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Abstract

HAYNES® 282" alloy was recently introduced for applications in both aero and land-based gas
turbine engines. While possessing excellent high temperature strength and LCF resistance, the
alloy was designed to ensure adequate fabricability. The new alloy is readily hot and cold
worked and has superior weldability relative to other alloys in its class. A key attribute of 282
alloy is the excellent stability of its microstructure upon long term thermal exposure. As a result,
the alloy is not prone to severe embrittlement as are certain other alloys in its class. The stability
of the alloy is also believed to contribute to the high temperature strength of the alloy over long
exposure periods. In this paper, the thermal stability of 282 alloy will be investigated in two
parts. The first being a comparative study of moderately long (1,000 hour) exposures between
282 alloy and other alloys in its class. The second part will investigate the effect of much longer
thermal exposures of up to 16,000 hours on the tensile properties of 282 alloy.

Introduction

Thermal stability is a key feature of alloys intended for long-term service at elevated
temperatures. For gamma-prime strengthened alloys in particular, there are two main issues
which can arise due to microstructural instability: loss of ductility and loss of strength. Both
issues can be problematic for components constructed from materials of poor thermal stability.
A loss of ductility is often associated with the formation of secondary phases. If these secondary
phases are deleterious in nature, such the TCP-type sigma, Laves, or mu phases, significant
embrittlement can occur. This embrittlement is more often seen at room temperature (RT) than
at elevated temperatures (ET). Loss of strength can arise in these types of alloys due to a number
of reasons, including gamma-prime coarsening and/or dissolution as well as formation of TCP-
type phases which can deprive the matrix of critical elements such as Mo.

Little data has been published to date on the thermal stability of HAYNES 282 alloy [1,2]. The
present study will provide more insight on this topic in two main parts. The first will focus on
moderately long (1,000 hour) thermal exposures of 282 alloy in comparison to other alloys in its
class: R-41 (Ren¢ 41) alloy, Waspaloy alloy, and 263 alloy. The effects of thermal exposure on
both tensile properties and microstructural features will be presented. The second part of the
study will focus on longer term exposures of up to 16,000 hours on the tensile properties of 282
alloy.

HAYNES, 282, and 230 are registered trademarks of Haynes International
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Experimental

For the first part of the study, samples of 282 alloy, R-41 alloy, Waspaloy alloy, and 263 alloy
were taken from 0.063” (1.6 mm) thick production sheet material in the mill annealed condition.
The nominal compositions of these alloys are given in Table I. The samples were age-hardened
according to typical heat treatment specifications for the particular alloy: 282 alloy, 1850°F
(1010°C)/2h/AC + 1450°F (788°C)/8h/AC; R-41 alloy, 2050°F (1121°C)/0.5h/RAC + 1650°F
(899°C)/4h/AC; Waspaloy alloy, 1825°F (996°C)/2h/AC + 1550°F (843°C)/4h/AC + 1400°F
(760°C)/16h/AC; 263 alloy, 1472°C (800°C)/8h/AC. Samples were subjected to 1000-hour
thermal exposures at 1200°F (649°C), 1400°F (760°C), 1500°F (816°C), and 1600°F (871°C).
The exposures were conducted in a still air environment. Tensile tests were conducted on the
thermally exposed material at room temperature as well as at the exposure temperature (all
tensile testing in this study was performed on duplicate samples). For baseline reference, tensile
testing was also performed on material in the as-heat treated (as-HT) condition. All tensile
samples were oriented in the direction transverse to the rolling direction of the sheet. Flat tensile
samples were machined from the sheet material with the sample surface remaining in the as-
oxidized condition. The tensile properties of thermally exposed 282 alloy, R-41 alloy, Waspaloy
alloy, and 263 alloy are given in Table 1 along with the tensile properties in the original as-heat
treated condition. These results will be discussed in more detail in the next section of this
manuscript. Optical microscopy was performed on as-exposed material using an electrolytic
oxalic/hydrochloric acid etch. Additionally, thermally exposed samples were examined using a
SEM/EDS system. Samples were given an electrolytic etch (15g CrOs, 150mL H3;PO4, 10mL
H,S0y,) to reveal the gamma-prime structure.

For the second part of the study, samples of 282 alloy were taken from '5” (12.7 mm) thick
production plate material obtained in the mill annealed condition. The samples were heat treated
in the same manner as the first part of this study. Samples were then subjected to 100, 1000,
4000, 8000, and 16000 hour exposures at 1200°F (649°C), 1400°F (760°C), and 1600°F
(871°C). Round tensile samples (transverse to the rolling direction) were machined from the
plate material such that the oxidized surfaces had been completely machined away. Duplicate
tensile tests were conducted on the as-heat treated and the thermally exposed samples.

Results and Discussion

Part One: Comparative Thermal Stability Study

A comparative study of moderately long (1,000 hour) thermal exposures was conducted on 282
alloy along with other alloys in its class: R-41 alloy, Waspaloy alloy, and 263 alloy. The effects
of thermal exposure on both tensile properties and microstructural features are discussed.

