REVISED: SEPTEMBER 1984

AUTHOR: W.D. KLOPP

1

1.01

1.02
1.03

1.031
1.032

1.04

1.05
1.051

1.052

1.0521
1.0522
1.0523

1.06
1.061

1.062

1.07
1.071

GENERAL

René 80 is a cast, precipitation-hardenable nickel-
base alloy containing chromium and cobalt with
titanium and aluminum acting as the gamma-prime
precipitation-hardening elements and tungsten

and molybdenum added for selution strengthening.

It has excelient creep-rupture strength up to

1900 F combined with good elevated temperature
ductility, superior hot corrosion resistance, and
good long-term stability. The latter is accom-
plished by selecting a balanced composition with a
low electron-vacancy concentration per atom,
thereby, preventing or minimizing sigma phase
formation.

The alloy is difficult to machine and the usual
machining methods are ECM, EDM, and low stress
grinding. The only recommended joining pro-
cedures are brazing or activated diffusion bonding.

The main usage of René 80 is in investment
vacuum cast turbine blades and vanes which should
be coated for any long-term applications.

Commercial Designation
René 80.

Alternate Designations

Specifications
AMS specifications, none

General Electric specification C50TF 28 for basic
composition and mechanical properties with G.E.
specifications ES0TF47 and P29TF 19 for electron-
vacancy number and trace element control,
respectively.

Compositicn
Composition, Table 1.04.

Heat Treatment

The preferred heat treatment is the fully heat
treated condition — Class A. G. E. specification
CS50TF28, which is an overaging type of heat
treatment for tensile ductility and low cycle
fatigue capability. Tensile strength and high stress,
creep-rupture capabilities are greater for the
non-overage heat treatment — Class B, but this
immediate advantage is lost upon exposure to high
temperatures (1,4).

Various heat treated conditions, Table 1.052.
Fully heat treated condition, Table 1.052.
Selution treated and primary age condition,

Table 1.052.

Solution treated condition, Table 1.052.

Hardness

The hardness in the fully heat treated condition is
37to 42 R¢ (6.7).

Hardness after exposure to thermal fatigue testing
in fluidized bed, Table 1.062.

Forms and Conditions Available
The alloy is available as investment vacuum
castings in the as-cast or heat treated condition.

1.08
1.081

1.09
1.091

1.092

1.093

2.01
2,011
2.0111

2.012
2.0121
2.0122

2.0123

2.013
2.014
2.015
2.016

2.02

2.021
2.022
2.023
2,024
2.025

NONFERROUS ALLOYS

Melting and Casting Practice

Vacuum induction melting followed by vacuum
casting is standard industrial practice {1). Direc-
tional solidification can result in improved mechan-
ical properties attributed at least in part to sub-
stantially decreased casting porosity and inclusion
(20). (See Figures 3.0317 and 3.045.)

Special Considerations

For long-term applications at high temperatures,
the alloy should be coated to minimize oxidation
and to prevent tensile embrittlement (Figure
3.0312) which can occur at strain rates
encountered in conventional tensile tests con-
ducted in air. Special coatings have been found to
be effective in reducing this embrittlement. (Com-
pare Figures 3.0314 and 3.0315.)

Coatings are also desirable to minimize deleterious
eifects of high temperature (1600 to 1700 F) and
low temperature (1100 to 1400 F) hot corrosion in
salt- andfor sulfur-containing combustion environ-
ments,

Brazing or activated diffusion bonding are the only
recommended joining processes (4,9).

The recommended machining methods are EDM,
ECM, and low stress grinding. Conventional or
abusgve grinding may have a deleterious effect on
fatigue strength depending on the type of pro-
cessing procedures that fellowing the grinding
operation. Aging after any type of grinding lowers
the room tempemature high cycle fatigue strength
compared to low stress grinding of René 80 in the
solution treated and aged condition. Shot peening
substantially increases the room temperature high
cycle fatigue strength of ground René B0 and the
low cycle fatigue strength at 1400 F (4,7,10).

