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PREFACE

This progress report was prepared for the Energy Storage Program
under FY 1984 funding from the Division of Energy Storage
Technology of the U.S. Department of Energy. It reports progress
on studies of the corrosion of several superalloys in eutectic
lithium-sodium-potassium carbonate at 900°C obtained during the
period October 1984 to April 1985. These alloys are candidates
for short-term compatibility (60 days) to contain the carbonate
salt for pilot-scale evaluation of advanced solar thermal energy
storage systems. Metallographic examination of most of the speci-
mens was funded by the Solar Thermal Technology Program.

We acknowledge the contributions made to this work by Yvonne
Shinton and Richard Burrows of the Solar Energy Research Institute
and helpful discussions with Bob Bradshaw of Sandia National
Laboratories, George Lai of the Cabot Corporation, and Dave Shores
of the University of Minnesota.
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SUMMARY

Objective

The objective of this work is to identify materials to contain molten eutectic
lithium-sodium~-potassium carbonate at 900°C for use in advanced solar energy
storage systems where the molten salt is a sensible heat medium. The near-
term objective of the work was to assess the stability of selected alloys to
corrosive attack by the salt at 900°C after 60 days of exposure. The purpose
was to identify metallic construction materials that could be used in pilot-
scale studies of about 60 days duration to allow evaluation of heat transfer,
fluid flow, and materials compatibility issues in advanced designs.

Discussion

A number of alloys in exploratory corrosion studies showed promise of suf-
ficient compatibility with molten carbonate salt at 900°C to be candidates for
use in pilot-scale studies of advanced storage concepts. The alloys that were
evaluated in this study were Inconel 600, Hastelloy N, Cabot 201 (nickel),
Haynes 556, Cabot 214, and Cabot 800H. These alloys were exposed to 900°C
eutectic lithium-sodium-potassium carbonate molten salt for times up to
67 days. The weight changes for alloy coupons were monitored for various
exposure times in the salt, and the coupons were metallographically examined
to determine metal wastage.

It was found that Inconel 600 had metal wastage of 0.17 mm after 62 days of
exposure when the salt was purged with gas containing 22% oxygen. This alloy
under the above purging condition was the most corrosion resistant in these
studies and 1s the best of these candidates for use in pilot-scale studies.
In other experiments, where about a tenth of the oxygen concentration was
used, the corrosion was much more dramatic (0.56 mm after 21 days of expo-
sure). Hastelloy N also showed less severe corrosion rates with higher oxygen
content in the purge gas and nickel showed comparable corrosion behavior with
the high oxygen content experiments.

The alloys that were tested only under low oxygen purge conditions,
Haynes 556, Cabot 800H, and Cabot 214 showed rapid corrosion. It would be
useful to test these under high oxygen conditions. The Cabot 214, an alloy
that forms an alumina protective layer, would be especially interesting to
test in high oxygen salt since it has been shown that alumina is very
corrosion resistant in the molten salt.
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SECTION 1.0

INTRODUCTION

The Division of Energy Storage Tech-
nology of the U.S. Department of
Energy is interested in the use of
molten salts as high temperature,
sensible heat storage media in ad-
vanced solar energy storage sys-
tems. The objective of the first
phase of the work at SERI was to de-
sign a containment system and to
identify materials for an advanced
system with an operating temperature
of 900°C. Previous reports (Coyle et
al. 1983, 1984) have presented infor-
mation on an advanced storage con-
cept. The work presented in this
report investigates the compatibility
of alloys with a ternary eutectic
lithium~sodium—-potassium carbonate
{(Li,Na,K),CO5] molten salt (here-
after referred to as eutectic LiNakK
salt) at 900°C under various combi-
nations of oxygen potential and acid-

ity in the molten salt. These alloys
are candidates for use in pilot-scale
tests of advanced solar thermal
energy storage systems; this requires
successful corrosion performance for
60 days at 900°C. The alloys inves-
tigated were ones that showed promise
of compatibility with molten carbon-
ate salt at 900°C in exploratory cor-
rosion tests done by Coyle et
al. (1983).

