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ABSTRACT

Specimens from Chromel ASM, Hastelloy B, and commercial and vacuum-melted
type 310 alloys were oxidized for 100-hour periods in the stressed condition.
Intergranular oxidation measurements were obtained microscopically. In general,
the intergranular penetrations increased rapidly with stress after a certain
minimum value was reached. This minimum value, denoted as the threshold stress,
was determined for each alloy at various temperatures. The weight gained dur-
ing oxidation was determined. It was found that most of the alloys tested fol-
lowed the parabolic oxidation law.
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INTRODUCTION

When a metal is subjected to an oxidizing medium the usual result is the
formation of a continuous oxide layer on the exposed surface. In general, the
oxide layer increases in thickness with increasing time and/or temperature of
exposure. With some alloys, however, oxidation also occurs in the grain bound-
aries ahead of the metal-oxide interface. This report is primarily concerned
with this grain-boundary oxidation, although the volume or lattice oxidation
rate will affect the measured grain boundary and, therefore, must be considered
as well.

Intergranular oxidation becomes an important factor in applications where
thin sections are exposed to air at high temperatures. Under these conditiomns,
the portion of the metal influenced by these oxide fissures is a significant
percentage of the whole and may result in premature failure.

The present program arose from the need of the U. S. Air Force for infor-
mation concerning intergranular oxidation in stainless steels and high-nickel
alloys at high temperatures. There were three obJjectives in this research
program:

1. to investigate the effect of temperature and stress on the progres-
sive intergranular oxidation and to determine the threshold stress
of some stainless steels and high=-nickel alloys at temperatures of
1200°F and above,

2. to measure the oxidation rates of these materials by means of the
weight gained during oxidation, and

3. to study the subsurface oxides,

EQUIPMENT

The equipment used during this investigation was the stress-oxidation and
continuous weight-gain apparatus describedin WADC-TR 55-470 Pt 1. Another stress-
oxidation unit similar to those described in the above report was constructed.
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PROCEDURE

Specimen Preparation

The specimens for the stressed-oxidation tests were prepared as standard
strip specimens having a 1/2 X 2-inch gauge portion. A detailed description
of the specimen was given in the previous report (1).

The specimens for the weight-gain measurements were 2 x l=-inch rectangles

of the as-received material containing a l/64-inch hole near the top for the
insertion of the platinum suspension wire.

Operating Procedure

The oxidation procedure for the stressed-oxidation tests was the same as
that used during the previous investigation (1), except that the specimens were
not quenched but air-cooled. Since x-ray analysis of the oxides was no longer
a regular part of the investigation, this simplification was possible.

The weight-gain procedure was the same as that described in the previous
report.

The metallographic polishing procedure also was the same as that used pre-
viously.

Evaluation of Specimens

The polished specimens were measured to determine the extent of intergran-
ular penetration. The mean depth (X) and the total number of penetrations (N)
were then determined from the penetration measurements. A complete description
of the method of taking and evaluating penetration data is given in WADC TR
54-120 (2).

In brief, the method consisted of examining the polished specimen at 500
diameters, using a calibrated, No. 6 grain-size eyepiece. The grid, containing
6 squares in the side, was aligned with the specimen edge, and the number of
penetrations and their depths were obtained by traversing the edge over a dis-
tance of approximately 2 inches.

In addition to the procedure used in the previous years (1,2), another
method of evaluating and presenting the penetration data was used. Repeated
measurements on the same specimen showed that the most uncertain types of pene-
trations are the extremely small ones, i.e., the ones which lie in the first
group. Generally these represent true intergranular penetrations, as is shown
by high-magnification examination. However, some are the result of polishing
artifacts or are surface-roughness effects which usually occur during oxidation.
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In addition to being somewhat uncertain, these small penetrations dominate the
evaluation with respect to total number and mean depth, since they are present
to a greater extent than the deeper ones. To make the effect of stress and
temperature on the deeper and more significant penetrations more noticeable,
it was decided to make a modified number and mean-depth calculation, excluding
the smaller penetrations. To do this the first group, and in a few instances
the first and second groups, was excluded and a modified number and mean-depth
calculation made. This new method shows the changes in the penetration char-
acter in the critical regions to a more marked extent.