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting range, Table 2.0111.

Critical temperatures for six commercial VIM
heats, Table 2.0111.

Phase changes, Table 2.0111.
Time-temperzture-transformation diagrams.

The fully heat treated condition of René 80
contains approximately 47V/o ¥, 2¥/oMC (rich in
titanium, tungsten and molybdenum) and very
minor amounts of M23Cg and M3B3 (8).

Effect of elevated temperature exposure on carbide
stability, Figure 2.0123.

Thermal conductivity, Figure 2.013.

Thermal expansion, Figure 2.014.

Specific heat, Figure 2.0135.

Thermal diffusivity.

Other Physical Properties

Density, 0.295 Ibfin.3, 8.17 grfem3 (4).
Electrical properties.

Magnetic properties.

Emittance.

Damping capacity.
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Chemicai Properties

Oxidation resistance.

General. In dynamic oxidation tests of uncoated
samples after 1000 hrat 1800 F, René 80 is
inferior to René 77 and René 100, but the oxida-
tion is more uniform, i.e., less extensive grain
boundary oxidation (4,5).

Effect of exposure in air at 1800 F on external
oxidation and internal contamination, Figure
20312,

Weight change during thermal fatigue testing in air
in fluidized bed facility, Table 2.0313.

Oxidation weight gain in air can be expressed by
(A W/A) = Ctl/2 where aW = weight gain, A =
area, t = time, and C = constant [in (gr/em?) sec
1/2],equat to 7.6 x 104 at 1800 F and 4.9 x 104
at 1700 F {23).

Hot corrosion resistance.

General. René 80 has excellent resistance to high
temperatuze sulfidation attack, considerably
superior to Ren€ 77 and René 100, which is attd-
buted to the high titanjum-aluminum ratio (4,5).

A low temperature form of hot corrosion occurs in
oil-fueled marine turbine engines. In simulated
laboratory tests for 500 hrat 1250 F (10 ppm sea
salt and 2 percent sulfur fuel oil), uncoated René
80 exhibited 4 mil metal loss, while coated René
80 showed <0.35 to 2 mil metal loss (24).

Hot cerrosion resistance of René 80 and other
superaltoys at 1600 and 1750 F, Table 2.0322,

Nuclear Environment
MECHANICAL PROPERTIES
Specified Mechanical Properties

Specified mechanical properties per G.E. specifica-
tion C50TF 28-58, Table 3.011.

Mechanical Properties at Room Temperature
Tension-stress-strain diagrams—tension properties.
Tension properties, Figure 3.0311.
Compression—stress-strain diagrams—compression
properties.

Impact.

Bending.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Combined properties.

Mechanical Properties at Various Temperatures
Tension —stress-strain diagrams— tension properties.
Effect of room and elevated temperatures on
tensile properties, Figure 3.0311.

Effect of 1800 F exposure in air and in vacuum on
the 1600 F tensile ductility of conventionally cast
and directionally solidified René 80, Figure
3.0312.

Effect of sutface removal on the 1600 F tensile
ductility of specimens exposed in air at 1650,
1700, and 1800 F, Figure 3.0313.

Effect of testing atmosphere and strain rate on the
1600 F tensile ductility of specimens exposed in
vacuum at 1800 F, Figure 3.0314.
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3.0317.
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Effect of various protective coatings and strain rate
on the 1600 F tensile ductility of coated specimens
exposed in air at 1800 F, Figure 3.03135.

Effect of coatings on tensile properties at 1400 to
1800 F, Figure 3.0316.

Effect of directional solidification on room and
elevated temperature tensile properties, Figure
3.0317.

Compression—stress-strain—compression
properties,

Impact.

Bending.

Torsion and shear,

Bearing.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properties.

Creep and Creep-Rupture Properties

Creep-strain and creep-rupture curves at 1400,
1600, and 1800 F for fully heat treated cast alloy,
Figure 3.041.

Creep-strain and creep-rupture curves at 1500,
1700, 1900, and 2000 F for fuliy heat treated cast
alloy, Figure 3.042.

