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TECHNICAL MEMORANDUM X-73309

THE STRESS CORROSION RESISTANCE AND THE CRYOGENIC
TEMPERATURE MECHANICAL BEHAVIOR OF 18-3 (N ITRON IC 33)

STAINLESS STEEL PARENT AND WELDED MATERIAL

SUMMARY

This report presents the ambient and cryogenic temperature mechanical properties
and the ambient temperature stress corrosion resistance of as received (annealed)
parent material and as welded (TIG) material specimens of 18-3 Mn (Nitronic 33)
stainless steel alloy.

The mechanical properties were evaluated at test temperatures from ambient to
liquid hydrogen. The tensile test results for longitudinal and transverse speci-
mens of both as received and as welded material indicared excellent mechanical
properties at test temperatures down to -200 O F (-129.0"k-,). Below that tempera-
ture the elongation rapidly decreased to less than 6.09/o et liquid hydrogen
temperature.

The notched tensile properties (not applicable to as welded moeria!) of the longi-
tudinal and transverse parent metal specimens indicated a progressive increase in
notched tensile strength (NTS) from ambient remperature to liquid nitrogen tempera-
ture. Below -320OF (-196.00Q the NTS decreased rapidly. The notched/unnotched
(N/U) tensile ratio of the longitudinal and transverse material specimens remained
above 0.9 from ambient to -200O F (-129.00Q. Below that test temperature the N/U
tensile ratio decreased steadily, yet remained above 0.6 at liquid hydrogen tempera-
ture for both longitudinal and transverse directions.

Stress corrosion tests were performed on the as received and on the as welded
longitudinal and transverse material specimens in four different environments:
MSFC non-corrosive atmosphere; alternate immersion in a 3.5% NoCI bath;
humidity cabinet; and salt spray cabinet. Tensile tests made after 180 days exposure
indicated that only the specimens exposed to the salt spray environment experienced
pitting corrosion causing a degradation in mechanical properties. The angle of
exposure proved to be more influential than the specimen direction (longitudinal
or transverse) or the applied stress in determining the extent of degradation.



INTRODUCTION

The constant demand for improved corrosion resisting steels coupled with the
recently increased emphasis on the conservation of strategic metals have prompted
the development of a new family of stainless steels in which manganese and nitrogen
are substituted for a portion of the usual nickel content. One such steel, 18-3 Mn
(Nitronic 33) stainless contains approximately 18% chromium, 3.5% nickel, 0.05%
carbon, 13.5% manganese, and 0.3% nitrogen. Compared to AISI 304 stainless
steel which contains 8% nickel, 18-3 Mn is purported to offer the following
advantages:

(1) yield strength in the annealed condition is approximately twice that
of Type 304;

(2) resistance to stress corrosion cracking is better than Type 304;

(3) low magnetic permeability is retained even after severe cold
working;

(4) strength and ductility at cryogenic temperatures are excelle,

(5) resistance to wear and galling much superior to the standard
austenitic stainless steels;

(6) excellent high temperature properties.

E	 The purposes of the present investigation were to evaluate the resistance of 18-3 Mn
to stress corrosion cracking and to determine its mechanical properties at ambient
and cryogenic temperatures. The results are presented in this paper.

E

I

i{i

I

2

I'
Hf^11^T.d^.1rX Y,	 ti	 r• .: ,	 ,i^



I

t

MATERIAL PROCESSING

The chemical compositions of the as received material and the weld wire used in
the investigation are shown in Tables la and lb, respectively. The sheet material,
0.063- inch (0.160 cm) thick, from Armco Steel Co. Heat No. 300254 was
utilized in the cold rolled annealed condition, and the weld wire (Nitronic 35W)
0.063- inch (0.160 cm) diameter mill coil was in the annealed and cold drawn
condition from Armco Heat No. 032007.

The as received parent metal panels were joined by the Tungsten Inert Gas (TIG)
process utilizing a 3/32- inch (0.0238 cm) diameter tungsten electrode; 80%
argon-20% helium shield gas; a copper back-up bar; Nitronic 35W filler w;.a
0.063- inch (0.160 cm) diameter; a weld heat setting of 175 amps at 10 volts; and
a travel speed of 13 inches (33 cm)/minute.

EQUIPMENT AND MECHANICAL TEST SPECIMENS

The equipment used in the mechanical properties evaluation is described in a
report by the author (Ref. 1). Tensile specimens, smooth and V-notched, are
illustrated in Figures 1 a. and 1 b., respectively. The weld specimens, with
weld beads machined flush, are identical in configuration to the smooth specimen
illustrated in Figure 1 a.

