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Summary

To make the large body of cyclic oxidation data collected
at NASA Lewis Research Center widely available, Lewis is
publishing a series of cyclic oxidation handbooks. This first
part in that series contains specific-weight-change-versus-time
data and x-ray diffraction results derived from high-
temperature cyclic tests on high-temperature, high-strength
nickel-base y/y’ and cobalt-base turbine alloys. Each page
of data summarizes a complete test on a given alloy sample.
Part 2 of the series, which contains data for the remainder
of the high-temperature, high-strength nickel-base /v and
cobalt-base turbine alloys tested at Lewis, is available as NASA
Technical Memorandum 101468.

Introduction

High-temperature oxidation literature is concerned mainly
with isothermal testing. This has led to a large body of oxide
growth and transport property data. However, most
applications for high-temperature materials are cyclic. During
cyclic oxidation the degree of spalling is as important in
estimating total metal loss as the growth rate of the oxide is
in determining metal consumption (ref. 1). Oxidation studies
at Lewis Research Center have focused on cyclic testing, both
furnace and burner rig. The goal of these studies is to evaluate
the mechanisms of material degradation in order to formulate
cyclic oxidation models for predicting life (ref. 1).

As these studies proceeded, standard testing methods were
developed (refs. 1 to 6) and a large body of cyclic oxidation
data was collected. Some of these data have been reported as
the results of specific investigations, but most have never found
their way into print. To make these data useful to as many
interested members of the oxidation research community as
possible, NASA Lewis is publishing a series of cyclic oxidation
handbooks. This first volume contains specific-weight-change-
versus-time data and available x-ray diffraction results derived
from high-temperature cyclic tests on high-temperature, high-
strength nickel-base y/y and cobalt-base turbine alloys. Table
I lists these alloys in the order in which the data are presented.
The alloy composition is detailed in part 2 of this series (NASA
TM-101468).The details of testing, deriving, and analyzing the
data are discussed in reference 7.

Oxidation Data

The data are presented in the following manner: each page
summarizes a complete test on a given alloy sample. The
heading on each page gives the test conditions and the nature
of the alloy. The number in the upper right corner of the page
completely codes and identifies the test for computer
processing. For example, with 02-04-019-115-1, 02 means
nickel base; 04 means commercial cast y/v " alloys; and 019
designates the alloy (in this case TAZ-8A). The last four
numbers (115-1) are unique and refer to the NASA Lewis test
run and test position.

Under the descriptive heading the specific-weight-change-
versus-time data are both plotted and listed. X-ray diffraction
data are listed where available. The results are separated into
surface data and spall data. The phases are given in decreasing
order of intensity. If the matrix can be identified through the
scale, this information is included. If the x-ray results were
obtained after various times, they are listed from the shortest
to the longest test times. Table II lists the sample surface
conditions that might qualify the results. Because a *‘standard
surface”’ was analyzed in most cases, there were no
interpretive problems. The spall results also have five qualifiers
(table II). The biggest problem here was in possible cross-
spall—particularly from samples tested in adjacent tubes for
a given run. Some of these problems are discussed in
references 4 and 7.

Three major types of oxide scaling product are formed
during oxidation (table III). First, there are the various discrete
oxides such as the protective Al,0; and Cr,0;, spall
inhibitors like Y,0; and ZrO,, and minor constituent oxides
including MoO, and CoWO,. Second, there is a class of
solid-solution cubic oxides termed spinels. Finally, there is
a rutile/tri-rutile tetragonal oxide consisting of Ti and the
refractory metals Ta, Cb, W, and Mo. The 21 discrete oxides
listed in the first part of table III range from the commonly
found Cr,0;, NiO, and Al,O; to the less common CoMoO,.

The cubic oxides, termed spinels, are listed by their lattice
parameter values in angstroms. Generally, the three lower
values (8.05, 8.10, and 8.15 A) denote aluminate spinels like
NiAlL,O,. Spinels with values ranging from 8.25 to 8. 40 A
are usually chromites like NiCr,O,. Spinels with values close
t0 8.50 A are usually spinels with high manganese content.



A third type of oxide has a tetragonal structure containing
titanium or refractory metals and is classed as rutile/tri-rutile.
This general category of oxides includes tapiolite (ref. 3) with
a general composition of Ni, Fe, Co(Nb, Ta, Mo, W)O,;
rutiles such as TiO,, TaO,, AlTaO,, CrTaO,, and CrNbO;
and tri-rutiles with a general composition of Ni, Co, Fe(Ta,
NB)O,. These subcategories are difficult to distinguish,
especially in small amounts, and here they are differentiated
by the lattice spacing (i.e., d-value of the (110) plane). In
addition, there may be occasional diffraction lines that cannot
be associated with one of these three phases. The d-values of
up to four diffraction lines can be listed in order of decreasing
intensity.

The test data are presented in alloy alphabetical order, first
for the nickel-base and then for the cobalt-base systems. The
individual alloy data are shown from high to low temperatures
and from short to long cycle times (i.e., assumed decreasing
order of test severity) and the sequence from lowest to highest
numbered runs.

Comments on the Data

The induction-melted cast test specimens were of several
different types. They are classified as shown in table IV.

The following tests might be possible outliers since the
results appeared anomalous when compared with other results
for the same alloy. However, they were included because no
reason could be found to reject them.

(1) Run 336-4 on page 49 for B-1900 at 1100 °C

(2) Run 324-4 on page 99 for MAR-M-211 at 1100 °C

(3) Run 078-3 on page 105 for NASA-TRW-VI-A at

1150 °C

The TAZ-8A alloy results fall into two groupings. The first
grouping represents experimental heats, whereas the data on
pages 136 and 140 were for samples from a remelted
commercial ingot.

The variability in the IN-100 alloy results has been discussed
previously in reference 6.
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TABLE I.—TEST ALLOYS

Code Alloy Code Alloy
Nickel-base, cast y/v’ Nickel-base, hot-worked v/’
02-04-0t | B-1900 02-13-01 | Alloy 625

02 | B-1900 + Hf 02 | Alloy 718

40 | DS IN-100 03 | Astroloy

10 | DS MAR-M-200 + Hf 04 | Nimonic 115
39 | DS NX-188 05 { R-235

42 | DS TAZ-8A 06 | René 41

41 | DS WAZ-20 07 | René 77

03 | IN-100 08 | U-500

04 | IN-713C 09 | U-520

05 | IN-738 10 { U-700

06 | IN-792 38 | U-700(PM/HIP)
07 | IN-792 + Hf 11 [ U-710

31| IN-939 12 [ U-720

08 | MAR-M-200 13 | Waspaloy

09 | MAR-M-200 + Hf

11 | MAR-M-211 Cobalt-base, cast (turbine) alloys
12 | MAR-M-246

26 | MAR-M-247 03-02-03 | MAR-M-509
13} MAR-M-421 02 | WI-52

21 | NASA-TRW-VI-A 0l | X-40

27| NX-188

15| René 77

251 René 80

16| René 120

17| René 125

191 TAZ-8A

201 TRW-1910

32| TRW-R

43§ U-700

24| WAZ-20

TABLE II.—NATURE OF X-RAY
DIFFRACTION RESULTS

Specimen surface

Scale spall

Standard normal surface
Surface distorted
Sample consumed
Sample lost in furnace
Surface growth
Selected areas

Poor surface (round and flexed)
Scraped

Second surface phase

Collected spall
Probable cross-spall
No spall observed
Spall lost *

No spall available




TABLE I11.—OBSERVED OXIDES FORMED IN CYCLIC OXIDATION OF Fe-

Ni-, AND Co-BASE ALLOYS AT HIGH TEMPERATURES AS
DETERMINED BY X-RAY DIFFRACTION

Type Composition Comments
Oxide Cr;04 Protective
Al O, Protective
Fe,0, Nonprotective
NiO
CoO
(Ni,Co)O
Y,0, Spall inhibitor
Zr0; Spall inhibitor
SiO, Spall inhibitor Protective
ThO, Spall inhibitor
HfO, Spall inhibitor
Mn203
M002
Ni(W, Mo)O4 JCPDS-15-755 or 16-291
Ni(W, Mo)O, JCPDS-18-879
CoMoO, JCPDS-25-1434
CoMoO, JCPDS-21-868
CoWO, JCPDS-15-867

3Y,0;-5AL,0,
3Y,05-5A1,0,
(Ni, Co, Fe)TiO,
Cr0.12T0.7801 .74
ALTiOs

Al(Ta, Cb)O,
(Ni, Co)TiO;

JCPDS-8-178
JCPDS-9-310

JCPDS-17-617 or 15-866 or 29-733

JCPDS 17-617, 15-866

Oxide spinels

MeM,0, (cubic) denoted by
lattice parameter, a,:
8.05, 8.10, 8.15 A —Aluminate
spinels
8.20 to 8.40 A —Chromite
spinels
8.45 to 8.50 AManganate
spinels

Where Me is Fe, Ni, or Co and
M is Fe, Cr, Al, or Mn

Rutile/tri-rutile

Tetragonal denoted by lattice
spacing, d, on (110):
3.25t0 3.27 A—TiO,
3.27t03.34 A—Cr (refractory
metal)O,
3.34 to 3.36 A—Ni, Fe, Co
(refractory metal);O¢ or TaO,

Where refractory metal is Ta,
Cb, W, Mo




TABLE IV.—INDUCTION-MELTED CAST TEST SPECIMEN TYPES

Specimen type

Run-position number

Specimen type Run-position number
Master ingot recast as 4- by 1- 001-1 to 001-6
by 0.25-in.-thick bars, heat 002-1 to 002-6
treated and sectioned into four 003-1 to 003-6
1- by 1- by 0.25-in.-thick 004-1 to 004-6
samples with a 0.125-in.-diam 005-1 to 005-6
hanger hole, with all sides 006-1 to 006-6
ground to remove 0.01 in., all 007-1 to 007-6
sides glass bead blasted 008-1 to 008-6
009-1 to 009-6
010-1 to 010-6
041-1 10 041-4
078-1, 078-2
078-3, 078-6
130-4, 130-5
221-5
Master ingot recast| 2-in.-long 127-1, 127-2
standard Mach 0.3 | cross
burner rig bar with| section
shank 2-in.-long removed
teardrop cross from shank
section, 0.5 in. with 0.125-
across in.-diam
hanger hole
2-in.-long 095-1 to 095-6
section, cut 096-1 to 096-6
into 0.125- 098-1 to 098-6
in.-thick 104-1, 104-2
samples 120-1, 120-2
with 0.125- 127-5, 127-6
in.-diam 128-1 to 128-6
hanger hole 131-4, 131-5
140-4, 140-5
146-3, 146-5
151-1, 151-2
Master ingot heat-cast into small 041-6
ingots and machined into samples 108-3 to 108-6
0.4 to 0.5 by 0.9 in. long with 232-3, 232-6

0.125-in.-diam hanger hole,
ground to 0.090-in. thickness

9-1, 99-2
101-3 to 101-6
102-1 10 102-6
105-1 to 105-6

107-4, 107-5
115-3, 115-6
127-3, 127-4
139-1 to 139-6

190-6
204-5
221-1

123-1, 123-2, 123-5
129-3, 129-4, 129-6
130-3, 130-6
186-6
190-4, 190-5
204-3, 204-4
225-1 to 225-6
231-5
238-5
276-1
310-1 to 310-5
321-1 to 321-6
322-1 to 3224
323-2 to 323-5
324-1 to 324-6
325-1 10 3254
326-2 10 326-5
327-1, 327-3
328-1, 328-3
336-4, 336-5
337-4, 337-5

Master ingot recast as | As-cast

1- by 2- by 0.100-in.- | thickness

thick leafs cut to 0.4

to 0.5 by 0.9 in. long

with 0.125-in.-diam

hanger hole
Ground to
0.090-in.
thickness
Ground to
0.045-in.
thickness

123-3, 123-4, 123-6
129-1, 129-2, 129-5
130-1, 130-2

Master ingot recast as 2-in.-long
by 0.240-in.-diam. tensile
samples, heat treated, with
0.125-in.-diam hanger hole

103-1 to 103-7




Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-041-1

B-1%900 1150°C 1.00hr CYCLES 100.00hr TEST 6.500mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
-0.0
TIME ,hr AH/A,ma/ctn?
0.00 0.00
(o] 14.00 -0.20
28.00 -0.63
42.00 -1.18
56.00 -1.50
70.00 -1.87
o 86.00 -2.47
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Ni  BASE COMMERUTAL CAST GAMMA/GAMMA PRIME ALLQYS 02-04-001-041-1
B-1%00 1150°C 1.00hr CYCLES 100.00hr TEST 6.500mm THICK STATIC AIR
X-RAY DIFFRACTIQON DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, a5=8.10A. NiQ
SPINEL, ag=8.20A.
UNKNOWN LINCS, d VALUES Cry03
2.57A.
3.29A. UNKNOWN LINES, d VALUES
3.52A. 3.26A.

FACE CENTERED CUBIC MATRIX



Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-078-2
B-1900 1150°C 1.00hr CYCLES 100.00hr TEST 6.480mm THICK STATIC AIR
SPECIFIC WE[GHT CHANGE DATA

0.0
TIME ,hr AH/A ,mg/cm2
0.00 0.00
10.00 -1.82
o 25.00 -3.43
40.00 -5.45
55.00 -8.00
o 70.00 -11.54
85.00 -15.60
.50l 100.00 -19.59
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-079-2
B-1900 1150°C 1.00he CYCLES 100.00hr TEST 6.480mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILEY ,0(110)¢3.30A. NiD
SPINEL, ag=8.10A. TRI(RUTILEY ,d(110)¢3.30A.
NiO TRIC(RUTILEY,d(110)¢3.30A.
Al,03 Al,03

FACE CENTERED CUBIC MATRIX



Ni  BASE COMMERCIAL CAST SANMA/GAMMA PRIME ALLDYS 02-04-001-095-1

B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 3.2:8mm THICK STATIC AR
SPECIFIC WEIGHT CHANGE DATA
TIME, hr AH/A,mgscm2
0.00 0.00
-0.0 . ] 1.00 0.39
15.00 1.21
30.00 -1.99
15.00 -2.53
60.00 -3.35
75.00 4.20
90.00 -4.81
o 100.00 -5.56
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-095-1
B-1900 1150°C 1.00hr CYCLES  160.00Rr TEST 3.218mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=8.15A. Nig
NiD SPINEL, ag=8.25A.

SPINEL, ag=B.15A.
FACE CENTERED CUBIC MATRIX



Ni  BASE

B-1900

SPECIFIC WEIGHT CHANGE ,mg/cm2

-0.

-2

COMMURCTAL CAST GANHA/GAMMA PRIME ALLOYS
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-101-3
B-1900 1150°C 1.00he CYCLES  100.00hr TEST 2.732mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

N TIME, hr AH/A,mg/cm2
0.00 0.00
1.00 0.29
(e} 15.00 0.09
-0.0 30.00 -0.29
45.00 -0.93
60.00 -1.39
o 75.00 -1.92
90.00 -2.37
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Ni BASE COMNERCIAL CAST GAMMA/GAMMA PRIME ALLDYS
B-1900 1150°C 1.00he CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME,
> 0.
1%'
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B-1900

SURFACE

100 hr

STAMDARD SURFACE
NiD

Al )03
TRf(RUTILE),d(110)§3.30A.
SPINEL, ag=8.10A.

FACE CENTERED CUBIC MATRIX

COMBERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1150°C 1.00hr CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-107-4
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.741mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME  hr AH/A,mg/cnz
0.0 0.00 0.00
: 1.00 0.42
15.00 -1.45
30.00 -2.06
45.00 -2.717
60.00 -3.67
75.00 -4.73
90.00 -5.80
o) 100.00 -6.80
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Ni  BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-107-5
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.710mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, he aN/A ng/cnz
-0.0 6.00 0.0
1.00 0.47
15.00 -0.79
fe) 30.00 -1.92
45,00 -3.06
60.00 -4.43
75.00 -4.03
o 90.00 -8.00
100.00 -9.45
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L
o o}
w
(L)
=
<
3
o
=
o -5.01
[¥1)
=x
[S)
Iy o)
o
w
a.
w
-7.5)
o
| 1 | | | | | | 1 b
0 16 20 30 40 S50 &0 70 80 %0 100
TIME,hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-001-107-5
8-1%00 1150°C 1.00hr CYCLES 100.00hr TEST 2.710mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILE) ,d(110)¢<3.30A. NiD
Al 203 TRICRUTILE) ,0¢110)¢<3.30A.
SPINEL, ap:=B.15A. TRICRUTILE),d(110)<3.30A.
NiD SPINEL, 89=8.10A.

FACC CENTERED CUBIC HATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-123-1
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.283mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TINE,hr AH/A,mg/cmz
0.00 0.00
-0.0 1.00 0.11
15.00 -1.17
30.00 -2.18
o 45.00 -3.34
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Ni  BASE COMHERC 1AL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-123-2
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.285mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AH/A,mg/cm?
9 ok 0.00 0.00
0.0p 1.00 6.07
15.00 -1.59
30.00 -2.73
o] 45.00 -3.98
£0.00 -5.63
75.00 -7.80
o 90.00 -11.59
100.00 -15.16
w0 o
w
o -5.0}-
" o]
«>
P
<
xI
<)
- [}
&
W
=
(8]
o -10.0}
o
(%)
n.
2 )
15.0] S
| L | | | ] | | |

0 10 20 30 40 50 60 70 80 90 100
TIME,hr



Ni  BASE COMNERCIAL CAST GAMMA/GAMMA PRINE ALLDYS 02-04-001-123-4
B-1500 1150°C 1.00hr CYCLES 100.00hr TEST 1.142mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME  hr 8H/A ,mg/cm2
0.00 0.00
L
B} 15.00 -0.7
0.3 30.00 -0.87
o 45.00 -1.20
° §0.00 -1.67
75.00 -2.1
90.00 -3.40
o 100.00 -4.35
o~
(=3
L 1
[=:]
) o
w
o
=z
<f
I
(&)
—
& 5l ©
w
=x
(& ]
o
O
[¥V)
Q.
wy
-3.5] o
b
4.5 l | | | l ] | | |
0 1020 30 40 S0 60 70 80 90 100
TIME,hr
Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-001-123-4
B-1900 1150°C t.08he CYCLES  100.00hr TEST 1.142mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE NO SIGNIFICANT SPALL GOBSERVED
SPINEL, ag=8.10A.
Al,03
TR%(RUTILE),d(llO)(BABUA.

SPINEL, ag=8.25A.

FACE CENTERED CUBIC MATRIX



02-04-001-123-5

100.00hr TEST 2.288mm THICK

Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1150°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
TIME hr
0.00
-0.0R — - 1.00
15.00
30.00
15.00
60.00
o 75.00
90.00
100.00
o~
g
> [e
[=]
W
(_D
= o}
T
5.0
'
T
<>
o o
i 4
>
w
o
1
a.
w
o
100
b
[ | ] | | | |
0 10 40 50 60 70 80 90 100
TIME, hr
Ni  BASE COMHERCTAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=B.10A. NiD

Al,03

TRICRUTILEY ,0(1103¢3.30A.
NiQ

SPINEL, ag:8.25A.

Cr,03

FACU CENTERED CUBIC MATRIX

TRICRUTILEY,d(110)Y¢<3.30A.

SPINFL, ag=8.30A.
SPINEL, ag=8.05A.

STATIC AIR

A/A,mg/cm2
0.

02-04-001-123 5

'2.288mm THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-001-123-¢
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 1.141mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME hr AN/A ,mg/cm2
-0.0 0.00 0.30
1.00 0.22
15.00 -0.60
o 30.00 -1.00
45.00 -1.67
o] 60.00 -2.64
75.00 -3.86
90.00 -5.87
[¢] 100.00 -7.93
o~
[=]
o
>  -2.5L
L] o]
w
«©
=
=T
x
(&)
= el
(4]
w
=
o
= -5.0L
S
(27}
a
w
o]
-7.5k
] I | | | | 1 | |
0 10 20 30 40 SO0 &0 70 80 96 100
TIME, hr
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-001-128-1
B-1900 1150°C 1.00nr CYCLES 1060.00he TEST 3.302mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr AH/A mg/ca?
0 oP 0.00 0.00
. 1.00 0.21
15.00 -1.58
30.00 -2.717
25.00 -3.61
80.00 -4.38
75.00 -5.20
90.00 -6.55
o 100.00 -7.08
o~
L]
e
~
o
« 250
br] (o}
=
T
x
o
= o
(%)
w
=
o o
-
o -5.01
w
(-9
] 7o)
o)
g
7.5 i | ] | | | | | |

TIME .hr



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-001-128-2
B-1%00 IISOTC 1.00hr CYCLES 100.00he TEST 3.302am THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TINE ne AN/A,mg/cal
0.00 6.00
-0.0p 1.00 0.04
15.00 -1.05
30.00 -1.74
45.00 -2.74
60.08 -3.58
75.00 -4.32
o 90.00 -5.38
100.00 -5.62
o~
a
%)
> o}
-
w
(L]
=
b -2.5L
(S
- o
x
o
-
=
o (o
-
S
-t
a.
v o]
-5.0p
0
9
] | | 1 | ] | | |
0 10 20 30 40 50 60 70 80 90 100
TINME ,hr
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Ni  BASE CQMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-130-1
B-1900 1150°C 1.00hr CYCLES 100.00hr TEST 1.140mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AH/A,mg/cmz
0.00 9.00
-0.0 1.00 0.1
15.00 -0.82
30.00 -1.46
o 45700 -2.52
o 60.00 -3.47
75.00 -5.20
90.00 -8.22
o 100.00 -11.14
o~
-
2
3:‘ o]
w
(&)
g 5.
S T o
—
x
(4]
o
=
(&)
©
o
w (o]
w
-10.00
| | | | | | | | I

0 10 20 30 40 S0 40 70 80 9@ 100
TIHE ,hr

21



Ni  BASE COMMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS 02-04-001-130-2

B-1%900 1150°C 1.00hr CYCLES 100.00hr TEST 1.140mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME . hr AW/A mg/cm?
§.00 0.00
0.0 — 1.0 0.30
o 1500 -1.45
30.00 -2.86
fe) 45.00 -4.%0
60.00 -8.43
o 75.00 -15.40
90 .00 -23.01
100.00 -28.7¢6
o~
1=}
N o
£ o0l
w
o
=
<1
a
(&)
-
x
© o]
o
=
2
o -20.0f
w
a
w
o
-30.0 i 1 { | | ] ] ! ]
0 10 20 30 40 50 60 70 80 90 100
TINE ,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-130-2
B-1%00 1150°C 1.00hr CYCLES 100.00hr TEST 1.140mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 br
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.10A. NiD
SPINEL, ag=8.25A. TRI(RUTILE) ,d(110)¢3.30A.
NiQ SPINEL. ag:8.05A.
TRICRUTILE)Y ,d(110)¢3.30A. SPINEL, ap=8.25A.

irQ;z
FACE CCNTERED CUBIC MATRIX
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Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-130-3
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.285mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

: TIME. . hr AH/Aémg/cmz
20.ob 0.00 .00
0.0 1.00 0.21
15.00 -1.25
30.00 -2.33
o 1500 23076
60.00 -5.48
o 7500 -7.76
90.00 -11.14
100.00 -14.43
& fe)
>
& 5.0
& o)
=
<t
x
(&)
—
ja o
3 o
w
' 4
<3
w
o 100k
w
o
w
o
-15.0 1 | ] | | | | ] ]
0 10 20 30 40 S50 &0 70 g¢c 90 100
TIME hr
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Ni o BASE COMMURUTAL CAST GABMA/GANMA PRIME ALLOYS 02-04-001-130-4
B 1900 1150°C 1.00hr CYCLES 100.00hr TEST  6.505mm THICK STATIC AlR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr W/A, mg/em?
0.00 0.00
0.0 - ———— 1.00 0.31
15.00 0.52
30.00 -1.10
o 45.00 -1.98
§0.00 -2.94
75.00 -3.91
90.00 4.93
o 100.00 5.66
o~
£ o
i§v)
2
3 2.5).
«©
‘-
x l¢)
w
=<
[}
o o
tud
a.
w
5.0)- Q

! ! ! L | ! l ! |
0 10 20 30 40 50 40 70 80 90 100
TINE  hr
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Ni  BASE COMMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS
B-1%00 1150°C 1.00he CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME,
o 0
0.0 1.
15.
30.
45.
60 .
75.
o) 90.
100
[}
M
o O
>
£
(¥9)
ff’
b e}
a
< 250
'
.C
fa-]
2 o
()
o
b
(47
3 o
o
5.6
| | | | | | ! 1 L
0 10 20 30 40 S0 60 70 80 90 100
TIME hr
Ni  BASE COMMERCIAL CAST GCAMMA/GAMMA PRIME ALLDYS
B-1900 1150°C 1.00he CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap:8.10A. SPINEL, ag=8.05A.
TRICRUTILE) ,d(1100¢3.30A. NiD
NiQ SPINEL, ag=8.25A.