Stress rupture ductility at 1400 to 1900 F, Table
3.043.

Effect of coatings on rupture life at 1400, 1600,
and 1800 F, Figure 3.044,

Effect of directional solidification on rupture life
at 1400, 1600, and 1800 F, Figure 3.045.

Fatigue Properties
High cycle fatigue.

Effect of surface grinding procedures on the high
cycle fatigue life at room temperature, Figure
3.0511.

Effect of various ECM and EDM procedures on the
high eycle fatigue life at room temperature, Figure
3.0512.

Low cycle fatigue.

Eiffect of surface grinding and EDM procedures on
the 1400 F low cycle fatigue life, Figure 3.0521.
Effect of ECM plus shot peening on the 1400 F
low cycle fatigue life, Figure 3.0522.

General. The effects of various surface grinding,
ECM, and EDM procedures on high and low cvcle
fatigue life can be significantly affected by post-
processing operations, such as solution and/or
aging heat treatments, diffusion coating tempera-
tures, the removal of cold-worked surface layers by
pickling, shot peening, and residual stresses. See
Reference 7, pp. 237-281 for details.

Axial low cycle fatigue behavior at 1200 to

1800 F, Figure 3.0524,

Effect of combined plastic and creep-strain cycles
on low cycle fatigue life at 1832 F in high vacuum,
Figure 3.0525. {Similar tests were conducted at
1600 F with nearly identical results (27).]

Effect of combined plastic and creep-strain cycles
on low cycle fatigue life at 1832 F in air, Figure
3.0526.

Comparison of hold time experiments with fre-
quency modified fatigue equation representation
of continuous cycling experiments at 1600 F,
Figure 3,0527,
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Effect of hold peried and wave shape on low cycle 4.03
fatigue life at 1600 F, Figure 3,0528. 4.031
Effect of strain rate and hold time on low cycle

fatigue life at 1600 and 1800 F, Figure 3.0529.

Effect of prior air exposure and cycle frequency on

low cycle fatigue life at 1600 F, Figure 3.0530. 4.032
Effect of strain rate and hotd time on low cycle

fatigue life of notched specimens at 1400 and

1800 F, Figure 3.0531. 4.033
Cyclic stress-strain curves at 1600 and 1832 F in

air and vacuum, Figure 3.0532.

Thermal fatigue. 4.034
Thermal eycles required to initiate first erack in

each edge of double edge wedge specimen in

fluidized bed testing, Table 3.0541. 4.035
General. By using activated diffusion bonding to

join a monocrystalline edge of René 80 to conven-

tionally cast polycrystalline airfoils, the thermal 4.036
fatigue life of such compesites has been increased

four to eight fold compared to conventionally cast

René 80 blades (15,16).

Elastic Properties
Poisson’s ratio, Figure 3.061.

Modulus of elasticity, Figure 3.062.

Dynamic modulus of elasticity at room tempera-

ture = 29.9 x 106 psi (18).

Modulus of rigidity.

Tangent modulus. 4.04

Secant modulus. 4.041
4.042

FABRICATION

Forming

Hot isostatic pressing can improve the room 4.043
temperature fatigue strength and stress rupture

strength (approximately 30 percent) of castings

containing excessive as-cast porosity. However,

porosity-free castings are unaffected by the HIP

process (19).

Machining and Grinding

Ren€ 80 is difficult to machine. The usual

machining methods are ECM, EDM, and low stress
grinding (4).

Low stress grinding should be used in place of
conventional grinding to minimize distortion and

reduce the possibility of producing extensive 1
metallurgical changes or cracking in the surface 2
layer. Low stress grinding (LSG) is accomplished

by using softer grinding wheels, reduced wheel 3
speeds and infeed rates, and more chemically active
cutting fluids than those employed in conventional 4
grinding. LSG should be used particularly for

removing the last 0.010 inch of material with stock
removal on the order of 0.0005 to 0.0002 inch per

pass. See Reference 10, pp. 20-26 for details. 5
When EDM or EDG is used, the recast or heat-

affected layer that is produced should be removed,

since it lowers the fatigue strength. See Reference 6
10, pp. 31-34 for details.

