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GENERAL
B-1900 Is a cast nickel-base alloy developed by Pratt
and Whitney Aircraft in their search for alloys
exhibiting high strength at temperatures in the
range of 1900 F while still exhibiting a creep
ductility above I percental 1400 F. where other
nickel-base alloys become embrittled. B-1900 is
covered by U.S. Patent No. 3.3 10.399 to which

United Aircraft Corporation has exclusive rights. Its
good thermal fatigue resistance has resulted in its
use in turbine airfoils where temperatures and
thermal gradients are high. An aluminized coating is
normally required to impart oxidation resistance for
this application. Although the alloy can be used in
the as-cast condition, an aging treatment is
commonly applied to improve ductility and notch
creep strength. The alloy has also been produced in
the direclionally solidified form with some improve¬
ment in creep resistance at high temperature. The
addition of hafnium produces major increases in the
1400 F creep ductility as well as thermal fatigue
resistance The addition of silicon has also been
found to improve oxidation resistance but impairs
rupture life and ductility. Close control of bismuth
and lead content is necessary for high temperature

Strength and ductility, as is the case with other high
strength nickel-base alloys.

Commercial Designation
B-1900.

Alternate Designations
PWA 663 is Pratt and Whitney's designation for
B-1900. PWA 1455 is a variation containing 1.4
percent hafnium. Also Austenal B-1900 and
Udimet B-1900.
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1.082 Castings are produced from master heat ingot.
remelted and poured under vacuum without loss of
vacuum between melting and pouring. Casting in
argon produces superior strength and ductility at

temperatures below 1400 F, but above 1600 F.
vacuum casting produces higher properties.
Revert shall not be remelted directly for pouring of
castings: it may be used in preparation of master

heats.

Special Considerations
Alloy PWA 1455 containing hafnium has higher
shrinkage characteristics than conventional alloy
PWA 663: therefore, it requires special gating and
pouring practice relative to similar parts made from g_ -j g0O
alloy PWA 663.
Considerable improvement in oxidation resistance
has been achieved by silicon additions (Figures
2.0314 and 2.03 15). Sulftdation resistance is also
improved by silicon addition (Figure 2.0327).
However, the mechanical properties may be
adversely affected. (See Figures 3.0316. 3.0434. and
3.0435).

1.093 Lead content is very critical to creep rupture
properties (Figure 3.0436).

1 .094 Standard castings normally contain up to 1 percent
porosity, with higher porosity in thick sections than
in thin sections. (See Figure 1.0941.) Porosity can
be reduced by solidification under pressurized argon
(34) or by hot isostatic pressing (HIP) after casting.
with resultant improvement in mechanical
properties. (See Figures 3.0461. 3.0462. and 3.0514.)

1.0941 Number of measurements at various porosity
percentages for cast turbine blade airfoil and root

sections. Figure 1.0941.

1.03 Specifications
PWA 663 and PWA 1455 as described in Section
1.02.

1.04 Composition
Composition. Table 1.04.

1.05 Heat Treatment
Alloy may be used in as-cast condition.

1.051 For improvement in rupture life and ductility at

1400 F heat treat as indicated in Section 1 .051 1 .
1.05 1 1 Heat to 1975 ± 25 F in air. 4 hr, air cool: age at

1650 ± 25 F 10 hr. air cool. The 1975 F treatment is
usually accomplished during the coating process.

1 .06 Hardness
1.061 After heat treatment(Seciion 1.0511). Rockwell C

hardness range should be 34-44.
1.062 Effect of time and temperature of exposure on room

temperature hardness. Figure 1.062.

1 .07 Forms and Conditions Available
1.071 Alloy is cast to shape. Principal use is turbine

blades and vanes.
1.072 Directionally solidified test specimens and turbine

blades and vanes have been produced.

1 .08 Melting and Casting Practice
1.081 Master heat cast under vacuum.

PHYSICAL AND CHEMICAL PROPERTIES

2.0) Thermal Properties
2.01 1 Melting range. 2325-2375 F(4) and 2318-2372 F

(35) reported for standard alloy: 2345-2381 F(36)
reported for B-1900 + 1.4 percent hafnium.

2.012 Phase changes.
2.0121 Minor phase concentration for alloy at various

limes and temperatures. Figure 2.0121.
2.0122 Minor phase concentration for alloy at long

exposure times from 1400 to 2100 F. Figure 2.0122.
2.0123 Effect of exposure time and temperature on the

MgC phase. Figure 2.0123.
2.0124 Effect of exposure time and temperature on the MC

phase. Figure 2.0124.
2.0125 Effect of exposure time and temperature on the

m23Q> phure. Figure 2.0125.
2.013 Thermal conductivity. Figure 2.013.
2.014 Thermal expansion. Figure 2.014
2.015 Specific heat. Figure 2.015.
2.016 Thermal diffusivity. 0.182 ft-,'hr(2).

2.02 Other Physical Properties
2.021 Density.0.297 Ib/inA:8.22 gm/cmT
2.022 Electrical properties.
2.023 Magnetic properties.
2.024 Emittance.
2.025 Damping capacity.
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Chemical Properties 2.0327
Oxidation. B-1900 has very good oxidation
resistance in air or oxygen. It is an alumina-former
in that the thin scale formed during oxidation in
static or slowly flowing air or oxygen is primarily 2.0328
AI2O3. with some dissolved TiOn. A minor fraction
of the surface forms chromia. with internal alumina
"fingers" underneath. The oxidation weight gains
are approximately proportional to the logarithm of 2.04
exposure time (Figure 2.031 1),although loss of
volatile CrC>3 above 1700 Fcauses deviations from 3
the logarithmic rate law at long times (37).
Oxidation kinetics of alloy. Figure 2.031 1. 3.01
Static air oxidation under isothermal and cyclic
conditions at 2000 F with comparison to Inconel
7 13C. another nickel-base alloy. Figure 2.0312. 3.02
High velocity (Mach I) oxidation under isothermal 3.021
and cyclic conditions at 2000 F with comparison to 3.021 1
Inconel 7I3C. another nickel-base alloy. Figure 3.0212
2.0313.
Effect of silicon concentration on isothermal 3.0213
oxidation at 2012 and 2192 F. Figure 2.0314.
Effect of cycle period and silicon concentration on 3.0214
cyclic furnace oxidation. Figure 2.0315.
Effect of temperature on life of coating subjected to 3.0215
high velocity (Mach 0.8) combustion jet. Figure
2.0316. . 3.0216
Hot corrosion. This accelerated type of oxidation-
corrosion is caused by the presence of Na2SC>4 3.0217
(m.p. 1620 F). which (luxes the otherwise protective
scale and causes rapid and sometimes catastrophic
oxidation. The alumina-rich scale which normally 3.022
forms on B-1900 is particularly prone to hot 3.0221
corrosion, producing oxidation rates as much as 3.023
several magnitudes greater than in the absence of 3.023!
NaaSCÿ (Figure 2.0321). Inactual service, hot
corrosion is caused by reaction of ingested NaCI 3.024
(from marine atmospheres) with sulfur contaminant 3.025
in the fuel (Figures 2.0322 and 2.0323). Chromia on 3.026
the alloy surface reduces susceptibility to hot 3.027
corrosion (Figure 2.0324). Higher chromium 3.0271
contents or higher Cr/ A! ratios in other supcralloys 3.0272
also reduce the severity and increase the threshold 3.028
temperature for hot corrosion by promoting
chromia-rich oxide scales (Figures 2.0325 and 3.03
2.0326). Molybdenum is considered to promote hot 3.031
corrosion, while tantalum may reduce it (Figure 3.031 1
2.0328).
Effect of precoating with Na2S04 on hot corrosion 3.0312
weight gain in slowly flowing oxygen at 1832 F.
Figure 2.0321. 3.0313
Corrosion (as measured by depth of attack) for
alloy in 700 fps velocity gas jet using low sulfur fuel
(JP-4) with 4 ppm and 8 ppm sea salt in inlet air. 3.0314
Figure 2.0322.
Corrosion (as measured by depth of attack) for
alloy in 700 fps velocity gas jet using high sulfur fuel 3 .0315
(JP-4R) with 4 ppm and 8 ppm sea salt in inlet air.
Figure 2.0323. 3.0316
Effect of chromia additives on sulfidation of alloy at

1742 F. Figure 2.0324. 3.0317
Correlation showing that low corrosion resistance
of alloy is related to its low chromium content. 3.0318
Figure 2.0325.
Correlation showing that the low threshold 3.0319
temperature for corrosion is principally related to

its chromium content. Figure 2.0326.

