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Effects of hot isostatic pressing temperature on
microstructure and stress rupture properties of FGH9S superalloy
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Abstract: By means of the hot isostatic pressing treatment (HIP) at the different temperatures, microstructure observation
and stress rupture properties measurement, the influence of HIP temperatures on the microstructure and enduring
properties of FGHO9S5 nickel-base superalloy were investigated. The results show that, when the HIP temperature is lower
than y’ phase dissolving temperature, coarser y' phase discontinuously distributes in the particle boundary regions and the
quantity and size of coarser y’ precipitates decrease gradually as the HIP temperature increasing. No feature of the grain
growing up is detected after the alloy is solution treated at 1 140 ‘C, and the carbide particles distribute along the grain
boundary and in the grain. After HIP-treated at 1 180 ‘C and fully heat treated, the coarser y' phase in the alloy is
dissolved, the depleted zone of the fine y’ phase disappears, and the grain size in the alloy obviously increases, and the y’
phase and fine carbide are dispersedly precipitated within the grains and boundaries, which enhances the enduring
properties of the alloy. The deformation mechanisms of the alloy during endurance properties testing are that the
dislocations slip in the matrix or shear into y’ phase.
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Table 1
fraction, %)
C B Cr Co Al Ti Nb Ni
0.060 0.012 12.98 8.00 3.48 2.55 3.40 3.40 3.50 Bal.

Chemical composition of FGH95 alloy (mass

W Mo
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Fig.1 Microstructures of alloy after HIP treated at different temperatures: (a) 1 120 'C; (b) 1 150 C; (c) 1 180 C
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Fig.2 Morphologies of alloys after HIP treated at different temperatures: (a) Previous particle boundary marked by arrow in alloy
HIP treated at 1 120 ‘C; (b) After HIP treated at 1 150 °C, y'-free phase region near coarser y’-phase marked by arrow; (c) After HIP

treated at 1 180 °C, finer y’ phase distributing homogeneously along boundaries
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Fig.3 Microstructures of different HIP treated alloy after full heat treatment at different temperatures: (a) 1 120 C; (b) 1 150 C;

(©) 1180 C



21 % 8

WOH, S REERREE X FGHOS A &4l 8URIFr A TERE 5% 1837

3. HE 3@ LAEH, RSFAh 1~2 um FH
KRRy A A oL 1 FAAE S A, AERIK y Al
SRR TCA /N y b, il 3@ AR TR,
I A0 P AT 4 y A RET ] 3(a)h e R Sk
FiRo

K 3a)Mitk, 1150 C HIP &4 524 HuabH
i, BEUESTI R ZE0], A/ y AT & Ry
i, WK 3b)Frr. K HIP R EF] 1180 °C &5
ARG, ST p A SR, &
SRR y A CEA R AR, A0 RSFZ0 1 pm —
Uy AR R T Ak, Wi 3(c) P kTR

AN HIP 75428 50 A A0 B I 412 B S
Kl 4 Fizs. I 4 041 1120 F1 1 150 CHER L&
SATEAPUEI)E, Ea ST HIRR A
Bz, Ry B FLAFAE y LI (ILIE 4(a) T i
k), HARRIK " AHAL ISP b AL O B 4(b) k) o
i 1 180 ‘CHIP &4 HME G, Aahirimit
SIATITRIR o AH R AN B ol 7 i AT
TRy BRI, I RS20 0.2 pm 1 I EORLIR
WAL N T LI 4(e) P Sk, HL y AHAEANTA]
i P FE AN [ ml HE ST (LI 4(c)) -

23 AEHERENSESFAMTENEND
ANFNRJE HIP Ga 458 2B G, 78 650 C.
1 034 MPa %A FHHATREAMERENNA, 4y T%
2. M\E2 [ LLEH, 241120 fi1 1150 ‘C HIP 43 K
SERPUEI G, G EF AR fr il g 35.1 136.2h,
TR0 3.7%F1 3.6%, EAMILHFAME B
PP RIE PR B 1 180 C g MBS, &
EF AT E] 159.6 h, K RELH] 2.4%,

F 2 INEERE LN A B AMERER S
Table 2 Effect of HIP temperature on enduring properties of
FGHO95 alloy

HIP Life time/  Elongation, Reduction
temperature/‘C h /% of area, w/%
1120 35.1 3.7 6.3
1150 36.2 3.6 6.0
1180 159.6 2.4 4.7
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Fig.4 Morphologies of different HIP treated alloys after full heat treatment: (a) 1 120 “C; (b) 1 150 'C; (c) 1 180 C
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Fig.5 Microstructures of alloy by 1 180 ‘C HIP treated and full heat treated alloy after enduring rupture: (a) Stacking fault as

marked by arrows; (b) Dislocations shearing into y’ phase marked by shorter arrow, and stacking fault marked by longer arrow; (c)

Dislocation tangles piled up in region near carbide as marked by letters 4 and B
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Fig.6 Fracture morphologies of alloys HIP treated at lower
temperatures: (a) Fracture morphology; (b) Magnified

morphology
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Bl7 £ 1180 C HIP & AWS Kl 1S
Fig.7 Fracture morphologies of alloy HIP treated at 1 180 C
crept up to fracture: (a) Feature of cleavage fracture;

(b) Carbide particles left in fracture as marked by white arrow
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