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GENERAL

Tris nickel-base alley, containing large additions of
aluminum and ttanium, achieves very high strength at
elevated temperatare. It has thus received considerable
attention for application in components of high performance
jet engines such as turbine blades, vanes and nozzles, and
even integral turbine wheels.

Because of the large quantities of strengthening elements
included in the composition, the alloy is not hot worked,
and is therefore used in the as-cast condition. Recently,
however, there has been considerable development of a
powder metallurgy product which permits working of the
alloy. At high temperatures the powder-consolidated prod-
uet becomes superplastic, thus opening many possibilities
in fabricadon-to-shape of wrought complex components.

Also, because of the high content of gamma prime precipit-
ate that constitutes one of the strengthening compenents of
the alloy, the equilibrium solution temperature zpproaches
the solidus, so the material is usually used in the as-cast
condition, without heat treatment. However, it is subjected
to heat treatment during the deposition of protective cozt-
ings. The powder metallurgy preduct is heat ireated to
achieve desirable properties.

The low oxidation and corrosion resistance of the alloy at
the high temperamres where the strength of the alloy is
most advantageously used, introduces the need for protect-
ive systems. A large number of ¢coating types have been
studied, and most have been found to provide sufficient
protection to extend the useful life of the alloy. commen-
surate with its strength.

Exposure te high temperature and stress for long periods
of time may also result in embrittlement due to
precipitation of sigma phase. The alloy has been exten-
sively studied to determine hew to avoid such embrittie-
ment. Maintainirg 2 low content of aluminum plus
dtanium has been found effective, and the most recent
specifications require bounds in the titanium content

(in accordance with electron vacancy density caiculations)
to insure that no deleterious precipitates develop.
Because of the Interest in its potential use in advanced jet
engine components, the alloy (especially the powder product;
has also been extensively studied in relaton to its fatigne
characterisdes, pardeularly fatigve crack growth during
cyclie loading.

Commercial Designation

IN-100

Alternate Desipnations

A 7p 122, (18)p 26, Austenal 100, AMS 5397 IN-100,

Udimet IN-100, Haynes Alloy IN-20¢, All-vac IN=100,

Vertex IN-100,

Special designations of modifications of basie compesitions

to achieve freedom frem sigma phase proneness,
International Nickel Co.. -INCO 731X
General Electric Co.. -Rene' 100

Specificatdons
AMS3397. Investment cast

G.E. (originat spec.) CS0TT7A.

G.E. (Rene' 100 medificationy C50T77C.
G.E. Spec. C50TTYC specifies that the electron vacancy
sumber Nv be ealculated by the Pha Comp concept, using
the procedure of Woodyatt — Sims - Beattie {15). A mad-
mum value of 2,47 is allowed for each heat,
AMS 5397 specifies minimum values as foliows:

F,_ . -115ksi

tu

FW - 95 ksi

e(percent in I in or 4D)-5 percent
AMS 5397 Spec. for creep rupture test at 1800F, 29 ksi,
rupture time minimur of 23 hrs, acd elongation, (in 4D)
after rupture shall be 4 percent minimum.
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NONFERROUS ALLOYS
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Composition
Table 1,04

Heat Treaiment (see zlso 3.023) 15
Commonly used in as-cast condition with ne further heat 10
treatment.

Heatng for 2 - 4 hr at 1900 to 2000F can re-soludon sigma

phase precipitated by ereep exposure at lower temperature, 4 7 TI
and alze makes alloy more resistant to sigma phase *
precipitation upen subsequent exposure 10 long-Hme creep 3 Mo

conditions at lower temperatures (12).
Coating applications may expose alloy 10 temperatures 1600

55 Al

095 Vv

Ni
Co
Cr

- 2000F for periods wp to 25 hrs (10, p. 9), INCO recom-
mends that if the coating is to be diffused a: 1900-1350F, the
alloy should receive a preliminary high temperature
solutioning at 2100-2150F, followed by aging at 1500-1600F.
This should provide the alloy with a capability of maintain-
ing a consistently high level of mechanical properties.

For the powder metallurgy product, Prat and Whimey
Aircraft (Ref. 1%, p 5} recommends sclutioning at 2030F,
stabilizaton at 1600 and 1800F, and precipitation hardening
at 1200 and 1400F. Typical heat treatment used (see

Table 3.023) 2215F. 4 hrs + 2000F, 4 hrs + 1550F, 186 hrs,

Hardness

AMS specifies Hardness RC 30+44 or equivalent.

Effect of temperature on hardness, Fig. 1.062

Effect of test temperature on Brinell Hardness, as
determined by mutual indentation, for air melted and cast
alloy and for vacuum melted and cast alloy, Tig. 1.063.

Forms and Conditions Available

Investment Castings

Gatorized {(Trade Mark, Prott & Whitney Airerait for
creep-formed powder produet hydrostatically pressed at
elevated temperature) turbine disks and other shapes.

Meltng and Casting Practice
Vacuum melted and cast

Special Considerations

Because of the Jow chromium content, as well as the
presence of Vanadium, oxidaton resistance is not adegquate
at the high temperateres where the strength of the alloy
assumes special advantage. The probiem is usualiy
overcome by the use of aluminwm or aluminum-base
coatings. Many of these are proprietary, and the
compositons as well as heat-treatments are not revealed.
Informaton provided by the coating producers show
beneficial effects of coatings as protection against
oxidaton and sulfidation. and improvement ¢f thermal
shock resistance. These benefits are apparently

obtzined without impairing the tensile and creep properties
at high temperature, (5)(6){7){10){41) to {45).

The high hardener content of the alloy makes it particu-
larly prone to the precipitation of embritiling phases, such
as sigma. uponp prolonged exposure to high temperature.
especiaily if atress is simultaneously applied. Special
¢compositions, low in titanium content have been found
advantageous for aveiding such embrittlement. The
International Nicke! Company, original developers of

IN 100, has developed 2 modificadion designated as

IN 731X, (13) and the General Electric Company has
developed Rene' 100 for this purpose, (13}, Both use

Pha Comp techniques (wherein electron vacaney of the
remaining matrix after the major hardening precipitaies
have formed, is used as a basis for the determination of
whether sigma will form). Every heat requires a separ-
ate computadon 10 determing sigma-proneness because

of the large variations permitted in the chemistry of
individua) heats: however, in geperal, the revised
composition Himits with lower titanium contents. are
usually sigma-free within the specified limits of the other
elements. The tendency toward sigma-proneness was
first reported in reference (11) to be a result of exposure
to bigh temperatzres for long times, expecially at stress.
Reference {14) demonstrates more extensively the effects
of exposure to renperature, and simultaneous exposure

IN-100
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NONFERRQUS ALLOYS

to stress anc emperature. Reference (12) reveals that
life in creep-rupture at 1300F could be reduced by factors
as high as 4 to § when sigma phase precipitates as
compared to extrapolated values for sigma free material.
It was also shown in reference (12) that sigma formed at
1650F could be solutioned at 1900 - 2000F, in 2 - 4 hrs
and that 2 2000F, 2 hour heat treatment delayed sigma
formation. This heat treatment was observed to delay
sigma formation whether applied to an as-cast bar or
whether applied to a bar previously exposed to 1650F,
containing sigma. This cbservation points to the possi-
bility of beneficial effects of heat treatment, in contrast to
the normally used as-cast structure. It also points o the
possibility of removing creep damage by re-heat treat-
ment for this alloy. The questien of sigma phase
preecipitation has been extensively studied (Ref. 22 to 24),
and effect on properties determined in detail.

The alioy in the powder metallurgy form has been
extensively studied (Refs. {19)(20)(33)(34) (35)(36) both

in regard to mechanical properties of fabricated products
and especizily in regard to erack growth.

High pressure hydrogen reduces tensile ductility,
particularly at RT (see Table 3.03171).

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range 2305 - 2435F (3), p 7.

Phase changes. Structure consists of intragranular as
well as eutectic or primary Nia(Al.Ti), TI{C, Ny and
MoB, alse possibly perovskite carbide within Nig(Al, Ti)
islands. On aging precipitation of perovskite-like phase
(Nig {Al, TH)C) oceurs at 1400F, and continues at 1600F
where. after about 106 hr, an acicular sigma phase also
begins to nucleate at grain and phase boundaries,

The formation of sigma phase appears to be promoted by
stress to 1806F. In the absence of stress, solution of
Ti(C. ¥) and Nis {Al, Ti)C and the resultant precipitation
of My,Cp are the main structural changes at 1800F, (11}
The tendency toward the formation of sigma phase can
be eliminated by keeping the elcetron vacancy number
v below 2,47.

Effect of aging time and temperature on minor phase
concentration, Fig, 2.0120.

Effect of exposure for 5000 hours at various temperatures
or minor phase concentration, Fig. 2.0121.
Transformation o sigma phase for as-cast and forged alloy
for two levels of electron vacancy concentration, Fig.
2,0122,

Time-temperature relation for the onset of sigma phase
precipitation for medium and high electron vacanecy
concentration (fv) compositions, and in fine Pr coarse
grain size strueture, Fig, 2.0123.

Thermal conductivity, Fig. 2.013.

Coeffici¢ent of thermal expansion, Fig. 2,014.

Specific heat, Fig. 2,015

Thermal diffusivity.

Other Phvsical Properties

Density 0,280 Ib per cu in, 7.75 gm per cuem (4) p 2
Electrical Properties

143.0 microhm - em at RT {3, p 2)

Alagmetic Properties

Chemieal Properties

Because of the lower chromium coatent of this atloy
compared to other high temperature, high strength nickel
hase alloys, oxidation resistance is somewhat reduced.
However, since it retains swrength at high temperature.
its intended use range is above that of many other nickel
base alloys, Thus, where an oxidizing or sulfidizing
cnvirenment is present 2s in turbojet applications, 2
protective coating is usually applied. Commoen coatings
are of the alumizum and aiuminum base types. These
can substantally improve the sulfidation resistance,
oxidation resistance dnd thermal shock characteristics.
While only limited data are available at present, it
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appears that these coatings do not reduce the creep
rupture strength, rupture elongation, or room tempera-
ture fatigue strength of the as-cast alloy, The oxidation
characteristies in a high velocity gas stream centaining
oxygen is very complex, particularly if steady load and
thermal shock cycles are superimposed. Depending on
temperature, & weight gain or weight loss may ogeur
under the same velocity conditions, {see Figure 2, 034).
An uncoated materia) may first gain weight and
subsequently lose wefght in the same test, due to the fact
that heavy build-up of oxide (weight gain) may be followed
by spailing (weight loss), as shown in Figure 2.035.
Coating may reduce oxidation and thus prevent spalling,
as also shown in Figure 2.035. Surface effects may also
be important, Figure 2.036. Atpresent the process is
regarded as too complex to be predictable from thermo-
dynamic principles, This complexity is the result of the
interplay among hetercgeneous oxide growth, oxide
interactions, oxide vaporization, and spalling, especially
in the presence of creep strain and cyclic plastie strain
due to thermal sheck (6) p 3. Caution is advised against
extrapolating behavior from one set of conditions to
another. Rather, it is suggested that tests be condugted
under conditions closely simulating operation.

Summary of main stages of oxidation, Figure 2.032.
Typical plot of weight gain versus ime in siatic oxidation
Figure 2,033,

Dynamic oxidation tests at 1500 and 1800F indicating
comptexity of precess. Weight gain occurs at 1600F,
logs at 2000F, Figure 2. 034.

Cyclic oxidation behavior with and without protective
aluminum base diffusion coating, Figure 2, 035.
Platinum-Aluminum ¢oatings.

Typical weight change pattern for coated alloy cyeled for
one hour intervals at 2000F, followed by cooling to RT in
3 minutes. Figure shows data for Pt-Al alloy, with
summary of results for several other alloys, Fig.2.08121
Corresion.

Effect of corrosive environment on weight change in bare
and ¢oxated condition, Table 2.03131.

Relative corrosion of various superalloys for two fuels
of different sulfur content and two salt/air rtio contents,
Fig. 2.03132,

Correlation showing that low corrosion resistance of
alloy is related to its low chromium content, Fig.2,03133.
Correlation showing that the low thresheld temperature
for corrosion is pringipally related to its low chromium
content, Fig. 2,03134.

Corrosion {as measured by depth of attack) for atlay in
700 FPS velocity gas jet using low sulfur fuel (JP4) with
4ppm and 8 ppm sea salt in inlet air, Fig. 2.03135.
Corrosion (as measured by depth of attack) for alley in
700 FPS velocity gas jet using high sulfur fuel (JP=-4R)
with 4 ppm and 8 ppm sea szlt in inlet air, Fig. 2.03136.
Hot corrosion resistance of thinwall alloy with two
proprietary coatings in 1900F eye¢lic temperature test,
Table 2,.03137.

Comparisen of hot~¢orrosion behavior in a marine tur-
bine simulator with other nickel - and cobalt-base alloys,
Fig. 2.03138.

Dynamijc oxidation at 1500F of alloy in two conditions of
surface finish. Rougher surface promotes more rapid
oxidation, Fig. 2.038,

Slurry coatings,

Cyclic furnace oxidation in 20 hour cycles at 2000F of
FeAl + Fe-Cr-Al aluminized siurry of average compo-
sition Fe~-25Cr-Al, 4and comparison with oxidation of alloy
protected by ciadding of Fe-25Cr—44Al-1Y, Fig. 2.0371.

Cyclic furnzce oxidation in 20 hour cyeles at 2000F of
NiAl slurry coated alloy with comparison to oxidation of
commercial conversion coating, Fig. 2.0372.

Oxidation of NiAl aluminized slurry coating in Mach 1 jet
at 2000F, with comparisen to commereial aluminide
coating, Fig. 2.0373.

Metallided coatings.

High gas velocity oxidadon and thermal fatigue cracking at
1900F of alloy coated by an electrolytic fused salt process
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{metzllided). and comparison with oxidation of bare alloy
and pack aluminum coated alloy, Fig. 2.0381.

High velocity oxidation and thermal fatigue cracking at
2000F of alloy coated by an electrolytle fused salt process
(metallided), and comparison with bare alloy and pack
aluminum coated alloy, Fig. 2. 0382,

State oxidation at 2000 and 2100F of alloy coated by
eleetroiyiic fused salt process (metalliding), Fig, 2. 0383.
Comparison of static oxidation with oxidation in high
velocity jet (Mach 1) at 2100F for metallided coating,

Fig. 2.0384.

Claddings

Effect of cladding thickness on cyclic oxidation of Fe-25Cr-
4Al-1Y clad ailoy at 1900 and 2000F, Fig. 2.0391,

Effect of ciladding thickness on cyclic oxddation of Ni-20Cr-
4Al-1. 25§ clad alloy at 1900 and 2000F, Fig. 2.0392.
Effect of ¢clzdding thickness on eyclic oxidation of Ni=30Cr-
1.48i at 1900 and 2000F, Tig. 2,0383,

Vapor deposited coatings.

Weight change and thermal fatigue cracking tendencies of
alloy with vapor deposited CoCrAlY coating, and compar-
ison with performance of alloy coated by commercial pack
aluminide process. Fig. 2.03101.

Embedded alumina particle coatings.

Weight change and thermat fadgue cracking tendencies of
alloy with EAPA {embedded alumina-particle aluminide)
subjected to 1 hour cycles at 2000F in Mach 1 jet burner,
and ¢omparison with perfermance of bare alloy and other
types of coatings, Fig. 2.03111.

Nuclear Properties

MECHANICAL PROPERTIES

Specified Mechanical Properties
See 1,032 and 1, 033,

Miechanical Properties at Room Temperature
See alse 3.03.

Room temperature tensile propertigs of as cast alloy in
three levels of electron vacancy concentration, and at
two levels of grain size, Table 3.021.
Mechanical properties at room temperature of forged
alloy in three conditions of proneness to sigma phase
precipitmtion. Properties shown after normal heat treat-
ment and after heat treatment followed by ewposure to
clevated temperature, Table 3.022.
Effect of thermal exposure subsequent to heat treatment
an room temperature tensile properties for forged alloy
with threc tevels of Al + Ti content {electron vacancy
concentration, Xv, relating to propensity toward sigma
formation), Table 3.023.
Effect of exposure at 1550F for 250 hour and for 2500 hour
on reom temperature tensile properties of alley with
Al-Ti compoesition varied to achieve 3 levels of electron
vacancy concentration, fv, Fig. 3.024.
Room temperature tensile propertfes and hardness of
powder metallurgy product prepared from powders of
various compeositions and grain size and consolidated by
several processes, Table 3.025.
Tensile properties ¢! superplastically formed pancake
forging used in fatigue crack growth studies, Table 3.026.
Comparisen of tensile propertes of alloy with Ni-20Cr-
4Al-1. 25i cladding alloy before and after oxddadon,
Fig. 3.027,

iress strain curves. See Fig, 3,03111
Tmpact
Unnotched charpy impact strength at room temperature
after hold for 500 or 1009 hours at elevated temperature,
Fig, 3.0291.

Mechanical Properties at Various Tempsratures
Tension

Stress strain curves

Stress-strain curves for as cast alloy at rooom and
elevated temperatures, Fig. 3.03111

Stress-strain curves for JoOated alloy at room and
elevated temperatures, Fig. 3.03111.
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‘Tensile preperties
Effect of test terperature on mechanical properties 25
cited by alloy developer, Fig. 3.03121.

Tensile properties of as cast bar at room and elevated 15
temperatures, Fig. 3.03122. 10
Tensile properties of JoCoated bar at room and elevated 4
temperatures, Fig. 3.03123, 55
Heat treatment effects

47

Effect of several solution heat treatments on the tensile

properties at 1300F, Table 3.03131. 3

Coating and coating repair effects.
Tensfle properties at room and elevated temperatures of

Ni
Co
Cr
Al

Mo

095 V

thinwall alloy coated with two proprietary coatings,
Table 3.03141.

Effect of coating, high temperature exposure, and several
repair processes on tensile and yield strength at 1800F
compared to as cast uncoated base material, Fig, 3,03142
Effect of coating, high temperature exposure, and several
repair processes on elongation at 1800F compared to as
cast uncoated base material, Fig. 3.03143.

Powder metallurgy product.

Effect of reduction prectice and heat treatment on the
tensile propertes at RT and 1200F of powder metallurgy
alley, Table 3.03151.

Tensile properties of specimen from powder alloy pan-
cake at RT and 1300F, with comparison to Pratt &
Whitney specifigations for alloy, Fig. 3.03152,

Flow characteristics in the range at low strair rates and
temperatures where superplasticity ¢an be achieved,
Fig. 3.03153.

Relation between stress and high deformation rate at 1900
to 2100F for alloy directly extruded from powder, Fig.
3.03154.

High atrain rate effect on elongation at fracture at 1900
to 2100F for alloy directly extruded from powder, Fig.
3.03155.

Superplastcity exhibited by powder metallurgy alloy,
Fig. 3.03156.

High pressure gas effects.

Tensile properties at RT and 1250F in 5000 paif helium
and hydrogen, Table 3.03171.

Compression

Effect of test temperature on compression yield strength
for air melted and cast alloy and for vacuum meited and
cast alloy, Flg. 3.0321,

Tmpact

Effect of temperature on Charpy Vimpact energy, Fig.
3.0331,

Bending

Torsion and shear

Bearing

Stress concentration. (see also 3.05)

Noteh properties

Fracture toughness

Combined properties

Creep and creep rupture properties, (see also 3.054)
Creep curves at vaTious temperamres,

Creep curves of as cast alloy at 1562F, Fig. 3.0411,
Creep curves for JoCoated alloy at 1562F, Fig. 3.0412,
Creep curves of as cast alloy at 1897F, Fig. 3.0413.
Creep curves for JoCoated alloy at 1697F, Fig. 3.0414.
Creep curves of as cast alloy at 1832F, Fig. 3.0415.
Creep curves for JoCoated alloy at 1832F, Fig. 3.041¢6.
Alloy developer's suggested design curves for creep strain
and creep rupture at 1350F, Fig. 3.0417.

Alloy developer's suggested design curves for creep
strain and creep rupture at 1500F, Fig. 3.0418,

Alloy developer's suggested design curves for creep
strain and creep rupture at 1700F, Fig. 3.0419.
Alloy developer's suggested design curves for creep
strain and creep rupture at 1800F, Fig. 3,04110.

Alloy developer’s suggpested design curves for creep
strain and creep rupture at 1800F, Fig. 3.04111,
Minimum creep rate curves for temperatures from 1350
to 1900F, Fig, 3.04112,

Creep of superplastcally formed product,

Cteep and creep rupture properties of superplastucatly
formed pancake forging used in fatigue crack growth
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studies, Table 3. 0421,

Relation of creep to creep rupture.

Relation ameng start of third swmge creep, time © 1%
creep, and rupture tdme for as cast alloy, Fig. 3.0431,
Relation among time of third stage creep, time 0 1%
creep, and rupture time for JoCoated alloy, Fig. 3.0432.
Effects of repair coalings on creep and ¢reep rupture.
Creep and rupture properties of alloy after repair of
oxidation and mechanical damage effects, Fig. 3.0441.
Creep rupture, general.

Typlcal ereep rupture properties in life range from 10 to
10,000 hours at temperatures from 1300 to 2000F,

Fig. 3.0451.

Creep rupture curves for as cast alloy at 1562F, 1697F,
and 1832F, Fig. 3.0452.

Creep rupture data for as cast alloy as determined by
developer, Fig. 3.0453.

Creep rupture, heat treatment effects.

Effect of several solution heat treatments on the creep-
rupture life at 1800F, 29 ksi, Table 3.0461.

Crecp rupwre, coating effects.

Effect of coating on creep rupture properties at stresses
and temperatures yielding creep rupture lives in the
range of 50 to 200 hours, Table 3.0471 .

Creep rupnre curves for JoCoated 2lloy at 1562F, 1697F
and 1832F, Fig. 3.0472.

Correlation between ductility and rupture time at 1562F,
1697F, and 1832F for JoCoated alloy, Fig. 3.0473.
Creep rupture lives and elongations at 1450F and LS0OF
for thinwall alloy coated with two proprietary coatings,
Table 3.0474.

Creep rupture, sigma phase instability effects.
Beneficial effects on cregp rupture behavior achieved by
avoiding sigma phase precipitation, Table 3. 0481.

Creep rupture properties of forged alloy in three con-
ditions of proneness to sigma phase precipitation,

Table 3.0482.

Creep Tupture curves for fine grain ailoy of composition
sufficiently low in Al and Ti 10 avoid sigma precipitation,
Fig. 5.0483.

Creep rupture curves at 40ksi for alloy in three levels of
eleciron vacancy concentration achieved by additons of
Al-Ti to 2 single heat, tested in as cast condiden or after
exposure at 1550F for 250 and 2500 hours, Fig. 3.0484.
Creep rupture curves for {ine grain alleys of low, medium
and high electron vacancy concentration {Nv), represent=
ing progressively increasing tendency toward sigma phase
precipitation. Curves show that strong tendency for
aigma precipitation results in reduction of creep rupture
strengths, Fig. 3.0485.

Creep rupture, powder metallurgy product.

Creep rupture properties in very short time range ot 1900
to 2500F for extruded alloy prepared {rom two lots of
powder, Fig. 3.0491.

Creep rupture curves at 1300F for cast atloy of various
grain sizes and for alloy extruded from powders,

Fig. 3.0492,

Creep rupture in special environments.

Creep rupture of alloy in helivm, hydrogen, and hydrogen/
water vapor at 1250F and 5000 psig pressure,

Fig. 3.04101.

Fatigue properties

Mechanically induced fatigue

Effect of aluminum base coating on ratating bending
fatigue properties at room temperature, Table 3.0511,
Low cycle fatigue characteristics of smooth haliow
specimen with one-inch gage length of uniform cross
section at temperatures from 1000 to 2000F In strain=
controlled cycling, Fig. 3.0312.

Low cycle fatigue characteristics at 1700F of hollow
specimen with two sets of diagonal boles, Fig. 3.0513.
Strainrange partitioning life relationships.for ¢ast alloy

at 1700F, Fig. 3.0514

Axial fatizue a1t 1650F of simulated hollow airfoils coated
with proprietary coatings. Fig. 3.05i5.

Thermally induced fadzue

Thermal shock fatigue characteristics of airfoil shape
with &nd without alurninum base coarng, Table 3.0521.
Thermal fatigue resistance of square plate rapidly heated
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and cooled at periphery of ceatral hole, and comparison
with thermal fatirue resistance of other commonly used
cast alloys, Fig. 3.0322.

Thermal fatigue crack initiation of as cast or direcdon-
ally solidified alloy with and without JoCoat tested in
alternate fluidized beds at 1990 and 600F, Fig. 3.0523.
Thermal fatigue crack initiaticn of as cast or direction-
ally solidified alloy with and without JoCoat tested in
alternate fluidized beds at two sets of temperatures,
Fig. 3.0524.

Effect of eycle time on thermal {atigue cracking of coated
and uncoated wedges alternately immersed in fluidized
beds at §00 and 1990F, Fig. 3.03525.

Effect of maximum cycle temperasure on therma! fatigue
¢racking of coated and uncoated airfoils simulating tur-
bine blades subjected to Mach 1 gas flow followed by
rapid air jet cooiing, Fiz. 3.0526.

Relation between crack growth rate and resistance to
initial ¢racking in thermal cycling, Fig. 3.0327.
Thermal fatigue of thinwall alloy with two proprietary
coatings subjected to 10. 5 kai tensile mean Stress and to
temperature cycling from 2030F, Table J.0528,
Correlation of time 1o initiate thermal eracking with
weight gain glope parameter for alloy coated in various
ways, Fig. 3.0529.