Metallographic Studies

In conjunction with the penetration studies described above, each specimen
was carefully examined metallographically, using the optical microscope. The
specimens which exhibited the phenomenon called “"fissuring" were classified ac-
cording to the degree to which this fissuring was observed. Figures 1 through
8 were given the arbitrary designations one through eight, from smaller to
greater fissuring, and were used to give a numerical value to the extent of
fissuring on all samples that exhibited the phenomenon. The numeral "zero" was
used to designate specimens which exhibited no fissuring.

The specimens were also examined for any changes in microstructure which
might occur during testing.

MATERTAL

The materials used in this investigation consisted of specimens from Chromel
ASM alloy, heat 25139 of commercial type 310 alloy, heat B-1400 of Hastelloy B,
and heat L¥X-343 of vacuum-melted type 310 alloy. The type 310 stainless alloys
and the Chromel ASM alloy were received in the form of cold-rolled and annealed
strip 1.0 x 0.5 inch,and the Hastelloy B in the form of hot-rolled strip 1.0 x
0.38 inch, which had received a light cold-roll pass to improve the surface,
and a final anneal. The chemical analyses of the heats are presented in Table TI.

RESULTS AND DISCUSSION

For purposes of discussion this section has been divided into three parts,
namely: (1) weight-gain investigation, (2) stress-oxidation investigation, and
(3) metallographic investigation.

WADC TR 55-470 Pt 2 3



Weight-Gain Investigation

A visual study of the depth of intergranular oxidation at high temperatures
is of limited value by itself. Some knowledge of the volume of oxidation should
also be known before an alloy can be properly evaluated, since an apparently
low rate of intergranular penetration may result from a high-volume oxidation.

A continuous weight-gained measuring apparatus has been used for measuring ox-
idation rates. It should be noted that the weight gained during oxidation is

a measure of both the lattice and the intergranular oxidation; however, the in-
tergranular oxidation probably is & smail contributing factor compared to the
lattice oxidation.

The experimental data, when plotted as square of the weight gained vs time,
are linear, as shown in Figs. 9 through 12. Most samples show some deviation
from the parabolic oxidation law in the early stages, as can be seen from the
fact that the linear plots do not go through the origin. This initial deviation
1s usually found in oxidation studies, and the theoretical reasons for its oc-
currence have been stated by Gulbransen and Andrew (5),

Because of these deviations which occur at the initial stages of testing,
the parabolic rate constant (slope of AW?-vs-time curve) is probably a better
indication of the volume oxidation than the specific weight gained after a given
time. Figures 9 through 12 are plots of weight gained squared vs time for the
four alloys investigated, and Table Il is a summary of the parabolic weight-
gained constants.

The rate constant of the Chromel ASM alloy at 1800°, 1900°, and 2000°F is
lower than the rate constants of any of the other alloys investigated.

The Hastelloy B has a much greater rate of oxidation than the other alloys
investigated, and at 1600° and 1800°F the rate constant is 0.0L7 and 0.36, re-
spectively, the latter being almost tenfoid greater than any value obtained on
any of the other alloys tested. This factor, combined with the fact that the
oxide layer flakes off during cooling, would limit the use of this material in
this temperature range.

stress~Oxidation Investigations

Several alloys have been investigated at varying stresses and temperatures
for the determination of their intergranular oxidation characteristics under
stress. The stress levels were chosen so as to give a representative count of
intergranular penetration in the low stress regions and were concentrated in
the region where the stress caused an increase in the intergranular penetration.
The object was to locate the test points near, but not in, the region where fis-
suring throughout occurred, i.e., fissuring to the extent shown in Figs. 5 through
8. Since each material has its own characteristic attributes, the alloys will
be considered individually.

