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GENERAL

B-1900 is a cast nickel-base alloy developed by Prait
and Whitney Aircraft in their search for allovs
exhibiting high strength at temperatures in the
range of 1900 F while s1ill exhibiting a creep
ductility above 1 percent at 1400 F. where other
nickel-base alloys become embrittled. B-1900 is
covered by U.S. Patent No. 3.310.39% 1 which
United Aircraft Corporation has exclusive rights. Its
good thermal fatigue resistance has resulied in its
use in turbine airfoils where temperatures and
thermai gradients are high. An aluminized coating is
normally required to impart oxidation resistance for
this application. Although the alioy 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 directionally solidified form with some improve-
ment in ¢reep resistance at high emperature. 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 axidation resistance but impairs
rupture life and ductility. Close controt 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 isa variation containing .4
percent hafnium. Alse Austenal B-1900 and
Udimet B-1900.

Specifications

PWA 663 and PWA 1455 as descoibed in Section
1.02.

Compaosition
Composition. Table 1.04.

Heat Treatment

Alloy may be used in as<casi condition.

For improvement in rupture life and ductility at
1400 F heat treat as indicated in Section F.OSI1.
Heat to 1975 = 25 F in air, 4 hr. air cool: age at
1650 = 25 F 10 hr, aircool. The 1975 F ireatment is
usually accomplished during the coating process.

Hardness

After heat treatment (Section [.0511). Rockwell C
hardness range should be 34-44.

Effect of time and wemperature of exposure on room
temperature hardness, Figure 1.062.

Forms and Conditions Available

Alloy is cast 1o shape. Principal use is turbine
blades and vanes.

Directionally solidified 1est specimens and turbine
blades and vanes have been produced.

Melting and Casting Practice
Master heat cast under vacuum.
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Castings are produced {rom master heat ingot. .
remelted and poured under vacuum without loss of Ni
vacuum between melting and pouring. Casting in 10 Co
argon produces superior strength and ductility at 8 Cr
temperatures below 1400 F, but above 1600 F. 6 Mo
vacuum casting produces higher properties.

Revert shall not be remelted directly for pouring of 6 Al
castings: it may be used in preparation of master 4 Ta
heats. 1Ti
Special Considerations +C
Alloy PW A 1455 containing hafnium has higher +2r
shrinkage characteristics than conventional alloy +B
PWA 663: therefore, it requires special gating and

pouring practice relative to similar parts made from B-1900
alioy PWA 663.

Considerable improvement in oxidation resistance
has been achieved by silicon additions (Figures
20314 and 2.0315). Sulfidation 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).

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

Standard castings normally coniain up to | 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 resuitant improvement in mechanical
properties, (See Figures 3.0461, 3.0462. and 3.0514.)
Number of measurements at various porosity
percentages for cast turbine blade airfoil and root
sections. Figure 1.0941.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melung 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 hafaium.

Phase changes.

Minor phase concentration for alloy at various
umes and temperatures, Figure 20121,

Minar phase concentration for alloy at long
exposure times from 1400 10 2100 F. Figure 2.0122,
Effect of exposure time and temperature on the
MgC phase. Figure 2.0123.

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

Effect of exposure time and temperaiure on the
M33Cq phase. Figure 2.0125.

Thermal conductivity. Figure 2.013.

Thermal expansion. Figure 2014

Specific heat, Figure 2.015.

Thermal diffusivity, 0.182 ﬁz,fhr {2).

Other Physical Properties

Density, 0.297 1b/in.3: 8.22 gm/cm?.
Electricat properties.

Magnetic properties.

Eminance.

Damping capacity.
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Chemical Properties

QOxidation. 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 flawing air or oxygen is primarily
AlpO3. with some dissolved TiO3. A minor fraction
of the surface forms chromia. with internal alumina
“fingers™ underneath. The oxidation weight gains
are approximately proportional {0 the logarithm of
exposure time {Figure 2.0311), although loss of
volatile CrO3 above 1700 F causes deviations from
the logarithmic rate law at long times (37).
Oxidation kinetics of alloy. Figure 2.031 1.

Static air oxidation under isothermal and cyclic
conditions at 2000 F with comparison to Inconel
713C. another nickel-base alloy, Figure 2.0312.
High velocity (Mach 1) oxidation under isothermal
and cyclic conditions at 2000 F with comparison 10
Inconel 713C. another nickel-base alloy. Figure
2.0313.

Effect of silicon concentration on isothermal
oxidation at 2012 and 2192 F, Figure 2.0314.

Effect of cycle period and silicon concentration on
cyclic furnace oxidation. Figure 20315,

Effect of 1emperature on life of coating subjected to
high velocity (Mach 0.8) combustien jet. Figure
2.0316. .

Hot corrosion. This accelerated type of oxidation-
corrosion is caused by the presence of Na2S0Oqg
{m.p. 1620 F). which fluxes the otherwise protective
scale and causes rapid and sometimes catastrophic
oxidation. The alumina-rich scale which normally
forms on B-1900 is particularly prone 1o hot
corrosion, producing oxidation rates as much as
several magnitudes greater than in the absence of
Na3504 (Figure 2.0321). In acwual service, hot
corrosion is caused by reaction of ingested NaCl
(from marine atmospheres) with sulfur contaminant
in the fuel (Figures 2.0322 and 2.0323). Chromia on
the alloy surface reduces susceptibility to hot
corrosion { Figure 2.0324). Righer chromium
conients or higher Cr/ Al ratios in other supcralloys
also reduce the severity and increase the threshold
temperaiure for hot corrosion by promoting
chromia-rich oxide scales { Figures 2.0325 and
2.0326). Molvbdenum is considered 1o promote hot
corrosion. while tamalum may reduce it (Figure
2.0328).

Effect of precoating with N22504 on hot corrosion
weight gain in stowly lowing oxvgen at 1832 F,
Figure 2.0321,

Corrosion (as measured by depth of attack) for
allay in 700 fps velocity gas jet using low sulfur fuel
(JP-4) with 4 ppm and 8 ppm sea salt in tnlet air,
Figure 2.0322.

Corrosion (as measured by depth of atiack) for
alloy in 700 {ps velocity gas jet using high sulfur fuel
(JP4R) with 4 ppm and § ppm sea salt in inlet air,
Figure 2.0323.

Effect of chromia additives on sulfidation of alloy at
1742 F. Figure 20324,

Correlation showing that low corrosion resistance
of allov is retated to its low chromium content,
Figure 2.0325,

Correlation showing that the low threshold
temperature for corrosion is principally related 10
its chromium content. Figure 2.0326.
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Effect of silicon concentration on resistance to hot
corrosion in Mach | burner exhaust and
comparison with aluminide-coated specimen. Figure
20327,

Effect of substituting tantatum for melybdenum on
hot corrosion behavior at 1652 Fin 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 3.02i1.
Stress-strain curves for heat treated alloy, Figure
3.0212.

Effect of silicon content on room temperature
tensile properties. Figure 3.0213.

Effect of time and temperature of exposure on reom
temperature tenstle strengeh, 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 tensiie elongation, Figure 3.0216.
Tensile properties of as-cast specimens and
specimens machined from turbine blades of
standard and hafnium-modified altoy. Table 3.0217.
Compression.

Stress-strain diagrams.

Impact.

Relative impact strengths of alloy with several
proprietary aluminum-base coatings, Figure 3.0231.
Bending.

Torsion and shear.

Bearing.

Stress concentration.

Noich properties.

Fracture toughness.

- Combined properiies.

Mechanical Properties at Various Temperatures
Tension.

Stress-strain curves of as-cast ailoy from 1200 to
2000 F. Figure 3.0311.

Effect of 1est temperature on tensile properties of
as-cast bar. Figure 3.0312.

Tensile properties from 1200 to 2000 F for coated
and heai 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 for alloy with 1.2 percent hafnium
addition. Figure 3.0315.

Efiect 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 3.0317.
Effect of time and temperature of exposure on
tensile vield strength at 1400 F. Figure 3.0318.
Effect of time and temperature of cxposure on
tensile elongation at 1400 F. Figure 3.0319.



REVISED: MARCH 1985

3.032
3.0321
3.033

3.034
3.035
3036
3.037
3.037i
30372
3038
304
3.041
3.0411

30412
3.0413
3.0418,
3.0415

3.042
3.0421

3.0422
3.0423

3.0424

3.04241

3.042
3.0431

3.0432

3.0433

30434
3.0435

30436

Compression.

Stress-strain diagrams.

Effect of melt atmosphere on Charpy V impact
strength at room and clevated temperatures. Figure
3033

Bending.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Fraciure toughness,

Combined properties.

Creepand Creep-Rupture Properties

Creep.

Times to produce I percent creep at temperatures
from 1500 to 2000 F for alloy in as—cast, heat
treated. or coated and heat wreated condition,
Figure 3.0411.
Typical-stresses-required-to-produce-1-percent-creep
in 100, 300, and 1000 hours for alloy in coated and
heat treated condition, Figure 3.0412.

Effect of exposure time and temperature on time to
reach | percent elongation in a subsequent creep
test at 1400 F, 94 ksi, Figure 3.0413,

Effect of time and temperature of exposure on time
to reach | percentcreep in a subsequent creep test
at 1800 F, 29 ksi. Figure 3.0414,

Effect of hafnium addition on curves for ] percent
creep in 300 hours at temperatures from 1400 to
1800 F, Figure 3.0415.

Creep rupture.

Creep rupture curves from 1500 1o 2100 F foralioy
in as-cast. heat treated. or coated and heat treated
condition, Figure 3.0421.

Typical stresses required to produce rupture in 100,
300, and 1000 hours foralloy in coated and heat
treated condition. Figure 3.0422,

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

Shear rupture strength. The shear rupture strength
is of interest 10 the design of dovetail root sections
for fasiening turbine blades 1o wheels. The shear
rupture strength for B-1900 approximates 0.6 of the
tensile rupture strength for 100-hour life (Figure
3.04241), similar to the ratios observed for other
high strength alloys.

Shear and ensile rupture sirengths at 1400 F,
Figure 3.04241.

Compositional effecis on creep rupture,

Effect of hafnium addition on 300 hour creep
rupture curves, Figure 3.0431.

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

Creep rupiure life and ductility of as-cast specimens
and of specimens machined from cast turbine blades
of standard and hafnium-modifted alloy, Table
3.0433.