Effect of silicon concentration on resistance to hot
corrosion in Mach I burner exhaust and
comparison with aluminide-coated specimen. Figure
2.0327.
Effect of substituting tantalum for molybdenum on
hot corrosion behavior at 1652 F in slowly flowing
oxygen. Figure 2.0328.

Nuclear Properties

MECHANICAL PROPERTIES

Specified Mechanical Properties
Specified mechanical properties. Table 3.01.

Mechanical Properties at Room Temperature
Tension.
Stress-strain curves for as-cast alloy, Figure 3.0211.
Stress-strain curves for heat treated alloy. Figure
3.0212.
Effect of silicon content on room temperature

tensile properties. Figure 3.0213.
Effect of lime and temperature of exposure on room
temperature tensile strength. Figure 3.0214.
Effect of time and temperature of exposure on room

temperature yield strength. Figure 3.0215.
Effect of time and temperature of exposure on room
temperature tensile elongation. Figure 3.0216.
Tensile properties of as-cast specimens and
specimens machined from turbine blades of
standard and hafnium-modified alloy. Tabic 3.0217.
Compression.
Stress-strain diagrams.
Impact.
Relative impact strengths of alloy with several
proprietary aluminum-base coatings. Figure 3.023 1.
Bending.
Torsion and shear.
Bearing.
Stress concentration.
Notch properties.
Fracture toughness.
Combined properties.

Mechanical Properties at Various Temperatures
Tension.
Stress-strain curves of as-cast alloy from 1200 to

2000 F. Figure 3.031 1.
Effect of test temperature on tensile properties of
as-cast bar. Figure 3.0312.
Tensile properties from 1200 to 2000 F for coated
and heat treated bar used in thermal fatigue
investigation cited in Figure 3.0533. Figure 3.0313.
Effect of vacuum and argon casting on tensile
properties at room and elevated temperatures.

Figure 3.0314.
Yield strength foralloy with 1.2 percent hafnium
addition. Figure 3.0315.
Effect of silicon content on 1200 F tensile
properties. Figure 3.0316.
Effect of time and temperature of exposure on
ultimate tensile strength at 1400 F. Figure 3.03 1 7.
Effect of time and temperature of exposure on
tensile yield strength at 1400 F. Figure 3.03 18.
Effect of time and temperature of exposure on
tensile elongation at 1400 F. Figure 3.03 19.
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3.032 Compression. 3.044
3.0321 Stress-strain diagrams. 3.0441
3.033 Effect of melt atmosphere on Charpy V impact

strength at room and elevated temperatures. Figure 3.0442
3.033.

3.034 Bending.
3.035 Torsion and shear. 3.0443
3.036 Bearing.
3.037 Stress concentration.
3.0371 Notch properties. 3.0444
3.0372 Fracture toughness.
3.038 Combined properties.

3.045
3.04 Creep and Creep-Rupture Properties 3.0451
3.041 Creep.
3.0411 Times to produce I percent creep at temperatures

from 1500 to 2000 F for alloy in as-cast, heat 3.046
treated, or coated and heat treated condition,
Figure 3.04! 1.

3:0412 TypicalstressesTequiredtoproduce-l-pereentcreep
in 100, 300. and 1000 hours for alloy in coated and
heat treated condition. Figure 3.0412.

3.0413 Effect of exposure time and temperature on time to

reach I percent elongation in a subsequent creep
test at 1400 F.94 ksi, Figure 3.0413.

3.0414* Effect of time and temperature of exposure on time
to reach 1 percent creep in a subsequent creep test

at 1800 F. 29 ksi. Figure 3.0414.
3.0415 Effect of hafnium addition on curves for I percent 3.0461

creep in 300 hours at temperatures from 1400 to

1800 F, Figure 3.0415. 3.0462
3.042 Creep rupture.

3.0421 Creep rupture curves from 1500 to 2100 F foralloy
in as-cast, heat treated, or coated and heat treated
condition. Figure 3.0421. 3.05

3.0422 Typical stresses required to produce rupture in 100. 3.051
300. and 1000 hours for alloy in coated and heat 3.0511
treated condition. Figure 3.0422.

3.0423 Creep rupture curves at 1400 to 2000 F for 3.0512
conventionally cast and directionally solidified bar,

Figure 3.0423. 3.0513
3.0424 Shear rupture strength. The shear rupture strength

is of interest to the design of dovetail root sections
for fastening turbine blades to wheels. The shear 3.0514
rupture strength for 8-1900 approximates 0.6 of the
tensile rupture strength for 100-hour life (Figure 3.052
3.04241), similar to the ratios observed for other 3.0521
high strength alloys.

3.04241 Shear and tensile rupture strengths at 1400 F.
Figure 3.04241. 3.0522

3.043 Compositional effects on creep rupture.

3.0431 Effect of hafnium addition on 300 hourcreep
rupture curves. Figure 3.0431. 3.053

3.0432 Frequency analysis of B-l900 and B-1900-Hf creep 3.0531
rupture failures. Figure 3.0432.

3.0433 Creep rupture life and ductility of as-cast specimens 3.0532
and of specimens machined from cast turbine blades
of standard and hafnium-modified alloy. Table
3.0433.

3.0434 Effect of silicon concentration on creep rupture life 3.0533
at 22 ksi. 1832 F. Figure 3.0434.

3.0435 Effect of various heat treatments and silicon content

on rupture ductility at 1832 F. 22 ksi. Figure 3.0435.
3.0436 Effect of lead content on creep rupture life at 1800 F.

29 ksi. Figure 3.0436. 3.0534

Prior exposure effects and protective systems.

Effect of lime and temperature of exposure on creep
rupture life at 1400 F. 94 ksi. Figure 3.0441.
Effect of time and temperature of exposure on creep

rupture life in a subsequent creep rupture test at

1800 F.29 ksi. Figure 3.0442.
Effect of time and temperature of prior exposure on
ductility in a subsequent creep rupture test at 1400 F.
94 ksi. Figure 3.0443.
Effect of time and temperature of prior exposure on
ductility in a subsequent creep rupture test at 1800 F.
29 ksi. Figure 3.0444.
Stress concentration effects.
Effect of heat treatment on notched bar creep
rupture life at 94 ksi, 1400 F for two grain sizes.
Figure 3.0451.
Hot isostatic pressing. HIPing is used to reduce
internal porosity from casting (Figure 1.0941) with
subsequent improvements in rupture properties
(Figures-3.0461-and-3.0462) and-fatigue-properties
(Figure 3.0514). These improvements are most

apparent in 1400 F properties. Thick sections do not

show an improvement in 1800 F properties after
HIPing, but thin sections show substantial
improvement. Undesireable microstructural changes
resulting from the HIP cycle can be alleviated by
further heat treatment. HIPing is also useful in
restoring properties of salvaged blades.
Effect of HIPing on rupture life and elongation at

1400 F.94 ksi, Figure 3.0461.
Effects of HIPing and heat treatment on rupture life
at 1800 Fand 29 ksi of thin section (0.030 inch)
alloy, Figure 3.0462.

