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Abstract: The FGH95 superalloy was processed through HIP + HEX + HIF, then the alloy was
conducted by two different aging treatments, and the microstructure, morphology of precipitate phase
and mechanical properties were studied. The results show that there is no obvious effect of aging
treatments on the grain size, but the amount, the size distribution are obviously different. Compared
to single-step aging treatment, double-step aging treatment can more effectively promote the growth
of inner-grain y' phase, the average diameter of inner-grain y' phase can reach 78 nm, while that is 67
nm for single-step aging treatment. Meanwhile, double-step aging is more beneficial to the
precipitation of inner-grain strenthening phases, such as M;B, and etc. The tensile strength of the
alloy with different aging is similar, but the endurance life of alloy with double-step aging is lower,
and the endurance plasticity is higher.
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Fig.1 Microstructures of FGH95 superalloy with different aging treatments

(a)single-step aging; (b)double-step aging
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Fig. 2 Microstructures of ¥' phase in FGH95 superalloy with different aging treatments

(a)solid solution; (b)870 'C/1 h;(¢)870 C/1 h-+650 C/24 h;(d)760 C/10 h
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Table 1 Total amount of precipitates

Heat treatment

Mass fraction of ¥'/ %

Mass fraction of (Nb, Ti)C+ZrO;+M;3B,/%

Solid solution 34.222
Solid solution+870 C/1 h 43. 947
Solid solution+870 C/1 h-+650 C/24 h 46. 315
Solid solution+760 C/1 h 45. 338
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.418
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Table 2 Mass fraction( %) of elements in the intercrystalline phase to the alloy
Heat treatment Nb Mo Y Ti Fe Co Cr Ni Zr B
Solid solution 0. 282 0.010 0.009 0.079 0.003 0.001 0.003 0.003 0.021 —
Solid solution+870 C/1 h 0.283 0.033 0.024 0.079 0.005 0.001 0.020 0. 004 0.020 0. 004
Solid solution+870 ‘C/1 h+650 C/24 h 0.296 0. 035 0.025 0.083 0. 006 0.001 0.026 0.007 0.021 0. 004
Solid solution+760 C/1 h 0. 287 0.011 0. 009 0. 080 0.003 0.001 0. 004 0.002 0.021 —
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Table 3 Size statistics of inner-grain ¥’ phase

Mass fraction/ %

Size interval/nm Solid solution—+ Solid solution+870 C/ Solid solution— Type of v’
Solid solution )
870 C/1 h 1 h+650 C/24 h 760 C/1 h
1-5 4.1 0.1 1.3 0.0
5-10 4.6 0.1 0.5 0.4
10-18 6.7 1.3 1.7 10.7 Tertiary y'
18-36 10. 5 12.7 12.5 23.6
36-60 15.1 19.8 20. 1 11.4
60-96 25.4 29.6 27.7 19.1
96-140 18.9 22.2 21.9 15.2 ,
Secondary y
140-200 9.5 13.2 14.2 10.1
200-300 5.2 1.0 0.1 9.4
Mean diameter 72.8 79.5 78.1 67.0 Secondary ¥ and tertiary ¥’
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Table 4  Size and mass fraction statistics of grain

boundary ¥’ phase

Heat treatment Mass fraction/ %
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Fig. 4 Tensile property of FGH95 with different aging

treatments at 650 C
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Endurance property of FGH95 superalloy with different aging treatments

(a)endurance life; (b) endurance plasticity
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Table 5 Calculated value of critical shearing stress in

FGHY5 alloy with different aging treatments

Teriticalinner/MPa  TOrowan/ MPa Teritieal / MPa
Single-step aging  363. 60 9.89 363.73
Double-step aging 267. 25 9.91 267.43

Heat treatment

XF Y SR A A 4 L E I R ) R AT I AR
& AR 3 R 55 500l 1) B2 7 o A7 AE T 25 K
L
Teritical )" (3
KA N E0 T @ S b 18] B8 05 1) 15 9 A T A 3
R J7 1] (B i) e ff1 sm AR R, T AR TR R € SR

¢ = A(gcosfcosp —

WA ¢ AFAE I N 2R R

C=c¢c-y €9
A CHFE WX GORAKX @ P, BIa] 153 .
1= ¢ 5
A (6c080c08¢ — Teriica )"
P 7 AR TR O AR RV F7 o 250 R BT R A
S M BV Tiven KB 4+ FL BT 2RI () 454

RV B 20 I 2850 45 B4 A T 2R ] DR T XU I R 4

3 #Fig

CL) B 280 3 Xt 4 4 B B A iy 3 A I 1
WEZM . SR Y e 4 A5 I R T 1 FGHO5 4 4
EA TR ol A R <0 s <1 IV N1 A T D v |
ASTMI11 %,
(2) I 25 B2 %k 4 PN B 19 T s ARG B B 45 4 T
E S A (EPI N A i S V@ e N R T
Ij*] Y A B RS FE M R AR . B ML B, B R R
870 ‘C/1 h Wy 230ish 7 A At 4 o AT U B 2 B S80S )
M;B, HT i,
(3) B 2550 i B 5% G 4 () A 5 85 YA Y b 2 i) {HL
X4 AR RE 52 K S WU B 300 4 1) 48 A 75 fil TEET
ARG A o B oA A BB B T B AL

S 0k

(1] FERHE T, AR 42 30, 55, MR m i & &R 5 R RITD. Mz
T 5414 .2002(6) :26-28.
WANG W X, HE F, ZOU J W, et al. Application and develop-
ment of powder metallurgy superalloys[J]. Aviation Maintenance
and Engineering, 2002(6) :26-28.