Room Temperature Tensile. The RT tensile elongation is shown in Fig. la as a function of
exposure temperature. (Note that for this plot, and analogous plots in this manuscript, the
properties for the “RT exposed” samples are simply taken as the properties in the as-HT
condition.) For 282 alloy the RT tensile elongation was found to decrease only mildly after
thermal exposure, starting out at 31% in the as-HT condition and dropping to a low of 21% after
the 1000-hour exposure at 1500°F — the exposure temperature resulting in the greatest loss in
ductility. In a similar fashion, both Waspaloy alloy and 263 alloy were found to retain very
respectable RT elongation after the 1000-hour thermal exposures. For 263 alloy, the elongation
started out at 33%, dropped to 21% for the 1200°F thermal exposure, and then increased with
increasing exposure temperature to a high of 41% for the 1600°F exposure. In contrast, the RT
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elongation of Waspaloy started at 24% in the as-HT condition and remained fairly constant with
exposure temperature, dropping only to 18% for the 1600°F exposure. The alloy showing the
greatest effect of thermal exposure was R-41 alloy, where the RT elongation dropped sharply for
all exposure temperatures. With an initial value at 19%, the elongation dropped to 8.9% for the
1200°F exposure and to levels around 2% for exposures between 1400 and 1600°F.

The RT yield strength of the 1000-hour thermally exposed samples is shown in Fig. 1b as a
function of exposure temperature. The yield strength of 282 alloy in the as-HT condition was
100.5 ksi; it increased to 112.9 ksi after the 1200°F exposure; likewise, it was also greater than in
the as-HT condition after the 1400°F exposure (104.1 ksi). On the other hand, the thermal
exposure of 282 alloy at 1500°F led to a modest drop in yield strength (91.9 ksi). The thermal
exposure at 1600°F led to a more significant drop in yield strength, resulting in a value of 72.9
ksi after the 1000-hour period. The RT yield strengths of Waspaloy and R-41 alloys were
greater than 282 alloy in the as-HT condition due to higher gamma-prime content. This was also
true for samples thermally exposed at 1200°F which resulted in slightly higher yield strengths for
both alloys. For samples thermally exposed at 1400°F, the two alloys differed significantly. R-
41 alloy was found to further strengthen at this temperature, while Waspaloy alloy suffered a
drop in strength. In fact, of the four alloys in this study, only Waspaloy was found to lose RT
strength after the 1000-hour exposure at 1400°F. The yield strength of R-41 alloy and Waspaloy
alloy decreased with further increases in exposure temperature. The RT yield strength of 263
alloy was the lowest of the four alloys. After the 1200°F exposure, the yield strength increased
slightly, while after the 1400°F exposure it was virtually unaffected. Thermal exposures of 1500
and 1600°F resulted in significant drops in yield strength for 263 alloy.

Elevated Temperature Tensile. Of more interest than the RT tensile properties in determining
the in-service effects of thermal exposure are the elevated temperature tensile properties at the
exposure temperature itself. The tensile elongation at the exposure temperature is shown in Fig.
2a. For 282 alloy, Waspaloy alloy, and 263 alloy, the ET elongations were all very high, being
around 25% or higher for all exposure temperatures. In contrast, the R-41 alloy did exhibit a low
elongation value as a result of thermal exposure, but only for the case of the 1200°F exposure. In
this case, the 1200°F ductility was only 11% after the thermal exposure. For higher thermal
exposures, the elongation of R-41 alloy was greater than 25%.

The yield strength at the exposure temperature is plotted in Fig. 2b as a function of the exposure
temperature. After a 1200°F exposure, the 1200°F yield strength of the R-41 alloy and
Waspaloy alloy was significantly higher than 282 alloy and 263 alloy. However, after a 1400°F
exposure the situation was quite different. In this case , the 1400°F yield strength of Waspaloy
significantly dropped, particularly in comparison to 282 alloy. After thermal exposure in the
range of 1400 to 1600°F, 282 alloy was found to have a higher yield strength at the exposure
temperature than Waspaloy, which in turn was stronger than 263 alloy. Only R-41 alloy had
higher strength after thermal exposure in this range than 282 alloy.

Another way to consider the effects of thermal exposure on the yield strength is shown in Fig. 3
where the yield strength of the four alloys is shown before and after thermal exposure. For
thermal exposures at 1200°F, the yield strength of all four alloys was found to increase as a
result of the thermal exposure. However, thermal exposures of 1400°F resulted in a decrease in
the yield strength for three of the alloys: R-41 alloy, Waspaloy alloy, and 263 alloy. Only 282
alloy was found to increase in strength after the 1400°F thermal exposure. The yield strength of
all four alloys was found to decrease after thermal exposures at 1500 and 1600°F, with the
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decreases generally more severe in the latter case. Explanations for the observed effects of
thermal exposure on the mechanical properties can be tied to changes in the microstructure as
will be discussed later in this manuscript.

