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Estimation of the effect of hafnium on equilibrium phases in FGH97 PM superal-
loy
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ABSTRACT The stable phases and composition of FGH97 powder metallurgy ( P/M) superalloy with different contents of hafnium
were calculated by JMatPro software. The effects of hafnium content on the equilibrium phases and composition were studied. Mean—
while the stable phases were analyzed and checked by physical and chemical phase analyses and microstructure observations. Then
the behaviors of phase precipitation and the character of hafnium partition in different phases were revealed and the effects of hafnium
on FGH97 P/M superalloy were summarized. It is shown that the stable phases at 750 “C include y matrix " phase MC carbide M,,
Cgcarbide M;B,boride and p phase. Hafnium mainly exists in vy~ phase and MC carbide and increasing the hafnium content causes
the different distribution of hafnium between y* phase and MC carbide.
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Fig.1 Graphs of equilibrium phases at different temperatures calculated in FGH97 superalloy: ( a) global graph; ( b) amplified graph for a local part
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Table 1 Temperature ranges for the existence of different phases and temperature values for the maximum precipitation of phases in the superalloy

L ¥ MC MB, M, B, v M, C b MuC o NigM
/°C 1351 ~1281 1351~ 1322~649 1286~1199 1200~ 1200~ 975~906 972~ 907~ 644~ 469 ~
/G — 1281 975 1203 — — 925 — — — —
2 750°C ( ) ( 2(a));
Table 2 Phases and their contents at 750 °C % 2( b) MC M23 C6
v 4 MC MyCq MiB,  u MB,+p M M,B,
31.86 60.68 0.12 0.63 0.15 6.56 6.7 o
34.19 64.21 0.21 0.16  — — 1.23 ( 3) v Ni.Co Cr v~
Ni.Al.Co.Ti Nb MC C.Hf.Nb
750 °C 5000 h Zr M,,C, Cr.Mo.Co Ni M;B,
FGH97 v~y ~MC.M,, Cy~ Mo Cr p Co-Mo.Cr.Ni W.

M,B, n M,B, v v ( 2). v v Co.Cr
: v v Mo v NivAL.Ti-Nb- Hf  Zr



* 980 - 33
v Y Y 4
2 FGH97
Fig.2 Microstructures of FGH97 alloy: (a) v~ phase; (b) other phases
3 750C ( )
Table 3 Composition of different phases at 750 °C %
Ni Co Cr Mo w Al Ti Nb Hf Zr B C
v 43.17 26. 61 23. 68 2.13 1.54 2.75 0.08 0.05 0.001 — —
v 65.10 9.20 2.07 0. 46 1.22 15.87 3.42 2.54 0.10 0. 008 — —
MC — — 0.04 0. 08 0.07 — 0.20 8.13 38.37 4.91 — 48. 20
My, Cq 4.78 5.10 59.50 9.69 0.23 — — — — — — 20. 69
M;B, 0.07 0.18 20.54  38.82 0.39 — — — — — 40. 00 —
n 17.28 28.21 17. 85 26. 15 10. 49 — — 0.02 — — — —
4 750C Yoy ( )
Table 4 Partition ratio of alloy elements in y* phase and ~y phase at 750 °C ( ratio of mole fraction)
Co Mo Cr W Ni Al Ti Nb Hf Zr
0.70:1 0.43:1 0.18:1 1:0.62 1:0.33 1:0. 09 1:0.01 1:0.43 1:0.01 1:0. 06
0.72:1 0.71:1 0.19:1 1:0.52 1:0.32 1:0.07 1:0.02 1:0.11 1:0.08 1:0. 60
MC wyy =0.9% 1354°C  1346C
M, C, MC 1289°C  1263%C 65 °C
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Fig.4 Relationships between y” phase composition and hafnium content: (a) Al element; (b) other elements
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Fig.5 Relationships of y* phase solution temperature and precipitati—

on content with hafnium content
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Table 5 Precipitation temperature range maximum-content temperature and maximum content for MC carbide
Hf ( ) 1% 0 0.15 0.3 0.6 0.9
/C 1325 ~998 1324 ~810 1322 ~675 1320 ~ 1319 ~
/C 1017 999 975 824 671
( ) 1% 0.319 0. 388 0. 455 0.578 0. 650
0.8 2.5 Hf MG M, B,
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Fig.7 Relationship between MC carbide precipitation content and

hafnium content
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Fig.8 MC carbide after the aging treatment of 750 °C and 5000 h: (a) wy; =0; (b) wy=0.3%; (c) wy =0.9%
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