TRICRUTILE) ,d(110)¢3.30A,

FACE CENTERED CUBIC MATRIX

25

02-04-001-130-5
§.511mm THICK STATIC AIR

hr AH/A,mg/cm2
.00 0.00
00 0.27
00 -0.85
00 -1.41
00 -2.16
00 -2.99
00 -3.88
00 -4.74
00 -5.42

02-04-001-130-5
6.511mm THICK STATIC AIR



Ni  BASE

CONMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS

B-1900 1150°C  1.00hr CYCLES  100.00hr TEST 2.290mm THICK
SPECIFIC HWEIGHT CHANGE DATA
rlng.nr
.00
0.0 1.00
15.00
30.00
i
o 75.00
90.00
o 100.00
o~
[
N
g o)
w
o
5.0
& T o
—
x
<>
w
= o
L&)
«
o
w
a.
w
I
100}
| L | | 1 | | L |
10 20 30 40 50 &0 70 80 90 100
TIME hr
Ni  BASE COMMERCIAL CAST GANMA/GAMMA PRIME ALLOYS
B-1900 1150°C  1.00hr CYCLES  100.00hr TEST 2.290mm THICK
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:=8.10A. NiD

TRICRUTILE) . d€110)¢3.30A.

NiQ
SPINEL, ag=8.25A.

FACE CUNTURED CUBIC MATRIX

SPINCL, ag:=6.25A.

TRICRUTILE) ,d(110)¢3.30A.

SPINEL, ap=8.05A.
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02-04-001-130-6
STATIC AIR

AH/A, mg/cmd

— NN = S
~

02-04-001-130 6

STATIC AIR



Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-146-5

D-1900 1150°C 1.00hr CYCLES 100.00hr TEST 3.251mm THICK  STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
7 TIME ,hr AW/A,mg/cm2
0.00 0.00
1.00 0.46
-0.0 15.00 -1.06
30.00 -1.84
45.00 -2.30
60.00 -2.69
75.00 -3.15
90.00 -4.00
100.00 -4.25
DI | o
&
[
u;
(&3
=
z fo)
< b
\
x
(&1
= e}
=
(&)
E O
vl -3.0L
& o)
-4.0p o
[ | | | | | | | |

0 10 20 30 40 50 640 70 80 90 100
TINE ,hr
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02-04-001-204-4
STATIC AIR

AH/A.ng/cm?
0.00

<

-2

0
.89

-3.7§
-4,
-4,
-5.
-5.
-6

. gams O8N
Wonn A —-

02-04-001-204-4

NI DBASE COMMERCIAL CAST GAMMA/GAMMA PRIMC ALLQYS
B-1900 1150°C 1.00hr CYCLES 100.00hr TEST 2.321mm THICK
SPECIFIC WEIGHT CHANGE DATA
TIHE.%
-0.0 1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
~
a
<
-3
-
W
o -2.5k
3
o o
-
X
o
g
o o
o
S o}
w
a.
» o
-5.01L
o}
e}
p
| | | ] | | { 1 I
0 10 20 30 40 50 60 70 80 %0 100
TIME he
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 2.321ms THICK
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
i

Al20
SP?NgL. 2g=8.15A,
FACE CENTERED CUBIC MATRIX

1
TRI(RUTILEY ,d(110)>3.30A.
SPINEL, ap=8.20A.

28

STATIC AIR



Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1150°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
J TINE
1
0.0 15.
30.
45,
0.
75
90
100
o~
a o o
~
o
e
w
(<]
=
g
X
(=]
-
& 2.5
o o}
(& ]
w
= o
w
&
le
0
b
-5.0 | | | | i | | | |
0 10 20 30 406 50 60 70 80 90 100
TIME ,hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr

STANDARD SURFACE
SPINEL, ag=8.10A.

Al,0
TR?(%UTILE),d(l10)(3.30A.
FACE CCNTERGD CUBIC MATRIX

COLLECTED SPALL
TRIC(RUTILE),d(110)¢<3.30A.
NiQ
SPINEL, ap=8.05A.

SPINEL, ap=8.25A.
Ala03

UNKNQOKWN LINES, d VALUES
2.64A.
3.60A.
4.30A.
5.09A.
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coocooocooo™
ocoococcooosn

02-04-001-221-1

100.00hr TEST 2.700mm THICK

STATIC AIR

AH/A,mg/cm2
0.00

02-04-001-221-1

2.700mm THICK

STATIC AIR



Ni  BASE COMMTRCIAL CASY GAMMA/GANMA PRIMC ALLOYS 02-04-001-221-5
B-1900 1150°C 1.00hr CYCLES  100.00hr TEST 4.353mm THICK «0.SI, STATIC AlR
SPECIFIC WEIGHT CHANGE DATA

TIME.hr AH/A,mg/cmz
0.0 0:00 §.80
1.00 0.26
15.00 -1.44
30.00 -2.63
45.00 -3.70
§0.00 -4.69
75.00 -5.72
o 90.00 -6.63
100.00 -7.31
o~
E=
(&)
N
(2]
e 2.51
w o
<
==
<1
xI
(&)
= o
o
w
=
(& ]
o o
S -5.0L
w
o
w
O
o]
7.5 1 | | | | 1 | | |
0 10 20 30 40 50 60 70 80 90 100
TiHE, hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLQOYS 02-04-001-221-5
B-1%00 1150°C 1.00hr CYCLES 100.00hr TEST &£.353mm THICK +0.SI, STATIC AIR

X-RAY DIFFRACTION DATA

SURFACE SPALL
100 hr 106 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=8.20A. NiD
Al,05 SPINEL, ag:=8.25A.
TRICRUTILE) ,d(110)¢3.30A. SPINEL, ag=8.10A,

TRICRUTILE) ,d(110)>3.30A.

FACE CENTERED CUBIC MATRIX TRICRUTILE) ,d(1101¢3 .30A.

UNKNOWN LINES, d VALUES
.05A.

2.65A.
4.39A.
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Ni  BASE COMMCRCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-228-1
B-1%00 1150°C 1.00hr CYCLES 100.00hr TEST 2.318mm THICK STATIC AIR(SHMP)
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AH/A,mg/cmz
0.00 0.00
1.00 0.35
-0.0 15.00 -0.74
30.00 -1.34
45.00 -1.75
£0.00 -2.15
75.00 -2.49
90.00 -2.98
100.00 -3.27
& o
<
N |
w
w0
=
3 o
(&)
—
T
(4.
w [¢]
p= 4
o -2.0L
[
5 O
w
o
wy
o
3.0 o
| | | | 1 { | | |
0 10 20 30 40 S0 60 70 80 90 100
TIME,hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-328-1
B-1900 1150°C 1.00hr CYCLES 100.00hr TEST 2.318mm THICK STATIC AIR(SMP)
X-RAY DIFFRACTION DATA
SURF ACE SPALL
100 hr 100 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL, ap=8.10A. NiD

Al,03 SPINEL. ap:=8.30A.
TR?(RUT!LE).d(llﬂ)ﬁB,BUA. Cry03
c

SPINEL, 8g:=8.25A. o0
TRICRUTILEY ,dC1100¢3.30A.
FACE CENTERLED CUBIC MATRIX
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Ni  BASE COHMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-001-321-2

B-1900 1150°C 1.00hr CYCLES  100.00nr TEST 2.334mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

b TIME ,hr Aull,ng/u2
0.00 0.00
-0.0 1.00 0.38
15.00 -0.92
30.00 -1.98
45.00 -2.96
60.00 -3.69
15.00 -4.42
° 9000 -5.02
100.00 -5.50
o~
a
o
~
o
e
& o
=
<X
x
o 2.8k
N
x
2
W o
Q
w
prv o
.
w
0
-5.0} [o}
N N N N N T S T |
0 10 20 30 40 50 40 70 80 90 100
TINE ,he
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-321-2
B-1%00 1150°C 1.00hr CYCLES  100.00he TEST 2.334mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:B.10A. NiO
Al,05 SPINEL, 8g=8.25A.
SPINEL, ag=8.25A. SPINEL, ap=8.05A.
TRI(RUTILE) ,d€110)<3,30A. TRICRUTILE) ,d(110)>3.30A.
TRICRUTILE) ,d(110)<3.30A.
FACE CENTERED CUBIC MATRIX CraD3
Al703
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Ni  DASE COMMERCIAL CAST GAMMA/GAMMA PRIMNE ALLOYS 02-04-001-328-1
B-1900 1150°C 1.90hr CYCLES 100.00nr TEST 2.318em THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

TINE . hr aN/A,ag/ca?
0.00 0.60
1.08 0.35
-0.0 15.00 -0.74
30.00 -1.34
45.00 -1.78
60.00 -2.15
75.00 -2.4%
90.00 -2.98
100.00 -3.27
a o
o
~
e -1
w
<
<
= (o]
L * ]
-
=
&
w o
=
e -2.0)
“w
S (o)
(7]
a
w
o,
-3.01 (]
N T TN S M TR S N S
6 18 20 30 40 S0 60 70 80 %0 100
TINE ,br
Ni DASE COMMERCTAL CAST GCAMMA/GAMMA PRIME ALLOYS 02-04-001-328-1
B-1900 1150°¢C 1.00nr CYCLES 100.00hr TEST 2.31Bam THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 ar 100 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL, #9=8.10A. nio
A0y SPINEL, ag=8.30A.
TRICRUTILE) ,d(1182¢3.30A. Crj03
SPINEL. #yx8.25A. 3

Co
TRICRUTILE) ,d¢110)53.30A,
FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

B-1900 1150°¢C 1.00hr CYCLES 100.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

TINE ,hr
0.00
D 1.00
-0.¢0 15.00
30.00
45.00
60.00
75.00
90.00
o 100.00
S -1
(5]
> o
-
w
o (o]
x
<
S
RN | & o
x
(<]
w
=
(=)
« o
b -3.0L
a
w
O
-a.0L
s
| i | | | | { 1 |
)] 10 20 30 40 50 60 70 80 90 100
TIHE .hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1%00 1150°C 1.00hr CYCLES 100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL., ag=8.10A. NiO
Al,05 SPINEL, 89:=8.30A,
TRICRUTILE),d(110)$3.30A. TRICRUTILE) ,d(110)¢3.30A.
SPINEL, 2g:8.25A. SPINEL, ag:zB.10A.
Ni(N,M0)O4 TYPE 1
FACE CENTERED CUBIC MATRIX Cra0y
Ala04

02-04-001-337-4

2.318mam THICK

STATIC AIR

aH/A,mg/ca?

0.00

0.18
-0.279
-1.21
-1.57
-2.02
-2.78
-3.47
-4.11

02-04-001-337-4

2.318am THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST GCAMMA/GAMMA PRIME ALLOYS 02-04-001-002-4
B-1900 1100°¢C 1.00nr CYCLES 100.00nr TEST 4.500mm THICK STATIC AIR(TN D-7404)

- SPECIFIC WEIGHT CHANGE DATA

- TINE.hr A“/A.Iglc.’
0.00 0.00
8 8.00 0.208
° 24.00 0.05
48.00 -0.19
o 72.00 -0.40
100.00 -0.64
e 8 TINE.hr SH/A,mg/cad 002-1
o a 0.00 6.00
o e 8.80 0.28
- -4
L ¢ 8 VINE.hr aN/A,mg/ce? 002-2
e 0. 0.00
- 8.00 0.35
b o o 24.00 -4.08
= 8
= TINE,hr aW/A,ng/cad 002-3
“ .e.sl 0.00 .00
= i 8.00 0.44
H ° o 24.00 8.18
- ¢ 48.00 -0.11
=
o TIME.he AM/A,.:/:.’ 002-4
- 0.00 0.00
- €.00 0.20
e 0 24.00 0.06
a 48.00 -0.16
R N ) 72.00 -9.37
& TINE ,hr aW/A,mg/cn? 002-5
0.00 0.00
8.00
24.00
49.00
72.00
100.00
-1.5 | | ] 1 | ] 1 | | TINE Ar
o 10 20 30 40 S0 &0 70 80 90 100 ’-::
TIME . br
72.00 -9.89
O 02-04-001-082-46 100.00 -1.41
O 02-04-001-002-1
4 02-04-001-002-2 TINE . hr AN/A,mg/cn2 010-3
= 02-04-001-002-3 0.00 0.00
S 02-04-001-002-4 8.00 0.29
& 02-04-001-002-5 24.00 -0.03
0 02-04-001-010-2 48.00 -0.32
O 02-04-001-010-3 72.00 -0.58
100.00 -1.11
X-RAY DIFFRACTION DATA
SURFACE SPALL 002-1
B hr B hr
STANDARD SURFACE NO SIGNIFICANT SPALL OBSERVED
Al,D;
TRI(RUTILE) .d¢110)53.304.
FACE CENTERED CUBIC MATRIX
X-RAY DIFFRACTION DATA
SURFACE SPALL 002-5
100 b 100 ar
STANDARD SURFACE COLLECTED SPALL
Al0y Ala0y
TRICRUTILE) .d¢110)£3.30A. NI TIN SPALL

SPINEL, mgs8.25A.
FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS 02-04-001-103-3
B-1900 1100°C 1.00hr CYCLES 1000.00nr TEST &.240mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME  hr AH/A mg/cal
0.00 0.00
0 1.00 0.14
g, 15.00 0.20
30.00 0.20
45.00 0.00
° 60.00 -0.08
75.00 -0.15
90.00 -0.23
100.90 -0.33
o 200.00 -0.97
s 300.00 -3.00
N o 400.00 -4.36
- 500.00 -5.40
o 400.00 -6.86
o ;nn.oo -8.47
00.00 -9.90
z ° 900.00 -9.74
5ol 1000.00 -10.7
-
= o)
-
x
(=]
- o
o
s
a
w
lo
0
-10.0) o
I I N NN NN N A BN R .
© 100 200 300 400 500 600 700 800 900 1000
TIHE ,br
Ni BASE COMMERCIAL CAST GAMMA/GAMNA PRIME ALLOYS 02-04-001-103-3
B-1900 1100°¢C 1.00hr CYCLES 1000.00nr TEST 6.240mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 hr 500 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
i
TRICRUTILE) ,9(110)>3.304.
SPINEL, 2g=8.35A.
TRI(RUTILE).d(110)<3.30A.
600 bhr 400 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL

NiD
TRICRUTILE) ,0¢1102¢3.30A.
TRICRUTILE) ,d(110)¢3.30A,
SPINEL, 8g:8.05A.

SPINEL, 89:8.30A.
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Ni Ba

B-1900

COMMERCIAL CAST GANMA/GAMMA PRINE ALLOYS
1100°C 1.00nr CYCLES 1000.00nr TEST
SPECLFIC HEIGHT CHANGE DATA

SE

"

-10.0F

SPECIFIC WEIGHT CHANGE ,mg/ca?

-20.0 ] ]

| | ] 1 ] 1

A

0 100 200

Ni  BASE COMMERC

B-1900

SURFACE
500 hr

3006 400 500 600 700 800 900

TIME , hr

JAL CAST GANMA/GCAMNA PRINE ALLOYS
1100°C 1.00nr CYCLES

1000

1000.00nr TEST

X-RAY DIFFRACTION DATA

SPALL
500 hr

SURFACE WOT SATISFACTORY-ND XRD COLLECTED SPALL

NigQ

TRICRUTILE) .d(110)43.30A.
TRICRUTILE) . 6(110)43.30A.

SPINEL, 8g=8.10A.
SPINEL, ag=8.25A.

600 hr 600 ny
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
N0

TRICRUTILE),d(110)>3.30A.
TRICRUTILE) ,d(110753.30A.

SPINEL, #g28.25A.
SPINEL, ag:8.05A.
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0
6.240r8 THICK

2-04-001-103-4
STATIC AlIR

aM7A,mg/enl
.00

02-04-001-103-4

§.240am THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST CAMMA/GAMMA PRIME ALLOYS 02-04-001-103-5

B-1900 1100°C 1.00hr CYCLES  100.00he TEST 4.240mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
(o] TIME ,br AN/A,mg/ca?
o) 0.0 0.00
1.00 0.14
0.2 15.00 .25
30.00 0.28
o] 45.00 -0.01
40.00 -0.21
75.00 -0.33
90.00 -0.50
100.00 -0.63
o 0.0
S [0}
~
o
-
w
w
x
-
S
-0.2
= o)
«
@
=
= o
('S
o -0.4)
a
w
O
-0.8)
q
| ] ] | | | 1 1 ]

TIME bhr
Mi BASE COMMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS 02-04-001-103-5
B-1%00 1100°¢C 1.00hr CYCLES 100.00hr TEST 4.240mm THICK STATIC AIR
X-RAY DIFFRACTION DATA

SURFACE SPALL

500 hr 500 hr

SURFACE NOT SATISFACTORY-ND XRD COLLECTED SPALL

NiQ

TRICRUTILE) . d(1102¢3.30A.

UNKNOWN LINES, d VALUES
1.444,
1.434.
1.60A.
3.14a.

400 hr 600 hr

SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiD
TRICRUTILE),d¢110)>3.30A.
TRICRUTILE),dC110)53 304,
SPINEL, 8928.25A.
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Ni

BASE

B-1900

SPECIFIC WEIGHT CHANGE ,mg/em2

-20.

COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS

1000.00hr TEST

TIME,hr

39

1100°C 1.00hr CYCLES

SPECIFIC WEIGHT CHANGE DATA

1] e}
[e]
0
o]
0O
0L
o]
O
0O
1]
b
] | ! | | | l | |
0 100 200 300 400 500 600 700 BOO 900 1000

.240mm THICK

o
cocoooooooT
cocoecoooo

02-04-001-103-7
STATIC AIR

AW/A,mg/cm2
0.00



Ni  BASE
B-1900

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLQYS

1100°C 1.00hr CYCLES

Tlhg.ga
° 1.00
15.00
30.00
4500
60.00
75.00
90.00
- 100.00
‘e ) [5)
o
~
o
a
w
(4]
=z
<
x
(8]
—
x
=
% o
(& ]
Iny -0.5L o
o
w o
wr
o
0
b
-1.0 | | 1 | L | | |
0 10 20 30 S0 60 70 80 90 100

Ni  BASE
B-1%00

SURFACE

100 hr

STANDARD SURFACE
SPINCL, ag=8.10A.
TRICRUTILE)Y ,0¢110)¢3.30A.
Ala03

FACE CENTERED CUBIC MATRIX

TIME ,hr

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1100°C 1.00ke CYCLES

X-RAY DIFFRACT]

SPALL
100 hr
COLLECTED SPALL
TRECRUTILE) ,d(110)¢3.304.
NiD
SPINEL, ap=8.20A.
SPINEL, ap:=8.10A.
Al,03
Cro03

100.0Che TEST
ON DATA

02-04-001-115-3
100.00hr TEST 2.773mm THICK
SPECIFIC HEIGHT CHANGE DATA

STATIC AIR

AH/A,mg/cm2
0.

-0
-0
-0
-0.58
-0
-0
-0

02-04-001-115-3

2.773mm THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-115-6

B-1900 1100°C 1.00hr CYCLES 100.00hr TEST 2.%910mm THICK STATIC AIR
SPECIFIC WEIGHT LHANGE DATA
o TIME , he AN/A.mg/cm2

0.00 0.00

1.00 0.38

-0.0 15.00 -2.57

30.00 -2.469

45.00 -2.75

60.00 -2.83

75.00 -2.92

90.00 -3.03

100.00 -3.12
o~
a8
w
o
T

£ -l
wr
(L)
2
o
= o
(&)
-
X
(<]
o
=z
b
=t -2.0L
(&)
s
a.
w
[¢]
o [o]
© (o]
-3.0}- o

TIME  he
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TRICRUTILE) ,d(110)73.30A.
FACE CENTERED CUBIC MATRIX

500 hr

STANDARD SURFACE

Al,03

SPINEL, 8p=8.10A.
TRICRUTILE) . d(110)¢3.304A.

FACE CENTERED CUBIC HATRIX

SPINEL, ag:=8.35A.
TRICRUTILE) ,0¢110)¢3,30A.

500 hr

COLLECTED SPALL
TRICRUTILE) . d(110)¢3.30A.
TRICRUTILE).d(110)¢3.30A,
SPINEL. ag=8.05A.

SPINEL, ag:8.30A.
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Ni  BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS
B-1900 1100°¢C 1.00hr CYCLES  $00.00hr TEST
SPECIFIC MEIGHT CHANGE DATA
TIME,
0
1
.o‘ﬂ) 10.
25
40
55
70.
85.
100.
~ L 115
s CL0p 130
3 145
160
S o 175
o 190
= o) 200
x oo 250
© 2.0l OO 300
T 0o 350
e %o 200
w o] 450
x 500
o
«
S -3.0f ©
(-9
v o
© o
0
-4.01 4
] | | | 1 { | 1
0 50 100 150 200 250 300 350 400 450 500
TIME ,hr
Ni  BASE COMHERCIAL CAST GAHMA/GAMMA PRIME ALLOYS
B-1900 1100°C 1.00hr CYCLES  500.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 he 200 he
STANDARD SURFACE COLLECTED SPALL
SPINEL, 8p=8.104A. Al;0,
Al;D; NiO

02-04-001-186-6

2.321mm THICK

hr

STATIC AIR

AH/A,Ig/Clz
0

0.31
-1.37
1.7
-1.82
-1.84
-1.93
-2.00
-2.06
-2.08
-2.19
-2.22
-2.36
-2.43
-2.50
-2.52
-2.91
-3.19
-3.30
-3.42
-3.50
-4.03

02-04-001-186-6

2.321am THICK

STATIC AIR



Ni BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-190-5

B-1900 1100°C 1.00hr CYCLES  200.00hr TEST 2.30émm THICK STATIC AIR
SPECIFIC MEIGHT CHANGE DATA
TINE ,he sH/A,mg/ce?
p .00 0.00
1.00 0.24
15.00 -0.76
30.00 -1.06
45.00 -1.07
0.0 60.00 -1.14
75.00 -1.1§
90.00 -1.20
100.00 -1.15
~ 115.00 -1.15
b 130.00 -1.2
N 145.00 -1.17
4 160.00 -1.19
™ 175.00 -1.20
bt 190.00 -1.24
zZ 200.00 -1.20
x
o
-0.50
-
x
(s
H
L
= [e]
(&)
(¥ )
a
w
1.0
0 o
o o o o
o o ° o o q
o
! ] | | ] 1 ] |
0 20 40 60 80 100 120 140 160 180 200
TIME , hr
Ni  BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-190-5
B-1900 1100°C 1.00ne CYCLES  200.00hr TEST 2.3Démm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 dr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.104. Aly05
Al,;03 TRICRUTILE),d(110)<3.30A.
TRICRUTILE) ,d¢110)¢3 .30A. Cra0;3
FACE CENTERED CUBIC MATRIX UNKNOMN LINES, d VALUES

1.38A.
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Ni  BASE COMMERCIAL CAST GAMMA/GANNA PRINE ALLOYS 02-04-001-231-§
B-1900 1100°C  20.00nr CYCLES  500.00nr TEST 2.331sm THICK STATIC AjR
SPECIFIC MEIGHT CNANGE DATA

TINE,hr AH/A,mg/cn?
o 0.00 8.00
-0.0L.% o 20.00 0.12
o 49.00 0.02
o 60.00 -0.22
80.04 -0.39
%o 100.00 -0.58
] 120.00 -0.68
%, 140.00 -0.81
o 160.08 -0.97
~ 180.09 -1.09
s ° 200.00 -1.2¢
= Lo} 220.00 S1.44
H o 240,00 -1.69
o ° 268.00 -1.09
: i £hl
2 usp ° 320.90 -275
o 340,40 -3.06
= 360.00 -3.44
@ o 380.00 -3.72
w 400.00 -4.10
= o 420.00 -4.42
) 440.00 -4.82
- o 460.00 -5.18
by 480.00 -5.52
w o 500.00 -5.83
w
[
-s.0fl °
o
[o,
| 1 | | 1 | | | | #
8 S0 100 150 200 250 300 350 400 450 500
TINE e
NI BASE CONMERCIAL CAST GAMMA/GANMA PRIME ALLOYS 02-04-061-23)-§
B-19790 1100°C  20.00hr CYCLES  500.00nr TEST 2.331me THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
508 we 500 ar
STANDARD SURFACE COLLECTED SPALL
SPINEL, agz0.104, Al20y

Ala0y SPINEL, aygs8.104.