Microstructural Stability. Optical micrographs of thermally exposed 282 alloy, R-41 alloy,
Waspaloy alloy, and 263 alloy are presented in Figs. 4-7. For each alloy, four micrographs are
shown which correspond to 1000-hour exposures at 1200, 1400, 1500, and 1600°F. For 282
alloy little difference can be seen between the various exposure temperatures. No evidence of
deleterious phases can be seen. In contrast, for R-41 alloy significant intragranular precipitation
can be seen for thermal exposures between 1400 and 1600°F. Previous investigators have
reported the presence of mu phase and sigma phase in thermally exposed R-41 alloy [3,4]. For
263 alloy there is no evidence of deleterious phase formation except after the 1600°F exposure.
In this case, plate-like precipitates can be observed. These are likely the eta phase (Ni3Ti) which
has been reported in thermally exposed 263 alloy [5,6]. For Waspaloy alloy, the optical
micrographs do not differ significantly between exposure temperatures and no evidence of
deleterious phases was observed. (Note that the magnification of the optical micrographs is
insufficient to resolve the gamma-prime phase.)

To resolve the effect of thermal exposure on the gamma-prime phase it is necessary to use an
SEM. Such SEM images for the four alloys in this study are shown in Figs. 8, 9, 10, and 11 for
1000-hour thermal exposures of 1200, 1400, 1500, and 1600°F, respectively. For the 1200°F
exposure, the gamma-prime precipitates did not increase much in size compared to the as-HT
condition (not shown). The 282 and 263 alloys had smaller gamma-prime precipitates relative to
R-41 and Waspaloy alloys, which is believed to be a result more of their original heat treatment
conditions than the 1200°F thermal exposure itself. After the 1400°F exposure, the gamma-
prime precipitates were observed to coarsen somewhat for all four alloys, and were
homogeneously distributed (as they also had been in the as-HT and 1200°F exposed samples).
For exposures at 1500°F, the gamma-prime precipitates coarsened more for all four alloys. The
gamma-prime was again homogenously distributed, except for 263 alloy where the gamma-
prime could be seen to be aligning along preferred directions. After the 1600°F exposure,
considerable coarsening was seen in all four alloys. For 282 alloy, Waspaloy alloy, and 263
alloy the gamma-prime precipitates appeared to be adopting a somewhat cuboidal shape, while
for R-41 alloy these remained spherical. In 263 alloy, the volume fraction of the gamma-prime
phase was considerably lower after the 1600°F exposure than for the other exposure
temperatures.

The phases depicted in Figs. 8-11 were mostly gamma-prime and secondary grain boundary
carbides. Also seen in a few images (e.g. Fig. 8b) were large primary carbides. For 282 alloy
and Waspaloy alloy, no additional phases were observed for any of the exposure temperatures.
In R-41 alloy exposed at temperatures between 1400 and 1600°F, certain large intragranular
phases (mu and possibly sigma) can be seen throughout the microstructure, consistent with the
optical micrographs in Fig. 5. Finally, in thermally exposed 263 alloy, a small amount of a eta
phase was observed in the images, particularly for samples exposed at 1500°F.

A limited SEM/EDS analysis of precipitate phases was conducted on the four alloys in the as-HT
condition as well as after the 1000-hour exposure at 1400°F. The results are given in Table 3
and backscatter images taken of the samples are shown in Fig. 12. The primary phases TiN and
MC were found in all four alloys. In R-41 alloy, the MC phase was also identified as a primary
precipitate. Secondary M»3;C¢ carbides were found in all four alloys predominantly along grain
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boundaries. Additionally, secondary MC carbides were observed in 282 alloy and R-41 alloy.
In addition to the gamma-prime phase observed in all samples, the eta and mu phases were
observed in 263 alloy and R-41 alloy, respectively, after the 1000-hour exposure. No sigma
phase was identified in the thermally exposed R-41 sample (as has been found previously [4]),
but an exhaustive search for the sigma phase was not conducted in the present study.

Correlation of Microstructure/Tensile Properties. The residual tensile properties of the thermally
exposed alloys can be correlated to certain microstructural features. For example, the high
elongation of thermally exposed 282 alloy, Waspaloy alloy, and 263 alloy at both RT and the
exposure temperature (Figs. 1a and 2a) can be attributed to the lack of significant formation of
deleterious phases. In the case of 263 alloy, the fairly small amount of eta phase was apparently
not enough to result in significant embrittlement. A future study would be to look at longer
thermal exposures of 263 alloy to determine if further precipitation of the eta phase would lead to
loss of ductility. For R-41 alloy, the drop in both RT and ET temperature ductility in samples
thermally exposed at temperatures between 1400 and 1600°F can be attributed to the
precipitation of mu phase (and possibly sigma phase).