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

Effect of various heat treatments and silicon content
on rupture ductility ai 1832 F, 22 ksi, Figure 3.0435.
Effect of lead content on creep rupture tife at 1800 F.
29 ksi. Figure 3.0436.
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Prior exposure effects and protective systems. .
Effect of 1ime and temperature of exposure on creep Ni
rupture life at 1400 F. 94 ksi. Figure 3.0441. 10 Co
Effect of time and temperature of exposure on creep 8 Cr
rupture life in a subsequent creep rupture test at

1800 F. 29 ksi, Figure 3.0442. & Mo
Effect of time and wemperature of prior exposure on 6 Al
ductility in a subsequent creep rupture test at 1400 F. 4Ta
94 ksi. Figure 3.0443, 1Ti

Effect of time and temperature of prior exposure on
ductility in a subsequent creep rupture test at [800 F, +C
29 ksi. Figure 3.0444, +27r
Stress concentration effects. +8
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 140¢ F properties. Thick sections do not
show an improvement in 1800 F properties after
H1Ping, but thin sections show substantial
improvernent. 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.

Eftect of HIPing on rupture life and elongation at
1400 F, 94 ksi, Figure 3.0461.

Effects of HIPing and heat treatmment on rupture life
at 1800 F and 29 ksi of thin section (0,030 inch)
alloy, Figure 3.0462,

B-1900

Fatigue Properties

Properties of smoath sections.

Strain‘controlled low cycle fatigue at 1300, 1700. and
2000 F, Figure 3.0511.

Modified Goodman diagram for 107 cycles at 1700 F,
Figure 3.0512.

Low cycle fatigue characteristics of smooth hollow
specimen at 1300, 1700. and 2000 F in strain
control ¢ycling, Figure 3.0513.

Eifect 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 wbular 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.

Thermai shock and thermal fatigue.

Thermal shock resisiance of airdfoil 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 exidation
cycling, Figure 3.0532.

Thermal fatigue (crack initiation) in aliernate
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
reststance in fluidized bed a1 1800 F. Figure 3.0534.
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Some comparative properties of basic alloy and
alloy with 1.64 percent hafnium, Table 3,0535.
Crack growth.

Crack propagation at 800 F for alloy with hafnium
addition. Figure 3.0541,

Crack propagation in thermomechanical cycling of
alloy with hafnium addition (mechanically imposed
strain out of phase with temperature eycling),
Figure 3.0542.

Crack propagation in thermomechanical cycling of
alloy with hafnium addition (mechanically imposed
strain in phase with emperature variation during
half of cycie 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 cvcling),
Figure 3.0544,

Protective systems.

Effect of heating (and equal cooling) time on crack
initiation in thermal fatigug of bare and coated
specimens alternately timmersed in hot and cold
fluidized beds, Figure 3.0551.

Low cycle fatigue at 1400 F of uncoated alloy and
of alioy coated by a single heating cycle with an
aluminized coating using Ni-15Cr-15Co-151 as
modifier, Figure 3.0552.

Low cycle fatigue at 1400 F of uncoated alloyand
of alloy coated by a duplex cycle with an aluminized
coating using Ni-20Cr-15Co as modifier. Figure
3.0853.

Elastic Properties

Poisson's rato. 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.

Properies of thin sections required for cooled
airfoils are somewhat lower than full airfoil blade
shapes (19).

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 alioy 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 1o machine as it hasa
machinability rating of 18 percent (as compared to
abowve 100 percent for aluminum). 1t machines
stmilar to Inco 713, IN-100 and SM 200 allovs.
Rigid equipment and flood cooling with seluble cils
or water base chemical coolamis are required. Feeds
and speeds are generally lower than values used for
steel machining. Sharp. hard cutting tools are
recommended.
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For turning. boring. and milling. carbide tools are
recommended. All 100ls 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 controlied.

For grinding, aluminum oxide wheels are generally
used.

Joining

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

Surface Treating
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NONFERROQUS ALLOYS

NiCo
Ni Alloy PWA 663 PWA 1455
! Percent Percent
10 Co Composition Min Max Min Max
8 Cr Carbon 0.08 0.13 0.08 0.13
Manganese - 0.20 - 0.20
6 Mo Phosphorus - - - 0.015
6 Al Sulfur - | o015 - 0.015
4 Ta Silicon - 0.25 — 0.25
1Ti Chromium 7.50 850 7.50 8.50
+ Cobalt 9.50 10.50 250 10.50
C Molybdenum | 5.75 6.25 5.75 6.25
+ Zr Aluminum 575 6.25 5.75 6.25
+ B Tantalum 4.00 450 4.00 4.50
Hafnium - - 1.10 1.60
B-1900 Titanium 0.80 1.20 0.80 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
Ni-10Ce-8Cr-6Mo-6AI4ATa- 1Ti+C+Zr+B
20
Airfoil Section
151
L
] IO 1 1 '_—
H
E
[
3
g8 ShH
[
e
°
3 0k
E ﬂ ’-a
30 I’
Root Section
5
0 1 1 |—| ” ,-IV _l—] 1N
0 0.2 04 06 Q8 1.0 1.2
‘Porosity, percent
FIGURE 1.0941. NUMBER OF MEASUREMENTS AT
VARIOUS POROSITY PERCENT-
AGES FOR CAST TURBINE BLADE
ALRFOIL AND RQOT SECTIONS (34)
CODE 4213
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T T T
Ni-10Co-8Cr-6Mo-6AI4T a-1Ti+C+Zr+B
Vacuum Induction Cast, As Cast, Tapered
Test Bar Preforms, 0.252-inch Diam at Test

Exposed 10 to 5000 hr in Air at
Temperature Indicated, Tested at RT
i 1

Section

36 .\ I O e
As \_O,O/L’-L Exposed
Cast 10 hr

34 Nt ]

3

36

34

Hardness, HRC

~

T

36

N

]

34

M 1000 he

32
~

;]
Ly

N

34

32

o
\wﬁfoﬁ
v \"

\‘*——v

1600 1800 2000

Exposure Temperature, F

1400

FIGURE 1.062. EFFECT OF TIME AND TEMPERATURE OF

Very
Abundant

Abundant

Mediom

Rare

Very
Rare

EXPOSURE ON ROOM TEMPERATURE
HRARDNESS {21)

Time, hr
26 48 24 8 2

Ni-10C0-BCr6Mo-6AI-4Ta- 1Ti+C+2Zr+B As Cast

})——O—J}\O_( MC

MgC

7N

M3B2 \
A

1600 1800 2000 2200

Temperature, F

1400

FIGURE 2.0121. MINOR PHASE CONCENTRATION FOR

ALLOY AT VARIOUS TIMES AND
TEMPERATURES (5,9)
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Phase Concentration

Phase Concentration

1 1 T T
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+2Zr+B As Cast
Exposed 5000 hr for Temperatures From
1400 to 2000 F, or 2000 hr at 2100 F
Veary
Abundant
C MgC
Abundant \
‘1
Medium ‘
MC 1
|
Rare }
Very
Rare
1400 1600 1800 2000
Temperature, F
FIGURE 2.0122. MINOR PHASE CONCENTRATION FOR
ALLOY AT LONG EXPOSURE TIMES
FROM 1400 TO 2100 F (9}
1 L) T
Ni-10Co-B8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B Vacuum
Induction Cast
Exposed 10 to 5000 hr at Temperature in Air
Veary s .
Abundant !
Exposure
[ ) 10 hr
As Cast
§ s 100 hr
Abundant i
1000 hr
000 hy
Medium
Rare il
MC
1400 1600 1800 2000

Exposure Temperature, F

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

NiCo
Ni-10C0o-8Cr-6Mo-6A1-4T2-1Ti+C+2r+B Vacuum Ni
Induction Cast, Exposed 10 to 5000 hr at
. Tamperature Indicated in Air 10 Co
Very I M S }
Abundant’ 8 & 5000 hr 8Cr
: 6 Mo
Abundant 6 Al
undan s~
g 1000he| | 4 Ta
fad .
£ 100 hr 1Ti
o
g  Medum J A +C
8 10 hr + Zr
3 +B
£
o
Rare B-1800
MgC
. Very
Rare
== 1
1400 1600 1800 2000
Exposure Temperature, F
FIGURE 2,0123. EFFECT OF EXPOSURE TIME AND
TEMPERATURE ON THE MgC
PHASE {21)
1 T ¥
Ni-10Co-8Cr-6Mo-6AI1-4Ta- 1THC+Zr+B Vacuum
induction Cast
Exposad 10 to 5000 hr at Temperature
Indicated in Air
:
£ Medium!
[
i e
8 23%6
o
o
2 Rare. L7, L:) %;—\v
b Exposed 1?100
5000 hr r 100
II hr \
Very { “
R |
are I [’10 > \‘
1400 1600 1800
Exposure Temperature, F
FIGURE 2.0125, EFFECT OF EXPOSURE TIME AND
TEMPERATURE ON THE M2a3Cg
PHASE (21)
CODE 4213
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NiCo

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

B-1900

Specific Heat, Btu/lb F

CODE 4213
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180

160

U ] T L)
Ni-10Co-8Cr-6Mo-6AL4Ta- 1Ti+Zr+8

e

140

/

va

Vv

100

Thermal Conductivity, Btu in./hr 12 F
8

80

60

o) 400 800 1200

Temperature, F

1600 2000

FIGURE 2.013. THERMAL CONDUCTIVITY (4}

Q6

t L ]
Ni-10C0-8Cr-6Mo-6AI-4Ta-1Ti+C+2r+B Bar

As Cast + 1650 F, 10 br

0.14

0.2

/

L

Q.10

400 800 1200 1600 2000

Temperature, F

FIGURE 2.015. SPECIFIC HEAT (2,6)

Waight Gain/Unit Area, mg/cm2

Thermal Expansion, 108 in./in/F

9.2

8.8

REVISED: MARCH 1985

Ni-10Co-8Cr-6Mo-6AI-4T2- 1THC+Zr+B Bar

As Cast /.