Mechanical loading of powder metallurgy produet.

Stress range variation during low cyele fatigue tests at
1200F of powder meallurgy bars prepared by Pratt &
Whitney Aircrait Gaterizing, process, Fig. 2.0531.
Low cycle fatigue a: 1200F o1 powder metallurgy bars
prepared by Pratt and Whitney Gatoerizingy,process. Data
points represent ¢ycles to complete fracture, Fig. 3.0532
Low cycle fatigue at 2200F of powder metallurgy bars
prepared by Pratt and Whimey Alrveraft Gatorizing 4,
process. Data points represcnt cveles to 5 percent load
drop, Fig. 3.0533.

Low cycle fatigue at 1200F of specimen from pewder
metallurgy compresser disk, Fig. 3.0534.

Crack growth in steady loading or continuous eveling.
Baslc ¢crack growth curves at RT, 1200F and 1350F for
constmant amplitede loading of WOL specimen,

Pig. 3.0541.

Effect of net section stress on crack growth rate at
12Q0F, Fig. 3.0542.

Effect of temperature and specimen thickness on
sustained load crack propagation rate, Flg. 3.0543.
Effect of specimen thickness on crack growth rate at RT,
Fig. 3.0544

Effect of frequency on crack growth rate in continwous
cyeling at 1200F, Fig. 3.0543.

Effect of temperature on crack growth rate at 10cpm,
R=0.1, Fig. 3.0546.

Effect of stress ratio on crack growth rate at 1200F,
10cpm, Fig. 3.0547.

Effect of stress ratio en crack growth rate at 1200F,
20eps, Fig. 3.0548.

Effect of specimen thickness en cruck growth rate at
1200F, continuous cycling at 10cpm. Fig. 3. 0548,
Crack growth-overload effects.

Crack growth at 1200F under continuous cyeling and with
50 percent overlozd every 4. 20, or 40 cyveles,

Fig. 3.0551.

Crack growth at 1200F under continuous cveling and with
25 percent or 50 percent overloads every 21 cvcles,

Fig. 3,0552.

Crack growth at 1200F under sustained load and with

25 percent or 30 percent overloads every 2 minutes,

Fig. 3.0553,

Crack growth-dwell periods.

Effect of net section siress on crack growth rate for 2
minute dwell at peak stress at 1200F, Fig. 3.0551.
Effect of specimen thickness on crack growth rate at
1200F, Two minute dwell at max lozd, 10cpm during
variable stress period, Fig, 3.0362.

Effect of dwell titue at peak stress or crack growth rate
a3 1200F, R = 0.1, Fig. 3.0563.

Crack growth at 1350F under continuous eveling, or with
23 and 50 percent overload, or with 2 minute dwell at the
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3.0872

3.058

3.0581

3.0582

3.05141

3.05142

3.05143

3,05144

3.05145

4.23
4.231

50 percent overload condition, Fig. 3.0564.

Interaction of tow cy¢le fatigue with dwell periods at max
load for tests at 1200F, R = 0.1, Fig. 3.0563.
Interaction of law cyele fatigue with dwell periods at max
load for tests at 1350F, R = 0.1, Fig. 3.0566,

Crack growth-delay effects due o overloads,

Delay cycles prior 1o resumption of basic crack growth
after single cycle of overload. Baseline Kmax =

23,2 ksi -in, Fig. 3.0571.

Delay cycles prior to resumption of basic erack srowth
after single cycle of overload. Baseline Kmax =

35,2 ksi /In, Fig. 3.0572.

Hellum and hydrogen effects at high pressure.

Low cycle fatigue at 1250F in high pressure hydrogen
and helivm, Fig. 3.0581.

High cycle axial fatigue in hizh pressure hydrogen and
helium at 1250F, Fig. 3.0582.

Inelastic strain range vs, low-cycle fatigue life for each
partioned strain range component for as-cast thinwall
tubing at 1700F, Fig. 3.05141. .
Strainrange partioning life relationships at 1652F and
1832F for as-cast aluminum-coated alloy, Fig. 3.05142.
Inelastic strafnrange va. low-cyele fatigue life for each
partitioned strainrange component at 1400F. Specimens
from creep-formed (Gaterized+n ) turbine disk, Flg. 3.05143.
Total strain range vs. low—cycele fatigue life at 1200F of
powder metallurgy bars prepared by Pratt & Whitney
Gatorizing . process and tested under rapid strain
cycling, tensile stress-hold, and tensile strain-hold,
Fig. 3.05144.

Inelastic straincange vs. low cycle fatigue life at 3200F
of powder metallurgy bars prepared by Pratt and Whitney
Gatorizing ., process and tested under rapid strain cycling,
tensile stress-hold. and tensile strain-hold, Fir, 3.05145,
Elastic properties

Poisson's ratio, 0,298

Dynamic modulus of elasticity, Fig. 3.062,

Modulus of rigidity

FABRICATION

Strength of shaped parts

Mechanical properties from RT to 1300F of specimens
from the 10-12th stage compressor of F100/F401 engine,
Fig. 4.11.

Room temperature tensile strength of fir tree simulating
turbine blade attachment, Table 4.12.

Creep rupture ot 1400F of fir tree simulating wrbine
blade attachment, Fig. 4.13.

Fatigue at RT under combined static and vibratory stress
of wrbine blade fir tree fastening, Tabie 4.14.

Welding and joining

Weldments

Room temperature tensile strength of weldment to
Waspaloy, Table 4.211,

Creep rupture at 1400F of electron beam weldment to
Wagpaley, Table 4.212.

Fatigue at RT under ¢combined static and vibratory siress
of clectron beam weldment to Waspaloy, Table 4,213,
Brazed joints

Room temperature tensile strength of brazed attachment
tc Waspaloy, Table 1.221.

Fatigue at RT under ¢combined static and vibratory siress
of brazed joint simulating turbine blade fastening to
Waspaloy, Table 4.222,

TLP bonding

Tensile properties at 1400F for TLP bond between cast
alloy and wrought Udimet 700, Table 4.231.
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Ni
15 Co
0 Cr
55 Al [auer Ni~15C0-10Cr-5, 5A1-4. TTI-3M0-0, 95V
H Condition As Cast
47 Ti Original Inco | New Inco GE Rene' 100
3 Mo| {source spec. {1960- | spec. spec
0 95 V 1965) alse also C30TITC
- GE spec C50T| AMSS397
TTA
IN-100 Percent Percent Percent
Min Max Min Max | Min Max
Cobait 13 17 13 17 14 16
Chromium 8 11 8 11 4 10
Aluminum 5 [ B3 6 5.3 5.7
Titanium 4.5 5.5 4.5 3.0 4.0 4.4
Aluminum + Titanium - - 10 i1 - -
Molybdenum 2 4 2 4 2.7 3.3
Iron 0 1 0 1 [ 1
Vanadium LT 1.2 T 1.2 .8 1.1
Boron .0l .02 .01 .02 .01 02
Carbon .15 .20 .15 .29 .15 .20
Manganese - - - .16 - -
Sulfur - - - 015 - -
Silicon - - - .15 - -
Niekel Ba.llance Balaxlxce Balance
1
TABLE 1.04 COMPOSITION
Ri-15C0-10C r-5. 3Al-4. 7TE-310-0. 85V
AS CAST
40
o—-—_“ob-f%\(
l&
32 X
v 24 \
[
4]
% RC HARDNESS
s
9
5
[
0 400 800 1200 1600 2000
TEMP - F
FIG. 1.062 EFFECT OF TEMPERATURE ON HARDNESS
(4, p. 11}
CoDE 4212
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BROINELL HARDNESS NUMBER
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Ki-15C0-10Cr-5. 5A1-4. 7Ti-3Mc-0. 95V

AS CAST(MELTED AND CAST IN AIR OR IN
VACUUM, AS INDICATED)

HARDNESS DETERMINED BY MUTUAL
INDENTATION

400

- A, -
° RN VACUUM MELTED
"\ AND CAST
300 .
‘\
?'\
200 i N \

100
1200 1400 1800 1300

TEMP - F

FIG. 1.063 EFFECT OF TEST TEMPERATURE ON BRINELL
HARDNESS, AS DETERMINED BY MUTUAL INDEN-
TATION, FOR AIR MELTED AND CAST ALLOY AND
FOR VACULM MELTED AND CAST ALLOY
(32, FIGS. 1,2}
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1978 NONFERROUS ALLOYS
VA
Ni-15C0-30Cr-5.5A1-4. 75T1~3Mo-0. 95V Ni
AS CAST + AGE AS INDICATED
15 Co
| ! 10 Cr
A s g7 NC 55 Al
. 47 Ti
3 Mo
VR - VERY RARE 0.95 V
R - RARE
Mb— M - MEDIUM IN-100
A - ABUNDAXNT
VA - VERY ABUNDAXT
L
R
-~ AY
\
\
\
MaBg i
VR, < T
N |
\ L
1400F 1500F 1600F 1700F 1800F 1300F 2000F 2100F 2200F
9GHR T2HR 434 36HR 24HR 16HR SHR 6HR 2HR
AGIXG TIME AND TEMPERATURE
FIG. 2.0120 EFFECT OF AGING TIME AXD TEMPERATURE ON MINOR PHASE CONCENTRATION
{2, FIG. 1}
;\'l-l:‘:Co-I?_Cr-S. 3Al-4. 73Ti-3Mo-0. 35V
AS CAST. Nv = 2,60 (AV ELECTRON VACANCY
DEXSITY)
EXPOSED 5000 HR AT TEMP INDICATED
TR - VERY RARE
M - MEDIUM
VA « VERY ABUNDANT
R - RARE
A - ABUNDANT
VA
A
Al
) P MC
o\ 1
M !
R [{ 7 “ T
SIGMIA 1 |
] i
) I
- A] {
YR v —
i 5 ;
1400 1600 1500 2000
EXPOSLURE TEMP - F
FIG. 2.0121 EFFECT OF EXPOSURE FOR 5000 HR AT
VARIQUS TEMPERATURES OX MINOR
PHASE CONCENTRATION (21,pp. 82,854)
cope 4212
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Ni Ni-15C0-10Cr-5. 5Al-4. TTi-3Mo-0. 85V (NOMINAL)
ACTUAL COMPOSITION FOR TWO LEVELS
15 Co OF Rv .
10 Cr MEDIUM Rv{2.49): Ni-13,3C0-10.14Cr -
d 5.5A1-4.29Ti-3. 55Mo-0. 96V
55 Al HIGH Rv(2.65): Ni-13.3C0-10,12Cr-5. 6Al-
. 4.68Ti-3.51M0-0, 97V
4.7 Tl Nl-ls.c.o-locr-ﬁ.SAlvé.'TSTi-SMu—O.QSV (NO&?]NAL) ALL ALLOYS MADE FROM SAME MASTER
3 Mo ACTUAL COMPOSITION FOR 2 LEVELS OF Nv HEAT. ADDITIONS OF Al&Ti MADE DURING
gu:n Nv (2.49):Ni-13,3C0-10.14Cr-5. 5Al-4. 29Ti- CASTING TO ACHIEVE DESIRED LEVEL OF
095 V -55Mo-0.96V ELECTRON VACANCY CONCENTRATION v
HIGH Fv (2. 65):Mi~13.3C0-10.12Cr-5. 8Al-4. 63TH COARSE GRAIN ALLCYS PREPARED BY
IN-100 3.51Mo~0, 87V NORMAL INVESTMENT CASTING PROGE-
: ALL ALIJ:)YS MADE FROM SAME MAS'I:ER HEAT_. DURES; FINE GRAIN ALLOYS PREPARED
ADDITIONS OF Al AND Ti MADE DURING CA-S.TD.\G BY MOLD INNOCULATION
TO ACHIEVE DESIRED LEVEL OF ELECTRON TEST SPECIMEN 1/4 IN DLA x 1 1/4 IN
VACANCY CONCENTRATION (Nv) _ ) GAGE LENGTH
TESTED AS CAST OR FORGED TO PANCAKE L EXPOSED WITHQUT STRESS FOR TIMES
FOLLOWING STEPS: , . AND TEMPEBATURES INDICATED
1. EXTRUSION AT 2050F FROM 5 IN DIA INGOT 1800 —— =T HIGH Ky ————————
TO 3 1/8 IN STEEL PIPE LT T S MEDIGM T
2. FLATTENED AT 2050F TO 1 3/4 IN DIA PAN- 1700 ——etrg™ ) —
CAKE = 1600 | y
3. FLATTENED AT 2050F TO 1 IN DIA PANCAKE i (
4. FLATTENED AT 2050F TO 5/8 IN DIA PAN- B 1500 [
CAKE = T .
TEST SPECIMEN 1/4 IN DIA BAR X 1 1/4 IN GAGE = 1400 T FINE
LENGTH EXPOSED WITHOUT STRESS FOR TIMES 1300 T b WOARSE
AND TEMP SHOWN FINE |
20 100 1000 10,000
TIME - HR
FIG. 2.0123 TIME-TEMPERATURE RELATION FOR FHE
ONSET OF SIGMA PHASE PRECIPITATION
FOR MEDIUM AND HIGH ELECTRON VACANCY
(Rv) COMPOSITIONS, AND IN FINE AND COARSE
——AS CAST, FINE GRAIN -—--FORGED GRAIX SIZE STRUCTURE, 23,pp. 3.7.9)
1800
I et
200
Ni-15C0-10Cr=5.5341 4. T5Ti-3M0-0. 95V
Jrae AS CAST
3 ‘OTE: Rv FOR
* 1600 RGED ALLOY 190
=1 .49
=
-
&
= 150
1400 —= = /
NO o-hf-o\ ~. 5
I b IR ~ N
1 10 102 10 10t z 10
EXPOSURE TIME - HR n
FIG. 2.0122 TRANSFORMATION TO SIGMA PHASE FOR AS £
CAST AND FORGED ALLOY FOR TWO LEVELS e 160
OF ELECTRON VACANCY CONCENTRATION -
(22,pp.14,19,23) =
=
4 150
2 THERMAL
COXDUCTIVITY
140
130
120
1000 1200 1100 1600 1800 2000
TEMP-F
FIG. 2.013 THERMAL CONDUCTIVITY (1ip.C-15)
cocEe 4212
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NiCo

.15
Ni-15C0-10C r-5. 5414, T5Ti-3Mo-0. 85V, .
REF 3 Ni
Ni-15C0~10Cr-5. 5A11.75Ti-3Mo0~0. 95V
10 AS CAST 15 Co
ﬁs/r : 10 Cr
55 Al
0.14 47 Ti
3 Mo
3
~0.13
<3
-
=
=
[2a]
P
8 0,12 -
MEAN COEFF OF THERMAL _| SPECIFIC HEAT
EXPANSION FROM ROOM
TEMP TO TEMP INDICATED
LN 0.11 ! 1
| 1000 1200 1400 1600 1800 2000 2200
T L 1
o 400 800 1200 1600 2000 2400 TEMP-F
TEMP-F FIG. 2.015 SPECIFIC HEAT (1) p.C-15
FIG. 2.014 COEFFICIENT OF THERMAL EXPANSION
(1,p-C-14)(3,Pp.10)
Ni-15C0-10CT-5. 5414, 75Ti-3Mo-0, 95V
AS CAST
NUMERATOR = PHASES PRESENT IN SCALE
DENOMINATOR = PHASES PRESENT IN SUBSCALE
2000 N NiCrp04+NiQ4Ni Ti Ug+NiAls04+Al203
TE Og + Ti¥ i
~
15 ‘ﬂ__
: 1-—F
& 1800 NiO+NiCrp04 + NiTi03 -
- —_—— T —— —-— .
-~ AlyQq+ TiOg
~ , !
1600 NiO + Ti02 (i, Co)O+(NiCe)C ra04+NiTiOg)
\ 4190 + Ti0g + TiN
1200 ~
1 10 102 108 104 103 10
TIME - MIN
FIG. 2.032 SUMMARY OF MAIN STAGES OF OXIDATION (5)p. 98
conE 4212
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Ni-15Co~10Cr-5.5A1-4. 75Ti~3Mo-0. 85V
AS CAST

2100F

s

2000F

OXIDATION

FIG. 2.033 TYPICAL PLOT OF WEIGHT GAIN VS TIME IN STATIC
(8. ps 38)

] 200

10 102 103 104

TIME - MI¥

OXIDATION

1 T T T

Ni-15Ce-10Cr-3. 5Al-4. 7Ti-3Mo-0. 95V
AS CAST

el
> GAS

TESTED IN HIGH VELOCITY
STREAM OF NATURAL GAS
COMBUSTION PRODUCTS

2000
GAS

DYNAMIC OXIDATION

L |
LOSS OF METAL THICKNESS,

. 002 IN PER SIDE AFTER 1000
HOUR EXPOSURE

l

400 600
TIME - HR

500 1000

FIG. 2.034 DYNAMIC OXIDATION TESTS AT 1600F AND

Ni
15 Co
10 Cr 10.0
55 Al
47 Ti |5
3 Mo E 1.0
095 V [z
IN-100 =
3
= 0.1
]
>
0.0
1
g
e
£
T
z
5
5 .
g
[
-10
:-20
&
5
é-so
3
8 .40
-50
cooE 4212
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1S00F INDICATING COMPLEXITY OF PROCESS.
WEIGHT GAIN OCCURS AT 1600F, LOSS AT
2000 F (6, pp.131, 132)

105

WEIGHT CHANGE - Mg PER Car2

SPALLING

OXIDATION

Ni-15Co-10Cr=-5. 5A1-4. T5Ti-IMo=-0. 5V

AS CAST

TESTED IX CYCLIC OXIDATION:

35 MIN @ 2000F IN OXYACETYLENE FLAME + $ MIN
COOL TO 750F + REPEAT TEST EACH HOUR

CEMENTATION WITH NC-101, AN ALUMINUM BASE
DIFFUSION COATINGSYLCCOR DIV, SYLVANIA
ELECTRIC PRODUCTS, HICKSVILLE, N.Y.}

T2

A \

// e *

L J

-2 |-

REVISED: DECEMBER 1378

O UNCOATED
# COATED BY

PACK 4

~

100 200 300

HOURS OR CYCLES

4900

F1G. 2.035 CYCLIC OXIDATION BEHAVIOR WITH AND WITH-

OUT FROTECTIVE ALUMINUX BASE DIFFUSION
COATING {7, Pp. 33)(EN9)
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WEIGHT CHANGE - Mg PER CMZ

'
N
=]

I
o

[
=3

=]

Ni~15C0-10Cr-5. 5Al-4. 75 Ti-3Mo=0. 35V
AS CAST

HIGH VELOCITY NATURAL GAS COMBUSTION
PRODUCTS AT 1800F

- |
4/ GRIT BLASTED
/ (554 % 10 RMS)

FINE GROUND

(54 2 RMS)

100 200 300 400
TIME - HR

=]

FIG. 2.036 DYNAMIC OXIDATION AT 1800F OF ALLOY

WEIGIH' GAIN - Mg PER Sq Cin
I

0

FIG.

N TWO CONDITIONS OF SURFACE FINISH.
ROUGHER SURFACE PROMOTES MORE
RAPID OXIDATION (6, p. 162)

Ni~15C0-10Cr-5. 5Al=4, TTI-3Mo-0, 95V

0.1 x1 x 2 CASTINGS

Fe-25Cr-20Al- COATING APPEIED IN TWO
STAGES:

a) Fe-Cr- SLURRY SPRAYED ONTOQ SURFACE,
COLD ISOSTATICALLY PRESSED AT 70KSI
PRESSURE,AND SINTERED AT 10-2 TORR,
2000 F, 4 HR

b} SURFACE THEN PACK ALUMINIZED IN
FLOWING ARGON{. 018 FT3 PER MIN) AT
2000F IN PACK OF 98 PERCENT AlsOg
{-100 MESH POWDER), 1 PERCENT Al
{-100 MESH POWDER}, AND 1 PERCENT
NaCl ACTIVATOR FOR 5 HR, IN THIS WAY
10 Mg/em? WAS DEPOSITED TO PRODUCE
A FeAl + Fe-Cr-Al COATING OF AVERAGE
COMPOSITION Fe-25Cr-20 Al, AVERAGE
COATING THICKNESS 3 MILS

[TESTED IN $TATIC FURNACE AT 2000 F FOR
15 CYCLES OF 20 HRS. AIRFLOW THROUGH
FURNACE 018 ¥T3 PER MIN, INSPECTED
AND WEIGHED AFTER EACH CYCLE
Fe-25Cr-4al-1Y CLADDING FOR REFERENCE
SEE ALSO FIG. 2.0391

TESTED AT |
2000 F |

AJ/FC—%T‘;‘-‘&A]-IY CILAD

FeAl+Fe-Cr-Al ALUMINIZED SLURRY
| coATING

%]

o 100 200 300

EXPOSURE TIME - HR
2,0371 CYCLIC FURNACE OXIDATION IN 20 HR
CYCLES AT 2000 F OF FeAl+Fe-Cr-al
ALUMINIZED SLURRY OF AVERAGE
COMPOSITION Fe-25Cr-Al, AND COMPAR-
ISON WITH OXIDATION OF ALLOY PRO-
TECTED BY CLADDING OF Fe-25Cr-4A1-1Y

(4, pp. 3,4,18)

WEIGHT CHANGE - Mg Per Sq Cm

[

-

NONFERROUS ALLOYS

. TESTED
AT 2000F

Ni=15C0-10CT~5. §Al-4. TTi-3Mo~=0, 95V
0.1x1x2 CASTINGS
NLAl SLURRY COATED IN TWO STAGES:

{3) Ni POWDER SPRAYED, ONTO
SURFACE, COLD ISOSTATICALLY
PRESSED AT 70 KSI PRESSURE,
AND SINTERED AT 10-2 TORR,
2000F, 4 HR

(b) SURFACE WAS THEN PACK ALU-
MINIZED IN FLOWING ARGON
(-018 FT? PER MIN} AT 2000F IN
PACK OF 98 PERCENT AlgOg(-100
MESH POWDER), 1 PERCENT Al
(-100 MESH POWDER), AND 1 PER-
CENT NaCl ACTIVATOR FOR 18 HR.
I¥ THIS MANNER 13 mg/cm2 Al WAS
DEPOSITED TO CONVERT THE Ki
0 NiAl

TESTED IN STATIC FURNACE AT 2000F
FOR 15 CYCLES OF 20 HRAIRFLOW
THROUGH FURNACE . 018 {2 PER MIN.
INSPECTED AND WEIGHED AFTER EACH
CYCLE

COMMERCIAL COATING IS WIDELY USED
ALUMINIZED CONVERSION PROPRIETARY
COATING

COATING THICKNESS OF NtAl 1.6 MILS +
DIFFUSION ZONE OF 1.6 MILS

COMMERCIAL ALUMINIDE

A

Nidl SLURRY COATING

100 200 300
EXPOSURE TIME - HR

FIG. 2.0372 CYCLIC FURNACE OXIDATION [N 20 HR

CYCLES AT 2000F OF Nial SLURRY COATED.

ALLOY WITH COMPARISON TO OXIDATION

OF COMMERCIAL CONVERSION COATING
41, pp. 3,4,14)

NiCo

Ni
15 Co
10 Cr
55 Al
47 Ti

095 V

IN—-100
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47 Ti
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095 V
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NONFERROUS ALLOYS

Ni-15C0-10Cr-5. 5Al-4. TTi-3Mo-0, 95V
SDIULATED AIRFOIL SPECIMEN, SEE FIG. 2, 03111
COATED WITH NiAl SLURRY COATING APPLIED IN
TWO STAGES:
2) Ni POWDER SPRAYED ONTQ SURFACE, COLD
ISOSTATICALLY PRESSED AT 70 KSI PRESSURE,
AND SINTERED AT 10-2 TORR, 200¢ F, 4 HR
b) SURFACE THEN PACK ALUMINIZED IN FLOW-
ING ARGON (,018 FT? PER MIN) AT 2000F I¥
PACK OF 98 PERCENT Alp(Q3(-100 MESH POW-
DER),1 PERCENT Al (-100 MESH POWDER),
AND 1 PERCENT NaCl ACTIVATOR FOR 18 KR,
I¥ THIS MANNER 13 Mg PER cm® Al WAS
DEPOSITED TO CONVERT Ni TO NI Al. AVER-
AGE COATING THICKIESS 1.6 MILS + DIF-
FUSION ZONE OF 1.6 MILS

TESTED IN HIGH VELOCITY {MACH 1) JET AT 2000 F
IN CYCLES OF 1 HR AT TEMP +3 MIN COOLING
IN AIR JET. SEE FIG 2.03111 FOR DETAILS

COMMERCIAL COATING SHOWN FOR COMPARISQON
IS WIBELY USED PROPRIETARY ALUMINIZED
CONVERSION COATING

) :

COMMERCIA L ALUMINIDE COATING

NLAI SLURRY COATING

1 HR CYCLES HEAT 1 HR
MACH1, 2009 F COOL 3 MIN
100 200 300

EXPOSURE TIME - HR

FIG. 2,0373 OXIDATION OF NIAl SLURRY COATING
IN MACH 1 JET AT 2000F WITH COM-
PARISON TO COMMERCIAL ALUMINIDE
COATING {41, pp. 3,4,20)

- Mg

WEIGET CHANG]

REVISED: DECEMBER 1978

80

40

Ni-15Ce-10Cr-5, 5Al-4, 7Ti-3Mo-0. 55V

AS CAST WEDGE SPECIMEN AS SHOWN IN FIG.
2.03111 BARE OR COATED BY ELECTROLYTIC
FUSED SALT{EFSP) PROCESS WHICH METALLIDES
ALUMINUM DIRECTLY INTO SURFACE, PRO-
DUCING AN ALUMINUM-RICH NiAl LAYER. OR
COATED BY COMMERCIAL ALUMINIDE COATING.