Steel shot peening can be used to restore or

enhance the normal fatigue characteristics of René
80(7,10).

NONFERRQUS ALLOYS NiCo

Joinin, Ni
Brazing or activated diffusion bonding in vacuum !
are the only recommended joining procedures. t4 Cr
The latter process produces joints with the highest 95 Co
strengths (4,9). 4 Mo
Tensile properties at elevated temperatures of

activated diffusion bonded butt joints versus base 4 W
metal, Figure 4.032. B Ti
Stress rupture strength of activated diffusion 3 Al
bonded butt joints versus brazed joints versus base

metal, Figure 4,033, + C
High cycle fatigue strength of activated diffusion + Zr
bonded butt joints versus base metal at 1400 F, + B
Figure 4.034.

High joint strengths can be produced by activated .
diffusion bonding with joint gap variations ranging RENE 80
from 0.0005 to 0.010 inch (9).

René 80 has been successfully joined to TDNiCr

and U-700 by activated diffusion bonding. Exten-

sive mechanical properties data on overlap and butt

joints of such composites are reported in

Reference 17.

Activated diffusion bonded butt joints of René 80
to single ¢rystal Normatloy have also been made
successfully, with property data on bonded speci-
mens given in Reference 31.

Surface Treating
Shot peening (see Section 4.024).

Protective diffusion-type coatings are recom-
mended to improve oxidation resistance for long-
term applications and to prevent tensile
embrittlement (4,8).

Suitable protective coatings when sufficiently thick
and ductile to sustain and confine surface cracking
under conventicnal tensile testing strain rates can
reduce hot tensile embrittiement which has been
shown to be environmentally related. Tensile
embrittlement is caused by interactions of nitro-
gen and probably also oxygen with the grain-
boundary ¥ network which occurs upon exposure
to air. (Compare Figures 3.0314 and 3.0313.)
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Alloy René 80

Fercent
Compoaosition Min Max
C 0.15 0.19
Mn — 0.10
Si - 0.1
s - 0.0075
P - 0.015
Cr 13.70 14.39
Co 2.00 10,00
Ti 4.80 5.20
Al 2.80 3.20
Mo 3.70 430
w 3.70 4.30
Mo +W T7.70 -
B 0.01 0.02
Zr 0.02 0.10
Fe - 0.35
Cb - 0.10
Ta - 0.10
v - 0.10
Cu - .10
Hf - 0.10
Mg - 0.01
Ni Balance

Nv3 shall be 2.32 maximum electron vacancy number
calculated by the method described in G.E. specification
ES0TF47(2).

Trace element content shall meet the requirements of G.E.
specification P29TF19 (3) and be applicable to turbine
blades only-

TABLE 1.04. COMPOSITION (1)

NiCo

Ni
14 Cr
9.5 Co

N S
=

Alloy René 80
Solution Treated Solution
Condition and Treated
Fully Heat Treated Primary Age Onl
G.E. Specification
C50TF28 Class A Class B Class D
Step 1 2175 to 2225 F, 2 hr in Yacuum; Fumace Cool in Vacuum, Same Same
Ar or He 10 1975 10 2025 F within 10 min (a,b)
Step 2 Hold at 1975 to 2025 F, 4 hr in Vacuum: Fumace Cool to Same (c)
1200 F in Yacuum, Ar or He within 60 min: Hold at
1200 F, 10 min
Step 3 Raijse Temp te 1925 F and Hold at 1900 10 1950 F, 2 10 12 Fumace or AC -
hr in Vacuum, Ar or He; Cool to 1200 F within the Range to Room Temp
of 15 10 60 min 2and Hold at 1200 F for 10 min (d)
Step 4 Raise Temp to 1550 F and Hold a1 1525 to 1575 F, 16 hr - -

in Vacuum, Ar or He; Fumace or AC to Room Temp

(a) Cooling to 1200 F within 60 minutes is optional.
{b) Cooling to room temperature is optional.