WADC TR 55-L70 Pt 2 i



Chromel ASM

The Chromel ASM alloy was tested at various stress levels at temperatures
of 1700°, 1800°, 1900°, and 2000°F. This alloy proved to be difficult to eval-
uate because of a large number of small penetrations and because of a precipi-
tate throughout the matrix which at times appeared to be intergranular pene-
tration. The great number of shallow entries is thought to be the result of a
surface skin of fine grains present in the as=-received material, as shown in
Fig. 55. This alloy had approximately double the total number of penetrations
of any other alloy tested.

The variation in the number of intergranular penetrations with depth be-
low the metal interface at constant temperature is given in Figs. 13 through
16. These curves follow the general decay=-type curve as described in WADC TR
54-120,

Figures 17 through 2L show the variation in mean depth (X) and number (IN)
of intergranular penetrations with stress at temperatures of 1700°, 1800°, 1900°,
and 2000°F. The number of penetrations is the total number counted per inch,
and the mean depth is an average depth of penetration. These parameters are
discussed in detail in WADC TR 54-120. In addition, as described in the proce-
dure section of this report, another method of presenting the data was used.
Modified number and mean~-depth curveg excluding all the small penetrations which
tall in the first group, and in some instances excluding the first and second
groups, are presented in some of the graphs. As can be seen in Figs. 19 through
2k these modified curves tend to follow the elongation curve more closely and
exhibit a more marked change in penetration characteristics as the threshold
stress is approached. The elongation curves, which are plotted on these graphs,
represent the permanent elongation, as measured at room temperature after the
stress had been relieved. Because all the penetrations shallower than the first
group (0.00059 inch) are placed in the same class, there exists a minimum value
of mean depth which can be obtained. This value is shown as a dotted line on
some of the mean-depth graphs.

Figures 17 and 19, illustrating the variation in penetration number with
stress at temperatures of 1700° and 1800°F, show an initial increase in number,
followed by a decrease in number, as the stress is increased. At 1900° and
2000°F the number increases with no increasing stress as shown in Figs. 21 and
2%. No explanation for the above behavior can be offered at this time. When
the small penetrations are eliminated, the number of penetrations increases
slowly at first as the stress 1s increased, and then increases abruptly as the
threshold stress is reached at 1800°, 1900°, and 2000°F. These modified curves
tend to follow the elongation curves and appear to be more significant than the
regular curves.

Figures 18, 20, 22, and 24, illustrating the effect of stress on the mean
depth at constant temperature, show a more or less constant mean depth with in-
creasing stress, until a critical region is reached where the mean depth in-
creases. The extent of this increase is a function of the testing temperature.
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Figures 18 and 20 show that the mean depth of penetration is but little affected
by stress in the 1700° and 1800°F samples. The 1900° and, to a greater extent,
the 2000°F specimens, however, reveal in Figs. 22 and 24 that a significant in-
crease in the mean depth occurs when this critical stress level is reached. The
modified curves appear to show a constant mean depth as stress increases until
the threshold stress is reached, then the mean depth increases very sharply.

The elongation of the specimen seems to have a profound effect on the in-
tergranular penetration. In the 1700° and 1800°F tests the elongation reaches
a value of only 2-5% when the material begins to fissure throughout. However,
in the 1900° and 2000°F specimens the fissuring throughout did not occur until
the elongation had reached a value of approximately 8% in the 1900°F specimens
and 30% in the 2000°F specimens. Since these latter temperatures were the ones
which showed the greatest increase in penetration, it is possible that the elon-
gation itself is a major factor, or that it is but a measure of the intensity
of circumstances which cause this increase in penetration depth.

As outlined in the introduction, one of the objects of this investigation
is to determine the threshold stress, i.e., the stress at a given temperature
where a material begins to exhibit a sharp increase in intergranular penetra-
tion. For the Chromel ASM alloy this stress corresponds very closely to the
stress at which the elongation greatly increases. This can be seen in Figs.
17 through 24 as a large change in slope in the elongation-vs-stress curve.