8.4

8.0

7.6

7.2

6.8

6.4

Averaga Coefficient of Thermal
Expansion From RT to
Temperature Indicated 1

400 800 1200 1600 2000

Temperature, F

FIGURE 2.074. THERMAL EXPANSION (4)

0.20

T T T T T
Ni-10Co-8Cr-8Mo-6AI-4Ta-1Ti+C+2r+B
T x 1 x 0.060-inch Specimen, Cast + 1922 F,
4 hr in Argon

1832 F

S

)
[+2]

Tested in Oxygan /
1742 F
(o]

012

o]

0.08

/6
1652 F

/
'/

004

oo oy s -
1472 F

N RN

20 50 100 200 500 1000

Time, min

FIGURE 2.0311. OXIDATION KINETICS OF ALLOY (13)
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Weight Change, mg/cm2

Welght Change, mg/em2

1 T T
Ni-‘l6Cn—BCr-6Mo-GAI-4Ta-1Ti+C+Zr-1-B
0.25 x 1 x 1-inch Specimen,
As Cast + Machined + Glass-Bead Blasted
4 Cvyclic: 1 hr at Temperature, 40 min Cool + ]
Repeat; Values After Cooling
Isothermal: Continuous Exposure in Fumace;
Measurements at Temperature
2 ]
Ispthermal —
| e T T
o]
_\ Cyclic
-2 \4(
-4|___T=2000F [~
—713C N
—"—J B-1900
-6
o} 20 40 60 80 100

Time at Temperan;re, hr

FIGURE 2.0312. STATIC AIR OXIDATION UNDER

AN
\ N

0

0 20 40 60 8O

ISOTHERMAL AND CYCLIC
CONDITIONS AT 2000 FWITH
COMPARISON TO INCONEL 713C,
ANOTHER NICKEL-BASE

ALLOY {25)

T [ T T
Ni-10Co-8Cr-6Mo-6A1-ATa-1Ti+C+Zr+B or
Above + 0.6 or 1,3 Weight Percent Si
1 x 1/2 x 1/4-inch Specimens From
4 x 1 x 1/4-inch As Cast Bars, Glass-Bead
Blasted and Ultrasonically Cleaned,
Isothermally Testad in Air at 2012 and 2192 F

No Silicon

2192 F

//

Parcent Si

L 0.6

//

1.3

w

2012F

|t

—-o0

.6
3

1CO

Time, hr

FIGURE 2.0314. EFFECT OF SILICON CONCENTRATION

ON ISOTHERMAL OXIDATION AT 2012
AND 2192 F (28B)

NONFERROUS ALLOYS

NiCo
Ni
10 Co
8 Cr
6 Mo
6 Al
4Ta
1Ti
+C
+ Zr
+B
B-1900
T 1 L Rl
Ni-10C0-8Cr-6Mo-6AI1-4Ta-1Ti+C+2Zr+B
4 |__1/4 x 1 x 4-inch Plate Machined to Wedge as __|
Shown
As Cast + Machined + Glass-Bead Blasted
— Cyclic:—1-hr-at-Temperature, 40.min R
2 b— Cooling and Repeat —
isothermal: Continuous Operation
at Mach 1
L
t == —
T H ‘-..._ =~
? Cyelic .__—; ,-i"‘“" :\
g Isothermal ~
E
2 T=2000F
o 7136
5 — —— B-1900
3 N
N
High Velocity (Mach 1) \
Test Specimen
-10 . -
0 20 40 &0 80 100
TFime 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)
CODE 4213
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NiCo NONFERRQUS ALLOYS REVISED: MARCH 1985

2200

1 L] T T T T
Ni Ni-10Co-8Cr-6Mo-6Al-4Ta-1Ti+C+25+B or Ni-10C0-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B Bar
Above + 0.6 or 1.3 Percent Si As Cast
10 Co 1x 1/2 x 1/4-inch Specimens From Coating = 0.003-inch Thick
8 Cr 4 x 1 x 1/4-inch As Cest Bars and Glass-Bead | | '
Blasted and Ultrasonicatly Cleaned .
6 Mo Tested Under Cyclic Oxidation by Meating to © 4 C Three Coatings,
% od
6 2000 F for Various Periods with Intermediate w 2000 Compasition not —
Al Cooling . g Given {Principally
4 Ta " £ g-Nial or g-CoAl)
1Ti B-1900 + 5
+C B-1900 + 1.3%Si 2
0.6% Si 4
+ 2r ~ O B-1800 A A I t ! I * 1800
+B £ S5, gerz Gas Jot 2000-2250 1/
S - s T see, 1 hr, Followed by z‘
B-1900 3 S  hr/eycle 3 Min in Air 8last, Flame
- o hr/eycle Produced by Burning JPS
£ - Fuel {0.07 Percent )
£ 1600 | | ] ]
ol 100 200 500 1000 2000 5000
£ o
) o Life, hours
£ - Heated in Furnace for Times
-2 Shown per Cycle, Cooled for
o Approximately 0.1 hr per FIGURE 2.0316. EFFECT OF TEMPERATURE ON LIFE OF
- Cycle. Total Heating Time COATING SUBJECTED TO HIGH
200 hr VELOCITY {MACH 0.8) COMBUSTION
3 JET (10}
-4
G
hricycle
-5 v
FIGURE 2.0315. EFFECT OF CYCLE PERIOD AND SILICON
CONCENTRATION ON CYCLIC FURNACE
OXIDATION {28} T T T T
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B
200}——  HeatTreatedd hr, 1975 F + AC
o~ / 3 rm;h:m2 NazS0Qy4
£ 160
e
E
£
S 120 7
-
B L
S //06;:' mg/cme
£ 80 NazS04 -
a
W /
40
No Naz$04
o | ¥
0 4 8 12 16 20
Time, hr

FIGURE 2.0321. EFFECT OF PRECOATING WITH NasS04
ON HOT CORROSION WEIGHT GAIN IN
SLOWLY FLOWING OXYGEN AT
1832 F (38)
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Depth of Attack, mils

FIGURE 2.0322. CORROSION {AS MEASURED BY DEPTH

O @ Peak Metal Temperature A
T to 1600 F Two Tests at Each '}
| & A Poak Metal Temperature | Peak Temperature |
2 t0 1750 F
A
'
[ ]
8|——8 ppm Salt A
X—mj
1500 1600 1700

I T T
Ni-10C0-8Cr-6Mo-6A1-4Ta-1THC+Zr+B As Cast
Simulated Airfoil Section 1-inch Chord, 2-inch
Span, = 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 Gasas to Produce
Solid Sea-Salt to Combustor Inlat Air Content
of 4 and B ppm, Tampaeratures Determined by
0.030 Diam Hardness Plugs Inserted in Control
Specimen and Checked by Thermocouples, Cycle
Consisted of = 1 min to Reach Max Temperatura
+ 10 min at Temperature + = T min Air Cooling
to Reach 1000 F or Below, Total Test Time 120
hrs, Depth of Attack Measurements Made by
Metallographic and Optical Observations on
Sections 1/4, 1 and 1-1/2 inches From Tip to
Aijrfoil

OOO(J)

4ppm8alt. .L jl

Metal Temperature, F

OF ATTACK) FOR ALLOY IN 700 FPS
VELOCITY GAS JET USING LOW S5UL-
FUR FUEL {JP-4) WITH 4 PPM AND

8 PPM SEA SALT IN INLET AIR (24}

NONFERROUS ALLOYS

NiCo
T 1 ]
‘Ni-10Co-BCr-6Mo-6A1-4Ta-1Ti+C+Zr+8 Ni
Simulated Airfoil Section 1-inch Chord, 2-inch
Span, = 1/8-inch Thick at Leading Edge, 10 Co
Tested in High Velocity Gas Rig {700 ft/sec) 8 Cr
Using High Sulfur Content Fuel {JP-4R with
0.16S), 6 Mo
See Figure 2.0322 for Additional Details of 6
Test Procedures and Measurement Technicque Al
24 ! 4Ta
4 ppm Salt ¢ fe 3 1Ti
16 — +C
4 ﬁ + Zr
8 fa) + B
2 \\. 8-1 900
E. O‘L A ¢
5
g . 'To @ Peak Metal Temperature
a 32} to 1600 F Two Tests at Each
- & & Pesk Metal Temperature | Peak Temperature
P t0 1750 F
-3
o 24 T
a 8 ppm Salt
6
‘r s 4 )
N
8 -
Threshold
0 for Corrosion
o .
1500 1600 1700
Metal Temperature, F
FIGURE 2.0323. CORROSION (AS MEASURED BY DEPTH
OF ATTACK) FOR ALLOY IN 700 FPS
VELQCITY GAS JET USING HIGH SUL.-
FUR FUEL (JP-4R} WiTH 4 PPM AND
8 PPV SEA SALT IN INLET AIR (24)
1 T T I v [
Ni-10Co-8Cr-6Mo-6A1-4Ta-1Ti+C+Zr+B
1 x 1 x 0.060-inch Thick, Cast + 1922 F, 4 hr
in Argon + 1652 F, + Coating of NapS0g4 or
Dual Coating of NazSO4 +Crp0O3+ 16 hr
40} | Exposure to S (Corresponding to 1 mg{cmz of |
NasS04)
o~
E |
B 32
E Tested at 1742 F  f° NazS04
g el
g 24 |
£ / Both Lines Established _|
T 16 by Data Points at 960 hr_L}
.‘:;’ 8 Na3804+Cr303 —
g Ng Prior Treatments r\
0
8] BO 160 240 320 720 800
Time, minutes D
FIGURE 2.0324. EFFECT OF CHROMIA ADDITIVES ON
SULFIDATION OF ALLOY AT
1742 F (13}
CODE 4213

Page 11




NiCo

10 Co
B Cr
6 Mo
6 Al
4 Ta
1Ti
+C
+2Zr
+B

B-1900

Total Corrosion, In,2
[

r-Y

n

bl &

NONFERROUS ALLOYS

T T T T
Ni-10Co-80!—8Mo-GA|-478—1Ti+C+|Zr+B A; Cast
Simulated Airfail Section, 1-in¢ch Chord, 2-inch
Span, 2z 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 n

Total Corrosion Defined as Area Under
B-1900 Curve of Depth of Penetration vs Temp.
See Figures 2.0322 and 2.0323. =

® 8 ppm Salt/Air
O 4 ppm Salt/Air

I
Mar-M-200
8 IN-100

B-1300,
X

/
Mar-M-200

|
—B1910

lnco 713LC
Inco 713C
U 700

1N-728">PDRL
161

iN-100

TRW
1800

PDRL 162
I | 8

6 8 10 2 14 16 18 20

Chromium, weight percent

FIGURE 2.0325. CORRELATION SHOWING THAT LOW

Weight Exchange, g

CORROSION RESISTANCE QF ALLOY
IS RELATED TO ITS LOW CHROMIUM
CONTENT (24)

Ni-10Co-8Cr-6Mo-6AI1-4Ta- 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 = 30 cmZ2,
Weight =2 120 g, 5 ppm, ASTM Spec D-1141-52,

Formula A Synthetic Sea Salt Added in
Burner Exhaust

Cycled into Mach 1 Bumner,
1 hr Heating Time/Cycle at
1650 F, Cooled 3 min + Repeat
ALy

Aluminide Coated
B-1900
{Avg of 2 Tests)

B-1900 +
1.3 percent Si

B-1900 +
0.6 percent Si

Uncoated B-1900

o 25

50
Total Time, hr

FIGURE 2.0327. EFFECT OF SILICON CONCENTRATION

CODE 4213
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ON RESISTANCE TO HOT CORROSION
IN MACH 1 BURNER EXHAUST AND
COMPARISON WITH ALUMINIDE-
COATED SPECIMEN (28)

1700

Threshold Temperature, F

1400

1800

1500

REVISED: MARCH 1985

T T T
Ni-10Co-8Cr-6Mo-6AI1-4Ta-1Ti+C+Zr+B As Cast
Simulated Airfoil Section 1-inch Chord, 2-inch
Span, = 1/8-inch Thick at Leading Edge, Tested
in High Velacity 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
|

Fuel u 700

0 0.02 percent S {JP-4) K ?