TESTED IN MACH 1 JET AT 1200F USING CYCLE
OF 1 HR FOLLOWED BY AIR COQLING TO RT IN
3 MINUTES

SEE FIG. 2.03111FOR SKETCH OT SPECIMEN
AND TEST DETAILS

/CPACK A
"=
1

1
POINT OF FLSED SALT
THERMAL —L—ALUMINIDE COATING

FATIGLE |
1o crack at

i EXD OF TEST

- NO CRACK ON PACK Al COAT
E  PACK —— AT END OF TEST

~ 1900F

ALUMINIDE
S COATING
!

o '

hY

\“\‘BARE ALLOY
LY \I I

§0

160 240 320 400
EXPOSURE TIME - HR

FIG. 2.0351 HIGH GAS VELQCITY ONIDATION AND THERMAL

FATIGUE CRACKING AT 1900F OF ALLOY COATED
BY AN ELECTROLYTIC FUSED SALT PROCESS
(METALLIDED), AND COMPARISON WITH OXIDATION
OF BARE ALLOY AND PACK ALUMINUM COATED
ALLOY. (43, pp.2,3,20
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WEIGHT CHANGE - Mg

WEIGHT CHANGE - Mg Pr 8q Cm

FIG 2.0383 STATIC OXIDATION AT 2000 AND 2L00F OF ALLOY
COATED BY ELECTROLYTIC FUSED SALT PROCESS
43,pp.2,22)

S0

40

Ni-15Co-10Cr-5. SAl-4, TTi-3Me-0. 95V

AS CAST WEDGE SPECIMEN AS SHOWN IN FIG.
2.03111 BARE, COATED BY COMMERCIAL
ALUMINIDE COATING, OR COATED ELECTRO-
LYTIC FUSED SALT PROCESS{EFSP) WHICH
METALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMINUM-RICH
NiAl LAYER

TESTED IN MACH 1 JET AT 2000F USING
CYCLE OF OXE HOUR FOLLOWED BY AIR
COOLING TC RT IN 3 MINUTES

SEE FIG. 2,03111 FOR SKETCH OF SPECIMEN
AND TEST DETAILS

i J 1

POINT OF [
THERMAL FATIGUE CRACK
Lo =4\ .~ PACK ALUMINIZED

L7

A  CRACK 2\ NO CRACK

XN FUSED SALT |
‘\ ALUMINIDE COATING
e i I
—— POINT OF THERMAL
‘. FATIGUE CRACK

2000F

\|BARE |

&0 180 240 320
EXPOSURE TIME - HR

FIG. 2.0382 HIGH VELOCITY OXIDATION AND THERMAL

-2

FATIGUE CRACKING AT 2000F OF ALLOY
COATED BY AN ELECTROCLYTIC FUSED
SALT PROCESS{METALLIDED), AND COM-
PARISON WITH BARE ALLOY AND PACK
ALUMINUM COATED ALLOY. (43, pp.2,3,21)

T T T

Ni-15Co-10Cr-5, 5Al-4. 7Ti-IMo-0, 95V

1x2x0.1INSPECIMENS

COATED BY ELECTROLYTIC FUSED SALT PROCESS
WHICH METALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMINUM - RICH
NICKEL LAYER

TESTED IN FURNACE STATIC AIR AT 2000F OR
2100F EITHER IN 99 PERCENT PURE ALUMINA
BOATS OR BY SUSPENSION BY WIRES OF
PLATENUM/PLATINUM - 13 PERCENT RHODIUM

2000 F

2100 F
S
AN

It

30 160 240 320 400
EXPOSURE TIME - HR

(METALLIDING)

440

. - L
S o [X

WEIGHT CHANGE - Mg Per 8q Cm

o

NONFERROUS ALLOYS

Ni-15C0-10Cr-5, SAl-4. TTi-3Mo-0. 85V

AS CAST WEDGE SPECIMEN AS SHOWN IN FIG 2.03111
COATED WITH ELECTROLTIC FUSED 5ALT PROCESS
WHICH METALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMINUM-RICH NICKEL
LAYER

TESTED IN EITHER STATIC FURNACE OR LN HIGH
VELOCITY JET AT MACH I, SEE FIGURES 2.03111
AND 2.0391

SPECIMEN FOR STATIC TESTS 1 x 2 x 0.1 PLATES
SPECIMEN FOR HIGH VELOCITY JET TESTS WEDGES
AS SHOWN IN FIG 2, 03111

1HR CYCLE |
/‘ HIGH VELQOCITY
/ (MACH Iy JET

\ 2100 F

(2 HR CYCLE)
1

7

ZSTATIC (FURNACE), REMOVED AFTER EACH|
2 OR 20 HR CYCLES FOR INSPECTION
20 HR CYCLE | |

1 1 1 —

=]

80 160 240 320 400 480
EXPOSURE TIME - HR

FIG. 2.0384 COMPARISON OF STATIC OXIDATION WITH

OXIDATION IN HIGH VELOCITY JET {MACH [ AT
2100 F FOR METALLIDED COATING
(43,pp. 2,22}

NiCo

Ni
15 Co
10 Cr
55 Al
47 Ti

095 V

IN-100

cove 4212

pace 13




NiCo

NONFERROUS ALLOYS

Ni-15C0-10Cr-5, 3Al-4, TFi-3Mo-0. 95V
COUPONS 2 x1x0.11IN

CLAD WITH FOILS OF Fe-25Cr-4Al-1Y OF THICKA
NESS . 003 AND .01 IX USING FACE SHEETS AND
EDGE STRIPS. PRESSURE BONDED Z HR AT
2000 F, 15 KSI PRESSURE

TESTED IN FURNACE AT 1800 F AND 2000 F
USING 1 HR OR 20 HR EXPOSURES. AFTER EACH]
EXPOSURE SPECIMENS WERE COOLED TO 212 F
IN 10 MIN BEFORE REINSERTION INTO FURNACE

TESTS ALSC CONDUCTED ON CLAD SPECIMENS
OF CLADDING ALLOY

. 005 IN CLAD
&

4 1 HR CYCLE

y ¥-¥CLAD CLADDING ALLOY
-9 01 IN
IBARF.
L\ 1800 F

ALL DATA 20 HR CYCLE EXCEPT AS NOTED

. 005 m‘cLAD—\P.A

W01 IN

|
e ¥ ¥ CLAD CLADDING ALLOY]
{(SUBSTRATE 5 AME ALLOY
AS CLAD)

T
l 2000 F‘

a g0 160 240 320 400

TIME - HR

FIG. 2.0391 EFFECT OF CLADDING THICKNESS ON CYCLIC

I
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100

4

32

g

Ca

g

Q

CODE 4212

Ppace 14

OXIDATION OF Fe-25Cr-4A1-1Y CLAD ALLOY
AT 1900 AND 2000 F {42, pp. 2,3,28)

N SqCm

WEIGITI' CHANGE - Mg PE

[N

-2

REVISED: DECEMBER 1978

Ni-15C0-10Cr-5. 5Al-4, TTi-3Mo-0, 85V
COUPONS 2x1x 0,1 1IN

CLAD WITH FQILS OF Ni-20Cr-4Al-1.25 OF
THICKNESS . 002, .005, AND .01 INCH USING
FACE SHEETS AND EDGE STRIPS. PRESSURE
BONDED 2 HR AT 2000F, 15 KSI PRESSURE

TESTED IN FURNACE AT 1900F AND 2000F
USING 1 HR AND 20 HR EXPOSURE. AFTER
EACH EXPOSURE SPECIMENS WERE
COOLED TO 212F IN 10 MIN BEFORE
REINSERTION INTO FURNACE

BARE 1 HR ¢CYCLE
.01 CLAD 1ER

.005 1 HR

002 1HR

01 CLAD 20 HR

. 005 20 HR

J002 CLAD 20 HR

L X JoNeXedv]

o
B

1900F

2000F

80 160 240 320 400
TIME - HR

FIG. 2.0392 EFFECT OF CLADDING THICKNESS ON

CYCLIC OXIDATION OF Ni-Z0Cr-4Al-1.251
CLAD ALLOY AT 1900F AXD 2000F
{42,pp.2, 3, 25)



REVISED: DECEMBER 1978

WEIGHT CHANGE - Mg PER 6Q Cm

FIG. 2.0383 EFFECT OF CLADDING THICKNESS ON CYCLIC

NONFERROUS ALLOYS

[Ni-15C0-10CE-5. 5Al-4. TTi-3Mo~0. 35V
ICOUPONS 2x1x0.1 IN

CLAD WITH FOILS OF Ni-30Cr-1.45i OF THICK-
[NESS . 002, 005 AND .01 IN USING FACE SHEETS
AND EDGE STRIPS. FRESSURE BONDED 2 HR
AT 2000 F, 15 KSI

[TESTED IN FURNACE AT 1900 AND 2000 F USING
20 HR. EXPOSURES. AFTER EACH EXPOSURE
BPECIMENS WERE COOLED TO 212 F IN 10 MIN

Fzmu REINSERTION INTO FURNACE

ITESTS ALSO CONDUCTED ON CLAD SPECIMENS
IOF CLADDING ALLOY

-1

-2

-3

0

[ ] 005
ALL CYCLES 20 HR LLAD
Y.
. 002 CLAD
k]
701 CLAD
LAD ON CLADDING
ALLOY
1300 F
BARE ALLOY: \ i
CLAD ON CLADDING
¥ ALLOY({SUBSTRATE
S A/, SAME ALLOY AS CLAD)
A
|
T CIAD
.01 CLAD
&
BARE ALLOY 2000 F
50 160 240 320 400
TIME - HR

OXIDATION OF Ni-30Cr-1.4Si AT 1900 AND

2000F 42,pp.2,3,3)

Ni

15 Co
10 Cr
55 Al
47 Ti

3 Mo
095 V
IN-100
cooe 4212
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NiCo

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 Vv
IN-100
CODE 4212
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NONFERROUS ALLOYS

REVISED: DECEMBER 1978

Ni-15C0-10Cr-5. 5A1-4. 7Ti-3Mo-0.93V

Co-22Cr-14A1-0.1Y

AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG. 2.03111
COATED WITH CoCrAlY BY ELECTRON-BEAM~HEAT-SOURCE, PHYSICAL~
VAPOR DEPOSITION PROCESS. NOMINAL COMPOSITION OF COATING

TESTED IN MACH 1 JET AT 2000 F IN HEATING CYCLES OF 1 HR,
FOLLOWED BY COOLING TO RT IN 3 MIN

TOTAL THICKNESS

THICKNESS QF

TYPE OF COATING OF COATING QUTER LAYER
I IR
O CoCralY .0043 70 . 0055 . 004 TC . 0048
4] COMMERCIAL PACK ALUMINIDE L0033 .0017
O{NO PARTICLE EMBEDMENT . 0017 .ooz2

@
o

S S

"
o

=1

WEIGHT CUANGE - Mg

SEE FiG. 2.03111 FOR
DESCRIPTION OF TEST
SPECIMEN

SPECIMEN EXPOSED TO
CYCLE CONSISTING OF
L HR IN MACH 1 JET AT

TC 2000 F +3 MIN COOLING
C-POIKT OF APPEARANCE OF xc | TO RT
THERMAL FATIGUE CRACK
NC-NO CRACK DURING TEST PERIOD
0 80 160 240 320

EXPUSURE TIME - HR

FIG. 2.03101 WEIGHT CHANGE AND THERMAL FATIGUE CRACKING TENDENCIES
OF ALLOY WITH VAPOR DEPOSITED CoCraAlY COATING AND
COMPARISON WITH PERFORMANCE OF ALLOY COATED BY

COMMERCIAL PACK ALUMINIEE

PROCESS

{44,pp.3,15,28)



REVISED: DECEMBER 1978

WIEGHT CHANGE - Mg

g0

]
@
=1

-160

-240

NONFERROUS ALLOYS

T Ni-15C0-10Cr-5. 5A1-4. 7Ti-3Mo-0. 95V

AS CAST ALLOY MACHINED TO WEDGE BAR, AS SHOWN
EAPA{EMBEDDED ALUMINA-PARTICLE ALUMINIDE) COATING
APPLIED BY DUAL CYCLE, MODIFIED-PACK-CEMENTATION,
ALUMINIZING PROCESS. APPROX 15 V/0 OF 2 MICROMETER
ALUMINA PARTICLES ENTRAPPED IN COATING

TESTED IN 2000F, MACH 1 JET, HEAT 1 HR, COOL 3 MIN

TYPE OF COATING GOATING - I¥ | NiAl LAYER - IN

THICKNESS OF | THICKNESS OF OUTER|

pem NO COATING
O EMBEDDED ALUMINA-PARTICLE| .0005 TO .0015{ . 0002 TO .0007

ALUMINIDE
¢ FUSEDSALT, ALUMINIZED . 0025 .0015
a} COMMERCIAL PACK ALUMINIDE, . 0033 L0017
</ NO PARTICLE EMBEDMENT L0017 .0012
c R=0,3
5 >
-
NG Va -—l—l-_ I'-l' ¢ SPECIMEN
EXPOSED TO
o q}‘%s CYCLE CON-
¢ S SISTING OF 1
@ & HR IN JET +
g g COOLING TO
3 & RT IN 3 MIN
g E 4.0
c g 3
<
¢ - POINT OF APPEARANCE = é
OF THERMAL FATIGUE )
CRACK | j 450
NC - NO CRACK DURING 4N L
TEST PERIOD
SPECIMEN IN 2000F JET
| N AT MACH 1 VELOCITY
200 400

EXPOSURE TIME - HR

FI1G, 2.03111 WEIGHT CHANGE AND THERMAL FATIGUE CRACKING TENDENCIES

OQF ALLOY WITH EAPA(EMBEDDED ALUMINA-PARTICLE ALUMINIDE)
SUBJECTED TO 1 HR CYCLES AT 2000F IN MACH 1 JET BURNER, AND
COMPARISON WITH PERFORMANCE OF BARE ALLOY AND OTHER
TYPES OF COATINGS (44, pp. 2.18,22)

NiCo

Ni

15 Co
10 Cr
55 Al

47 Ti

3 Mo

095 V

IN-100

cooe 4212

page 17
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Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
CoDE 4212
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NONFERROUS ALLOYS

REVISED: DECEMBER 1978

FeCrAlY:

CoCraAlY

CERMET {1} :
CERMET ) :
CERMET (3) :

NICral 1) :
NiCrAl (2) :

Ni- 15 Co=10Cr=5. 53Al-4. TFi-IMo=~0. G5V
AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG. 2.08311

COATED WITH Pt-Al BY APPLYING A , 0003 LAYER OF Pt BY ELECTROPLATING
AND ALUMINIZING BY PACK PROCESS,
FINAL COATING THICKNESS APFROX, . 003 IN

Ni-Cr-5i ALLOY CONTAINING TiBy . AND TiN PARTICLES
Ni-Cr-ALLOY CONTAINING TiSip PARTICLES
CERMET {1} + ALUMINIZING PACK TREATMENT = (PACK: 2Al~
2NaCl-96A1203, 2000F, 15 HR}
PLASMA SPRAYED Fe-25Cr-13A1-0.8Y, FOLLOWED BY OVER-

SPRAY WITH Al POWDER + (1100) F, 6 HR IN ARGON, THICKNESS

(.018) IN

PROPRIETARY ALLOY CONTAINING NO ADDED OXIDES
PROPRIETARY ALLOY CONTAINING Y903 PARTICLES
PHYSICAL VAPOR DEPOSITED

SEE FIG. 2,03111 FOR SKETCH OF SPECIMEN

=
%]
=z
= 1
]
£
8 t2
40 ‘\mm
UNCOATED B th 1
CERMET {13 7777 S
CERMET ) fi 4 } DESIGNATES
0 CERMET @3) T, POINT OF
" T=2000F LEADING ALUMINIDE i3 THERMAL
= MACH I EDGE EAPA ) CRACK
. 1 HR AT TEMP CRACK FeCraly o+
" +3 MIN COOL NiCral (1)
g 49 L TORT Nicral 2y o,
2 ALLOY CoCrAly §ZZZI ] 4
o WITH Pt- | Pt-Al .
3 ﬁ:o‘“‘ 0 300 500
o TIME IN MACH I BURNER AT
= -g0 2000 F, 1 HR CYCLES
0 400 800 1200

EXPOSURE TIME - HR
FIG, 2.03121 TYPICAL WEIGHT CHANGE PATTERN FOR COATED ALLOY CYCLED FOR
ONE HR INTERVALS AT 2000 F, FOLLOWED BY COOLING TO RT IN 3 MIN
FIGURE SHOWS DATA FOR Pt~Al ALLOY WITH SUMMARY OF RESULTS
FOR SEVERAL OTHER ALLOYS

(45,pp-2,3,13,14)
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NaCl at 1652F.

Alloy, Ri-15Co-10Cr~5, SAl-4. TTi-3Mo~0. 85V
Source Haymes (10) p. &
Condition As Cast, Corrosion Tested {(a)
Wt. Change (a)
Mg per sz {Loas)
Bare 7.8
Coating C - 3 9.5
Coatng C - 9 9.4

(a) Exposed 1 hr in Nay,80,; + 0.5 percent.

10

8

NONFERROUS ALLOYS

NiCo

Ni-15Co-10Cr-5.5A1-4, 7Ti-3Mo-0, 95V

SIMULATED AIRFOIL SECTION,! IN CHORD, 2 IN SPAN,

APPROX 1/8 IN THICKNESS AT LEADING EDGE
AS CAST

TESTED IN HIGH VELOCITY GAS RIG(7¢0 FP5}
SEE FIG. 2.83135 FOR ADDITIONAL DETAILS OF
TEST AND MEASUREMENT PROCEDURES

] |

15

10
55
47

Co
Cr
Al
Ti

B1900 i
® B8 PPM SALT/AIR
O 4 PPM SALT/AIR

095 V

TABLE 2.03131 EFFECT OF CORROSIVE ENVIRONMENT

TOTAL CORROSION - 5Q IN

-
(=]

c

ON WEIGHT CHANGE IN BARE AND
CQATED CONDITION

TOTAL CORROSION - 5Q IN

Ni-13Co-10Cr-5. 5Al-4. TTi-3Mo=0. 95V
SIMULATED AIRFOIL SECTION 1 I¥ CHORD,
2 IN SPAN, APPROX 1/8 IN THICKNESS AT

LEADING EDGE

AS CAST

TESTED IN HIGH VELOCITY GAS RIG (700 fps)
SEE FIG. 2.08135 FOR TEST DETAILS
FP-4R(0.168) ~ Bppm SALT/ATR
OO JP-4R(0.165) - 4ppm SALT/AIR
S TP-4(.025) - Sppm SALT/AIR
C—1 JP-4(.02S) - 4ppm SALT/AIR

—_——
|

AAAMTIRALLLL R AR LR LA LA AAN WY

o e T e L

TOTAL CORROSION DEFINED AS AREA
UNDER DEPTH OF PENETRATION V5
TEMP CURVE, SEE FIG,2.03135 AND
FIG,2.03136

oY

ARBMLRRILRRRARRE R
Iyt oy

TOTAL CORROSION DEFINED
AS ARFA UNBER CURVE OF

DEPTH OF PENETRATION VS
TEMP. SEE FIG. 2.03133 AND

MAR M 200
& IN 100

IN-100

2.03136

B150

N///, |
MAR l‘q_‘ 2f° INCO T13 LC
B1510

/%“37

INC |

w 1800/ /AN 128
U700

PDRL 181 —

PDRL 161

@) ® € @ & O @ ) W)

@) B 1900 (e) INCO T13C (i) U 700

{b) ¥ 200 (D INCO TI3LE  {j) TRW 1800
(c) MAR-M 200 (g) PDRL161 (k) IN 728X
(d) B 1910 (h) PDRL 162 (1) X - 40

FIG. 2.03132 RELATIVE CORRCSION OF VARIOUS SUPER-

ALLOYS FOR TWO FUELS OF DIFFERENT
SULFUR CONTENT AND TWO SALT/AIR RATIO
CONTENTS 27, p-131)

8 10 12 14 16
WEIGHT PERCENT CHROMITM

15 20

FIG, 2.03133 CORRELATION SHOWING THAT LOW CORROSION RESISTANCE

OF ALLOY I5s RELATED TO ITS LOW CHROMIUM CONTENT

27, p.132)

Ni-15Co-10Cr-5, 5A1-4, TTi-3Meo-0, 95V

LEADING EDGE
AS CAST

SEE FIG, 2.03135 FOR
ADDRITIONAL DETAILS
OF TEST AND MEASURE-

T 700

QIN

SIMULATED AIRFOIL SECTION,1 IN CHORD,
2 IN SPAN, APPROX 1/8 IN THICKNESS AT

TESTED IN HIGH VELOCITY GAS RIG{T00 FPS)

728

1660 —MENT PROCEDURES U 700

|
FUEL
O 0.02%95 (JP-4)
0 0.16%S (JP-4R)

1500

IN 10¢
B 19100
90

PDRL
162

TRW 1800
0 INCO 723C

THRESHOLD TEMP - F

B 1900 5y 200

1400
8 12 16
WEIGHT PERCENT CHROMIUM

20

FIG. 2.03134 CORRELATION SHOWING THAT THE 1LOW
THESHOLD TEMPERATURE FOR CORROSION
15 PRINCIPALLY RELATED TC ITS LOW

CHROMIUM CONTENT

(27, p. 33)

CODE 4212
19

PAGE




NiCo

NONFERROUS ALLOYS

REVISED: DECEMBER 1978

Ni Ni~13C0-10Cr-5. 3Al-4. 75Ti-3Mo-0, 95V Mi-15Co-10Cr-5. SAL-4. 5Ti-3Mo-0, 55V
SIMULATED AIRFOIL SECTION.1 TN CHOED, SIMULATED AIRFOIL SECTION,1 [N CHORD, 2
15 Co 2 IN SPAK, APPROX 1/8 I THICK AT LEAD- IN SPAN, APPROXIMATELY 1/8 IN THICK AT
ING EDGE LEADING EDGE
10 Cr TESTED I¥ HIGH VELOGITY GAS RIG(100 FPS) TESTED IX HIGH VELOCITY GAS RIG (700 FPS)
55 Al USING LOW SULPHUR FUELQUP4 WITH ,025) USING HIGH SULPHUR CONTENT FUEL (JP-4R
" SYNTHETIC SEA WATER ADDITION TO COM- WITH 0.185)
47 Ti BUSTION GAS PRODUCED 4 & 5 PPM SOLID SEE FIG. 2.03135 FOR ADDITIONAL DETAI}S
3 Mo SEA SALT AT INLET TEMP. MEASURED BY OF TEST PROCEDURES AND MEASUREMENT
. 030 DIA HARDNESS PLUGS IN CONTROL TECHNQUE
095 V SPEC, CHECKED BY THERMOCOUPLES.
CYCLE: 1 MIN TO MAX TEMP + 10 MIN © ® PEAK METAL TEMP 1600F
IN-100 AT TEMP +1 MIN AR COOLING TO REACH A A PEAK METAL TEMP 1750F
1000F OR BELOW, TOTAL TEST TIME 120 TWO TESTS AT EACH TEMP
HOURS
DEPTH OF ATTACK MEASUREMENTS MADE @
BY METALLOGRAPHIC AND OPTICAL OBSER- =
VATIONS ON SECTIONS 1/4, 1, AND 11/2 IN =
FROM TIP OF AIRFOIL g
O @ PEAK METAL TEMP 1600F o
O A PEAK METAL TEMP 1750F =
TWOQ TESTS AT EACH TEMP g
16 5
a =
o £ | rmesnon / . N \
3 s x| = FOR A A
= § FCORROSION
. \ .
¥ ° ¢ PPM SALT .
E 1400 1500 1600 1760 1775
< 16 [ THRESHOLD F Y METAL TEMP - F
] A A4 FIG. 2.03136 CORROSION (AS MEASURED BY DEPTR OF
Z g fCORROSIO P A | ATTACK) FOR ALLOY IN 700 FPS VELOCITY
E — A GAS JET USING HIGH SULPHUR FUEL (JP-4R)
@ § PPM SALT (I\ a A WITH 4 PPM AND BPPM SEA SALT IN INLET
o IS ) ] AIR (27, pp. 1-6,159, 112)
1400 1500 1600 1700
METAL TEMP - F
FIG. 2.03135 CORROSION (AS MEASURED BY DEPTH OF
ATTACK) FOR ALLOY IN 700 FPS VELOCITY
GAS JET USING LOW SULPHUR FUEL (JP4)
WITH 4 PPM AND & PPM SEA SALT IN INLET AIR
(27, pp. 1-6. 76, §8)
Source (46)pp 2,3, 7, 16, 18
Alloy Ni-15C0-10Cr=5. 5Al—4, 7 T1-3Mo0-0. 95
Coating Al=Cr=Mn: 1S00F, 1.5 hr + 3 hr coe! {rom pack +
" 1500F, 50 hr.
Condifion - ating AEP No.32: RT application + 2080F, 2 hr + 1600F,
50 hr.
Specimen Standard T56-A-9 solid turbine blades
Heat blades rotating at 1800 rpm in city gas-
fired furnace to 1900F. Spray with aspirated selution of
Test defonized water and 1.4 percent water soluble sodium sulfatel
Condition 1.5 min heat + 0. 5 min spray, observe eve?' 100 cycles,
Remove when to1a] corrosion area of . 01N
(0.1 IN on each side)
Av. No. cycles to hot corrosion failure {6 specimens)
Coated with Al-Cr=3Mn = 713
Coated with AEP No,32- 541
TABLE 2.03137 HOT CORROSION RESISTANCE OF THINWALL ALLOY
WITH TWO PROPRIETARY COATINGS I¥ 1900F CYCLIC
TEMPERATURE TEST
cCopeE 4212
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REVISED: DECEMBER 1578 NONFERROUS ALLOYS

Ni-15C0-10Cr-5, 5A1-4. TTi-3Mo-0. 95V
1/4 DIA PINS, 11/8 IN LOKG
AS CAST

TESTED IN A TURBINE SIMULATOR TYPICAL OF MARINE SERVICE

USING COMPLEX TEMPERATURE AND VELOCITY PATTERN { SEE REF 29)
TEMPERATURES INCLUDE PERIODS AT 1000, 1600, 1800 AND 2000 F
VELOCITIES RANGE FROM 163 TC 275 FT PER SEC, SULFUR IN FUEL
APPROX 400 PPM

2g SURFACE SCALE
“ REMOVED AFTER
T TEST. SCALE
—| WEIGHTS
20 = CALCULATED
M FROM WEIGHT
= m MEASUREMENTS
15 —— HH H BEFORE AND
MEAN WEIGHT AFTER SCALE
OF SCALE REMOVAL,
MG/CM2 10 — 0 HHA M
218 gl
s 3T Bl 1
el 3 |=[lEk
L BB E EEIEHS
NICKEL BASE CORALT
SUPERALLOYS BASE

FIG, 2.03138 COMPARISON OF HOT-CORROSION BEHAVIOR IN A MARINE TURBINE
SIMULATOR WITH OTHER NICKEL-AND COBALT-BASE ALLOYS (28, pp. 1-17}

Source {23) p 9
Nominal; Ni=15Co=10Cr=5.5A1=4. TTi=-3Mo-0.95V
Alloy For actual compositions see Fig. 3. 024 (1}

As Cast, Various Compogitions

Condition and Grain Sizes Noted

Test specimen & test cendition % 10, dia x 1} in.  G.L.tested at RT()
Level of electron vacancy concen-| Fy, Fyy Jef}in)| RA
traton, Nv, and grain size ksi ksi |Percent |Percent
Low Nv, Fine Grain Size 141.9 1019 | 12 11
Medium Nv, Fine Grain Size 153.2 112,5 | 9.5 8.5
High Nv, Fine Grain Size 142.6 | Mes.7| 9.0 9.0
Low Nv, Coarse Grain Size 142.2 102.6 9.0 8.0
Medium Nv, Coarse Grain Size [128.7 $9.91 7.0 9.0
High Nv, Coarse Grain Size 128.3 | 106.2| 3.5 6.0
Min required by AMS 5397 115.0 95.0 | 5.0 -

(1) Three alloys with minor variations in composition, achieved by
additfons of Al & Ti to same master heat. Several levels of electron
vacancy concentration, N, designating tendency to form sigma
precipitate, as defined in Figures.