Of course, the value of this threshold stress is somewhat arbitrary and is a
function of what is considered to be a significant increase. In this case the
beginning of the sharp increase in penetration depth was considered to be the
threshold stress. For the Chromel ASM alloy these stresses were found to be
2000, 1400, 900, and 600 psi at temperatures of 1700°, 1800°, 1900°, and 2000°F,
respectively.

The data obtained from the stress investigation for the Chromel ASM alloy
are summarized in Table III.

Commercial Type 310 Alloy, Heat 25139

The variation in the number of intergranular penetrations with depth below
the oxide surface at constant testing temperatures is given in Figs. 25 through
28. These curves follow the general decay type as described in WADC TR 54-120.
As the temperature of testing is increased, the number of deep penetrations in-
creases. When the stress at a given temperature is increased, the number of
deep penetrations also increases.

Figures 29 through 36 are the penetration-number and mean-penetrations-
depth graphs. The elongation is plotted for all samples tested in both types
of graphs, although it was impossible to obtain penetration data on some of the
more highly stressed samples since they contained fissures throughout the ma-
trix. In the 1700°, 1800°, and 2000°F tests the number decreases as the
stress is increased when all groups are considered. However, the number of
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deep penetrations is increased when the minor groups are excluded. In Fig. 29
(1700°F) the curve excluding the first group showed an increase in penetration
number with increasing stress, while the 1800° and 2000°F graphs showed a de-
crease even when the first group was excluded, as shown in Figs. 31 and 35. Ex-
cluding the first and second groups showed no appreciable effect of stress on
number in the 1800° and 2000°F graphs. Figure 33 (1900°F) shows an increase in
the number of penetrations for the total number as well as for the condition
when the minor groups are excluded.

Figures 30 and 34 show that the mean depth considering all penetrations,
increases significantly in the 1700° and 1900°F tests, and this is noticeable
when the first group is omitted. The 1800°F graph shows a shift in the shape
of the curve as the number of groups considered is decreased. Considering all
groups, the mean depth decreases slightly, while excluding the first group shows
no effect of stress, and excluding the first and second groups shows a signifi-
cant increase in the mean depth.

It was estimated that the threshold stresses occur at 2300, 1400, 900, and
600 psi at temperatures of 1700°, 1800°, 1900°, and 2000°F.

The data obtained from the stress investigation for commercial 310 alloy
are summarized in Table IV.

Hastelloy B, Heat B-1400

The Hastelloy B material was tested at temperatures of 1200°, 1400°, 1600°,
and 1800°F in the stress-oxidation units. Figures 37 through 40 are the pene-
tration-frequency graphs giving the relationship between penetration depth and
number. These curves are of the decay-curve type previously discussed. The ef-
fect of stress in the critical region (that region where the material elongates
considerably) could not be determined for the 1200°F tests since the units were
not constructed to carry a load greater than 200 1b. A 1/h-inch-wide section
was the smallest practical specimen size, and therefore the maximum stress ob-
tainable to produce much elongation was about 20,000 psi, which was insufficient.
The testing at 1200°F was therefore discontinued when 20,000 psi showed negli=-
gible elongation at the end of the test.

Figures 41 through L8 show the effect of stress on the number and mean
depth of penetrations. The 1200°F tests were conducted at a stress below the
critical range, as previously discussed, and therefore do not show any apprec-
iable effect. Since all the penetrations encountered were extremely small, the
slight increase in number is not considered significant. The large amount of
scatter encountered in the 1400°F curve makes the effect of stress on number
difficult to determine, while the 1600°F shows an increase and the 1800°F a
slight decrease in number. Excluding the first group shows an increase in the
number of deep penetrations in the 1800°F graph. This exclusion is of no value
in the lower-temperature tests since the penetrations are for the most part in
the first group. The mean depth of penetration is not appreciably affected by
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stress in the 1200°, 1400°, and 1600°F tests as shown in Figs. 42, Lk, and L46.
In the 1800°F tests, however, the mean depth is increased significantly with
increasing stress. This is especially noticeable in the deeper penetrations,
as 1s shown by the curves excluding the minor groups. It was not possible to
obtain a great deal of elongation in the 1800°F tests. Some specimens, which
fractured during the latter part of the test, showed only 3.5% elongation.