® 0.16 percent S (JP-4R}
X ViN-728

PDRL
161
PDRL 162

B1910
Mar-M-200 1800

O lInco 713LC

Inca 713C

8 12 1)
Chromium, weight percent

FIGURE 2.0326. CORRELATION SHOWING THAT THE

250

8
<]

150

3

Spacific Weight Gain, mg/cm?2

3]
Q

LOW THRESHOLD TEMPERATURE
FOR CORROSION IS PRINCIPALLY
RELATED TO ITS LOW CHROMIUM
CONTENT (24)

T T T T
Ni-10C0o-8Cr-6Mo-6AI-4Ta 1Ti+C+Zr+B, Heat
Treated 4 hr, 1975 F, AC, Specimens
Preoxidized for 100 hr in Oxygen at 1652 F and
Costed with 3 ma/em?2 of NagS0y4

B_19°.0 ///
B-1900 with
0Mo, 10Ta L]
0 20 40 60 80 100
Time, hr

FIGURE 2.0328. EFFECT OF SUBSTITUTING TANTALUM

FOR MOLYBDENUM ON HOT COR-
ROSION BEHAVIOR AT 1652 F IN
SLOWLY FLOWING OXYGEN (39)
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Alloy {PWA 663 | PWA 1455 200 0C 0 BCr Mo-GAI4 T2 I THCHZr+B As Cast Ni
Heat Treatment | Cast + 1975F, 4 hr, AC + 1650F, 10 hr, AC 1-inch Gage Length, Tests at RT
Room Temperature Tensile Properties 160 10 Co
Ultimate Tensile Strength (Fyy), ksi (Min)] - 120 8Cr
Yield Strength (Fyy), ksi (Min) - 105 /—/—_ 6 Mo
Elongation (4D), percent (Min) - 5 5 120 " — i
Creep Rupture Tests of Cast Specimens = T —\ Al 6 Al

Tested at 1400 F, 94 ksi g //"—""""" 4 Ta

Life, hours (Min) 23 23 & BO 1 Ti

Plastic Extension (4D), percent (Min) 2 3 ) / Fiu +C
Tested at 1800 F, 29 ksi // —. 139 ksi

Life, hours (Min) 30 30 a0 |—# ——— 136 ksi —— +Zr

Elongation (4D Measured at RT 3 5.5 / = == 124 ksi + B

After Rupture), percent (Min) / I |

— egr:flly:(l):p;t:ges‘l‘kzts of Specimens Machined From Blades 00 5z 04 06 B0 2 T4 B-1900

Life, hours (Min) 23 - Strain, percent

Mastic Extension (4D), percent (Min) 1.5 -
Tes.ted at 1400 I.“, 94 ksi FIGURE 2.0211. STRESS-STRAIN CURVES FOR AS-CAST

Life, hours (Min) - 30 ALLOY {2}

Ptastic 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)

TABLE 3:01. SPECIFIED MECHANICAL PROPERTIES (17,18)

IGO ] 1 1]
T Ni-10C0-8Cr-6Mo-6A|-4Ta-1Te+C+Zr+B or
&7 Above + 0.85i or 1.0 Si, Cast + 1975 F, 4 hr,
Y AC + 1650 F, 10 hr, AC
L +~
'S
200 T | T T T £ 140 J
-| Ni-10C0o-BCr-6Mo-6AI4Ta-1Ti+C+Zr+B As Cast 2%
+ 1950 F, 4 hr, RAC + 1650 F, 10 hr, AC 2 g RT
1-inch Gage Length, Tests at RT v <
160 — o @ b
f.E: T (20 Fru
)
5 5]
5 120 e — > P
2 L= 100 -a—Fry
g ,7
@ [ 2]
= / =
3 so g ‘f T
// Fiu l g 4 I~
J / —— 137 ksi : .
40 —=— 130 ksi ] h
/ ——- 130 ksi w2 ) e {2-inches)
=
0 m l : 0
0 02 04 06 08 10 12 I4 “ Yo 04 08 1.2 16
Strain, percent Stlican Content, weight percent
FIGURE 3.0212, STRESS-STRAIN CURVES FOR HEAT FIGURE 2.0213. EFFECT QF SILICON CONTENT ON
TREATED ALLOY (2) ROOM TEMPERATURE TENSILE

PROPERTIES (28)
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- 1 1] 1
Ni Ni-10C0e-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast,
10C Vacuum Induction Cast, Tapered Test Bar
0 Preforms, 0.252-inch Diam at Test Section,
8Cr Exposed 10 to 5000 hr in Air at Temperature
- bndicated, Tested at RT |
6 Mo 150 l
6 Al
[ As Cast
1Ti Exposed
+C 130 o~ 1W0hr —
+27r . Q0 d
+B 20, 9 4
- T sl T
- E
B-1900 - 130 -
e o 0 Og 100hr
£ 3 O D
2 (20 O
£ =z o~
@ A
= 130
E A o
" /3 4 100
O h
120 Y A r'—I
A T T T
g T Ni-10C0o-BCr-6Mo-6A1-4Ta- 1Ti+C+Zr+B As Cast
130 Vacuum Induction Cast, Tapered Test Bar
7 Praforms, 0.252-inch Diam at Test Section,
Exposed 10 to 5000 hr in Air at Temperature
2 Indicated, Tested at RT
120 "4 v i
v 5000 hr 120
v CL Exposed
10 I 10 hr
1400 1600 1800 2000 1ol o c 0
Exposure Temperature, F As o 4] e
Cast ) (o]
10
FIGURE 3.0214. EFFECT OF TIME AND TEMPERATURE Oﬂ
OF EXPOSURE ON ROOM TEMPERA-
TURE TENSILE STRENGTH {21) 110 J-\ N 100 hr
5 s &) o
-
2 100 =l =
w o 5'::
& lol—>
g fa
wn
- 100 A 1000 hr_]
2 fay fa
> fa 8 & °
20
~ ~
Av
100 —F
J 5000 hr
[0 | e 7
vy
v
80
1400 1600 1800 2000
Exposure Temperature, F
FIGURE 3.0215. EFFECT OF TIME AND TEMPERATURE
OF EXPOSURE ON ROOM TEMPERA-
TORE-VECDSTRENGTH (21
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Elongaticn, parcent

T T =T
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+2r+B As Cast,
Vacuum Induction Cast, Tapered Test Bar
Preforms, 0.252-inch Diam at Test Section,

[2}+ Exposed 10 to 5000 hr in Air at Temperatura -
Indicated, Tested at RT
of 2
- As
Exposed
Cast ck o ﬁ o %» 10 hr
4 c 0 Q
& v
g ]
. J ) g
o [m]
4 0 100 hr
[w}
8 FaX
fa A )
4 1000 hr
4
A
&~
8
4 v e 5000 h ;lr
Y 7 ﬂ? 7 r
4 A4 v
v
= e (2-inches)
0.
B 1400 1600 1800 2000

Exposure Temperature, F

FIGURE 3.0216. EFFECT OF TIME AND TEMPERATURE

Impact Energy, in, b

OF EXPOSURE ON ROOM TEMPERA-
TURE TENSILE ELONGATION (21)

n
o

&

i3

2]

Ni-10Co-8Cr-6Mo-6A1-4Ta-1Ti+C+Z+4B
As Cast + Diffusion Coating
{Praprietary Aluminum Basel

b —d

Impact Energies of Non-Standard Specimens o
Unknown Geometry.Show Only Relative Values

— -
mn
- . —
3 % ° E 2
5 g 2 2
o o E S z _1
e S 9| [E] |¢©
g a 9 5
o 2 a
— l ) [ =

Coatings are'Proprietary-Developments-of
Chromatloy Corp {West Nyack, N.Y.)

FIGURE 3.0231. RELATIVE IMPACT STRENGTHS OF

ALLOY WITH SEVERAL PROPRIE-
TARY ALUMINUM-BASE
COATINGS (14}

NONFERROUS ALLOYS

NiCo

Ni
10 Co
Alloy Ni-10Co-8Cr-6Mo-6 Al 4 Ta-1 Ti+CHZ+B 8 Cr
or Ni-10Co-8Cr-6Mo-6A1-4Ta-1.37THf- 6 Mo
HTi+C+2+B Al
Condition As Cast 6
1900 B1900-A 4Ta
0.177 Diam | 0.177 Diam 1Ti
Form 1/4 Diam From Cast From Cast +C
Cast to Turbine Turbine +7
Size Blades Blades r
RT +B
Fou, ki 135 115 127
Fiy, ks 108 105 108 B-1800
e (2 inches),
percent 7.0 5.5 89
TABLE 3.0217. TENSILE PROPERTIES OF AS-CAST
SPECIMENS AND SPECIMENS
MACHINED FROM TURBINE
BLADES OF STANDARD AND
HAFNIUM-MODIFIED ALLOY (26,27}
L T I 1 1 1
Ni-10Co-8Cr-6Mo-8AI-4Ta- 1Ti+C+Zr+B As Cast
)_ 1-inch Gage Length |
Ftu
109 ksi, 1200 F
— <« — 110 ksi, 1400 F
~= 78 ksi, 1800 F
—e—— 27 ksi, 2000 F
120
B it et 4
Z g0 7 -
g 74—
& [ 7 . "
40 -‘/’
4 AP AR PR A
=T
0
O 02 D04 06 08 10 12 14 |6
Strain, percent
FIGURE 3.0311. STRESS-STRAIN CURVES FOR AS-CAST
ALLOY FROM 1200 TO 2000 F
CODE 4213
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Ni Ni-10Co-8Cr-6Mo-6A1-4Ta- 1 Ti+C+Zr+B Bar
10C 60— As Cast —
° Fru | o o
8 Cr = 140 — o EY
6 Mo = o v
> |\
6 Al o ./’T:/" . S
| t -
4Ta | £ 20 ¥
1Ti ] . \
+C “ 100 13
+ Zr E \‘
+ B 'E 80 \D
B-1900 2 \\\
£ 60 5
g \
2 \
5," 40 \ T T T T T
o Y Ni-10C0-8Cr-6Mo-6A1-4Ta-1Ti+C+Zr+B Bar
-4 4 Coated with PWA 47-14L + 1650 F, 10 hr
E \ 120 | ' '
: \% J,_J_\ﬁl\
100 =3
) ~ |
-] k" .;’ a Ftl.l
~ »
=
s3 RA = I £ o
23 LT / 2 0
£ ¢ ole] N T £ 60 o 100
-6 [0 @
8% e (2-inches) El\ o a8 B
[ e et @ N
35 |~ N o | s £ Fey go 2
gy > ° 3 £
g af o E’
o 20 ) 60 &
O 400 80C 1200 1600 2000 2400 a @
Temperature, F 2
o] - 40 >
O Heat 1
FIGURE 3.0312. EFFECT OF TEST TEMPERATURE ON O Heat 2 !
TENSILE PROPERTIES OF AS-CAST 20
BAR (2} & & =
8
o g
e :
- o
. e(2-|r}ches) ) 5 E
=] ]
] kCH-q_.Jrﬁ cll w
E 15 a
o
g o /
g 10 oA
< o /
£ RA
5§ s i
3
B [m]
0
000 1200 1400 1600 1800 2000 2200
Temperature, F
FIGURE 3.0313. TENSILE PROPERTIES FROM 1200 TO
2000 F FOR COATED AND HEAT
TREATED BAR USED IN THERMAL
FATIGUE INVESTIGATION CITED IN
CODE 4213 FIGURE 3.0533 {5)
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Uitimate Strength, Fy,, ksi