TRICRUTILE) ,d(110)$3.304A, %io

SPINEL, #420.25A.

FACE CEMTERED CUBIC MATRIX TRICRUTILE) .d(110)¢3.30A.
Cra0y



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-238-5

B-1900 1100°C  50.00nr CYCLES  500.00nr TEST 2.325mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
-0.0
TINE , hr aH/A ,ag/ca?
© 0,00 6.00
50.00 -0.20
100.00 -0.67
o o 150.00 -0.8)
200.00 -1.12
o 250.00 -1.50
300.00 -2.03
350.00 -2.72
o} 400.00 -3.49
o~ 450.00 -4.37
- 500.00 -5.65
S o
-
& 2.5k
=
= o]
(=]
-
x
2
w o]
w
«
o
L
o o)
-5.0p
q
| | ] | 1 | | | i
6 50 100 150 200 250 300 350 400 450 500
TINE  hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-238-5
B-1900 1100°C  50.00hr CYCLES  500.00hr TEST 2.325mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 hr 500 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, @8p=8.10A. Ai,0y
Aly0; SPINEL, ag=8.10A.
TRICRUTILE) ,d¢110)¢3.30A. NiO
SPINEL, 8g:8.25A.
FACE CENTERED CUBIC MATRIX TRICRUTILE) . d€110)¢3.304,

Cra0;
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Ni BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS 02-04-001-276-6

B-1900 1100°C 1.00ns CYCLES  S00.00hr TEST 2.319mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr 8H/A ,mg/ce?
bo 0.00 0.00
-0.0[ "0 1.00 0.22
5o 15.00 0.18
o) 30.00 0.07
Qg 45.00 -0.08
0o 60.00 -0.18
75.00 -0.28
1o 90.00 -0.39
100.00 -0.45
o ° 115.00 -0.51
s 130.00 -0.62
< 145.00 -0.65
4 o 160.00 -0.717
- 175.00 -0.86
e 190.00 -g.;;
200.00 -0.
3 -2.51 250.00 -1.42
300.00 -1.89
= o 350.00 -2.81
s 400.00 -3.46
= 450.00 -4.59
= o 500.00 -5.92
(&)
-
o
w
a
w
o
-5.0f
1 | 1 ] ! | ] ! 1 b
¢ 50 100 150 200 250 300 350 400 450 500
TINE . br
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-001-276-6
B-1900 1100°¢C 1.00hr CYCLES  500.00hr TEST 2.319mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, 8g=8.104A. NiD
TRICRUTILE) .d(110)¢3.30A. SPINEL, ag:8.30A.
Al,03 TRICRUTILEY,d(110)>3.304A.

SPINEL, 8g=8.10A.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES, d VALUES

5.06A.
2.554A.
1.89A.
500 nr 500 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=B.10A. NiQ
Al;03 SPINEL, ay=8.05A.
NiD Ala0,
TRICRUTILE) ,d(110)53.30A. TRICRUTILE) d(110)>3.30A.

SPINEL, ag:8.25A.
FACE CENTERED CUBIC MATRIX



Ni  BASE COMMERCIAL CAST GAMMA/GAMHA PRINE ALLOYS 02-04-001-324-2

B-1900 1100°C 1.00hr CYCLES  200.00hr TEST 2.333me THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0.5
TIME ,hr AW/A,mg/ca?
0 0.00 0.00
1.00 0.21
15.00 0.41
30.00 0.16
» 45.00 -0.06
o 40.00 -0.31
75.00 -0.48
90.00 -0.57
-0.0 B 100.00 -0.75
o o 115.00 -0.87
s 130.00 -0.98
N 145.00 -1.07
- 160.00 -1.15
w 175.00 -1.26
& ° 190.00 -1.34
z 200.00 -1.40
x
(=)
z -0.51 o}
]
™ o)
x
(&)
« o
[&]
w
a o
-1.0f o
0
le
e}
o
| { | " | ] | ]
0 20 40 40 B0 100 120 140 160 18D 200
TIME .bhr
Ni BASE COMMERC1AL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-324-2
B-1900 1100°C 1.00hr CYCLES  200.00hr TEST 2.333mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. ap=8.10A. NiO
Al503 TRICRUTILE) ,d(1102$3 .30A.
TRICRUTILE) ,d(110)¢3.30A. SPINEL, 8p=B.25A.

SPINEL, ap=B.10A.
FACE CENTERED CUBIC MATRIX

UNKNOWN LINES, d VALUES

3.104.

3.694.

3.574.
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Ni BASE COMMERCIAL CAST GAMMA/GANMA PRINE ALLOYS 02-04-001-327-1

B-1900 1100°C 1.00hr CYCLES  200.00hr TEST 2.340mm THICK STATIC AIR
SPECIFIC MEIGHT CHANGE DATA
TIME ,he AH/A ,mg/ca?
b [o] 0.00
1.00 0.22
15.00 0.24
30.00 -0.05
45.00 -0.16
-8.0 50.00 -0.30
o 75.00 -0.42
20.00 -0.52
100.00 -0.60
~ o 115.900 -0.77
= 130.00 -0.89
< 145.90 -1.00
< o 160.00 -1.02
o 175.00 -1.11
= 193.:0 -1.;9
206.00 -1.21
g o
-0.51
5 (o]
(<]
= o]
=
(&3
- o
(&)
w
&
o
-1.0L
° o
[o
S
| | | | | | | | |
] 20 40 60 BD 100 120 140 140 180 200
TIME ,he
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-327-1
B-1900 1100°C 1.00hr CYCLES  200.00hr TEST 2.340mm THICK STATIC AIR
X-RAY DIFFRACTJON DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
Al,04 SPINEL, 8g=8.30A.
SPINEL, ap=8.05A, Co0

TRICRUTILE) .d(110)<3.30A.
FACE CENTERED CUBIC HATRIX
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Ni BASE CONMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1%00 1100°¢C 1.00hr CYCLES  200.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TINE,
0
0.0 ;
I 1§.
30.
45,
o 60,
75
90.
[e] 100
115
f:._. -100.0L 130
3 ° 160
w 1;5
2 o 200
b
-200.0 o
—
3
— o
w
= [e}
(8]
Iy
S -300.0L
a [e}
[o
o
o o)
-400.0) o
Ler
1 | | 1 | | | | ]
0 20 40 40 BD 100 120 140 160 180 200
TIME  hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1100°C 1.00hr CYCLES  200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 wr 200 hr
STANDARD SURFACE COLLECTED SPALL
ni0 NiD

SPINEL, np=8.154,
TRICRUTILE) ,d(130)3.30A.
Ni(W.M0)04 TYPE 2

FACE CENTERED CUBIC MATRIX

TRICRUTILE) ,dC110)>3.30A.
SPIMEL, 85=8.154.
Ni(N,M0)0,4 TYPE 2
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02-04-001-336-4

2.317as THICK

he

STATIC AIR

sH/A,ng/cal
0.00

017
-30.
-74.

-121.
-159.
-194.
-228.
-248.
-365.
-310.
-338.
-353.
-369.
-3%7.
-414,

02-04-001-336-4

2.317am THICK

STATIC AIR



Ni  BASE COMMWERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-096-2

B-1900 1093°¢ 1.00he CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME , he AW/A,ug/cal
0.00 .00
b 1.00 6.11
15.00 -0.74
30.00 -0.78
-0.0 45.00 -0.78
§0.00 -0.85
75.00 -0.85
90.00 -0.85
100.00 -0.92
~
[
L*)
~
o
-
(¥}
o
=
.3
x
o
=
(2]
@ -0.50
(&)
«
<
w
a
wr
0
o o
e} 0 o]
[
-1.0 | | | | ] | i 1 ]
0 10 20 30 40 50 &0 0 80 %0 100
TINE ,hr
Ni  BASE COMMERCIAL CAST GAMHA/GAMMA PRINE ALLOYS 02-04-001-094-2
B-19(0 1093°C 1.00hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL., 85=8.10A. NiD
Al,04 SPINEL, 8g=8.20A.

NiD

FACE CENTERED CUBIC mMATRIX
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02-04-001-143-3

Ni  BASE COMMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
B-1900 1093°¢C 1.00nr CYCLES 100.00nr TEST 3.277am THICK STATIC AIR
- SPECIFIC WEIGHT CHANGE DATA
’ TINE . he aH/A,mgrcal
0.00 0.00
o 1.00 0.3
15.00 0.14
P 30.00 0.04
45.00 -0.07
50.00 -0.28
o 75.00 -0.39
00 90.00 -0.39
: 100.00 -0.60
~
-
*]
> o
b
wl
1]
=
-
x
]
-
x
o
"
e
|5}
-
o
-
[- 8
R Y o [}
-0.6 | i | | | | ] ] | X
0 10 20 30 40 50 40 70 80 90 100
TIRE . hr
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Ni  BASE COHMERCIAL CAST GAMMA/GAHMMA PRIME ALLOYS 02-D4-001-098-1

B-1900 1038°C 1.00hr CYCLES 108.00hr TEST 3.302mm THICK STATIC AlIR
SPECIFIC HEIGHT CHANGE DATA
[e] TIngE . nr aH/A ,mg/ca?
0.00 0.00
1.00 0.18
15.00 0.39
30.00 -0.04
45.00 -0.49
60.00 -0.83
D 75.00 -0.5¢6
%0.00 -0.53
100.00 -0.56
~
B
0.
w o)
Ra-g
x
<<
x
(=]
s
o
o
=
(=]
«
S
w
(-9
(%]
-0.51L o]
[0
O
O
| | | | | ] | | |

0 10 20 30 a0 50 60 70 ae 90 100

TINE, hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-098-1
B-1900 1038°C 1.00nr CYCLES  100.00hr TEST 3.302mm THICK STATIC AIR
X-RAY DIFFRACTION DATA

SURFACE SPALL

100 Ar 100 hr

STANDARD SURFACE COLLECTED SPALL

SPINEL, #5:8.054. NiD

TRICRUTILEY ,d(110)¢3.30A. SPINEL, 8g=8.20A.

FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-098-2

B-1900 1038°C 1.00hr CYCLES 100.00hr TEST 3.302sm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0.3
TIME , hr AH/A,mg/cm?
0.00 0.00
o 1.00 6.21
15.00 0.28
30.00 0.21
45.00 0.07
60.00 0.07
75.00 0.11
90.00 0.11
100.00 0.1}
M D (o]
N 0.2}
P
b
w
&
x
L
x
(&)
-
x
(%]
E
(=]
" 0.1L o] o) ®
o
w
a
w
e} o]
0.0 | | | I | I | ] |
0 10 20 30 40 50 60 70 80 90 100
TIME ,hr
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BASE

B-1%00

0.3

1000°C

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1.00hr CYCLES

100.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

SPECIFIC WEIGHT CHANGE ,mg/cm2
o

0 oO

| | ] |

vo
o

SURFACE
8 bhr
STANDARD SURFACE
Alo0y
Cr;ﬂ,

30 0 50 60
TIME . hr

O 02-04-001-006-6
O 02-04-001-606-1
4 02-04-001-006-2
© 02-04-001-006-3
D 02-04-001-006-4
© 02-04-001-006-5
¢ 02-04-001-009-1
0 02-04-001-009-6

SPALL
8 hr

TINE . hr
0.00
8.00

24.00
48.00
72.00
100.80

TIME hr
0.00
6.00

TINE ,hr
§4.00

8.00
24.00

TIME ,br
0.00
6.00

24.00
48.00

TINE ,hr

0.00

X-RAY DIFFRACTION DATA

006-1

NO SIGNIFICANT SPALL OBSERVED

FACE CENTERED CUBIC MATRIX

SURFACE

100 hr

STANDARD SURFACE
Al L0

SPALL
100 br

X-RAY DIFFRACTION DATA

006-5

NO SIGNIFICANT SPALL OBSERVED

TRI(iUTlLE).d(llﬂ)$3.30l.

FACE CENTERED CUBIC MATRIX
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02-04-001-006-4

6.500mm THICK

STATIC AIR(TN D-7484)

BH/A ,mg/ce?

cocowsco
ORI R o s @
oo~ oo

AMIA,ls/cl2 006-1
.00
0.08
AN/A,8g/cn2 006-2
8.00

0.13
$.14

AH/A . mg/ca? 006-3
0.

AW/A ,mg/cad 904-4
0.00

0.12
0.19
0.20
0.25

aH/A ,ng/cn? gpg-5
.0

.18
0.18

oo
o
@>eow

aH/A,mg/ce? 009-1
.0

oo oo COC
LY
-~

ovooOo
.. ;..
0



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-002-323-3
B-1900-Hf 1150°C 1.00hr CYCLES  100.00hr TEST 2.310mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AH/A,mg/cm2
¢.00 0.00
b 1.00 0.14
0.0 15.00 -1.39
30.00 -2.09
45.00 -2.53
60.00 -2.94
75.00 -3.34
90.00 -3.5¢%9
100.00 -3.85
o~
[=3
o 1.0[
&
&
Lt
@ o}
<1
x
(&)
—
o
hid 2.0
w (o]
(&)
w
o (o}
w
o
w
-3.0L [0}
O
O
4.4 | | | | I | ] I |
0 10 20 30 10 50 40 70 80 90 100
TIME,hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-002-323-3
B-1900+Hf 1150°C 1.00hr CYCLES 100.00he TEST 2.310mm THICK STATIC AIR
X-RAY DIFFRACTIDN DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL, ag=8.10A. NiD
HfO, SPINCL, ag=8.30A.
Alo03 TRIC(RUTILE) ,d(1101¢3.30A.
TR?(RUT[LE).d(110)§3.30A. Ni(W,M0)04 TYPE 1
Co0

FACE CCNTERED CUBIC MATRIX
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Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLQYS
B-1200+Hf 1100°C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
-0.0

200.00hr TEST

—
x
m

hr

02-04-002-190-4

2.342mm THICK

SPECIFIC WEIGAT CHANGE ,mg/cm2

DO IO DN OO B —

oo oGO n—o
OO0 BOCOOO
L = o ==

D n s et et i a e

STATIC AIR

02-04-002-190-4

L1 S
o
0
Io
© o
o
° o
o o
° 4
-2.0 | | | ] ] | | 1 |
0 20 40 40 B0 100 120 140 160 180 200
TIME,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900+Hf 1100°C  1.00hr CYCLES  200.00hr TEST 2.342mm THICK
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr

STANDARD SURFACE
SPINEL, ap=8.10A.

AlL0
TRffsUTlLE),d(11ﬂ)53.30A.
FACE CENTERED CUBIC MATRIX

COLLECTED SPALL

243
TRICRUTILE) ,d(110)¢3.30A.
SPINEL, ap=8.20A.
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STATIC AIR



Wi  BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS
B-1500+H{ 1100°¢C 1.00hr CYCLES  200.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
b TIME,
0
1
15
(e} 19
a5
0.0 60.
15.
99.
100.
~ o 115.
. 130
s s
16
3 o 175
o 190
= o) 200
-4
o
Ll
=x
(X )
- [e
- 3
=S Y] o
=
o o
& o}
e
% 5
0
¢
! | | | { ] | ] |
0 20 40 60 80 100 120 140 160 180 200
TIME ,hr

Ni BASE

B-1900+HY

SURFACE
200 hr
STANDARD SURFACE
SPINEL, 8p=08.05A.
At,03
TRICRUTILE) ,d(110)¢3.30A.
Hi02

FACE CENTERED CUBIC MATRIX

COMMERCIAL CAST GAWMA/GANMA PRIME ALLOYS

1100°C 1.00hr CYCLES
X-RAY DIFFRACTIO

SPALL

200 nr

PROBABLE CROSS-SPALL

SPINEL, 8g=08.35A.

Co0

AlaTiO0

TRI(RU#]LE).O(I!O)SB.’OA.
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200.00he TEST
N DATA

02-04-002-326-3

2.330mm THICK

hr

STATIC AIR

AN/A ,mg/ce?
0.

02-04-002-324-3

2.330mm THICK

STATIC AIR



Ni  BASE CONMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-041-6

IN-100 1150°C 1.00hr CYCLES  100.00hr TEST 2.408mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0.
3 TINE,hr AN/A.mg/cm2
o 0.00 0.00
14.00 -0.90
28.00 -3.43
o 42.00 -6.98
56.00 -10.98
o 70.00 -18.04
86.00 -36.52
100.00 -56.20
e o
o
~
o,
€
B 251
=z
<1
x
«Q
—
x
(4]
I
x
o o}
o
S
w
a
w
-50. 1
1 | ] | | l | | |
0 10 20 30 40 50 &0 70 88 90 100
TIME,hr
Ni  BASE COMMCRC TAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-003-041-6
IN-100 1150°C 1.00hr CYCLES  100.00hr TEST 2.408mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:=8.10A. NiD

SPINEL, ag=8.25A.
UNKNGHN LINES, d VALUES
2.57A,

3.29A.
3.524.

FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-095-3
IN-100 1150°C 1.00hr CYCLES 75.00hr TEST 3.230mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr aW/A,mg/cm2
0.p. 0.00 0.00
1.00 1.77
15.00 -23.70
o} 30.00 -67.54
45.00 -139.84
60.00 -224.20
75.00 -306.01
O
o~
&
o
> -100.1
=
w
>
=
<I
S 0
—
x
(&)
w
=
(&)
-0
o
)
B (o]
-300.
O
! | { | i | ] ] |
0 10 20 30 40 50 40 70 80 90 100
TIME.hr
Ni BASE CQMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-095-3
[N-100 1150°C 1.00hr CYCLES 75.00hr TEST 3.230mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
75 hr 75 hr
STANDARD SURFACE COLLECTCD SPALL
SPINEL, ap=8.30A. NiD

SPINEL, ag=8.25A.
FACE CENTERED CUBIC MATRIX

59



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-105-1
IN-100 1150°C 1.00hr CYCLES 90.00hr TEST 2.620mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TINE ,hr AN/A,mg/cmz
0.00 0.00
1.00 -0.01
o 15.00 -75.43
30.00 -217.51
45.00 -343 .81
60.00 -457 .74
75.00 -561.97
90.00 -652.69
o~
& o
o -250.1
(=]
w
(<3
=
<
x
< o)
—
jn o
(4
w
=
(8]
"y o]
o
w5001
w
o)
o
| f | | | | | | 1

0 10 20 30 40 50 60 70 80 90 100
TIHE  hr



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-105-2
IN-100 1150°C 1.00hr CYCLES 100.0Ghr TEST 2.625mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME.hr A/A,mg/cm2
0.00 0.00
0.0 1.00 0.69
15.00 -42 .66
o 30.00 -155.34
45.00 -273.5¢%
60.00 -384.80
75.00 -187.43
90.00 -581.66
100.00 -635.19
o [e]
o
>
&
w
2 -250.01
= o
=
-
x
(&)
W
=
© &)
w
o
(oS
o
w
-500.01 o
e
| | | | ] | | I |
0 10 20 30 40 50 60 70 80 90 100
TIME ,hr
Ni  BASE COMMCRCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-003-105-2
[N-100 1150°C 1.00he CYCLES  100.00hr TEST 2.625mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.25A. NiQ
Cra03 SPINEL, ap=8.20A.

FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-127-)

IN-100 1150°¢C 1.00nr CYCLES  102.00hr TEST 12.700mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE ,hr aW/A,mg/cm?
0.00 0.00
1.00 0.63
0.0 o 15.00 -4.39
o 30.00 -17.33
45.00 -54.04
60.00 -127.53
o 75.00 -225.13
90.00 -340.24
100.00 -417.57
% o-100.0f
o
~
:: o]
w
&
=
-
S
-200.01L
-
x
hd 0
s
=
(=)
“
8 -300.0pL
a
[}
o]
-400.0F
‘ ]
) ] | ] | | | I ]

TIME  hr
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-127-2

IN-100 1150°C 1.00hr CYCLES 60.00hr TEST i2.700mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME Nt AN/A,mg/ca?
0.00 :.oo
0.0p 1.00 21
15.00 -97.62
30.00 -244.31
45.00 -388.61
60.00 -527.85
[o
-250. 0 ]

SPECIFIC WEIGHT CHANGE ,mg/cm?

-500.01

] | ] ] | ? | ] |
6 10 20 30 40 S0 60 70 80 90 100
TINE . he
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLODYS 02-04-003-127-3
In-100 1150°C 1.00he CYCLES 100.00hr TEST 2.630mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME e aH/A ,mg/cm?
0.0¢0 0.00
0.0 1.00 0.95
o 15.00 -6.13
30.00 -17.49
o] 45.00 -42.23
60.00 -77.4¢6
15.00 -124 .49
o 90.00 -182.4%
100.00 -220.17
o~
-
[5)
~
o
" o)
(V%)
o
=
T -100.0L
(&)
-
pr
—_ (o]
wt
=
(=)
«
S
w
o
wr
o
-200.0

| 1 1 | ! | | | |
0 10 20 30 40 50 60 70 80 90 100
TIHE .hr




Ni BASE

IN-100

-100.90

SPECIFIC WEIGHT CHANGE ,mg/cm?

~-200.0

Mi BASE

SURFACE
100 hr
STANDARD

SPINEL,
Al,03
SPINEL,
NiD

CCHMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

TRICRUTILE) ,d(1101<3 .30A.

FACE CENTERED CUBIC MATRIX
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1150°C 1.00hr CYCLES 100.00hr
SPECIFIC HEIGHT CHANGE DATA
N
[o
e
o
[e
™ o
[e
q
| | | i L | ] | |
0 10 20 30 40 50 40 70 80 90 100
TIME , hr
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1:50°¢C 1.00hr CYCLES 100.00hr
X-RAY DIFFRACTION DATA
SPALL
100 hr
SURFACE COLLECTED SPALL
8g=8.10A. Nid
SPINEL, 89=8.30A.
ag=8.25A. Ni(H,M0)Dg4 TYPE 2

TEST

TINE . hr
0

TEST

2.

2.637mm THICK

02-04-003-127-4

§37am THICK

STATIC AIR

AH/A,lg/c-2
0

0.
-5.
-13.
-31.
-61.
-102.
-153.
-190.