Fatigue Properties
Properties of smooth sections.
Strain controlled low cycle fatigue at 1300, 1700. and
2000 F, Figure 3.0511.
Modified Goodman diagram for 10ÿ cydesat 1700 F,

Figure 3.05 12.
Low cycle fatigue characteristics of smooth hollow
specimen at 1300, 1700. and 2000 Fin strain
control cycling. Figure 3.0513.
Effect of HIPing on fatigue life of smooth bar at

1400 F, Figure 3.0514.
Stress concentration effects.
Low cycle fatigue characteristics at 1000 and 1700 F
for tubular specimen with two sets of diagonal
holes. Figure 3.0521.
Low cycle fatigue characteristics at 1000 and 1700 F
for tubular specimen with two sets of diagonal slots.
Figure 3.0522.
Thermal shock and thermal fatigue.
Thermal shock resistance of airfoil in as-cast and in
coated and heat treated conditions. Figure 3.0531.
Thermal fatigue crack resistance at maximum
temperatures of 1800. 1900. and 2000 F for as-cast

alloy samples subjected to high velocity oxidation
cycling. Figure 3.0532.
Thermal fatigue (crack initiation) in alternate
fluidized beds at 600 and 1990 F of basic alloy.
aluminide coated alloy, and alloy with hafnium
additions, with comparison to other superalloys.
Figure 3.0533.
Effect of hafnium additions on thermal fatigue
resistance in fluidized bed at 1800 F. Figure 3.0534.

10 Co

B-1900

CODE 4213
Page 3



NiCo NONFERROUS ALLOYS REVISED: MARCH 1985

3.0535
Ni

10 Co 3.054

8 Cr 3.0541

6 Mo 3.0542
6 Al
4 Ta
1 Ti

3.0543
+ C
+ Zr
+ B

B-1900 3.0544

3.055
3.0551

3.0552

3.0553

3.06
3.061

3.062
3.0621
3.0622
3.063

4

4.01
4.01 1
4.012

4.013

4.0131

4.02

4.021

Some comparative properties of basic alloy and
alloy with 1 .64 percent hafnium. Table 3.0535.
Crack growth.
Crack propagation at 800 Ffor alloy with hafnium
addition. Figure 3.054 1.
Crack propagation in thermomechanical cycling of
alloy with hafnium addition (mechanically imposed
strain out of phase with temperature cycling),
Figure 3.0542.
Crack propagation in thermomechanical cycling of
alloy with hafnium addition (mechanically imposed
strain in phase with temperature variation during
half of cycle and out of phase in other half). Figure
3,0543.

Crack propagation under thermomechanical cycling
of alloy with hafnium addition (mechanically
imposed strain in phase with temperature cycling).
Figure 3.0544.
Protective systems.

Effect of heating (and equal cooling) time on crack
initiation in thermal fatigue of bare and coated
specimens alternately immersed in hot and cold
fluid tzcd beds. Figure 3.055I.
Low cycle fatigue at 1400 Fof uncoated alloyand
of alloy coated by a single heatingcycle with an
aluminized coating using Ni-l5Cr-l5Co-ISi as

modifier. Figure 3.0552.
Low cycle fatigue at I400 F of uncoated alloyand
of alloy coated by a duplex cycle with an aluminized
coaling using Ni-20Cr-15Co as modifier. Figure
3.0553.

Elastic Properties
Poisson's ratio. Values of -0.2176, -0.2118. and
-0.3771 at room temperature are reported (42).
Modulus of elasticity.
Dynamic modulus of elasticity. Figure 3.0621.
Static modulus of elasticity. Figure 3.0622.
Modulus of rigidity.

FABRICATION

Forming
Alloy is usually cast to shape.
Properties of thin sections required for cooled
airfoils are somewhat lower than full airfoil blade
shapes(l9).
Gating configuration is critical to ensure good
casting reproducibility and minimize
microshrinkage (2).
Alloy with hafnium addition has greater shrinkage
characteristics than conventional alloy. Special
gating and pouring practice required for this alloy is
not the same as for conventional alloy.

Machining and Grinding
Similar to cast Udimet 500 and cast Mar-M-200.
This alloy is difficult to machine as it has a
machinabilily rating of 18 percent (as compared to

above 100 percent for aluminum). It machines
similar to Inco 713. 1N-100 and SM 200 alloys.
Rigid equipment and Food cooling with soluble oils
or water base chemical coolants are required. Feeds
and speeds are generally lower than values used for
steel machining. Sharp, hard cutting tools are
recommended.

4.022

4.023

4.024

4.03
4.031

4.04

10

12

For turning, boring, and milling, carbide tools are

recommended. All tools should have positive rake
angles.
For drilling, "cobalt" high speed drills are
recommended, though high speed steel twist drills
can be used if they cut and do not smear (cold

work) material. Thus, drill sharpness, speeds, and
feeds must be controlled.
For grinding, aluminum oxide wheels are generally
used.

Joining
Welding. Repair welding in inert atmospheres using
GTA process has been successfully applied. Either
Hastelloy C or Hastelloy X filler at 1300 F preheat,
or parent metal filler at 1750 F preheat can be
employed (2).

Surface Treating
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42 Fritz. L. J. and Koster. W. P.. "Tensile and Creep
Rupture Properties of (16) Uncoated and (2) Coated
Engineering Alloys at Elevated Temperatures."
NASA CR-I35I38 (January 15. 1977).

43 van der Vet. W. J.. "HIP Processing— Potentials
and Applications." Paper presented at 53rd Meeting
of AGARD Structures and Materials. Panel.
Maintenance in Service of High Temperature Parts.
Noordwijkerhout. Netherlands (September
27-October2, 1981) pp 1 1-1-11-16.

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900
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10 Co

B-1900

Alloy PWA 663 PWA 1455

Composition
Percent Percent

Min Max Min Max
Carbon 0.08 0.13 0.08 0.13
Manganese - 0.20 - 0.20
Phosphorus - - - 0.015
Sulfur - 0.015 - 0.015
Silicon - 0.25 - 0.25
Chromium 7.50 8.50 7.50 860
Cobalt 9.50 10.50 9.50 1060
Molybdenum 5.75 6.25 5.75 6.25
Aluminum 5.75 6.25 5.75 6.25
Tantalum 4.00 4.50 4.00 4.50
Hafnium - - 1.10 1.60
Titanium 0.80 1.20 060 1.20
Boron 0.010 0.020 0.010 0.020
Zirconium 0.05 0.10 - 0.13
Iron - 0.35

_
0.35

Tungsten - 0.10 - 0.10
Columbium - 0.10 - 0.10
Bismuth - 0.00005 - 0.00005
Lead - 0.0010 - 0.0010
Nickel Balance Balance

TABLE 1.04. COMPOSITION

20

15

10

!|10

Ni-10Ce-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B

Airfoil Section

f~l It rrIX
a

Root Section

n n

a

0.2 0.4 0.6 08 I.O 1.2
Porosity, percent

-1-1-,-
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B

Vacuum Induction Cast. As Cast, Tapered
Test Bar Preforms, 0.252-inch Diam at Test

Section
Exposed 10 to 5000 hr in Air at

Temperature Indicated, Tested at RT

O—O
Exposed

10 hr

100 hr

1000 hr

5000 hr

1400 1600 I800
Exposure Temperature, F

2000

FIGURE 1.062. EFFECT OF TIME AND TEMPERATURE OF
EXPOSURE ON ROOM TEMPERATURE
HARDNESS (21)

96 48

Time, hr

24

Very
Abundant

ÿ Abundant

o
u

Medium

Rare

Very
Rare

Ni-1)Co-8Cr-6fiflo-6Al*4Ta-1Ti+C+Zn-B As Cast

ÿMC

MgC

m3b2 \

b—cr" \ \
I400 1600 1800

Temperature, F
2000 2200

FIGURE 1.0941. NUMBER OF MEASUREMENTS AT
VARIOUS POROSITY PERCENT¬
AGES FOR CAST TURBINE BLADE
AIRFOIL AND ROOT SECTIONS (34)