We present the results of weight
change measurements on coupons of
Inconel 600, Hastelloy N, nickel,
Haynes 556, Cabot 214, and Cabot 800H
after they were immersed in eutectic
LiNaK for periods of up to 67 days.
We also present the results of metal-
lographic examinations of many of the
coupons.
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2.0 EXPERIMENTAL

2.1 Corrosion Experiments

An illustration of a crucible used
for exposing coupons of alloys to
molten salt is shown in Figure 2-l.
The crucible was made of nominally
99,8% pure aluminum oxide and con-
tained molten salt about 13 cm
deep. We tested coupons in a cru-
cible, one alloy at a time, and im-
mersed all coupons 1in the molten
salt. The molten-salt temperature
was maintained at 900°C, and the tem-
perature gradient from the top to the
bottom of the salt was about 4°C.
The top of the crucible was covered
with a water-cooled plate, holding a
thermocouple and gas purge tube that
were suspended in the crucible. Mass
flow controllers maintained a con-
stant flow of purge gas to the cru-
cibles.

The coupons shown in Figure 2-1 were
1.3 x 1.9 cm and typically about
0.2 cm thick. Holes of about 0.4-cm
diameter were made in the coupons so
we could mount them on 99.8% pure
aluminum oxide sample holders using
spacers of this ceramic to separate
the coupons. The coupons were clean-
ed, weighed, and measured before
testing.

2.2 Weight Change Measurements

Usually three coupons were exposed to
molten salt for the desired time and
then removed for weighing. These
coupons were not returned to the
salt, and coupons that were to be
tested for longer times were not dis-
turbed at shorter sampling times for
examination. We weighed the coupon
after exposure to salt by first
cleaning adherent salt from the
coupon with distilled water, rinsing
in acetone, and drying in an oven at
100°C for one hour. Care was taken
not to remove any of the corrosion

product from the surface of the cou-~
pon. Weight changes were reported as
mg/cm® of coupon surface area.

2.3 Molten-Salt Chemisgtry

We used a ternary eutectic salt for
these experiments (43.5 mol % Li,CO5,
31.5 mol ¥ Na €o,, and 25 mol %
KZCO3). The séit was prepared using
reagent grade chemicals.,

The acidity of the salt and its
oxygen potential were controlled by
the composition of the purge gas.
The gases used are given in
Table 2-1. In the experiments with
0.4% carbon dioxide the purge gas was
used to blanket the top of the molten
salt, and in experiments where the
other two purge gases were used the
gas was bubbled into the molten salt
to achieve better exchange between
the gas and the salt. The purge
gases were Ar and CO,, and in some
experiments, 0, was also used. The
dependence of corrosion on salt acid-
ity and oxygen potential are dis-
cussed by Coyle et al. (1984).

A quadrupole mass spectrometer was
used to analyze the composition of
the gasses in the volume of space
above the molten salt. A schematic
of the system used to conduct these
analyses 1s shown 1in Figure 2-2,
This system is discussed in detail by
Coyle, Thomas, and Schissel (1985).
The results of analyses of the gases
above the salt for most of the exper-
iments is shown in Table 2-2.

A gignificant amount of air was pres-
ent above the salt in some experi-
ments. This 1is apparent from
examining the quadrupole results in
Table 2-1 where nitrogen appeared in
the spectra when it was not used in
the purge gas. It is also seen in
the table that oxygen appeared in
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Table 2-1. Quadrupole Analysis of the Gases above the
Eutectic LiNaK Salt during Corrosion Tests

Experiment Number

(material tested) kar 4C0, Ny %0, RAir
1 (Nickel, 99.99%)2 78 22 <0.1 <0.1 <0.1
2 (Inconel 600) 53.2 15.7 24.9 6.3 31

3 (Hastelloy N) 73.5 20.6 4.7 1,2 6

4 (Hastelloy N) 64.9 12.0 0.3 22.7 0.4
5 (Cabot 201) 55.6 9.7 13.3 21.4 16.8
5 (resealed) 62.5 11.3 1.3 24.9 1.6
6 (Inconel 600) 56.2 10.5 11.3 22.0 14.3

8A1s0 tested Cabot 201 and Inconel 800H in this crucible.

experiments 2 and 3 when it was not
included in the purge gas. Because
oxygen and nitrogen were both enter-
ing the crucible an air infiltration
was indicated. Resealing of crucible
number 5 was attempted after the cor-
rosion experiment; this eliminated
most of the air as seen in the table
(an improved crucible lid design has
further reduced this infiltration for
future corrosion experiments).