{¢) Continue furnace cool to 1200 F in vacuum. argon, or helium within 60 minutes: fumace or AC to room

temperature.

(d) When parts are coated, Step 3 is omitted.

TABLE 1.052. VARIOUS HEAT TREATED CONDITIONS (1.,4.5)

RENE 80

Code 4214
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NiCo NONFERROQUS ALLOYS REVISED: SEPTEMBER 1984

Ni Alloy René 80 Altoy René 80
Condition(3} Fully Heart Treated Temperature, Fla)
14 Cr H‘?‘;‘g"‘“'RH"g’f':ﬁsERc 42) Liquidus 2403 to 2414

95 Co Sam 50“ “‘*f; 5 235 X 052’;0 Start of MC Formation 236710 2374

4 Mo Solidus 2324 10 2341
Thema! Cydcle(b} Start of v-y" Eutectic Formation 2196 to 2205

4 W 2065/675 F - 38 - - ¥ Solvus 2101 10 2120

5 Ti 1990/600 F -l - - 41 . — ,

3 Al 1915/525 F 40 i 18 37 {2} Determined by differential thermal analysis.

" c (a} C50TF28. ass A: 2200F + 2000 F + 1925 F + TABLE 2.0111. CRITICAL TEMPERATURES FOR

1550 F. SIX COMMERCIAL VIM
+ Zr (b) Dwell for 3 minutes in each bed at the Fluidized HEATS (21}
+ B Bed Therma! Fatigue Test Facility at 1ITRI,

- TABLE 1.062. HARDNESS AFTER EXPOSURE
RENE 80 TO THERMAL FATIGUE
TESTING IN FLUIDIZED BED (6)

René 80
IMC +H
M23 Mmc
- CG
& MC
E
-
I e
-]
|3
200 <
René 80 E
k-
«
180

160 /

RareILowl Medium ]

/ M3B,
l
140 As 1600 1800 2000 2200
/ Heat T F
/ Treated emperature,
120
FIGURE 2.0123. EFFECT OF ELEVATED TEMPERATURE
EXPOSURE ON CARBIDE STABILITY (8)

/

w17 ”

Thermal Conductivity, Btu in.fhr ft2 F

80 / _ René 80
[}
/ E
E 10 /
60 = Room Temperaﬂ_ne to Temperature
0400 800 200 1600 2000 L Indicated /
Temperature, F 5 'dg 9
32 /
FIGURE 2.013. THERMAL CONDUCTIVITY (4} ;c:"é /
2§ 8 v
£ x
W
o
g 7
=
] /
2
o
[2)

0 400 80O 1200 1600 2000 2400

Tern'perature, F

FIGURE 2.014. THERMAL EXPANSION {22)

Code 4214
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Spacific Heat, Bw/lb F

NONFERROUS ALLOYS

René BO
Q.22
Q.20
Q.18
Q.16
Q14 /
0.2 <
0.10
0 400 800 1200 1600 2000
Temperature, F
FIGURE 2.015. SPECIFIC HEAT (4}
Alloy René 80
Cycles 50 [ 100 § 200 1 500
Weight Change, percent
Thermal Cycle{a}
2065/675 F - +0.06 | -0.08 —
1990/600 F - - - -0.25
1915/525 F +0.07 — +0.08 -0.28

(a) Uncoated samples dwelled for 3 minutes in each bed
at Fluidized Bed Thermal Fatigue Test Facility:
original specimen weight is 117 to 125 gr.: air flow
for 3 minutes measured at 150 F. 2 psi pressure: hot
bed is 900 cfh: intermediate bed is 2100 cfh,

TABLE 2.0313. WEIGHT CHANGE DURING
THERMAL FATIGUE
TESTING IN AIR IN
FLUIDIZED BED FACILITY (1)