STRESS CORROSION TEST PROCEDURE AND SPECIMENS

The equipment and the test procedure used in the Alternate Immersion (A.I.)
stress corrosion test is described in a report by Humphries (Ref. 2). The A.I.
bath is a 3.5% NoCI solution maintained at a pH of 6.5- 7.2, a temperature of
80OF ± 20F (2rc + l oC), and a water purity per ASTM-D-1193-7 Type II. The
A.I. cycle is 10 minutes in solution and 50 minutes out of solution. The salt
spray test utilized the procedures of ASTM-B-117-64, "Standard Method of Salt
Spray (Fog) Testing" which specifies a 5% salt solution at a pH of 6.5- 7.2 and
a temperature of 950F (350C). The humidity test was conducted in a cabinet
maintained at 98% relative humidity and a temperature of 95oF (350C). The
MSFC non-corrosive atmospheric conditions were 75 0F (240C) with a relative
humidity of approximately 509/o.

The flat tensile specimens illustrated in Figure 1 c. were degreased with acetone,
stressed to 0 and 75% of the 0.2% yield strength (longitudinal and transverse
directions) then re-cleaned with acetone prior to exposure in the corrosive
environments.
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RESULTS AND DISCUSS;ON

1. Mechanical Behavior

a. As Received Material

The tensile test results of the ambient through cryogenic temperature
mechanical properties evaluation for as received material specimens are tabu-
lated in Tables Ila and IIb and these properties are plotted in Figures 2 and 4.

Tables Ila and IIb contain test data on as received (annealed) 0.063-
inch (0.160 cm) thick sheet material specimens tested in the longitudinal and
transverse directions, respactively. The tensile test data indicate increasing
ultimate tensile and 0.2% yield strengths with decreasing temperature for both

	

"I	 longitudinal and transverse specimen directions. The elongation (measured in
4 x gage width) indicates excellent ductility from ambient temperature to

	

i	 -200OF (-129.00Q. However, at liquid nitrogen test temperature there is an

	

„` l	 approximate 50% loss in ductility, as compared to ambient temperature elonga-
tion, and at liquid hydrogen test temperature there is an approximate 9090 loss
in ductility.

The notched/unnotched (N/U) tensile ratios (average K t = 9.4) for the
longitudinal test specimen remained approximately 1.0 from ambient to -200OF
(-129.OoC) while the transverse V-notched test specimen indicat,:d a N/U tensile
ratio above 0.90 over the same test temperature range. At liquid nitrogen and
liquid hydrogen test temperatures the N/U tensile ratios for longitudinal and
transverse specimen directions dropped to approximately 0.85 and 0.65, respec-
tively. The notched tensile strength (NTS) for both specimen directions increased
steadily from ambient test temperature to -320OF (-196.00Q and then dropped
sharply, yet remained well above the ambient temperature NTS.

b. As Welded Material

The tensile test results of the ambient through cryogenic temperature
mechanical properties evaluation for as welded material spec i mens ore tabulated
in Tables Ills and Illb and these properties are plotted in Figure 3.

Tables Ills and IIIb contain test data on as welded (TIG) 0.063- inch
(0.160 cm) thick sheet material specimens, both longitudinal and transverse
directions, with weld beads machined flush. The tensile test data indicate
increasing ultimate tensile and 0.2% yield strengths with decreasing temperature
for both test specimen directions. The elongation (measured in 4 x gage width)
indicates excellent ductility from ambient temperature to -200oF (- 129.00Q.
However, of liquid nitrogen test temperature there is an approximate 609/o loss
4



1. Mechanical Behavior (Cont'd)

b. As Welded Material (Cont'd)

In ductility, as compared to ambient temperature elongation, and at liquid
hydrogen test temperature there is an approximate 90% loss in ductility.

The weld efficiency at all the test temperatures from ambient to liquid
hydrogen temperature was greater than 97% Indicating excellent weld properties.
As indicated by the weld efficiency the mechanical properties including the
0.2% yield strength, modulus, amJ elongation are almost identical to those of the
parent metal.

2. Stress Corrosion Susceptibility

a. As Received Material

Table IV contains test data prior to and after 180 days exposure to the
following environments:

(1) MSFC Non-Corrosive Atmosphere - 75 0F (240C), 50% Relative
Humidity.

(2) Alternate Immersion - 3.5% NoCI Bath, 80oF (270C).