The effect of microstructure on the yield strength of these thermally exposed alloys is somewhat
complicated and can depend on gamma-prime size and volume fraction, the presence of
deleterious phases, etc. Generally, the yield strength will decrease if the exposure temperature
for a given alloy results in gamma-prime “overaging” and/or loss of phase fraction. An example
is the case of 263 alloy exposed at 1600°F for 1,000 hours. The yield strength may also decrease
as a result of deleterious phase formation. In R-41 alloy, mu-phase formation results in a loss of
strength when tested at the exposure temperature, but this effect is apparently not seen when
tested at RT (see Figs. 2a and 2b — 1400°F exposure).

Part Two: Long Term (16,000-hour) Thermal Exposures — 282 alloy

The present manuscript details the tensile properties of 282 alloy exposed for up to 16,000 hours.
A thorough examination of the resulting microstructures will be presented elsewhere [7]. Please
note that corresponding tests for R-41, Waspaloy, and 263 alloy were not part of the present
study.

Room Temperature Tensile. The RT elongation of 282 alloy is shown in Fig. 13a as a function
of exposure duration. In the as-HT condition the RT elongation was 30%. When exposed at
1200°F, the elongation dropped to 27% after 100 hours. Longer thermal exposures led to only
very gradual further decreases in elongation, and after 16,000 hours the elongation was still 23%.
The largest drops in RT elongation were observed in samples exposed at 1400°F. When exposed
at this temperature, the elongation dropped with increasing exposure duration out to about 4,000
hours. At this point the elongation was 21%. The elongation was essentially constant with
further thermal exposure at 1400°F, only dropping to 20% after the full 16,000 hour exposure.
For 1600°F exposures the RT elongation was virtually independent of exposure duration,
increasing only very slightly from 30% to 33% after 16,000 hours.

The RT yield strength is shown in Fig. 13b as a function of exposure duration. In the as-HT
condition the yield strength was 102.3 ksi. Thermal exposure at 1200°F resulted in an increase
in the yield strength. After 100 hours the yield strength was 115.8 ksi; it remained essentially
constant after that, falling in the range of 118 to 120 ksi for exposures between 1,000 and 16,000
hours. For exposures at 1400°F, the yield strength initially increased as had been observed for
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the sheet material in Part One above. At longer exposure times the yield strength decreased
gradually with increasing exposure, but retained a high level even after the full exposure
duration. After 16,000 hours, the RT yield strength was still 95.5 ksi - a value 93% of the
original strength. For the 1600°F exposure the yield strength dropped with increasing exposure
duration out to 4,000 hours, reaching a level of 70.7 ksi. However, with continued thermal
exposure the yield strength was fairly constant, dropping only to 65.5 ksi after the full 16,000
hours.

Elevated Temperature Tensile. As was done in Part One of this study, the elevated temperature
tensile properties were characterized by testing at the exposure temperature. The ET elongation
of thermally exposed 282 alloy is shown in Fig. 14a. For 1200°F exposures, the 1200°F
elongation dropped from 32% to 26% after 100 hours, but only slightly after that, reaching 23%
after 16,000 hours. For both 1400°F and 1600°F thermal exposures, the ET elongation increased
with exposure duration. In both cases, the largest increase occurred within the first 1,000 hours
of exposure, with only gradual increases with further thermal exposure.

The ET yield strength is shown in Fig. 14b. At 1200°F, the yield strength increased from 93.3
ksi to 103.1 ksi after 100 hours and increased only very slightly with continued exposure
duration. After 16,000 hours a value of 107.2 ksi was reached. The 1400°F yield strength after
exposure at 1400°F increased from 91.7 ksi to 98.5 ksi after 1,000 hours; continued exposure led
to a modest drop in yield strength, eventually reaching a level of 79.2 ksi after 16,000 hours - a
value 86% of the original strength. For 1600°F exposures the yield strength at the exposure
temperature dropped from 74.5 ksi to 36.5 ksi after 4,000 hours; longer exposures did not result
in further loss of strength.

Implications for Long Term Service of 282 Alloy. The results of the thermal stability study of
282 alloy are very encouraging for applications involving long term service at elevated
temperatures up to 1600°F. The ductility of the alloy remains high, with RT and ET tensile
elongations not falling below ~ 20% even after exposures of 16,000 hours. The strength of 282
alloy also holds up well after thermal exposure. At 1200°F, the RT and ET yield strengths
increase with long term exposure. While the RT and ET yield strengths do eventually decrease
somewhat after very long exposure times, they retain much of their original strength after the
16,000 hours (93% and 86% for the RT and ET yield strengths, respectively). Despite this
decrease, the yield strength of thermally exposed 282 alloy is still far superior to solid-solution
strengthened alloys such as HAYNES 230" alloy [8] as shown in Fig. 15. Even at 1600°F,
where the yield strength of 282 alloy decreased the most, the retained RT and ET yield strengths
are greater than those of 230 alloy. Furthermore, the yield strengths were found to have reached
an essentially constant value between 4,000 and 16,000 hours at 1600°F, suggesting that further
degradation beyond 16,000 hours would very likely be insignificant.