(2) All values shown averzge of two tegts except as designoated.

(3) Omne test only,

TABLE 3.021 ROOM TEMPERATURE TENSILE PROPERTIES OF AS
CAST ALLOY IN THREE LEVELS OF ELECTRON
VACANCY CONCENTRATION, AND AT TWC LEVELS
OF GRAIN SIZE

Ni
15 Co
10 Cr
55 Al
A7 T
3 Mo
095 V
IN-100
cope 4212

race 21




NiCo

‘NONFERROUS ALLOYS REVISED: DECEMBER 1978
Ni
15 Co Source (4 pp 3, 4, 6, 8
10 Cr Alloy Ni-15C0-10Cr-5.5A1-4. TTi-3Mo—0. 95V (nominal), (%}
55 Al Condition Forzed!) and Heat Treated® as Indicated
. Heat Treated | HT+1350F, 1000 bhr | HT + 1550F, 250 hr
47 Ti Ti + Al Content (3)
3 Mo Low Med | High Low Med High | Low Med High
95 V Fyy - tksi) 185,5 183.5 (175 179 187 164 | 179,5 | 176.5 |151.5
0.95 F, - ks 139.5 | 140.5 {141 144 142.5 }140.5(124 123 1205
IN-100 e {1.25IN) - percent 19 17.5 | 12.5| 12.5 ] 18 3 22.5 | 20.5 3.5
RA - percent 15 4.5 | 1.0 12.5 | 17.5 g 21 18.5 4.5
{1) 5 in dia casting extruded to 3.15dia @ 2050F. Flattened at 2030F to 1 3/4 thick pancake, then to
1 in thick pangake, then to 5/8 in thick pancake. Machined to 1/4 in dia specimens x 1.25 in
gage length specimens.
(2) 2215F, 4 hrs + 2000F, 4 hrs + 1550F, 16 hrs + 1400F, 24 hrs,
{3) All three alloys from same masier heat. Additions of Ti & Al to form alloys of varying degree
o_f proneness to sigma phase precipitation, by controlling average electron vacancy concentration,
Nv:
Low Nv=2,20 : Ni-13.73Co-10,26Cr-4.9541-4. 08 Ti-3. 56Mo=. 96V
Med Nv=2.40 : 13.41C0o-10.15Ce-5. 36Al-4, 09Ti-3, 58Mo-. 96V
Righ fv=2.59 : Ni~13,42C0-10.13Cr-5,46Al1~4. 63Ti-3.56Mo-1. 01V
TABLE 3.022 MECHANICAL PROPERTIES AT ROOM TEMPERATURE OF FORGED ALLOY IN
THREE CONDITIONS OF PRONENESS TO SIGMA PHASE PRECIPITATION.
PROPERTIES SHOWN AFTER NORMAL HEAT TREATMENT AND AFTER KEAT
TREATMENT FOLLOWED BY EXPOSURE TO ELEVATED TEMPERATURE.
Alloy Ni-15Co-10Cr-5. 5A1-4. TTi-3Mo-0. 95V
Source 24)p 8
Condition Forged + HT (2215F, 4 hrs + 2000F, 4 !u.'s + 1530F, 16 hrse
+ 1400F, 24 hrs + Exposure as indicated)
Thermal Al+Ti | F Gsi)id Fy sty aqr. 25infd) | RA (%)
Exposure Content
1
As Heat Low(l) . 185.5 138.5 19 15
Treated | Medium(*} | 183.5 140.5 17.5 14,5
High!) 175 141 12.5 11
Exposed | Low(l) 179 144 12.5 12.5
1000 hr €| Medium (3| 157 142.5 i 17.5
1350F High(® 164 140.5 5 g
Exposed | _Low(l} 178.5 124 22.5 21
250 hrs Medium(®) | 176.5 123 20.3 18.5
@ 1850F | piphld 151.5 120.5 3.5 4.5
{1) Sigma free
{2) Moderately sigma prane
(3) Very sigma prone, see Table 3,022 for actual compositions
{4} Average of 2 tests
TABLE 3.023 EFFECT OF THERMAL EXPOSURE SUBSEQUENT
TO HEAT TREATMENT ON ROOM TEMPERATURE
TENSILE PROPERTIES FOR FORGED ALLOY WITH
THREE LEVELS OF Al + T CONTENT (ELECTRON
VACANCY CONCENTRATION, Nv, RELATING TO
PROPENSITY TOWARD SIGMA FORMA TION)
CoDE 4212
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REYISED: DECEMEER 1978

NONFERROUS ALLOYS

MNi-15Co-10Cr-5. 5Al-4. 75Ti-3Mo-0. 95V (NOMINAL)
ACTUAL COMPOSITION
LOW Nv (2.29): Ni-13.5C0-10.2.Cr-5A1-4,16T1-3. 55Mo-, 95V
MED Nv (2,49): Ni-13.3C0-10.14Cr-5, 5A1-4, 29Ti-3. 55Mo~-. 96V
HIGH Fv (2.65): Ni-13.3C0-10.12Cr-5. 6Al-4. 69Ti-3.51Mo-. 97V
ALL CASTINGS FROM SAME MASTER HEAT, ADDITIONS
OF Al AND Ti MADE DURING CASTING TO ACHIEVE
DESIRED LEVEL OF ELECTRON VACANCY DENSITY
@)
AS CAST + EXPOSURE TO 1550 F FOR TIMES INDICATED

TEST SPECIMEN 1/4 IN DIA BAR x 11/4 IN GAGE LENGTH

— 1 25 %
773 Fpy
3
£
wiies 25 & &
w o 1=} =]
140 <3§ 8 £ <§§§
(=]
5 : |BE=[2 g &
Za20 il SL |5, & <
215'352 BE o= E
) =8 2 <= =
100 a 10[Ma & - o o
\-fs [ IR T+ Ntﬂ
o (51 o
80 Q
LOW MED HIGH LOW MED HIGH

ELECTRON VACANCY DENSITY - Nv

FIG. 3.024 EFFECT OF EXPOSURE AT 1550 F FOR 250 HR AND FCR

2500 HR ON ROOM TEMPERATURE TENSILE PROPERTIES
OF ALLOY WITH Al-Ti COMPOSITION VARIED TO ACHIEVE
THREE LEVELS OF ELECTRON VACANCY CONCENTRATION,

Nv (22,pp.1-3,10)
Source {2B) pp 2 4,5,7
Alloy Ni=15C0=10Cr -5, SAl-4. 75Ti-3Mo=0, 35V {Nominal, see actual below)
As Cast: Ni-15.4Co-10.5Cr-5.55A1-4.72Ti-3. 02Mo-k. 05V )
Composition FM Powder: Ni-13.97Co-9.54Cr-5, 65A1-4. 82Ti-3. T0Mo-158 ppm Op
HM Powder: Ni-15.4Co-10,5Cr-5, 55A1-4.72Ti-3. 02Mo-1. 05V-53 ppm Oy

NM Powder: Ni-15.18Co-9,4Cr-5. 81Al-4.82Ti-3. 08Mo-, 99V-79 ppm Qo

Powder Size

FM Powder -250 to 44 microns
HM Powder -707 to T4 microns
NM Powder ~-500 to 44 microns

HIP FM Powder; Pressed at 2320F, 25.000 psi for 1 hr to strip 1 X 1.5 x 20 IN
HIP HM Powder: Extruded to 3/4 [N Dia Rod, Pressed at 2300F,15,000pst 1 br,

Powder Consolidation Extruded at 2000F with 12:1 Reduction

Direct Extruded FM & NM Powders; Extruded at 2150F with 20:1 Reduction to
1/2 IN Dia Bar x 7 Ft

Specimen Size

3/8 IN Dia Threaded Tensile Bar

WML

As Cast HM Powder FM FM NM As Grain

As HIP « Extr As HIP As Extr As Extr Coarsened
Fy, ksi 143 - 163 244 238 188
F“, ksi 136 - 137 175 mn 137
e(1 1M 4 - B 20 21 14
RA, PERCENT g - 10 16 17 T
Hardness RC 32 41 4% 43 43 33

(1) Exposed 2270F, 24 hours. Average grain size 100 4 m, some grains as large as 200 4 m

TABLE 3.025 ROOM TEMPERATURE TENSILE PROPERTIES AND HARDNESS OF POWDER

METALLURGY PRODUCT PREPARED FROM POWDERS OF VARIOUS COMPOSITIONS
AND GRAIN SIZE AND CONSOLIDA TED BY SEVERAL PROCESSES

NiCo

Ni

5 Co

10 Cr

55 Al

47 Ti

3 Mo

095 V

IN=-100

CODE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978
. AaHoy Ki-15Co-10Cr-5. 5Al-4. TTi-3Mo-0. 95v (1) #
Ni | Seurce (9 gp &, 7, 30 - - ————
15 co Condition Superplastically Forged®), ASTM Grain Size 12-14 = Ni-15Co-10Cr-35. 5A1-4. 7Ti-3Mo=0. 95V
Heat Solutionized at 2050F, Stabilized at 1600F and 3800F + t A5 CAST
10 Cr | [rreatment Precipitation Hardened at 1200F and 1400F 5 S0 UNNOTCHED CHARPY IMPACT SPECIMENS
: Disk 1 (499 - 424) Disk 2 (493 - AZE) z [V gy
5.5 A_I RT 1300F BT 1300F & ._/;/__-,_.72__
47 Ti F,, (el 232.4 177.0 252.0 1791 -
&)
3 Mo| | Fsi 164.5 152.7 164.9 156.0 = 60 I \’>\
095 Vv ¢ percent 22,0 14.0 22.0 14.7 2 zw v
RA percent 22.2 22,3 21.5 16.4 r TESTED AT RT
IN=-100 Typical composition; Ni-18, 5Co-12. 4Cr—t. 8BAl-4. 32Ti- Z 40 |-AFTER HOLD AT TEMP
e} mp| 5 -
3.2Mo-0, T8V-, 07C~. 06Zr-. 028 3 FOR TIME INDICATED
(2) By patented Gawrizing~Process E O O GRAIN SIZE <1/16
= ® B GRAIN SIZE 21/4
TABLE 3.026 TENSILE PROPERTIES OF SUPERPLASTICALLY g 20 5 @ 500 KR HOLD AT TEMP
FORMED PANCAKE FORGING USED IN FATIGUE 5 O W 1000 HR HOLD AT TEMP
CRACK GROWTH STUDIES g ' |

Q2 400 500 1200 1600 2000
HOLD TEMP- ¥

FIG. 3.0291 UNNOTCHED CHARPY IMPACT STRENGTH
AT ROOM TEMPERATURE AFTER HOLD FOR
300 OR 1000 HR AT ELEVATED TEMPERATURE

4.p.11)
¥i-15C0-10CT-5. 5A1-4. 7Ti-3Mo-0. 95V
TENSILE SPECIMEN 0.1 IN THICK x 0.1
WIDE x } [N GAGE LENGTH
COVERED ON MAJOR SURFACES (NOT EDGES)
WITH .005 IN CLADDING OF Ki-20Cr-4Al1-1.581
PRESSURE BONDED 2 HR AT 2000 F, 15 KSI
PRESSURE
TESTED IX THE AS-CLAD CONDITION WITHOUT
OXIDIZING, WITH EXPOSURE TO TEMP CYCLE
IN ARGON TO AVOID OXIDATION, AND IN
FURNACE OXIDATION
THERMALLY TREATED BARE
r ALLOY {(ONE 2 HR CYCLE AT
e, 2000 F + ONE 400 HR CYCLE AT
1900 F IN ARGON)
[ ] ascuap, xon-oxmizeD Ni-13C0-10Cr-5. 5Ai-4, TTi-3M0-0, 95V
AS CAST
‘\\‘\\‘ AS QXIDIZED IN FURNACE (400
b 1 HR CYCLES AT 1900 F)
160
H
| 1 TOF i
i
120 7 !
E — 1562
40 |- a0 E /_,,-—- 1562F
? o //
_ 30t 30 B 5 S0 1697F |
g - 2 /
e R S .
=2} 2o / '/—-"‘ 1832F
= -
.:: 5 40 Ly
210 —{10
= —.002 —
o [\ 0 0 l -
Fry Fry el IN) STRAIN
FIG. 3.03111 STRESS-STRAIN CURVES FOR AS-CAST ALLOY
FIG, 3.027 COMPARISON OF TENSILE PROPERTIES AT ROOM AND ELEVATED TEMPERATURES
OF ALLOY WITH Xi-20Cr-4Al1-1, 28] {16 pp. 7,10,115 REVISED BY PERSON-
CLADDING ALLOY BEFORE AND AFTER AL COMMUNICATION, METCUT TO
OXIDATION (42, pp.2,3,20,29) MPDC 6-13-75)
cobpE 4212
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
Ni-15C0-10CT-5, 5Al-4. TTI-3Mo-0. 95V Ni
CAST TO 1/4 IN DI BAR SPECIMEN x 2 EN.GAGE LENGTH |
JO COATED BY TRW WITH PWA A47 COATING PLUS 15 Co
1975F, 4 HRS I\ VAC, + RAPID ARGOX QUENCH
10 Cr
160 55 A_|
4.7 Ti
120 |__ ! ————t—T" WF 3 Mo
g 1562F 095 V
g ]
80 / / = 1697F IN-100
1832F
40 4]
—. 004 pu—
0 | |
STRADY
FIG. 3.03112 STRESS-STRAIN CURVES FOR JO COATED ALLOY
AT ROOM AND ELEVATED TEMPERATURES
6.pp. 7,10,123)
Ki-15C0-10Cr-5. 5A1-4. TTi-3Mo-0. 95V
CAST TO 1/4 I DIA SPECIMEN x 2 IN GAGE LENGTH
AS CAST
160
m?;
140 “
200 I T : , &7\/\, QZ" Fry
Mi-15C0-10Cr-5, SAl-4. TTi-3Mo-0. 95V 120 As ,};,/_ 2.
AS CAST .
| g s “&2
I3 / >
160 - > 100 <2
~ -
' T -]
TY & 80
£ 20| ® |8 - KQ
g b |
E- 60
= g %
80
\0 0 y 20
40 /%/i z
RA P =
P : y 1 2
20 - P 2
% //7— ) / =
AR, oo e
A izt 70 Rk
= e At s g
R —— TN T Zan
: : -o—* Q’?f_‘&:
] ——» e(2 IN) .
0
é o 100 1500 1600 1700 1800 2900
2 TEMP - F
0 200 500 1200 1600 2000
TEMP - F FIG. 3.03122 TENSILE PROPERTIES OF AS CAST BAR AT ROOM
FIG. 3.03121 EFFECT OF TEST TEMPERATURE ON AKD ELEVATED TEMPERATURES(LS, pp. 13,112.114)
MECHANICAL PROPERTIES AS CITED
BY ALLOY DEVELOPER 4. p.5)
cone 4212
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NONFERROUS ALLOYS REVISED: DECEMBER 1978
. Ni-15Ca-10Cr-5. 3A1-4. TT-3. 0Mo-0, 95V Source “e) pp2. 3. 7, 68, 69
Ni CAST TO 1/4 IN DIA BAR SPECIMEK x 2 IN GAGE Alloy Ni-15C0-10Cr-5. 5A1-4, 7Ti-3Mo-0. 93V
15 CO 150 | FENGTH ] As Cast + Coated with Two Proprietary Coatings:
JOCOATED BY TRW WITH PWA 447 COATING PLUS Condition Al-Cr-Mn or AEP No. 32
10 Cr 1975 F, 4 HRS I¥ VAC + RAPID ARGON See Fig. 3.0515 for Coating Conditions
& - QUENGH Specimen Type Simulated Airfoil, See Fig. 3.0515
55 Al 140 ‘% 7S AEP No. 32 Coating Al-Cr-Mn Coating
a7 Ti ~C/\> Frg RT 1400F 1500F RT 1400F | 1800F
\C . Q) [eb]
3 Mo 120 -/“V\ F ksh 114 125.8 61.8 101.0 110.3 68.4
095 V 3 &/2?[_ e 7 F,, (st} |10s.9 101.9 55.3 96.7 108.4 | 49.9
100 F
IN-100 TY p:rg:;t 3.7 ER 2.2 L7 - 5.3
= 50 (1) Average of o tests
o=}
£ TABLE 3.03141 TENSILE PROPERTIES AT ROOM AND ELEVATED
- TEMPERATURES OF THINWALL ALLOY COATED
WITH TWO PROPRIETARY COATINGS
40 20
Ni-15C0-10CT-5. 5A1-4, 75Ti-3Mo-0. 95V
N 2 x 1/¢ x . 040 IN SHEET
Y 6 AS CAST + CODEP C-2 COATING (APPROX.
- - £ 2 MILS) PARTIAL STRIP BY LOCALIZED GRIT
pd / ~ /3 3 BLAST;COMPLETE STRIP BY IMMERSION IN
. W\H—- B e SOLUTION OF 30 V/0 HNO3 +1 V/0 TURCO
N g 4104 FOR 3 HR.
o N 4 | RECOATING WITH VACUUM FIRED SLURRY
:/) = 5 3 SLIP PACK OF 5§ Cr-44 Al
~ - o OXIDIZED 150 HRS, 1750F
L~ e(Z IN) 5 T pring
. L7 \ ESTED AT 1500F
0 100 1300 1600 1700 1800 1900 Fry OF UNCOATED ALLOY AT 1800F - 56,3 K5I
TEMP - F Fry OF UNCOATED ALLOY AT 1800F - 41.2 KSI

FIG. 3.02123 TENSILE PROPERTLES OF JOCOATED RAR AT ROOM

[
=
AND ELEVATED TEMPERATURES (16 pp.13,121,122) € 2§
£ 538
S b =285
£9 8= g= =
o= &8 B+ + 2
o7 €5 moomo
gre=z 222
=L 3 e B =&
Source {3S) p 95 N o == ng
— — — — 2% ES 823
Alloy Ni-15C0-10Cr-3, 5Al~4, TTi-3Mo-0.95V =4 B E qeE 3
2150F 2 hr | 2050F 24 hr | 1900F 24 hr = zBe %ea N =JC2z
Condition As Cast | Rapid Air CoollRapid Atr CoollRapid Air Cool] & do¥3H E5=3%8
i & g3 E-E 2 ES T
Fested at 1300F £ ZE3 25 $£928
i = " ) <%0 &2 ooy
F, (st} 136 133 128.3 135.% @ EFTEC VS B ZgsE
F,, fsl) 124.3 119 1147 19.3 B sl g% izal S8 2c BE
ty g ©zgi =+ 9% £z 23
e percent 8.8 6.0 4.5 3.7 S 10| =2SEZ EE a2 299
RA percent 14.3 7.0 5.1 5.8 "‘g’ L0 £32 38 %28 ZE 0z
(1) All valves average of 3 tests, = B = z “© < E g2 <
o 1w BE < =) 53
TABLE 3.03131 EFFECT OF SEVERAL SOLUTION HEAT £ b 5]
TREATMENTS OX THE TENSILE PROPERTIES & 0
AT 1300F S sol—
=
= 0 .
Fru Fry

FIG. 3,03142 EFFECT OF COATING, HIGH TEMPER-
ATURE EXPOSURE, AND SEVERAL
REPAIR PROCESSES ON TENSILE AND
YIELD STRENGTH AT 1§00F COMPARED
TO AS CAST UNCOATED BASE MATERIAL
(25.7p.36,115,116)

C.ODE 4212
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REVISED: DECEMBER 1978

PERCENT OF UNCOATED ELONGATION

200
160
120
80
40
¢

NONFERROUS ALLOYS

ORIGINAL

Ni-15Co-10Cr-5. 5A1-4. 75Ti-3Me-0, 35V

2x

AS CAST + CODEP C-2 COATING(APPROX.
2 MILS)
PARTIAL STRIP BY LOCALIZED GRIT BLAST

COMPLETE STRIP BY IMMERSION I SQOLU-
TION OF 30V/0 HNOg +1V/0 TURCC 4104
FOR 1 HOUR. RECQATING WITH VACUUM-
FIRED SLURRY SLIP PACK OF 56 Cr-44 Al

QOXIDIZED 150 HRS, 1750F

TESTED AT 1800F

ELONGATION OF UNCOATED ALLOY AT
1B0OF - 5.6 PERCENT

COAT

1/4 x .040 IN SHEET

o
g

- - =

& 1 I

& fn Ee a

=

58 2 o< 2% &
S 5 +8 £§g =g
o Q o<
Ca RBRa, 88 *g o

4]
—H BB Wbz ag o
= ES< & =) +5
Z2 SBEQ % gt ap
- CEO Sa = 04

UE [ | OB BE <]
= O ﬁmmmh %R =
O + t+ £ Quw EE
o
l I I[ )

F1G. 3.03143 EFFECT OF COATING, HIGH TEMPERATURE

EXPOSURE, AND SEVERAL REPAIR PROCESSES
ON ELONGATION AT 1800F COMPARED TO AS
CAST UNCOATED BASE MATERIAL(2S, pp.36,1L!

