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Synopsis:

Mechanical tests were carried out on high manganese austenitic iron alloys for cryogenic service
to study the effect on the strength and the toughness at lower temperatures. Addition of manganese
to austenitic Fe-Cr-Ni alloy can improve neither the strength nor the toughness. Impact energy
decreases as manganese content increases. Although homogenization at 1000°C(1273K) for 24 hours
gives rise to coarsning of the grain size, the proof stress and the toughness are remarkably improved.
The improvement would be attributed to solution of carbides, which would be nucleation sites for
void formation in ductile fracture. In this experiment, 309Mn-59,Ni-152,Cr and 209,Mn-109,Ni-
159%Cr iron alloys are recommended as cryogenic structural materials from the view point of the sta-
bility of austenitic phase at 4 K. However, the higher nickel alloy results in the better balance of

strength and low temperature toughness than the higher manganese alloy.
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Table 1. Chemical composition of materials used (wt%) and their symbols used in figures.

Slgﬁilfggf Mn Ni Cr  Nigg C P S N Fe Used symbols
#1 13.26  5.22 15.30 11.85 0.006 0.003 0.00i0 0.0049 Bal O || jj
#2 17.79  5.24 15.54 14.14 0.005 0.003 0.0010 0.0038 Bal <& X" Q
#3 23.41 5.29 15.10 17.00 0.008 0.003 0.00i1 0.0046 Bal v v ~
£4 28.61 5.26 15.12 19.57 0.008 0.004 0.0010 0.0044 Bal A A Al
85 19.97 9.96 15.02 19.95 0.003 0.003 0.0010 0.0048 Bal O o jof

Chemical composition of materials used and symbols for them
- - Table 2. Transformation temperatures of
%"f 150 15 E materials tested (K).
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Fig. 1. Change in proof stress (at 300K) of aus-
tenitic stainless steels with added amounts
of respective elements.
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Fig. 2. Schaeffler diagram and composition of
materials used.
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Fig. 3. Heat treatment sequences applied to this
experiment.
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Fig. 4. Load-displacement curves of homogenized
#1 materials at various temperatures.
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Fig. 5. Load-displacement curves of homogenized
#5 materials at various temperatures.
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Fig. 7. Effect of manganeses on impact energy of

homogenized materials tested at 77
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8. Grain size dependence of proof stresses at
300K. Solid marks are for A. R. (As rolled),
open for W.Q. (Water quenched) and
those with barbels for H. (homogenized).
Numbers correspond to those of specimen
in Table 1.
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Fig. 9. Grain size dependence of tensile stresses at

33K. Solid marks are for A.R., open for
W.Q. and those with barbels for H..
Numbers correspond to specimen’s ones in
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Fig. 10. Grain size dependence of impact energy
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for W.Q. and those with barbels for H.
Numbers correspond to specimen’s ones in
Table 1.
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