Summary and Conclusions

1. The effect of thermal exposures on the tensile properties and microstructure of 282 alloy, R-
41 alloy, Waspaloy alloy, and 263 alloy in the range of 1200 to 1600°F was determined using
1,000 hour exposures. The behaviors of the four alloys were found to be quite different.

2. The retained yield strength of R-41 alloy was the highest of the four alloys for all exposure
temperatures at both RT and ET, however, the alloy is subject to severe embrittlement when
exposed at temperatures between 1400 and 1600°F due to the formation of deleterious phases.
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3. The other three alloys did not suffer embrittlement and with the exception of 263 alloy (eta
phase), did not form deleterious phases within the 1,000 exposures at any temperature.

4. The retained yield strength at the exposure temperature of thermally exposed 282 alloy was
higher than those of both Waspaloy alloy and 263 alloy after exposures at 1400 to 1600°F.

5. Of the four alloys in the study, only 282 alloy was found to increase in strength after the 1,000
hour exposure at 1400°F.

6. The thermal stability of 282 alloy was investigated using RT and ET tensile tests of materials
exposed for up to 16,000 hours at temperatures between 1200 and 1600°F. The results were
very favorable for use in that temperature range in terms of both elongation and yield strength.
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Table I Nominal Composition of Several Wrought Gamma-Prime Alloys (wt.%)

Alloy | Ni |Cr | Co|Mo| Ti Al | Fe [ Mn [ S C B Other
282 57120 | 10 | 85| 2.1 1.5 [ 1.5*%] 0.3* [0.15*%| 0.06 | 0.005 --
Waspaloy | 58" | 19 |13.5] 4.3 3 1.5 | 2% | 0.1* |0.15% | 0.08 | 0.006 | Zr-0.05
R-41 52119 | 11 | 10 | 3.1 1.5 | 5% [ 0.1* | 0.5% | 0.09 | 0.006 --

263 52120 20| 6 | 2.4% | 0.6% |0.7%| 0.4 0.2 | 0.06 | 0.005 |AI+Ti-2.6
*As Balance *Maximum
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Table II. Tensile properties* for the as-HT and thermally exposed (1000-hour) conditions

Allo Exposure Temp. Test Temp. 0.2% YS UTS Elong.
Y (°F) | (°C) (°F) (°C) (ks) | (MPa) | (ks) | (MPa) (%)
RT RT_ | 1005 | 693 | 1635 | 1128 31
None 1200 649 882 | 608 | 143.7 | 991 27
(ASHT) 1400 760 867 | 598 | 1194 | 823 22
1500 816 | 799 | 551 | 982 | 677 19
1600 871 717 | 494 | 80.0 | 552 23
2 T 760 e s [os T T s
alloy 1500 816 RT RT 919 | 634 | 159.8 | 1102 21
1600 871 729 | 502 | 1414 | 975 24
1200 649 1200 649 98.6 | 680 | 150.4 | 1037 24
1400 760 1400 760 | 926 | 639 | 118.7 | 3818 27
1500 816 1500 816 | 61.8 | 426 | 843 | 581 37
1600 871 1600 871 378 | 260 | 587 | 405 44
RT RT | 1138 | 785 | 1792 | 1235 19
None 1200 649 | 1082 | 746 | 174.1 | 1201 19
(ASHT) 1400 760 | 112.7 | 777 | 139.6 | 962 27
1500 816 | 102.1 | 704 | 1146 | 790 27
1600 871 785 | 541 | 89.1 | 614 23
ol 1200 649 1419 | 979 | 1894 | 1306 8.9
alloy 1400 760 RT RT | 167.0 | 1151 [197.2 | 1359 1.9
1500 816 1379 | 951 | 1775 | 1224 18
1600 871 103.8 | 715 | 1480 | 1021 26
1200 649 1200 649 | 1264 | 871 | 183.8 | 1267 11
1400 760 1400 760 | 1041 | 718 | 137.5 | 948 26
1500 816 1500 816 | 648 | 447 | 980 | 675 34
1600 871 1600 871 420 | 200 | 692 | 477 37
RT RT | 1279 | 882 | 1888 | 1301 24
Nome 1200 649 | 1103 | 760 | 162.0 | 1117 34
(AsHT) 1400 760 | 989 | 682 | 117.8 | 812 34
1500 816 | 73.8 | 509 | 91.0 | 628 38
1600 871 503 | 347 | 653 | 450 48
Waspaloy | —1200 649 136.5 | 941 | 1962 | 1353 23
alloy 1400 760 RT rr |29 [ 779 [ 1824 | 1258 24
1500 816 1035 | 714 | 1701 | 1173 23
1600 871 846 | 584 | 1493 | 1030 18
1200 649 1200 649 | 120.4 | 830 | 1684 | 1161 26
1400 760 1400 760 | 797 | 549 | 111.0 | 765 43
1500 816 1500 816 573 | 395 | 854 | 589 45
1600 871 1600 871 376 | 259 | 603 | 415 39
RT RT 926 | 638 | 148.1 | 1021 33
Nome 1200 649 771 | 531 | 1265 | 872 31
(AsHT) 1400 760 | 785 | 541 | 1005 | 693 27
1500 816 | 67.6 | 466 | 762 | 525 37
1600 871 411 | 283 | 490 | 338 50
262 1300 629 1913.6 223 126.6 1149 21
1400 760 27 9 | 1603 | 1105 32
alloy 1500 816 RT RT 714 | 493 | 1440 | 993 35
1600 871 550 | 379 | 1252 | 863 41
1200 649 1200 649 96.1 | 663 | 1441 | 993 29
1400 760 1400 760 | 733 | 505 | 950 | 655 34
1500 816 1500 816 | 459 | 316 | 649 | 448 45
1600 871 1600 871 272 | 187 | 427 | 295 54

