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Effects of Hot Isostatic Pressing on the Microstructure and High-Temperature
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Abstract A study has been made to investigate the effects of hot isostatic pressing(HIPing) on the microstructure and
high temperature fatigue lives of the IN738L.C, Ni-base superalloy used in turbine blades, with emphasis on the elimi-
nation of casting microporosity and fatigue damage through HIP treatments. Microstructure was observed using OM,
SEM and the fatigue life was investigated with rotate bending fatigue tester. The results show that the fatigue lives of
properly HIP-processed specimens could be extended by a factor of about sixty. In contrast, no comparable life im-
provement was achieved with heat treatment only. The repetitive HIP treatment was shown to be very effective as a
means of rejuvenating the fatigue life of intentionally fatigue-~damaged IN738L.C by restoration of the initial alloy mi-
crostructure and additional removal of fine casting defects which remained in the HIP- processed material.
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Table 1. Nominal chemical composition of Ni-base superalloy IN738LC(wt.%).
Ni Cr Co Al Ti 'Y Ta
Bal. 15.89 8.30 3.45 3.45 2.60 1.90
Mo Cb Fe C Si Mn 0
1.80 0.92 0.11 0.10 0.03 0.03 -
z7o] o} -2} A YAFE Bl BAo|E9) e 3 _—
& FES A 2 VAN g 5 2RYA el
)X FFol AN o o] ZdstEE F Ao A @
Z=o] ALE e A dH5ATE Ao oddx e _ _ o
w00 ek F2Ale) ARA Susk A DA &
W AAE 9% AU A vhado] v Fasich S—— 2
£ dFoMdes @ 7laEy EHolss Wdds®
7 - LA

g AHEER e UAA 23 (INT38LO) o) whiEky
HIP s Asigo 24, HIP A2 AFe ulAza W
3 & #astm, ojzidt viAzA Wil e HEge
)X e e ZAFSte] AR A sleiA HIP Hel9
FEA A9RE FazA 3k o]E ke dxe ¥
HIP FA kAo ap& v 2] Wshg #gsle] ubs HIP
A7t F2AT A A A dztz o] Yol 2Fo
A5 o) AH- e aFH R JAAT =R A8-F A}

shaich.
2 AEey

£ dFedAde AT AYFzsid gAY F3
(ingot) & AZ% INT38LC UAA zHddF¢ A3
dod, 2 FFE2AHL E 14 Jehlch dxe Y7
1120°CellA 2417 &-A3} =i A& o}A] 845°ColA
24A17Y SEAIET F T3 Zoigk gy 14 7
A3 vl HF F32| 24 ¥ o] MR EAF 2% ¥ 24
§ dglch? a2y FxA0 Al 1%7) dEe =&
A A& F2AF o] x| o] Aot uje}, A
A E ofA HIP X3t A 34 AAAL 13
HIP A& 55 2202 AHslgich 12 HIP 2T
£ IZ2(760C) TESF] 33% TE7HR 2L 7}
FF, oA Y 2702 ukE HIP 28] (23} HIP %8
) 8led H 2 Yo) 27k A A3}s} HIP Aol s &
A3 AR EoR HEFHexe] 8 s

HEAH WY-ZF A} g5z AYHE A3
HIP #2)& ABB#tS QUINTUS #H|E o]&sto] 1200
C, 100MPa, 4217ke) =702 AlXstgich HIP xa)%
ol t71Fol A dxge =g 2909 5 Qe A8 B
5 AkstE Aol 27 okd3ke wiAF ] A Ao} 2
< FAHEe AR ¢sel 2 T dAEE INT38LC
Fge  HEFHE ol 7 FAEAde
SHIMADZU#it2] Model H7 3 &8 7248 7)& AH&
s}e 323MPa 2] F 353 2ol 4 2000rpm (~33Hz) 9
HALEE d7)F 760CNA TRl H2AEE 1
& 13 2e ZAAo] 8mmelx HYPE Aoyt 154mmel

24 A& Aotk

Fig. 1. Dimensions of rotary bending fatigue test specimen.
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Table 2. Microstructural parameters for various mlcrostructure% of Ni-base superal oy IN738LC.

2nd- HIPed

T — as-cast heat treated 1st- HIPed
¥ osize(m) 0.25 0.64/021 0.38 0.60 o
- Y area (vol.%) o8 | sl 8 89 ]
Carbide size (um) 4,94 511 405 4.46
Carbide area (vol.%) 2.37 281 1.05 073
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Fig. 2. Influence of HIP and heat treatments on the optical microstructures of {a) as-cast,
(b) heat-treated, (c) 1st-HIPed and (d) 2nd- HIPed IN7381.C.
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Fig. 3. Surface connected porosity on the edge of cross-section-
al specimen surface after HIP processing.
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Fig. 4. Microporosity revealed by scanning electron microscopy
after 1st HIP treatment.
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(e) (H)

Fig. 5. Scanning Electron micrographs showing the ¥ precipitate structures in (a,b) as-cast, {c,d) heat-treated, (e,f)
1st- HIPed, (g,h) 1st fatigue deformed, (1,5} 2nd- HIPed and (k,1) 2nd fatigue deformed IN738LC.
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Fig. 7. Fatigue fracture surface of heat-treated IN738LC at a
maximum stress of 323MPa at 760°C in air. (150,000 cycles to
failure)
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Fig. 8. Examples of microporosity in the heat- treated IN738LC,
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Fig. 9. Scanning electron microscopy fractographs of 1st- HIPed specimen showing the fatigue
crack initiation site on the edge of the fracture surface, (a,c) 8,000,000 cycles, (b,d) 70,000 cycles to failure.
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