Reduction in Area,

Elongation,

Ultimate Strength, Fq,, and
Yield Strangth, Fw, ksi

Elongation, percent

Ni-10C0-8Cr-6Mo-5AI-4Ta-1 Ti+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
. 104 Torr

160

120

[12]
o

3%
A1)

&

g

RA

percent
w

2 o3
TN

o=

o] \

percent
@

YO — — — ] N

a \e {2-inches
Wg:go{?

800 1200 1600 2000
Temperature, F

400

FIGURE 3.0314. EFFECT OF VACUUM AND ARGON

CASTING ON TENSILE PROPER-
TIES AT ROOM AND ELEVATED
TEMPERATURES (32)

140
D

) ——

T T T
Ni-10Co-8Cr-6M0-6A1-4Ta 1Ti+C+Zr+B or
Above + 0.8 Si or 1,0 Si, Cast + 1975 F,
4 hr, AC + 1650 F, 10 hr, AC

120
[

i

k)

)

7

e {2-inches)

I

04 o8 1.2 1.6

Si Content, weight percent

FIGURE 3.0316. EFFECT OF SILICON CONTENT ON

1200 F TENSILE PROPERTIES (28}

160

120

Yield Strength, FW' ksi

NiCo
Ni-10C0-BCr-6Mo-6AI-4Ta-1.2Hf- TTi+CH2r+B Ni
Conventionally Cast + 1975 F, 4 hr, AC +
1650 F, 10 hr, AC 10 Co
140~ Grain Size Less Than 0.032-inch Thick 8 Cr
6 Mo
120,
. = — 6 Al
= Fry 4 Ta
z .
<100 \ 1 Ti
£
t +C
s + Zr
o 80
2 \ +B
2
> -
6o \ B-1900
40
800 1000 1200 1400 1600 1800 2000
Temperature, F
FIGURE 3.0315. YIELD STRENGTH FOR ALLOY WITH
1.2 PERCENT HAFNIUM ADDITION (30)
T 1
Ni-1 DEO-BCr-GMo-EAMTa- 1Ti+C+Zr+B As Cast
Vacuumn Induction Cast, Tapered Test Bar
Preforms, 0.262-inch Diam at Test Section,
Exposad 10 to 5000 hr in Air at Temperature
indicated, Tested at 1400 F
140 g l
As J)
Cast ° e} o Expased
130 — 10 hr —
¢ o
120 Q
b~ -4
a
= oo
= 130 — 100 hr—
3 o
= n} o :I)
. 0
£ 120 {r
=
E =l 1
g ﬁ o o
E YN
5 120 1000 he
;h a a b
v v v v
120
v v
110 5000 hr —
& v ?
1500 1600 1800 2000
Exposure Temperature, F
FIGURE 3.0317. EFFECT OF TiME AND TEMPERATURE
OF EXPOSURE ON ULTIMATE
TENSILE STRENGTH AT 1400 F (21)
CODE 4213
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NiCo
. T T 13
Ni Ni-10C0-BCr-6Mo-6A1-4T2- 1 Ti+C+Zr+B As Cast
10c¢ Vacuum Induction Cast, Tapered Test Bar
(] Preforms, 0.252-inch Diam at Test Section,
8 Cr Expased 10 to 5000 hr at Temperature
120 + indicated, Tested at 1400 F
6 Mo J, j
6 Al . ° | o ©
= — —
4 Ta HOF As ) Exposed
. Cast 10 hr
17Ti ©
+C 100
fmerd o~
+2r T 3
100 hr
- - 0
B-1900 g 110 . 15 n e e
> m]
= (w}
“ 100
£ A A
g) et l l'[
£ 110 £ 4
b \ 1000 hr
2 & %Qpan
> 100
a 4
=
< T
1O
v v . 5000 hr
T v
100 o’
v Vv
90 v
8o 1400 1600 1800 2000
Exposure Temperature, F
FIGURE 3.0318. EFFECT OF TIME AND TEMPERATURE
OF EXPOSURE ON TENSILE YIELD
STRENGTH AT 1400 F (21)
CODE 4213
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1]
Ni-10C0-BCr-6Mo-6A1-4Ta- 1Ti+C+Z+B As Cast
Vacuum Induction Cast, Tapered Test Bar
Preforms, 0.252-inch Diam at Test Section,
Exposed 10 to 5000 hr at Temperature
12 Indicated, Tested at 1400 F .
]
8
g ©° C‘ o
[ ] Exposad
al As o 10hr _|
Cast Q o
Q
0
Fad ~
ot C e
8 o -
I [w}
§ 4 - wg| hr—]
] 0 C
& e (2-inches) g
§0
- _~ s
2 T
=
2 8
w ? a
a a 8
LI & 1000 hr
5 A .
0 |
A :FL‘
Iz
8 v M
4 < o J 5000 h ]
v v v v j
0
1400 1600 1800 2000

Exposed Temperature, F

FIGURE 3.0319. EFFECT OF TIME AND TEMPERATURE
TION AT 1400 F {21)
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Strass, ksi

Charpy V Impact Energy, ft-lb

T
Ni-10Co-8CT-6Mo-GAI-4Ta- 1TH+C+2Zr+B Melted in

i2f—

8

Vacuum Less Than 104 Torrorin 15 inch Argon,
Heated in Air to Test Temperature, Transferred 7
to Impact Machine in 3 sec

Vacuum Melt

Argon Mait
>

e
—
———
—
——
———

1o

0

1001\/ 1600 1800 2000

Test Temperature, F

FIGURE 3.033. EFFECT OF MELT ATMOSPHERE ON

CHARPY V IMPACT STRENGTH AT
ROOM AND ELEVATED
TEMPERATURES (20)

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

80 AsCast + PWA 47 + 1650 F, 10hr  —
70 \
0] Typical 1 Percent

J Creap-100 hr
50 \\
40 N

300 h
30 | e
1000 hr
’ N\
0
1400 1500 18600 700 1800 1900 2000

FIGURE 3.0412.

Temperature, F

TYPICAL STRESSES REQUIRED TO
PRODUCE 1 PERCENT CREEP IN
100, 300, ANR 1000 HOURS FOR
ALLOY IN COATED AND HEAT
TREATED CONDITION (2)