FIGURE 2.0121. MINOR PHASE CONCENTRATION FOR
ALLOY AT VARIOUS TIMES AND
TEMPERATURES (5,9)
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Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cart
Exposed 5000 hr for Temperatures From

1400 to 2000 F, or 2000 hr at 2100 F

Very
Abundant

Abundant

o
(J

m23c6

Medium

I400 1600 1800
Temperature, F

2000

Very
Abundant

Abundant

c Medium
o
O

Rare

Very
Rare

Ni-10Co-8Cr-
Inductton

Ten

6Mo-6AI-4Ta-1Ti+C+Zr+B Vacuum
Cast, Exposed 10to 5000 hr at
nperature Indicated in Air

A \ * A%5000hr

1
p—I

1
3-ÿ-0--

000 hr

100 hr

Y 10 hr

/ ' I/ f /
i6

nJ •

m6c

rr8
1400 1600 (800 2000

Exposure Temperature, F

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

FIGURE 2.0122. MINOR PHASE CONCENTRATION FOR
ALLOY AT LONG EXPOSURE TIMES
FROM 1400TO 2100 F (9)

FIGURE 2.0123. EFFECT OF EXPOSURE TIME AND
TEMPERATURE ON THE M6C
PHASE 121)

Very
Abundant

As Cast

Abundant

Medium

Rare

Ni-10Co-8Cr-

Exposed 10

6Mo-6AI-4Ta-1
Induction

to 5000 hr at

Ti+C+Zr+B Vacuum
-ast
Temperature in Air

5-A.- o—n—o—B—c

i
Exposure

r> 10 hr
o c

00 hr

\\ —cr— 1

.
300 hr

pOO hr

MC

.8 Medium

o
o

Rare

Vary
Rare

Ni-10Co

Exi

-8Cr*6Mo-6AI-4T
Inductio

ÿosed 10 to 5000
Indicated

a-1Ti+C+Zr+BVa
n Cast
hr at Temperatur
in Air

cuum

e

M23c6

Exposer 1000

ÿiooU

1400 1600 1800 2000
Exposure Temperature, F

1400 1600 1800
Exposure Temperature, F

FIGURE 2.0124. EFFECT OF EXPOSURE TIME AND
TEMPERATURE ON THE MC
PHASE (21)

FIGURE 2.0125. EFFECT O F EXPOSURE TIME AND
TEMPERATURE ON THE M23C6
PHASE (21)
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10 Co

6 Mo

B-1900

u.
Rl
c

m

£

180

160

140

> 120

TJ
C
O
u

E
CD
.C
("

100

80

60

Ni- 6CO68«— —
6M0-6AMTa-ITi+Z

r
r+B

400 800 1200 1600 2000
Temperature, F

FIGURE 2.013. THERMAL CONDUCTIVITY (4)

9.2

8.8

8.4

° 8.0

X 7.6
UJ

7.2

6.8

6.4

Ni-10Co-8Cr-6Mo-6AI-4Ta
As Cast

•ITi+C+Zr+B Bar

/
/

ÿ A

/ E
verage Cue
xpansion F

fficient of
rom RT tt

Thermal

ÿf Tamperatur Indicated

0 400 800 1200 I600 2000
Temperature, F

FIGURE 2.014. THERMAL EXPANSION (4)

O.I6

= O.I4
a

X
u

IO.I2
a
B.
ID

0.I0,

NMOCo-8Cr-6Mo-6AI
As Cast + 16

P—
-4Ta-1Ti+C+5
50 F, 10hr

£r+B Bar

I I I I I
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B

1x 1x 0.060-inch Specimen, Cast + 1922 F.
4 hr in Argon

400 800 1200 1600 2000
Temperature, F

1832 F

Tested in Oxygen

1742 F

<~ 0.12

2 0.08

1652 F

1472 F

10 20 50 100 200 500 1000
Time, min

FIGURE 2.015. SPECIFIC HEAT (2,61
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-1-1-1-1-
Ni-10Co-8Cr-6Mo 6AI-4Ta-1Ti+C+Zr+B

0.25 x 1x 1-inch Specimen,
As Cast + Machined + Glass-Bead Blasted

4 — Cyclic: 1hr at Temperature, 40 min Cool +
Repeat; Values After Cooling

Isothermal: Continuous Exposure in Fumace;
Measurements at Temperature

Isothermal

Cyclic

_T = 2000 F
713C
B-1900

40 60 80
Time at Temperature, hr

FIGURE 2.0312. STATIC AIR OXIDATION UNDER
ISOTHERMAL AND CYCLIC
CONDITIONS AT 2000 F WITH
COMPARISON TO INCONEL 713C.
ANOTHER NICKEL-BASE
ALLOY 125)

i i i I i

Ni-10C0-8Cr-6Mo-6AI-4Te-1T i+C+Zr+B or
Above + 0.6 or 1.3Weight Percent Si
1x 1/2 x 1/4-ineh Specimens From

.I_ 4 x 1x 1/4-inch As Cast Bars, Glass-Bead
Blasted and Ultrasonically Cleaned,

Isothermally Tested in Air at 2012 and 2192 F

cv
E

o

I
*5
5

CM
E

No Silicon
2192 F

Percent Si

2012 F

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B_ 1/4 x 1x 4-inch Plate Machined to Wedge as_
Shown

As Cast + Machined + Glass-Bead Blasted

-:—Cyclic:—'1-hr-at-Temperature,4Q.min_
- Cooling and Repeal -

Isothermal: Continuous Operation
at Mach 1

Cyclic

Isothermal

T = 2000 F

-713 C--B-1900

R=0.030

1/4'

High Velocity (Mach 1)
Test Specimen

-10
10040 60 8020

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

20 40 60 80
Time at Temperature, hr

FIGURE 2.0313. HIGH VELOCITY (MACH 1) OXIDATION
UNDER ISOTHERMAL AND CYCLIC
CONDITIONS AT 2000 F WITH COM¬
PARISON TO INCONEL 713C, ANOTHER
NICKEL-BASE ALLOY (25)

0 20 40 60 80 100
Time, hr

FIGURE 2.0314. EFFECT OF SILICON CONCENTRATION
ON ISOTHERMAL OXIDATION AT 2012
AND 2192 F (28)
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10 Co

B-1900

CM
E

u
£

2 -2

-3

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B or
Above + 0.6 or 1.3 Percent Si

1x 1/2x 1/4-inch Specimens From
4 x 1x 1/4-inch As Cast Bars and Glass-Bead

8lasted and Ultrasonically Cleaned
Tested Under Cyclic Oxidation by Heating to
2000 F for Various Periodswith Intermediate

Cooling

B-1900

B-1900 +
B-1900 + 1-3%Si
0.6% Si

fifr ML
ÿ o

6 hr/cyde
hr/cycle

Heated in Fumace for Times
"Shown per Cycle, Cooled for"

Approximately 0.1 hrper
Cycle. Total Heating Time
200 hr

o
hr/cycle

2200

2000

i i-1 '"i-- i—
Ni 10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B Bar

As Cast
Coating a; 0.003-inch Thick .

