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Table 1 Mass fraction of phases in FGH4097 with different
Hf additions

Hf mass fraction Mass fraction of phase in alloy/%

in alloy/% y Y MC  M,C+M;B,
0 37.68 6193 0264  0.128
0.16 3750 6208 0266  0.151
0.30 3738 62.18 0270  0.172
0.58 37.06 6245 0.293 0.195
0.89 3677 62.69 0338  0.210

K1 s A AR S 1 0.30%Hf &4 y' A
TS, I 1AW, FGH4097 & 4R A7AE 3 FlURSFIK)
YA B KRG OIR y A — Ry A G, BN
it y R =Ky (), EESEAEA HIERE PR K

B 1 0.30%Hf b y gD
Fig. 1 Morphologies of y’ phase in FGH4097 with 0.30%Hf
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Fig. 2 MC phase in FGH4097 alloy with 0.89%HTf: (a) TEM
image; (b) Indexed SAD pattern of MC; (c) EDS pattern
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B3 0.89%Hf 41l MeC AHIESH S SAD %1 EDS %
Fig. 3 TEM image (a), indexed SAD pattern of MsC (b) and
EDS pattern (c) of MC phase in FGH4097 alloy with 0.89%Hf
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Fig. 4 Microstructure of FGH4097 alloy with 0.89% Hf and
its EDS patterns: (a) Microstructure; (b) EDS spectrum of

primary #'1; (¢) EDS spectrum of secondary 7'
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Fig. 5 3DAP distribution of atoms in FGH4097 alloy with
0.89% Hf: (a) Ti; (b) Hf; (c) Al; (d) Cr; (e) Co

F2 MR AA R
Table 2 Constitutions of y' phase in FGH4097 alloys with
different Hf additions

Hf mass fraction .
Composition of y’ phase

in alloy/%

0 (Ni 852C00.148)3(Alo.783Ti0.120Nbg 085)
0.16 (Nl 854C00.146)3(Alo.781Tio.120Nbo.088H 0.002)
0.30 (Ni g55C00.145)3(Alo.778 Ti0.120Nbg 08sH fo.005)
0.58 (Nip g56C00.144)3(Alg.773Tig.120Nbg 08sH o.010)
0.89 (Nig.857C00.143)3(Alo.767Ti0.120Nbo.0ssHfo.016)

&3 MC BERACRIM A
Table 3 Constitutions of MC carbide in FGH4097 alloys with
different Hf additions

Hf mass fraction in alloy/%  Composition of MC carbide

0 (Nby 664 Ti0.336)C
0.16 (NDy.654Ti0.323H10.023)C
0.30 (Nby 642 T 308H0.050)C
0.58 (Nbo.619Tio.280Hf0.101)C
0.89 (Nby.574Tig 253H10.173)C
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Table 4 Mass fraction of Hf partitioned to different phases and corresponding partition ratio

Hf mass fraction Hf mass fraction in phases/% Hf proportion in phases/%

in alloy/% y' MC carbide y M;B; boride y' MC carbide y M;B, boride
0.16 0.135 0.012 0.011 0.002 84.4 7.5 6.9 1.2
0.30 0.255 0.024 0.015 0.006 85.0 8.0 5.0 2.0
0.58 0.505 0.048 0.019 0.008 87.1 8.3 33 1.3
0.89 0.760 0.090 0.027 0.013 85.4 10.1 3.0 1.5
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Table 5 Partition ratios R, and R, in FGH4097 alloys with
different Hf additions

Hf mass fraction in alloy/% R, R,
0.16 1:0.089 1:0.081
0.30 1:0.094 1:0.059
0.58 1:0.095 1:0.038
0.89 1:0.118 1:0.036
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Table 6 Mass concentration of Hf in ¥’ phase and carbide in FGH4097 alloys with different Hf additions