NONFERROUS ALLOYS

NiCo

L T 1 T 1 1 1] 11 T [n F
Ni- 10C0-8Cr-6Mo-6Al-4Ta- 1Ti+C+2Zr+B Bar NI
As Cast or Heat Treated as Indicated
I 10 Co
100 1 1 Pemep( C!reepI 8 Cr
‘s 60 -
< 40 S LT 01500 F{ | 6 Mo
2 o Y e 8 1600 F
E T [ > $1700F 6 Al
[] 1800 F—
2000F | 7800 F 4 Ta
o AsCast + 2000 F, 8 hr + 1650 F, 10 hr 1Ti
® AsCast + Al Coat+ 1650 F, 10 hr +C
4 As Cast, Various Heats
— v +Zr
I 2 S 102 5100 5001000 5000
Time, hr +B
B-1900
FIGURE 3.0411. TIMES TO PRODUCE 1 PERCENT CREEP
AT TEMPERATURES FROM 1500 TO
2000 F FOR ALLOY IN AS-CAST, HEAT
TREATED, OR COATED AND HEAT
TREATED CONDITION (2)
T 1 T
Ni-10Co-8Cr-6Mo-6A1-4T a-1Ti+C+2r+B As Cast
Vacuum Induction Cast, Tapered Bar Preforms,
80} 0.252-inch Diam at Test Section, Exposed 10 —
to 5000 hr at Temperature Indicated, Tested
at 1400 F, 94 ksi
60
:s o0
40 [ Cast G Exposed
10 hr J
o]
= 2 S o)
o (ﬁ Q
€ 0
2 T 100 hr
] O,00p O T
g 20
£ i o ] ﬂr
<
e 9% P
jg a 1000 hr A
20 - A
4; & A
Fal
° A
=
20 5000 hr
v 17 |7
S Y v
1400 1600 1800 2000
‘Exposure Time, F
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)
CODE 4213
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I ] ki I I 1
Ni Ni-10Co-8Cr-6Mo-6Al1-4Ta-1Ti+C+Zr+B As Cast Ni-10C0-8Cr-6Mo-6A1-4T 2 1THC+Zr+B (PWA
Vacuum Induction Cast, Tapered Bar Preforms, ol 663) or PWA 1455 (PWA BE3 + 1.4 Hf) As |
10 Co 60 0.252:-inch Diam at Test Section, Exposed 10 8 Cast + 1650 F, 10 hr
8Cr to 5000 hr at Temperature Indicated, Tested
at 1800 F, 29 ksi
6 Mo 40 70 1 Percent Cresp in 300 hr
?1 ¢ | g ° o 2 d \\
a [ ] L xpose
. 20F as [ O v & 10hr — X 60
1Ti Cast [o]
+C T = o \Hf Addition (PWA 1455)
: & S0
tar | g o j: :
+B S o . 100 hr g
= C [a] hd » 40— Standard Allo
g a ) Y
B-1900 £ P 0 o PWA 663) '\
2 0 30 \
-] ~ ~
H | N
E 2 4 a3 1000 hr ] N
- & 4 s b A 20
687 %a 7 AN
’ 1
¥ 10
T 1300 1400 1500 600 ITOQ 1800 1900
20 v v 5000 hr Temperature, F
Y Yvy©vy
1400 1600 1800 FIGURE 3.0415. EFFECT OF HAFNIUM ADDITION ON
Exposure Temperature, F 2000 CURVES FOR 1 PERCENT CREEP IN
: 300 HOURS AT TEMPERATURES
FROM 1400 TO 1800 F (2}
FIGURE 3.0414. EFFECT OF TIME AND TEMPERATURE
OF EXPQSURE ON TIME TO REACH 1
PERCENT CREEP IN A SUBSEQUENT
CREEP TEST AT 1800 F, 29 KSI (21)
80 | Ni-10Co-8Cr-6Mo-6AI-4Ta 1Ti+C+Zr+8 Bar __|
As Cast+ PWA 47 + 1650 F, 10 hr
70 <\
\\
60
< Rupture in
100 hr
50 N
T =T T T T T T T -
Ni-10C0-8Cr-6Mo-6A1-4Ta-1Ti+C+2r+B Bar 2
As Cast or Heat Treated as Indicated g
100 —t—o—or— — g 40 N
60| o N 1500 F & \
a0 ot N S N h 300 hr
- PR R 1600 F 30
¥ 20— g e 1700 F1
g 10 5= o R ° 1800 F 20 1000 h
& : 1900 F r
i 2000 F
T s =
o AsCast+ 2000 F, 4 hr+ 1600 F, 10 hr 10
2~ & AsCast+ Al Coat + 1650 F, 10 hr {PWA 47)
| ﬁl As c-rgt. Vlariou‘s Heat; )
10 20 50 100 200 500 1000 5000 10,000 q400 1500 1800 1700 1800 1900 2000
Time, hr Temperature, F
FIGURE 3.0421. CREEP RUPTURE CURVES FROM 1500 FIGURE 3.0422. TYPICAL STRESSES REQUIRED TO
TO 2100 F FOR ALLDY IN AS-CAST, PRODUCE RUPTURE IN 100, 300,
HEAT TREATED, OR COATED AND AND 1000 HOURS FOR ALLOY IN
HEAT TREATED CONDITION {2} COATED AND HEAT TREATED
CONDITION (2)
CODE 4213
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T 7 LTI IR RLRIL T 1 T T T 1 T = T T
Ni-10C0-8Cr-6Mo-6Al1-4T a 1Ti+C+Zr+B Ni-10Co-8Cr-6Mo-6Al-4T a-1.2Hf-1Ti+C+2r+B Ni
3/4-inch Diam Bar, Conventicnally Cast or Cut As Cast
From 3-inch Directionally Solidified {DS) Ingot 100 10 Co
80_ e ———— T 8 Cr
100 ¥ ———1400 F = | O _ 6 Mo
5 = = 60 (e
Z sof : - =g 6 Al
g _ s — ] — %\ . 4 Ta
b B (e Moy St F| 4 40 i
bt o m"m”maow £ o 1T|
3 —O—J2000F 3 A o+ ¢
51 0 Conventionally Cast I + Zr
|- ® Conventionally Casr, Aluminum Coated - +B
| O DS, Tested Paraliel to Columnar Grains . 20
| 11 uul !4 IJH!I‘ 1_u|||||l I C  Shear Rupture (40) B-1900
\ 5 10 50 100 500 1000 = == Tensile Rupture (1}
Rupture Time, hy 0 J
(+] I 10 100 1000 10000
FIGURE 3,0423. CREEP RUPTURE CURVES AT 1400 TO Rupture Time, hr
2000 F FOR CONVENTIONALLY CAST
AND DIRECTIONALLY SOLIDIFIED
BAR (1} FIGURE 3.04241. SHEAR AND TENSILE RUPTURE
STRENGTHS AT 1400 F (1.,40)
100 T T T T T
Ni-10C0o-8Cr-6Mo-6AI-4Ta-1Ti+C+2r+B (PWA
663) or PWA 1455 (PWA 663 + 1.4 Hf) As Cast
g0k + 1650 F, 10 hr ]
Ni-10Co-8Cr-6Mc-6Al-4Ta- 1Ti+C+Zr+B or
Above + 1.3Hf, 1/4-inch Diam Specimens, As
Cast, Tested at 1400 F, 94 ksi
80
Note: Second Stage Creep Failures
Common in B-1900 Alloy Heats
Made From Revert Materials
0 I
= Hf Addition —’ 1, B-1900-Hf
z (PWA 1455) L /Note: '\
4 60 ¥ ® / \E‘]!lﬂﬂ No Second *
E { 3 ~ Stage Creep ¥
© Standard Alloy E \ Failures in
(PWA 663) - / N ! B-1900-Hf Heats'
50 o / /. Made From F_
\ § ! '/Thi:l; \. ; Revert Materials '
\ 2 Second Stage \
0 g gtage | Creep __| |
T regp Failures
t Failures T N, \\
30 // /
} / / N
20 A AN A
1300 1400 1500 1800 1700 1800 1900 0o 2 3 4 ] 6 7
Temperature, F Prior Creep at 1400 F, percent
FIGURE 3.0431. EFFECT OF Hf ADDITION ON 300 FIGURE 3.0432. FREQUENCY ANALYSIS OF B-1900
HOUR CREEP RUPTURE AND B-1900-Hf CREEP RUPTURE
CURVES {2) FAILURES (26,27)

CODE 4213
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NiCo
Ni Alloy Ni-H0Co-8Cr-6Mo-6 Al4Ta-1Ti+C+
Zr+B or Ni-10Co-8Cr-6Mo-6 Al-4Ta-
10 Co L37HE-1Ti+C+Zr+B
8Cr Condition As Cast
B-1900 B-1900-Hf
6 Mo 0.177 Diam | 0.177 Diam
orm jam rom t TOmt t
6 Al F 1/4 Diam | From Cast | From Cas
4 Ta Cast to Turbine Turbine
1Ti Size Blade Blade
+C 1400 F at 94 ksi
Life, hours 75 19 86
+Zr Prior Creep, 25 16 4.8
+B percent
1800 F at 29 ksi
B-1900 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)
Ni-10C0-8Cr-6Mo-6AI-4Ta- 1Ti+C+Zr+B or
Above + 0.8 Si or 1.0 8i, Cest + Heat Treated
as Shown, Tested at 1832 F, 22 ksi
20
0 1975 F, 4 hr, AC
z 16 £ & 2192 F, 2 hr, AC
g 0 2246 F, 2 hr, AC
i R
5 12 4 5 2300 F, 24 hr, AC
?: F’k\o%/o All Above Followed
c 8 N by Second Exposure
& <7 1650 F, 10 hr, AC
h-)
2 4 P
M
o]
0 04 08 )
Silicon Cantent, weight percent
FIGURE 3.0435. EFFECT OF VARIOUS HEAT TREAT-
MENTS AND SILICON CONTENT ON
ROPTUREDUCTHT Y AT1832-F
22 KSI (28)
CODE 4213
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T T T
Ni-10Co-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B As Cast +
1975 F, 4 he, AC + 1650 F, 10 hr, AC, Tested at

1832 F, 22 ksi
80
£
N N
£ 60 >,
s N
E \(\
3 I
< 40
\Ol-falat 1
Heat 2
20 i
o] 04 08 1.2

Silicon Concentration, weight percent

FIGURE 3.0434. EFFECT OF SILICON CONCENTRATION
ON CREEP RUPTURE LIFE AT 22 KSI,

1832 F {28}

50

I T I (] 1
Ni-10C0o-8Cr-6Mo-6AI-4Ta-1Ti+Hf+C+Zr+B
As Cast, Tested in Creep Rupture at 1800 F, 29 ksi

30

Rupture Life, hr

EN
2L

\ o

10 20

30 40 S5C 60

Lead, ppm

FIGURE 3.0436. EFFECT OF LEAD CONTENT ON CREEP
RUPTURE LIFE AT 1800 F, 29 KS| (33}
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NONFERROUS ALLOYS

4 T ]
Ni-10Co-8Cr-6Mo-6A1-4Ta-1Ti+C+2r+B As Cast
Vacuum Induction Cast, Tapered Bar Preforms,
0.252-inch Diam at Test Section, Exposed 10 to
5000 hr at Temperature Indicated, Tested at
160 |- 1400 F, 94 ksi -
120
Asg
Cast
80 o © o}
o Exposed
10 hr
40 e >
) 0 g
£
:S 120
Tr
g . o 100 he T
a 80 -0
2 o
[ ¢ .
a 8]
§ 40 2
s ] i
T 1000 hr
80 —y —=
A\ 4 &
40 —&—
s fa
O P~
v Vg
40 A —
T v 5000 hr
v
0 Avd
1400 1600 1800 2000
Exposure Temperature, F
FIGURE 3.0441. EFFECT OF TIME AND TEMPERATURE

OF EXPOSURE ON CREEP RUTPURE
LIFE AT 1400 F, 94 KSIi (21}

Craep Rupture Lifa, hr

NiCo
Ni
10 Co
gCr
6 Mo
6 Al
4Ta
1Ti
+C
+ Zr
+B
B-1900
1 1 LS
Ni-10C0-8Cr-6Mo-6Al-4Ta-1Ti+C+Zr+B As Cast
Vacuum Induction Cast, Tapered Bar Preforms,
0.252-inch Diam at Test Section, Exposed 10
to 5000 hr at Temperature Indicated, Tested at
1800 F, 29 ksi
80
As O
60T cast 0 o 9] —
[ ] Exposed
q 10 hr
40 (o]
20
& -
60 T
C
o 100 hr
£ s}
40 2] o
Q
20
5 Jf qf
40 ) 1000 hr
SRS
20 =
k +
40
Ly
5000 h
20 [ " v Ll
vy
o]
1400 1600 1800 2000
“Expasure Temperature, F
FIGURE 3.0442, EFFECT OF TIME AND TEMPERATURE
OF EXPQSURE ON CREEP RUPTURE
LIFE IN A SUBSEQUENT CREEP
RUPTURE TEST AT 1800 F, 29 K81 {21)
CODE 4213
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I 1 3
Ni Ni-10Co-8Cr-6Mo-6A1-4Ta-1Ti+C+Zr+B As Cast
Vacuum Induction Cast, Tapered Bar Proforms,
10 Co 0.252-inch Diam at Test Section, Exposed 10 to
8 Cr 5000 hr at Temperature Indicated, Tested at
1400 F, 94 ksi
6 Mo
6 Al As Exposed
4 Ta A et 5 o 10hr
17i . 7‘) cofog
+C 0]
+ Zr T T
+B E 4 = 4100 hr—}
g o B f C o
B-1900 &
-5 n 5 LL A
&
§ 4 & 1000 h
E A Fa r
fa)
onr' Y o
Y v
4 Y 2 5000 hr
v v T T T
0 Ni-1DCo-8Cr-6Mo-GAI-4Ta-1Ti+c+§:r+B As Cast
400 Vacuum Induction Cast, Tapered Bar Preform,
| 1600 1800 2000 0.252-inch Diam at Test Section, Exposed 10 to
Exposure Temparature, F 5000 hr at Temperature Indicated. Tested at
2F 1800 F, 29 ksi -
FIGURE 3.0443. EFFECT OF TIME AND TEMPERATURE
OF PRIOR EXPOSURE ON DUCTILITY sk as o o] d
IN A SUBSEQUENT CREEP RUPTURE Cost . 006 g o
TEST AT 1400 F, 94 KSI (21} ° ° o xposs
10 hr
4
~ ~
12 5] .
. ~ o 100 hr
- nd a
8 ( 0o o
5 o
a 4'
5 7 . 7
g 2
5 1000 hr
w a 4
An fa
3 Ly ay
FaY & A
a4
o
. v ¥
@ (2 inches} Y S5000hr
12 v
v
4 T t b v
1400 1600 1800 2000
Exposure Temperature, F
" OF PRIOR EXPOSURE ON DUCTILITY
IN A SUBSEQUENT CREEP RUPTURE
TEST AT 1800 F, 29 KSI (21}
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Creep Rupture Life, hr