For the experiments reported in Table
2-1 the purge gas was bubbled into
the molten galt during the experi-
ment. Thus, the salt was partially
swept free of infiltrated oxygen and
nitrogen that had diffused in from
the salt-gas interface. In these ex-
periments, 2 and 3 in the table, the
oxygen content in the salt is char-
acterized as low (about an order of
magnitude lower) compared to experi-
ments 4, 5, and 6 in the table where
the oxygen content of the purge gas
being bubbled into the salt was about
22%, and is characterized as high.

In earlier experiments, before the
quadrupole mass spectrometer was
available for analysis, nitrogen gas
containing 0.4% CO, was used to purge
the air space above the molten salt
instead of bubbling into the salt as
in the later experiments. The acid-
ity of the salt purged with 0.4% CO,
is characterized as low compared to
the 10%-20% Co, of the later experi-
ments in Table 2-1. An infiltration
comparable to that in experiments 2
and 3 of the table most likely occur-
red in these experiments also, since
the same crucible sealing technique
was used. Thus, the oxygen poten-
tials in these experiments were
probably about the same as in experi-
ments 1, 2, and 3 in the table and
are characterized as being low.

2.4 Compositions of the Alloys

The compositions of the alloys eval-
uated for corrosion resistance to

eutectic LiNaK are given in
Table 2-2. These were taken from
vendors' literature.

D 3 v P
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Table 2-2. Nominal Chemical Composition.of Alloys under Investigation (wt Z)
(The alloys are grouped by type)

Alloy C Fe Ni Co Cr Mo W St Mn Al T1 Others
Nickel
pure - - 99.99 - - - - - - - - -
Cabot? 201 0.2+ 0.4+ 99.9 . 0.15+ 0,35+ 0.1+ Cu=0,25+, Mg=0.15+, S=0.005+

Nickel-Chromium

Cabot agloy 600 0.08+ 8 74 1+ 15 - - 0.5+ 1+ 0.35+ 0.3+ Cu=0.5+, 5=0.015+
Inconel” alloy 600 0.15 8 75 in Ni 15 - - 0,5+ 1+ - - Cu=0.5+, §=0.015+
Cabot alloy 214 - 2.5 77 - 16 - - - - 4.5 - Y=present
o Iron-Nickel-Chromfum
Cabot alloy 800H 0.08 41 32 2+ 21 - - 1+ 1.5+ 0.4 0.4 Cu=0.75+, $=0.015+
Incolog alloy 800 0.1+ 43 32 - 21 - - 1+ 1.5+ 0.4 0.4 Cu=0.75+, S$=0,015+
Haynes® alloy 556 0.1 29 20 20 22 3 3 0.4 1 0.2 - Cb+Ta-1, La=0.2, N=0.,2, Zr=0.02

High Refractory Metals Content

Hastelloy? alloy N 0.06 54 71 0.2+ 7 17 0.5+ - - 0.3+ 0.3+ B=0.01+, Cu=0.035+

aCabot, Haynes, and Hastelloy are registered trademarks of Cabot Corporation.
bInconel and Incoloy are registered trademarks of the Inco family of companies.

+
Maximum
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3.0 RESULTS AND DISCUSSION

The alloys evaluated in these studies
were the ones 1identified by the
exploratory = corrosion studies of
Coyle et al. (1984): Inconel 600,
Hastelloy N, nickel, Cabot 214, and
Haynes 556. The results are discus-
sed separately for each alloy eval-
uated.

3.1 Corrosion of Inconel 600

The results of weight loss studies on
Inconel 600 are presented in
Figure 3-1 for three different condi-
tions in the eutectic LiNaK salt.
The results are presented as weight
change in milligrams per square cen-
timeter for various exposure times in
the salt. Each data point in the
figure is the average of measurements
on three coupons, and the standard
deviations are shown by error bars
that are one- standard deviation on
either side of the mean. For points
where the standard deviation is small
compared with the size of the symbol

no error bars are included with the
point.

