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Influence of Various Factors on the Elevated Temperature
Ductility of 18Cr-12Ni Austenitic Stainless Steels
Yoshihiro UEMATSU and Kazuo HOSHINO
Synopsis :

Effects of chemical composition, cleanliness, grain size and .morphology of grain boundary carbide
on the tensile ductility of 18Cr-12Ni austenitic stainless steels have been studied in the temperature
range of 500°~1000°C. Metallurgical factors which are concerned with the ductility drop in this
temperature range have been discussed. The results obtained are as follows.

(1) The combined addition of carbon and nitrogen to 18Cr-12Ni steel causes a serious ductility
drop resulted from the intergranular fracture in the temperature range of 600°~900°C. Decreasing
cleanliness and increasing grain size decrease the ductility in the temperature range.

(2) The ductility sensitively varies with distribution condition of {carbides precipitated at grain
boundaries. High dense precipitation of small carbides harms the ductility.

(3) Nitrogen retards the dynamic restoration process during deformation at the elevated temper-
atures. The deformed substructure in nitrogen bearing steel seems to have planar arrays of dislocations.
The ductility drop may be concerned with the combined effect of the harmful precipitation condition
and the nonhomogeneity of deformed substructure.
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Table 1. Chemical composition of specimens. (Wt%)

Type S.No C Si Mn P S Ni Cr N (0
L L1 0. 009 0. 65 1.22 0. 009 0. 003 14. 57 18. 10 0. 007 53
LN 1*t! 0.012 0.61 1.18 0. 031 0. 005 10.21 18.41 0.120 41
LN LN2 0.022 0.56 1.15 0.030 0.009 12.09 18. 32 0. 100 213
LN3 0.017 0.51 ) 1.27 0. 008 0. 008 9.83 18. 00 0.210 150
C1*! 0.062 0.51 1.08 0.032 0. 009 8.82 18. 59 0.021 110
Cc2 0. 060 0.49 1.13 0. 029 0. 009 12.22 18. 36 0.016 192
C C3 0. 058 0.61 1.15 0. 036 0.010 11. 81 18.82 0.010 70
C4 0. 062 0.58 1.18 0.027 0. 008 12.12 18. 10 0.030 100
C5 0. 052 0.55 1.18 0. 025 0. 008 12.09 18.25 0.010 215
CN1 0. 066 0.67 1.21 0.034 0. 003 12. 98 18. 00 0. 109 19
CN2 0. 069 0.51 1.19 0.027 0. 006 12.15 18. 31 0.110 187
CN CN3 0. 055 0.62 1.24 0.034 0. 005 11.79 17.81 0. 130 63
CN4 0. 050 0.61 1.22 0. 024 0. 008 12.08 18.32 0.120 90
CN5 0. 065 0.53 1.18 0. 029 0. 007 11.98 18. 35 0.126 163

(note) *1: Sampling of test material from 150 mm¢® Slab. * (ppm)
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Fig. 1. Schematic diagrams of pre-thermal cycle
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Fig. 2. Elevated temperature tensile properties of
18Cr-9~14Ni austenitic stainless steels bearing
various combination of [C] and [N] content.
Strain rate is 1.8x 10-3/s.
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Photo. 1. Fractography of CN3 (d=110um) fractured at 2.7x10-3/s and (a) 800°C

and (b) 900°C, respectively.
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Fig. 5. Effect of grain size on the ductility for
C3 and CN3. Strain rate is 2.7 X 10-3/s.
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Fig. 6. Effect of pre-thermal cycle pattern on the
ductility for 18Cr-12Ni austenitic stainless steels.

C4 (0.06C-0.03N) and CN4 (0.05C-0.12N).

Thermal-mechanical simulator has been used.
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Photo. 3. Transmission electron .n.uc.rograp’hs of deforl"hed structure, elongated at
750°C-1.8x10-3/s. (a) C2(0.06C-0.02N) and (b) CN2(0.07C-0.11N).
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