Ni-10C o-8Cr-6Mo-6A1-4Ta-1Ti+C+Zr+B Bar
500 As Cast or Heat Treated, Tested at 94 ksi, 1400 F
[ ]
200 -
100 - g =
sol- T JJ _
o 60"
20 X/ -
e
{o) o _
(? R = 0.005"
= Notch Kt =38 _
: _ b
CD Failure
@M Tests Discontinued
2 _
Y TRV 76 1/8
{As Cast) (2000 F, 4 hr +
Notched +

1650 F, 10 hr)
Grain Size, in. {Heat Treatment)

FIGURE 3.0451. EFFECT OF HEAT TREATMENT ON
NOTCHED BAR CREEP RUPTURE
LIFE AT 94 KSl, 1400 F FOR TWO
GRAIN SIZES (2)

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1Ti
+C
+ Zr
+B
B-1200
| 1 T
Ni-10Co-8Cr-6Mo-6Al-4Ta-1.4HT-1T+C+2Zr+B
No Details Available on Specimen Dimensions
. or HIP Parameters
150 —
100 I
E 80 — =
g €0 -
3 e
1]
£ e
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HIP
wee== NoHIP
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g
a 10 /"’-
g 8 I
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w
p 1 B S N O S v e I = Y
1 2 5 10 203040 607080 S0 95 9899
Cumulative Probability, percent
FIGURE 3.0461. EFFECT OF HIPING ON RUPTURE LIFE
AND ELONGATION AT 1400 F,
94 KSI {41}
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NONFERROUS ALLOYS

T ] T
Ni-10C 0-8Cr-6Mo-6AI-4T a- 1.4HT-1TI+C+Zr+B

'_/;
A/J/
rd
Conventional ./ -
| Heat Treatment _ "] > E
7
/
/!
> } 7
Modified Heat /
Treatment y
7
F 4
/
/
Vi
L4
/ HIP
/ === NoHIP
/
/
)
rd
// No Details Available on Specimen =
Dimensions or HIP and Heat
Treatment Paramatars —
1 | | L1 1 . L.l

12 5

Cumulative Probability, percent

10 20 3040 6070 80O 90 95 9899

FIGURE 3.0462, EFFECTS OF HIPING AND HEAT TREAT-
MENT ON RUPTURE LIFE AT 1800 F,
AND 29 KSI OF THIN SECTION
{0.030-INCH) ALLOY (41)

IBRE NV T 1T T 117100 T T L 1TTT T 1
Ni-10C0-8Cr-6Mo-6AI-4Ta-1Ti+C+Z+B Bar
As Cast + PWA 47 Coating, + 1650 F, 10 hr
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~J
: 1700 F | o% -
g8 5 i St NQ’U\
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& w@oorl a [ R o ~~e$
§ o Fa—] 0 ‘a\ o
s - T — & o n
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& Tho2000F 2000 F -
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Cycles to Failure
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FIGURE 3.0511. STRAIN CONTROLLED LOW CYCLE FATIGUE AT 1300, 1700, AND 2000 F (2]
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T T 1 T
Ni-10Co-8Cr-6Mo-6A-4Ta-1Ti+C+Zr+B Hollow Ni
Cylindrical Bar, 0.080-inch Wall Thickness
Coated with PWA 47-14L {Coating Heat Treat- 10 Co
| ment 1975 F, 20 min + 1975 F, 4 hrin Hal + | 8 Cr

- Age 1650 F, 10 hr ]
! 6 Mo

40
N 1300 F 4| 5 Al

Ni-10C0-8Cr-6Mo-6AI-4T a- 1Ti+C+Zr+8 Bar 1.0 f o= 4 Ta
40 [ Cast + Coated with PWA 47 + 1650 F, 10 hr, AC 0.080" T
pu— 1

)N

TTT 4 TTT
3}
.49

]
-
&
3
s Tensile Mean Load + Bending § [— ! J 91'.3_20" + C
E = 1" GL— 3
% 30— a of Uniform Seetion 1 *4
g g %0 o +B
s \C\ g - heg | 1700F .
K 20 M~ E 1.0 3 5 o 3 B-1900
£ 7 g —
c 107 Cycles : 04
E 1700 F & g e %
< 10 I g - o First Crack =
0 10 2 30 a0 50 S S | o_Fracture ]
Mean Stress, ksi L |l
Axial u] 2000 F
10— r=1 -
FIGURE 3.0512. MODIFIED GOODMAN DIAGRAM FOR oalr el o vyl vl 90 117
10/ CYCLES AT 1700 F (2) 10! |00 Q! |02 |03 ]04
Cycles
FIGURE 3.0513. LOWCYCLE FATIGUE CHARACTER-
ISTICS OF SMOOTH HOLLOW SPECI-
MEN AT 1300, 1700, AND 2000 F IN
STRAIN CONTROL (6}
T T ~T" T T T T
Q4 Ni-10Co-BCr-6Mo-6AI-4Ta-1Ti+C+Z 4B ——— Ni-10Co-8Cr-6Mo-6A1-4Ta- 1Ti+C+Zr+B Hollow
- A =085 - Cylindrical Bar with Two Sets of Diagonat Holes
B f=0.33 Hz N Coated with PWA 47-14L {Coating Heat Treat-
Max Stress = 110 ksi ment 1975 F, 20 min, + 1975 F, 4 hr inHz) +
QO Meaan Age 1650 F, 10 hr
= - 40+ -
o o I ‘ 1000 F ]
® - = = | oo
2 ¥ 04— Two Groups 180° Apart
o 3 of 6 Holes Each 0OD: 0.40-inch Diam
o 103 § ID: 0.32:inch Diam|
b | - t= 0.080 inch
k¢ L . g +— /60°—
> — 98 Percent — s —
e Confidence = 1" GL—
- o | Limit — £ 1 of Uniform Section
i o"" Holes 0.030-inch Diam Spaced 0.120-inch Apart |
s i L Axial _
(=] R=-1
[ 10 i 1700 F .
J No Details Available on Specimen [~ ® First Crack Ho— 7
102 j-——— -L —Dimensions or Heat Treatments —{ 04— o Failure
L — = —
[ OI ALIII P4 ] | § I I I 'S S |
Cast Cast Cast RS 10" 10° 103 104
+ Coat + HIP + HIP
+ Age + Solution + Coat Cyeles
+ Coat + Age
+ Age FIGURE 3.0521. LOW CYCLE FATIGUE CHARACTER-
ISTICS AT 1000 AND 1700 F FOR
FIGURE 3.0514. EFFECT OF HIPING ON FATIGUE LIFE TUBULAR SPECIMEN WITH TWO
OF SMOOTH BAR AT 1400 F {43) SETS OF DIAGONAL HOLES (B}
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NiCo NONFERROUS ALLOYS REVISED: MARCH 1985

Ni Ni"lMO'BCI'-EMO-IGAIJTSJJH"'C'FZF*BT Hollow Ni-1OCo-éCr-GMo-SIAI-dTa-1T1i+C+Zr+B[Thin Air-
Cylindrical Bar with Two Sets of Diagonal Slots foil 2 x 1 x 0.025-inch Trailing Edge As Cast or
10 Co Coated with PWA 47-14L (Coating Heat Treat- 600| As Cast + PWA 47 Coating + 1650 F, 10 hr,
8 Cr ment 1975 F, 20 min, + 1975 F, 4 hrin Ha) + Specimens Heated by Hot Combustion Gas to
Age 1650 F_ 10 hr Max Temperature, Held 15 sec Hot, Cooled for
6 Mo 40 1 | Ob: 0.48-inch Diam| 30 sec by 45 psi Cooling Air
6 Al T [_ 1000F ID: 0.32-inch Diam _| 500
- t= 0.080 inch
4 Ta £ LO= 1-inch Gage Length =] e
1Ti g 04 [— of Uniform Section ] 2 \
i a T a A 8 400
& £ As Cast + PWA 47
+ Zr 5 A ¥ As Cast + 1650 F, 10 hr
+ B £ Eight Slots, S 300
g A 0.180 x 0.015- e
B-1900 @ | _1700 F inch Equally | @
‘E 40 il = ad Spaced g\og ’§
[ oV e Rows 1 B &
— ® FirstCrac —]
04 O Failure
IR ETTEE e L [ ol ] 11y
ot e 00 e 0® 10 100 N
Cycles
0
FIGURE 3.0522. LOW CYCLE FATIGUE CHARACTERIS-
TICS AT 1000 AND 1700 F FOR TUBU- 1500 1600 .|700 1800 1300 2000
LAR SPECIMEN WITH TWO SETS OF Maximum Temperature, F
DIAGONAL SLOTS (6)
FIGURE 3.0531. THERMAL SHOCK RESISTANCE OF AIR-
FOIL IN AS-CAST AND IN COATED AND
HEAT TREATED CONDITIONS (3)
[} t | 1)
Ni-10Co-8Cr-6Mo-6AI1-4Ta-1Ti+C+Z r+B As Cast
8r 4 x 1x 1/4-inch Test Bar -1
- | |
o
% 2000 F /’1900 F 1800 F
o 6
o
: /
E
g 4
@
s B
Ay
£
E 2 > 7
=
2 L
0
0 20 40 60 80 100
Number of One-Hour Cyclas
’ 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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NONFERROUS ALLOYS

