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Synopsis :

In order to clarify the high temperature strengthening mechanisms of boron and zirconium in a Ni-

Cr alloy, high—-purity Ni-20Cr alloys have been studied from the view point of creep behavior and micro-

structure. With the boron or zirconium addition, creep resistance, rupture life and rupture elongation

of Ni-20Cr alloy were improved, and it was assumed that the improvement of creep resistance is due to

solid solution strengthening effect by zirconium, and the effect of boron is very little. Under high stress

levels, the formation of subgrains and the dynamic recrystallization during creep were promoted by the

. boron or zirconium addition, and these microstructural changes seem to reduce the creep resistance. The

' longer rupture life and larger rupture elongation with the addition of boron or zirconium would be also

attributed to the formation of subgrains and the dynamic recrystallization which retard the initiation and

propagation of grain boundary cracks. Finally, it was suggested that these effects would be caused by

the boron and zirconium dissolved in the y—matrix rather than by the grain boundary segregation or sul-
fer-getting effects of these elements.
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Table 1. Chemical composition (wt%;)

and heat treatments of alloys studied.

Alloy C Si Mn P S N O Cr B Zr Ni Heat treatment
Ni-20Cr | 0.003 0.52 0.34 <0.001  <0.0004 00008 0,005  21.03 _ — | Bal | 1200Cx1h—W. Q.
Bl 0.003  0.47 0,29  <0.0001 0.0007  0.0004 — 20.37 | 0.0039 — | Bal . .
B2 0,005 0.46 0.30  <0,0001 0.0009  0.0006 - 20,22 | 0.0085 — | Bal | 1180CTx0.5h-W.Q
71 0.003 0.51 0.32  <0.00  <0.0004 0.0006 0.0027  20.55 — 0.009 | Bal . N
72 0.004 0.52 0.33 <0000  <0.0005 0.0021  0.0010 20,46 — 0.141 | Bal | 1100CTx0.5h—W.Q.

Grain diameter: Ni-20Cr 164 z#m, Bl 186 xm, B2 214 pm, ZI 159 gm, Z2 159 pm
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Fig. 1. Effects of boron and zirconium on time
to rupture of the Ni-20Cr alloys at 900 and
1000°C under the various stresses.
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Fig. 2. Effects of boron and zirconium on mini-
mum creep rate of the Ni-20Cr alloys at 900 and
1000°C under the various stresses.
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Fig. 3. Changes in rupture elongation of Ni-20
Cr, Bl, B2, Z1 and Z2 with time to rupture at
900 and 1000°C.
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Optical microstructures of Ni-20Cr, B2 and Z2 crept at 1000°C-4kgf/mm?2.
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a) Ni-20Cr, ¢,%=25h b) B2, t,=

66.4h c) Z2, t,*=280h

t,* : Time at which creep test was interrupted because of abnormal accelerated creep.

Photo. 2. Optical microstructures of Ni-20Cr, B2 and Z2 crept at 1000°C-1. 5kgf/mm?2.

a) Ni-20Cr, £;=0.55h b) B2,

t;=0.2h c) Z2, t;=0.8h
t; : Time at which creep test was interrupted.

Photo. 3. Transmission electron micrographs of Ni-20Cr, B2 and Z2 interrupted the creep test
for 0.55, 0.2 and 0.8h, respectively, at 1000°C-4kgf/mm?.
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a) Ni-20Cr, #;=10h

b) B2, ¢;=15h

c) Z2, t;=80h

Photo. 4. Transmission electron micrographs of Ni-20Cr, B2 and Z2 interrupted the creep test
for 10, 15 and 80h, respectively, at 1000°C-1.5kgf/mma2.
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Fig. 4. Relation between minimum creep rate
and time to rupture of Ni-20Cr, B2 and Z2 at
1 000°C.
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Fig. 5. Creep rate~time curves of Ni-20Cr, B2
and Z2 at 1000°C-1.5kgf/mm?.
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Fig. 6. Variation in the ratio of the tertiary
creep duration to rupture life with time to rup-
ture of Ni-20Cr, Bl, B2, Z1 and Z2 at 900 and
1000°C.
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Photo. 5. Transmission electron micrographs of
B2 and Z2 interrupted the creep test for 50 and
220h, respectively, at 1 000°C-1.5kgf/mma2.

Photo. 6. Optical microstructure (a) and trans-
mission electron micrograph (b) of B2 interrupted
the creep test for 0.55h at 1000°C-4kgf/mm?2
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Fig. 7. Change in lattice parameter of y-matrix
with zirconium content obtained from the speci-
mens after solution treatment and ruptured at

1 000°C-4kgf/mm?2.
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Photo. 7. Optical microstructures of Ni-20Cr
and B2 interrupted the creep test at the periods
in which the strain is 6 and 4 pct, respectively,
at 1000°C-4kgf/mma?.
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