The threshold stresses were estimated as occurring at stresses of 15000,
6000, and 3500 psi for temperatures of 1400°, 1600°, and 1800°F, respectively.
This latter value at 1800°F is more than twice as great as values obtained for
either Chromel ASM or the type 310 alloys for the same temperature.

The data obtained from the stress investigation for the Hastelloy B are
summarized in Table V.

Vacuum-Melted Type 310 Alloy, Heat L4X-343

This alloy was tested only at 1900° and 2000°F because of limited time.
Figures 49 and 50 show the penetrations-vs-depth curves at various stress le-
vels. Again, the curves are of the decay type.

Figures 51 through 54 show the effect of stress on the number and mean depth
of penetrations. The number of penetrations appears to be independent of the
stress at both 1900° and 2000°F when all groups are considered. At 1900°F, when
the first group is excluded, the number still remains approximately constant,
but excluding both the first and second groups shows an increase in number with
increasing stress at 2000°F.

The mean depth at 1900°F remains approximately constant as a function of
stress when all groups are considered, and also when the minor groups are exclu-
ded. At 2000°F the mean depth remains fairly constant at first, and then increases
as the critical region is reached. The reason why the mean depth at 1900°F does
not show an increase is that the critical region has not quite been reached, as
can be seen from the fact that at the highest stress tested the sample just barely
showed enough fissures to be classified in fissuring class No. 1. Apparently at
this temperature the elongation increases considerably before the alloy exhibits
any fissuring. ‘

Approximate values for the threshold stresses in this alloy are 900 and
650 psi at temperatures of 1900° and 2000°F, respectively. This vacuum-melted
alloy has intergranular penetration characteristics which are comparable to
that of the commercial type 310 alloy.

The data obtained from the stress investigation for the vacuum-melted 310
alloy are summarized in Table VI.
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Metallographic Examination

Photomicrographs of each of the four alloys in the as=received condition
are presented in Figs. 55 through 58. These phogomicrographs were taken to
provide a standard of reference for photomicrographs taken following testing.

Figure 55 illustrates the surface layer of small grains which is present
in the as-received Chromel ASM alloy. The commercial type 310 alloy has a
twinned, medium=-sized grain structure. ZExamination at 1000x shows the pres-
ence of a discontinuous grain-boundary carbide network. The Hastelloy B mate-
rial in the as-received condition has a banded structure of two rows of large
grains at the center with fine grains on either side of the bands, as shown in
Fig. 57. The as-received vacuum-melted type 310 alloy has a grain structure
similar to that of the commercial 310 alloy, except that examinination at 1000x
shows a more continuous carbide network in the grain boundaries.

After testing, the Chromel ASM alloy still exhibits the fine-grained sur-
face layer. Considerable grain growth occurs at 2000°F, as can be seen by com-
paring Fig. 69 with 55; however, the surface layer still remains much finer
than the matrix.

Type 310 alloy, heat 25139, exhibits no grain growth at 1700° and 1800°F,
but does exhibit appreciable grain growth at 1900° and 2000°F, as can be seen
by comparing Figs. 59 through:62 with Fig. 56. The final grain size at any gi-
ven temperature is practically independent of the applied stress. The final
structure after testing is generally quite similar to that in the as-received
condition. The appearance of a new phase is detected only when stresses suf=~
ficiently high to cause much "fissuring™ are used. At these high stresses,
the appearance of an excess phase, as shown in Fig. 70, occurs. Microhardness
impressions indicate that the excess phase is much harder than the matrix. Al-
though it has not been positively established, it is thought that this phase is
a high nitrogen-chromium compound. A similar phase found in creep-rupture spec-
imens of 18-8 stainless steel was identified as a high nitrogen phase by Smith

(4).