(2] TEGUKE, B, 0P AL 45 VR FGHOS My A e M 000 #op
TRE,1999(6) :39-43.
WANG W X, MAO J, HU H, et al. As-HIP FGH95 powder
metallurgy superalloy turbine disc [J]. Journal of Materials Engi-
neering, 1999(6):39-43.

(3] FJUH,P%¥FE. ZRIBIK FGHIS KR &8 7 [ % b #1120 21 I
PEREWF LT, AR LR 2009CH T 1) :61-64.
WANG X Q, LUO X J. Study on microstructure and properties
of complicated shape disk of FGH95 superalloys[ J]. Journal of
Materials Engineering, 2009(Suppl 1): 61-64.

(4] 4843, ERH. BR&SRASMRIERSMTLI] Mz ik
. 2006, 26(3):244-250.
ZOU J] W, WANG W X. Development and application of PM su-
peralloys [J]. Journal of Aeronautical Materials, 2006, 26 (3):
244-250.

(5] EBlziREUE . ARBNE .55, FGHO6 & 4 355 ok 4 i 28 1 BF 52
0], MR TR, 2012(7) :24-28.
WANG SY, ZHANG M C, DONG Y P, et al. Study on super-
plasticity of extruded FGH96 alloy[J]. Journal of Materials Engi-



126

BRI 72

2020 4 5 A

(6]

(7]

(8]

9]

[10]

[11]

[12]

neering, 2012(7) . 24-28.

FRTF IR B RNS, 5. RE L FGHI5 £ 4 i #8052
)] Wz pokhaR . 2016, 36(6):9-14.

WANG X Q, ZHANG M C, LUO J P, et al. Hot deformation
behavior of AA-FGH95 superalloys[J]. Journal of Aeronautical
Materials, 2016, 36(6). 9-14.

BEod RRRE BE . SRR AR S HEARIM] JEat:
[ B ol i At . 2012,

LIJ R, XIONG J C, TANG D Z. Advanced high temperature
structural materials and technology [ M]. Beijing: National De-
fense Industry Press, 2012.

CHANG D R, KRUEGER D D, SPRAGUE R A. Superalloy
powder processing, properties and turbine disk applications[ C]//
Superalloys 1984. Pennsylvania: Wiley TMS, 1984 . 245-273.
TR P T 5k 30, AL IR B 0 RO 4 e S 4 FGHI5
HARPERER M) ]. A 4 Tolk, 2010, 20(1):25-31.
JIAJ, TAOY, ZHANG Y W, et al. Effect of aging heat treat-
ment on microstructure and mechanical properties on P/M super-
alloy FGH95[J]. Powder Metallurgy Industry, 2010, 20(1); 25-
31.

TIRU T, IR HIAR S, A B B B X R m IR S e R
LT BAGR SARRRE 5 TR, 2006, 11(3):176-179.
JIACC, YINFZ, HUBF, et al. Effect of heat treatment reg-
ulation on properties of FGH95 alloy[ J]. Materials Science and
Engineering of Powder Metallurgy, 2006, 11(3):176-179.

A4 3T, BT FRALIEXT FGHIS A4 mil ] gt
G2 4%, 2003, 15(7): 528-532.

ZOU J] W, GUO S P. The effect of heat treatment on micro-
structure of FGH95 superalloy [ J]. Journal of Iron and Steel
Research, 2003, 15(7). 528-532.

X PRHK , j7 FR S5, e, — Pl 5 [ B ] B hk % 35 TR 4 1 4
2B ]. 4 Hr, 2006, 26(2):9-13.

LIU Q B, LU CF, YAN P. Physicochemical phase analysis of a

directionally solidified Ni-based cast superalloy[J]. Metallurgical

Analysis, 2006, 26(2):9-13.
[13] REED C R. The superalloys fundamentals and application[ M].
Cambridge: Cambridge University Press, 2006 74-86.
[14] REED CR, MOTTURA A, CRUDDEN ] D. Alloys-by-design:
towards optimization of compositions of nickel-based superalloys
[C]// Superalloys 2016. Pennsylvania; Wiley TMS, 2016 15-
23.
[15] NEMBACH E, NEITE G. Precipitation hardening of superal-
loys by ordered y' particles[J]. Progress in Material Science,
1985,29(3):177-319.
[16] PENG Z C, TIAN G F, JIANG ]J. Mechanistic behavior and
modeling of creep in powder metallurgy FGH96 nickel superalloy
[J]. Materials Science and Engineering: A, 2016 (676): 441-
449,
[17] MOHLES V, RONNPAGEI D, NEMBAC H. Simulation of dis-
location glide in precipitation hardened materials[ J]. Computa-
tional Materials Science, 1999,16(1/4): 144-150.
[18] MEMBACH E, NEITE G. Precipitation hardening of super al-
loys by ordered y' particles[ J]. Progress in Material Science,
1985(29) :244-245.
MBS, FRHY ) 2 e (M. 74 %2 75 b Tolk K 4% AL,
2000 116-117.

ZHENG X L. Mechanical properties of materials{ M]. Xi’an:

[19]

Northwestern Polytechnical University Press, 2000, 116-117.

s B 8 :2018-02-22; 81T H #§ : 2020-02-04
EiEE: TIUH (1973 =), & WF5E A, W4, BE5E 7 1) By K | iR A
G B R MuhE  Jb Tl 81 fF AT 1 4346 (100095) , E-mail : wxqejr@ 163.

com

(R Lot % 5 9 i)



