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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Department of Materials Science and Mineral Engineering
and
Lawrence Berkeley Laboratory
University of California, Berkeley

ABSTRACT

Research on the effect of composition on the cryogenic mechanical
properties of high—-Mn austenitic steels showed that both the yield
strength and change of strength with alloy processing increased signifi-
cantly with increasing interstitial content. Alloy toughness deteriorated
if carbon content was raised to 0.1% or higher or if 83—-ferrite was re—
tained in the as—cooled alloy. On the basis of these investigations an
alloy of nominal composition 18Mn-5Ni-16Cr—0.024C-0.22N was made and tes—
ted at 4K. Both its strength—toughness characteristic and fatigue crack
growth properties compared favorably to those of 304LN and 304N cryogenic
steels,

INTRODUCTION

The development of high field superconducting magnets, particularly
for use in magnetic fusion reactors, has created a need for new structural
alloys that combine high strength and toughness at 4K with low cost and
dependable performance in thick sections. To satisfy this need, a number
of laboratories have been investigating the potential of high manganese

austenitic steels [1,2,3]. The classic high manganese austenitic steels
have been standardized in the AISI 200 series, in which the manganese is
used principally to increase nitrogen solubility and to achieve higher
strength [4]. These alloys typically have poor fracture toughness at
cryogenic temperatures, but recent research [3] has shown that promising
cryogenic properties can be obtained in a modified AISI 205 steel having
nominal composition 18Mn-5Ni-(14-16)Cr—-0.03C-0.26N. The present research
was conducted to explore alloy compositions around this nominal valuwe, and
to select a promising composition for detailed cryogenic mechanical pro-
perty tests,

EXPERIMENTAL PROCEDURE

The experimental alloys were prepared by vacuum—induction melting a
variety of compositions about the base alloy composition 18Mn-5Ni-16Cr-
0.03C-0.26N. The alloy compositions are given in Table I. The ingots
were forged to 50 or 75mm thick plates and then hot rolled at 1100°C to 15
or 30mm thickness, Cryogenic tensile and Charpy impact properties were
measured in three conditions: as—hot rolled, solution treated (1050°C for
30 min + water quench) and solution treated and aged (660°C, 45 min + air
cooled). The properties were determined in the rolling direction of the,ﬁéji

DISTRIBUTION OF THiS DOCUMENT 1S tiLiwniren \



-2

plate., Single specimen J-integral tests on a selected alloy were per—
formed at 77K and 4K using longitudinal compact tension specimens
(b=25.4mm, W=50.8mm, a/W~0.65). Fatigue crack growth rates were measured
at 4K using a similar compact tension specimen, a load ratio of 0.12, and
a frequency of 10 Hz, The crack length was determined by the compliance
method.

RESULTS AND DISCUSSION

The 4K yield strengths of the alloys was almost insensitive to the
composition of substitutional species over the range tested, but varied
strongly with the interstitial content as shown in Figure 1. As the total
interstitial content increased to above 0.25 wt.% the yield strength
increased significantly, as did the sensitivity of the yield strength to
the processing conditions. Nitrogen is clearly more effective than carbon
in strengthening the alloypn the data presented in Figure 1 show that the
strength decreases with increasing carbon fraction at a given total inter-
stitial content.

The relation between Charpy V-notch impact energy and yield strength
at 77K is plotted in Figure 2. As expected, the Charpy impact energy
tends to decrease with yield stremgth. But beyond this general trend, the
data can be divided into three groups depending on metallurgical charac-—
teristics. The first group includes alloys that contain residual &§-
ferrite, as evidenced by high magnetic permeability. These include high
manganese (28Mn—-5Ni-16Cr), high Cr (18Cr-5Ni-18Cr) and low Ni (18Mn-1Ni-
16Cr) alloys. These alloys, which are labelled y+3+N the figure have low
toughness in the as—rolled or solution—treated condition, and show a
dramatic deterioration in impact toughness when given a further aging
treatment, The second group of alloys contains relatively high carbon
additions (0.10-0.16C) and is designated a+C+N in the figure. These
alloys also show relatively low toughness in the as—rolled or solution-
treated condition, and also lose toughness on aging, The final group of
alloys are low in carbon and do not contain 8-ferrite. These alloys have
high impact toughness at 77K and do not lose toughmess on subsequent
aging, which suggests that they may show good welding characteristics.
The strength—toughness properties of these alloys are nearly independent
of the precise content of the substitutional alloying species.