The corrosion experiments were con-
ducted under the three conditions
discusgssed in Section 2.0; these were
low oxygen potential and low acidity,
low oxygen potential and high acid-
ity, and high oxygen potential and
high acidity. Figure 3-1 shows that
for the two series of experiments
with low oxygen potential there were
weight gains. Weight losses were
observed for the series of experi-
ments with high oxygen potential.
These weight changes establish that
there is an ongoing interaction be-~
tween the salt and the coupons. How-
ever, to determine the amount of
metal affected as a result of these
changes requires more extensive stud-
ies to establish the relationship
between weight changes and the accom-
panying metallographs. '

Coyle, Thomas, and Lai (1984) and
Bradshaw (1983) have discussed the

005224
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Figure 3-1. Weight Change of Inconel 600 after Exposure to Eutectic LiNaK

Salt at 900°c.
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causes for weight changes for coupons
exposed to molten carbonates and
molten nitrates, respectively. They
reported that the weight changes ob-
served were weight gains caused by
the oxidation of metal or weight los-
ses caused by spalling of the cor-
rosion product or the dissolution of
alloy components by the molten
salt. Weight gains could also result
from salt being trapped in a porous
scale.

In the experiments on Inconel 600 and
on the other alloys discussed later
in this section all of the above
weight change mechanisms may contrib-
ute to the overall weight change of
the alloy as discussed by Coyle,
Thomas, and Lai (1984) for very sim-
ilar experiments. Since several
weight loss mechanisms were operative
in these experiments, the metal loss
from the coupon could not be deter-
mined from the weight change measure-
ments. Metallographic sections were
prepared to evaluate the amount of
metal loss from a number of coupons.

The results of metallographic exam-
ination of the Inconel 600 are shown
in Table 3-1, and some of the micro-

PR-2561

graphs from the metallographic sec-
tions are shown in Figure 3-2.
Table 3-1 gives the immersion times
for the coupons; the metal loss 1is
given in millimeters per side. We
determined the metal loss by
measuring the thickness of metal re-~
maining after corrosiony an optical
micrograph was used. The light
areas in the figure show the remain-
ing metal.

The depth of intergranular oxidation
(an example of this is the dark line
extending into the metal as shown in
Figure 3-2c) in the metal is counted
as part of the corrosion product.

Although it 1is speculative, we can
estimate the corrosion rates from the
data in Tables 3-1, 3-2, and 3-3 by
making assumptions about the progres-—
sion of metal loss with time. If we
assume that the metal loss at about
60 days represents a point along a
linear .metal loss curve, the cor-
rosion rates would be 1 mm/yr per
side for the Inconel 600 in the high
oxygen potential molten salt. How-
ever, to the extent that the cor-
rosion products are protective--and
the data in Tables 3-1, 3-2, and 3-3

Table 3-1. Corrosion Results from Metallography on Inconel 600
Immersed in Eutectic LiNaK Salt at 900°C for Two Gas
Mixtures Bubbled into the Molten Salt

Oxygen Potential
(Quadrupole Analysis)

Immersion Metal
Time (days)

Loss (mm/side)

Low 21 0.56

(16% CO,, 6% 0,) 64 >0.59
17 0.12

High 30 0.08

(11 % co,, 22% 0,) 62 0.17
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Figure 3-2. Metallographic Sections of Inconel 600 Exposed to Eutectic
LiNaK Salt at 900°C
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Table 3-2. Corrosion Results from Metallography on Hastelloy N
Immersed in Eutectic LiNaK Salt at 900°C for Two Gas -

Mixtures Bubbled into the Molten Salt

Oxygen Potential Immersion Metal Loss
(Quadrupole Analysis) Time (days) (mm/side)
Low
(21% coy, 1% 0,) 21 0.31
67 ‘ >0.62
17 0.12
High .
(12% co,, 23% 0,) 30 0.22
60 0,25

Table 3-3. Corrosion Results from Metallography on Cabot 201
Immersed in Eutectic LiNaK Salt at 900°C with the
Cas Mixture Bubbled into the Molten Salt

Oxygen Potential Immersion Metal Loss
(Quadrupole Analysis) Time (days) (mm/side)
17 0.52
High -
(10% CO,; 21% 0,) 30 0.36°
60 0.58

3intergranular oxidation.

bThe_ metal loss is negligible if IGO is not included. The oxide
scale for the 17, 30, and 60 day tests were 0.01 mm, 0.03 mm, and

0.03 mm, respectively.

indicate that the metal loss is not
increasing linearly with time, which
may indicate the formation of a pro-
tective corrosion product--the cor-
rosion rates could be substantially
below this. The estimated corrosion
rate from the low oxygen potential
experiment appears to be a factor of
four higher upon comparison of the
data found in Table 3-1. This dif-
ference in the extent of corrosion
for the two conditions is borne out
by comparing the micrographs in
Figure 3-2a,b.