5,118)

Source {39) p 839
Alloy Ni-15C0-10Cr=5. 5414, TTi-3Mo-0. 95V f
Conditon Powder Metallurgy product, deformed and heat treated as shown
Extruded 10.6 to &t at 2000F,
Rolled 3 to 1 at 2000F + Extruded 10. 6 to 1 at 2000F
Extruded 10. 6 to 1 at 2000F,|2150F, 4 br, oil quench+ |+ Superplastically deform~
Rolled 3 to 1 at 2000F 1200F, 22 hr, air cool + ed 100% in tension at 2000F
1400F, 8 hr air cool + 2275F, 56 hr, air cool
RT
Fou ksiy 310 254.6 170,7
Fty &si) 295.8 177.8 129.4
e percent 12 27 10
RA percent 8 25 15
1200F
Fy, (ksi) 257.4 204.8 163.6
Fyy (ks 241.8 180.6 125.2
e percent 10 15 8
RA percent 18 12 10

TABLE 3.03151 EFFECT OF REDUCTION PRACTICE AND HEAT TREATMENT ON THE TENSILE
PROPERTIES AT RT AND 1200F OF POWDER METALLURGY ALLOY

NiCo

Ni
15 Co
10 Cr
55 Al
4.7 Ti
3 Mo
095 Vv
IN-100
CooE 4212
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NONFERROUS ALLOYS REVISED: DECEMBER 1978
- L R B
Ni Ni-15C0-10Cr-5, 5A1-4, T5Ti-3Mo-, 95V
15 CO {(Nominzl)
1/2 I¥ DIA BAR
10 Cr AS EXTRUDED
55 SEE TABLE 2,025 FOR DETALLS OF POWDER
5 Al COMPOSITION, CONSOLIDATION
a7 Ti PARAMETERS, AND R.T. PROPERTIES OF
ALLOY !
3 Mo
IN-100 B
]
Z FM AND NM POWDERS
Ni-15Ce-10Cr -5. 5A1-4. 7Ti-3Mo-0. 95V E . AS EXTRUDED
5 X DIA PANCAKE FORGED FROM 1 3/4 DIA BARSTOCK z 10 0 {
PREPARED BY “ALL INERT" P & W PROCESS z f L*Pﬁ 1900 F |
HEAT TREATED BY MODIFICATION TO PWA 1025 = 2
x 1500 F -~
SPECIFICATIONS & 10418004 H?;:/J o
= 3 . 2100 F
e~ -
= ?i 2000 F’:\’j{‘olu—}
10¢ 107 1002 101 3
240 STRALN RATE-MIN-1
o FIG. 3.03133 FLOW CHARACTERISTICS [N THE RANGE
— AT LOW STRAIN RATES AND TEMPERA-
g 220 ~ TURES WHERE SUPERPLASTICITY CAN
‘ \\ Pre BE ACHIEVED (25 p.2-24)
Fal
£ 200 B—
=)
-
=
180
160
5 o
Fry \\\\
140
SPECIFIED MINIMUM PROPERTIES
BY P&W FOR I 100{ PWA 1025)
o DATA FROM "GATORIZED" Ni-15 Co-10Cr-5.5 Al-4. 75Ti~3Mo-0, 95(NOMINA L)Y
PANCAKE 1/2 INCE DLA BAR
AS EXTRUDED
SEE TABLE 3.023 FOR DETAILS OF POWDER
L 205 COMPOSITION, CONSOLIDATION PARAMETERS
z e AXND RT PROPERTIES OF ALLOY
9 10 Q\ ’
= O Fi POWDER
& 0O XM POWDER
o AS ENTRUDED
0 200 500 1200 1600 | !
TEMP - F | i
100 ; 1900F _
FIG. 3,03152 TENSILE PROPERTIES OF SPECIMEN FROM POWDER 5 = ————-ﬁ___c}'— L——— 2000F ]
ALLOY PANCAKE AT RT AND 1300F, WITH COMPARISON 3 - ____.-4-"()— o 2100F -
TO PRATT & WHITNEY SPECIFICATIONS FOR ALLOY Z 10 D=
(35, FIGS. 1.2 =7 -1 B
1 i
1
et 10?1072 10t 10 10
DEFORMATION RATE - sEC™?
FIG. 3.03154 RELATION BETWEEN STRESS AXD HIGH
DEFORMATION RATE AT 1800 TO 2100F
FOR ALLOY EXTRUDED DIRECTLY FROM
POWDER. 28, p.7-22)
CODE 4212
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ELONGATIOM-PERCENT

NSILE ELONGATION - PERCENT

TE

Nl—lSCo-Iiocr-S, ;Al-4. 75Ti-3Mo-0, $53Y (Nominal)
1/2 IN¥ DIA BAR

AS EXTRUDED

SEE TABLE 2,025 FOR DETAILS OF POWDER
COMPOSITION, CONSOLIDATION PARAMETERS
AND R, T, PROPERTIES OF ALLOY

[~
=]

T
1500F

FM & NM POWDERS
AS EXTRUDED
20
\K
10 j— 2000F S-S ell I¥)

<y
a—
2100F —

103 1072 1071 1 10
STRAIN RATE - PERCENT

FIG. 3.3155 HIGH STRAIN RATE EFFECT ON ELON-
GATION AT FRACTURE AT 1900 TO
2100F FOR ALLOY DIRECTLY EXTRUDED
FROM POWDER (28,p.2-22)

NONFERROUS ALLOYS

NiCo

Ni-15C0-10Cr-5.5A1-4, TTi-3Me-0. 85V
TENSILE SPECIMENS CUT FRCM 2 1/4 IN DIA
OR 4¥/4 IN DIA BILLETS, AS INDICATEDR

INERT'' POWDER METALLURGY PROCESS OF
PRATT & WHITNEY AIRCRAFT

21/4 IN BILLET EXTRUDED FROM 5 IN DIA
COMPACT

4%/4 IN BILLET EXTRUDED FROM 10 1/2 IN
DIA COMPACT

21/4 IN
DIA BILLET (33}

PREPARED FROM POWDER P.&R'HCLE BY "ALL

1600 \\\

1200 N A
800 j— /4_ 75 IN i \
DIA BILLET
(34)
400 /
0
1800 2000 2100
TEMP - F

FIG. 3.03156 SUPERPLASTICITY EXHIBITED BY POWDER

METALLURGY ALLOY (33, FIG. 3),(34, FIG. 3}

Source (26) p VIO - 10 -
Alloy Ni=15C0-10Cr=5. 5Al-4. 75Ti-3Mo-0, 95V Ni
Condition As Cast + 1800F, 4 hrs, AC
Test Condition 5000 psig 15 Co
Hellum Hydrogen 10 Cr
RT 1250F RT 1350F -
Fy, (K81} 118.5 103.2 |107.5, 87.5 | 95.0, 114.0 5.5 A_’
Fyy (ksh) 95.8 101.8 [106.5, 7.5 | 99.0, 106.1 47 Ti
e(l in), percent 9.5 2.0 3.0, 2.5 1,5 2.0 3 MO
RA percent 14.7 8.7 3.3, 5.5 2.0, 7.1 0-95 v
TABLE 3.03171 TENSILE PROPERTIES AT RT AND 1250F IN IN-100
5000 psig HELIUM AND HYDROGEN
Ni~15C0~10CE~5. SAl-4. TTi-3Mo-0. 05V
AS CAST (MELTED AND CAST IN AIR OR IN
VACUUM, AS INDICATED)
120
B VAC MELT
SIS AND CAST
~ \
100 AIR MELT
AND CAST
N
N
AN
80 >
@
% 0
3
[
40
20
0
1400 1500 1600 1700 1800
TEMP - F
FIG. 3.0321 EFFECT OF TEST TEMPERATURE ON
COMPRESSION YIELD STRENGTH FOR AIR
MELTED AND CAST ALLOY AND FOR VACUUM
MELTED AND CAST ALLOY 2, FIG 4,5)
copeE 4212
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NONFERRQUS ALLOYS REVISED: DECEMBER 1978

N ! Ni-13Co-10Cr-5. 5Al-4. TTi-3Mo=0, 95V
15 Co AS CAST
10 Cr CHARPY V SPECIMEN
47 Ti 20
3 Mo 4
095 V| &
I
IN-100 - COARSE GRAIN
& | T (31/40)
Z 10 4=
5 FINE GRAIN ek A
g (£ 1/16 B%) Y
£ | | N
= 0 T ~
CHARPY V NOTCH
R —
[} 400 800 1200 1600 2000
TEMP - F
FIG. 3,0331 EFFECT OF TEMPERATURE ON CHARPY
V IMPACT ENERGY {4, p.12)
T T T T !
Ni-15C0-10Cr-3. 5Al-4. TTi-3Mo-0. 95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN
= | GAGE LENGTH AS CAST
“
A
=
[ 6
n TESTED AT 1562 F
=
g . ,143KsT
;fs B3X51 MKSI 48 KSI
'6
= " 41, SKESI
i g v
5o ]
L] 200 400 GO0 800 1000
TIME - HR
FIG. 3.0411 CREEP CURVES QF AS CAST ALLOY
AT 1562F (16, pp.13,112,114,117)
cobe 4212
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CREEP ELONGATION - PERCENT

Ni-15Co-10Cr-5.5A1-4, TTi-3Mo-0. 95V

CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE
LENGTH

JO COATED BY TRW WITH PWA A47 COATING

PLUS 1975F, 4 HRS BN VAC + RAPID ARGON QUENCH

TESTED AT 1562F

GZKSI | A i
8 ;
57 KSL | |
46 KS1
{(AV OF 2 TESTS)
42,5 K81
//
% e@ N

0

0 200 400 800 800 1000

TIME - HR

FIG. 3.0412 CREEP CURVES FOR JO COATED ALLOY AT 1562F,
(16.pp. 13,121,124,125,)

Ni-15C0-10Cr-5, 5Al-4. TTi-3Me-0.95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN
GAGE LENGTH

AS CAST

TESTED AT 1697F

0

B
=
= 8
T EY
IS
B 25 KSI
x 6
=1
= 27 KsI
3
)
a B2 KSI
E
23 KS1
= / /
/—--—""-
o 2

00 400 €00 00 1000
TIME - HR

FIG. 3.0413 CREEP CURVES OF AS CAST ALLOY
AT 1697F (16, pp. 13,112.114,115)



REVISED: DECEMBER 1978 NONFERROUS ALLOYS

Ni-15C0-10Cr-5, 5A1-4. TTi-3Mo-0, 55V |

CAST TO 1/4 IN DEA BAR SPECIMEN x 2 IN GAGE
LENGTH,JOCOATED BY TRW WITH PWA A47 COATING
PLUS 1975F, 4 HRS IN VAC + RAPID ARGON QUENCH
TESTED AT 1697 F

8
a2 ks1
e 2TKSL
] 26 K31
£6 |36 ka1 3
&
B
4
e
4
3 / / 24,5 KSI
g /
15
%2 / A
<]
=
= / /
2’,/ e oM
oL =—7
2

0 00 400 600 800 1000

TIME - HR

FIG. 3.0414 CREEP CURVES FOR JOCOATED ALLOY AT 1697F
{6 pp. 13,121, 124,126)

Ni-15C0-10Cr-5, 5Al-4. TTi-3Mo-0. 95V

CAST TO 1/4 I¥N Dis BAR SPECIMEN x 2IN GAGE
LENGTH AS CAST

TESTED AT 1832F

22 KST 17 KSI

NT

RCE

CREEP ELONGATION - P¥

. / e IN)
/

0 200 400 600 800 1000
TIME - HRS

FIG. 3.0415 CREEP CURVES OF AS CAST ALLOY AT 1832F,
(16,pp. 13, 112,114,11%)

CREEF ELONGATION - PERCENT

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
Ni-15C0=10CT~5, 5Al-4, TTi-3Ma=0, 95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE
LENGTH JO COATED BY TRW WITH PWA A47
COATING PLUS 1975F, 4 HRS I¥ VAC + RAPID
ARGON QUENCH
TESTED AT 1832F
T
18.5 KSIT
6
4 16 K51 15,5 K81
21 Kst / 14.5 K81
T
// / @209
___-/—-‘
0
0 200 400 500 500 1000
TIME - HR
FIG. 3.0416 CREEP CURVES FOR JO COATED ALLOY AT 1832F
(16.0p. 13, 121, 124,127)
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NONFERROUS ALLOYS

REVISED: DECEMBER 1978

15 g' 100 Ni-15C0-10CT-5,5A1-4, 75Ti-3Mo -0. 95V
O ] RUPTURE AS CAST
10 C ] | PERGENT ™
r 0.5 PERCENT e, cassr\
55 Al CREEP . \
47 Ti 80 i B
3 Mo 0.2 PERCENT T~ T \
CREEP \\\ ™~
095 V . .
g 0.1 PERCENT | T~ \\ \
IN-100 80 CREEP 4 - -
[~ S _—
~J - \
\_. e —~—
e . ~—
0
CREEP STRAIN AND CREEP RUPTURE
1350F
§0 1 ) ] ! 11
10 20 40 60 100 200 400 500 1000 2000
TIME - HR
FIG. 3.0£17 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREEP
RUPTURE AT 1350F @
80
\ Ki-13Co-10CT-5. 5Al—t, 15T -3M0-0. 85V
\ AS CAST
80
\ 1 PERCENT
0.5 PERCENT ——CREE® \\ RUPTURE
ﬂi? P~
70
[~
0.2 PERCENT \\ \\
5 EEP
60
\ -—..___\ T \\
0.1 PERCENT S \ - N
CREEP — L
i \ ~_ ™
o ~
B
0
8 NN ~
~
CREEP STRAIN AND CREEP RUPTURE
1500F
40 I t ! ! ! |
10 20 0 60 100 200 300 600 1000 2000 1000
THME - HR
FIG. 3.0415 ALLOY DEVELOPER'S SUGGESTED DESIGX CURVES FOR CREEP STRAIN AND CREEP RUPTURE
AT 1500F @
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
i B . ) Ni
50 .\ RUPTURE L‘)—J.SCO-].OCl‘-i.SSJél;;;:ITSTI-:iMD-O. 25v — 15 CO

1 PERCENT 10 c r
CREEK S5 Al

20 <] 47 Ti
0.5 PERCENT
CREEN\\ \ 3 Mo
.2 PERCENT~_| T~ 095 V
= REEP T~ \
o [
30 ! < IN-100
0.1 PERCENT .y : -
CREEP \ \\ \\
2¢ N ——
~ \ -— i —
"--..____‘- ~—
CREEP STRAIN AND CREEP RUPTURE, -
1700F
0 ! I ] |
10 20 40 60 100 200 400 600 1000 2000 4000
TIME - HR
FIG. 3.0419 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREEP
RUPTURE AT 1700F ()
40
~~ __ RUPTURE Ni-15Co-10C1-5.5A1-4.75Ti-3Mo-0. 95V
S~ AS CAST
30 et
ST e
~ . ]
2.5 PERCENT ) ]
\Cfm\\ \
5 20 B
0.1 PERCENT CREEP \ \ \\_\-__
™~ 0.2 PERCENT \\:%
10 L ., CREEP e
N ~ 1 —
-~
CREEP STRAIN AND CREEP RUPTURE
1600F
a ] I 1 [
10 20 40 60 100 200 400 600 1000 2000 4000
TIME - HR
FIG. 3.0411¢ ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREEP RUPTURE AT 1800F
4
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NONFERROUS ALLOYS
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30
Ni
15 Co ¥i-15C0-10Cr-5, 5A1-3, 78TE~3Mo -0, 95V
—— AS CAST
10 Cr 20 ] — ! ; | l
55 Al ~——_RUPTURE i
47 Ti g | ""\_______‘ CREEP STRAIN AND CREEP RUPTURE
4 \\\ 1900F
095V 10 =~ =t
: 0.5 PERCENT CREEP T\’\‘I‘\
IN-100 ™1 PERCENT CREEP
]
10 0 &0 100 200 400 600 1000 2000
TIME - HR
FIG. 3.04111 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREEP
RUPTURE AT 1300F 0]
N{-15C0-10C 75, 541 4. 75Ti-3Mo =0, 95V
AS CAST
200
100 _
T s o g
1 -~ |
50 ==
— — L
-~ - 1 1500F ///
20 1700F | _L—"] |
=~ —
— — - "__——‘ /—-——-
10 il 18008~ L]
- |, - " -
5 — ) /
v
- 1900F |-
P MINIMUM CREEP RATE
2 ya
A
yd
-3 -4 -3 -2 -1
10 10 10 10 10
MENIMUM CREEP RATE - PERCENT PER HOUR
FIG. 3.04112 MINIMUM CREEP RATE CURVES FOR TEMPERATURES FROM 1350 TO
1900F )
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NONFERROUS ALLOYS

NiCo

Alloy Ni-15C0-10Cr-5. 5Al-4, 7Ti-IMo-0, 95V Ni-15C0-10Ct~5. 5Al-4. 7Ti-3Mo=0. 95V .
Source {19y pp 6, 7, 10 CAST TO 1/4 IN DIA SPECIMEN x 2 IN NI
- b) GAGE LENCTH

- Superplastically Forged 15 Co
Gondition ASTM Grain Size 12-14 AS CAST
Solutionized at 2050F, Stabilized at 10 Cr
Heat Treatment: 1600F and 1800F, + Precipitation f 55 Al
Hardened at 1200F and 1400F . 70 - )
Disk 1 (199-A2A) | Disk £ (459-AZE) \ 47 Ti
T300F | 1350F | 1300F | 1350F 60 O] o 1 PERCENT CREEP 3 Mo
80ksi | 95%ksi | BOksi | 95 ksi =. -~
Time to 0.1 Percent Creep, hr " - 134.5 = START 8743y l 095 V
Tirne to 0,2 Percent Creep, hr 175.5 - 142.5 - 50 STAGE CREEP “\%UPTUT{E
Time to Rupture, hr >233.2 | 28,0 [>l4s.2 | 18.9 o, IN=-100
e 4t Fracture, Perceni - 10.6 - 7.6 \'zﬁ‘
RA at Fracture, Percent - 15.9 - 12.2 a0 1 PERCENT CREEP ~A~aTo
{a) Typical composition: Ni-18.5Co-12. 4Cr—4. 98Al-4. 32Ti-3. 2Mo~ 3 ol [ 1s62F
0.78V-. 07C~. 06Zr~.02B 4 START_] Sy, EPTUREI
(b) By patented GATORIZING PROCESS 30 [3rd STAGE —§ =]
CREEP LN
TABLE 3.0421 CREEP AND CREEP RUPTURE PROPERTIES OF 5 -~
SUPERPLASTICALLY FORMED PANCAKE FORGING 20 S C Mgt 1697F—
1 PER- SEG RUPTURE
USED IN FATIGUE CRACK GROWTH STUDIES CENT CREEP =
REEP ) s
10 START 379 STAGE CREEP TRI2F
20 50 100 200 500 1000 2000
TIME ~ HR
FIG. 3.0431 RELATION AMONG START OF THIRD
STAGE CREEP, TIME TO 1 PERCENT
CREEP, AND RUPTURE TIME FOR AS -
CAST ALLOY (16,p.116)
— e T T
Ni=13C-10Ct-5. 5Al-4. 7Ti-3Mo-0. 95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN
GAGE LENGTH JOCOATED BY TRW WITH PWA A47
COATING PLUS 1875F, 4 HRS IN VAC +RAPID
ARGON QUENCH
70
80
50
L 1 PERCENT CREEP =
g <. o] RUPTURE 1562 F
START |4~
30 [~ 3rd STAGE <
CREE “}‘O‘\\O\‘D\Q\
1 PERCENT CREEP .-
200 0 O UPTURE 1697 F
TSnet | Q|
START }":5‘.::-
3rd STAGE CREEP Tt 0
10 i 1832 P
20 50 100 200 500 1000
TIME -~ HRS
FIG. 5.0432 RELATION AMONG TIME OF THIRD STAGE
CREEP, TIME TQ 1 PERCENT CREEP AND
RUPTURE TIME FOR JOCCATED ALLOY
16,p.124)
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Ni
1% Co
10 Cr
55 Al
47 Ti

095 V
IN-100

Ni-15Co-10Cr-5, SAl-4. T3 Ti-3Mo-0. 95V

2 x1/4 x .040 [N SHEET
AS CAST + CODEP C-2 COATING {APPROX 2 MIL)
PARTIAL STRIP BY LOCALIZED GRIT BLAST
COMPLETE STRIP BY IMMERSION IN SOLUTION
OF 30V/0 HNO3 +1 V/O TURCO 4104 FOR 1 HR,

REPATRED BY RECOATING WITH VACUUM
FIRED SLURRY SLIP PACK OF 56 Cr-44 Al

OXIDIZED 150 HRS, 1750F
TESTED AT 1500F, 20 KSI

Fry OF UNCOATED ALLOY AT 1S00F - 36.3 KSI
Fry OF UNCOATED ALLOY AT 1S00F - 41,2 KSI
(2 IN) OF UNCOATED ALLOY AT 1S00F -

5.6 PERCENT

THIPARLECOAT

COAT

TRIPARECOAT

STRIMRECOAT

COAT
5

STRIPIRECOAT

RIPHHECOAT

STRIP+RECOAT
STHIPAR)

160 -

_ ] UNCOATED

ORIGINAL COATING
QRIGINA L COATING-OX11)

140 |~
120 —

I'EEHPA T,

ORIGINAL COATING
RIGINA L COATING+OX1IY

=]
=
=
3
mo——%}

AS COATEDN+COMPLETE STRIVARECOAT

AS COATEDHOXIDHPART .

80—

AS COATEDAQXIDACOMPLETE STRUPHRECOAT

TED

60 1~

ORIGINA L COATING
ORIGINAT, COATING +OX )

TIME = EIIt

40

S COATED4 PART, STRIPARECOAT
AS COATEDACOMPLETE STRILHRE

A5 COATEDHOXIDHOMP LETE

8 COATEDAOXIDHPART.

1 1
- (=]
o2 Yy

20
o

|

TIME TO TIME TC RUPTURE
1 PERCENT CREEP RUPTURE ELONGATION
PER CEXNT

FIG. 3,0441 CREEP AND RUPTURE PROPERTIES OF ALLOY
AFTER REPAIR OF OXIDATION DAMAGE AND
MECHANICAL DAMAGE EFFECTS (25,pp. 36.130)
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
100 ,
100 HR ] I '
N Ni-15Co-10Cr-5,54A1-4. 75Ti-3Mo-0, 95V
a0 B AS CAST
1QOHR \Qoanl\
NN \\ \
20 10,400 HR \
‘ \ \ \
50 i
\ \
\ RUPTURE
- 50 \
g \
\
\
40
¥ L
\ \ N
\ \
30 —
\ \ \J
\\ \\\ L
20 o \\\
SN N s
AN \ .
10 =
S
4 -
S,
2300 14C0 1500 1600 1700 1800 1900 2000
TEM?P - F
FIG. 3.0451 TYPICAL CREEP RUPTURE PROPERTIES IN LIFE RANGE FROM
10 TO 10, 000 HRS AT TEMPERATURES FROM 1300 TO 2000 F (4)
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NiCo

NONFERROUS ALLOYS

AS

CAST

Ni-15C0-10Cr-5.5A1-4. TTi~-3Mo-0, 95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN
GAGE LENGTH

70
[e.
-~ [ 1562F
o I~ e
o
I
_a\:\-._,__ 1697F
30 ~
g 0 a
20
] 1832F
15
10
50 100 200 300 500 1000 1500

RUPTURE TIME - HR

FI, 3,0452 CREEP RUPTURE CURVES FOR AS CAST ALLOY
AT 1562F, 1697F, AND 1B32F (16, pp.13, 116 120)

102

Ni-15C0-30Cr-5.5Al-4. TTi-3Mo-, 95
AS CAST
O FINE GRAIN(Z1/16 IN)
® COARSE GRAIN(31/8 IN)

—'—0—-—l=: 1350F
F T [O——e.
,-__%%;.Hnoor

o T %e.
O . 1808
| 1500F
| ] P 1 ] ]
10 2 5 10° 103 104
TIME - HR

FIG, 2.0453 CREEP RUPTURE DATA TOR AS
CAST ALLOY AS DETERMINED BY

DEVELOPER 4, p.6)
Saurce (38) p 95
Alloy MNi-15Co-10Cr-5. 5Al-4, TTi-3Mo-0. $5V
Condition 2150F, 2 Ar | 1900F, 24 Hr| 2050F, 24 Hr
As Cast | Rapid Air Cool|Rapid Air CocljRapid Air Cool
Tested at'™
1800F, 29 ksi
Life, hrs 3.8 32 25.3 25.9
e, percent 6,9 6.8 8.5 7.13
RA. percent 8.8 10.7 11.5 9.3

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
copE 4212
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{1} All values average of 3 tests

TABLE 3,04581 EFFECT OF SEVERAL SOLUTION HEAT TREAT-
MENTS ON THE CREEP-RUPTURE LiFE AT 1500F,

29 KSI
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NiCo

REVISED: DECEMBER 1978 NONFERROUS ALLOYS
Alloy Ni-13Co-10Cr-5. 5Al-4, 7Ti-3Mo-0. 95V .
Source Havhes (10 p 13) Ni
Condition As Cast (Bare or Coated As Indicated) 15 CO
32 ksi 22 Ksi 17 ksi 13 ksl
1700F 1800F 1850F 1900F 10 Cr
(@ (8}
Bare Coated Bare Coated @ Bare coated™| Bare Coated 55 Al
greep MBMTE | 684 53.7 122 129 224 170 180 210 47 Ti
e, Hours 3 M
e(2in), [o)
5.2 5.8 8.4 8.2 6.5 10 5.1 8.0
percent 0.95 V
(a) Haynes C-9 coating
TABLE 3.0471 EFFECT OF COATING ON CREEP RUPTURE PROPERTIES AT $TRESSES AND IN-100
TEMPERATURES YIELDING CREEP RUPTURE LIVES IN THE RANGE OF 50 TO 200 HOURS
Ni-15C0-10Cr-5. 5A1-4. 7Ti-3Mo-0, 95V
CAST TO # DN BAR SPECIMEN x 2 IN GAGE LENGTH
JO COATED BY TRW WITH PWA A47 COATING +
1975F, 4 HRS I¥ VAC + RAPID ARGON QUEKCH
28
1832F
5 ///,fir—_Hh\\'NE .
Ni-15CT-10C0-5.5A1-4. TTi~3Mo-0. 85V RA
CAST 0 1/4 IX DLA BAR SPECIMEN x 2 IN
GAGE LENGTH 20
JO COATED BY TRW WITH PWA A47 COAT- =
ING PLUS 1975F, 4 HRS IN VAC +RAPID - .
ARGON QUENCH 3] /—-‘_‘-—- 1697F
= : A
m
=
] 16 /—‘——--..__ 3
2 /1;n
70 o
- ] 1562F — .
50 \}\
—
- ol o 12
e.RA
30 — 1897F O ® 1s62¥ v
= I L A 1697F
: O ® i832F
20 Ealians NUGPA h
1832F B T
' -._____.‘Ltlh ef2 IN)
A b
10
4
50 100 200 300 500 1000 50 100 200 500 1000
RUPTURE TIME - HR RUPTURE TIME - HR
FIG. 3.0472 CREEP RUPTURE CURVES FOR JO COATED FIG. 3. 0473 CORRELATION BETWEEN DUCTILITY AND RUPTURE
ALLOY AT 1562F, 1697F, AND 1832F TIME AT 1562F, 1697F, AND 1832F FOR JO COATED
6.pp. 13,121,125) ALLOY (16, pp. 13, 124}
copE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978
. Source {46y pp 2. 3. 7, 64
Ni alloy NI-15C0-10Gr-5, BAl-1, 7 Ti-310-0. 95¢
. A5 Cast - Coated With Two Proprietary Coatings
15 Co Conditian Al-Cr-Mn and AEP No. 32 {see Fig. 3.0515)
Specimen e Simulated Airfoil, (see Fig. 3,0515)
10 t P
AED No. 32 _Coating AI-CY-Ma Coadng
55 Al 1800F, 20 ksi | 1450F, 65 ksl | 1600F, 20 ksl | 1450F, 65 ksi_| 1450F, 50 ksi
H Crecp Rupture
a7 TI Life, Hrs.
3 MO Spec No.
095 V 1 61,6 166.9 27.9 27,8 401.7
95 2 53.4 141.3 19.6 401.6
3 21,0 3.5 7.1
IN-100 4 17.9
5 13.7
[} 10.0
Average (1) 23.5 90.6 15.8 27.8 401.7
e(Lin)
Percent
Spee No.
1 3.8 5.2 3.6 5.9 3.0
2 3.2 3.3 4.2 3.7
3 1.2 1.3 7.1
4 1.3
5 3.2
] 3.0
Average 3.0 3.3 5.0 5.9 3.4

{1} Based on Log;  of Life (Averages of Log Life)

TABLE 3.04T4 CREEP RUPTURE LIVES AND ELONGATIONS AT 1450F AND 1800F FOR THINWALL
ALLOY COATED WITH TWO PROPRIETARY COATINGS

Alloy Ni-15Co-10Cr-5.5A1-4. TTi-3Me-0, 85V
Source Genera] Electric, (13)
Condition As Cast
1500F
40 ksi 50 ksi
Life with sigma aG7 189

formation, hrs.