*Values represent an average of duplicate samples
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Table II1.

Phases Present in the as-HT and 1400°F (760°C)/1000-hour samples

282 alloy R-41 alloy Waspaloy alloy 263 alloy
Primary TiN TiN TiN TiN
precipitates MC MC MC MC
M,C
Secondary M,3Cs M13Cs M33Cs M,3Cs
carbides M¢C M¢C
Other secondary gamma-prime gamma-prime gamma-prime gamma-prime
phases mu eta
sigma*
*Collins [4] - not confirmed in present study
Note: phases listed in italics were present only after the 1400°F (760°C) exposure
Exposure Temperature (°C) Exposure Temperature (°C)
0 200 400 600 800 0 200 400 600 800
50 T T T T L T L 200 A L L T T L 1400
a) r|— ZR%ilA;!\II‘IJ;Iy Test Temperature = RT 7) b) —— ﬁﬂﬁgy Test Temperature = RT ; 1200
40 — | —F—— Waspaloy alloy —H—— Wwaspaloy alloy -
——O—— 263 alloy —O—— 263 alloy 1000
g% = 800 =
o =3 =
%20 o neoo @
s 2
[ 7 400
50 —
10 — T
L — 200
o PR P R | i o PR PR PR | o
0 400 800 1200 1600 0 400 800 1200 1600
Exposure Temperature (°F) Exposure Temperature (°F)
Fig. 1 Comparative RT tensile properties vs. thermal exposure temperature (1000-hour exposure).
a) elongation, b) yield strength
Test/Exposure Temperature (°C) Test/Exposure Temperature (°C)
0 200 400 600 800 0 200 400 600 800
60 1 L L T L 140 [ L L L
a) - 262 alloy - Thermally Exposed D b) Test Temperature = Exposure Temperature
= —A—— R-41 alloy - Thermally Exposed = 120
——-H—— Waspaloy alloy - Thermally Exposed
——O—— 263 Alloy - Thermally Exposed
40 100 <
B a
£ g
H 2 3
w K %
20 ~ 60 =
L ——=—— 282 alloy - Thermally Exposed |
—&—— R-41 alloy - Thermally Exposed 300
40 — | —H&—— Waspaloy alloy - Thermally Exposed A
Test Temperature = Exposure Temperature o 263 Alloy - Thermally Exposed
[ T r 200
ol L b b b by by Ly ol L b
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600

Test/Exposure Temperature (°F)

Test/Exposure Temperature (°F)

Fig.2 Comparative ET tensile properties vs. thermal exposure temperature (1000-hour exposure).
Tensile tests performed at the thermal exposure temperature. a) elongation, b) yield strength
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Fig. 3 Comparative ET yield strength of the four alloys before and after 1000-hour thermal

exposure. Tensile tests performed at the thermal exposure temperature. a) 1200°F (649°C),
b) 1400°F (760°C), ¢) 1500°F (816°C), d) 1600°F (871°C).
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Fig.4  Optical micrographs of thermally exposed 282 alloy (1000-hour exposure). a) 1200°F
(649°C), b) 1400°F (760°C), c) 1500°F (816°C), d) 1600°F (871°C).
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Fig. 5  Optical micrographs of thermally exposed R-41 alloy (1000-hour exposure). a) 1200°F
(649°C), b) 1400°F (760°C), ¢) 1500°F (816°C), d) 1600°F (871°C).
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Fig. 6
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Optical micrographs of thermally exposed Waspaloy alloy (1000-hour exposure).
a) 1200°F (649°C), b)

1400°F (760°C), ¢) 1
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[ AL SR

(649°C), b) 1400°F (760°C), ¢) 1500°F (816°C), d) 1600°F (871°C).
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Fig. 8 SEM images (SE) of samples exposed at 1200°F (649°C)/1000-hour. a) 282 alloy,

b) R-41 alloy, ¢) Waspaloy alloy, d) 263 alloy.
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Fig. 9  SEM images (SE) of samples exposed at 1400°F (760°C)/1000-hour. a) 282 alloy,
b) R-41 alloy, c) Waspaloy alloy, d) 263 alloy.
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Fig. 10 SEM images (SE) of samples exposed at 1500°F (816°C)/1000-hour. a) 282 alloy,
b) R-41 alloy, ¢) Waspaloy alloy, d) 263 alloy.

