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Synopsis:

Changes in the creep resistance and dislocation substructure with addition of carbon have been studied
in the temperature range between 900-1 050°C, by using high purity Ni-20Cr alloys containing carbon up

to 0.032 wt%.

The creep resistance of the alloy increased at the temperatures less than 1000°C, with

increasing of carbon content dissolved in 7-matrix. Such a strengthening effect was presumed to be caused
by solid solution of carbon, and was associated with increase in dislocation density within subgrains. At
1 050°C, the formation of subgrains or the dynamic recrystallization took place in the alloy with 0.032 wt%

carbon and these microstructural changes brought the decrease in the creep resistance of the alloy.

The

precipitation of carbide (M7Cs) at the grain boundaries significantly increased the creep resistance, and this
phenomenon was very similar to the grain boundary precipitation strengthening effect by az-W phase in

Ni-Cr-W alloys.
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Table 1. Chemical composition (wt%) and heat treatment of alloys studied.
Alloy C Si Mn Cr P N Ni Heat treatment Grain diameter
Co <0.001 0.47 0.21 20.6  <0.001 0.0006 0.0007 Bal. 186 ym
C1 0.008  0.49 0.24 20.6  <0.001 0.0006 0. 0007 Bal. 1100°C x 1h—W. Q. 206 pm
cz 0.018  0.50 0.22 20.7  <0.001 0.0004 0.0009 Bal. 190 ym
C3 0.032 0.50 0.30 20.7  <0.001 0.0005 0.0009 Bal. 1130C x 1b—W. Q. 212 ym
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Fig. 1. Effect of carbon on the time to rupture

of the Ni-20Cr alloy at various temperatures and
stresses.
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Fig. 2. Effect of carbon on the minimum creep

rate of the Ni-20Cr alloy at various temperatures
and stresses.
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Photo. 1. Optical micrographs of
CO and C3 crept at 1050°C-1.5
kgf/mm? and G2 and C3 crept at
1 000°C-1.5 kgf/mm2.
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Photo. 2. Optical micrographs of
C2 and C3 crept at 950 and 900°C
~-1.5 kgf/mm?.
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Fig. 3. Solid solubility of carbon in y phase of
the Ni-20Cr alloy.
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Fig. 4. Effect of carbon on the minimum creep
rate at various temperatures and stresses.
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Fig. 5. Creep rate-time curves of the Ni-20Cr
alloys.
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crept at 1050°C-3.5 kgf/mm? for
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Photo. 4. Transmission electron micrographs of CO and C2 crept at 950°C-1.5kgf/mm? for 32 and
55 h, respectively.

b: C2, ¢;=55h
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Fig. 6. Creep rate-time curves of C0O, C2 and
C3 at 950°C-2.5 and 1.5 kgf/mm?.
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a: C2, ;=40h

b: C3, t;=4h
Photo. 5. Optical micrographs
of C2 and C3 crept at 900°C-
2.5kgf/mm? for 40 and 4h,
respectively.

a: G2, t;=40h

b: C3, t;=4h

Photo. 6. Transmission electron micrographs of C2 and C3 crept at 900°C-2.5 kgf/mm? for 40 and

4 h, respectively.
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