The banded structure of the Hastelloy B material in the as~received condi-
tion appears to be minimized after heating for 100 hours at the testing temper-
atures, as shown in Figs. 63 through 66.

The vacuum-melted type 310 alloy exhibits very little grain growth at 1900°
and 2000°F (Figs. 67 and 68) compared to the as-received condition (Fig. 58).

No phase changes were detected during testing in this vacuum-melted alloy; how-
ever, it is possible that an excess phase similar to that shown in Fig. 70 for

the commercial %10 alloy might occur if sufficiently high stresses were used to
cause "fissuring."

WADC TR 55-4T70 Pt 2 9



SUMMARY AND CONCLUSIONS

1. The weight gained at various time intervals during oxidation was de=-
termined for Chromel ASM, Hastelloy B, and commercial and vacuum-melted type
310 alloys at temperatures varying from 1200° to 2000°F. Most of the alloys
tested followed the parabolic oxidation law. The parabolic rate constant was
determined for each specimen investigated.

2. The Chromel ASM alloy had the lowest and the Hastelloy B the highest
parabolic rate constants of the alloys tested. The commercial and the vacuum-
melted 310 alloys had approximately the same parabolic rate constants.

3. Chromel ASM, Hastelloy B, and commercial and vacuum-melted type 310
alloys were oxidized at various stress levels for 100-hour periods at temper-
atures ranging from 1200° to 2000°F. Intergranular penetration measurements
were made and the data presented as follows: (1) penetration frequency vs
depth, (2) penetration number (N) vs stress, and (3) the mean depth (X) vs
stress.

4. The threshold stress, i.e., the stress at which a sharp increase in
depth of intergranular penetrations occurs, was determined for each alloy at
various temperatures. At 1900° and 2000°F, the threshold stress occurred at
approximately the same value for the Chromel ASM alloy, commercial type 310
alloy, and the vacuum-melted 310 alloy.
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Fig. 1. Slight fissuring in ma-
trix, Chromel ASM alloy, 2000°F,
100 hr, stress 750 psi, 50x,
cross section, unetched.

Fig. 3. Slight fissuring in ma-
trix, Chromel ASM alloy, 1900°F,
100 hr, stress 1080 psi, 50x,
cross section, unetched.

WADC TR 55-470 Pt 2

Fig. 2. Slight fissuring in ma-
trix, Chromel ASM alloy, 1900°F,
100 hr, stress 1120 psi, 50x,
cross section, unetched.

Fig. 4. Fissuring in matrix, Chro-
mel ASM alloy, 1900°F, 100 hr,
stress 1125 psi, 50x, cross sec-
tion, unetched.

1k






Fig. 5. Fissuring throughout ma- Fig. 6. Fissuring throughout ma-

trix, Chromel ASM alloy, 1700°F, trix, Chromel ASM alloy, 1800°F
100 hr, stress 2240 psi, 50x, 100 hr, stress 1600 psi, 50x,
cross section, unetched. cross section, unetched,.

Fig. 7. Fissuring throughout ma- Fig. 8. Fissuring throughout ma-
trix, Chromel ARM alloy, heat A, trix, Chromel ARM alloy, heat A,
1800°F, 100 hr, stress 2000 psi, 2000°F, 100 hr, stress 1000 psi,
50x, cross section, unetched. 50x, cross section, unetched.
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Fig. 23. Summary penetration-frequency curves.
Chromel ASM alloy. 2000°F, 100 hours.
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Fig. 24, Summary penetration-depth curves.
Chromel ASM alloy. 2000°F, 100 hours.
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Fig. 29. Summary penetration-frequency curves.
Type 310 alloy, heat 25139. 1T700°F, 100 hours.
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Fig. 30. Summary penetration-depth curves.
Type 310 alloy, heat 25139. 1700°F, 100 hours.
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Fig. 31. Summary penetration-frequency curves.
Type 310 alloy, heat 25139. 1800°F, 100 hours.
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Fig. 34. Summary penetration-depth curves.