Fig. 11 SEM images (SE) of samples exposed at 1600°F (871°C)/1000-hour. a) 282 alloy,
b) R-41 alloy, c) Waspaloy alloy, d) 263 alloy.

658



JEM S0 DTNV WD~ Lime e Meme WS 2y

(UM SipdA D DN RSAY WO~ Eimm e Neme =M TN iy

h)

120m s T R P -
| B INT - WO - b e - LA AL

Fig. 12 SEM images (BSE). The images on the left are the as-HT condition and on the right
are after the 1400°F (760°C)/1000-hour exposure. a) and b) 282 alloy, ¢) and d) R-41
alloy, e) and f) Waspaloy alloy, g) and h) 263 alloy.
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Fig. 14 ET tensile properties of 282 alloy vs. thermal exposure duration. Tensile tests performed at the
thermal exposure temperature. a) elongation, b) yield strength

140

r Test Temperature = RT
120

100 —

80

60

Yield Strength (ksi)

40

20

[ ] 230alloy | 900
I 252 alo B
Y] 800
—{700 _
©
7 o
—{600 =
7 £
—{s500 2
. g
— 400 &
. k=l
—300 §
—{ 200
—{ 100
0

1200°F

1400°F

Exposure Temperature

Fig. 15 RT yield strength after long term exposure: 230 alloy (20,000 hours), 282 alloy (16,000 hours).

660

1600°F



	Welcome
	Copyright Page
	Preface
	Organizing Committee
	Table of Contents
	7th International Symposium on Superalloy 718 and Derivatives
	Reception and Keynote Presentations
	Introducing New Materials into Aero Engines-Risks and Rewards, A Users Perspective
	Superalloys, the Most Successful Alloy System of Modern Times-Past, Present, and Future

	Raw Materials and Casting Technology
	An Overview of SMPC Research Programs to Improve Remelt Ingot Quality
	Considering the Solidification Structure of VAR Ingots in the Numerical Simulation of the Cogging Process
	Solidification Front Tilt Angle Effect on Potential Nucleation Sites for Freckling in the Remelt of Ni-Base Superalloys
	Assessment of Test Methods for Freckle Formation in Ni-base Superalloy Ingot
	Quantitative Characterization of Two-Stage Homogenization Treatment of Alloy 718
	Casting Superalloys for Structural Applications
	Castability of 718Plus® Alloy for Structural Gas Turbine Engine Components
	Selection of Heat Treatment Parameters for a Cast Allvac 718Plus® Alloy
	Primary Carbides in Alloy 718
	Application of Confocal Scanning Laser Microscope in Studying Solidification Behavior of Alloy 718

	Wrought Processing and Alloy Development
	Effect of Process Modeling on Product Quality of Superalloy Forgings
	Influence of Both Gamma' Distribution and Grain Size on the Tensile Properties of Udimet 720Li At Room Temperature
	Effect of Compound Jacketing Rolling on Microstructure and Mechanical Properties of Superalloy GH4720Li
	Properties of New C&W Superalloys for High Temperature Disk Applications
	Manufacture and Property Evaluation of Super Alloy 44Ni-14Cr-1.8Nb-1.7Ti-1.5Mo-0.3V-Fe ( Modified 706 )-an Experience
	Grain Boundary Engineering of Allvac 718Plus® for Aerospace Engine Applications
	Grain Boundary Engineering the Mechanical Properties of Allvac 718PlusŽ Superalloy
	An Advanced Cast/Wrought Technology for GH720Li Alloy Disk from Fine Grain Ingot
	Research on Inconel 718 Type Alloys with Improvement of Temperature Capability
	FE Simulation of Microstructure Evolution during Ring Rolling Process of INCONEL Alloy 783
	Effect of Temperature and Strain during Forging on Subsequent Delta Phase Precipitation during Solution Annealing in ATI 718Plus® Alloy
	Toughness as a Function of Thermo-Mechanical Processing and Heat Treatment in 718Plus® Superalloy
	Modeling the Hot Forging of Nickel-Based Superalloys: IN718 and Alloy 718Plus®
	The Microstructure and Mechanical Properties of Inconel 718 Fine Grain Ring Forging
	Numerical Simulation of Hot Die Forging for IN 718 Disc
	The Effect of Process-Route Variations on the Tensile Properties of Closed-Die Waspaloy Forgings, via Statistical Modeling Techniques
	Microstructure and Properties of Fine Grain IN718 Alloy Bar Products Produced by Continuous Rolling
	Effect of Thermomechanical Working on the Microstructure and Mechanical Properties of Hot Pressed Superalloy Inconel 718