(3) Humidity Cabinet - 950F (350C), 98% Relative Humidity.

(4) Salt spray Cabinet - 950F (350C).

These data indicate that the as received (annealed) parent material specimens
were nat susceptible to stress corrosion cracking, even when stressed to 75% of
the 0.2% yield strength and exposed to the environcients listed above. However,
after 180 dad-, -xposure to the MSFC non-corrosive environment there was a slight
increase in mechanical properties due, possibly, to aging.

Although there were no failures in any of the test specimens exposed to
the above listed environments, there was some pitting corrosion on those speci-
mens exposed to the salt spray. This corrosion is reflected in a minor degradation
of the ulti ate tensile strength of the transverse tensile specimens and in the
elongation values of both longitudinal and transverse direction specimens.

Figure 5 illustrates the stressed parent metal specimens exposed for
180 days to the 3.5% NaCl alternate immersion both. This figure also illustrates

5
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2. Stress Corrosion Susceptibility (Cont'd)

a. As Received Material (Cont'd)

the stressed parent metal specimens exposed to the humidity cabinet environment.
There wcs no staining or pitting on any of the specimens exposed to these two
environments.

Figure 6 illustrates parent metal specimens, unstressed and stressed,
exposed to the salt spray. These photographs show the corrosion stains caused
by the sait spray and also the mild pitting attack revealed by removing the stains.
This pitting corrosion caused a slight degradation in the elongation properties as
indicated in Table IV.

b. As Welded Material

Table V contains tensile test data prior to and after 180 days exposure
to the various environments. These data indicate that the as welded sheet
material specimens were not susceptible to stress corrosion cracking, even when
stressed to 75% of the 0.2% yield strength.

Due to the limited amount of sheet material available for this evaluation,
and because of inexperience in welding this new alloy, some of the weld panels
contained imperfections. These imperfections are reflected in the erratic elongo-
tion values of the tensile specimens. Metallographic examination and electron
microprobe analysis did not reveal any copper contamination which could have
resulted from the utilization of a copper backup bar.

No failures were experienced in the as welded specimens e..posed to
the various environments; however, there was some pitting corrosion on the salt
spray specimens. This pitting caused a greater degree of mechanical property
degradation as compared to the parent metal specimen properties. This degrada-
tion is reflected in the ultimate tensile strength and in the elongation properties.

The angle of exposure of the test specimens evidently contributed to the
pitting attack. Unstressed specimens exposed to the salt spray were supported, as
specified in ASTM 8-117, at a 15 to 30 degree angle in a pla:iic rack. The
stressed specimens were in a separate stress jig and were arched to produce a
given stress, therefore they were not exposed at the some angle as the unstressed
specimens. The arched condition facilitated better drainage and prevented some

t
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2. Stress Corrosion Susceptibility (Cont'd)

b. As Welded Material (Cont'd)

of the pitting corrosion that was experienced by the unstressed s pecimens. The
tensile test results indicate superior ultimate tensile and elongation properties
for the stressed specimens.

Figure 7 illustrates the typ ► ca: as welded, longitudinal and transverse,
stressed specimens exposed for 180 days to the 3.5% NaCl alternate immersion
both, and to the humidity cabinet environment of 95 0F (350C) and a relative
humidity of 98%. There was no general corrosion or pitting on the as welded
specimens exposed to these two environments.

Figure 8 indicates surface staining of the as welded, longitudinal and
transverse, unstressed specimens exposed for 180 days to the 5% NoCI solution,
95oF (350C) environment of the salt spray cabinet. Also shown are the some
specimens with the stains removed, revealing a pitting attack on the specimen
surfaces. Actually the attack on these unstressed specimens was more severe,
due to the angle of exposure, than the attack on the stressed specimens shown
in Figw,v 9.

Figure 9 shows surface staining of the as welded, longitudinal and
`-ansverse, stressed specimens exposed to the salt spray environment for 180 days.
lifting corrosion is also shown on the some specimens after removal of the stains.