Type 310 alloy, heat 25139.
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Fig. 35. Summary penetration-frequency curves.
Type 310 alloy, heat 25139. 2000°F, 100 hours.
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Fig. 41. Summary penetration-frequency curves.
Hastelloy B, heat B-1400. 1200°F, 100 hours.
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Fig. 42. Summary penetration-depth curves.

Hastelloy B, heat B-1400,
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Fig. 45. Summary penetration-frequency curves.
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Fig. 46, Summary penetration-depth curves.

Hastelloy B, heat B-1400.
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Fig. 51. Summary penetration-frequency curves.
Type 310 alloy, heat 4X-343. 1900°F, 100 hours.
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Fig. 52. Summary penetration-depth curves.

Type 310 alloy, heat LX-34L3.
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Summary penetration-depth curves.
2000°F, 100 hours.
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Fig. 55. Chromel alloy ASM, as Fig. 56. Type 310 alloy, heat
received. 250x; cross section, 25139. As received. 100x; cross
etched electrolytically in section, etched electrolytically
1-1-5 HC1, HNO5, HyO solution. in chromic acid.
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Fig. 57. Hastelloy B alloy, heat Fig. 58. Type 310 alloy, heat
B-1400. 50x; cross section, 4X-343, As received. 100x;
etched electrolytically in chromic cross section, etched electro-
acid. lytically in chromic acid.
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Fig. 59. Type 310 alloy, heat 25139. Fig. 60. Type 310 alloy, heat825159.
1700°F, 100 hours, stress 2245 psi. 1800°F, 100 hours, stress 1580 psi.
100x; cross section, etched elec- 100x; cross sectlon,.etch?d elec-
trolytically in oxalic acid. trolytically in oxalic acid.

Fig. 61.

Type 310 alloy, heat 25139, Fig. 62.
1900°F, 100 hours, stress 755 psi.
100x; cross section, etched elec-
trolytically in oxalic acid.

Type 310 alloy, heat 25139.
2000°F, 100 hours, stress 755 psi.
100x; cross section, etched elec-
trolytically in oxalic acid.
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Fig. 63. Hastelloy B, heat B-1400.
1200°F, 100 hours, stress 19,250
psi. 100x; cross section, etched
electrolytically in chromic acid.

Fig. 65. Hastelloy B, heat B-1400.
1600°F, 100 hours, stress 7800
psi. 100x; cross section, etched
electrolytically in chromic acid.

WADC TR 55-470 Pt 2

Fig. 64. Hastelloy B, heat B-1L00.
1400°F, 100 hours, stress 10,000
psi. 75x; cross section, etched
electrolytically in chromic acid.

T
Sy _,g./._v'-'

Fig. 66. Hastelloy B, heat B-1400.
1800°F, 100 hours, stress 4180
psi. 100x; cross section, etched
electrolytically in chromic acid.
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Fig. 67. Type 310 alloy, heat Fig. 68. Type 310 alloy, heat
4X-343, 1900°F, 100 hours, stress 4X-343, 2000°F, 100 hours, stress
750 psi. 100x; cross section, 600 psi. 100x; cross section,
etched electrolytically in etched electrolytically in
chromic acid. oxalic acid.

Fig. 69. Chromel ASM alloy, 2000°F, Fig., 70. Type 310 allay, heat 25139.
100 hours, stress 750 psi. 250x; 1900°F, 100 hours, stress 1096 psi.
¢ross section, etched electro- 100x; cross section, unetched.
lytically in 1-1-5 HCI, HNOB, Hy0
solution.
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