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The Effect of Interaction of Interstitial Solute Elements on the

High Temperature Strength of 18Cr-12Ni Heat Resisting Steel
Yoshikuni KAWABE and Ryuichi NAKAGAWA

Synopsis:

An investigation was made on the interactions induced by the simultaneous additions of interstitial
solute elements such as C, N, and B, for the high temperature strength of 18 Cr-12 Ni heat resisting
steel. The interactions were correlated with the age-hardening response, the softening characteristics
after cold rolling and the structural change during creep.

By the duplex additions of N and B, the obvious interaction that decreased the creep rupture strength
lower than the sum of individual contributions was produced. This interaction was attributed in
part to the strengthening of matrix more than the boundary due to precipitation hardening and in
part to promoting the creep rupture by B addition in the coexistence with N. By the duplex additions
of N and C, the deleterious interaction was also produced after prolonged time at 700°C. From these
phenomena, the authors suggested a general condition for producing the interaction by the simultane-
ous additions of alloying elements for the high temperature strength.
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Table 1. Chemical compositions of steels tested (wt %5).

Steel ‘ C Si Mn ' Cr i Ni B N (total) N (sol) J N (insol)
A3 0-27 0-72 1:65 17+5 12:3 — 0°1380 0-1260 0:0120
A7 0-14 077 1:33 185 12'3 0-0003 0-1670 0-1660 0-0010
A8 0-15 0-67 1-31 18-4 12:2 0-019 0-1660 0-1640 0-0020
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Fig. 1. Tensile properties as a function of testing
temperatures.
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Fig. 13. Change in hardness of specimens heated for
lhr at various temperatures shown in figure.
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Fig. 14. Effect of cold rolling reduction and aging
temperature on decrease in hardness due to
heating for 3 000hr at 600, 700, and 800°C.
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a) A7, b) A8, c) A8 x 156G0 (3/5)
Photo. 1. Transmission electron microstructures of
specimens aged fcr 24Chr at 600°C
after solution treatment at 1 150°C.
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Fig. 15. Minimum creep rate and rupture time of
specimens tested at 700°C, 10 kg/ mm? after
solution treatment at 1150°C, as a function
of pre-aging time at 700°C.
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23kg/mm?,

b) A8 1150°Cx 1 hr—»WQ 600°C, 26kg/mm?2, 273hr ruptured
c) A7 1250°Cx 1 hr—=WQ 600°C, 20kg/mm2, 575hr ruptured
d) A8 1250°Cx | hr-=WQ 600°C, 20kg/mm2, 1770hr ruptured
e) A7 1250°Cx | hr-»WQ 800°C, 5kg/mm2, 527hr ruptured

R f) A8 1250°Cx | hr—»WQ 800°C, 4kg/mm2, 579hr ruptured
a) ~d) x10000, e) and f) x400 (4/5)

Photo. 2. Microstructures of specimens creep ruptured under the various conditions.
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Fig. 16. Creep rupture curves of specimens solution treated at I 150°C as functions of
testing temperatures and rupture time.
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a) A7 750°C, hr ruptured 750°C, 5kg/mm?,
c) A7 800°C, 4'5kg/mm?, 792hr ruptured d) A8 800°C, 4°5kg/mm2, 700hr ruptured
- X400 (4/5)
Photo. 3. Microstructures of specimens creep ruptured at 750°C and 800°C, showing the
formation of precipitate free zone along the grain boundary.
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