02-04-003-127-4

STATIC AIR



Ni  BASE COMMERCIAL CAST GAMMA/GAHMA PRIME ALLOYS 02-04-003-127-5
I%-100 1150°¢C 1.00hr CYCLES 10D.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIHE  hr AH/A ,mg/cm2
9 .00 0.00
: 1.00 1.84
o o 15.00 -7.67
30.00 -11.34
o 45.00 -28.51
60.00 -67.52
75.00 -130.70
90.00 -216.91
100.00 -277.22
M [o]
o
2
o
[ 3
w  -100.1
<
x
T
x
«
- o
x
<
-
x
(&)
.
S
w
& -200. L




Ni  BASE COMHERCIAL CAST GANMA/GAMMA PRIME ALLOYS 02-04-003-127-6

IN-100 1150°¢C 1.00hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr AN/A ,mg/ca?
0.00 0.00
0.h 1.00 1.23
o 15.00 -6.32
o 30.00 -10.14
o 45.00 -20.18
60.00 -47.95
75.00 -95.89
90.00 -170.45
o 100.00 -231.93
~
-
(%]
~
-J
.
")
H
= 0| o
(&)
-
x
(L]
w
=
o
«
o
{¥]
b o
-200. 1

TIME ,hr
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-094-3
IN-100 1093°C 1.00hr CYCLES  100.00hr TEST 3.226mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,he AH/A,mg/sz
0.0 0.00 0.00
1.00 0.57
o 15.00 -9.82
30.00 -26.92
45.00 -47.40
§0.00 -79.62
o 75.00 -114.69
90.00 -152.60
100.00 -178.98
T -s0.0f o
~
o™
-]
w
(%3
x
<X
Ft o
—
x
(<]
& -100.0f
=x
(&S]
N o
©
(51
a.
w
-150.0
. o
| L | i | | } | I /
0 10 20 30 40 50 40 70 80 90 100

TIME  hr
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TINE .he
0.0

1.
H]
0.
5.
[}

O B \ad =

0
.0
75.0
.0
100.0

Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-100 1093°¢C 1.00he CYCLES  100.00ne TEST
SPECIFIC WEIGHT CHANGE DATA
0.0b
e
(]
~
-
o
~
on
s .sp.0f o
t
»
=
-<
=
(S ]
= o}
(7]
w
=
(&)
I~
oo-100.0) (o}
wt
-9
wr
O
-150.0 | ] ] ] ] | 1 [ )

a8 50 40 70 80 %0 100
TIME . hr

Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1093°C 1.00hr CYCLES 100.00Nr TVEST 3

IN-100

SURFACE
100 hr
STANDARD SURFACE
SPINEL. 0g=8.10A.
Cra05
NiD

FACE CENTERED CuBIC

HATRIX

X-RAY DIFFRACTION DATA

SPALL

100 he

COLLECTED SPALL
NiD
SPINEL, 8p=8.30A.
Al,0,

02-04-003-0%96-¢
3.277am THICK STATIC AIR

SH/A ,mg/cm?
0.00

0.60

-6.14
-26.03
-49 .60
-73.34
-90.860
-126.26
-148.13

02-04-003-096-6

.277mm THICK STATIC AIR



Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-098-3

IN-100 1038°C 1.00hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
o) TIME . bhr AW/A,mg/cm2
o 0.00 0.00
o 1.00 0.60
o 15.00 1.59
o o 30.00 1.76
1.5 45.00 1.73
B £0.00 1.59
75.00 1.66
90.00 1.62
100.00 1.62
o~
B
(3]
>
E
w
(4]
= 1.0
r
w
—
X
(&)
o
= 4
<
w
o P
a 0.5(.
w
0.0 i 1 | ] | | i |
0 100 20 30 40 50 460 70 80 90 100

TIME ,hr
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Ni  BASE COMMERCIAL CAST GAMMA/GAHMMA PRIME ALLOYS 02-04-003-098-6
[N-100 1038°C 1.00hr CYCLES  100.00hr TEST 3.277mm THICK STATIC AIR
SPECTFIC WEIGHT CHANGE DATA

1.5
TIME ,hr AH/A,mg/cmz
0. 0.00
o o ° 1.00 0.42
15.00 1.41
30.00 1.41
4500 1.37
60.00 1.16
75.00 1.09
o 90.00 0.77
100.00 0.53
- o
&
o 1.0p
o
1=
w
[§:]
=
<t
x
= o
N
o of
(4]
w0
=
o
- B p
S
8 b
0.0 | ] l | | | { | I
0 10 20 30 40 50 40 70 80 90 100
TIME,hr
Ni  BASE COMMERCIAL CAST GCAMMA/GAMMA PRIME ALLDYS 02-04-003-098-6
[N-100 1038°C 1.00hr CYCLES  100.00hr TEST 3.277mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURF ACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cry03 i

NiD
SPINEL, ag=8.25A.
FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-004-041-4

IN-713C 1150°¢C 1.006hr CYCLES  100.00nr TEST 6.500mm THICK STATIC AlR
SPECIFIC WEIGHT CHANGE DATA
-0.0
TIME  hr aW/A,mg/ca?
0.00 0.00
14.00 -2.46
28.00 -4.83
42.00 -6.88
56.00 -8.39
o 706.00 -9.85
86.00 -11.50
100.00 -12.98
~
&
<
o
€ -5. 0L o
w
(<]
=
<
x
(=]
-
z o}
o
= 4
o
" 0]
o
o
a
wy
S10.0 o
o
] i | ] | | | i |
0 10 20 30 40 50 &0 70 80 S0 100
TINE  hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-004-041-4
IN-713C 1150°¢C 1.00hr CYCLES  100.00hr TEST 6.509mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
160 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=B.15A. NiO
TRICRUTILE),d(110)¢3.30A. TRICRUTILE) ,d(110)¢3.304A.
SPINEL, ag=8.20A.
FACE CENTERED CUBIC MATRIX Cr,04
Alzﬂ;
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NI BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS

1M-713¢C t100°c 1.00he CYCLES  100.00hr TEST
. SPECIFIC MEIGHT CHAMGE DATA
’ TINE,br
~ 0.00
8.00
24.00
B 48.00
73.00
s 100.00
o a TINE.h
M
e a » 0.00
o 8.00
a [o]
N -2.54 TIME ,hr
o a 0.00
] 8.00
b & 24.00
= o TINE . hr
b a 0.00
= ¢ 22'23
2 48.00
E
TIME .hr
s 9 0.00
« .50 2.00
™) 24.00
g ® 40.00
“ 73.00
TINE ,br
0.00
8.00
24.00
43.00
73.00
100.00
-7.5 | 1 | | I ] L l l TINE . hr
® 10 20 30 40 50 60 70 80 90 100 g-gg
TINE, hr 24.00
48.00
72.00
© 02-04-004-003-6 100.00
D 02-04-004-003-1
A 02-04-004-003-2
o 02-04-004-003-3
o 02-04-004-003-4
o 02-04-004-003-5
0 02-04-004-010-1
X-RAY DIFFRACTION DATA
SURFACE SPALL 003-1
8 hr 8 nr
STANDARD SURFACE NO SIGNIFICANT SPALL OBSERVED
TRICRUTILE) ,d(1102£3.30A.
Al20y
Cra0y
FACE CENTERED CUBIC MATRIX
X-RAY DIFFRACTION DATA
SURFACE SPALL 003-5
100 br 100 hr
STANDARD SURFACE COLLECTED SPALL
Al20g SPINEL, 84=8.25A.
TRI(RUTILE) ,8€1100£3.30A. NID
Ala0s

FACE CENTERED CUBIC MATRIX

73

02-04-004-003-6

6.500mm THICK

STATIC AIR(TN D-7484)

AH/A.lx/cl?
0.00

-0.36
-0.97
-2.27
-3.40
-4.74

AH/A ,mg/ce? 003-1
0.00
-1.51

AW/A ,mg/ca? 003-2
0.

sH/A,mg/ce2 003-4
.00
-0.49
-0.85

-1.89
-3.00

AN/A,mg/ca? 003-5

1.
-1.98
-2.64
-3.54
-4.87

aN/A,mg/cm2 010-1
0.00

-0.46
-1.94
-3.78
-5.29
-7.07



Ni  BASE COMMERCIAL CAST GAMMA/CANMA PRIME ALLOYS 02-04-004-007-¢
In-713C 1000°C 1.00hr CYCLES  100.00hc TEST 6.500ms THICK STATIC AIR(TN D-7484)
SPECIFIC HEIGHT CHANGE DATA

ak/A,0g/¢cnl
.00
0.14
0.28
(1]
.20
8.32

aW/A ,mg9/ce? 007-1
9.00
.11
AM/A..’I:I’ 0r-2
0.00

0.14
.24

ad/A,mg/ca? 097-3
.00

.31 a B

a
ob
b

0.2}

SPECIFIC NEIGNT CHANGE ,mg/ce?
°

0.0 | 1 | | | | 1 | |

0 10 20 30 40 50 40 70 80 70 100 2
TINE.Ne Tlns:zz AM/A ,ug/ce2 009-§

.00
14.00 0.1Y

. 22
02-04-004-067-6 .
e 5
02-04-404-007-3 55.00 .29
02-04-004-007-4
02-04-004-009-4
02-04-004-009-5

osooeoeae
“
-

~
®
-
-
-

o) oV DOO
~
~
-
-

oo

X-RAY DIFFRACTION DATA
SURFACE SPALL
8 hr B hr
STANDARD SURFACE NO SICNIFICANT SPALL OBSERVED

Al 20

2
Tﬂl(iUTILEP.d(llI)‘).)ﬂA.

FACE CENTERED CUBIC WATRIX
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Ni  BASE COMMERCTAL CAST GAMHMA/GAMMA PRIME ALLOYS 02-04-005-041-2
IN-738 1150°C 1.00hr CYCLES  100.00hr TEST &6.500mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

0.
TIME, hr AH/A,ms/cm2
o 6-00 .0
14.00 -6.81
fe) 28.00 -12.70
42.00 -19.92
o 56.00 -27.31
70.00 -42.21
86.00 -78.39
[} 100.00 -112.61
~
B
N
? [0}
5 .50l
=z
<f
x
(&)
-
x
(4]
w
x
(&S]
o o
S
W
a
w
-100.p
i ] | I | | | | |
0 10 20 30 40 50 40 70 80 90 100
TIME ,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-005-041-2
IN-738 1150°C 1.06he CYCLES 100.00hr TEST 6.500mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACC SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiQ
SPINEL, ag=8.30A. SPINEL, ap=8.30A.

Cro03
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-005-321-1
IN-738 1150°C 1.00hr CYCLES  100.00he TEST 2.32imm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr Au/A.mgxcm2
0 0.00 0.00
: 1.00 1.12
15.00 -9.45
o 30.00 -15.73
45.00 -27.21
o §0.00 -41.31
75.00 -65.26
90.00 -110.41
o 100.00 -134.14
o~
a
0
= [}
-
w501
<
=z
«r
= =
(=]
- l¢]
x
w
w
=
(&)
N
S
w
& -100.1
le
b
| | | | 1 | ] | |
0 10 200 30 40 S0 60 70 80 90 100
TIME hr
Ni  BASE COMNERCIAL CAST GAMMA/GAMMA PRIME ALLQYS 02-04-005-321-1
IN-738 1150°C 1.00hr CYCLES  100.00hr TEST 2.321mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURF ACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Nig NiD
SPINEL, ap=8.30A. SPINEL, ap=8.30A.
Cro03 TRICRUTILE) ,d(110)¢3.30A.
TRTCRUTILE) ,d(1103¢3.304. Cry03
NinUj NiTiO]

NitH, 010y TYPE 2
UNKNOWN CINES, d VALUES
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100.000r YEST

6.500mm THICK

02-04-005-004-4
STATIC AJR(TN D-7404)

NI BASE COMMERCIAL CAST GANMA/GAMMA PRIME ALLOYS
IN-738 1100°c 1.00nhr CYCLES
SPECIFIC NEIGHT CHANGE DATA
L8 ®
) [=]
~N
]
RS 8 N
-
o -]
<
=
I
o [}
© )
b 4
o -20.L
[
=
(%) o
-
o P
w
a
o™
-30.} L J
-40. ] 1 | | ] | | |
8 10 20 30 50 &0 70 B0 %8 100
TINE. e
O 02-04-005-004-46
O 02-04-005-004-1
a4 02-04-005-004-2
o 02-04-005-004-3
D 02-04-005-004-4
e 02-04-005-004-5
0 02-04-005-010-6
X-RAY DIFFRACTION DATA
SURFACE SPALL
8 he 8 hr

STANDARD SURFACE

Cra0y
TRICRUTILE),d(110)£3.30A,

NDO SIGNIFICANT SPALL OBSERVED

FACE CENTERED CUBIC MATRIX

SURFACE

100 hr
STANDARD SURFACE
Cra0y

SPINEL, 89=0.254.
TRECRUTILEY ,d(1102¢3 .30A.

X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
Cra0s
TRICRUTILE),d(110)<3.30A,

Nio
SPINEL, 2y=0.25A,

FACE CEMTERED CUBIC MATRIX

77

TINE . hr aN/A ,mg/ca?
0.00 ﬂ.=0
8.00 1.00
24.00 -0.45
48.00 -12.49
72.00 -16.94
100.00 -25.66
TIME. e aH/A,0g/ca? 004-1
0.00 .00
8.00 2.16
TINE e AN/A,mg/cw2 004-2
0.00 0.08
6.00 2.16
24.00 1.55
TINE Ar AW/A,n9/cn2 004-3
0.00 0.00
8.00 1.97
24.00 1.09
40.00 -11.99
TINE,br ak/A ,mg/ce2 004-4
0.00 .80
8.00 1.17
24.00 -0.09
48.00 -11.95
72.00 -16.40
TINE,hr AH/A.-glclz 004-5
0.00 .00
8.00 1.97
24,00 1.88
48.00 -12.463
72. -17.39
100.00 -29 .46
TINE  he aN/A,ng/cn? 010-4
0.00 .00
8.00 0.76
24.00 -3.33
48.00 -14.41
72.00 -22.08
100.00 -36.52
004-1
004-§



Ni BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-738 1100°C  1.00hr CYCLES  200.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr
0.0 0.00
300
[e} 15.
o 30.00
o 45.00
o gg.oz
.00
o 90.00
o 100.00
o 115.00
: ° HE
< 145
g g
N [o] 175.
§ 190.00
e 200.00
x
&)
= (¢}
(&
w
=
[
: -100.0 le)
G
i¥7)
a.
w
le
-150.0 ©
| 1 | | | | 1 | |
20 40 60 80 100 120 140 160 180 200
TIME hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-738 1100°C 1.00he CYCLES  200.00hr TEST
X-RAY DIFFRACTIOQN DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
SPINCL, ag:=8.30A. SPINEL, ag=-8.30A.
Cro03 TRICRUTILE) ,0(1100<3.304.
TRTCRUTILE) ,d(110)¢3.30A. Cro03
NiTiOs nitidg
Al,03

UNKNOWN LINES, d VALUES
2.88A.

FACL CUNTCRED CUBIC MATRIX

UNKNDHN L INES,
2.90A.

d VALUES
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02-04-005-324-1
2.330mm THICK STATIC AIR

AN/A.mg/cm2
0.00

02-04-005-3241
2.330mm THICK STATIC AIR



NI BASE COMMERCIAL CAST GANMA/GAMMA PRINE ALLOYS 02-04-005-008-4

In-1738 1000°C 1.00hr CYCLES  100.00hr TEST 4.500mm THICK STATIC AIRCTN D-7484)
SPECIFIC MEIGHT CHANGE DATA
& TINE ,0r aH/A mg/cal
6 e 022
'y . .
4 24.00 1.37
40.00 2.27
a 0 72.00 2.58
) 100.00 2.13
* o TINE e AW/A,mg/ce? 008-1
0.00 0.89
“ 2.0 8.00 0.92
N ° TINE . hr nuln.-g/c-l 0e-2
4 p.00 0.00
. 8.08 0.82
E ° 24.00 1.1
: e TINE, he aH/A,mg/ce? 008-3
: : e i-8
-
s 8 24.00 1.33
= 46.08 2.19
=
o ° & TINE . hr aN/A ,ng/cald 000-4
= 1.0 0.00 0.00
= .00 "“n
bre 24.00 1.43
[ 5 40.00 2.29
72.00 2.8
TINE ,he AN/A .mg/ce? 000-5
0.00 0.0
8.00 .82
24.00 1.50
48.00 2.3
72.00 2.62
108.00 2.49
v.0 e I TINE, hr .uza.-:/c-? 0-3
© 10 20 30 40 50 &0 70 8¢ P 100 0.00 0.00
14.00 1.04
TINE . he 20000 1.45
14 B
O 02-04-005-008-4 . .
O 02-04-005-808-1 R ;-::
4 02-04-005-000-2 H 358
& 02-04-005-000-3 : . .
o 02-04-005-000-4
o 02-04-005-008-5
¢ 02-04-005-009-3
‘X-RAY DIFFRACTION DATA
SURFACE SPALL 008-1
8 hr S he
STANDARD SURFACE MO SIGNIFICANT SPALL OBSERVED
Cra0
TRT(AUTILE).d(110753.30A.
FACE CENTERED CUBIC MATRIX
X-RAY DIFFRACTION DATA
SURFACE SPALL 00e-5
100 hr 108 br
STANDARD SURFACE NO SIGNIFICANT SPALL OBSERVED

Cr0y
TRICRUTILE) ,d(110243.30A.
FACE CENTERED CUBIC WATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIMLE ALLOYS 02-04-007-323-2

IN-792.Hf 1150°¢C 1.00hr CYCLES  100.00hr TEST 2.314mm THICK  STATIC AIR
SPECIFIC HWEIGHT CHANGE DATA
TIME ,hr AW/A mg/cm?
0.00 0.00
1.00 1.50
P e - 15,50 -9.27
o 30.00 -22.74
45.00 -39.28
60.00 -85.60
o 75.00 -125.66
90.00 -167.49
o 100.00 -192.13
o
(=3
(=]
?Tl
=
LIJ‘
EQ
E
<t
o o
N
& 100
"
X
(&)
w o
(&8 )
w
[+ 9
wy
o
-200. | | | | | 1 | |
0 10 20 30 40 50 60 70 BO 90 140
TIHE hr
Ni o BASE COMMERCIAL CAST GAMEA/GANMA PRIME ALLOYS 02-04-007-323-2
IN-792.HF 1150°C 1.00hr CYCLES  100.00hr 1EST 2.316mm THICK  STATIC AIR
%-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD Nig
SPINEL, ag:8.30A. SPINEL, ag:=8.30A.
Cro03 Ni(H,MB0)04 TYPE 1
NiTid, TRICRUTILE) ,d€1101¢3 .30,
TRICRUTILE) ,d(110)¢3.30A. Cry03

Ni€H,Mod0, TYPE I

FACE CUMTECRED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-323-5

IN-792+H¢ 1150°¢C 1.00hr CYCLES  100.00nr TEST 2.236mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME, hr AHZA ,mg/ca?
0.00 0.00
1.00 0.52
0.0p 15.00 -7.56
o 30.00 -21.57
45.00 -45.61
60.00 -93.33
o 75.00 -136.90
96.00 -172.67
100.00 -196.23
u 0
3
L
o
=
Lt
w
xz
L4
x
(&)
- o}
S -100.0p
-
= 4
(&)
g
S
k o
w
0
-200.0 ] | { 1 J | { {
¢ 10 20 30 40 50 &0 70 80 90 100
TIKE ,hr
Wi BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-323-5
IN-792.H1t 1150°¢C 1.00hr CYCLES  100.00hr TEST 2.234mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 nr 100 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL. ag=8.30A. NiD
NiD SPINEL, ag:8.304.
Ni(H,Ho)04 TYPE 1 Ni{W, Ho)04 TYPE 1
TRICRUTILE) ,d€1107¢3.304. TRICRUTILE),d(110)53.304.
Cra0, Co0

Ki(H.M0)G, TYPE 2
FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GARNNA PRIME ALLOYS 02-04-007-337-5
IN-792+H1 1150°¢C 1.00hr CYCLES 100.00hr TEST 2.322am THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TINE , hr aAW/A,mg/ca?
0.00 8.00
0.0p 1.00 0.08
15.00 -12.32
o 30.00 -27.7%
45.00 -46 .69
60.00 -97.058
[o] 75.00 -134.85
90.00 -171.67
100.00 -204.98
o (o}
[}
o
~
L.
-
w
13 4
=
-
3
-100.0L o
-
=z
L]
o
=
(&)
- (o]
o
[*Y)
-9
(7.
(o
-200.0F
] | 1 1 1 i { T
¢ 10 20 30 40 50 60 70 80 90 100
TINE . hr
Ni BASE COMMERCIAL CAST GAMMA/GANMA PRINE ALLOYS 02-04-007-337-5
IN-792+H¢ 1150°C 1.00mr CYCLES 100.00he TEST 2.322as THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 b
STANDARD SURFACE COLLECTYED SPALL
SPINEL, sp=B.25A. nio
NiD SPINEL, 89:28.30A.
TRICRUTILE) ,d(118)¢T.30A. TRICRUTILE) ,d(110)$3.30A.
Cra04y Ni(W, No)Dq TYPE 1
(Ni Co.Fe)Tily Ni(W,M0)0, TYPE 2

Ni(W,Mo)0g TYPE 1

FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIMC ALLOYS
IN-792+H¢ 1100°C  1.00hr CYCLES  200.00hr TEST 2.
SPECIFIC WEIGHT CHANGE DATA
TIME,hr
0. 0.00
o 1.00
15.00
o] 30.00
° s
o 75.00
i
o 100.
3 . e
-
< -50. 145.00
: ° i
- 175.
8 190.00
E ° 200.00
(& ]
—
x
<o
"
o -100. o]
o
O
w
& o
I
-150. o
| | L | | | I L |
20 40 60 80 100 120 140 160 180 200
TIME,hr
Ni  BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS
[N-792¢H¢ 1100°C  1.00hr CYCLES  200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURF ACE COLLECTED SPALL
NiQ NiD

SPINEL, ag=8.30A.

TRICRUTILE) ,d(110)<3.30A.

Ni(H,Mo)0gq TYPE 1

Ni(H,Mo)04 TYPE 1
SPINEL, ag=8.25A.
TRICRUTILE),d(110)<3.304.
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02-04-007-310-2

302mm THICK

STATIC AIR

AN/Adm sem?

1.7
-3.0
-11.4
-16.1
-24.1
-36.6
-43.39
-54.57
-71.02
-99.26

02-04-007-310-2

2.302mm THICK

STATIC AIR



Ni BASE COMMERCTAL CAST GAHMA/GAMMA PRIME ALLOYS
[N-792+Hf 1100°C 1.00hr CYCLES 200.00he TEST
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr
0.. O 0.00
° 1:‘388
0 .
30.00
° ia00
o 75.00
90.00
o] lﬂg.gg
_ 115.
T 0t o 130.00
< 145.00
: it
N 175.
§ 190.03
= o 200.0
(&)
-
& -10.f o
w
= 4
] o
w
o
(V)
o [o]
-150 1.
O
[o;
ISR S N IR NN RO N B G
0 20 10 40 B0 100 120 140 160 180 200
TIME ,hr
Ni  BASE COMMERC[AL CAST GAMMA/GAMMA PRIME ALLQYS
IN-792Ht 1100°C 1.00hr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiQ Nil
SPINEL, ag=8.30A. SPINEL, ag=8.30A.
Cronz TRICRUTILE) ,d(1101¢3.30A.
Ni%iD; Ni(N,Ho)04 TIPE 1
TRICRUTILE)Y,d(110)<3.30A. NiTiO3
Cra03
FACE CENTERED CUBIC HMATRIX
UNKNOWN LINES, d VALUES
3.10A,

02-04-007-326-2
2.315mm THICK STATIC AIR

AH/A.mg/cm2
0.00
84
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02-04-007-326-2
2.315am THICK STATIC AIR



Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-326-5

IN-792¢H1 1100°C 1.00nhr CYCLES  200.00ne TEST 2.306mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,he AN/A,mg/ca?
o b 0.00 0.00
1.00 0.61
o o 15.00 1.46
o 30.00 -4.58
45.00 -5.35
o) £0.00 -10.61
75.00 -19.94
O 90.00 -27.62
o 100.00 -34.19
~ 115.00 -51.50
= 130.00 -80.65
S g0 145.00 -95.00
- T o) 160.00 -109.95
o 175.00 -128.61
T 190.00 -144.60
= 200.00 -156.26
x
-
-
z o
w
=
o o]
- -100 .
-
o
w o
wy
o
fo
<150 L
| | ] L1t L | 1 9
0 20 40 60 BD 100 120 140 140 180 200
TIHE . br
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-326-5
IN-792+H1 1100°C 1.00hr CYCLES  200.00nr TEST 2.306mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiO
SPINEL. 85:8.30A. SPINEL, #9=8.30A.
Al,Ti0g Ni(W,M0)O, TYPE 1
SPINEL, @g:=8.10A. TRICRUTILE),d(110)€3.30A.
Cr203 (Ni.CD,FI)TiD;
Ni(W.Ma)D,y TYPE 2 Cra03
FACE CENTERED CUBIC HATRIX UNKNOHN LINES, d VALUES
2.81A.
2.76A.
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-334-5
IN-7924H1 1100°C 1.00hr CYCLES  200.00hr TEST 2.306mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE,hr aH/A ,ng/ca?
0. Q 0.00 0.00
1.00 0.00
(o] 15.00 1.36
o 30.00 -9.31
o 45,00 -13.80
60.00 -21.27
o) 75.00 -31.24
90.00 -41.50
o 100.00 -51.69
~ .50 115.00 -78.81
s T (o] 130.00 -105.17
~ 145.00 -116.84
- 160.00 -134.69
o 175.00 -151.17
b 190.00 -173.42
z o 200.00 -183.99
b
-
x
e -100.p
w o]
=2 e}
w
o
w
b o]
-150. 1 o
le
| | | | | | ]

0 20 40 &0 B0 100 120 140 160 180 200
TINE ,hr

MNi BASE CONMERCIAL CAST GAHMA/GAMMA PRIME ALLOYS 02-04-007-336-5
IN-792+H¢ 1100°¢C 1.00he CYCLES 200.00hr TEST 2.306em THICK STATIC AlR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 nr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiO

SPINEL, 89=8.30A.
TRI(CRUTILE) ,d(110)¢3.30A.
Cr;O;

(Ni,Co.Fe)TiOy
TRICRUTILE) ,0(110)¢3.30A.
Ni(N,M0)0,4 TYPE 2

FACE CENTERED CUBIC MATRIX

SPINEL, ag:=8.304.
itk 10)0, TYPE )
TRICRUTILE) .d(110)<3.304.
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-031-328-3

IN-939 1150°C 1.00hr CYCLES 100.00hr TEST 2.310mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME . hr aH/A,mg/ce?
0.00 0
0.0 5 1.00 0.43
15.00 -3.14
(o] 30.00 -14.44
45.00 -13.87
60.00 -119.21
75.00 -161.99
90.00 -205.15
100.00 -233.19
o~
-
o
~
. o
w
(L]
=
£ -1e0.0f
(&)
-
3 o
"
=
(&)
"
by o}
a
w
-200.01
O
] | 1 | | | | ! I
0 10 20 30 40 50 60 70 a0 90 100
TIHE ,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOVS 02-04-031-328-3
IN-939 1150°C 1.00hr CYCLES 100.00hr TEST 2.310mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiO
Cry03 SPINEL. ag=8.30A.
SPINEL, 8g=8.304. Cra03
TRICRUTILE) ,d€1103¢3.30A. TRICRUTILE) d(110)<3.30A.