O £ D Three Coatings,
Composition not -
Given (Principally
0-NiAI or /3-CoAI)

a.
E

1800

1600

Gas Jet 2000-2250 ft/
see, 1hr. Followed by
3 Min in Air Blast. Flame
Produced by Burning JP-5
Fuel (0.07 Percent S)

J_I_!_l_
100 200 500 1000 2000

Life,hours

5000

FIGURE 2.0316. EFFECT OF TEMPERATURE ON LIFE OF
COATING SUBJECTED TO HIGH
VELOCITY (MACH 0.8i COMBUSTION
JET (101

FIGURE 2.0315. EFFECT OF CYCLE PERIOD AND SILICON
CONCENTRATION ON CYCLIC FURNACE
OXIDATION (28)

200

M
E

O 120

8
Q.

00

I-1-1-1

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B
Heat Treated 4 hr, 1975 F + AC

3 mg/cm' NajS04

0.67 mg/cm2
Nap604

No Na2S04

i
Time, hr

FIGURE 2.0321. EFFECT OF PRECOATING WITH Na2S04
ON HOT CORROSION WEIGHT GAIN IN
SLOWLY FLOWING OXYGEN AT
1832 F (38)
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<
«*•
o

Airfoil

Metal Temperature, F

-1-1-1-
Ni-10Co-8Cr-6Mo-6A!-4Ta-1Ti+C+Zr+B As Cast
Simulated Airfoil Section 1-inch Chord, 2-inch

Span, s: 1/8-inch Thick at Leading Edge, Tested
in High Velocity {700 ft/sec) Gas Rig Using Low
Sulfur Fuel (JP-4 with 0.02 S), Synthetic Sea-
water Added to Combustion Gases to Produce
Solid Sea-Salt to Combustor Inlet Air Content
of 4 and 8 ppm, Temperatures Determined by
0.030 Diam Hardness Plugs Inserted in Control

Specimen and Checked by Thermocouples, Cycle
Consisted of a 1min to Reach Max Temperature
+ 10 min at Temperature + a 1min Air Cooling
to Reach 1000 F or Below, Total Test Time 120

hrs. Depth of Attack Measurements Made by
Metallographic and Optical Observationson

Sections 1/4, 1and 1-1/2 inches From Tip to

.8ppm Salt

1500 ----Metal Temperature, F

O • Peak Metal Temperature
to 1600 F

A Peak Metal Temperature
to 1750 F

Two Tests at Each
Peak Temperature

24

16

8

0
{

32

24

I6

8

0

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B
Simulated Airfoil Section 1-inch Chord, 2-inch

Span, « 1/8-inch Thick at Leading Edge,
Tested in High Velocity Gas Rig (700 ft/sec)
Using High Sulfur Content Fuel (JP-4R with

0.16SI,
See Figure 2.0322 for Additional Detailsof

Test Procedures and Measurement Technique

4 ppm Salt a

O•Peak Metal Temperature
to 1600 F

A A Peak Metal Temperature
to 1750 F

Two Tests at Each
Peak Temperature

8 ppm Salt

- Threshold
f0 for Corrosion

1500

A CA

A

1600 1 700

FIGURE 2.0322. CORROSION (AS MEASURED BY DEPTH
OF ATTACK) FOR ALLOY IN 700 FPS
VELOCITY GAS JET USING LOW SUL¬
FUR FUEL (JP-4) WITH 4 PPM AND
8 PPM SEA SALT IN INLET AIR (24)

FIGURE 2.0323. CORROSION (AS MEASURED BY DEPTH
OF ATTACK) FOR ALLOY IN 700 FPS
VELOCITY GAS JET USING HIGH SUL¬
FUR FUEL (JP-4R) WITH 4 PPM AND
8 PPM SEA SALT IN INLET AIR (24)

i i i i V| r
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B

40 -

a
£

1x 1x 0.060-mch Thick, Cast + 1922 F,4 hr
in Argon + 1652 F,+Coating of Na2S04 or
Dual Coating of Na2$04 + Cr203 + 16 hr

Exposure to S2 (Corresponding to 1mg/cmÿ of .
Na2SQ4)

0 Na2S04Tested at 1742 F

Both Lines Established
by Data Points at 960 hr

No Prior Treatments

80 160 240 320 720 800
Time, minutes

FIGURE 2.0324. EFFECT OF CHROMIA ADDITIVES ON
SULFIDATION OF ALLOY AT
1742 F (13)
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10 Co

B-1900 if

12 -

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast
Simulated Airfoil Section, 1-inch Chord, 2-inch
Span, cs 1/8-inch Thick at Leading Edge, Tested

in High Velocity Gas Rig (700 ft/sec)
See Figure 2.0322 for Additional Details of

Test and Measurement Procedures

Total Corrosion Defined as Area Under
B-1900 Curve of Depth of Penetration vsTemp.

See Figures 2.0322 and 2.0323.

o
l-

Mar-M-200

IN-100

B-1900

Inco 713LC
Ineo 713C

U 700

Mar-M-200
I 1

— B1910

PDRL 162

10 12 14 16

Chromium, weight percent

1700 -

2
|I600
a
a
E

-,-!-!-
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast
Simulated Airfoil Section 1-inch Chord, 2-inch

Span, as 1/8-inch Thick at Leading Edge, Tested
in High Velocity Gas Rig (700 ft/sec)

See Figure 2.0322 for Additional Details of Test
and Measurement procedures

See Figure 2.0323 for Definition of Threshold
Temperature for Corrosion

I i 1
Fuel 1 V 700
O 0.02 percent S (JP-4)

• 0.16 percent S (JP-4R)

IN-728

1500

1400

PDRL 162
B1910

1

Mar-M-200

yPDRL
161

B-1900

~8~

TRW
1800

© Inco 713LC

Inco 713C

12 16

Chromium, weight percent

20

FIGURE 2.0325. CORRELATION SHOWING THAT LOW
CORROSION RESISTANCE OF ALLOY
IS RELATED TO ITS LOW CHROMIUM
CONTENT (24)

FIGURE 2.0326. CORRELATION SHOWING THAT THE
LOW THRESHOLD TEMPERATURE
FOR CORROSION IS PRINCIPALLY
RELATED TO ITS LOW CHROMIUM
CONTENT (24)

0.4

0
<9

a
o>
c
ra

-5 -0.8
X
HI

•i:
OS

*5
5 -1.6

-2.4

Ni-10Co-8Cr-6Mo-6AI*4Ta-1Ti+C+Zr+B or
Above + Aluminide Coating or Above + 0.6 or
1.3 Percent Si by Weight, As Cast + Machined +
Glass-Bead Blasted, Specimen Area as 30 em?,

Weight «120g, 5 ppm, ASTM Spec D-1141-52,
Formula A Synthetic Sea Salt Added in

Burner Exhaust

R = 0.030
Cycled into Mach 1Burner,
1hr Heating Time/Cycle at
1650 F,Cooled 3 min + Repeat

1/4"

Aluminide Coated
B-1900

(Avg of 2 Tests)

w

B-1900 +
1.3 percent Si

B-1900 +
0.6 percent Si

\ Uncoated B-1900

25 50
Total Time, hr

250

200 -
E
u
"5
E

1 50

|I00

50

——1
Ni-IOC

Tre
Preoxidi

G

-
3-8Cr6Mo
ated 4 hr,
ted for 101
sated with

1——fjAI-4Ta-1

1975 F, A
Ihr in Oxv
3 mg/cn>2

-
Ti+C+Zr+f
C. Specime
gen at 16E
of Na2SO

I.Heat
ns
2 F and
4

E
0
-1900 wit
Mo, lOTa

1

20 40 60
Time, hr

80 I00

FIGURE 2.0327. EFFECT OF SILICON CONCENTRATION
ON RESISTANCE TO HOT CORROSION
IN MACH 1 BURNER EXHAUST AND
COMPARISON WITH ALUMINIDE-
COATED SPECIMEN (28)

FIGURE 2.0328. EFFECT OF SUBSTITUTING TANTALUM
FOR MOLYBDENUM ON HOT COR¬
ROSION BEHAVIOR AT 1652 F IN
SLOWLY FLOWING OXYGEN (39I
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Alloy PWA 663 PWA 1455
Heat Treatment Cast + 1975F, 4 hr, AC + 1650F, 10 hr,AC

Room Temperature Tensile Properties
Ultimate Tensile Strength (Ftu), ksi (Mini - 120
Yield Strength (Fry), ksi (Min) - 105
Elongation (4D), percent (Min) - 5

Creep Rupture Tests of Cast Specimens
Tested at 1400 F, 94 ksi

Life,hours (Min) 23 23
Plastic Extension (4D), percent (Min) 2 3

Tested at 1800 F,29 ksi
Life,hours (Min) 30 30
Elongation (4D Measured at RT 3 5.5
After Rupture), percent (Min)