	Fabrication and Novel Production Technology and Development
	An Overview of Ni Base Additive Fabrication Technologies for Aerospace Applications
	Linear Friction Welding of Allvac® 718Plus® Superalloy
	Transient Liquid Phase Bonding of Newly Developed HAYNES 282 Superalloy
	Investigation of Homogenization and its Influence on the Repair Welding of Cast Allvac 718Plus®
	Additively Manufactured INCONEL® Alloy 718
	Simulations of Temperatures, Residual Stresses, and Porosity Measurements in Spray Formed Super Alloys Tubes
	Flowforming of a Nickel Based Superalloy
	Clad Stainless Steels and High-Ni-Alloys for Welded Tube Application
	Improved Superalloy Grinding Performance with Novel CBN Crystals

	Alloy Applications and Characterization
	Additive Manufacturing for Superalloys-Producibility and Cost
	Hot Ductility Study of HAYNES® 282® Superalloy
	The Creep and Fatigue Behavior of Haynes 282 at Elevated Temperatures
	Effect of Microstructure on the High Temperature Fatigue Properties of Two Ni-based Superalloys
	Numerical Simulation of the Simultaneous Precipitation of Delta and Gamma' Phases in the Ni-Base Superalloy ATI Allvac® 718Plus®
	Alloy 718 for Oilfield Applications
	Characterization of Microstructures Containing Abnormal Grain Growth Zones in Alloy 718
	A TEM Study of Creep Deformation Mechanisms in Allvac 718Plus®
	Effects of Al and Ti on Haynes 282 with Fixed Gamma Prime Content
	Time-Temperature-Transformation Diagram of Alloy 945
	Long Term Thermal Exposure of HAYNES 282 Alloy

	Microstructure, Properties, and Characterization
	Modeling and Simulation of Alloy 718 Microstructure and Mechanical Properties
	Aging Effects on the Gamma´ and Gamma´´ Precipitates of Inconel 718 Superalloy
	Overview on 718Plus® Assessment within VITAL R&D Project
	Hold-Time Fatigue Crack Growth of Allvac 718Plus®
	Atomic-Level Characterization of Grain-Boundary Segregation and Elemental Site-Location in Ni-Base Superalloy by Aberration-Corrected Scanning Transmission Electron Microscopy
	Effect of Nickel Content on Delta Solvus Temperature and Mechanical Properties of Alloy 718
	Evolution of Delta Phase Microstructure in Alloy 718
	An Integrated Approach to Relate Hot Forging Process Controlled Microstructure of IN718 Aerospace Components to Fatigue Life
	The Effect of Primary Gamma' Distribution on Grain Growth Behavior of GH720Li Alloy
	Systematic Evaluation of Microstructural Effects on the Mechanical Properties of ATI 718Plus® Alloy
	Microstructural Evolution of ATI718Plus® Contoured Rings When Exposed to Heat Treatment Procedures
	Serrated Yielding in Alloy 718
	Effect of Serrated Grain Boundaries on the Creep Property of Inconel 718 Superalloy
	Influence of B and Zr on Microstructure and Mechanical Properties of Alloy 718
	Structure-Property Relationships in Waspaloy via Small Angle Scattering and Electrical Resistivity Measurements

	Micro-Characterization, Corrosion, and Environmental Effects
	Oxidation of Superalloys in Extreme Environments
	Microstructure Evolution in the Nickel Base Superalloy Allvac 718Plus®
	Effect of the LCF Loading Cycle Characteristics on the Fatigue Life of Inconel 718 at High Temperature
	Machining Conditions Impact on the Fatigue Life of Waspaloy-Impact of Grain Size
	Oil-Grade Alloy 718 in Oil Field Drilling Applications
	On the Influence of Temperature on Hydrogen Embritllement Susceptibility of Alloy 718
	Cast Alloys for Advanced Ultra Supercritical Steam Turbines
	Effect of Phosphorus on Microstructure and Mechanical Properties of IN718 Alloy after Hot Corrosion and Oxidation
	Effect of Microstucture and Environment on the High-Temperature Oxidation Behavior of Alloy 718Plus®
	Surface Modification of Inconel 718 Superalloy by Plasma Immersion Ion Implantation



	Author Index
	Subject Index
	Alloys Index
	Print
	Search
	Exit
	LONG TERM THERMAL EXPOSURE OF HAYNES 282 ALLOY
	Part One: Comparative Thermal Stability Study
	Part Two: Long Term (16,000-hour) Thermal Exposures – 282 alloy
	Table II.  Tensile properties* for the as-HT and thermally exposed (1000-hour) conditions
	282 alloy
	R-41 alloy
	Waspaloy alloy
	263 alloy
	Primary precipitates
	TiN
	TiN
	TiN
	TiN
	Secondary carbides
	M23C6
	M23C6
	M23C6
	M23C6
	Other secondary phases
	gamma-prime
	gamma-prime
	gamma-prime
	gamma-prime
	*Collins [4] - not confirmed in present study
	Note: phases listed in italics were present only after the 1400°F (760°C) exposure


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 36.00 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     645
     TR
     1
     0
     42
     224
    
     0
     10.0000
            
                
         Both
         16
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     36.0000
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     16
     15
     16
      

   1
  

 HistoryList_V1
 qi2base



	HEADER1: 