NiCo
J
René B0 Ni
40 1
| 14 Cr
Contaminatio
_g ontaminanon 95 CO
2 ” % b Mo
i P 4 W
£ 'g . 5 Ti
8 ¢ 1] 3 A
§ ~ + C
£ r{‘ + Zr
»®
5" A Surface + B
2 Oxidation
Exposure in Air 3
Uncoated Specimans RENE 80
[
Yo 50 100 500 1000
Exposure Time, hr
FIGURE 2.0312. EFFECT OF EXPOSURE IN AIR AT 1800 F ON
EXTERNAL OXIDATION AND INTERNAL
CONTAMINATION {8}
Alloy René 80
Test Temp. F 1600
Depth of Attack,
mils per side a b ¢ a <
Alloy
Rene 80 3.9 102} 122 25 89
René 77 353 ] 435| 474 25.9 43.8
Inconel 713 65+ 299 | 36.0 | 3%.0
René 100 65+ 65+
Note: a = surface loss: b = average penetration: gnd ¢ = maximum
penetration after 1,000 hr at temperature at 5 ppm
ingested salt, Laboratory test was at low velocity: hot
blast test was performed using jet fuel at the G.E. Lynn
testing facility.
TABLE 2.0322. HOT CORROSION RESISTANCE OF RENE 80
AND OTHER SUPERALLOYS AT 1600 AND
1750 F
Alloy René 80
Form Cast to Size or Cast
: Machined Specimens
Condition Fully Heat
Treated — Class A(3)
Test Temp, F 1600 | 1800
Fru. ksi (Min) 90 -
Firy. ksi (Min) 70 -
RA, percent (Min) 15 -
Stress Rupture — 27.5 ksi
hr (Min) — 23
RA. percent (Min) — 5
(a) See Table 1.052.
Note: Tensile tests per ASTM E21. For referee
tensile tests, use ¢ or 0.005 per minute
thru Firy.
TABLE 3.011. SPECIFIED MECHANICAL
PROPERTIES PER G.E.
SPECIFICATION
C50TF28-88 (1)
Code 4214
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NiCe NONFERROUS ALLOYS REVISED: SEPTEMBER 1984

. 160 T T ' v 70 - . r
Ni René 80 Cast and Fully Heat Treated René 80 Fully Heat Treated
14 Cr Tested in Air at £ = 0.005/min
. Fu ‘\\ |
95 Co 120 OB Conventional Cast
60— "4 DS Polycrystal (L)
4 Mo 4 DS Polycrystal (T)
4 W ® Monocrystal
I
; o | Selid Symbol: Exposed in Air
5 Ti 120 ? = E 0 Open Symbol: Exposed in Vacuum
3 Al 0 \ r Y g
+ C o — s a ° ]
Z 100 Fry 12\ < 4ol
+ Zr| = « .
+ B E \l 3 o
§ 5
- = [ 1t
RENEgSo @ 80 : w 04 fl: o
(=4
\\ 3 n o \ Exposed in Vacuum
— 20 O i
80 — (4 a $
—= {5}
o :25; Air 10
Ol (26} Air
40— A4 (27) Vacuum / Exposed in Air
Solid Symbols: Fy, and RA 0 |
Open Symbols: Fyy and e 0 400 600 800
20 L 1 1800 F Exposure Time, br
.Q FIGURE 3.0312. EFFECT OF 1800 F EXPOSURE IN AIR AND
- 30 ‘_RA — IN VACUUM ON THE 1600 F TENSILE DUC-
GE YAV TILITY OF CONVENTIONALLY CAST AND
E § DIRECTIONALLY SOLIDIFIED RENE 80 (8}
e -
= /S I
2%
=7
24 10 N il £
1i :———-—'-—./ . LY AL T
Reng 80 Cast Specimens
a 1
0
o} 400 800 1200 1800 2000 I
Exposure
Temperature, F ™ F  hr .
T ® 1650 1125 |Full Heat Treatment + Exposure
] | & 1700 200 |in Air As Indicated + Surface
FIGURE 3.0311. EFFECT OF ROOM AND ELEVATED B O 1700 500 |Grind Amount Indicated Before
TEMPERATURE ON TENSILE e @ 1800 200 |Tensile Testing at &€ = 0.005/min
PROPERTIES ({4,5,25-27) E - 0 1800 500 in air
-]
= : [w}
E ao—4 ,’
[
[}
) m| O
20
i/ [°/°
4 ul
OH®
Q . rau]
0 ?l
0O 20 400 20 400 20 40 &0
Surface Removal, mils/side
THE 1600 F TENSILE DUCTILITY OF
SPECIMENS EXPOSED IN AIR AT 1650,
1700, AND 1800 F (8}
Code 4214
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NONFERROQUS ALLOYS