SPINEL, 89=B.10A.
FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS 02-04-031-327-3
In-939 1100°C 1.00hr CYCLES 200.00hr TEST 2.304em THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TINE  Nr AN/A,mg/ca?
0.00 0.00
0.00_o 1.00 0.87
OO ° 15.60 -0.59
30.00 -0.98
45,00 -2.90
60.00 -7.19
o 75.00 -33.99
90.00 -64.38
100.00 -19.36
~ 115.00 -101.91
s 130.00 ~124.90
N o 145.00 -145.71
4 160.00 -168.06
; o 175.00 -191.10
& 190.00 -213 .46
= 0 -227.43
£ -we0.0) o 200.00
(&)
-
>
2 o]
(¥e)
=
2 o)
w
o
w
& o)
lo
-200.00
0
b
| ] | ] ] | ] | |
0 20 40 60 BD 100 120 140 160 180 200
TIME, he
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-031-327-3
IN-939 1100°C 1.00hr CYCLES  200.00hr TEST 2.304mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
SPINEL, ®8)=8.30A. SPINEL, a:8.30A.
Cra0y Crad;
TRICRUTILE) .d(110)<3.304A. TRICRUTILE) . d(110)¢3.30A.

SPINEL, 85:8.05A.
FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-008-225-1
MAR-M-200 1150°C 1.00hr CYCLES 75.00hr TEST 2.157mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AM/A,mg/cm2
0. 0’00 i.80
1.00 512
15.00 -90.82
30.00 -161.07
1500 -239.26
40.00 -307.83
75.00 36918
O
o 1001
N
o
&8
w
(&)
=z
3 o
(& ]
o
o -200.1
w
x
(&)
w o
o
w
.
wy
-300.1L
O
S T DR RSN N R N B
0 10 20 30 40 50 60 70 80 90 100
TIME , hr
Ni BASE COHMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-008-225-1
MAR-M-200 1150°C 1.00hr CYCLES 75.00he TEST 2.157mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
75 hr 75 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
Ni(W,Mo)0, TYPE 1 Ni(H,M0o)04 TYPE 1
SPINEL, ag=8.10A. SPINEL, ag=8.25A.
SPINEL, ag:=8.25A. TRICRUTILE),d(110)<3.30A.

TRICRUTILE) ,d(1107¢3 .30A.

FACE CENTERED CUBIC MATRIX

89




Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-008-225-2
MAR-H-200 1150°C 1.00hr CYCLES 75.00hr TEST 2.155mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr AH/A,mglcm2
0. ¢6.00 0.00
1.00 4.02
15.00 -83.62
30.00 -157.55
45.00 -235.95
60.00 -305.41
75.00 -368.19
[
o -100.L
[s]
~
fe ]
g
w
(4.
2 o
o o
(&)
=
o -200.
wut
=x
(&)
= o]
S
1¥7)
a
o
-300.4
o]
[ N N H N W S B
0 10 20 30 40 50 40 70 80 30 100
TIME, ,hr
Ni BASE COMMERCTIAL CAST GAMMA/GAMMA PRIME ALLQYS 02-04-008-225-2
MAR-M-200 1150°C 1.00hr CYCLES 75.00hr TEST 2.155mm THICK STATIC AIR
X-RAY DIFFRACTIQN DATA
SURFACE SPALL
75 hr 15 hr
STANDARD SURFACE COLLECTED SPALL
NiQ NiQ
Ni(l,Ma)0g TYPE 1 Ni(H,M0)04 TYPE 1
SPINCL, ag=8.10A. SPINEL, ag=8.25A.
SPINEL, ag=8.25A. TRICRUTILEY ,d(110)¢3.3DA.

TRICRUTILE)Y ,d(110)<3.30A.

FACE CENTERED CUBIC MATRIX



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-008-310-3
MAR-M-200 1100°C 1.00hr CYCLES  200.00hr TEST 2.297mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AW/A,mg/cm?
0.00 i"3
0.0P 1.00 0.95
15.00 -3.31
30.00 -3.58
° 5 1500 -6.03
o 60.00 -8.14
75.00 111y
° 90.00 -14.47
o 100.00 -17.35
~ 115.00 -22.12
a 130.00 -26.13
< o 145.00 -30.62
] ° 160.00 -35.94
w 175.00 -41.78
s 190.00 -47.82
3 o 200.00 -52.16
o -as.0f
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w
= (o]
(& ]
o
I o)
o
5
(o]
o]
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| | | 1 | | | | |
0 20 40 60 B0 100 120 140 160 180 200
TIME,hr
Ni  DASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-008-310-3
MAR-11-200 1100°C  1.00he CYCLES  200.00hr TEST 2.297mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURF ACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
SPINEL, ag=8.10A. Ni(4,M0)04 TYPE 1
SPINCL, ag=8.25A. SPINEL, ap=8.25A.
Ni(H, Ma)04 TYPE 1 TRICRUTILE) ,d(1103<3 .30A.
TRICRUTILE) ,d(1107<3.30A.
NiTiQ3

Alo03
FACC CCNTCRED CUBDIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-009-225-3
MAR-M-200+Hf 1150°C 1.00hr CYCLES  100.00hr TEST 2.304mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr AN/A.mg/cml’
0.00 0.00
1.00 3.00
0. 15.00 -52.50
30.00 -93.81
45.00 -161.8%9
40.00 -225.10
75.00 -285.87
[e] 920.00 -339.84
100.00 -380.35
o
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¢ 10 20 30 40 50 60 70 80 90 100
TIME ,he
Ni DBASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLQYS 02-04-009-225-3
MAR -H-200+Hf 1150°C 1.00hr CYCLES 100.00hr TEST 2.304mm THICK STATIC AIR
X-RAY DIFFRACTIQON DATA
SURFACE SPALL
1006 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiQ NiD
Ni(H,Ho)04 TYPE 1 Ni(H,M0)04 TYPE 1
SPINEL, ag=8.10A. SPINEL, ap:8.25A.
SPINCL, ag=8.25A. TRICRUTILE) ,d€110)¢3.30A.
TRI(RUTILE) ,d(1103¢3.30A. HfQ,
HiO

FACC CCNTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMNA/GAMMA PRIME ALLOYS 02-04-009-225-6
MAR-M-200-Hf 1150°C 1.00hr CYCLES  100.00hr TEST 2.304mm THICK STATIC AIR
SPECEFIC WEIGHT CHANGE DATA

TIME ,he AH/A ,mg/cm2
0.00 0.00
1.00 3.95
0 15.00 -68.25
30.00 -139.74
45.00 -205.30
60.00 -271.22
75.00 -336.73
o 50.00 -398.75
100.00 -439 .85
1000
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TIME,hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-009-225-6
MAR -11-200 +Hf 1150°C 1.00hr CYCLES 100.00hr TEST 2.304mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Nill NiD
NiCH,H0)04 TYPE 1 Ni(W,Mo)0q TYPE 1
SPINEL, ap=8.10A. SPINEL, ag=8.25A.
SPINEL, ag:=B.25A. TRICRUTILE) ,d(110)¢3.30A.
TRICRUTILE) ,d(110)¢3.30A. H{0y

10,
FACE CENTERED CUBIC MATRIX
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N BASE COMMERCTIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-010-225-4

DS -MAR-M-200+Hf 1150°C 1.00hr CYCLES 100.00he TEST 2.290mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
TIME  hr AW/A,mg/cm2
6.00 0.00
0.0 O mm———— 1.00 0.82
15.00 -0.26
o 30.09 -3.89
45.00 -9.83
60.00 -17.74
75.00 -29.34
(e} 90.00 -42. 1
100.00 -58.81
o~
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TIME . hr
Ni BASE COMMERCIAL CAST GAMMAZ/GAMMA PRIME ALLOYS 02-04-010-225-4
DS -MAR-M-200+Hf 1150°C 1.00hr CYCLES 100.00hr TEST 2.290mm THICK STATIC AIR
A-RAY DIFFRACTI{ON DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiQ NiQ
Ni(H, Mo204 TYPE 1 Ni(H,M0)04 TYPE 1
SPINEL, ag=8.10A. SPINCL, ap=8.25A.
SPINEL, ag=8.25A. TRICRUTILE) ,d(110)¢<3.30A.
TRICRUTILE) ,d(1102¢3.30A. HfDy

HfO,

FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLODYS 02-04-010-225-5
DS -HAR-M-200+Hf 1150°C 1.08hr CYCLES  100.00hr TEST 2.297mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AH/A,mg/cm2
0.00 §"20
1.00 2.93
0. 15.00 -61.71
30.00 -126.48
15.00 -183.62
60.00 -238.35
75.00 -295.26
90.00 -345.37
o 100.00 -385.04
o~
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Ni  BASE COMMERCIAL CAST GAMMA/GA(MA PRIME ALLOYS 02-04-010-225-5
DS MAR-M-200+Hf 1150°C 1.00hr CYCLES  100.00hr TEST 2.297mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 bhr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD HiD
Ni(H,Mo)04 TYPE 1 Ni(W,Mo)04 TYPE 1
SPINEL, ag:=8.10A. SPINEL, ag=8.25A.
SPINEL, ap=B.25A. TRICRUTILE),d(110)<3.30A.
TRICRUTILE) ,d(110)¢3.30A. HfD

HfDy

FACE CENTERED CUBIC MATRIX
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NI BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-009-310-4
MAR-4-200+Hf 1100°C 0.03hr CYCLES  200.00hr TEST 2.300mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AN/A,mtD;/cm2
° 100 093
0 0 15.00 2045
° 30.00 0.78
o 25.00 -2.44
0,00 -7.00
75.00 -12.32
99.00 -19.32
° 100.00 -24.86
3 et i
g © 14500 -53.01
2 ik 44
W ° 190700 -87.23
- 200.00 -95.85
S o
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3 -s50.L
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w
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0 20 40 60

100 120 140 160 180
TIME,hr

Ni  BASE COMHERCTAL CAST GAMMA/GAMMA PRIME ALLDYS

HAR-M-200+Hf

1100°C 0.03hr CYCLES

SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiQ NiD

SPINEL, ag=B.25A.

SPINEL, ag=B.10A.
Ni(W,Mo)0g TYPE 1
TRI(RUTILE) ,d(110)<3 .30A.
Ht0;

FACE CENTERED CUBIC MATRIX

Ni(W,Mo)04 TYPE 1

SPINEL, ag=8.25A.
TRICRUTILE) ,d(110)<3.30A.
Hf03
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200.00hr TEST
X-RAY DIFFRACTION DATA

02-04-009-310-4
2.300mm THICK

STATIC AIR



Ni  BASE CQOMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-010-310-5
DS-HAR-M-200+Ht 1100°C 1.00hr CYCLES  200.00hr TEST 2.324mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AHZA, mg/cm?
op 9 o > 0.00 i"30
1.00 0.9
o 15.00 1.90
o 30000 0.89
45.00 -1.25
o 60.00 4218
° 75.00 -7.91
90.00 -12.42
1900 BLH
; 115. 23,
EE o ° 130,00 -30.95
s 145.00 -10.48
4 o 160.00 -51.12
= 175.00 -§4.49
8 190.00 -82.11
= o 200.00 -94.95
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0 20 40 60 80 100 120 140 160 180 200
TIME . hr
Ni  DASE COMMERCIAL CAST GANMA/GANMA PRIME ALLOYS 02-04-010-310-5
DS -MAR-M-200 -Hf 1106°C  1.00he CYCLES  200.00hr TEST 2.324mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiD Nig
Ni(W,H0)04 TYPE 1 Ni(W,Mo)0y4 TYPE 1
SPINEL, ag=8.10A. SPINEL, ag:8.254.
SPINEL, ag=B.25A. TRIGRUTILEY . d(1101¢3.30A.
TRICRUTILEY ,4(1107¢3.30A. Hf0,

Ht0,
FACE CENTERED CUBIL MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-011-321-4
MAR-M-211 1150°C 1.00hr CYCLES  100.00hr TEST 2.248mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

0.
TIME, hr AH/A,mg/:mz
0.00 0.00
1.00 -0.26
o 15.00 2.9
33.00 -5.04
45.00 -4.95
o 60.00 -9.54
75.00 14.33
90.00 -21.73
o 100.00 -27.93
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Ni BASE COMMERCTAL CAST GAMMA/GAMMA PRIMC ALLOYS 02-04-011-321-4
MAR-HM-211 1150°C 1.00hr CYCLES 100.00hr TEST 2.248mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.10A. NiD
TRICRUTILE),8¢110)¢3.30A. Ni(W,ModYDs TYPE 1
71,03 SPINEL, ag:8.254.

TRICRUTILE),d(110)>3.30A.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES, d VALUES
LT6A
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Ni BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS 02-04-011-324-4
MAR-H-211 1100°¢C 1.00hr CYCLES 115.00hr TEST 2.28Bmm THICK STATIC AIR
SPECIFIC MEIGHT CHANGE DATA

TINE ,hr aN/A,mg/cm?
.00 0.00
0.0b—o 1.00 0.69
¥ 0 15.00 -0.77
o 30.00 -5.54
45.00 -24.83
60.00 -111.77
75.00 -260.46
90.00 -386.49
100.00 -149.99
o~ o 115.08 -524.89
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Ni  BASE COMNERCIAL CAST GAMMA/GANNA PRINE ALLOTS 02-04-011-324-4
MAR-N-211 1100°C  1.00hr CYCLES  115.00hr TEST 2.268ma THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
Ni(W.H0)0, TTPE 1 wio
SPINEL. 2g=8.05A. Ni(H.Ho)0g TYPE 1
SPINEL. 89=8.25A. SPINEL, 8g:0.25A.
TRICRUTILE) ., d(1107¢3.30A. SPINEL. 83:08.10A.
NiD Ni(H,M0)0, TYPE 2

TRICRUTILE) d(110)>3 30A.
FACE CENTERED CUBIC MATRIX



Ni  BASE COMMERCIAL CAST GAMMA/GAMHMA PRIME ALLOYS 02-04-012-322-3
MAR-M-244 1150°¢C 1.00hr CYCLES 16D0.00hy TEST 2.23Bmm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIHE .hr 4H/A mg/scal
0.0 0.00 0.00
1.00 0.38
15.00 -7.55
[o] 30.00 -14.10
45.00 -22.13
o 60.00 -32.57
15.00 -43.87
$0.00 -65.03
o 100.00 -92.89
o« -25.0|
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TIME  hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-012-322-3
HAR-M-246 1150°C 1.00hr CYCLES 100.00hr TEST 2.23Bmm THICK STATIC AIR

X-RAY DIFFRACTION DATA

SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
SPINEL, 8p=8.25A. SPINEL, ap=8.254,
TRICRUTILE) ,d(110)¢3.30A. SPINEL. 8g=8.054A.
SPINEL, 8p=8.10A. TRICRUTILE)  d(110)53.30A.
A0,
Cry0,

FACE CENTERED CuBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-012-325-3
MAR-M-244 1100°C 1.00hr CYCLES 200.00he TEST 2.24%am THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

TIHE ,hr AH/A ,mg/cu?
0.00 0.00
0.06 1.00 0.09
o 15.00 -0.53
30.00 -3.12
45.00 -4.95
o £0.00 -6.44
75.00 -7.80
90.00 -9.08
o 100.00 -10.02
o~ 115.00 -11.39
s o 130.00 -12.87
N 14500 -14.18
b4 o 160.00 -15.97
w o 175.00 -18.29
e 0.0 190.00 -21.42
z F © 200.00 -24.44
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0 20 40 40 BD 100 120 140 160 180 200
TIME ., br
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-012-325-3
HAR-M-246 1100°C 1.00hr CYCLES  200.00hr TEST 2.249ma THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. 8p=8.10A. NiD
NiD SPINEL, 84:8.304,
SPINEL., a=B.25A. TRI(RUTILE) . d(110)¢3.30A.
TRICRUTILE) (110253 .30A.
Cr;O;

FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-013-322-1
MAR -M-421 1150°C 1.00hr CYCLES 100.00hr TEST 2.181am THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

0.
TIME,hr AH/A.ng/cm2
o 6.00 9.00
o] 1.00 -0.06
15.00 -6.03
o 30.00 -9.05
45.00 -14.93
60.00 -25.64
o 75.00 -46 .09
906.00 -95.81
100.00 -128.466
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Ni  BASE COMMERC LAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-013-322-1
MAR-M-421 1150°C 1.00hr CYCLES 100.00hr TEST 2.181mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiQ
SPINEL, ag=B.30A. SPINEL, ap=8.30A.
Cra03 Ni(W,Ma)0y TYPE 1
TRI(RUTILE)Y ,d(1101¢3.30A. TRICRUTILEY,d(110)¢3 304,
Cr,03

FACE CENTCRED CUBIC MATRIX
UNKNOWN LINCS, d VALUES
2.76A.
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Ni  BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-013-325-1

NAR-M-421 1100°C 1.00hr CYCLES  200.00hr TEST 2.183mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr aH/A,mg/cm?
0.00 0.00 0.00
© 1.00 0.68
15.00 -0.27
o o 30.00 -4.90
o 45.00 -5.70
° §0.00 -6.90
o o 75.00 -8.46
90.00 -10.54
0 100.00 -12.35§
o 115.00 -;g.gg
130.00 -20.
s o 125.00 -26.58
s -25.0L 160.00 -34.25
w o 175.00 -44.94
s 190.00 -40.43
3 200.00 -74.11
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Ni BASE COMMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS 02-04-013-325-1
MAR-M-421 1100°C 1.00hr CYCLES  200.00hr TEST 2.183mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 he 200 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiD
SPINEL., 89=8.30A. SPINEL, 8p=8.25A.
Cra03 Ni(W,H0)D4 TYPE 1
TRICRUTILE) .d(110)¢3.30A. TRICRUTILE) ,d(110)¢3.30A.
Ni(W, Mo)04 TYPE 1 Cra0;
FACE CENTERED CUBIC HATRIX UNKHDHN LINES, o VALUES

2.724.
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-041-3
NASA-TRH-VI-A 1150°C 1.00hr CYCLES  100.00hr TEST 4.500mm THICK STATIC AlR
SPECIFIC WEIGHT CHANGE DATA

1.0
TIME, he AH/Iﬁ,mg/t:m2
006 030
o 14.00 0.45
2800 0.25
42000 -1.01
o 56.00 -1.42
o 70.00 2030
-0. 86.00 -3.09
10600 -3.87
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Ni DASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-041-3
NASA-TRH-V]-A 1156°C 1.00hr CYCLES 100.00hr TEST 6.500mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILE) ,d(110)¢3.304 NiD
SPINEL, ag=8.15A. TRICRUTILE)Y ,d(110)¢3.30A.
1,04 SPINEL, ap:B.15A.

FACL CCNTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-078-3

NASA-TRR-VI-A 1150°C 1.00hr CYCLES 100.00hr TEST 6.400mm THICK STATIC AIR
0 SPECIFIC WEIGHT CHANGE DATA

[§) TIME  hr AH/A.mg/cm2

o 6.900 0.00

le) 10.00 -1.58

25.00 -4.06

[o) 40.00 -7.33

55.00 -11.26

70.00 -22.05

85.00 -58.43

[o] 100.00 -91.95

-25.1-

-50.1

SPECIFIC WEIGHT CHANGE,mg/cm2

] | | {— | i 1 |
0 10 20 30 40 50 40 70 80 90 100

TIME hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS 02-04-021-078-3
NASA-TRH-VI-A 1150°C 1.00he CYCLES 100.00hr TEST &.400mm THICK STATIC AIR
X-RAY- DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILEY,d(1102€3.30A. TRICRUTILE) ,d(110)<3.30A.
NiD Al,03
SPINEL, ap=8.10A. TR?(RUTiLE).d(llD)$3.30A.
le03
UNKNDHN LINES, d VALUES
FACE CENTERED CUBIC MATRIX 3.13A.
2.87A.
0.90A.
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Ni  BASE
NASA-TRH-VI-A

COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS

02-04-021-078-6

1150°C 1.00hr CYCLES  100.00hr TEST 6.530mm THICK STATIC AIR

SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AH/A,mg/cm2
o 0.00 0.00
10.00 -0.44
10 25.00 -1.08
Ok o 40.00 -1.87
55.00 -2.78
70.00 -4.50
85.00 -6.33
o 100.00 -8.27
]
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TIME,he

Ni  BASE
NASA-TRH-VI-A

SURFACE
100 hr
STANDARD SURFACE
TRICRUTILE)Y,d(110)¢3.30A.
SPINEL, ap=8.10A.
Al,03
Zra;
NiQ
FACE CENTERED CUBIC MATRIX

COMMURCIAL CAST GAMMA/GAMMA PRIME ALLOYS

02-04-021-078-6

1150°C 1.00hr CYCLES 100.00hr TEST 6.530mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiQ

TRICRUTILE) ,d(110)¢€3.30A.
TRICRUTILE) ,d(110)>3.30A.
TRICRUTILE),d(110)¢3.30A.
SPINEL, ap=8.05A,

UNKNDWN LINES, d VALUES
2.91A.
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Ni  BASE
NASA-TRH-V[-A

COMMERCIAL CAST

GAMHA/GAMMA PRIME ALLDYS
1150°C 1.00hr CYCLES

100.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

e TIME,
o 0.
1.
i
0.0 o 5.
60.
15.
90.
100
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Ni BASE COMMERC 1AL CAST GAMMA/GAMMA PRIME ALLOYS

NASA -TRH-VI-A

SURFACE

100 hr

STANDARD SURFACE
Al,03
TR%(RUTILE).d(110)$3.30A.
SPINEL, ag=8.15A.

FACE CENTERED CUBIC MATRIX

1150°C 1.00hr CYCLES
X-RAY DIFFRACTION DATA
SPALL
100 hr

COLLECTED SPALL
TRICRUTILE),d(110)>3.30A.
T@l(RUTlLE),6(110)§3.30A.

NiQ
SPINEL, 3g=8.05A.
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02-04-021-101-4

2.787mm THICK

STATIC AIR

02-04-021-101-4
100.00hr TEST 2.787mm THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-101-5
NASA-TRH-V]-A 1150°C 1.00hr CYCLES  100.00hr TEST 2.490mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hre AH/A,mg/cm2
b 0.00 0.00
1.00 0.28
-0.0 15.00 -0.08
o 30.00 -0.97
4500 -1.73
60.00 -2.39
75.00 -2.98
90.00 -3.66
100.00 -4.13
T -1.0k o
(5]
&
&
(i)
<o
b= o
x
2 2.0
—
o o
<«
w o
(&)
N
o 3.0 e}
a.
w
o}
4.0
| ] | I | | 1 t ]

0 1020 30 40 50 60 70 80 90 100
TIME,hr

108



Ni

BASE

NASA-TRW-VI-A

IGHT CHANGE .mg/cm2

SPECIFIC W

COMMERCTAL CAST GAMMA/GAMNA PRIME ALLOYS

1150°C 1.00hr CYCLES

100.00hr TEST
SPECIFIC WETGHT CHANGE DATA

] | | | ] | |

30 40 50 60 70 80 20
TINE,hr

100

1.150mm THICK

02-04-021-129-1
STATIC AIR

AH/A,mg/cm?
0.