Creep Rupture Tests of Specimens Machined From Blades
Tested at 1400 F, 85 ksi

Life,hours (Min) 23 -
Plastic Extension (4D), percent (Min) 1.5 -

Tested at 1400 F,94 ksi
Life,hours (Min) - 30
Plastic Extension (4D),percent (Min) - 2.5

Tested at 1800 F,29 ksi
Life,hours (Min) - 30
Elongation (4D Measured at RT - 4
After Rupture), percent (Min)

200

1 60

s 120

a"
CD

55 80

40

Ni-10Co-8Cr
1-inc

6Mo-67
< Gage

il-4Ta-
Length

!Ti+C+
Tests

r -
Zr+B A
t RT

Cast

. a
x

- -sj

jr Ftu
139 ksi
136 ksi
124 ksi/

0.2 0.4 0.6 0.8
Strain, percent

IJO 1.2 1.4

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

FIGURE 3.0211. STRESS-STRAIN CURVES FOR AS-CAST
ALLOY (2)

TABLE 3.01. SPECIFIED MECHANICAL PROPERTIES (17,18)

160

200 I l I l l l
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast

+ 1950 F. 4 hr, RAC + 1650 F. 10 hr, AC
IgQi 1-inch Gage Length, Tests at RT

i I I
Ni-10Co-8Cr-6Mo-6A l-4Ta-1Te+C+Zr+B or

Above + 0.8Si or 1.0 Si, Cast + 1975 F,4 hr,
AC + 1650 F, 10 hr,AC

u> 80

137 ksi---130 ksi
130 ksi

0 02 0.4 0.6 0.8 1.0 1.2 1.4
Strain, percent

e (2-inches)

0.4 0.8 1.2
Silicon Content, weight percent

FIGURE 3.0212. STRESS-STRAIN CURVES FOR HEAT
TREATED ALLOY (2)

FIGURE 3.0213. EFFECT OF SILICON CONTENT ON
ROOM TEMPERATURE TENSILE
PROPERTIES (28)
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Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

I50

I40

130

120,
4

130

(20

**

130

120

*
130

120

110

-1-1-1-
Ni-10Co-8Cr-6Mo-6AI-4Ta- 1Ti+C+Zr+B As Cast,

Vacuum Induction Cast, Tapered Test Bar
Preforms, 0.252-inch Diam at Test Section,

Exposed 10 to 5000 hr in Air at Temperature
Indicated,Tested at RT

•As Cast
O

a

P ÿ

o o

ÿ °i lOOhr c

Exposed
- 10 hr —
O O

_1000 hr.
A

A

5000 hr
V

I400 I600 I800 2000
Exposure Temperature, F

FIGURE 3.0214. EFFECT OF TIME AND TEMPERATURE
OF EXPOSURE ON ROOM TEMPERA¬
TURE TENSILE STRENGTH 121)

120

HO

I00
#

no

Ioo
!

no

ioo

90
s

I00

90

80

I-1-1-
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast

Vacuum Induction Cast, Tapered Test Bar
Preforms, 0.252-inch Diam at Test Section,

Exposed 10 to 5000 hr in Air at Temperature
Indicated,Tested at RT

As
Cast ? o

£J-

»

Exposed
10 hr

"T5-0-

S

.100 hr_
ÿ

6_g_

A
A A

-SZ-&.

_1000 hr_

5000 hr
-V-

1400 1600 1800 2000
Exposure Temperature, F

FIGURE 3.0215. EFFECT OF TIME AND TEMPERATURE
OF EXPOSURE ON ROOM TEMPERA-
TURE YIELD STRENGTH (21)
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s

as

-1-1-1-
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast,

Vacuum Induction Cast, Tapered Test Bar
Preforms, 0.252-inch Diam at Test Section,

- Exposed 10to 5000 hr in Air at Temperature
Indicated, Tested at RT

•As '
Cast

4 A

e (2-inches)

O O

V V

Exposed
10 hr

n o <
as

-100 hr-
ÿ

A 1000 hr
ÿA-

A i\

as

5000 hr 1'
V

C

as

1400 1600 1800 2000
Exposure Temperature, F

Alloy Ni-10Co-8Cr-6Mo-6Al-4Ta-lTi+C+Zr+B
or Ni-10Co-8Cr-6Mo-6AMTa- 1.37Hf-

lTi-+C+Zr+B
Condition As Cast

B-1900 B-1900-Hf
0.177 Diam 0.177 Diam

Form 1/4 Diam From Cast From Cast
Cast to Turbine Turbine

Size Blades Blades
RT

Ftu,ksi 135 115 127

Ffy,ksi 108 105 108
e (2 inches),

percent 7.0 5.5 8.9

TABLE 3.0217. TENSILE PROPERTIES OF AS-CAST
SPECIMENS AND SPECIMENS
MACHINED FROMTURBINE
BLADES OF STANDARD AND
HAFNIUM-MODIFIED ALLOY (26,27)

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

FIGURE 3.0216. EFFECT OF TIME AND TEMPERATURE
OF EXPOSURE ON ROOM TEMPERA¬
TURE TENSILE ELONGATION (21)

20

16

12

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Z+B
As Cast + Diffusion Coating

_ (Proprietary Aluminum Base) _
Impact Energies of Non-Standard Specimens of
Unknown Geometry Show Only Relative Values

o
U

o
u
6

II
Coatings are Proprietary-Developments of

Chromalloy Corp (West Nyack, N.Y.)

I-1-1-1-1-1-1
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast

1-inch Gage Length

109 ksi, 1200 F
110 ksi, 1400 F
78 ksi, 1800 F
27 ksi, 2000 F

0.2 0.4 0.6 0.8 1.0
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FIGURE 3.0231. RELATIVE IMPACT STRENGTHS OF FIGURE 3.0311. STRESS-STRAIN CURVES FOR AS-CAST
ALLOY WITH SEVERAL PROPRIE- ALLOY FROM 1200 TO 2000 F
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Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Z+B As Cast,
0.252-inch Diam Specimen Cast in Argon (Solid
Lines) or in Vacuum (Dash Lines) as Indicated
All Tests Except RT at Pressures Less Than

10-4 Torr
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FIGURE 3.0315. YIELD STRENGTH FOR ALLOY WITH
1.2 PERCENT HAFNIUM ADDITION (30)

FIGURE 3.0314. EFFECT OF VACUUM AND ARGON
CASTING ON TENSILE PROPER¬
TIES AT ROOM AND ELEVATED
TEMPERATURES (32)
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FIGURE 3.0316. EFFECT OF SILICON CONTENT ON
1200 F TENSILE PROPERTIES (28)

FIGURE 3.0317. EFFECT OF TIME AND TEMPERATURE
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TENSILE STRENGTH AT 1400 F (21)
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FIGURE 3.033. EFFECT OF MELT ATMOSPHERE ON
CHARPY V IMPACT STRENGTH AT
ROOM AND ELEVATED
TEMPERATURES (20)

FIGURE 3.0411. TIMES TO PRODUCE 1PERCENT CREEP
AT TEMPERATURES FROM 1500 TO
2000 F FOR ALLOY IN AS-CAST, HEAT
TREATED, OR COATED AND HEAT
TREATED CONDITION (2)
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to 5000 hr at Temperature Indicated, Tested
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FIGURE 3.0412. TYPICAL STRESSES REQUIRED TO
PRODUCE 1PERCENT CREEP IN
100, 300, AND 1000 HOURS FOR
ALLOY IN COATED AND HEAT
TREATED CONDITION (2)

FIGURE 3.0413. EFFECT OF EXPOSURE TIME AND
TEMPERATURE ON TIME TO
REACH 1 PERCENT ELONGATION
IN A SUBSEQUENT CREEP TEST
AT 1400 F, 94 KSI (21)
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CREEP RUPTURE CURVES FROM 1500
TO 2100 F FOR ALLOY INAS-CAST,
HEAT TREATED, OR COATED AND
HEAT TREATED CONDITION (2)