In selecting a high manganese austenitic alloy for cryogenic use it
is desirable that the alloy have good cryogenic mechanical properties,
that the properties be relatively insensitive to processing to optimize
alloy reliability and reproducability, and that the properties be rela—
tively unaffected by heat treatment, to minimize problems in the heat-
affected zone after welding. The data presented above suggests that such
an alloy should be free of §—ferrite, have a total interstitial content
below about 0.25 wt.%, and have a carbon content which is low relative to
that of nitrogen., All three of these criteria are satisfied by an alloy
of nominal composition 18Mn—5Ni-16Cr-0.22N-0.024C. An alloy of this nomi-
nal composition, a small Si addition for deoxidation, was melted and
prepared for detailed property measurements at 4K. The actual composition
of the experimental material was 18.0Mn-5.0Ni-16.3Cr-0.53Si-0.22N-0.024C-
0.01S-0.004P,
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J-integral tests were conducted on the experimental alloy in both the
as—-rolled and solution—-treated conditions at 77K and 4K. The 77K data
were invalid because of the exceptionally high J-integral values. The
valid results obtained at 4K were IIc=245KJ/m for solution—-treated condi-
tion and IIc=280KJ/m in the as—rolled condition. The plane strain frac-
ture toughness values (KIc) estimated from these values are plotted to-—
gether with the corresponding 4K yield strengths in Figure 3. The results
are compared against the strength—toughness characteristic for 304LN and
304N steels at 4K as reported in References 5 and 6. It is clear from the
figure that the high Mn alloy has a 4K strength-toughness combination
superior to that of 304Ln or 304N steels. The fatigue crack growth rate
data of the experimental alloy at 4K is given in the Paris plot contained
in Figure 4 and compared with the crack growth rate data for 304 and 304LN
steels reported in Reference 5. The crack growth rate of the experimental
alloy is relatively insensitive to processing, though the as—rolled condi-
tion shows a slightly smaller fatigune crack growth rate at higher AK
value, The fatigue crack growth rates over the whole range tested are
substantially below the reported data for 304LN, though they are slightly
higher for the crack growth rates reported for 304, Fatigue crack growth
rates were also measured at77K and are very nearly the same except at the
highest AK values.

CONCLUSION

We conclude that a very promising combination of yield strength,
fracture toughness, and fatigue resistance at 4K can be obtained with
modified AISI 205 high manganese austenitic steels, To achieve superior
cryogenic mechanical properties the alloy should be kept free of residual
d-ferrite and the carbon content should be held to a low value. The
alloy’s strength may then be increased by adding nitrogen though a low
total interstitial content may be useful in suppressing the dependence of
the mechanical properties on processing conditionms.
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"TABLE 1

MATERIALS
Base Alloy 28%Mn-5%Ni-16%Cr—0.03%C-0.26%N
Effect of Mn (15,18,20,22,28%)Mn—5%Ni~16%CR-0.03%C~-0.25%N
Effect of Ni 18%Mn—(1,3,5,7%)Ni-16%Cr—-0.03%C-0.25%N
Effect of Cr 18,22%Mn—4,5%Ni—(12,14,16,18%)Cr—0.03%C-0.25%N
Effect of C 18%Mn—5%Ni-16%Cr—0.10%C—0.177%N

-0.16%C~0.122%N
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Figure 1, Dependence of the yield stress on interstitial

content.
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Figure 2. Relationship between Charpy impact energy and
yield stress at 77K.
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yield stress of the alloy at 4K.
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