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-129-3

NASA-TRH-V] -A 1150°C 1.00he CYCLES  100.00hr TEST 2.291mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
L TIHE ,hr Ahl/l\,mg/cm2
0.00 0.00
-0.0 o 1.00 0.56
15.00 -0.04
30.00 -1.17
45.00 -2.52
o 60.00 -4.52
75.00 -6.33
90.00 -8.87
o 100.00 -11.01
o~
(2]
~
o
[
w
4 o
b2 -5.00L
(&)
—
x
(<-4
5 o}
=
(&)
"y
o
w
a.
wy
o
-10.0}

] 1 ] | ] 1 | I ]
0 10 20 30 40 S0 &0 70 60 90 100
TIHE hr
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Ni  BASE

NASA-TRH-VI-A

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1150°C

1.00hr CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA

TIME,
0
i ° 1;'
0.0 .
30
45.
40.
o) 75.
90
100,
o~
[
s
& o
5 2.5
w
(&
=
<{
x
(& ]
e o
w
w
=
2
w  -5.0L
o o
w
o
w
o
7.5L
| | | | | | | L |
0 10 20 30 10 50 &0 70 a0 90 100
TIME,hr
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02-04-021-129-4

2.293mm THICK

STATIC AIR

AM/A,mg/cm2
0.



Ni  BASE
NASA-TRH-V]-A

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS

1150°C

1.00hr CYCLES

100.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

TINE hr
i 0:00
1.00
-0.0 15.00
30.00
45.00
60.00
75.00
90.00
100.00
= t.op o
(&)
~
o
E
w le]
(&
-4
<I
b
- 2.0} o
s
o
o
* o
(&)
©
o -3.0L
a
@ o}
4.0k
b
| | | 1 | L | | |
0 10 20 30 40 S50 60 70 80 90 100

Ni  BASE
NASA-TRH-VI-A

SURFACE
100 hr

TIME,hr

COMMERCIAL CAST GAMMA/GAMHA PRIME ALLQYS

STANDARD SURFACE

SPINEL, ag=8.10A.
TRICRUTILE),d(110)¢3.30A.

Al,03
IrQ;

FACE CCNTERED CUBIC MATRIX

1150°C

SPALL
100 hr

1.00hr CYCLES

100.080hr TEST

X-RAY DIFFRACTION DATA

COLLECTED SPALL
Ni

i0
TRI(RUTILE) ,d(1107<3.30A.

Ni(H,M0)04 TYPE {
SPINEL, ag=8.10A.

TRICRUTILE) ,d(110)¢3.30A.

Al,03

112

1.149%am THICK

1.149mam THICK

02-04-021-129-5
STATIC AIR

AH/A.mg/cmZ
0.00

q
-0.32
-1.01
-1.48
-1.99
-2.53
-3.23
-4.20

02-04-021-129-5
STATIC AIR



Ni  DBASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-129-6
NASA-TRH-VI-A 1150°C 1.00he CYCLES 100.00hr TEST 2.292am THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

o TIME, he AH/A,na/cn?
-0.0 0.00 0.00
1.00 0.74
15.00 0.45
o 30.00 -1.34
45.00 -3.40
60.00 -7.16
715.00 -10.44
90.00 ~13.45
100.00 -15.81
~ o]
8
= -5.0L
L
o
xz
<
x
] o]
-
b
w
=
© .
o 1000
o [
w
&
Q
'15.0}_
] L 1 1 I | | 1
0 10 20 30 40 S0 40 70 80 %0 100
TIME, hr
Ni BASE COMMERCIAL CAST GCAMMA/GAMMA PRIME ALLOYS 02-04-021-129+8
NASA-TRH-V]-A 1150°C 1.00hr CYCLES 100.00hr TEST 2.292sm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 br
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.10A. NiD
TRI(RUT[LS).d(llO)S3.30A. TRIC(RUTILE),d(110)€3.30A.
Al,03 Ni(W,M0)04 TYPE §
2r0y SPINEL, 89=8.10A.

FACE CENTERED CUBIC MATRIX

13 o



Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-204-5

NASA-TRH-VI -A 1150°C 1.00hr CYCLES 100.00hr TEST 2.754mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
b TIME, hr AH/A,mg/cmZ
-0.0 0.00 0.00
1.00 33
15.00 -1.45
30.00 -2.86
45.00 -4.06
60.00 -5.20
o 7500 -§.38
90.00 -71.72
100.00 -8.96
o~
£ 250
~
o o]
w
D
=z
T
bt o
-
x
W
& 5.0k
= [0}
(&)
N
I
wl
% o]
-7.5L
O
] | | 1 L 1 | | | 3
0 10 20 30 40 50 60 70 80 90 100
TIME ,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLQYS 02-04-021-204-5
NASA-TRK-V]-A 1150°C 1.00hr CYCLES 100.00hr TEST 2.754mm THICK STATIC AIR
X-RAY DIFFRACTIQON DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cra03 NiQ
Ala03 TRICRUTILE) ,d(110)>3.30A.

TRICRUTILE) ,d(110)¢<3.30A.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES, d VALUES
1.43A

1.384.
1.06A.
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NI BASE COMMERCIAL CAST GAMMA/GAHMA PRIME ALLOYS 02-04-021-001-6
NASA-TRH-VI-a 1100°C 1.00nhr CYCLES 100.00hr TEST 4.500m@ THICK STATIC AIR(TN D-7484)
SPECIFIC WEIGHT CHANGE DATA

- d TINE.hr /A ,ng/cal
0.00 0.00
o 8.00 0.54
s 24.00 0.63
n 48.00 0.25
o 72.00 -0.18
a o 100.00 -0.61
e TINE ke aH/A,ug/cel 081-1
0.0 0.00
~ - 8.00 0.73
-
s 0.0 2 TINE ,hr AN/A,mg/ca2 001-2
> Y 0.00 0.0
] - 8.00 0.49
> o 24.00 .37
=
= TINE , he AHIA,-'I:I’OOI-!
= 2 0.00 .60
: s
e -0.13
H ¢
AH/A,.:/:.’II!-‘
= 4 ¢.00
w 0.56
o 0.49
@ 0.36
RS ] N -9.05
TINE,br H/A,mg/en 001-8
0.00 .09
8.00 667
24.00 ¢.44
40.00 0.95
72.00 -0.34
100.00 <0.74
N S R (N NN S RN SRR SR, - TINE . he 8H/A,mg/ca? 010-4
0O 10 20 30 40 S0 &0 70 80 %0 100 g::: ::g:
TINE,br 24.00 0.57
40.00 .01
72.00 -0.38
g og-s:-:;;-::}-: 100.00 -1.08
o- - - -
A& 02-04-021-001-2 TINE.Ne AH/A.ui/cl’llo-s
= 02-04-021-001-3 0.00 0.00
o 02-04 021-001-4 8.00
S 02-04-021-001-5 24.00
é 02-0‘-021-:!:-; ;g.g:
-04- -010- .
02-04-02) 200
X-RAY DIFFRACTION DATA
SURFACE SPALL
8 he 8 hr
STANDARD SURFACE MO SIGNIFICANT SPALL OBSERVED 0011
TRICRUTILE) ,d(110)53.30A.
AI,D
sPiwtL. ay=8.10A.
SPINEL, 89=8.30A.
FACE CENTERED CUBIC MATRIX
SURFACE SPALL (TIE
100 hr 100 he
STANDARD SURFACE COLLECTED SPALL
TRICRUTILE) .d(110)¢3.30A. TRICRUTILE) ,d(110)3.30A,
SPINEL o 84=8.104. Cry0y

Alg0y
FACE CENTERED CUBIC MATRIX
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i DBASE

NASA-TRU-VI-A

COMMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS

1100°C

1.00hr CYCLES

1000.00hr TEST

SPECIFIC HEIGHT CHANGE DATA

-25.01

-50.0L

SPECIFIC WEIGHT CHAMGE .mg/cm?

-15.0f

TIME ,hr
0.00

1 1 | | ! t

1 1

1

1.00

Ni  BASE

NASA-TRU-Y]-A

SURFACE
500 hr

100 200 300 400 500 400
TIME ,hr

700 800

900

COMMERCIAL CAST GAMMA/GAHMA PRIME ALLOYS

1100°C

SPALL
500 hr

1.00hr

CYCLES

1000

1000.00hr TEST

X-RAY DIFFRACTION DATA

02-04-021-103-1

6.240am THICK

STATIC RIR

aH/A ,mg/cn?
0

vooosooooooo
w
~

02-04-021-103-1

6.240mn THICK

STATIC alR

SURFACE nOT

600 hr
SURFACE NOT

SATISFACTORY-NO XRD COLLECTED SPALL

TRICRUTILE) ,d(110)>3.30A.
TRICRUTILE) ,d¢110)¢<3.30A.

NiD
SPINEL, a3g=8.20A.
600 hr
SATISFACTORY-NO XRD COLLECTED SPALL
NiD

TRICRUTILE) ,dC110)53.30A,
TRICRUTILE) ,dC1102¢3.30A.

SPINEL, ag=B.15A,
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-103-2
NASA-TRH-VI-A 1100°C 1.00hr CYCLES 1000.00hr TEST 6.240mm THICK STATIC RIR
SPECIFIC HEIGHT CHANGE DATA

TINE ,hr AH/A . mg/cm?
0.00 0.00
0 . Ockeangey— o 1.00 0.12
o 5 15.00 0.34
o) 30.00 0.61
45.00 0.¢
o 60.00 0.45
75.00 0.40
90.00 0.31
100.00 0.19
~ 200.00 -0.77
= 300.00 -2.49
< o 400.00 -4.32
4 500.00 -6.51
™ 600.00 -12.13
I 700.00 -32.45
T o0 800.00 -56.37
= O 900.00 -86.57
1000.00 -115.12
L=y (o]
<&
E
o
&
o o)
-100. 0
| | ] | ! | | | |
0 100 200 300 400 500 600 700 800 900 1000
TIME .hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-103-2
NASA-TRH-VI-A t100°¢C 1.00ne CYCLES 1000.00hr TEST 6.240mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 hr 500 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiO

SPINEL, ag=8.25A.
TRICRUTILE).d(110)>3.30A.

600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiD

TRICRUTILE) ,8¢110)>3.304.
SPINEL, 8g=8.15A.
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Ni BASE CONMERCIAL CAST GAMMA/GANMA PRIME ALLOYS 02-04-021-103-6

NASA-TRN-VI-A 1100°C 1.00hr CYCLES 1000.00he TEST 4.240mm THICK STATIC AIR
SPECIFIC MEIGHT CHANGE DATA
TINE A sH/A mg/cal
-o.mEle:gb 0.00 0.00
o 1.00 0.1%
15.00 0.43
30.00 0.46
o 45.00 0.23
60.00 0.11
o 75.60 9.06
90.00 -0.01
o 100.08 -0.06
~ 200.00 -0.54
= -5.0 300.00 -1.96
2 (o} 400.00 -3.12
v 500.00 -4.03
o 600.00 -5.26
o o 700.00 -6.91
= 800.30 -8.25
z 900.00 -11.78
o 1000.00 -17.29
-
x
W
w -10.00
=
o
"
S o]
w
(-9
vy
-15.00
| 1 1 | | | ] | | #
0 100 200 300 400 500 600 700 8906 900 1000
TINE,nr
Ni BASE COMMERCIAL CAST GAMMA/GAMNA PRIME ALLOYS 02-04-021-103-6
NASA-TRH-V]-A 1100°C 1.00hr CYCLES 1000.00nr TEST &.240ma THICK STATIC AJR
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 nr 500 hr

SURFACE NOT SATISFACTORY-NO KRD COLLECTED SPALL
TRICRUTILE) ,d(1102<3.30A.
NiD
TRICRUTILE) ,d(1107¢3 304,
SPINEL, ag=8.25A.

Al20y

600 hr 600 hr

SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiD

TRICRUTILE) ,d(110)53.30A.
TRICRUTILE) ,d01107¢3.30A.
SPINEL, 2g:8.25A.

UNKNOWN LINES, d VALUES

1.72A.
1.26A.

118



Ni  BASE

NASA-TRH-V]-A

1100°C

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1.00hr CYCLES

02-04-021-190-6

200.00hr TEST 2.737mm THICK

SPECIFIC WEIGHT CHANGE DATA

TIME, hr
P 0.00
1.00
i
-0.0 25000
g
0
o 90.00
o o 100.00
~ 115.00
5 © 130.00
S ° 145.00
: B
: 175.
& 190.00
=1 & 200.00
x
< b o
—
x
(&}
I o)
x
[ )
"
S [0}
w
& o}
O
-2.0k
O
o
| ] | | | ] ] | |
0 20 A0 60 80 100 120 140 160 180 200
TIME , hr

Ni  BASE

NASA-TRU-VI-A

SURFACE

200 hr

STAMDARD SURFACE
SPINEL, ap=8.10A.

AlL0
TR?(%UTILE).d(110)§3.30A.
FACE CENTERED CUBIC MATRIX

1100°C

SPALL

200 hr

COLLECTE
SPINEL,

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

1.00hr CYCLES

STATIC AIR

AH/Aﬁmg/cm2

02-04-021-190-§

200.00hr TEST 2.737mm THICK

X-RAY DIFFRACTION DATA

D SPALL
ap=8.05A.
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Wi BASE
NASA-TRN-V]-A

COMMERCIAL CAST GAMMA/GANNA PRINE ALLOYS

02-04-021-005-4
1.00he CYCLES  100.00nr TEST &.500mm THICK STATIC AIR(TN D-7404)

SPECIFIC WEIGHT CHANGE DATA

1000°C

0.5
TINE ,he AH/A.I:I:!’
.00 0.00
8.00 0.3%
24.00 0.39
48.00 0.37
o T 74.00 n.::
0.l o ° 160.00 0.
- TINE ., hr AH/A,ng/cad 008-1
8 e 0.00 i
~ 0 0 6.00 .33
a
< g 0 TINE he AH/A,lsI:I’ 005-2
- .00 0.00
- 03l 8 8.00 0.29
8 " a 24.00 0.32
= TINE.ne AHIA.I’/:I‘ 005-)
@ ° g.:: 0.80
- . 0.31
b 24.00 0.3
w 48.00 0.39
= 0.2
o TINE ,pr au/A,-'/:-ilos—l
- 0. 0.8
o 8 .34
g 0.4
» 0.3
LIRS AHIA..:/:.’ 005-5
8.00
0.31
0.35
0.38
.3
0.43
0.0 | | | | | | | 1 | sH/A, ng/ca? §a9-2
0 10 20 30 40 S0 &0 70 &0 $O 180 P M
TINE . hr ¢.25
.33
.36
O 02-04-021-005-4 1.4
O 02-04-621-005-1 8.42
4 02-04-021-005-2 0.34
= 02-04-021-005-) .4
B 02-04-021-005-4
& 02-04-021-005-5
0 02-04-021-009-2
X-RAY DIFFRACTION DATA
SURFACE SPALL 005-1
0 hr [ 1]
STANDARD SURFACE NO SIGNIFICANT SPALL OBSERVED
TRICRUTILE) (11003 304,
Al0
seiude, 08104,
FACE CENTERED CUBIC WATRIX
X-RAY DIFFRACTION DATA
SURFACE SPALL 005-5
100 ar 100 nr

STANDARD SURFACE

TRICRUTILE),d(1103¢3.30A.

Ala0y
st“EL. 0ps8.10A,

NO SICNIFICANT SPALL OBSERVED

FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS 02-04-027-102-3
NX-1B8 1150°C 1.00hr CYCLES 1060.00hr TEST 2.632mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

coooooooos
.
o
a
0
o

-20.}. o

SPECIFIC WEIGHT CHANGE.mg/cm2

-30.f

N RS OSSO SN SN U I S
0 10 20 30 40 50 60 70 80 90 100

TIME,hr
Ni  BASE COMMERC[AL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-027-102-3
NX-188 1150°C 1.00hr CYCLES 100.00hr TEST 2.632mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD Ca0
SPINEL, ap=8.10A. SPINEL, ap=8.05A.

SPINEL, ap=8.25A.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES, d VALUES
2.66A.
1.60A.
0.90A.
0.80A.
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Ni  PASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 62-04-027-102-6
NX-188 1150°C 1.00he CYCLES  100.00hr TEST 2.640mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

0.
TIME,hr AH/A.mgIcnz
0.00 0.00
1.00 -1.27
[s] 15.00 -§.00
30.00 -13.07
45.00 -19.93
60.00 -32.45
o} 75.00 -42.61
90.00 -55.42
100.00 -61.88
o~
- [o]
~
o
"= -l
w
3
=z
<t
it
- [e]
x
(&)
w
=
Q
Iy o
S
w
-9
w
-50.1
(o}
| | ] | | I ] | |

0 10 20 30 40 S50 40 70 80 S0 100
TIHE ,hr
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLODYS 02-04-027-139-4
NX-188 1150°C 100.00hr CYCLES  100.08hr TEST 2.662am THICK STATIC AIR

00 SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AH/A,mg/cm2
0.00 0.00
100.00 -3.25
o~ -1.0k
a
(83
>
&
w
o
==
a
-
=
-
x
2
Y -2.0L
(&)
w
S
wr
a.
w
-3.0k
| | | | | 1 | | |
0 10 20 30 40 50 60 70 80 §0 100
TIME ,hr
Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-027-139-4
NX-108 1150°C 100.00hr CYCLES  100.00he TEST 2.662mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiD NiD
Al»0 SPINEL, ag=B.05A.
SP?NEL. ag=8.054. Ala03
Ni IN SPALL

FACL CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-025-108-4

RENE 80 1150°C 1.00hr CYCLES  100.00hr TEST 1.807mm THICK STATIC AIR
SPECIFIC WETGHT CHANGE DATA
TIME ,hr AH/A ,mg/cm2
0.0 0.00 0.00
° 1.00 0.57
15.00 -14.61
30.00 -78.76
45.00 -148.63
60.00 -214.87
75.00 -276.58
90.00 -336.24
o 100.00 -373.88
‘E -100.0
>
=3
w
@ o}
=
r
(&)
=
© -200.0L
% o)
«
o
I
w
n
g o}
300.0L
o
| ] 1 | ] | ] ] |

0 10 20 30 40 50 40 70 80 90 100
TIME  hr
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Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-025-108-3
RENE 80 1150°C 1.00he CYCLES 100.00hr TEST 1.750mm THICK STATIC AIR
SPECIFIC MCIGHT CHANGE DATA

TINE hr AH/A.nz/cnz
0.00 0.00
1.00 0.51
0.0 15.00 -11.10
o 30.00 -76.73
45.00 -14%.77
60.00 -218.91
75.00 -281.64
90.00 -341.71
100.00 -380.00
o~ O
(=3
© -100.0f.
o
&
Ll.;
o
=1 0
T
S
.
ot
& -200.0)-
w
< o}
(&)
w
S
by
o
» o
-300.9]-
le
-a00.0 | | | | i L | | ]
0 10 20 30 410 50 60 70 80 90 100
TIME ,br
Ni BASE COHMCRCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-025-108-3
RENE 80 1150°C 1.00he CYCLES 100.00hr TEST 1.750mm THICK STATIC AIR
X-RAY DIFFRACIION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cr,03 NiD
NiD TRI(RUTILE) ,d(110)<3.30A.

TRI(RUTILEY ,d(110)¢3.304.
FACE CENTERED CUBIC MATRIX
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Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
RENE 80 1100°¢C 1.00hr CYCLES  200.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME ,br
0.00
. 1.00
0 15.00
hd o 30.00
45,00
60,00
75.00
o] $0.00
100.00
~ o) 115.00
s C100.0L 130.00
~ 145.00
> o 160.00
. 175.00
s o 190.00
E 200.00
< 2000 °
—
x
=3 o]
wt
=
o o)
«
S -300.0f o)
a
w
[
O
-400.0) o
p
| | 1 ] ] | | | |
0 20 40 60 80 100 120 140 160 180 200
TIME , br
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRINE ALLOYS
RENE 80 1100°¢C 1.00hr CYCLES  200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 he
STANDARD SURFACE COLLECTED SPALL
Cry0, Nil
SPINEL, ap=8.30A. SPINEL. a5:=B.20A.
NiD

FACE CENTERED CUBIC MATRIX
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02-04-025-232-3

1.798mm THICK STATIC AIR

AN/A,mg/cm?
0.

0.
-1.
-17.
-58.
-%90.
-126.
-163.
-187.
-226.
-262.
-297.
-333.
-369.
-403.
-426.

02-04-025-232-3
1.798mm THICK STATIC AIR



Ni  BASE

COMMERCIAL CAST GAMMA/GAM

MA PRIME ALLOYS

02-04-016-108-4

RENE 120 1150°C 1.00hr CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME,
0.
6.0 1.
o 15.
30.
o] 45,
40.
75.
90.
o 100.
o~
L]
(5]
o
[=4]
-
w
(4]
x
g 2501 o
(& ]
=
js o4
(4]
o
=X
=4 o
"
o
i
a
wy
-50.01 o
| I ! L1 ] ] | |
0 10 20 30 40 50 60 70 80 90 100
TIME,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLDYS
RENE 120 1150°C 1.00hr CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILE)Y ,d(1102€3.30A. NiQ

FACE CENTERED CUBIC MATRIX

TRICRUTILE) ,d(110)>3.30A.
TRICRUTILE) ,d(110)<3.30A.
TRI(RUTILE),d(110)<3.30A.

UNKNOHWN LINES, d VALUES
2.89A.

3.69A.

2.95A.

1.75A.

127

0.795mm THICK STATIC AIR
he AH/A.mg/cm2
00 0.00
g0 0.84
00 -0.89%
00 -4,53
00 -12.34
00 -24.03
00 -35.54
00 -48.77
00 -57.63

02-04-016-108-4

0.795mm THICK

STATIC A[R



Ni  BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-016-108-5
RENE 120 1150°C 1.00hr CYCLES  100.00hr TEST 0.733mm THICK STATIC AIR
SPCCIFIC HEIGHT CHANGE DATA

TINE ,hr AH/A.na/u?
0.00 .00
0.0R o 1.00 0.87
@ 15.00 0.04
o 30.00 -2.59
2500 -9.34
60.00 -20.85
75.00 -32.35
o 90.00 -45.07
100.00 -53.30
~
a
N
-]
“
trl
g o
o sl
3
w
=
[2) (o]
2
o
w
[
wn
o
-50. 0]
NS TR NN N DU TSN N S D ¢
0 10 20 30 40 S0 40 70 80 90 100
TIME ,hr
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Ni  BASE
RENE 120

COMMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS
1100°¢C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA

200.00%r TEST

0D2-04-016-232-4

0.800ms THICK STATIC AIR

TIME , hr aW/A,mg/cnl
?.gg 0.00
. 0.44
0. © %9 o o 15.00 0.96
30.00 0.96
o 45.00 0.76
60.00 -0.05
o 75.00 -1.74
90.00 -4.34
o] 100.00 -6.38
% 115.00 -10.34
S 130.00 -15.23
> : fo) 145,00 -19.63
s 160.00 -24.54
- 175.00 -29.68
o 190.00 -34.461
= o 200.00 -38.57
w
-
x
@ -20. o
i)
=
[ =)
“ o]
(&)
(U]
0.
w
-30. 0o
lo
q
-40. | | | 1 | | | ] |
20 40 60 80 100 120 140 160 180 200

TIME ,br

02-04-016-232-6

Ni  BASE COMMERCIAL CAST GAMMA/GANMA PRIME ALLOYS
RENE 120 1100°C 1.00hr CYCLES 200.00hr TEST 0.800mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, 8p=8.15A. NiD

SPINEL, 8¢:8.20A.

TRICRUTILE) ,8¢310)¢3.30A.
TRICRUTILE) .d(110)¢3.30A.

szO;
FACE CENTERED CUBIC WATRIX
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TRI(RUTILE) ,d(110)¢3.30A.
SPINEL, ap=8.25A.

Al,03

Ht0;

FACE CENTERED CUBIC MATRIX

Ni(H,M0)04 TYPE 2

SPINEL, ag=B.30A.
TRICRUTILE) ,d(110)¢3.304.
UNKNOWN LINES, d VALUES
3.14A.

4.97A.
4.38A.