FIGURE 3.0422. TYPICAL STRESSES REQUIRED TO
PRODUCE RUPTURE IN 100,300,
AND 1000 HOURS FOR ALLOY IN
COATED AND HEAT TREATED
CONDITION (2)
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FIGURE 3.0423. CREEP RUPTURE CURVES AT 1400 TO
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BAR (1)
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Alloy Ni-I0Co-8Cr-6Mo-6AMTa-1Ti+C+
Zr+B or Ni-10Co-8Cr-6Mo-6AI-4Ta-

1.37Hf-LTi+C+Zr+B
Condition As Cast

B-1900 B-1900-Hf
0.177 Diam 0.177 Diam

Form 1/4 Diam From Cast From Cast
Cast to Turbine Turbine
Size Blade Blade

1400 F at 94 ksi
Life, hours 75 19 86
Prior Creep, 2.5 1.6 4.8
percent

1800 F at 29 ksi
Life,hours 35 30 43
Prior Creep, 7 5 7

percent

TABLE 3.0433. CREEP RUPTURE LIFE AND DUC¬
TILITY OF AS-CAST SPECIMENS
AND OF SPECIMENS MACHINED
FROM CAST TURBINE BLADES
OF STANDARD AND HAFNIUM-
MODIFIED ALLOY (26,27)
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FIGURE 3.0441. EFFECT OF TIME AND TEMPERATURE
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LIFE AT 1400 F. 94 KSI (21}
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FIGURE 3.0451. EFFECT OF HEAT TREATMENT ON
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FIGURE 3.0462. EFFECTS OF HIPING AND HEAT TREAT¬
MENT ON RUPTURE LIFE AT 1800 F,
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FIGURE 3.0512. MODIFIED GOODMAN DIAGRAM FOR
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b-i"GL—1

of Uniform Section

v> 40

o
H 1.0

0.4

0.1

Holes 0.030-tnch Diam Spaced 0.120-inch Apart

Axial
R = -1 1700 F

I -• First Crack
0 Failure

1__L 1 J ! J_!_L 1 till 1 111 1 III

10" I0U 10' I04
Cycles

I03 I04

FIGURE 3.0514. EFFECT OF HIPING ON FATIGUE LIFE
OF SMOOTH BAR AT 1400 F (43)

FIGURE 3.0521. LOW CYCLE FATIGUE CHARACTER¬
ISTICS AT 1000 AND 1700 F FOR
TUBULAR SPECIMEN WITH TWO
SETS OF DIAGONAL HOLES (6)
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10 Co

B-1900

FIGURE 3.0522. LOW CYCLE FATIGUE CHARACTERIS¬
TICS AT 1000 AND 1700 F FOR TUBU¬
LAR SPECIMEN WITH TWO SETS OF
DIAGONAL SLOTS (6)

600

500

•2 400

o 300

200

100

-1-1-1-1-
Ni-10Co-8Cr-6Mo-6AI-4Ta- ITi+C+Zr+B Thin Air¬
foil 2 x 1x 0.025-inch Trailing Edge As Cast or

As Cast + PWA 47 Coating + 1650 F, 10 hr.
Specimens Heated by Hot Combustion Gas to
Max Temperature, Held 15 sec Hot. Cooled for

30 sec by 45 psi Cooling Air

As Cast 1 As Cast + PWA 47
[+ 1650 F, 10 hr

I500 I600 1700 1800 I900
Maximum Temperature, F

2000

FIGURE 3.0531. THERMAL SHOCK RESISTANCE OF AIR¬
FOIL IN AS-CAST AND INCOATED AND
HEAT TREATED CONDITIONS (3)

Ni-10C0-8C r-6M0-6Al-4Ta-1Ti+C+2i+B As Cast
4 x 1x 1/4-inch Test Bar

2000 F 1900 F

Number of One-Hour Cycles

riGunc j.oGje. ti icnMAL raticue cnAOK neoio
TANCE AT MAXIMUM TEMPERA¬
TURES OF 1800, 1900, AND 2000 F
FOR AS-CAST ALLOY SAMPLES
SUBJECTED TO HIGH VELOCITY
OXIDATION CYCLING (7|
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1-inch Gage Length
of Uniform Section

i-1-1 i-
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+2r+B Hollow
Cylindrical Bar with Two Sets of Diagonal Slots
Coated with PWA 47-14L (Coating Heat Treat¬
ment 1975 F,20 min, + 1975 F,4 hr in H2) +

Age 1650 F, 10 hr

— Axial_ R =-1

o Failure
LLLl 1 1111

Cycles

Slots,
0.015-

inch Equally _
Spaced in 2
Rows 180°
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Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B or
Above + 1.64Hf or Above + JocoatlAluminide Coating!, Wedge Bars as Shown

Basic Alloy Heat Treatment: 1550 F, 24 hr
Hf Alloy Heat Treatment: 1975 F, 4 hr + 1650 F, 10hr,AC

NASA TAZ-8A PS + RT-XP Coat
Mar-M-200 PS + NiCrAlY OveHay
NASA TAZ-8A DS + NiCrAlY Overlay
NX 188 DS + RT-1A Coat
NASA TAZ-8A DS
NX 188 DS
Mar-M-200 DS
IN-100 DS + Jocoat
IN-100 DS
NASA WAZ-20 DS + Jocoat
B-1900 + Hf -f Jocoat
B-1900 + Jocoat
NASA TAZ-8A
NX 188+ RT-1A Coat
X 40
B-1900
IN-162
IN-100 + Jocoat
TD NiCr
IN 713C
Mar-M-509
NX 188
NASA VI-A
NASA WAZ-20 + Jocoat
Rene' 80
IN-738
RBH
Mar-M-302
U 700 Cast
Wl 52
IN-100
Mar-M-200 + Jocoat
Mar-M-200
U 700 Wrought
M 22

6 min Cycles
3 min 1990 F +
3 min 600 F in

Alternate
Fluidized Beds

4"

R = 0.026R = 0.040'

1-1/4"

See Figure 3.0313 and Table 3.0535 for
Tensile Properties of Alloys Tested

10' I02 I03
Cycles to First Crack

I04 I05

10 Co

B-1900

FIGURE 3.0533. THERMAL FATIGUE (CRACK INITIATION) IN ALTERNATE
FLUIDIZED BEDS AT 600 AND 1990 F OF BASIC ALLOY,
ALUMINIDE COATED ALLOY, AND ALLOY WITH
HAFNIUM ADDITIONS, WITH COMPARISON TO OTHER
SUPERALLOYS (31)
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Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1 Ti
+ C
+ Zr
+ B

B-1900

Ni-10Co-8Cr-6Mo-6AI-4Ta-lTi+C+Zr+B
(PWA 663) or PWA 1455 (PWA 663 + 2Hf I

As Cast + 1650 F. 10 hr, Airfoil Sections Tested
in Fluidized Bed at 1800 F, Heated 2 min,

Cooled 2 min at RT

8000

° 6000

u 4000

2000 <
ÿo

FIGURE 3.0534. EFFECT OF HAFNIUM ADDITIONS ON
THERMAL FATIGUE RESISTANCE IN
FLUIDIZED BED AT 1800 F (2)

Alloy Ni-lOCo-8Cr-6Mo-6Al-4Ta-lTi-+C+Zr+B or
Ni-10Co-8Cr-6Mo-6Al-4Ta-1.64Hf+TTi-K>Zr+B

Condition B-1900: 1550 F, 24 hi, AC
B-1900-Hf: 1975 F,4 hr, AC + 1650 F,4 hr,AC

B-1900 B-1900-Hf
Mean Coeff Thermal Expansion, RT to 200 F, 6.5 6.5

in./in./F
Thermal Conductivity at 200 F, 71 70

Btu-in./ftÿ-hr-F
Specific Gravity at RT 8.22 8.28
Proportional Limit at 1400 F, ksi 136 102
Ultimate Tensile Strength (Fw) at 1400 F,ksi 158 137
Creep Rupture Life at 1800 F

at 25 ksi,hours 99,95
at 24.5 ksi,hours 66,34

Reduction of Area
Tensile Test at 1400 F,percent 8 13
Creep Test at 1800 F (As Above), percent 11 13