Estimated life, no
sigma formation, 5000 2000
hrs.

TABLE 3.0481 BENEFICIAL EFFECTS ON CREEP RUPTURE
BEHAVIOR ACHIEVED BY AVOIDING SIGMA
PHASE PRECIPITATION

Source 24) pp 3, 4. 6. 14
Alloy Ni-15Co-10Cr-3. 5Al-1. 7 Ti-3Mo-0. 93V (Nominal)(l)
Conditon Forged and Heat Treated {1}
Low Nv = 2.29 Medium Nv = 2,40 High ¥v = 2,59
Test Temp Time to| Time o Time te
& Stress Puptere (1. 25IN) RA Rupture |e(l.25IX) RA Rupture le(l.25IN)| RA
{2} Hrs | Pergcent {Percent Hrs Percent | Percent Hrs Percent | Percent |

1200F, 130 ksi 27 15 13 - - - - - -
1200F, 95 ksi 14,005 2 2.5 12,027 3 2.5 3,303 1 0
1300F, 95 ksi 705 2.5 1.5 §7%.5 3 5 639 3.5 T
1325F, 95 ksi 14.1 3.5 2.5 30.1 7 [ 19.4 9.5 11
1550F, <0 ksi 1,337 5 4 1,307 3.3 5 310.6 11 12.5
1625F, 40 ksi 203 - 4 234 6 4.3 1435 ) 6.5
1600F, 20 ksi 128 - 10.5 122 H E] 122 9 9.5

(1) See Table 3.022 for actuat compositions, forging parameters and heat treatment
(2) Average of 2 tests in most cases

TABLE 3.0452 CREEP RUPTURE PROPERTIES OF FORGED ALLOY IN THREE CONDITIONS OF
PRONENESS TO SIGMA PHASE PRECIPITATION

cooE 4212
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REVISED: DECEMBER 1978

NONFERROUS ALLOYS

NiCo

Ni-15Ce-10Cr-5.5A1-4. TTi-3po-0. 95V (nominal N +
ACTUAL: Ni-13,33C0-10.2Cr-4. 99A1-4. 16Ti~ |
3.55Mo-0. 99V 15 Co
AV ELECTRON VACANCY CONCENTRATION,
T : 2,20 10 Cr
CRITICAL VALUE OF v FOR SIGMA FORMA - 55 Al
TION, ACCORDING TO METHOD OF - |
WOODYATT, SIMS, AND BEATTIE : 2,32 47 Ti
ACCORDINGLY, ALLOY OF THIS COMPOQS- 3 Mo
ITION IS NOT EXPECTED TO FORM SIGMA,
FINE GRAIN ALLOY PREPARED BY MOLD 095 V
INNOCULATION
TEST SPECIMEN 1/4 IN DIA x 11/4 IN GAGE IN-100
4 | LENGTH TESTED AS CAST
10
ht? k\
108 % rs]
. B W
e SN
o
f, 40
| 70 \
10 95 .
5 50
20 KsI
: 1
1400 1600 1500 2000
TEMP - F
K1-15C0-10Cr- 5.3AL-4. 75T1-3Mo-0. B5V(NOMINAL)
FIG. 3.0483 CREEP RUPTURE CURVES FOR FINE GRAIN ACTUAL COMPOSITION FOR § LEVELS OF v
. ALLOY OF COMPOSITION SUFFICIENTLY LOW LOW I¥%(2,29): Ni-13.5C0-10,2Cr-5A1-4. 16 Ti-3. 55Mo-0, 95V
0 AL AND Ti TO AVOID SIGMA PRECIPITATION MEDIUM 12, 49): Ki-13,3C0-10, 14Cr-5, 3A1-4. 29Ti-3. 55M0-0. 96V
23, pp.3,5,12) HIGH V(2. 65): Ni-13.3C0-10,12Cr-5, 6Al-4, 69Ti-3. 51Mo-0. 97V
ALL CASTINGS FROM SAME MASTER HEAT, ADDITIONS OF Al AND
Ti MADE DURING CASTING TO ACHIEVE DESIRED LEVEL OF ELEC -
TRON VACANCY CONCENTRATION (Rv)
AS CAST OR EXPOSED AS SHOWN PRIOR TO TEST
TEST SPECIMEN } IN DIA BAR x 1} IN GAGE LENGTH
EXPOSED 1550F FOR TIMES SEOWN, TESTED AT 4¢ KSI AT TEMP
INDICATED
——— AS CAST
== —— AGED 250 HR
————AGED 2500 HR
LOW Rwv(2.29) MEDIUM Rv(2.49) HIGH Rv(2.65}
10,000
\ 483 KST 40 K51 40 K81
. 1000 <
g \ ~
w 100 X —
Z T
) 10 > R
‘\
1
1500 1600 1700 1500 1600 1700 1560 1600 1700
TEMP - F
FIG. 3.0484 CREEP RUPTURE CURVES AT 40 K5I FOR ALLOY IN THREE
LEVELS OF ELECTRON VACANCY CONCENTRATION
ACHIEVED BY ADDITIONS OF Al-Ti TO A SINGLE HEAT.
TESTED [N A5 CAST CONDITION OR AFTER EXPOSURE
AT 1550F FOR 250 AND 2500 HRS.  (22,pp.1-3,15)
CODE 4212
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NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni

15 Co
10 Cr
55 Al

47 Ti

095 V

iIN-100 Ni-15C0-10Cr-5. 5Al-4. TTi-3Mo~0.95V (NOMINAL)

SEE FIGURE 31,0484 FOR ACTUAL COMPOSITIONS OF ALLOYS OF LOW,
MEDIUM, AND HIGH ELECTRON VACANCY CONCENTRATION, ACHIEVED
BY VARIATIONS OF Al AND Ti,

SEE ALSO TABLE 3.021 FOR OTHER DETAILS OF ALLOY PREPARATION,
AND SPECIMEN DIMENSIONS. RESULTS SHOWN HERE REFER TQ FINE
GRAIN ALLOY STRUCTURES.

DATA POINTS SHOWN ARE FOR ALLOYS OF MEDIUM AND HIGH ELECTRON
VACANCY CONCENTRATION. DOTTED CURVES ARE FOR REFERENCE
FROM THE LOW v ALLOY WHEREIN NO SIGMA FORMS IN THE TIMES
SHOWN. ACTUAL DATA ARE SHOWN IN FIGURE 3.0483

CURVES FOR ONSET OF SIGMA PRECIPITATION ARE BASED ON FIG 2.0123
BUT CORRECTED BY ESTIMATION TO ACCOUNT FOR EFFECT OF STRESS

4
108 T 71 T 1 10 R T

— MEDIUM Nv(DATA SHOWN) 5 ——HIGH Nv(DATA SHOWK)
--—LOW Nv(SEE FIG. 3.0483) = —--LOW Rv({SEE FIG. 3.0483) -

[

)

401-:5[\

bR s

2] N \ b
\

2~ 1
\

102 D\\ 3&\ x T
IRNAIN A
\\7%[/A° \

2 |- 9; OONSET OF 4

s
]

ONSET OF 1
SIGMA (EST:
N MATED)

\

y
1 B
\
do
K5I

/s i

LIFE - HS

o

501
— KSI %
KS1 SIGMA(ESTILU\TED?%S[ ~ ;/
1 ! |

[T]

-

10

10
1400 1600 1500 1400 1600 1800
TEMPF - F TEMP - F

FIG. 3.0455 CREEP RUPTURE CURVES FOR FINE GRAIN ALLOYS OF LOW, MEDIUM,
AND HIGH ELECTRON VACANCY CONCENTRATION(Nv), REPRESENTING
PROGRESSIVELY INCREASING TENDENCY TOWARD SIGMA PHASE PRE-
CIPITATICN. CURVES SHOW THAT STRONG TENDENCY FOR SIGMA
PRECIPITATION RESULTS IN REDUCTION OF CREEP RUPTURE STRENGTHS.

(23, pp. 3.7.8,12,13)
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Ni-15C0-10Cr-5. 5Al—4. TS Ti-3Mo-0, 95V(NOMINAL)

Ni-13.97C0-8, 54Cr-5. 65A1-4, 82Ti-3. 70Mo-. 17C~
.014B-108ppm O2(ACTUAL FM)

Ni-15.18C0-9, 40Cr-5. §1Al-4, 82Ti-3, 08Mo-, 99V~
.178C-, 016B-, 06Zr-74ppm Oz(ACTUAL NM)

FM POWDER PARTICLE SIZE: -25¢ TO +44

NM POWDER PARTICLE SIZE: -500 TO +44

EXTRUDED AT Z130F WITH 20:1REDUCTION TO
BAR1/2INDIAx 7 FT

SEE TABLE 3.025 FOR RT TENSILE PRCPERTIES

OF ALLOYS
1 |
1000 AS EXTRUDED ]
3 O FM POWDER
og - 0 NM POWDER T
* o o 1500F] ]
- L ——M:%a\_ 2000F |
E 1§ ﬂ -2-TESTS T = O0E
sb—-1 —
el | —
1

10-3  10-2 301 1 10 100
TIME TO RUPTURE - SEC

FIG. 3,0491 CREEP RUPTURE PROPERTIES IN VERY SHORT
TIME RANGE AT 1800 TO 2100F FOR EXTRUDED

ALLOY PREPARED FROM TWO LOTS OF POWDER

{28, pp.2Z-4 TO Z-7, Z-21)

Xi=15C0-10Cr~5. 5Al-4. 75Ti-3Mo-0. 35V(NOM.)
1/2 IN DiA BAR x 1 I¥ GAGE LENGTH

CAST OR EXTRUDED AS INDICATED

SEE TABLE 3.025 FOR DETAILS OF POWDER
COMPQSITION, CONSOLIDATION PARAMETERS,
AND RT PROPERTIES OF ALLOY

O CAST: COARSE GRAIN{>3000 MICRON)

® CAST: FINE GRAIN(< 1500 MICRON)

O GRAIN - COARSENED NM POWDER(100
MICRON}

A EXTRUDED - OVERAGED NM POWDER
(8§ MICRON)

WV EXTRUDED - OVERAGED FM POWDER
(3 MICRON)

100 }
N ::‘gL;
| ]
DYy eatl

2
0

g5 ™~
1

1800F

10-1 3 10 102 103 104
TIME TO RUPTURE - HR

FIG. 3.0492 CREEP RUPTURE CURVES AT 1800F FOR CAST
ALLOY OF VARIOUS GRAIN SIZE, AND FOR
ALLOY EXTRUDED FROM POWDERS(28, p.Z-23)

NONFERROUS ALLOYS

NiCo

Ni~15C0-10CT-5. 5Al-4, T5Ti-3Mo+0, 95V Ni
AS CAST +1600F, 12 HR, AC ' 15 c
(o]
0.200 DIA SECTION(CONSTANT CROSS SECTION) x 10 c
1 TN GAGE LENGTH r
47 Ti
O HELIUM
® HYDROGEN 3 Mo
£ HYDROGEN/WATER VAPOR 095 V
IN-100
120
h250F
5000PSIG
100
O Tl
80 - <Y
= 60
2
40
20
0
0.1 1 10 102 108
TIME - HR
FIG. 3.04101 GCREEP RUPTURE OF ALLOY IN HELIUM,HYDROGER,
AND HYDROGEN/WATER VAPOR AT 1250F AND 5000
PSIG PRESSURE 26, pp.OI-13, VII- 13)
Alloy Ni-15Co-10Cr-5. 5Al-4, TT1-3Mo-0. 5V
Source Havnes
Condition As Cast, Tested at RT. R.R. Moore*
Number ef Cycles To Failure
at + 25 ksi, 70F
Bare 18.2 x 10°
C - 9 Coating 31.8x 108 {av of 5 tests)
* Bending, R=1
TABLE 3.0511 EFFECT OF ALUMINUM BASE COATING
ON ROTATING BENDING FATIGUE
PROPERTIES AT ROOM TEMPERATURE
CODE 4212
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NiCo

NONFERROUS ALLOYS

Ni
15 Co
10 Cr
55 Al i
a7 Ti|
3 Mo 4.0
095 V ’
2.0
IN-100 1.0
~ 0.4
z
202
go1
&
2
2
Vd}
=
g 10
4.0
2.0
1.0
0.4
0.2
0.1
FIG.
CODE 4212
PAGE 44

Ni-15C0-10Cr~5. SAl-4. T5Ti-32lo-0. 95V

AS CAST + COATED WITH PWA 47-14L COATING,
COATING HEAT TREAT: 1975F, 20MIXN +1875F, 4 HR(Hp)
+ AGED 1600F, 12 HR

1000F
10
. LENGTH OF UNIFORM SECTION — a0
[~ | - 170F -0
1.0

1 T I A I I

10 1co00

CYCLES

100

C.4

0.2
01

10,000

3.0512 LOW CYCLE FATIGUE CHARACTERISTICS OF SMOOTH
HOLLOW SPECIMEN WITH ONE INCH GAGE LENGTH OF
UXIFORM CROSS SECTION AT TEMPERATURES FROM

1000 TO 2000F IN STRAIN-CONTROLLED CYCLING
1, p. C-5, C-11

N

TOTAL STRALN RANGE PERCT:

TOTAL STRAIN RANGE-PERCENT

10
4.0
2.0
1.0

0.4

0.2
0,1

REVISED: DECEMBER 1978

T v [
Ni-15Co-10Cr-5,5a1-4, 7Ti-3Mo-0.95V
AS CAST + COATED WITH PWA 47-14L
COATING, COATING HEAT TREATMENT:
1975F, 20 MIN + 1975F, 4 HR (Hp) +
AGED 1600F, 12 HR -—
| I 3

: ;
CYCLES | ~ -...\ CYCLES TO FAILURE
FIRST CRACK W ~ ! |

1 IN GAGE e

LENGTIl OF
UNIFORM

SECTION

- N o l
| 7 60! | t
J FIPE LT AB
-, 32
-48 diameter diameter

TWO GROUPS 150° APART OF 6 HOLES EACH, HOLES
0.030 NNCH DIAMETER SPACED 0.120 INCH APART

| | i |

1 pL] 100 1000
CYCLES

10,000

FIG. 3.0513 LOW CYCLE FATIGUE CHARACTERISTICS AT 1700F OF

HOLLOW SPECIMEN WITH TWO SETS OF DIAGONAL
HOLES 1,p-C8,C12)



NiCo

REVISED: DECEMBER 1978 NONFERROUS ALLOYS
NI~15C0-10CT—5. 5Al—4, TTi-2310-0, 95V ;;lov Ni—lﬁCo—lOir-s. sml-:. 7Ti]-§Mo. 0.95V Ni
A§ CAST HOLLOW TYBULAR SPECIMER Cn‘:l:;fion As Cast, T:sxtnef!sii T)’hz;'mal Shoek (b) 15 CO
INTERNALLY HEATED BY GLOBAR HFAT- *‘;‘s‘;‘:;" of CYC’}ES to C"‘;I“;:E_ 10 Cr
ING ELEMENT.
Bare 500 5 5 Al
400 )
TESTED AT 1700F H
EST Coating C - 9 > 500 (a) 200 47 Ti
10-1 Coating C-3 - 200 3 Mo
{a) Two tests, stopped at 500 cycles. no cracking
(b) Airfoil shape alternated for 0 seconds in furnace 0.95 V
S at test temperature, then 90 secands in water spray
2 IN=-100
2 TABLE 3.0521 THERMAL SHOCK FATIGUE
= CHARACTERISTICS OF AIRFOIL
z SHAPE WITH AND WITHOUT
2 ALUMINUM BASE COATING
:ﬁ 10-2 =
= Npp, Nee, Nep
g
5
= Z \ -J- —Ni=15C0+10CT=575AI4T TTI=3MO=0; 95V [
Z 1700F SPECIMEYN SQUARE PLATE 3 x 3 x . 060 IN WITH
CENTRAL HOLE 1/2 IN Dia
2 - . HOLE PERIPHERY HEATED BY NATURAL
Rpe GAS-AIR BURNER TQ 17T00F, 2 MIN; COOLED
\ BY AIR BLAST, 2 MIX,
1073
1 10 102 103 104
CYCLES TO FAILURE
FIG. 3.0514 STRAINRANGE PARTITIONING LIFE
RELATIONSHIPS FOR CAST ALLOY
AT 1700F 49, p.23) z
B BT
Ni-15C0-10Cr-5. 5Al-4. TTi-3Mo-0. 85V wol = 4] v
SIMULATED AIRFOIL AS SHOWN = « c ? =
COATED WIYH PROPRIETARY COATINGS AS INDICATED 8 @ = % E,
= 80p o =
[= % = £
= Z [ 7
L =
|_; ) I ¥ o
L g 2
) /1 S o = 2
2 g ® o
f a k =
S 200 @ = o3 @ z e é
025 -, 040 o = H 2 K 8 = )
5 o (2B A 2] fz] 8
AXIAL LOADING 1650F, A = 0.67 0 =
Al-Cx-Mn COATING, 180CF, | ., - FIG. 3.0522 THERMAL FATIGUE RESISTANCE OF SQUARE
1.5 HR +3 HR COOL FROM 2 PLATE RAPIDLY HEATED AND COOLED AT
PACK +1600F, 50 HR ! PERIPEERY OF CENTRAL HOLE, AND COM-
o—0 5 a0 & PARISON WITH THERMAL FATIGUE RESISTANCE
[5) o= = OF OTHER COMMOKLY USED CAST ALLOYS
30 @ (30. p. 15)
b
O <
=
— 40 20
2 o AEP NO. 32 COATING,RT
a0 e APPLICATION +2080F,
hd 2 HR + 1600F, 50 HR
4 ol ] o4
:; 20 -—___Q‘..o.._.._
%
= 10 b 1 1 1 | 1 1 ] ] !
0% 2 5 104 10° 108 107 108
CYCLES TO FAILURE
FIG, $.0515 AXIAL FATIGUE AT 1650F OF SIMULATED HOLLOW
AIRFOILS COATED WITH PROPRIETARY COATINGS
(46, pp. 7,83,54)
cooe 4212
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NiCo

NONFERROUS ALLOYS

Ni
13 Co
10 Cr
55 Al
47 Ti

095 V
IN-100

— [N 100 DSHJOCOAT

—

g

—a

]_&x 100
SAR-I 200 | WOCOAT

FIG, 3.0523 THERMAL FATIGUE CRACK INITIATION OF AS CAST
OR DIRECTIONALLY SOLIDIFIED ALLOY WITH AND
WITHOUT JOCOAT TESTED IN ALTERNATE FLUIDIZED
BEDS AT 1990 AND 600F,

1700 F, 16 HR

3 MIN AT 1990F
3 MIN AT 600F

Ni-15C0-10Cr-5. 5A1-4. 7Ti-3Mo-0. 95V
CAST + JOCOAT{ALUMINIDE COATING) 2100F, 2 HR+

OR DIRECTIONALLY SOLIDIFIED(D-S) OR DS+JOCOAT
(2100F, 2 HR+1700F, 16 HR}
6 MIN CYCLES IN FLUIDIZED BEDS,

| .
NASA TAZ-5A DSHRT-XP COAT °

MAR M200 DS+NiCraAlY OVERLAY f

NASA TAZ-SA DS+NICrAlY

OVERLAY |

NX 185 DS+RT-1A COAT

NASA TAZ-8A DS

NK 135 DS

MAR-M 200 DS

IN 100 DS

NASA WAZ-20 DSHOCOAT

B 1900+HIHJOCOAT

B 1900+J0COAT

NASA TAZ-8A

NX 155+RT-1A COAT

X 40

B 1900

IN 162

I J 1}
.024 IN RAD

IN 10C+JOCOAT

TD NiCr I

IX 713C

J
MAR M50% ]

=X 188 T

NASA Vi-A

RENE 80

IN 738

RBH
ALAR-M 302
U 700 CAST
Wil 52

MAR - M 200

M 22

|
NASA WAZ-20  —{I+JOCOAT

—

SEE FIGS, 3.03122 AND
3.03123 FOR PROPERTIES
OF AS CAST ALLOY

U 700 WROUGHT

(=1

10 100
CYCLES

CODE 4212

PAGE 46

1000 19, 000
TO FIRST CRACK

100,000

@1, pp. 17,19,24)

CYCLES 10 FAILURE

REVISED: DECEMBER 1978

Ni-15C0=-14Cr-5. 5Al-4. TTi-3Mo-0. 95V

CAST + JOCOAT(ALUMINIDE COATING) OR
DIRECTIONALLY SOLIDIFIED(DS)- QR D3
+JOCOAT

2100F, 2 HR+ 1700F,16HR

TESTED IN FLUIDIZED BEDS

3 MIN AT 1900F FOLLOWED BY 3 MIN AT &00F
OR 3 MIN AT 2065F, FOLLOWED BY 3 MIX AT
875F

SEE FIG. 3.0523 FOR SPECIMEN SKETCH

NASA TAZ 5A werme
NX 188+RT-1A COAT,

BED TEMP - F
1930 axp 500
& 2065 AND 675

NASA WAZ-20+JOCOAT

RBH ¥
g i:.'\vL"&R-MlZOO'IJOCOATI

0 10 100 1000
CYCLES TO FIRST CRACK

10,000

FIG, 3.0524 THERMAL FATIGUE CRACK DITIATION OF
AS CAST OR DIRECTIONALLY SOLIDIFIED
ALLOY WITH AND WITHOUT JOCOAT TESTED
¥ ALTERNATE FLUIDIZED BEDS AT TWO
SETS OF TEMPERATURES(21,pp. 17-19,25)

Ni-15Ce-10CT+5.5A1-4, TTi-IMo-0. 95V

WEDGE BAR AS SHOWN

AS CAST, UNCOATED OR COATED WITE PRO-
PRIETARY JOCOAT ALUMINIDE COATING
ALTERNATE IMMERSION IN FLUIDIZED BEDS
AT 600F AND 1990F FOR EQUAL TIMES (1/2
CYCLE TIME SHOWN}