3. Metallography

a. As Received Material

The metallography of the as received material illustrated in Figure 10
ir:c_'icates an oustenitic structure with a grain size smaller than per ASTM E 112-63.
The longitudinal microstructure reveals stringers which were analyzed by Energy
Dispersive Analysis of X-rays (EDAX) and found to contain the deoxidation
additives, Aluminum and Calcium. Other elements present in the stringers were
Iron, Chromium, and Manganese. The grains are free from uny precipitated
carbides a, ,d there is no evidence pf banding .

b. As Welded Materia l

Figure 11 illustrates the microstructure of the 18-3 Mr (Nitronic 33)
stainless steel, TIG welded with t`litronic 35W filler wire. The sample was

^ V
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3. Metallography (Cont'd)

b. As Welded Material (Cont'd)

eiectrolytically etched with 10% Oxalic Acid and photographed at a magnifi-
cation of 50X. There are no distinct heat affected zones and the immediate
areas adjacent to the weld are free of carbide precipitation.

4. Froctogrophy

a. As Received Material

Figures 12 through 138 are Scanning Electron Micrographs (SEM) of
longitudinal tensile fractures at a magnification of 1000X. These SEM micro-
graphs show the edge and center of the fractured specimens tensile tested at
ambient, liquid nitrogen and liquid hydrogen temperatures.

In Figure 12, the ambient temperature fracture surface indicates excellent
ductility while the fracture surfaces of the specimens tested at liquid nitrogen and
liquid hydrogen temperatures vary from an edge ductile appearance to a center
mixed mode of failure.

Figures 13A and 13B are fractographs of longitudinal V-notched tensile
failures taken from the ductile fracture area and from the fracture initiation edges,
respectively. The ductile fracture area represents the final rupture area of
greatest ductility. This area retains some degree of ductility even at liquid hydrogen
temperature. Note the contrast of the fractogrophs taken from the fracture initiation
edges of the V-notched specimens. Only at ambient temperature is there any degree
of ductility represented in these fracture initiation edges.

b. As Welded Material

Figure 14 illustrates the edge and center of the longitudinal as welded
tensile fractures taken from ductile fracture areas. These fractures show some
resemblance to the smooth parent metal fractures illustrated in Figure 12 except for
the more brittle appearance at the center of the welds fractured at liquid hydrogen
temperature.



CONCLUSIONS

Based upon the results of this evaluation of 18-3 Mn (Nitronic 33) stainless steel
s	 sheet material, tested in the as received and in the as welded (TIG) conditions,

the following conclusions are drawn:

(1) The ultimate tensile and	 2% yield strengths of the as received
parent metal and the as welded metal, longitudinal and transverse, specimens
increased with decreasing temperature.

(2) Elongation of parent and as welded tensile specimens remained above
409/o at test temperatures from ambient to -200PF (-129.OoC).

(3) The mechanical properties of the as received and the as welded
material were practically identical at all testing temperatures from ambient to
liquid hydrogen temperature.

(4) The notched to unnotched tensile ratio (K t = 9.4) for the parent
material remained above 0.90 from ambient temperature to -200OF (-129.OoC).

(5) Considering the mechanical properties obtained in this evaluation
it would be reasonable to consider sheet material in either the annealed con-
dition or the as welded (TIG) condition for cryogenic application to -200OF
(-129.OoC).

(6) Fractographic analysis indicates the transition from ductility to
brittleness of the parent metal and of the as welded metal specimens fractured
at liquid nitrogen temperature and the increasing brittleness of the fractures at
liquid hydrogen test temperature.

(7) 18-3 Mn (Nitronic 33) stainless steel alloy sheet material in the
annealed condition and in the as welded (TIG) condition, as tested in this
evaluation, is not susceptible to stress corrosion cracking, even when stressed
to 75% of the 0.2% yield strength and exposed to 180 days of moisture and
chloride environments. Lengthly exposure to the salt spray environment does
cause some pitting corrosion, especially in the as welded mater'Ll specimens.

r,
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TABLE la

Chemical Composition of 18-3 Mn (Nitronic 33) Stainless Steel Alloy Sheet

Analysis Fe Cr Mn Ni Si C P S N

MSFC Main 17.61 13.41 3.70 0.83 0.046 0.011 0.004 0.26

ARMCO Main 17.83 13.87 3.34 0.50 0.046 0.018 0.006 0.29

ARMCO Steel Co. Heat No. 300254.
Cold Rolled Annealed - 0.063- Inch (0.160 cm) Thick.

I<	 a
All,_

TABLE lb

Chemical Composition of 18-3 Mn (Nitronic 35W) Weld Wire

Analysis Fe Cr Mn Ni Si C P S N

ARMCO Main 18.11 12.37 4.96 0.41 0.041 0.007 0.005 0.18

ARMCO Steel Co. Heat No. 032007.
Annealed and Cold Drawn - 0.063- Inch (0.160 cm) Mill Coil.
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