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A study of High-Temperature Mechanical Properties of
Ni-16Cr-17Mo-4W Superalloy by Heat-Treatment Cycles

Byungki Yoo

Department of Materials Engineering, The Graduate School of Industry

Pukyong National University

Abstract

One of the main aim of heat-treatment are applied to nickel-base
super—alloys 1s to development the full mechanical property capabilities of
casting or age—hardening alloys. It usually consists of a solution-treatment
followed by one or more precipitation treatments:

In order to ascertain which of the temperature of solution-treatment
plays the major role in controlling the mechanical behavior a series|of heat
treatment cycles experiments have been carried out on three superalloys
with different contents of Cr-and Mo-produced by lost wax process.

The optimum mechanical + properties of Ni=16Cr-17Mo-4W-base
superalloys has been achieved-by-water quenching from 1180C to room
temperature. The mechanical properties(tensile strength, yield strength,
elongation) at 750C, 800C and 850C have been found to be improved by
the amount of Mo—carbide (Mo2Cs, MogC) more than that of Cr-carbide

(Cr23Cs) by variation of contents of Mo and Cr.
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Fig. 2 Assembled wax pattern



Fig. 4 Ceramic mold
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Table 2 Heat treatment cycles of 3-other specimems

Specimem No. | Temperature HoTlidmieng Qtiﬂeeritcﬁgidng Quantity
1, Qe C 1 Hour Water 6 pcs
#1 1,180C 1 Hour Water 6 pcs
1,250%€ 1 Hour Water 6 pcs
1,050C 1.Hour Water 6 pcs
#2 1,180C 1 Hour Water 6 pcs
1,250C 1 Hour Water 6 pcs
1,050C 1 Hour Water 6 pcs
#3 1,180C 1 Hour Water 6 pcs
1,250C 1 Hour Water 6 pcs
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Fig. 5 Heat treatment cycle
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Fig. 6 Tensile test specimen

Fig. 7 Tensile test at room temperature
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Fig. 9 Charpy impact test
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Table 3 Tensile test results at room temp.

Specimen | Heat-treat gE TR T
No. temperature T.SZ Y.SZ (%) j Hl L
(N/mm) | (N/mm)

1050C < 1 n n n n

#1 1180C < 1 565.2 316.9 27.7 43.1
1250C < 1 n n n n
1050C < 1 n n n n

#2 1180C < 1 533.0 346.6 26.5 25,5
1250C < 1 n n n n
1050C < 1 n n n n

#3 1180C X< 1 RO/ ,2 380.0 13.7 20.9
1250C X 1 n n n n
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Fig. 15 High-temperature tensile test
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Table 4 Tensile test results at high-temp.
W B B
Specimen test W) 11
No. temperature T.S Y.S
/) | V) | E®] 0 CR)
750C 288.2 189.3 13.9 16.8
#1 800C 317.6 177 362 34.1
850C 264.2 174.8 JolL0 41.0
750C 402 .4 232./8 32.2 461
#2 800C 321.5 LS8 66.9 ¢ o)
850C 2957 195 76.3 70.9
750C 357.1 2l 38.8 45 4
#3 800C 3219 B . 1 48.8 54.6
850C 308.3 204.7 e 4 43.5

(NHe dx8l= 1,180C x1h.— Water cooling)
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Fig. 16 Variation of mechanical propertis on high temp.
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Fig. 17 Micro-structure of each specimen.
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