TABLE 3.0535. SOME COMPARATIVE PROPERTIES OF BASIC
ALLOY AND ALLOY WITH 1.64 PERCENT
HAFNIUM(31)

Note: Lot used in fluidized bed thermal fatigue tests.
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io-

10",-5

Ni-10Co-8Cr-6Mo-6AI-4Ta-1.2Hf-1Ti+C+Zr+B As
Conventionally Cast + 1975 F,4 hr, AC

+ 1650 F,10 hr, AC
Button-Head Fatigue Specimen 1/2-inch Diam.
0.055/0.060-inch Thick, 1-inch Uniform Gage

Length, Fatigue CracksStarted From EDM Slots
0.030/0.045 x 0.005/0.007-inch at Center of
Gage Section, Applied Nominal Strain Range

± 0.3 percent

/

// Isc
100 F
thermal

/

10 Co

6 Mo

B-1900

Strain Intensity Range, AKe, x 10'3

FIGURE 3.0541. CRACK PROPAGATION AT 800 F FOR
ALLOY WITH HAFNIUM ADDITION (29)

Ni-10Co-8Cr-6Mo-6AI-4Ta-1.2Hf-1Ti+C+Zr+B As
Conventionally Cast + 1975 F, 4 hr, AC + 1650 F,

10 hr, AC,
Button-Head Hollow Fatigue Specimen 1/2-inch

OD, 0.055/0.060-inch Thick, 1-inch Uniform
Gage Length, Fatigue Cracks Started From EDM
Slots 0.030/0.045 x 0.005/0.007-inch at Center

of Gage Section

lO"3

•a
ÿ»
•o

ICT*

5

2

I0-5

800-1900 F
(Avg of 3

800-1700 F
(Avg of 4

Tests)

Temperature, F
1900
1700
1500 800

0.3 percent

800-1500 F
Time

Strain

——2-1/4 min—|

Strain Intensity Range, AKe, ÿ/in. x 10'3

FIGURE 3.0542. CRACK PROPAGATION IN THERMO-
MECHANICAL CYCLING OF ALLOY
WITH HAFNIUM ADDITION (29,30)

Note: Mechanically imposed strain out of phase with
temperature cycling.
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10 Co

Ni-10Co-8Cr-6Mo-6AI-4Ta-1.2HMTi+C+Zr+B As
Conventionally Cast + 1975 F,4 hr, AC + 1650 F,

10 hr,AC,
Button-Head Hollow Fatigue Specimen 1/2-inch

OD, 0.055/0.060-inch Thick, 1-inch Uniform
Gage Length, Fatigue Cracks Started From EDM
Slots 0.030/0.045 x 0.005/0.007-inch at Center

of Gage Sections

10-3

B-1900 £

800-1900 F
(Avg of 3

Tests)

1 I0"4 Temperature, F
1900

800 o.3 percent

Time
Strain-—2-1/4 min——

10-3

i
L-

o
x
8
o

10-

10-3

Ni-10Co-SCr-6M0-6AI-4Ta-1,2Hf-1Ti+C+Zr+B As
Conventionally Cast + 1975 F, 4 hr, AC + 1650 F,

10 hr,AC,
Button-Head Hollow Fatigue Specimen 1/2-inch

OD, 0.055/0.060-inch Thick, 1-inch Uniform
Gage Length, Fatigue Cracks Started From EDM

Slots 0.030/0.045 x 0.005/0.007 at Center of
Gage Section

J
ÿ800-1700 F

(Avg of 3

j /8l>0-1500 F

/ /
/ / Temperature, F

ÿ£C0700
"1500

0.3 percent

/ ÿÿÿStrain— 2-1/4 min—\
i i

Strain Intensity Range, AK6, ÿ/Irn x 10"3
Strain intensity Range, x 10"ÿ

FIGURE 3.0543. PROPAGATION IN THERMOMECHAN-
ICAL CYCLING OF ALLOY WITH
HAFNIUM ADDITION (29.30)

Note: Mechanically imposed strain in phase with tempera¬
ture variation during half of cycle and out of phase
in other half.

FIGURE 3.0544. CRACK PROPAGATION UNDER THER-
MOMECHANICAL CYCLING OF
ALLOY WITH HAFNIUM
ADDITION (29,30)

Note: Mechanically imposed strain in phase with temperature
cycling.

5000

l I I I I
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B Wedge

Bars, As Cast + 1550 F, 24 hr,
Cycle is Equally Divided Between Hot (1990 F)

and Cold (600 F) Fluidized Beds

? 2000
Aluminide Coated PWA 47

Uncoated

5 6 7
Cycle Total Time, min

"FIGURE" 9.Q5D1. CrrCCT OT HEATING (ANO-EQUAL
COOLING) TIME ON CRACK INITIA¬
TION IN THERMAL FATIGUE OF
BARE AND COATED SPECIMENS
ALTERNATELY IMMERSED IN HOT
AND COLD FLUIDIZED BEDS (11)
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120

110

I100

90

80

Ni-10Co-8Cr-fiMo-6AI-4Ta-1Ti+C+Zr+B As Cast
or Coated with Aluminized Coating Using Modi¬

fier Ni-15Cr-15Co-1Si in Single Cycle Coating

ÿ As Cast (Uncoated)
ÿ As Cast + Exposed

1800 F,500 hr

O As Coated ) Stress Calculation

• Exposed 1800 F, > Based on Specimen
500 hr ; Area Prior to Coating

A As Coated 1 Stress Calculation Based
A Exposed 1800 F, > on Substrate Area Not

500 hr ' Affected by Coating

A

2\ ÿ
1400 F
R = 0.15
1200 cpm

• \ %
ÿ Ds*

ÿ o ÿ

\
0\

\

I I

V
\
c

I I
\

I I

Cycles to Failure

FIGURE 3.0552. LOW CYCLE FATIGUE AT 1400 F OF
UNCOATED ALLOY AND OF ALLOY
COATED BY A SINGLE HEATING
CYCLE WITH AN ALUMINIZED
COATING USING Ni-15Cr-1SCo-1Si
AS MODIFIER I22I

J£

a
m

CO

E
3
E

120

no

ioo

90

80

Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+ZrtB As Cast
or Coated with Aluminized Coating Using Modi¬

fier Ni-20Cr-15Co in Duplex Heating Cycle

ÿ As Cast (Uncoated)
ÿ As Cast + Exposed

1800 F,500 hr

O As Coated 1Stress Calculation

• Exposed 1800 F, > Based on Specimen
500 hr J Area Prior to Coating

A As Coated 1Stress Calculation Based
A Exposed 1800 F, /on Substrate Area Not

500 hr 'Affected by Coating

1400 F
R =0.15
1200cpm

10 Co

B-1900

I03 2 5 I04
Cycles to Failure

FIGURE 3.0553. LOW CYCLE FATIGUE AT 1400 F OF
UNCOATED ALLOY AND OF ALLOY
COATED BY A DUPLEX CYCLE
WITH AN ALUMINIZED COATING
USING Ni-20Cr-15Co AS
MODIFIER (22)
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Ni-10Co-8Cr-6Mo-6AI-4Ta-lTi+C+Zi+B

400 800 1200
Temperature, F

FIGURE 3.0621. DYNAMIC MODULUS OF ELASTICITY (4)

-1-1-1-1-
Ni- 10C0-8Cr-6Mo-6AI-4Ta*1Ti+C+Zr+B

O Cast + Heat Treat 1550 F, 24 hr, AC (42)
ÿ Cast + Jocoat + Heat Treat as Above (42)

Temperature, F

FIGURE 3.0622. STATIC MODULUS OF ELASTICITY (3,42)
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