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Characterization of Hot Isostatically Pressed Ni-Based Superalloy IN 713C
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Abstract Nickel-based superalloy IN 713C powders have been consolidated by hot isostatic pressing (HIPing). The
microstructure and mechanical properties of the superalloys were investigated at the HIPing temperature ranging from
1030°C to 1230°C. When the IN 713C powder was heated above y' solvus temperature (about 1180°C), the microstruc-
ture was composed of the austenitic FCC matrix phase y plus a variety of secondary phases, such as y' precipitates in
vy matrix and MC carbides at grain boundaries. The yield and tensile strengths of HIPed specimens at room temperature

were decreased while the elongation and reduction of area were increased as the processing temperature increased. At
700°C, the strength was similar regardless of HIPing temperature; however, the ductility was drastically increased with
increasing the temperature. It is considered that these properties compared to those of cast products are originated from
the homogeneity of microstructure obtained from a PM process.
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Fig. 1. Isostatic pressing causes a photographic reduction in
the shape of an encapsulating envelope and the densifying
powder that it contains [2].
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Fig. 3. Morphologies of nickel-based superalloy IN 713C.

Table 1. Chemical compositions of Ni-based superalloy IN 713C
powder

Value (wt%)

Elements
Powder Standard (AMS 5291)
Cr 12.5 12.00-14.00
Al 6.4 5.50-6.50
Mo 4.6 3.80-5.20
Nb 2.2 1.80-2.80
Ti 1.0 0.50-1.00
Si 0.5 0.50 max
Mn 0.25 0.25 max
C 0.13 0.08-0.20
Zr 0.10 0.05-0.15
B 0.01 0.05-0.015
Ni Balance Balance

Al Aluminium Allay

(e) Cast

Cer Ceramic

CM Composite Material

Co Cobalt Base Alloy
= NI Nickel Base Alloy
§  Steel-Corrosion Resistant Alloy
TI Titanium Base Alloy

Fig. 2. Half cross section of the gas turbine engine (in red, nickel-based superalloy components and, in circles, nickel-based

superalloy disks) [4].
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Table 2. Characteristics of Ni-based superalloy IN 713C powder Ix BE 713 WMo Yo 2L zH= Ao FlEg]
Characteristies Value th. HIPing -& &7]1= ZE|Q18] 2= (stainless steel) =

Particle size (um) <150 ARE Qo™ 1 F7)1+= A4 30 mm, =°] 50 mm, T
Pasticle size disibuton (sm) . {mm olek $& Qo 7] A9 F, B Bake 7
Dso 50.88 Aatdon, o] & &7]9} £4L SHsT) 8719 £
Dao 117.10 uke] BB A7) 98] 200004 oF 124]7F Fok
Density (g/m’) 791 AZ AEE §X5H %ﬂ'i(degassing) Ao 25519

t}. o] %, HIPing & 4=3J(Kobelco, SYS50X-SB)3}31-2.H,
o} Bge] g B AeE #2004 HE0] 50.88 um I 2718 FE 100 MPa kil A, 1030°CH-E 1230°C7HA]
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Fig. 4. Microstructures of HIPed superalloy IN 713C specimens pressed at (a) 1030°C, (b) 1080°C, (c) 1130°C, (d) 1180°C and (e)
1230°C.
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Fig. 5. Tensile properties of superalloy IN 713C measured at
room temperature as a function of HIPing temperatures (a)
yield strength (YS) and ultimate tensile strength (UTS), (b)
elongation (El.) and reduction area (R.A.).
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Fig. 6. Tensile properties of superalloy IN 713C measured at
high temperature (700°C) as a function of HIPing temperatures

(a) yield strength (YS) and ultimate tensile strength (UTS),
(b) elongation (EL) and reduction area (R.A.).
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