Hf mass fraction Mass concentration of Hf in

Mass concentration of Hf in

Ratio of Hf mass concentration in

in alloy/% y' phase/(kg'm ) MC carbide/(kg'm ) y' phase to MC carbide
0.16 17 318 1:19
0.30 33 645 1:20
0.58 68 1249 1:18
0.89 97 2147 1:22
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FABUE TR 50 1.04 6521, RIFIEE 1. 3. 4 Pl
FHOCH A, T LATVHSE Y HE 76 A MC BB 1)
TR (PR AR RS 4 JE (5T, 45 gk 6 it
e HHEE 1. R4 K 6 A0, A A EH HE SR
B, y AR MC BUERALY R4 IN, HE BE y'HIF1 MC
A ARG 2, 17y AR HE IR SRR B T
MC R R A, H AR T MC
RBAL YR, MO HE BEA /4. HE £E MC B
WALYIRL A ERRE S &4 HE SRR
AR, HETE MC B i) s ik B K40 & HE 76
YA 20 £i5.

3.3 Hf fE4HiE B 53 B x4 HB4E X B9 5201

Hf ZEN yAHF MC UL, AR o AH A
MC FUEAL P4 (ILZE 2 K0 3), RISt 500 p ARG
. VBT as R, BEGE& HE %
I, yAHF Cov Cra W I Mo )& & bl 2 1
MOLE 7). X2 THESGEY °HE a1, »
AR MC BEfbp s, » A+ Al. Ti. Nb. Hf
M C Fmid, F3 Co. Crv W Al Mo 7 y MK
FEHEK.

34 EARREIRET Hf FEHBE B9
JMatPro THHE 4 KK 6): 7EF 0.3%Hf 1)

F7 A HE &5 FGHA097 1548 o A LR TR I &
Table 7 Element content in y phases of FGH4097 alloys with
different Hf additions

Hf mass fraction Mole fraction/%
in alloy/% Co Cr Mo W
0 0.256 0.227 0.041 0.018
0.16 0.258 0.227 0.042 0.019
0.30 0.260 0.228 0.042 0.019
0.58 0.261 0.229 0.042 0.019
0.89 0.265 0.231 0.043 0.019
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Fig. 6 Equilibrium phase diagram ((a), (b)) and Hf mass fraction in different phases ((c), (d)) at various temperatures calculated by

JMatPro
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Table 8 Hf content in precipitations of FGH4097 with 0.30%
Hf addition at different temperatures

Hf proportion in phases/%

Temperature/'C  Phase

L y MC y'
1330 L+y 93 7 -
1300 L+y+MC 48 35 17
1250 y+MC - 57 43 -
1190 y+MC+y’ - 48 48 4
950 y+MC+y’ - 4 72 24
810 y+MC+y' - 2 49 49
700 y+MC+y' - 1 16 83

A& 520 54 61.9%. 29.8%A1 0.06%. HiF 6(c)
M(d)AT%n, £ 700 CNAE y'AH. y AHHT MC 25tk
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MBI R 83% 1%A1 16%.
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G SR ARNEM AR . WRESP CHE
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Partition behavior of Hf among phases in
nickel-based powder metallurgy superalloy FGH4097

ZHANG Yi-wen"2, HAN Shou-bo" 2, LIU Jian-tao" 2 HU Ben-fu®

(1. High Temperature Material Institute, Central Iron and Steel Research Institute, Beijing 100081, China;
2. Beijing Key Laboratory of Advanced High Temperature Materials, Beijing 100081, China;
3. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The partition behavior of hafnium (Hf) among different phases in FGH4097 powder metallurgy (PM)
superalloy with different Hf additions and its effects on the precipitation behavior of y' phase, MC carbide and y phase
were studied by means of 3DAP, FEG-SEM, TEM and physiochemical phase analysis. The results show, that with
increasing Hf addition, the contents of Hf in different phases increase, the mass fraction of Hf in y’ phase almost keeps
unchanged, the mass fraction of Hf in MC carbide increases and that in y matrix decreases, which means that the partition
ratio of Hf between ' phase and MC carbide decreases while the ratio between )’ phase and y matrix increases. Mass
content of Hf partitioned to y’ phase is much more than that partitioned to MC carbide, while the mass concentration of Hf
in carbide is as much as 20 times of that in y’' phase.
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