130

Ni BASE COHMERCTIAL CAST GAMMA/GAMMA PRIME ALLOYS
RENE 125 1150°C 1.00hr CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TIME
0.0R 0
o 1
15.
© 30
45.
60
o 15.
90.
100
A
§ -10.0F o
o
£
w
<2
=z
<[
=
(&)
o o]
(4]
W -20.0L
=
(S
™
S
w
a
w
O
-30.0L
D
] | I | ] ] | |
] 10 20 30 50 60 70 80 90 1060
TINE  hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
RENE 125 1150°C 1.00hr CYCLES 100.00hr TCST
K-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.10A. NiQ

02-04-017-322-4

2.340mm THICK

STATIC AIR

AH/A,mg/cm2
0.00

0.48
-0.91
-2.19
-5.47

-10.55

02-04-017-322-4

2.340mm THICK

STATIC AIR



Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS
1100°C 1.00hr CYCLES  200.00hr TEST 2.341mm THICK STATIC AIR

RENE 125

SPECIFIC WEIGHT CHANGE DATA

]
[

SPECIFIC WEIGHT CHANGE .mg/cm2

-20.0L

| ] I ]

80

160 120 140 160 180 200
TIME, hr

Ni  DASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1100°C 1.00hr CYCLES  200.00hr TEST 2.341mm THICK STATIC AIR

RENE 125

SURFACE

200 hr

STANDARD SURFACE
SPINEL, ag=8.25A.
SPINEL, ag=8.10A.
TRICRUTILEY ,d(110)¢3.30A.
Ni(W.Mo)0g TYPE 1
Cro03
HEO,

FACE CLNTERED CUBTC MATRIX

X-RAY DIFFRACTION DATA

SPALL

200 hr

COLLECTED SPALL
NiD
Ni(H,Mo)04 TYPE 1
TRICRUTILE) ,d(110)¢3.30A.
SPINEL, ag=8.30A.

131

cooo
[=T-T-9-4

.00

cooooo
ocoocooo

02-04-017-325-4

AW/A,mg/cm?

0
0
0
-0
-0
-0
-1
-1,
-2.68
-4
5
-8
-10
-14
-18

02-04-017-325-4



Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-101-1
TAZ-8A 1150°C 1.00hr CYCLES  100.00hr TEST 1.657mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

TIME,hr AW/A,mg/cm2
0.00 .00
[i1] o} (@] — 1.00 0.40
[9) 15.00 0.58
o 30.00 -0.60
45,00 -3.25
60.00 -11.55
75.00 -25.05
90.00 41.11
100.00 -53.65
o]
25.0}. o

SPECIFIC WEIGHT CHANGE,mg/cm2

-50..0}-

| | I R ! ] ! | p
0 10 20 30 40 50 60 70 B0 90 100
TIME . hr
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-101-2
TAZ-8A 1150°C 1.00hr CYCLES  100.00hr TEST 1.480mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AM/A,mg/cm?2
0.00 0.00
1.00 0.1
t.op 15.00 -1.15
) o 30.00 -1.69
o 45.00 -3.21
60.00 -6.91
75.00 -16.33
o 90.00 30.15
100.00 11.34
fé -10.0f
&
LL;
2 o)
4
I
< 0.0l
'
T
>
2
L
(&)
“
:Lij -30 .0} o
w
-10 .0}
| 1 1 | | | | | |
0 10 20 30 40 50 60 70 80 %0 100
TIHE, hr
Ni BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-101-2
TAZ-8A 1150°C 1.00hr CYCLES  100.00hr TEST 1.680mm THICK STATIC AIR
X-RAY DIFFRACTIQON DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILE),d(110)<3.30A. NiD
A) 503 TRICRUTILE) ,d(110)¢3.30A.

SPINEL, a9:B.10A.
FACE CENTERCD CUBIC MATRIX
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-107-3
TAZ-8A 1150°C 1.06he CYCLES  100.00hr TEST 2.433am THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

TIME,hr AH/A,mgIcnz
0.00 0.00
0.0 1.00 0.23
o 15.00 -2.17
o 30.00 -8.10
45.00 -19.04
60.00 -39.37
o 75.00 -79.07
90.00 ~100.63
100.00 -120.87
o~
E
is)
@ o
B
ul
2 .50.0L
<X
x
(&)
—
x
(&2
@
=
= o
e
o
s
a
wy
10000 °
| L | | | | | ] |
0 10 20 30 40 50 40 70 80 90 100

TIME,hr
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
TAZ-8A 1156°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
T
0.0 .
. 1.00
’ 1ot
o 45.00
60.00
75.00
o 90.00
100.00
o
&
o
o
[
u:» ‘5“.0._
2 (o]
<
x
(&}
—
x
w
W
=
Q
"
b O
L
& -100.0L
o
| ] | | | ] ] | |
0 10 20 30 40 S0 &0 70 80 90 100
TINE . hr
Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
TAZ-8A 1150°C 1.00he CYCLES  100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
i NiD

NiD
TRICRUTILE) ,d(110)¢3.30A.
SPINEL, ag=8.25A.

FACE CENTECRED CUBIC MATRIX

TRICRUTILE) ,d(110)<3.30A.
TRICRUTILE) ,d(110)¢3.30A.

UNKNOHWN LINES, d VALUES
2.88A.
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02-04-019-107-6
100.00hr TEST 2.415mm THICK

STATIC AIR

AW/A,mg/cm2
0.00

0.36
-2.73
-10.
-23.
-52.
-90.
-115.
-139.

02-04-019-107-6

2.415mm THICK

STATIC AIR



Ni  DASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-204-¢
TAZ-8A 1150°C 1.00hr CYCLES  100.0Chr TCST 2.427mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME, hr AN/A,mg/cmz
0.0 0.00 0.00
. o) 1.00 0.22
o 15.00 -2.59
30.00 -11.59
45.00 -60.93
60.00 -115.32
75.00 -169.79
90.00 -230.20
o 100.00 -266.94
o~
a
e
S
a
w -100.0}
(<3
=z
= o
(S ]
(=
x
(-]
o
=
2 o
(8
S
w
& -200.0
o
] ! | | [ l | 1
0 10 20 30 49 50 60 70 80 90 100
TIME,hr
Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-204-6
TAZ-8A 1150°C 1.00hr CYCLES 100.00hr TEST 2.427mm TH{CK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRICRUTILEY,d(110)>3.30A. NiD
NiQ NiD
SPINEL, ag=8.25A. TRICRUTILE) ,d(110)>3.30A.
TRI(RUTILE) ,d(1103<3.304.
Alo03
UNKNOWN LINES, d VALUES
4.63A.
1.17A.
1.12A.
1.06A.
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Ni  BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-019-321-3

TAZ-BA 1156°C 1.00hr CYCLES 100.00hr TEST 2.315mm THICK STATIC AIR
2.0 SPECIFIC WEIGHT CHANGE DATA
’ ™ ~ TIHE , hr AWA.ma/cm2
o 0.00 0.00
1.00 0.72
15.00 1.69
° 3000 1.99
o 4590 1.99
0.00 1.91
75.00 1.65
90.00 1.08
100.00 -0.08
™~
1]
(%]
~
o
E
] (o]
z
3 rop
(&)
—
X
2
W D
o
o
o
(%)
o.
wy
0.0
D
| 1 | ! | l | |
0 10 20 30 40 50 40 70 80 90 100
TIME ,hr
Ni BASE COMMURCIAL CAST CAMHA/GAMMA PRIME ALLOYS 02-04-019-321-3
TAZ-BA 1150°C 1.00hr CYCLES 100.00hr TEST 2.315mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, 29:8.10A. NiQ
TRICRUTILE),d(110)>3.30A. TRI(RUTILE),d(1108)>3 .30A.
NiD SPINCL, ag=8.10A.
Al,05 SPINEL, ag=8.25A.
2rl; Ni(W,H0)04 TYPE 1
FACL CENTERED CUBIC MATRIX UNKNOWN LINES, d VALUES
2.96A.
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-115-1
TAZ-BA 1100°C 1.00hr CYCLES  100.00hr TEST 2.434mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

o TIME,hr AH/A,mg/cm2
0.00 0.00
0 03 1.00 0.16
) o 15.00 0.36
30.00 -0.03
45.00 -0.48
o] §0.00 -1.32
75.00 -2.12
90.00 -3.37
100.00 -4.68
o~
B
< o
o
&
w
(&)
=
s
3 o
—
& 2.5
W
=3
(&)
=
re )
(%3]
D
-5.0 | | | ] | ] ] I ]
0 16 20 30 40 50 60 70 BO %0 160
TIME,hr
Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-115-1
TAZ -BA 1100°C 1.00hr CYCLES 100.00hr TEST 2.434mm THICK STATIC AIR
X-RAY DIFFRACTIDN DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=8.10A. NiD
TRICRUTILE)Y ,d(110)¢3.30A. TRICRUTILE) ,d(110)¢3.30A.
A1503 SPINEL, ag=8.10A.
NiQ Al,05
SPINEL, ap:=8.25A. SPINEL, ag=8.25A.

FACE CENTERED CUBIC MATRIX
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-115-2
TAZ-8A 1100°C 1.00hr CYCLES  100.00hr TEST 2.434mm THICK STATIC AIR

SPECIFIC WEIGHT CHANGE DATA

o TIME,hr A.H/,'t,mg/cm2
D 0.00 0.00
-0.0 Yol 1.00 0.17
15.00 0.34
30.00 0.01
o 45.00 -0.45
60.00 -1.23
75.00 -2.42
90.00 -3.91
o 10000 -5.59
o~
-3
(5]
>
Ll
w
(]
=
g -2.5) o
[&]
—
al
(4]
w
=
pt
= o
(&)
W
Q.
wy
-5.60k
D
.1 1 { | | | | |
i} 10 20 30 49 50 60 70 80 90 100
TIME ,hr
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-190-1

TAZ-BA 1100°C  1.00he CYCLES  200.00hr TEST 2.83tmm THICK  STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIM%,hr AH/A,mg/cm2
o ‘00 .80
0.0p oy 1,00 0012
o 15.00 0.59
° 30.00 0.33
45.00 0.1
o 60.00 -0.36
7500 -1.15
o 90.00 -2.03
100.00 -301%
~ 115.00 -4.87
£ o 130.00 -7.22
s 14500 -10.34
g 19500 Hes
L 175. 16.51
w 100F o 19000 -20.97
z 200.00 -26.08
x
(&)
O
"
x
W
w
=<
=] (o]
£
I
(58
& -20.0F
[e]
| | { | { | | 1 |
020 40 40 80 130 120 140 140 180 200
TINE hr
Ni DBASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-019-190-1
A2 -BA 1100°C  1.00hr CYCLES  200.00hr TEST 2.831mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE PROBABLL CROSS -SPALL
SPINCL, ag:=8.15A. Fey0q

Al,203
TRT(RUTILE),d(110)<3.30A,

FACE CENTCRED CUBIC MATRIX



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
TAZ -8A 1100°C 1.00hr CYCLES 200.00hr TLST
SPECIFIC WEIGHT CHANGE DATA
TIME,
3.0 o o © 0
o 1
© 3%
° 15,
o &0 .
75.
© 90
100.
~ 115.
& 130
~ 145.
4 2.0l o 160.
" 175.
o fe) 190.
= 200.
hs g
(&)
b O
P ng
(&)
w
=
O o]
w
S 1.0].
w
o
w
b
0.0 | | | ] | | | | |

0 200 10 60

80 100 120 140 160 180 200

TIME, hr
Ni  BASE COMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS
TAZ-8A 1100°C 1.00hr CYCLES  200.00hr TEST
X -RAY DIFFRACTION DATA

SURFACE SPALL

200 hr 200 hr

STANDARD SURFACE COLLECTED SPALL

SPINEL, ag:8.10A. NiQ

TRITRUTILE) ,d(110)53.30A.
NiD

Ni(H,Mo)D4 TYPE 1

Alo03

FACE CCNTERED CUBIC MATRIX

Ni (W, Mo)0gq TYPE 1

SPINGL, ag=8.25A.

SPINEL, ag=8.05A.
TRICRUTILEY ,d(110)>3.30A.
Alo03

NilW.Mo)0g TYPE 2

3.57A.
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02-04-019-324-3

2.315mm THICK

STATIC AIR

AW/A,mg/cm2
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02-04-019-324-3

2.315mm THICK

STATIC AIR



Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
TRH-R 1150°C 1.00hr CYCLES  100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
b TIME,
0.
1.
15.
0.6 30.
5.
60.
75.
90.
100.
o~
a8
(3]
~
(2]
€
w
e o
I | B
<
—
I
it O
=
=
(&)
i~ o
o
a [}
w
-2.0L o
o
L | | 1 { 1 | L

0 10 20 30

Ni  DASE
TRH-R

SURFACE

100 hr

STANDARD SURFACE
SPINEL, ag=8.10A.

Al o203
TRT(RUT[LE),d(llO)SB.BDA.
Hf0;

FACE CUNTERED CUBIC MATRIX

S0 60 70 80 90
TIME,hr

COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS

100

100.00hr TEST

1150°C 1.00hr CYCLES
X-RAY DIFFRACTION DATA

SPALL

100 hr

COLLECTED SPALL

NiD

SPINEL, ap=8.30A.

TRI(RUTILE),d(110)$3.30A.

SPINEL, ag=8.10A.
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02-04-032-322-2

2.338mm THICK

STATIC AlR

AH/A.mg/cn2
0.00

02-04-032-322-2

2.338mm THICK

STATIC AIR



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-032-325-2

TRW-R 1100°C 1.00hr CYCLES  200.00hr TEST 2.335mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME,hr aW/A,ng/ca?
b 0.00 0.00
1.00 0.13
15.00 0.04
o] 30.00 -0.12
-0.0 45.00 -0.21
60.00 -0.31
75.00 -0.46
90.00 -0.49
o 100.00 -0.58
~ 115.00 -0.74
. o 130.00 -0.77
< 145.00 -0.83
. 160.00 -0.93
; o 175.00 -0.93
I 190.00 -1.0%
a 200.00 -1.07
= -4
(&)
Lad o
z -0.5| o)
w
2 o
(S
™
o
i¥Y)
& o o
o
o o
-1.0L
S
B | | | i i | |
0 20 40 &0 80 100 120 140 160 180 200
TIME  bhr
Ni  BASE COMMERCIAL CAST GAHMA/GAMMA PRIME ALLOYS 02-04-032-325-2
TRH-R 1100°¢C 1.00hr CYCLES  200.00nr TEST 2.335am THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.10A. NiQ
ALp04 SPINEL, 85=8.30A.
TRICRUTILE) ,d(110)¢3.30A. TRICRUTILE) ,d(110)<3.30A.
H10, SPINEL, 8g=B.05A.
Cr203
FACE CENTERED CUBIC MATRIX 21303

UNKNOHK LINES, d VALUES
2.70A.
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Ni BASE COMMERCTAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-022-321-¢
UDINET-700 1150°C 1.00he CYCLES  100.00hr TEST 2.310mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AH/A,mg/:nz
0.00 0.00
0.0p 1.00 0.23
15.00 -11.64
30.00 -12.50
45.00 -13.72
60.00 -18.25
15.00 -27.74
o 90.00 -43.79
o 100.09 -60.58
(o}
o~
B
2 o
o
E.
w
2 -25.0_
P=3
3 o
—
X
w0
w
e 4
(=)
In
Q (o]
a
wy
-50.01
J
| | | | | | | { |
0 10 20 30 40 50 40 70 80 90 100
TIME hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-022-321-4
UDIMET-700 1150°C 1.00hr CYCLES  100.00hr TEST 2.310mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ap=8.25A. NiD
SPINEL, ag=8.10A. SPINEL, ag:=8.25A,
NiTiQ3 Ni(H,Ma)04 TYPE 2
Cry03 Cro03
Al,03

TRICRUTILE) ,d(110)¢3.30A.
FACE CENTERED CURIC MATRIX
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Ni  BASE
U-700

1150°¢C

1.00ne CYCLES

COMMERCIAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
100.00nr TEST

SPECIFIC WEIGHT CHANGE DATA

-25. 1

SPECIFIC MEIGHT CHANGE.mg/ca?

-50. L

Ni  BASE
u-700

SURFACE
100 hr
STANDARD SURFACE

SPINEL, ug=8.30A.
SPINEL, 8g=8.10A.

nio

Cra0,
(Ni,Co,FelTiOy
Al20

30 40 50 60
TINE . hr

1150°C

SPALL
190 hr

COMMERCIAL HOT WORKED GAMMA/GAMMA PRINE ALLOYS

1.00hr CYCLES 1
X-RAY DIFFRACTION

COLLECTED SPALL

L35

SPINEL, 0g:8.30A.

29
TRICRUTILE) (110253 .30A.

FACE CENTERED CUBIC MATRIX

145

00.00nr TEST
DATA

1.760ma THICK

1.760mm THICK

02-13-016-323-4
STATIC AlR
Aurn.-g/cnl

-0.
-11.04
-13.00

02-13-016-323-¢
STATIC AIR



BASE

v-700

SPECIFIC WEIGHT CHANGE ,mg/cm?

EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS

1100°C 1.00hr CYCLES

SPECIFIC WEIGHT CHANGE DATA

200.00nhr TEST

-10.0

-20.0

| ] | I | i ¢

BASE

u-700

SU
2
S

RFACE

00 hr

TANDARD SURFACE

SPINEL, @5=8.15A,
TRICRUTILE) ,d(110)¢3.30A,
Alo03

TRICRUTILE) ,d(110)<3.30A.

FACE CENTERED CUBIC MATRIX

100 120 140 140 180
TINE hr

200

EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS

1100°C 1.00hr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA

SPALL

200 hr

COLLECTED SPaALL

NiO

SPINEL, 89=8.25A.

szo,

TRICRUTILE) ,d(110)$3.30A.
Ni(H,H0)04 TYPE 1
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02-04-022-251-1
1.752em THICK STATIC AIR

aH/A ,mg/ca?

02-04-022-251-1

1.752mm THICK STATIC AIR



Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-022-251-2

u-700 1100°C 1.00hr CYCLES  200.00hr TEST 1.756mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE ,hr aH/A,mg/cal
0.00 .00
0 P 1.00 1.02
15.00 -6.06
30.00 -7.68
45.00 -9.62
60.00 -9.48
o 75.00 -10.25
o 90.00 -11.13
° o 100.00 -11.87
o~ % 5 115.00 -13.10
. (o} 130.00 -14.97
i e} 145.00 -17.99
4 o) 160.00 -22.29
o 175.00 -29.02
@ o 190.00 -39.52
= 200.00 -47.83
x
3
— 0
S -5
-
x
o o)
-
o
v
o
wy
0
¢
-50. ] | I | ] | | { i
0 20 46 &0 80 100 120 140 160 180 200
TINE b
Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-022-251-2
v-700 1100°¢C 1.00hr CYCLES  200.00nr TEST 1.756mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 nr
STANDARD SURFACE COLLECTED SPALL
SPINEL., mp=8.154, NiD
TRICRUTILE) ,d(110)¢3.304. SPINEL, 8¢:8.25A.
Al;0, TRICRUTILE) ,d(1107¢3 304,
TRI(RUTILE) 80110053 .304. Cry0y
Cra03 Ni(W.Ma 04 TYPE 1

FACE CENTERED CUBIC MATRIX
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Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-04-022-266-1

u-700 1100°¢C 1.00ne CYCLES  200.00nr TEST 1.729mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE , hr AH/A,mg/ca?
D 0.00 0.00
200 1.00 1.07
: 15.00 -6.74
30.00 -8.91
45.00 -9.33
60.00 -9.45
75.00 -9.96
90.00 -10.34
100.00 -10.63
~ 115.00 -11.03
s 130.00 -11.58
~ 145.00 -12.20
-y 160.00 -13.24
; 175.00 -14.66
5 o 190.00 -16.61
= 200.00 -1B.64
=
2 o
= o
S el ° 4 o
3 ° 5
v o
Iy o]
bl o}
a.
wr
o
le
q
_20 ¢ 1 1 1 ! ] 1 ] ] 1

[ 20 40 60 B0 100 120 140 160 180 200
TINE ,hr

148



Wi BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS 02-D4-022-269-1

u-700 1100°C 1.00hr CYCLES  200.00hr TEST 1.732am THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,br AH/A,mg/ca?
b 0.00 0.00
0.0 1.00 0.89
15.00 -5.06
30.00 -6.07
45.00 -6.39
60.00 -6.78
75.00 -7.20
90.00 -7.M
100.00 -8.11
~ o 115.00 -8.62
. 130.00 -9.33
S o 145.00 -10.37
4 ° o5 160.00 -11.89
o o) 175.00 -14.28
by %o 190.00 -18.03
z Ie) 200.00 -21.46
=
S o)
- -10.0}.
= o)
(4]
w [e
<
-
S (o]
by
a
wy
le
-20. 01
| | l { | | [ | 9
0 20 40 &0 80 100 120 140 160 180 200

TIHE ,hr
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Mi BASE
v-700

SPECIFIC WEIGHT CHANGE ,mg/cm?

EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
1100°C 1.00nr CYCLES  200.00hr TEST
SPECIFIC MEIGHT CHANGE DATA

-20.

-30.

TINE, hr
0

-40, o)
(e
o
[o
-50. 1 ] | | | 1 A | T
20 40 60 80 100 120 140 160 180 200
TIME  hr
Ni  BASE EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
v-700 1100°C 1.00hr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 e
STANDARD SURFACE COLLECTED SPALL
SPINEL, ep=0.10A. Ni0
Al,04 SPINEL, #9=B.25A,

TRICRUTILE) ,.d(110)¢3.30A.

UNKNQWN LINES, d VALUES

FACE CENTERED CUBIC MATRIX 3.09A.

2.44A,

150

02-13-016-310-6

1.762mm THICK

STATIC AlIR

aH/A ,mg/ca?
0.00

-3.89
-29.37
-34.39
-35.31
-35.78
-36.23
-36.76
-371.17
-38.00
-38.79
-39.83
-41.04
-42.45
-44.59
-46.18

02-13-016-310-¢

1.762am THICK

STATIC AIR



Ni BASE COMMERCIAL CAST GAMMA/GAHMMA PRIME ALLOYS 02-04-022-324-6

u-700 1100°C 1.00hr CYCLES  200.00nr TEST 2.308wm THICK  STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE ,hr aN/A,sg/ca?
0.oP 0.00 0.00
1.00 0.7
15.00 -2.42
o 30.00 -6.86
45.00 -7.61
60.00 -8.28
75.00 -8.84
90.00 -9.42
100.00 -9.95
~ o 115.00 -10.77
s ° 5 130.00 -11.79
s o 145.00 -13.32
s -y0.00 04 160.00 -15.83
" o 175.00 -19.67
@ 190.00 -24.92
z ° 200.00 -29.06
3 o
-
x
(-]
= o
[¥E)
=
2
-
S -20.0f o
w
a
w
o
SO N T (U U TR SR Y N S B ¢
0 20 a0 60 890 100 120 140 160 180 200
TIME  hr
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-022-324-¢
u-700 t100°¢c 1.00hr CYCLES 200.00hr TEST 2.308mm THICK  STATIC AIR

X-RAY DIFFRACTION DATA

SURFACE SPALL

200 hr 200 hr

STANDARD SURFACE COLLECTED SPALL
SPINEL., ap=B.10A. NiO
NiQ SPINEL, 3g=8.30A.
SPINEL, 8g=8.25A. Cr304
(Ni,Co,Fe)TiDy (Wi, Co,Fe)Ti0,y
Cra0,4 Al20,

TRICRUTILE) ,d(110)¢3.30A.
UNKNOWN LINES, d VALUES

FACE CENTERED CUBIC MATRIX 3.10A.
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Ni
y-700

BASE

1100°C

COMMERCIAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
200.00hr TEST

1.00hr CYCLES
SPECIFIC NEIGHT CHANGE DATA

SPECIFIC MEIGHT CHANGE ,mg/cm2

-5.0

-10.0

-15.0

! | | ]

L

| | ] ]

80

BASE

U-700

100 120 140 140
TINE . hr

180 20

1100°C 1.00nhr CYCLES

CONNERCIAL HOT WORKED GAMMA/GAMMA PRINE ALLOYS

200.00hr TEST

SURFACE
200 hr

SPALL
200 hr

X-RAY DIFFRACTION DATA

STANDARD SURFACE

SPINEL, 2g=8._15A.