M/ 11/4
T .024 RAD,

\COATED
nd 4
103 <
\ SEE ALSO FIG.
* 3,0523
N
300
>

102

UNCOATED

:
a0
2 4 6 8 10

CYCLE TIME - MIN

FI1G. 3,0525 EFFECT OF CYCLE TIME ON THERMAL FATIGUE

) CRACKING OF COATED AXD UNCOATED WEDGES
ALTERNATELY IMMERSED ¥ FLUIDIZED BEDS
AT &00F AND 1990F {48, p. 634}



REVISED: DECEMBER 1978

NONFERROUS ALLOYS

NiCo

Ni-15C0-10CT-5. 5Al-4, TTi-3Mo-0. 95V Source 6) pp 2, 3, 42, ¢4 )
AS CAST OR COATED WITH PROFRIETARY ALUMINIDE Alls Ni-15C0-10Cr -5, 5AL-4. TTi-3Mg-0. 95V, Ni
CAMBERED AIRFOLL AS SHOWN (LEADING EDGE RADIUS Condition Coated with Al-Cr-Mn ox AEP No. 32, Bee 15 Co
05 i Fig. 3:0515 for Coating Treatment
HEATED IN MACH [ BURNER TO TEMPF INDICATED FOR Specimen Type _ Cast simulated hollow airfoil, see Fig. 5.0515 (10 Cr
3 MIN, RAPID AIR COOLED TO 167 F Test Mean tensiie stress of 10,5 ksi. 40 sec. at 55 Al
Conditions 2050F + 40 sec. cooling with RT air. Specimen inspeci- bl
ed with Fluorescent Penetrant after every 100 cycles 47 Ti
Specimen Cycles to Fatigue Crack
? Coating Comparisen With Dest an 3 Mo
17 =— MACHIJET FOR 3 MIN worst alloys tested 095 V
- =& FOLLOWED BY COLD AIR R Best . Worst
JET TO 167 F Numbes Al-Ce-Ma | AEP No. ag/" T 107 92 %) JoGiaton | N w900
1 4808 4080 9556 628
2 3080 3545 8130 40
3 1830 1979 3130 340
104 4 1640 1977 7918 260
% 5 1547 1360 7048 230
g ] 1405 -983 6250 210
5 O\ 7 685 831 2010 170
P Av. based on
E'I. od B Log.~oycles-to-|—1434 1807 8406 296
& .| coaTEp faflure
c X
= RN TABLE 3.0528 THERMAL FATIGUE OF THINWALL ALLOY
é UNCO, ATED\G\ WITH TWO PROPRIETARY COATINGS
O 102 g ~a SUBJECTED TC 10. 5 KST TENSILE MEAN
EN \ ~e_ STRESS AND TO TEMPERATURE CYCLING
. ~ ..? FROM 2050F.
20 . - - v
1600 1700 1800 1900 2000 2100 Ni-15C0-10Cr-5. 5A1-4. TTi-3Mo-0.85V
MAX TEMP - F AS CAST ALLOY MACHINED TG WEDGE BAR
. . AS SHOWN IN FIG. 3.0523
FIG. 3.0526 EFFECT OF MAXIMUM CYCLE TEMPERATURE O COATED WITH ALLOYS SHOWN IN FIG, 2. 03221
THERMAL FATIGUE CRACKING OF COATED AND .
: ’ TESTED I¥ MACH 1 JET AT 2000F FOR CYCLES
UNCOATED AIRFOILS SIMULATING TURBINE BLADES CONSISTING OF 1 HR AT TEMP + GOOL TO RT
SUBJECTED TC MACH I GAS FLOW FOLLOWED BY ¢ 3 MIN
RAPID AIR JET COOLING (48, . 635) :
THERMAL CRACKING OBSERVED IN COATING
AFTER TIMES SHOWN IN FIG. 2,03121
Ni-15Co-10Cr-5. 5A1-4, 7Ti-3Mo-0, 95V CORRELATION OF POINTS OF TEERMAL
CAST WEDGE SPECIMEN, SEE FIG. 3.0825 CRACKING WITH SLOPE PARAMETER DEFINED
CAST +2100F, 2 HRS +1700F, 16 HRS. ¥ SKETCH BELOW
AS HT OR COATED WITH COMMERCIAL °
COATING (JO COAT) TESTED IN FLUID- E,
IZED BEDS, 3 MIN AT 600F, 3 MIN AT 1890F a2 A, POINT OF MAX WEIGHT GAIN
g3 :
CRACK GROWTH RATE REFERS TO AREA GROWTH é f —E;IAEI;;%;SFEART%;E
AT EDGE OF WEDGE BAVING INTTIAL RADIUS OF = =) T
o 024 I £ - POINT OF RETURN
3 SET FIG. 3. 0823 : s 4 TIME, ¢l t2 “_ TO ORIGINAL
- S5 E e HR WEIGHT 222t
bt 2 = 8 SLOPE PARAMETER=SLOPE OF AB
£ o =' = MAX WEIGHT GAIN AT POINT A
= 10 2 MG/HR
o = 1000
= = -
o g SCATTERBAND
g% \ = OF CORRELATION
10°2 o 100 INCLUDING RESULTS
@ N = SEE FIG. 2.03121 }OF ARNOTHER ALLOY
b P4 g FOR ACTUAL PTS (NASA - TRW VIA)
< o = OF THERMAL CRACK  BARE ALLOY
Z - a -0 -1 -LO0 -10 -100
5 10 N SLOPE PARAMETER - MG PER HR
o
= \ FIG. 3.0528 CORRELATION OF TIME TO INITIATE THERMAL
‘5’ CRACKING WITH WEIGHT GAIN SLOPE PARAMETER
5 10t FOR ALLOY COATED IN VARIOUS WAYS(45,pp. 14,15)
10 102 103 10
CYCLES TO FIRST CRACK IN UNCOATED ALLOY
FIG, 3.0527 HELATION BETWEEN CRACK GROWTH RATE AND
RESISTANCE TO INTTIAL CRACKING IN THERMAL
CYCLING {30, TABLE T, FIG, 9)
cooE 4212
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NiCo

NONFERROUS ALLOYS

Co
Cr
Al
Ti
Mo
095 V

IN-100

15

10
5.5
47

350

300

- K5I

Ni-15Co-10Cr-5. 5Al-4, TTi-3Mo-0. 95V
WROUGHT BARS PREPARED FROM PREALLOYED
PCWDERS
SOLUTIONED AT 2050F, STABILIZED AT 1600F AND
1500F, PRECTPITATION HARDENED AT 1200F AND 1400F
AT 1200F Fry =230 KSI
Fry = 142 KSI
e 24 PERCENT
RA = 25 PERCENT I
1200F
! 0,33 Hz

o

CONTINUQUS CYCLING,
ZERO MEAN STRAIN

2=

200

150

STRFES8 RANGE

100

FIG,

o o It [
w 1% Y [

STRAIN RANGFE - PERCERT

=
-

0

L ]

.

1.48
PERFENT
1.42

A
A 125 |o.so

PERCENT PERCENT
[

PERCENT

LA

PERCENT
e
0.94

4

| ! ! 1 ] ! 1 1 | 1

J} PERCENT

1

2 5 2

5 108 2
CYCLES

10 2 530% 2 5 305

3.0531 STRESS RANGE VARIATION DURING LOW CYCLE

FATIGUE TESTS AT 1200F OF POWDER METALLURGY
BARS PREPARED BY PRATT AND WHITXEY GATOR-
1ZENG PROCESS (37, FIG. 6)

Ni-15C0o-10Cr-5, 3A1-4. 7Ti-3Mo-0. 95V
WROUGHT BARS PREPARED FROM PRE-
ALLOYED POWDERS
SOLUTIONED AT 2050F, STABILIZED AT
1600F AND 1800F, PRECIPITATION HARD-
ENED AT 1200F AND 1400F
AT 1200F Fry =230 KSI
Fry = 142 KSI
e = 24 PERCENT
RA =25 PERCENT

CONTINUOUS CYGLING
15 MIX DWELL :\'w

\.,\

AT MAX STRAIN

|
102 2

5 108 104 105

CYCLES TO FAILURE

FIG. 3.0532 LOW CYCLE FATIGUE AT 120¢F OF POWDER

COoDE 4212
48

PAGE

METALLURGY BARS PREPARED BY PRATT AND

WHITNEY GATORIZING, PROCESS, DATA POINTS

REPRESENT CYCLES TO COMPLETE FRACTURE
@7, FIG. 15)

REVISED: DECEMBER 1978

Ni-15Co-10Cr-3, 5al-4, TTi-3Me-0. 95V
WROUGHT BaRS PREPARED FROM PRE-
ALLOYED POWDERS
SOLUTIONED AT 2050F, STABILIZED AT
1600F AND 1800F, PRECIPITATION HARD-
ENED AT 1200F AND 1400F
AT 1200F Fry =230 KSI
Fry =142 KSIL
¢ =24 PERCENT
f—————  RA =25 PERCENT
SEE FIG. 3.0534 FOR PATTERN QF STRESS
VARIATION DURING TEST AT EACH
STRAINRANGE !
i

"
.
o

-
2]

CONTINGOUS CYCLING
0.23 Hz 1200F

I
)

15 MIN DWELL
AT MAX STRAIN

o
™

STRAINRANGE - PERCENT
=
-

P S SR VO N DU T S |
5 100

102 2 5 103 2 5 101 2 5 105
CYCLES TO LOAD DROP

|

FIG. 3.0533 LOW CYCLE FATIGUE AT 1200F OF POWDER
METALLURGY BARS PREPARED BY PRATT AND
WHITNEY AIRCRAFT GATORIZING,,PROCESS
DATA POINTS REPRESENT CYCLES TO 3
PERCENT LOAD DROP 37, FIG, 14)

¥1-15C0-10Cr=5. 5Al=4. 7Ti-3Mo=0. 95V
COMPRESSOR DISK FROMS 10 - 12th STAGE OF
F100/F 401 ENGINE, APPROX 17 IN DIA
PRODUCED FROM "ALL-INERT" POWDER BY
PRATT AND WHITNEY AIRCRAFT GATORIZING
PROCESS "~
HEAT TREATED BY MODIFICATION OF PWA
1025 SPECIFICATIONS

SEE FIG. 4.11 FOR TENSILE PROPERTIES OF
ALLOY FROM COMPRESSOR DISK

1200F CYCLING FROM ZERO TO MAN STRAIN
CONTINUOUS CYCLING, FREQUEXCY NOT

= | spEciFIED
%
-
2
K
o
1
r4
= ey
z \
3 \
; STRAIN
<)
— STRAIN RANGE \
1 l l 1 1
50 100 2 3 108 2 5 10f 2

CYCLES TO FAILURE

FIG. 3.0334 LOW CYCLE FATIGUE AT 1200F OF SPECIMEN
FROM POWDER METALLURGY COMPRESSOR DISK
(36. FIG. 3)



REVISED:

da

- IN PER CYCLE

dN

10-3

DECEMBER 1978

Ni-15Co-10Cr-5. 5A1-4'. TTi-3Me-0.55V
POWDER METALLURGY TURBINE DISK AND
FLAT DISK FORGING PRODUCED BY PWA
GATORIZING, FORGING PROCESS, WITH THE
FOLLOWING TENSILE PROPERTIES:
RT: FTy = 230 K81, Pry = 141 KS[, ¢ =24
PERCENT, RA =24 PERCENT
1200F: Fry; =185 KSI, Fry =142 KS[, e =
24 PERCENT, RA =25 PERCENT
1350F; Fopy =160 KSI, Fry = 137KS[, e =
19 PERCENT, RA= 23 PERCENT

TESTED LSING WOL SPECIMEN AS SHOWN

19-4

10~3

11—1np7/

e / e
'{_ —

— 1.24 - .

RT

= D=0.5 —
b THICKNESS = 0,50

10 20 30 100
Knax - KSIVIN

TFIG. 3.0541 BASIC CRACK GROWTH CURVES AT RT, 1200F,
1350F, FOR CONSTANT AMPLITUDE LOADING
{#0, TABLE 1, FIGS.1 3)

OF WOL SPECIMEN

NONFERROUS ALLOYS

10-3

o

1074

an IN PER CYCLE
@

da

10-6
1

NiCo

Ni
15 Co
10 Cr
47 Ti
3 Mo
IN~100
Ni-15C0-10Cr-5, SAl-4. TTi-3Mo-0. 95V
SCATTERBAXD SHOWN FROM COMPACT
SPEC., FIG. 3,0541. XET SECTION STRESS
APPROX 20 KSI, SELECTED DATA POINTS
(NOT ALL SHOWN, BUT ALL FALL WITHIN
SCATTERBAND) FROM CENTEH CRACK
SPEC., SHOWN BELOW, HAVING APPROX
106 KSI KET SECTION STRESS
5 NET = 106 K81
P4
T T ]
-~
.10 125 IX
TEICKNESS
I
T
™ 1200F
R=0.1 o
[ f=10CPM
SCATTER BAND OF
— DATA FOR COMPACT
TENSILE SPECIMER
(FIG. 3.0541) WITH
I LOW NET SECTION
$TRESS
-— ODATA POINTS FOR CENTER CRACK
SPEC, OF HIGH NET SECTION STRESS
{105.7 K81) ABOVE oy AT 1200F
I R R B R S
2 5 10 2 5 100 2 51000
AK - KSIVIX
¥IG, 3.0542 EFFECT OF NET SECTION §TRESS OX
CRACK GROWTH RATE AT 1200F
(20, pp.4.5.6,5,17
capE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1975
Nj Ni-15Co~-10Cr-5. 5Al-4. TTi-3Mo-0, 95V
MODIFIED COMPACT SPECIMEN AS SHOWN
15 Co IN FIG. 3.0541
10 Cr THICKNESS AS INDICATED
55 Al
47 Ti 1 -
3 Mo 5 -
1350F
095 V , ©.5 T0
IN=100 — 0.75 IN)
10-1
5 |—
1200F
- {0.5 TC 0,9 IN)
10-2
5  —
2 2k
[~
[T
= 43
Z W
' 5 |—
S|z
1200F
2 (0.98 TO 0,10 IN)
" Ni-15C0-10CT-5. 5Al-4. TTi-3Mo-0. 55V
10 MODIFIED COMPACT TENSION SPECIMEN
. AS SHOWN IN FIG, 3.0541
r VARIOUS THICKNESSES AS INDICATED
5 [ o (502 I
O 122 I > THICKNESS
10-5 ] ! ! ] | } O 100 IN
¥ 2 5 10 2 5 g0 B8 3000 _
K - KSIVIN Kic = 143 KSIVIN
FIG. 3.0549 EFFECT OF TEMPERATURE AND SPECIMEN 10-4 A
THICKNESS ON SUSTAINED LOAD CRACK
PEOPAGATION RATE. {20, pp.4,5,13) S fsou
5 F
g 2
D s
5 10
& s
z
|' z L
o1 | =
-]k
10-6
sk
2|
[ i ] I 1
10-7 L
2 5 39 2 5 100 ¢ 5 1000

8K - KSIVIN

FIG. 3.0544 EFFECT OF SPECIMEN THICKNESS ON
CRACK GROWTH RATE AT RT.(20, pp.4.3,8)

CODE 4212
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REVISED: DECEMBER 1978

Ni-15C0-10Cr-5. 5A1-4, 7Ti-3Mo-0. 95V
COMPAGT TENSION SPECIMEN, SEE FIG.
3.050
VARIOUS THICKNESSES
102
51— 1200F 2 MIN DWELI
R=0.1 ~ AT PEAK
STRESS
2 —
103 k10 cPM
5
w - 0.5 CPM
T L
[
g s
5
; 20 CPM
T2
::lz
3= ~
10-%
5 —
z —
1076
s
2 |
10-7 | | i | | !
1 2 5 10 2 100 2 3 1000

H
OK - KSIVIN

FIG, 3.0545 EFFECT OF FREQUENCY ON CRACK GROWTH
RATE IN CONTINUQUS CYCLING AT 1200F
(20.pP. 4,5,6,85,25)

- IN PER CYCLE

NONFERROUS ALLOYS

NiCo

Ni
15 Co
10 Cr
55 Al
| 47 Ti
3 Mo
095 V
IN=-100
Ni-15Ce-10Cr-3. 5A1-4, TTi-3Mo-0. 95V
COMPACT TENSION SPECIMEN, SEE
FIG. 3.0541
VARIQUS THICKNESSES
10-3
1200F
= 1350F
10 CPM
R=0.1
2= I 1000F
10-4
5 —
2 -
1075
5=
2
| | | | | |
10-6
1 ¢ % 36 % % 100 % 7 1000
&K - KSIVIN
FIG. 3.0346 EFFECT OF TEMPERATURE ON CRACK
GROWTH RATE AT 10 CPM, R =0.1
20, Pp.4.5,6,5,28)
coDE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978
] 1 T + T 0 k3
Ni Ni-13Cr-10C6-5, 5A1-4. TTi-3Mo-0. 85V Ni-15C0-10Cr-5, 5Al-4, TTi-3Mo-0. 95V
GOMPACT TENSION SPECIMEN, SEE FIG.
15 Co 3.0541 MODIFIED COMPACT TENSION SPEC.
10 Cr VARIOUS THICKNESSES FIG. 3.0541. SEVERAL THICKNESS AS
INDICATED ) !
55 Al 107 .
N 03 1200 F
47 Ti L cvos 5 : Re0.1
- 1=
3 Mo 5~ 12008 P, ,m C'l M
095 V 10 CPM o5 z l ;
= 2 - 0-% {
IN-100 3 0.1 5 1 Iy - THICKNESS
5 1074 o A 0,960 IN
= 5 g 0 0.305
2 5 = ; O 0.500
= = 2 ® 0.500
H 2 E
— -5
] Co10
= = = |
- o I3 !
/ !
sk !
" |
- jj
2 o 1076 i
106 { 1 ] ! ] 1 2 1w 2 5 00 2 3 1000
2 5 10 2 5 100 2 5 1000 6 K- K[ IN
AK - KSIVIR

FIG, 3.05¢0 EFFECT OF SPECIMEXN THICKNESS OX CRACK
; 200 F. CONTINUOUS
FIG. 3.0347 EFFECT OF STRESS RATIO ON CRACK gggmg i‘ffo %11;:1 e F. co (33 "o'; 8113
GROWTH RATE AT 1200F, 10 CPM E 20, pp.i. 8,
(20, pp. 4,5,6,8,26)

Ni-15C0-10Cr~-5. 5Al-4. 7Ti-3Mo-0, 05V
COMPACT TENSION SPECIMEX. SEE FIC.
3.0541
Ni-15C0-10Cr-5. 5AL-4, TTi-3Mo-0, 95V
COMPACT TENSION SPECIMEN, SEE
FIG. 3.0541
VARIOUS THICKNESSES
1 MISSION !
5,20, OR -~
40 CYCLES
10-%
— §
5 1200F L
20 CP5 R=0.1 g
” 10- }
5 1075 104 // !
£ R & 0, §ve !
™ BN o
z = °r 20 CYCLES
= o 1200F 20 CYCLES
b = o 30 CYCLES
b
1 /_/R =0.5 s - .
1076 b 3 CYCLES
= 10-% :
s = NO / CONTINLOLUS CYCLING
ez 5 -OVERLOADS @ 10 CPM, R =01
== BASELINE WITEH 50 PERCENT
2 OVERLOADS AFTER
| | | | 2= CYCLE BLOCKS AS
- 1 | - o)
10-7 - 1 | | INDICATED | |
2 5 2 5 2 5 10°6 - —
! ng - KSIVI 100 1000 1 2 % 1002 5 300 25 1000
} &K - K51 /TN
FIG. 3.0548 EFFECT OF STRESS RATIO ON CRACK FIG. 3.0551 CRACK GROWTH AT 1200F UNDER CONTINUOUS
GROWTH RATE AT 1200F, 20 CPS. CYCLING AND WITH 50 PERCENT OVERLOAD
(20, pp.4.5.,6,5.27) EVERY 5, 20, OR 40 CYCLES(20. pp.4,35, 46}
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NONFERROUS ALLOYS

be1 MISSION ———m

20 CYCLES = A_

f0 K - |
OVERLOAD

Ri~15Co-10Cr-5. SAl=4. 7Ti-3Mo~0. 95V

1.500K 'as
SHOWN ‘

M 1.250KER

COMPACT TENSION SPECIMEN. SEE FIG.
3.0541. THICKNESS 0.250 INITIAL CRACK
LENGTH 0.80 IN

1073 ;
1200 F |
5 | CONTINUOUS

@.10.CPM, R=0. 1-WITH—

CYCLING

@ OVERLOADS AS /L
2 [INDICATED EVERY 21ST fl/ >
% CYCLE 50 PERCENT
= 107% | OVERLOAD _ |
%53
; /||
= 5
' 25 PERCENT
a2 2 |— NOOVERLOAD OVERLOAD  —
)
1973 i | | | |
1 2 5 10 2 5 1002 5
oK - KSI/IN

1000

FIG, 3,0552 CRACK GROWTH AT 1200F UNDER CONTINUQUS

CYCLING AND WITH 25 PERCENT OR 50 PERCENT

OVERLOADS EVERY 21 CYCLES [20,pp. 4, 5,6,47)

NiCo

Ni
15 Co
10 Cr
47 Ti
3 Mo
IN-100
Ni-15C0-10Cr=5. 5Al-4. TTi-3Mo-0, 95V
COMPACT TENSION SPECIMEN, SEE FIG,
2.0541
THICKNESS 0.252 IV
INITIAL CRACK LENGTH 0.836 IV
¥
Ze
a gox
E2Ex%E
RS
E3z3-
28
Z i
51 1z00F
2 |— 50 PERCENT
- OVERLOAD
2 192 N
g 25
Y NO |_ PERCENT
z OVERLOAD OVERLOAD
1
gz 22—
10-3
s SUSTAINED LOAD
+ OVERLOAD AS
SHOWN EVERY 2
21— MIN.
e IR A
1 10 100 100¢
K - K81 VIR
FIG. 3.0553 CRACK GROWTH AT 1200F UNDER SUSTAINED
LOAD AND WITH 25 PERCEKT OR 50 PERCENT
OVERLCADS EVERY 2 MINUTES{20, pp.4,5,41,43)
CODE 4212
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NiCo

NONFERROUS ALLOYS

Ni NiilSCO]IOCr'—E. 5Al-4, 7Ti-3M0-0. 95V
[
15 Co colMpAclr T£|NSION SPEC, SEE FIG. 3. olsu
] r]
10 Cr | | i | [ ]
55 Al | CENTER CRACKED SPEC, SEE FIG.3. 0
g A THICKNESS 0,125 IN, CRACK LENGTH
47 Ti 0.12 IN NET SECT STRESS =101 KS1
3 Mo
095 V 1072
1200 F
- $— 2 MIN DWELL AT PEAK
IN-100 STRESS o
Wl R=0.1
1073
-
2
L]
. 5
3 @
=
B2
z
T 1074
€|% 5| ©CENTER CRACKED SPEC., HIGH NET ]
SECT STRESS [ 1
o COMPACT TENSION SPEC., LOW NET
2z SECT STRESS —
10-9 | I l
1 %2 % 3002 5 3502 5 1400
&K - KSiVIN
FIG. 3.0561 EFFECT OF NET SECTION STRESS ON CRACK
GROWTH RATE FOR 2 MINUTE DWELL AT
PEAK STRESS AT 1200 F  (20,pp.4,5,8,5,18)
N-15C0-10CT-5, 5AI-4. TTi-3Mo-0. 95V
MOBIFIED COMPACT TENSION SPEC, FIG.
3.0541 SEVERAL THICKNESSES, AS
102 | INDICATED
E]
2
al
5 10 ~ g
S THICKNESS
o 3 ®.004 IN _
"E' 0.124
2 £.250
z 2 o4 ||
: %
gz )
5 1
NOTE: - 064 [N SPEC PROPAGATED
X MIXED MODES @ & D
2 L 1
1078 | l —
12 5 1w 2 5 3902 ® 1000
a K - KSIVIR
FIG. 3.0562 EFFECT OF SPECIMEN THICKNESS ON CRACK
GROWTH RATE AT 1200 F, 2 MIN DWELL AT
MAX LOAD, 10 CPM DURING VARIABLE STRESS
PERIOD {20;pp. ¢, 6,12)
cooe 4212
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dN

1 T
Ni-15C0o-10Cr -5, 5Al-4, TTi-3Mo-0.95V
10-1 L COMPACT TENSION SPECIMEK, SEE
FIG. 5.054L  ALL SPECIMENS
P APPROX 1/4 IN THICK
2l 1200F
R=0.1

10—2 !

sk

. 20 MIN DWELL
1073

1, 2, 5 MIN
Sk DWELL
PERIODS

2+
1074

5 -

2
10-5 L _s L L ) 1

12 8 g 2 5 100 2 5 1000
AX - KSI VIR

FIG. 3.0562 EFFECT OF DWELL TIME AT PEAK

STRESS ON CRACK GROWTH RATE
AT 1200F, R=0.1.
{20, pp. 4,5.6,8,32)
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da

dN

- IN PER CYCLE

10-3

Ni-15C0-10Cr-5. 5Al-4. TTi-3IMo-0. 95V
COMPACT TENSION SPECIMEN, SEE FIG.
3.0541

THICKNESS 0,23 IV

INITIAL CRACK LENGTH APPROX .84 IN

ZERO
OR
MIN

'W'ELL'E

]
I

’-— 40 CYCLES

26 KO
1.54K

[~—1

— 2 MIN DWELL
["@ 30 PERCENT
OVERLOAD

10-4

10-%

106

§0 PERCENT
OVERLOAD
B I
25 PERCENT
|— OVERLOAD

/ |

|

CONTINUOUS CYCLING
NO OVERLOADS

1330F |

CONTINUOUS CYCLING @
20CPS, R = 0.5 WITH 28

- PERCENT CR 50 PERCENT
OVERLOAD EACH 41 CYCLES,
CR WITH 2 MIN DWELL AT,
THE 50 PERCENT OVERLOAD,

10-7

FIG.

| | [ ]

1 ¢ 5 39 2 5

w0 2
AK - KSIVIN

3.0564 CRACK GROWTH AT 1350F AT CONTINUOUS
CYCLING, OR WITH 25 AND 50 PERCENT
OVERLOAD, CR WITH 2 MIN DWELL AT THE

50 PERCENT OVERLOAD CONDITION

(20, pp.4,5,54, 55)

5 1000

da

dn

IN PER MISSION CYCLE

1074

105

FIG. 3.0565 INTERACTION OF LOW CYCLE FATIGUE

NONFERROUS ALLOYS

Ni-15Co-10Cr-5, 5Al-4. 7Ti-3Mo-0, 95V
COMPACT TENSION SPECIMEN, SEE FIG,
2.0541

[+—1 MISSION CYCLE

2 MINDWELL

N CYCLES

| 20 CYCLES@
L1e cPm +
//ﬁ' 2 MIN DWELL
10 CYCLES @
40 CYCLES L10 CPM +
[ @10 CPM + 2 MOY DWELL
2 MIN DWELL
1200F
— R=0.1
| BASELINE
L10 cPM
NO DWELL
] [ ] ] Il ]
1 2 5 39 2 5 106 2 5 1000
aK - XKSIVIR

