 Al) F 200 kg BLZS ALY AR IEE NS K 150 kg ESR 42,1 180 C 16 h 574k
AL FE S BR @15 mm #EHf, H£2980 °C 3 h,4 K/min4 E 820 C 2 ~10 h,Z5%,720 C 16 h pS Pubb s, 45550,
REGETH Al FRMEEE Nb & BMRAE v 4807 8 A% — R BB B T8 n AT e SR
B RAFHRSYE, FEZMPTHRL TS 1 200 MPa (7K VT SRR E AR R IRIE 30% o BRI S S 76 —RER LR
820 C 2 h f,700 CHFLIRAL K 908 MPa, Wi 148 3 ik 54. 8% ,

R#W GCH706 G& Al-Nb 700°C «'#8 wm# Hfirke

Effect of AI-Nb on Structure and Tensile Properties of Alloy
GH706 for Rotor of 700 °C Power Unit

Bai Yaguan, Nie Yihong, Zhu Huaishen, Zhao Shuai and Yin Fuxing
( Materials Research Institute for Energy Equipments, China First Heavy Industries, Tianjin 300457 )

Abstract The test alloy GH706 (/% : 0.034C, 16. 10Cr, 41. 13Ni, 1. 64Ti, 2. 93Nb, 0. 39Al1) and modified alloy
(/% : 0.027C, 16.30Cr, 1. 79Ti, 2.05Nb, 1.21Al) are melted by a 200 kg vacuum induction furnace and remelted to
150 kg ESR ingot, then homogenizing-treated at 1 180 °C for 16 h and forged to ®15 mm rod and heat-treated at 980 C for
3 h, cooling with 4 K/min to 820 °C for 2 ~ 10 h, air cooling, and at 720 C for 16 h, furnace cooling. Results show that
increasing Al content and decreasing Nb content in alloy contribute to precipitates of y' phase in alloy; precipitation of m
phase at grain boundary can be controlled by adjusting the time of secondary heat treatment led to the excellent strength and

plasticity combination of alloy, i. e. as alloy has tensile strength level 1 200 MPa the reduction of area of alloy is near to
30%. As the secondary heat treatment process is at 820 °C for 2 h, the tensile strength of modified alloy at 700 °C is 908

MPa and the reduction of area is up to 54. 8%.
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Table 1 Chemical composition of test GH706 alloy and ; M2/ = ]

o4 C Cr Ni Ti Nb Al 2 REERSIH
GH706(MNI) 0.034 16.10 41.13 1.64 2.93 0.39 2.1 @AmE

EHERI(MN2)  0.027 16.30 41.52 1.79 2.05 1.21
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Fig. 1  Morphology of structure of forged allov; (a) MNI, GH706, 2.93Nb-0.39Al; (b) M(C,N) & mM s >N *ﬁE
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Fig.2  Effect of Nb-Al content and heat treatment process ( secondary solution treatment 820 “C 10 h) on morphology of structure of

tested alloys: (a) (b) (c¢) (d) MNI, 2.93Nb-0. 39Al; (e) ([) (g) (h) MN2, 2.05Nb-1. 21Al; (a) (e) 980 C 3 h solid solution; (b) (f)

980 °C 3 h solid solution, slow cooling; (¢) (g) 980 C 3 h, 4 K/min slow cooling to 820 C 10 h, air cooling; (d) (h) 980 °C 3 h, 4 K/min slow
cooling to 820 °C 10 h, air cooling, 720 °C 16 h, furnace cooling
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Fig.3 Effect of Nh-Al content and heat treatment ( secondary solution treatment 820 C
2 h) on structure of allovs: (a) MN!, 2.93Nb-0.39Al: (b) modified MN2, 2. 05Nh-1. 21Al;

980 °C 3 h, 4 K/min slow cooling to 820 C 2 h, air cooling
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Fig.4 Morphology of amblent tensile fracture of test alloy MN1,

(b) and modified allov MN2,
820 C 2 h- A HT (a) (¢) and 10 h- B HT (1) (d), air cooling
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Table 2 Ambient tensile properties of test alloy GH706

( MN1) and modified alloy { MN2)

YS/ TS/ ElL/ RA/

N — ke
A WA MPa MPa % 3
MNI A(820C 2h) 1017 1235 22.8 35.0

(2.93Nb-0.39A1) B(80C 10h) 970 1221 8.0 13.0
MN2 A(820 C 2 h) 815 1285 20.5 27.0

(2.05Nb-1.21Al) B(820 C 10h) 833 1 321 18.3 27.5

£3 XWASE MNI 71 MN2 700 CH {R%4E
Table 3 Tensile properties of test alloy MN1 and MN2 at
700 °C

YS/ S “L/ A
a4 W 4R TS/ EL/ RA/

MPa MPa Y e
MNI A(820 C 2 h) 673 863 24.3 29.5
(2.93Nb-0.39A1) B(80 °C 10h) 690 728 29.9 26.5
MN2 A(820°C 2 h) 693 880 24.5 45.8

(2.05Nb-1.21A1) B(8&0 C 10 h) 705 720 16.3 24.5
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Fig.5 Morphology of 700 C tensile fracture of test alloy MN1, 2. 93Nb-0. 39Al (a) (b)
and MN2, 2. 05Nb-1. 21 Al (b) (d)
and 10 h (e) (d), air cooling

; 980 U 3 h, 4 K/min slow cooling 10 820 C 2 h (a) (¢)
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