Ni-10Co-8Cr-6Mo-6A1-4Ta-1Ti+C+Zr+B or
Above + 1.64Hf or Above + Jocoat{Aluminide Coating), Wedge Bars as Shown

Basic Alloy Heat Treatment: 1560 F, 24 hr
Hf Alloy Heat Treatment: 1975 F, 4 hr + 1650 F, 10 hr, AC

NASA TAZ8A DS + RT-XP Coat

Mar-M-200 DS + NiCrAlY Overlay

1

NASA TAZ-8A DS + NiCrAlY Overlay

NX 188 DS + RT-1A Coat

]

NASA TAZ-BA DS

|

NX 138 DS

Mar-M-200 DS

I

IN-100 DS + Jocoat

IN-100 DS I

NASA WAZ-20 DS + Jocoat

B-1900 + Hf + Jocoat

B-1900 + Jocoat

NASA TAZBA

NX 188 + RT-1A Coat:

X 40

B-1900

A

IN-162

IN.100 + Jocoat

TOD NiCr

1IN 713C

Mar-M-609

NX 188

L

NASA VI-A

NASA WAZ-20 + Jocoat

Rend BO

IN-738

RBH

Mar-M-302

U 700 Cast

W) 52

IN-100

Mar-M-200 + Jocoat

Mar-M-200

U 700 Wrought

M 22

R =0.040"

1-1/4"

See Figure 3.0313 and Table 3.0535 for
Tensile Properties of Alloys Tested
1

R =0.026"

6 min Cycles
3 min 1990 F +
3minBO0F in

Alternate
Fluidized Beds

30°

o'

102

103

Cycles to First Crack

104 105

FIGURE 3.0533. THERMAL FATIGUE {CRACK INITIATION} IN ALTERNATE
FLUIDIZED BEDS AT 600 AND 1990 F OF BASIC ALLOQY,
ALUMINIDE COATED ALLOY, AND ALLOY WITH
HAFNIUM ADDITIONS, WITH COMPARISON TO OTHER
SUPERALLOYS (31)
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B-1800
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NiCo

Ni
10 Co
8 Cr
6 Mo
6 Al
4 Ta
1Ti
+C
+2Zr
+8B

B-1300

NONFERROUS ALLOYS

Ni-10C0-8Cr-6Mo-6AI-4Ta-1Ti+C+Zr+B
{PWA 663) or PWA 1455 (PWA 663 + 2Hf)
As Cast + 1650 F, 10 hr, Airfoil Sections Tested
in Fluidized Bed at 1800 F, Heated 2 min,
Cooled 2 min at RT
8000
-
g
9 6000
Iy
o
2
K
-4
o 4000
P
2
2 g
2000 < g
T =
: 3
T <
8 -
) I
o]

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

Alloy Ni-10Co-8Cr-6 Mo 6 Al-4Ta-1 Ti+C+Zr+B or
Ni-10Co-8Cr-6Mo-6Al-4Ta-1.64Hi+1Ti+C+Zr+B
Condition B-1900: 1550 F, 24 hr, AC
B-1900-Hf: 1975 F, 4 hr, AC+ 1650 F,4 hr, AC
B-1900 | B-1900-Hf
Mean Coefi Thermal Expansion, RT to 200 F, 6.3 6.5
in./in./F
Thermal Conductivity at 200 F, 71 70
Btu-in./ft2-hr-F )
Specific Gravity at RT 822 8.28
Proportional Limit at 1400 F, ksi 136 102
Ultimate Tensile Strength (Fg,) at 1400 F, ksi | 158 137
Creep Rupture Life at 1800 F
at 25 ksi, hours 9995
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

CODE 4213
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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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Crack Growth Rate, dafdn, In.fcycle

Ni-10Co-8Cr-6Mo-6A14Ta-1.2Hf- TTHCHZr+B As
Canventionzlly 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 Cracks Started From EDM Siots
0.030/0.045 x 0.005/0.007-inch at Center of
Gage Section, Applied Nominal Strain Range

+ 0.3 percent
10-4
s /
800 F
Isathermal
2 /
|0"5 /

2 3 4 5
Strain Intensity Range, AK¢, +/in. x 103

FIGURE 3.0541. CRACK PROPAGATION AT 800 F FOR

ALLOY WITH HAFNIUM ADDITION {29}

NONFERROUS ALLOYS

Ni-10C0-8Cr-6Mo-6Al-4Ta-1.2H{- 1Ti+C+Zr+B As
Conventionatly Cast+ 1975 F, 4 hr, AC + 1660 F,
10 br, AC,

Button-Head Hollow Fatigue Specimen 1/2-inch
0D, 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

=2
£ 03
2 800-1900 F
£ {Avg of 3
z 5 Tests)
3
= AOO-WDD F
s y {Avg of 4
a 2 Tests)
o
£ / /
3 104
[¢]
g 5
5 o /
800-1500 F
2
o5 i

| 2 5

FIGURE 3.0542, CRACK PROPAGATION IN THERMO-

Note:

Strain Intensity Range, aK,, \/:; x 103

MECHANICAL CYCLING OF ALLOY
WITH HAFNIUM ADDITION (29,30)

Mechanically imposed strain out of phase with
temperature cycling.

NiCo

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

B-1900
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NONFERROQOUS ALLOYS

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

Button-Head Hollow Fatigua Specimen 1/2-inch
0D, 0.055/0.060-inch Thick, 1-inch Unifarm
Gage Length, Fatigue Cracks Started From EDM
Slots 0.030/0.045 x ¢.005/0.007-inch at Center
of Gage Sections

10-3

/

800-1900 F
{Avgof 3
/ Tests}

/ ]

Temperature, F
1800

800 0.2 percent

10-8

2
Strain Intensity Range, AK,, «/in. x 103

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.

NiCo
Ni
10 Co
8 Cr
6 Mo
6 Al .
4 Ta T
1Ti | 2
+C =
+ Zr 2
+B | g
&
B-1900 =
H
3
S
CCDE 4213
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Page

Crack Growth Rate, da/dn, in.fcycle
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Ni-10Co-8Cr-6Mo-6A1-4Ta-1.2HF1Ti+C+2Zr+B As
Conventionally Cast + 1975 F, 4 hr, AC + 1650 F,
10 hr, AC,

Button-Head Hollow Fatigue Specimen 1/2-inch
0D, 0.055/0.060-inch Thick, 1-inch Uniform
Gage Length, Fatigue Cracks Started From EDM
Stots 0.030/0.045 x 0.005/0.007 at Center of

Gage Section
10-3
800-1700 F
/ (Avgof 3
5 Tests) g
/ 800-1500 F
1/ 1/
10-4 Temperature, F
~ 1700
5 /// /// 1500
/ / 0.3 percent
2
10-5 ] !

2 S
Strain Intensity Range, AK., v /in. x 103

FIGURE 3.0544. CRACK PROPAGATION UNDER THER-

MOMECHANICAL CYCLING OF
ALLOY WITH MAFNIUM
ADDITION {29,30}

Note: Mechanically imposed strain in phase with temparature
cycling.

Cycles to First Crack

5000

2000

1000

500

200

T T T T T
Ni-10Co-BCr6Mo-6A1-4T a- 1Ti+C+Zr+B Wedge
Bars, As Cast + 1550 F, 24 hr,

Cyecle is Equally Divided Between Hot (1980 F)
and Cold (600 F) Fluidized Beds

Aluminide Coated (PWA 47)
4

L 2

g\ P
~
~ [
=~ ~<cz——Uncoated
o) T———t e O
4 ] & 7 8

Cycle Total Time, min

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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Maximum Stress, ksi

Ni-10Co-8Cr6Mo-GAI- 4T 1Ti+C+Z+B As Cast
or Coated with Aluminized Coating Using Modi-
fier Ni-15Cr-15Co-18i in Single Cycls Coating

O As Cast (Uncoated}
& As Cast + Exposad
1800 F, 500 hr

O As Coated Stress Calculation
® Exposed 1800 F, > Based on Specimen
500 hr Area Prior 1o Coating

& As Coated Stress Calculation Based
A Exposed 1800 F, } on Substrate Area Not

500 hr Atfaected by Coating
A
120 3 T oM R
]
2N
1o 1400 F e N
R =0.15 a\\ [ A
1200 cpm
100 O —
\
[oAN
\
0 %
d
80 ] ! | 1 | 1
02 2 5 108 2 & 0% 2  510°

Cycles ta 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-15Co-1Si
AS MODIFIER {22)

Maximum Stress, ksi

NONFERROUS ALLOYS

Ni-10Co-8Cr-6Mo-6AI-4T 2 1Ti+C+Zr+B As Cast
or Costad with Aluminized Coating Using Modi-
fier Nj-20Cr-15Co in Duplex Heating Cycle

0 As Cast {Uncoated}
W As Cast + Exposed
1800 F, 500 hr

O As Coated Stress Calculation
® Exposed 1800 F, ) Based on Specimen
500 hr Area Prior to Coating
& As Coated Stress Catculation Based
A Exposed 1800 F, ;on Substrate Area Not
800 hr Affected by Coating
120
110
1400 F
R=0.15
1200 ¢cpm
100
30
8¢ ! L L L ! |
2 2 5 1032 5 1% 2 5 (0%

Cycles to Failure

FIGURE 3.0553. LOW CYCLE FATIGUE AT 1400 F OF

UNCOATED ALLOY AND OF ALLOY
COATEDBY ADUPLEX CYCLE
WITH AN ALUMINIZED COATING
USING Ni-20Cr-15Co AS

MODIFIER {22)
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8-1900
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NONFERROUS ALLOYS

NiCo
X 32 T T 1 I
Ni Ni-10C0o-8Cr-6Mo-6AI-4Ta-1Ti+C+2Zr+B
10 Co
8 Cr o
6 Mo 3
6 Al
4 T'a mn. 28
1Ti S
+C g
+2Zr g 2%
+B =
2
B-1900 &
- £ 24
[n]
22
N\
20
0 400 800 1200 1600 2000
Temperature, F
FIGURE 2.0621. DYNAMIC MODULUS OF ELASTICITY {4}
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T T T T
Ni-10Co-8Cr-6Mo-6AI-4Ta- 1Ti+C+Zr+B

O Cast + Heat Treat 1550 F, 24 hr, AC {42)
@ Cast + Jocoat + Heat Treat as Above (42)
== As Cast (3)

32
&\
28 =
mg \
= \
N -
z 24 === = N
£ T~. ©ONo
] ~N
w \\
5 20
2 \
3 { &
2 AN
13 N
12
o] 400 800 1200 1600 2000

Temperature, F

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