10

3.2 Corrosion of Hastelloy N

The results of weight loss studies on
Hastelloy N are presented in
Figure 3-3 or the same oxygen poten-
tial and acidity conditions used for
the Inconel 600 studies discussed in
Section 3.1l. The experiments were
done in eutectic LiNaK salt at
900°C. Figure 3-3 shows that all of
the coupons of Hastelloy N exper-
lenced weight loss wunder the
conditions imposed. Similar weight
change curves were observed for the
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Figure 3-3. Weight Change of Hastelloy after Exposure to Eutectic LiNakK

salt at 900°c.
high CO,; W high 0,,

three conditions. Metallographic
examination was done to determine the
metal loss for the coupons.

The results of metallographic exam-
inations of coupons from the two high
acidity experiments are presented in
Table 3-2. Some of the micrographs
from the metallographic sections are
shown in Figure 3-4. The results in
Table 3-2 show that, as with the
Inconel 600, substantially less metal
loss occurred for the coupons tested
in the high oxygen potential. This
was unexpected in view of the similar
weight loss curves seen for the two
conditions in Figure 3-3.

The micrographs in Figure 3-4 show
that the corrosion product on the
coupons tested in a high oxygen po-
tential «consists of two distinct
layers with the outer layer develop-
ing between 30 and 60 days and the
inner layer remaining constant in
thickness over this period. The
inner layer has an appearance similar
to the corrosion product in
Figure 3~4, where the coupon was
tested under low oxygen potential.,

Salt conditions:
high CO,.

e low 02, low COZ; A low 02,

We can speculate that the reduced
metal loss for the high oxygen poten-
tial is related to the presence of
the outer part of the scale, which
limits access to the metal by the
molten salt.

A comparison of the results for

Hastelloy N with those for
Inconel 600 shows that the
Hastelloy N has less intergranular

oxidation. However, 1if the metal
loss rate for the Hastelloy N is cal-
culated assuming a linear loss rate,
as was done for the Inconel 600, then
the corrosion rate would be 1.5 mm/yr
per side compared with 1 mm/yr per

side for the Inconel 600. However,
to the extent that the corrosion
products are protective, which 1is

" 'suggested by comparing the 30- and

11

60-day data in Table 3-2 where little
additional metal loss is seen, the
corrosion rate could be substantially
below this for materials corroded in
a high oxygen potential environment
over longer periods. Further cor-
rosion experiments and metallographic
analyses would be required to verify
this conclusion, which now should be
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Figure 3-4. Metallographic Sections of Hastelloy N Exposed to Eutectic
LiNaK Salt at 900°C
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Figure 3-6. Commercial Nickel Alloy, Cabot Alloy 201, after Exposure to
Eutectic LiNaK Salt at 900°C for 60 Days, Bubbled with 71Z Argon-
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regarded as speculative. The cor-

rosion rate for the 1low oxygen
potential condition using the same
assumptions would be two or three

times higher.

3.3 Corrosion of Nickel

The results from weight change stud-
ies of nickel in eutectic LiNaK at
900°C are shown in Figure 3-5. Two
types of experiments were conducted,
both using the high acidity condi-
tion. The low oxygen potential ex-
periment lasted 14 days and used

a 99.99% pure nickel; the high oxygen
potential experiment was conducted
using a nickel of commercial purity,
Cabot 201. Table 3-3 shows that cou-
pons experienced weight losses of
less than 20 mg/cm® for both condi-
tions, which 1is less than those ob-
served for the Inconel 600 and the

PR-2561

As with the Inconel 600 and Hastelloy
N, it is speculative to derive
corrosion rates for the nickel from
the data 1in Table 3-3. However,
using the same assumption of linear
metal loss rate as used for the
Inconel 600 and Hastelloy N and
using the data at 60 days, we would
predict a corrosion rate of 3 mm/yr
per side for the Cabot 201. Table
3-3 shows, however, that this linear
assumption may lead to higher cor-
rosion rates than warranted since the
the depth of corrosion appears to re-
main constant between 17 and
60 days. Further study should be
done on this alloy to determine
whether additional metal reacts in
the molten salt after the initial
corrosion has occurred, as suggested
by the data in Table 3-3.