SPINEL, #¢g=B.30A.

(Ni Co.Fel)TiOy

Cry0y

TRICRUTILE) ,d(110)53.30A.
Ala0,

FACE CENTERED CUBIC MATRIX

COLLECTED SPALL

SPINEL, ap=8.30A.

NiD

Ni(W,Mo)04 TYPE 1
TRICRUTILE) ,d(110)¢<3. 304,
(Ni,Co,FerTi0y

szﬂ)

152

02-13-016-326-6

1.748am THICK

STATIC AIR

aW/A,mg/ce?
0.

02-13-016-326-4

1.748mm THICK

STATIC AlIR



Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-023-321-5
UDIMET-710 1150°C 1.00hr CYCLES 100.00hr TEST 2.329mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA

TIME ,he AH/A,ma/cmz
o} . 0.00 0.00
1.00 -0.99
15.00 -12.97
30.00 -61.94
45.00 -120.03
§0.00 -170.19
o 75.00 -218.44
90.00 -264.68
100.00 -294.07
o~
a
£ -100.L
o
a
w O
<«
=
T
x
(&)
—
x
<o
o o
pr 4
(=)
w200
(&)
wr
&5 o
e
-300. | 1 | | 1 | ] I | P
0 10 20 30 40 S0 40 70 80 9C 100
TIME, he
Ni  BASE COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-023-321-5
UDINET-710 1150°C 1.00hr CYCLES  100.00hr TEST 2.329mm THICK STATIC AIR
X-RAY DIFFRACTIGN DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:=B.30A. NiD
NiD SPINCL, ap=8.25A.
Cr%03 Ni(W,Mo)0Dq TYPE 2
NiTiDs Cro03

TRICRUTILE).d(1102¢<3.30A.
FACE CENTERED CuBIC MATRIX
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-023-324-5

UDIMET-710 1100°C 1.00hr CYCLES  200.00hr TEST 2.319am THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE. hr aW/A,mg/cal
0.00 0.00
0606 1.00 1.04
o) 15.00 0.49
30.00 -3.13
o) 45.00 -9.46
80.00 -23.09
75.00 -60.49
90.00 -93.21
o 100.00 -111.14
“ 115.00 -136.29
- 130.00 -161.11
< 145.00 -185.11
o 160.00 -208.69
o -100 o 175.00 -231.76
I3 T 190.00 -255.12
= o] 200.00 -270.20
x
(&)
T (o}
[
w
* e}
(=]
< o
w
S -200.0
0
le
0
q
| | | | 1 | | | |
0 200 40 40 B0 100 120 140 160 180 200
TIME ,hr
Ni  BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-023-324-5
UDIHET-710 1100°C 1.00hr CYCLES  200.00hr TEST 2.319am THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.304, NiD
NiD SPINEL, 9g:8.304.
Cry0y Crg0,4
Ni(W,Mo)04 TYPE 2 (Ni Co.FerTiog

TRICRUTILE),d(110)£3.304,

FACE CENTERED CUBIC MATRIX
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Ni BASE COMMERCTIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-024-102-4
HAZ-20 1150°C 1.00hr CYCLES  108.00hr TEST 2.725mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AI.J/A,mO;/r:n2
0.00 0.00
0.p 1.00 3.36
15.00 -85.34
30.00 -175.66
45.00 =272 .1
60.00 -364 .84
o 15.00 -447 .27
90.00 -524.02
100.00 -568.27
o~
]
> o
a
w
(4.2
z
£ -250.1
o
— Q
x
W
w
=
(& ]
— o
.
S
w
ao
w
O
-500.1-

l | i | | { ! | |
0 10 20 30 40 S0 &0 70 80 %0 100
TIME ,hr

155



Ni  BASE
NAZ-20

1150°C

CORRCRCTAL CAST GAMBA/GAMMA PRIME ALLOYS
1.00hr CYCLES

1060.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

250 |-

| ! | |

Ni  BASE
HAZ-20

SURFACE
100 hr
STANDARD SURFACE
Ni (W, Ma)04 TYPE

50 60 70 8¢

TIME  hr

1150°C

COHHERCTAL CAST GAMMA/GAMHA PRIME ALLOYS
1.00hr CYCLES

100

100.00hr TEST

X-RAY DIFFRACTION DATA

SPALL

100 hr

COLLECTED SPALL
NiCW, Moy TYPE
Cro03

UNKNOWN LINES, d VALUES

3.90a.
1.54A.
1.00A.
1.36A.
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02-04-024-102-5

2.705mm THICK

STATIC AIR

AW/A mg/em?
0.00

2.76
-74.59

02-04-0624-102-5

2.705mm THICK

STATIC AIR



Co BASE CAST (TURBINE) ALLDYS 03-02-003-102-1
MAR-M-509 1150°C 1.00hr CYCLES  100.00hr TEST 2.515mm THICK STATIC AIR
SPECTFIC WEIGHT CHANGE DATA

TIME,hr AH/A,mg/cn2
O‘gg 0.42
S 1. 1.
0. o 5 15.00 <0015
30.00 -2.13
45.00 -13.60
60.00 -33.61
o 75.00 -52.28
20.00 -77.50
100.00 -97.87

-50.1

SPECIFIC WEIGHT CHANGE,mg/cm2

-100. | { l ! 1 1 } 1 |
0 10 20 30 40 50 60 70 B® 90 100
TINME hr
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Ca BASE CAST (TURBINE) ALLOYS 03-02-003-102-2

MAR-M-509 1150°C 1.00hc CYCLES  100.00hr TEST 2.523mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME  hr AH/A,mg/cal
0 o 0.0¢ 0.00
1.00 1.27
o 15.00 -0.40
30.00 -7.22
45.00 -27.82
60.00 -52.49
o) 75.00 -86.38
90.00 -140.68
100.00 -177.51
o~
E 501 o
>
1=
w
w
=
<X
x
o
- o]
x
<9
w -100.}1
p 4
(&)
N
o
{935
a
w
o
-150.].
| 1 1 ] 1 | ] | |

0 10 20 30 40 50 &0 70 80 90 100

TIME,hr
Co BASE CAST (TURDBINEY ALLOYS 03-02-003-102-2
MAR-M-509 1150°C 1.680hr CYCLES 100.00hr TEST 2.523mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cry03 CoD
SPINCL, ag=8.35A. SPINEL, ag=8.25A.
Cra03
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Ca BASE CAST (TURBINE) ALLOYS 03-02-003-323-4
MAR-H-509 1150°C 1.00hr CYCLES  100.00hr TEST 2.338mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME  hr AH/A,mg/cm2
0.0 0.00 0.00
. S 1.00 -0.10
15.00 0.10
o 30.00 -14.11
45.00 41.87
60.00 -120.62
75.00 -177.90
90.00 -233.02
100.00 -265.19
~ o
&
(=]
>
(=}
w -100.0}
<
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<
S o]
-
I
[d-)
w
=x
(&)
u o
(&)
[F1)
& -200.0L
o
1 | | | | l | | 1
0 10 20 30 40 50 40 70 80 90 100
TIME ,hr
Co BASC CAST (TURBINE} ALLOYS 03-02-003-323-1
MAR-H-509 1150°C 1.00hr CYCLES 100.00hr TEST 2.338mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.30A. Cal0
Col SPINEL, ap=8.30A.
Cr,03 Ni(W,Ma)B4 TYPE 1

FACE CENTERED CUBIC MATRIX
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Co BASE CAST (TURDINE) ALLOYS 03-02-003-310-1
MAR-H-509 1100°C 1.00he CYCLES  200.00hr TEST 2.330mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

Tlﬂg.ga AH/Aéna{’cnz
0.p- 002 o 1.00 0.62
o 15.00 0.06
° 30.00 1.61
45.00 0.48
60.00 -4.03
° 7500 -9.61
90.00 -21.89
100.00 -32.34
~ [o] 115.00 -53.60
B8 130.00 -62.38
~ 145.00 -77.45
o 160.00 -93.43
T 175.00 -110.45
s o 190.00 -127.44
- 200.00 -137.90
] o
—
= 4
2
w [o]
(8]
-
vl o]
& -l
[e]
[o]
{ | { | | | | | ]
0 20 40 60 80 100 120 140 140 180 200
TIME ,he
Co BASE CAST (TURBINC) ALLOYS 03-02-003-310-1
MAR-N-509 1100°C 1.00hr CYCLES 200.00hr TEST 2.330mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:8.35A. SPINEL, 2g:=8.35A.
Co0 Cod
ﬂlzTios



Co BASE CAST (TURBINE) ALLOYS 03-02-003-326-4

MAR-M-509 1100°C 1.00hr CYCLES  200.00hr TEST 2.327ma THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME  hr AH/A,ng/ca?
0.00 0.00
1.0 O 1.00 0.56
15.00 1.64
o 30.00 52
45.00 -9
o 60.00 -22.28
75.00 -43.42
90.00 -62.52
o 100.00 -712.1h
o 115.00 -92.81
= 130.00 -115.17
3 o 145.00 -138.43
g 160.00 -161.24
- o 175.00 -179.81
& 190.00 -198.26
= 200.00 -211.18
x
lo
I N
—
x
(23
o o
=
o
< o]
(&)
[¥9)
a.
w
lo
(o]
-200. 1 o
1 ] 1 | | il ] | I ?
0 20 46 60 B0 100 120 140 160 180 200
TIHE  hr
Co BASE CAST (TURBINE) ALLOYS 03-02-003-326-4
MAR-N-509 1100°C 1.00hr CYCLES  200.00hr TEST 2.327mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
CoD SPINEL, 8p=8.35A.
SPINEL, ap=8.35A. Cod
AizTiOs ‘lzTiOs

FACE CENTERED CUBIC MATRIX
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Co BASE CAST (TURBINE) ALLDYS 03-02-002-09%-1
Hi-52 1150°C 1.00hr CYCLES 100.00hr TEST 2.720mm THICK STATIC AIR
SPCCIFIC WEIGHT CHANGE DATA

TIME, hr AH/A, mg/cm?
8.00 0.00
0. 1.00 2.49
15.00 -85.39
30.00 -199.58
1500 -286.05
60.00 -393.38
o 75.00 -472.69
90 .00 -557.34
100.00 -608.21
o~
=3
o
> o
(=]
w
e 250
<t
x
o o
N
I
W
o
=z
(%) [e]
w
G
w
a
w
o
-500. |1
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i ] { | | | | | ]

0 10 20 30 40 50 40 70 80 90 100
TIHE  hr
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Co BASE CAST (TURBINE) ALLQOYS 03-02-002-099-2
Wi -52 1150°C 1.00hr CYCLES 106.00hr TEST 2.6%94mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AW/A ,mg/cm?2
0 0.00 0.00
1.00 2.65
15.00 -B1.87
30.00 -202.28
45.00 -317.06
a 60.00 -424.07
75.00 -521.30
90.00 -609.22
100.00 -663.28
o™~
[ =]
(¢}
> o)
g
w  -250.4
>
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a
I
© o
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x
w
I}
x
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s
w
% -500.L
O
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0 10 20 30 40 50 40 70 g0 20 100
TIME ,hr
Co BASE CAST (TURBINL) ALLOYS 03-02-002-099-2
HI-52 1150°C 1.00hr CYCLES 100.00hr TEST  2.694mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag=8.35A. Col
Cr 03 SPINEL. ag=8.35A.
ColiGy 15-867 CoH04 15-967

FACE CUENTERED CUBIC MATRIX
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Co BASE CAST (TURBINE)Y ALLDYS 03-02-002-105-1
Wl 52 1150°¢C 1.00hr CYCLES 100.00hr TEST 2.551mm THICK STATIC AIR
SPECIFIC WETGHT CHANGE DATA

TIME , hr AW/A ,mg/cm?2
0 0.00 0.00
: — 1.00 2.25
15.00 -49 .38
o 30.00 -171.39
45 .00 =292 .62
60.00 -403.98
75.00 -503.75
90.00 -594.00
100.00 -650.60
o o}
=
W o250
2
< e}
(&)
—
p
o
I
4
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=2
=
i1
& -s00.l o
o
(]
f b 1 L | | | | L
0 1 20 30 A0 S0 &0 70 80 90 100
TIHE ,hr



Co BASE CAST (TURBINE)Y ALLDOYS 03-02-002-105-5
Wi -52 1150°C 1.00hr CYCLES 100.00hr TEST 2.657mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AW/A,mg/cm2
0.00 0.00
L e e e 1.00 2.28
15.00 -48.40
30.00 -167.99
0 45.00 -281.23
60.00 -305.22
75.00 -481.24
90.00 -587.32
100,00 -623.71
~
; [e]
z
A§Y)
@ 2500
<t
& o
'
x
<D
w
=X
&) [e]
-
&
tis
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uy
o}
-500 1.
0
t [ | ] 1 | ! 1 |
0 10 200 30 40 50 40 70 80 90 100
TIME ,he
Co  BASE CAST (TURBINE) ALLDYS 03-02-002-105-5
W1-52 1150°C 1.00hr CYCLES  100.00hr TEST 2.657mm THICK STATIC AlR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag-B.35A. Co0
Cr,09 SPINFL, ag=8.20A.
NiD SPINGL, ag=8.30A.
Al203
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Co BASE CAST (TURBINE) ALLOYS 03-02-002-128-5
WI-52 1150°¢C 1.00nr CYCLES 75.00hr TEST 3.226mm THICK STATIC AR
SPECIFIC WEIGHT CHANGE DATA

TIME hr sH/A,mg/ca?
0.00 0.60
1.00 -4.82
15.00 -110.82
30.00 -211.43
45.0¢ -288.20
60.00 -340.42
~toe.L 75.00 -418.96
o)
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w

o

z 200}

S o
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0 10 20 30 40 50 60 70 BO 90 100
TIME ,hr
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Co BASE CAST (TURBINE) ALLOYS 03-02-¢02-120-1

N.-52 1093°C 1.00hr CYCLES 100.00hr TEST 3.226mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME , hr aH/A . mg/cm?
1.b 0.00 0.00
1.00 1.45
o 15.00 -14.88
30.00 -74.28
45.00 -131.47
60.00 -194.07
15.00 -253.06
90.00 -298.92
o 100.00 -327.52
a
L -100.L
>
-
Wt
= o)
<X
=4
(&)
s
(-3
E o
o -0op
<
)
-9
w
[e
300. 1 e}
¢
1 | ] I | 1 | ] |

TIME . .hr

167



Co BASE CAST (TURBINE) ALLOYS
H]-52 1093°C 1.00he CYCLES 100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
TINE,
1. [
1
15.
30.
(o] 45.
60.
75.
90
100
~
& -100.1 (e}
>
et
s
(5
=
L.
S o
—
x
(54
o -200.0
=
(S}
" [e]
S
(Y]
a
w
O
-300. L
e,
| | | | | ] i | 1 ﬁ
0 10 20 3¢ 19 50 60 70 80 90 100
TIME  br
Co BASE CAST (TURBINE) ALLOYS
K1-52 1093°C 1.00hr CYCLES 100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Crz0, Co0
CokO4 15-867 SPINEL, 29=8.30A.
Ceol CokO,4 15-847
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3.226em THICK

hr

03-02-002-120-2
STATIC AIR

sH/A,mg/ca?
0.00

1.42
-36.47
-$7.13

-159.57
-225.13
-279.36
-320.91
-346.38

03-02-002-120-2

3.226mm THICK

STATIC AIR



Co BASE CAST (TURBINE) ALLODYS 03-02-002-151-1

Wi-52 1093°C 0.05hr CYCLES 85.00nr TEST 3.226mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME , hr AH/A ,mg/cm?
0.0 o 0.00 0.00
© 0.05 9.07
° 5.00 0.28
10.00 -4.07
15.00 -24.80
o 20.00 -51.01
25.00 -73.54
o 30.00 -93.90
35.00 -121.18
~ o 40.00 -141.62
PR LIRS 45.00 -168.72
S 50.00 -190.32
g o 55.00 -216.15
: 60.00 -235.91
& o 65.00 -260.99
- 70.00 -282.52
z 75.00 -301.78
< ° 80.00 -321.90
= o 85.00 -372.34
& 20000
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Co BASE CAST (TURBINE) ALLDYS 03-02-002-151-1
Wi-52 1093°¢C 0.05hr CYCLES 85.00hr TEST 3.226mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 he 100 hr
STANDARD SURFACE COLLECTED SPALL
Cod a0
SPINEL, 29=8.304. SPINEL. ag:=8.30A.

Cra0;
FACE CENTERED CUBIC MATRIX
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TInE,
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Co BASE
NI-52

CAST (TURBINE) ALLOYS

1038°C 1.00hr CYCLES

100.00hr TEST

SPECIFIC WEIGHT CHANGE DATA

-25. 1

SPECIFIC WEIGHT CHANGE .mg/cm?

-50. 1

] l | ] ]
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TIHE . hr

Co BASE CAST (TURBINE) ALLOYS
Hi-52 1038°C 1.00ht CYCLES
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr

STANDARD SURFACE
SPINEL, 8p=8.30A.
Cr203
Co0

UNKKOWN LINES, d VALUES
1.76A.

COLLECTED SPALL
SPINEL, 8g:B.30A.
SPINEL. 8g:8.408.
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100.00hr TEST

03-02-002-140-4
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STATIC AIR
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03-02-002-140-4

3.251mm THICK

STATIC AIR



Co BASE CAST (TURBINE) ALLOYS 03-02-002-140-5
Hi-52 1038°C 1.00hr CYCLES 100.00hr TEST 3 .226mm THICK STATIC AIR

SPECIFIC WEIGHT CHANGE DATA

TINE ,hr tH/A ,mg/ca?
o 0.00 0.00
0. o 1.00 0.2t
15.00 1.43
30.00 0.32
45.00 -7.66
60.00 -18.57
o 75.00 -31.48
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Co BASE CAST (TURBINEG) ALLQYS 03-02-002-104-1
WI-52 982°C 1.00hr CYCLES 100.00hr TEST 3.226mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AH/A ,mg/cm2
0.00 0.00
1.00 0.04
1.0} o 15.00 0.36
o 30.00 0.50
o 45.00 0.78
60.00 1.03
(o] 75.00 0.89
[e] 90.00 -0.96
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HI-52 982°C 1.00hr CYCLES 100.00hr TEST 3.226mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPIREL, ag-8.30A. Ca0
Cr,03 SPINEL, ag=8.30A.
CoD
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Co BASE CAST (TURBINE) ALLOYS 03-02-002-104-2

WI-52 982°C  1.00hr CYCLES  100.00hr TEST 3.251mm THICK  STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
2.0
TIME ,hr AW/A, mg/cm2
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-095-5
X-40 1150°C 1.00hr CYCLES  100.00hr TEST 3.258mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIH%.EB AH/Aﬁmggcm2
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100.00hr TEST

Co BASE CAST (TURBINE) ALLQYS
%-40 1150°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
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SURFACE SPALL
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SPINEL, ag:=8.25A. Col
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SPINEL, ap=8.20A.
Crp03
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3.270mm THICK STATIC AIR
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-105-3
X-40 1150°C 1.00hr CYCLES  100.00hr TEST 2.521mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AH/A,ms/cn2
0.00 0.00
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SPINEL, ag:8.35A. Co0
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-105-6
X-40 1150°C 1.00hr CYCLES  100.00hr TEST 2.568mm THICK STATIC AlIR
SPECIFIC WEIGHT CHANGE DATA

TIME ,hr AW/A,mg/cm2
0.00 0.00
0.0p. ot 1.00 0.55
o 15.00 0.35
30.00 -4.43
45.00 -17.62
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CAST (TURBINE) ALLOYS 03-02-001-128-3
1150°C 1.00hr CVCLES 45 00hr TEST 3.251am THICK STATIC AIR

SPECIF!C WEIGHT CHANGE DATA

~
=3

SPECIFIC WEIGHT CHANGE ,mg/cm2

TIHE e AH/A,mg/cam?
0.00 0.00
1.00 -0.46
15.00 -6.16
o 30.00 -12.40
45.00 -42.54

10 20 30 49 50 60 70 80 90 100

TIME . hr
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Co BASE CAST (TURBINE) ALLQOYS 03-02-001-128-6

X-40 1150°C 1.00hr CYCLES  100.00hr TEST 3.150mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME ,hr AH/A,mg/cn2
0.0 0.00 0.00
o 1.00 0.43
o 15.00 -2.87
30.00 -9.48
45 .00 -40.58
60.00 -85.83
75.00 -125.04
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Co BASE CAST (TURBINE)Y ALLQOYS 03-02-001-116-3
X-40 1150°C 1.00hr CYCLES 100 .00hr TEST 3.251mm THICK STATIC AIR

SPECIFIC WEIGHT CHANGE DATA

TIME, hr AH/A,mg/cm?2
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-095-4

X-40 1093°C 1.00hr CYCLES  100.00hr TEST 3.25tmm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME hr AH/A,mg/cm2
0.00 0.00
D 1.00 0.53
15.00 -1.27
30.00 -2.19
-0.0 45.00 -3.00
60.00 -3.92
75.00 -4.24
90.00 -1.70
100.00 5.02
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X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ag:8.35A. Co0
SPINEL, ag=8.35A.
Cr203
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Ca BASE CAST (TURBINE) ALLOYS 03-02-001-096-5
X-49 1093°C 1.00hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,hr AW/A,mg/cm?
0.00 0.30
-0.0 1.00 0.49
15.00 -1.37
30.00 -2.26
45.00 -3.10
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Co BASE CAST (TURBINEC) ALLOYS 03-02-001-131-5
X-40 1093°C 0.0Shr CYCLES  100.00hr TEST 0.128mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA

TIME,br AH/A,mg/cm2
0 0.00 0.00
eo5—F5 0.05 0.18
%5 5.00 -0.28
o 10.00 -1.91
o 20.00 -2.65
25.00 -3.46
o 30.00 -5.72
35.00 -7.95
40 .00 -12.93
~ 45 .00 -22.08
E o 50.00 -35.62
2 55 .00 -52.51
2 s s
s 65. -70.
& 500 o 70.00 -81.27
it i
x - - -
o © 8500 -111.55
= 90 .60 -119.956
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TIME  hr
Co BASE CAST (TURBINE) ALLOYS 03-02-001-131-5
X-40 1093°C 0.05hr CYCLES  100.00hr TEST 0.128mm THICK  STATIC AIR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE SECOND SURFACE PHASE
CoD SPINEL, ag=8.45A.
SPINEL, ap=8.30A. Col

Cro03
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Co
x-40

SPECIFIC WEIGHT CHANGE .mg/cm?

BASE

-50.0

-100.0

-150.0

CAST

(TURBINE) ALLOYS
1093°C

0.05hr CYCLES

100.00nr TEST

03-02-001-131-4

3.251mm THICK

STATIC AIR

SPECIFIC HEIGHT CHANGE DATA

TIHE ,hr
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| | ] |

50
TIME ,hr

185

aW/A,mg/cm?
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-143-5

X-40 1093°C 1.00hr CYCLES 100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TINE he aH/A ,mg/cm?
0.00 0.00
1.00 0.49
0.0 15.00 -1.59
30.00 -2.61
o 45.00 -3.53
o o 50.00 -5.55
75.00 -11.41
o 90.00 -22.37
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Co BASE CAST (TURBINE) ALLOYS 03-02-001-098-4

X-40 1038°C 1.00hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
b TIME ,hr AH/A.mg/cmz
0.0 0.00 0.00
B mame} 1.00 0.14
15.00 -0.04
30.00 -0.67
45.00 -1.27
60.00 -1.55
75.00 -1.84
90.00 -2.19
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Co DBASE CAST (TURBINE) ALLDYS 03-62-001-098-5

X-40 1038°C 1.00hr CYCLES  100.00hr TEST 3.25imm THICK STATIC AIR
SPECIFIC NEIGHT CHANGE DATA
TIME ,hr AW/A,mg/cm2
0.00 0.00
P o 1.00 0.21
15.00 0.14
-0.0 . 30.00 -0.46
45 .00 -1.10
6000 -1.59
75.00 -1.94
9000 -2.23
100.00 -2.54
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Co BASE CAST (TURBINE) ALLQYS 03-02-001 098-5
X-40 1038°¢C 1.06hr CYCLES  100.00hr TEST 3.251mm THICK STATIC AIR
X -RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cro0q SPINEL, ag:8.25A.
SPINEL, ag:8.30A. Cry03

FACE CENTERED CUBIC MATRIX
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