NiCo

WITH DWELL PERIODS AT MAX LOAD FOR
TESTS AT 1200F, R =0.1 {20,pp- 4,6,7,33,34)

Ni

15 Co

10 Cr
55 Al
47 Ti

3 Mo
095 V
IN-100
CODE 4212
PAGE 85




NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978
Ni Ni-15C0-10Cr~5, 5Al-4, TTi-3Mo-1, 95V
15 Co COMPACT TENSION SPECIMEN, SEE
FIG. 3.0541
10 Cr |
55 Al [~ 1 MISSIOX CYCLE
47 Ti K CYCLES—! |2 MINDWELL
g i
095 V |
I
IN-100
10-1
5
20 CYCLES
. 40 CYCLES L@ 10 CPM +
@10 cPMm + 2 MIN DWELL
2 MDS DWELL// /
w 10-2
g s
Q 1350F 10 CYCLES
g R=20.1 @10 CPy +
Z 2 f— 2 MIN DWELL
= 108 /
& /
s
= ar 1= a2 = i .
= Xi-15C0-10Cr-3, 5A1-4. TTi-3Mo-0. 95V
L ;O‘ASCZTE POWDER METALLURGY WOL SPECIMEN
g2 2} NO DWELL FROM TUREINE DISK A$ DESCRIBED IN
FIG. 3,0541
10-4
s b
= Ko} (SINGLE OVERLOAD)
el /e
2 z K
= RESUNMPTION
10-5 ] L ] ! L1 =| kDELAY cYCLES] OF CRACK
102 05 10 2 % 100 25 1p00 2 GROWTH
SX - KSIVIN O/ INITIAL CRACK GROWTH PRIOR
FIG. 3.0566 INTERACTION OF LOW CYCLE FATIGUE ) TO OVERLOAD
WITH DWELL PERIODS AT MAX LOAD FOR 108
TESTS AT 1350F, R = 0.1{20,pp. 4,6, 7,33,35)
5 = [a ]
B
2 =
vy ey
10 g
5 _—
f D k= 1200F
3 24
P /’
5 103 Av
- o 1350F
3 o
e 2
102 I
i
s !
Kmax = 23.2 KSI/IX
o
10 { | i i
1.2 1.6 2.0 2.4
Kol /Kmax
FIG. 3.0571 DELAY ¢YCLES PRIOR TO RESUMPTION OF
BASIC CRACK GROWTH AFTER SINGLE CYCLE
OF OVERLOAD. BASELINE Kmax = 23,2 KSIVIN
(40, FIG5.2,4
CODE 4212
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Ni-15Cr-10Co-3. 5Al-4. TTi-3Mo-0, 95V
PQWDER METALLURGY WOL SPECIMEN
FRCM TURBINE DISK AS DESCRIBED IX FIG,

3.0541
_ xXol (SINGLE CYCLE OVER-
'S max LOAD)
= i -
i Ly Y VKMl o ESUMPTION OF
|'D:EIAY CYCLES{ CRACK GROWTH
5
2 INITIAL CRACK GROWTH
3] PRIOR TO OVERLOAD CYCLES
105
N /D ]
2 p/E |
10t /g,
5 O_1"rT —
g o _
D
o103 /0
o F’ /Q/
- 5 —
E 1200F
R % 1350F -
102 .
51— // . | amd
. _A/ Kmax = 35,2 KSI VIR
10 ] [
1.0 1.2 1.6 2,0 2.4

Kol/Kmax

FIG, 3.0572 DELAY CYCLES PRIOR TO RESUMPTION OF

TOTAL STRAIN RANGE

10.0

L0

BASIC CRACK GROWTH AFTER SINGLE CYCLE
OVERLOAD. BASELINE Kmax = 35.2 KSI VIR
(40, FIGS. 2,3)

Ni-15C0-10Cr-3. 5Al-4. T9Ti-3M0-0.95V
AS CAST +1600F, 12 HR, AC
G,

.

211 DIA SPEC AS SHOWN
AXIAL LOADING
R=0.1
T =1250F

1L.75R
0.211 DIA

Jal

"-—t&

® mypRoGEN | 00O l"s‘g
A ]

O HELIIM }

10 102 108 105

CYCLES TO FAILURE

104

FIG. 3.056) LOW CYCLE FATIGUE AT 1250F IN

HIGH PRESSURE HYDROGEN AND
HELIUM {26, pp.II-9,V-9,17)

NONFERROUS ALLOYS

NiCo

Ni-15C0-10Cr-3. 5Al-4., 75Ti-3Mo0-0. 95V Ni
AS CAST +1600F, 12 HR, AC
0,180 [N DIA MIX SECTION, AS SHOWN 15 Co
10 Cr
47 Ti
3 Mo
IN-100
¢ |
! 160 i
g AXIAL
= R=0.1
b T = 1250F
= 120 :
2 100 W’!—}_}'Q‘t
5] (WK
@ 2
= 80 =
= 0 HELIUM
= . HYDROGEN} 5000 PSIG
g 60
s
-~
10 102 103 104 108 108
CYCLES TO FAILURE
FIG, 3.0582 HIGH CYCLE AXIAL FATIGUE IN HIGH
PRESSURE HYDROGEN AND HELITAM
AT 1250F (26, pp.I-10, [V-3, 8)
Ni-15C0-5. 5Al-4. 75Ti-3Mo-0. 95V
AS CAST HOLLOW TUBULAR SPECIMENS
APPROX. 0.45 IN OD, 0,39 IN IP
INTERKALLY HEATED BY GLOBAR HEATING
ELEMENT
TESTED AT 1700F
-1
10 I T ) ] T T
102 - 4L Npe ]
u -
0
Z 103 L o I _
E oZpp=0.033 (Npp}- lsEpe=0. 033 (xpp) 73
5 1074 ! L H 1 H
= 1071 T
223
%] N Nee
E 102 S |
m
: \3\0\&
203 s .
oXep=0.40(Kep) Tee=0.033(Nee)y
104 1 1 H 1 I i
i 10 102 103 1041 10 102 103 10
CYCLES TC FAILURE
FIG. 3.05141 EKELASTIC STRAIN RANGE VS. LOW-CYCLE
FATIGUE LIFE FOR EACH PARTIONED STRAIN
RANGE COMPONENT FOR AS-CAST THINWALL
TUBING AT 1700F
(49,p.23), (53,p. 4 & FIG. 6)
CODE 4212
57
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NONFERROUS ALLOYS REVISED: DECEMBER 1978
. Ni-15C0-5.5A1-4. 15Ti-3Mo-0.95V
Ni SOLID TUBULAR SPECIMEN APPROX 1/4 IN DIA
15 Co AS CAST + VAPOR PHASE ALUMINIZED COATING,
ALUMINIZED AT 2100F, 3 HR + ARGON COOLED
10 Cr 10-2 r r T r — -
55 Al oZep=. 0207(Nep) 0+ 3 om=.1o4lmpc)'-57
47 Ti ¥ep T Npe ]
.
3 Mo L 1 a A
095 V R
pg_m"’
IN-100 3 3\'
- N 4 i
o
<315
g9 B 1 _ X1-15C0-10Cr-5. 5Al-4. 7T1-3Mo-0. 95V
5 WROUGHT BARS PREPARED FROM
2 1074 PREALLOYED POWDERS
2 10-2 " 57 N 0% SOLUTIONED AT 2050F, STABILIZED AT 1800F
é s & Epp=. 0667{Npp) & Zees 0293 (Nee) AND 1800F, PRECIPITATION HARDENED AT
@ B T 1 1200 AND 1400F
i 2 L es2r - i AT 1200F FTy =200 K51  STRESS FOR
E ol Y FTY = 159.5 KSI CREEP-RUPTURE
z 30-3 e = 22 PERCENT LIFE:
= RA =25 PERCENT 100HR=147, 9 KSI
8 5L 1 1000HR=127. § KSI
3 .
<Q Npp Nee
E 2 b 4 = 2.0 T T T T T | — T
< TENSILE STRESS-HOLD
10-4 ) ) . 1 | L AN
10 102 10t 108 102 10% 106 1.0 STRESS L]
CYCLES TO FAILURE m L-—srmm 1200F
FIG. 3.05142 STRAINRANGE PARTIONING LIFE RELATIONSHIPS B oo 4  — T L L L
AT 1652F AND 1832F FOR AS-CAST ALUMINUM- 8 __l )__ TOTAL STRADY RANGE
COATED ALLOY {64,7p. 4-10) 2
[
nl‘ 2.0 T T T T T T T T
= ‘D‘\{LD_\ TENSILE STRAIN-HOLD
Ni-15C0-5.5A1-4. 75Ti-3Mo-0, 95V Z 1,0 e
HOUR-GLASS SPECIMEN 0,20 IN DIA AT MIN é p 12007
SECT, 1.6 IN HOUR-GLASS RAD, 3 IN LENGTH 5 o & | L P L
CUT FROM CREEP-FORMED (GATORIZED ) g
DISK B TOTAL STRAIN RANGE
SOLUTIOKED AT 2050F, STABILIZED AT 1600F =2
AND 1800F, PRECIPITATION HARDENED AT § 20— — T T
1200F AND 1400F & HIGH RATE STRAIN
. I—— mh et tiv:
TESTED AT 1400F Lo STRAIN 5,85 1O
NGE 1200F 0.5 HZ
0 [} L ] 1} I L I-
Lot 10° 53022 5 332 5 1942 5 143
T T T T T
- [ ppeo.270(9m) -8 o Epen0. 1a00por- 87 CYCLES TO FAILURE
g w0 = F E FIG. 3.0514¢ TOTAL STRAIN RANGE VS LOW-CYCLE
3 FATIGUE LIFE AT 1200F OF POWDER
g 03k 1L _ METALLURGY BARS PREPARED BY
= Npp Npe PRATT & WHITNEY GATORIZING.p,,
5 ' ) . PROCESS AND TESTED UNDER RAPID
o igj . L : i STRAIN CYCLING, TENSILE STRESS-
— - J-
% oZep=0. 029(Ncp) - 43 oZce=0, 084(Neey- 62 HOLD, AND TEXSILE STRAIN Ho(;':;
gt \\ 1 1
‘é <
10730 xep 4 F  Nee -
10-1 1 ] 1 ' 3 ] L]
1 10 102 1081 10 108 10° 10d

CYCLES TO FAILURE
FIG. 3.05143 INELASTIC STRAINRANGE VS LOW-CYCLE
FATIGUE LIFE FOR EACH PARTITIONED
STRAINRANGE COMPONENT AT 1400F.
SPECIMENS FROM CREEP-FORMED (GATOR-
IZED,,, ) TURBINE DISK (58.p.4 & FIG.5)
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
Ni-15C0-10Cr-3. 5A1-4. TTi-3Mo-0. 95V Ni
WROUGHT BARS PREPARED FROM !
PREALLOYED POWDERS N Co
SEE FIG. 3.05144 FOR DETAILS OF HEAT 10 Cr
TREATMENT AND RESULTING TENSILE AND 55 Al
CREEP PROPERTIES " .
47 Ti |
3 Mo
[2 10 T T T T lN - 100
(5]
g B A 7]
5 \%\ :OR 1200F
: - 4
o
= -1 \Pb\
g 10 “
- o -
é X
@ jg-2
G 10
4 - O ———- RAPID STRAIN CYCLING SEE FIG. |
3 D—-—TENSILE STRAIN-HOLD  FOR ADD.
g = A TENSILE STRESS-HOLD  DETAILS "
w03l | I R TR N S
10 T TIE T IR BT I Y Ni-15C0-~10CT -5, 5A14. 75 Ti-3Mo-0, 95V
CYCLES TO FAILURE & A5 CAST
30
FIG. 3.05145 INELASTIC STRAINRANGE VS LOW CYCLE .
FATIGUE LIFE AT 1200F OF POWDER ~d
METALLURGY BARS PREPARED BY PRATT N
AND WHITNEY GATORIZING 1, PROCESS AND 28 ~
TESTED UNDER RAPID STRAIN CYCLING, \ REF 3
TENSILE STRESS-HOLD, AND TENSILE N v
STRAIN-HOLD, 52) AN DYNAMIC
26 ‘\
“
- A
wm
'3
=24 /\
g STATIC | \\ N
- REF 16 \\\
N
22 \‘
\ REF 1
\ P
20 : 3
1
MODULUS
OF ELASTICITY .
18
16
[+ 400 BOO 1200 1600 2000 2200
TEMP-F
FIG. 3.062 DYNAMIC MODULUS OF ELASTICITY  (3,p.8,1,p.C-7)
{16,p.114}
CoDE 4212
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NONFERROUS ALLOYS

Ni Ki-15C0-10Cr-5. 5Al-4. TTi-3Mo-0. 95V
15 c COMPRESSOR DISK FROM 10 - 12D STAGE OF
0 F100/F401 ENGINE APPROX 17 I¥ DiA
10 Cr PRODUCED FROM "ALL INERT" POWDER BY
PRATT AND WHITNEY GATORIZING PROCESS
55 Al HEAT TREATED BY MODIFICATION OF PWA
47 Ti 1028 SPECIFICATIONS
3 Mo
240
IN-100 Q\
gz2o0 }“'9\
£
2
& 180
8—————-‘)__9/8\
120
40 -
o] : .
= 200
ﬁ \8/4
]
&
fa
&
\
° 9
0 400 500 1200 1600
TEMP - F
FIG. 4.11 MECHANICAL PROPERTIES FROM RT TO 1300F
OF SPECIMENS FROM THE 10 = 12th STAGE
COMPRESSOR OF F100/F401 ENGINE
(38, Fig.2)
Source (47) pp 30, 83
Alloy Ni-16Co-10Cr-5. 5A1-4. 1Ti—dMo-0. 95V
Condition A3 Cast and Machined To Fir Tree Specimen As Shown
Test Temperature RT
Specimen Fir Tree Anachment Loaded with Mating
Waspalloy Female Fixture. Failure in
IN 100 Acress 0,16 IN Dimension As
Shown. Depih 0.6 IN
LOADING _ I»‘m of Alloy 115 KST
AXIS
FAILURE SECTION
Specimen No. Nominal Stress At Failure K5I
1 135.5
2 130.9
TABLE 4.12 ROOM TEMPERATURE TENSILE STRENGTH OF FIR TREE SIMULATING
TURBINE BLADE ATTACHMENT
coDE 4212
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REVISED: DECEMBER 1578 NONFERROUS ALLQYS
Ni
15 Co
10 Cr
55 Al
47 Ti
Ni-15C0-10Cr-5. 5a1-4. 7Ti-3Mo-0. 95V 3 Mo
AS CAST + MACHIXED TO FIR TREE SHAPE
AS SHOWN 095 V
LOADED I¥ TENSION BY MATING WASPALOY
FIXTURE IN-100
FAILURE SECTION
- ALL STRESSES CALCULATED FROM LOAD
§ AND FAILURE SECTION, NO STRESS CON-
| CENTRATION FACTOR APPLIED.
£
g
w 100
o]
=S |
3 O
£ 50
g TESTED AT
n 1400F
4
=
@
@ 20
<
4
=
-
o
Z 10
1 10 100 1000
LIFE - HRS
FIG. 4.13 CREEP RUPTURE AT 1400F OF FIR TREE
SIMULATING TURBINE BLADE ATTACHMENT
(47,pp, 31,107}
cobE 4212
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NONFERROUS ALLOYS

REVISED: DECEMBER 1978

Seutrce (47} pp 32, 83
Aldloy Ni-15Co=10CT-5.5A1-4. TTi-3Mo-0_95V
Condition As Cast and Machired To Fir Tree Specimen Ag Shown
Test Temperamre RT
Specimen Loaded In Tension + Vibratory Bending
Moment. Stresses shown are nominal stresses
across faflure section (no correction for stress
concentration) + bending stress at outer fibers
of failure section,
FAILURE SECTION
Statie Stress, ksi Alternating Stress, ksi Cycles to Failure'™)
20 15 3.1 x 106
20 s 30 . 8.7 x 105
5 for 10” cycles + 10 for 10" cycles I3
20 + 15 to failure 3.8x10
6 5
- § for 107 cycles + 10 for 107 cycles 6
25 + 15 to failure 2.0¢4x10
18 15 9.6 x 10°

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
cooeE 4212

PAGE 62

(1) If failure did not occur in 10% ¢yeles, alternating stress was Increased for an additional 100 cycles ,
if necessary. 1f faflure still did not occur in 108, alternating stress was ogain increased. Faflure
cycles shown are at the last alternating atress shown.

TABLE 4.14 FATIGUE AT RT UNDER COMBINED STATIC AND VIBRATORY STRESS OF TURBINE
BLADE FiR TREE FASTENING

Source (47) pp 25, 26, 33, 87, 94
Alloy NI-15Co-10CT-5. GAl=d, T Li-3Mo-0, 95V
Test Zx 1.5 x 0.5 Bar Elcctron Beam Welded to Similar

Specimen Waspaloy Bar. After Heat Treat Machined to Specimen
Described Below

As Cast + Welded + Heat Treat {to restrengthen Waspaloy) -
Condition | 1850F, 1 Hour + 1550F, 4 Hour + 1400F, 18 Hour +
Machined to Approximately 0.3 x 0.3 At Test Section

Test

Temperatire RT
Basic Strength Min Fy,,, TN 100 115 KSI AtRT
of Welded Alloys 180 KSI

Min Fm' Waspaloy

Cendition Determined
by X-Ray Prior to Test

Failure Strength KSI | Location of Failure

Good
Weld Craclkst?

112 Weld
£89.2 Weld

(1} Caused by loss ¢f ductdlity in IN 100 as resuit of change in
microstructure during welding.

TABLE 4.211 ROCM TEMPERATURE TENSILE STRENGTH OF
WELDMENT TO WASPALOY
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
Source (47) pp 25, 26, 34, 87, 94 N i
Alloy Ni=15C0o=-10Cr-5. 5A1-4. 7Ti-3Mo-0. 95V
Test Specimens Sx 1.5 x 0.5 Bar.Electron Beam Weided 1o Similar Waspaloy Bar. After Heat Treat, 15 Co
Machined to Specimens described below, 10 cr
Condition Ag Cast + Welded + Heat Treat (to restrengthen Wagpaloy): 1850F, 1 Hr + 1550F,
4 Hr + 1400F, 16 Er + Machine To Approximately 0,3 x 0.3 at Test Section 5_5 Al
Test Temperature 1400F T,
Condition Determined by Stress o relure Life Location of Failure 47 Ti
X-Ray Prior t0 Test Location, (Ksi) ) - 3 Mo
Weld Cracks'!) 81 0.1 Weld 095 V
Weld Cracks™) 56.5 51 Weld
Good 54.6 y224. 612) Waspaloy IN-100
Weld Cracks 45.5 76.5 Weld
Weld Cracks 60.2 1.8 Weld
(1) Caused by loss of ductility in IN 100 as result of change in mi¢rostructure during welding.
(2) Fatlure in Waspaloy, weld still intact.

TABLE 4.212 CREEP RUPTURE AT 1400F OF ELECTRON BEAM WELDMENT TO WASPALOY

Source 47 pp 25, 26, 35, §7
Alloy Ni-15Co-10Cr~5, 5A1-4, 7 Ti-3Mo-0, 85V
Test Specimen 4 x 1.5 x 0.5 Bar Electron Beam Welded to Similar Waspaloy Bar +

Heat Treatment as Shown Below + Machiped to Specimen Shape Shown

Nl

~—| O QO [— Steady Load Applied Axially, Vibratory Load

7 ‘ hY Apptied Normal Te Plane of Specimen
Approximately 0,12 x .085 Thick At Minimum Section

Condition As Cast+ Welded + Heat Treat (to restrengthen Waspaloy); 1850F, 1 Hr +
1550F, 4 Hr -~ 1400F, 16 Hr
Min Ftu IN100 - 115 K51

AtRT
Min Ftu ‘Waspaloy - 180 KS1
Test Temperature RT

Condition as Determined Static Stress Vibratory Stress Cyclesu)
by X~-Ray Prior to Test K81 T KST To Failure

Weld Cracks'® ‘52,2 %8 2. 5% 10°

Weld Cracks'? 62,2 4,9 1.75 x 10°

Good 62.2 4.9 >107

Good 62.2 9.8 3.67 x 108

{1} All failures in weld
{2) Caused by loss of ductility in IN 100 as result of change in microstructure during welding

TABLE 4.213 FATIGUE AT RT UNDER COMBINED STATIC AND VIBRATCRY STRESS OF
ELECTRON BEAM WELDMENT TO WASPALQY
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. Scurce {#7) pp 27, 28, 38, 91, 11
Ni Alloy Ni-15C0-10C1-5. $Al-4. 7 Ti-3Mo-0. 55V
15 co Test Specimen and Brazing

10 Cr Al
55 Al
47 Ti =
3 Mo —=]0.42 p—
0'95 V APPROX

Brazed In Hy At 2000F, 20 Min. Diffusion of Braze 1800F, § Hr + 1300F, 8 Hr + 1950F, §6 Hr-
IN-100

Following Braze HT to Restrengthen Waspaloy: Fast Cool From 1950F to 1000F At 40F Per Min +
1550F, 4 Hr + Cool to 1000F + 1400F, 16 Hr

Faces A and A and C and C! Mate, Double

Fingers B Fit Inty Hollow Bl Prior to Brazing

. 0005 Ni Plate Deposited on Tines + 900F, 30 Min
To Bond. For Brazing Clearances . 002 to .004 In
Maintained,

Min Ftu IN100 F15 KS1
Min Fy, Waspaloy 150 K5I

Braze Area Stress Location of Failure
Percent KSt

80 112 Biade Radius
90 100 IN 100
Point F in Sketch Above

Test Temperature RT

TABLE 4.221 ROCM TEMPERATURE TENSILE STRENGTH OF BRAZED ATTACHMENT
TO WASPALOY

Source (47) pp 2%, 28, 38, 81, 110
Alloy Ni-15C0-10Cr-5,5A-4, Y Ti-3Mo-0. 95V
Depth At Test Section Approxirmately ¢.35 EN

Test
Specimen

WASPALOY FAII.TJ’\Ii_E IN 100

+lo

.

See Table 4.221 For Details of
Geometry of Braze Surfaces and

O Brazing Procedure

Axial Load Applied For Steady Stress

Alternating Stress Applied By Resonant Vibration

—.97

1,04

1.40—r— 95 -

Test Temperature RT

Static Stress Altermatng Stress Cycles To Failurel!)
KST K81 {2
29.8 20.4 3x10°
ras 10.2 for 105 cycles + 13.6 for 100 cyctes

° + 17 to failure

6.9 for 10° eycles - 10,2 for 10% eycles

29.8 +13.6 for 10° cycies + 17 for 0% cycies 1.9x xoﬁ

. + 20. ¢ to failure

6.9 for 10° ¢gyeles + 10.2 for 106 cycles 8

.3 fl&ﬁmfn.ilure 9-2x10

22.4 13,6 107

6.2 x 108

(1) All failures at base cross section of IN 100 &

{2) If failure did not oceur in 108 cycles, alternating stress was increased for an additional 107 cycles
if necessary at the next higher stress level shown. Failure cycles shown are for last value of
afternating stress listed.

TABLE 4.222 FATIGUE AT RT UNDER COMBINED STATIC AND VIBRATORY STRESS OF BRAZED
JOINT SEMULATING TURBINE BLADE FASTENING TO WASPALOY
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6.

10,

11.

1a.

14.

15.

i6.

NONFERROUS ALLOYS

NiCc

Source {51) p 208 .
Alley Ni-15C0-10Cr-5. 5Al-4. TTi-3Mo-0. 95V N 1
Condition Cast and Bonded To U700 by TLP Process (1) 15 Co
Test Temperature 1400F
Base Metal : TN 100, Min KSI Fry 115, Fy 95 10 Cr
Reguirements at 1400F U-700 Min KSI F 135, F 105 55 Al
Bonding Fry ;{gﬂ’ e RA Failure 47 Ti
Condidon (K31) (K51) @ & Lecation 3 M o
2000F, 4 Hrs 137.3 128,1 2.3 0.6 IN 100 '
2000F, 4 Hrs 141.5 127 5.2 10.3 "IN 100 095 V
2000F, 4 Hrs 140.4 127 4.0 6.4 Bond Region
IN-100
2100F, 4 Hrs 136.1 124.4 4.2 10.3 IN 100
2100F, 4 Hrs 134.2 122.1 1.7 2.3 IN loo
2100F, 4 Hrs 142,90 129.4 8,8 9.5 N 100
2100F, 4 Hrs 134.8 121.8 3,8 10.3 IN 100
{1) TLP is Prat{ and Whitney Aircraft Trade Name for Transition-Liguid-Phase Bond by adding thin
layer between surfaces {0 be bonded and exposing to temperature pear melting point in vacuum.
Melting temperature depressant (Boron) is added to bonding altoy._ Some alloying_etements_of base. I
compositon (i.e. Al, Ti, C) are restricted to prevent formation of stable Interface phases.
TABLE 4,231 TENSILE PROPERTIES AT 1400F FOR TLP BOND BETWEEN CAST ALLOY AND
WRQUGHT UDIMET 7040
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