3.4 Corrosion of Haynes 556

The results of the weight loss stud-

Hastelloy N. Metallographic results ies for Haynes 556 shown in
are given in Table 3-3 and in Figure 3-7 indicate large weight
Figure 3-6. gains occurred after 3 and 6 days.
80 §
E
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>
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)
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£
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‘s 40—
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Figure 3-7. Weight Change of Haynes 556 (e low 0,, low €0,) and
Cabot 800H (A low 0,, high C02) after Exposure to
Eutectic LiNaK Salt at 900°C
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Figure 3-8. Metallographic Sections of Haynes 556 after Exposure to Eutectic
LiNaK Salt for 3 Days (A) and 6 Days (B) at 900°C
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Figure 3-9. SEM and EDS Analysis of Haynes 556 after 6 Days in Eutectic LiNaK at 900°C (Bradshaw 1983)
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Micrographs from metallographic exam-
ination of coupons after 3 and 6 days
of exposure to the molten salt are
shown in Figure 3-8. The metal loss
per side determined from thesé ' micro-
graphs would lead to corrosion rates
of 34 and >33 mm/yr per side if we
assume the same linear corrosion as
assumed for the previously discussed
alloys.

Bradshaw (1984) conducted a scanning
electron microscopy (SEM) evaluation
of the Haynes 556 alloy using energy
dispersive spectroscopy (EDS) for
elemental analysis of the corrosion
product. The results are shown in
Figure 3-9., The light areas labeled
A and C were identified as metal and
contained the major components of the
alloy, Fe, Co, and Ni, at about the
expected intensity except for chrom=-
ium, which should have about the same
intensity as the others.

However, in the grey areas, labeled B
and D, which were identified as
oxide, the major element by far was
chromium with substantially less Fe,
Co, and Ni.

The SEM micrograph shows the cor-
rosion product to be an interpene-
trating mixture of metal and oxide
similar to that reported by Coyle,
Thomas, and Lai (1984) for a number
of superalloys that were exposed to
eutectic sodium—-potassium carbonate
at 900°C for 21 days. The chromium
appears to be preferentially removed

17
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from the alloy when it is attacked by
the 900°C molten salt, and the other
alloy ingredients are left behind in
the metal,::

3.5 Corrosion of Cabot 214 and Cabot
800H

Cabot 214 and Cabot 800H were tested
in eutectic (Li,Na,K)2C03 at 900°
using . the low oxygen potential and
high acidity condition. After
9 days, the Cabot 214 coupons had
swollen to the extent that they could
not be removed from the alumina
gsample holder. After 14 days, the
Cabot 800H coupons had swollen so
much that they could not be removed
from the sample holder. Figure 3-7
shows the weight gain for the Cabot
800H; the data were corrected for the
weight of the sample holder rod that
was inseparable from the coupon.

The Cabot 214 is an alloy that con-

tains aluminum and 1is designed to
form a protective aluminum oxide
film., In view of the improved cor-
rosion resistance of other alloys
tested wunder conditions of  high
oxygen potential and the good cor-

rosion registance of alumina that was
reported by Coyle, Thomas, and
Schissel (1985) and Grantham and
Ferry (1976), a reevaluation of this
alloy under the high oxygen potential
condition could prove the alloy to be
much more corrosion resistant than
the present results indicate.
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4.0 SUMMARY AND CONCLUSIONS

alloys, Inconel 600,
Hastelloy N, Cabot 201 (nickel),
Haynes 556, = Cabot 214, and Cabot
800H, that showed the best corrosion
resistance to molten carbonate salt

A number of

at 900°C in earlier exploratory
corrosion tests were tested for
corrosion resistance in eutectic

lithium-sodium—-potassium carbonate at
900°C. Weight change as a function
of time and metallographic studies
were done to evaluate the stability
to corrosion.

e We found that for Inconel 600 and
Hastelloy N tested in molten salt
with a 224 oxygen ©purge, the
corrosion was dramatically less
than for these alloys tested with
purge gas containing about one-

18

tenth of the oxygen.

Metallographic examination of
Inconel 600, Hastelloy N, and Cabot
201 in salt with high oxygen
content suggested that a thick but
protective corrasion product
formed.

The corrosion rates for Inconel 600
under the high oxygen condition
could reasonably be expected to be
below 1 mm/yr per side; to
demonstrate this would require more
detailed study over a longer period
of time.

Aluminum-containing alloys, such as
Cabot 214, and other alloys that
were tested only with low oxygen
content purge gas should be
reevaluated in the high oxygen
potential conditions.
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