NiCo

'Rend B0 Tested René 80 Tested =1~ Ni
in Air Full HT in Vacuum
Full HT 14 Cr
i
As Heat Treated T 9.5 Co
1800 F Vacuum Exposed 4 Mo
150 hr —i——o- 4 W
250 by ——-g—- g
40 500 hr —-9g—— 5 Ti
3 Al
E 30 + C
g + Zr
e o}
o i + B
|« o
2 20 .
2 \ RENE 80
o 4
[
" \
=4
0005 QOS5 Q5 0005 005 Q5
Strain Rate, min-1
FIGURE 3.0314. EFFECT OF TESTING ATMOSPHERE AND
STRAIN RATE ON THE 1600 F TENSILE . r r
OUCTILITY OF SPECIMENS EXPOSED IN René B0 Fully Heat Treated Coated Specimens
VACUUM AT 1800 F {8} ap | ExEOd 81 1800 F. 200 br Bofore Testing in Air
[ CODEP (GE) »
. CoCrAlY *
Coatings | ccraly &
Experimental @
30
£
g L
& Experimental
L Coating
o
o
® 20
w 4
[=]
[=)
w -
v ) ry
L
4 'y
10 ~ FeCrAlY
Fy
b
CODEP r
3
0 L]
0005 0.05 05
Strain Rate, min-1
FIGURE 3.03156. EFFECT OF VARIOUS PROTECTIVE COAT-
INGS AND STRAIN RATE ON THE 1600 F
TENSILE DUCTILITY OF COATED SPECI-
MENS EXPOSED IN AIR AT 1800 F (8)
Code 4214
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NiCo NONFERRQUS ALLOYS REVISED: SEPTEMBER 1984

B 160 T T T
Ni René 80 Fully Heat Treated
i4 Cr
95 Co
4 Mo| 140 0
4 w \
5 Ti \\
3 Al 120 X Fiu
+ C
+  Zr ?
+ B
= 100 =+ \\
- X
RENE 80 ALY
= [o]
] \ \
& \
w 80 \
\
Fry\ \
60 '
200 T T
40 3 René BO Fully Heat Treated
[ = Uncoated (4} A
® O Coated with \ —_ -
CODEP B-1 (28’ . 160 —a —tr. "'F Q
A A Costed with O = tu Y
AEP 32 (28) 4 \
S \
20F
o~ . J' = 120 r)._______ ——— - !)
T / 7 Fov \
e ¥ 20 / 3 \
&'3 § /45 « 80 N
E¢ ‘f// pd \
el
% 5 / , 7:_.——"\ sl .
5§ 10 o 7 Conventionally Cast {4)
2o | — /{’/ —C— Directionally Solidified (20)
3
- DS Solidification Rate 7 inJ/hr
Y -
ol o
Q e
1200 1400 1600 1800 2000 40 4
Temperature, F IS{
EE 20 — rRa/T N\
FIGURE 3.0316. EFFECT OF COATINGS ON TENSILE = 2 - T - ﬂ*j \
PROPERTIES AT 1400 TO 1800 F {4,23) - E -
e -
£$ o
g8 5 £~
35 2 7 —o%
w e f
00 400 800 1200 1800 2000
Temperature, F
FIGURE 3.0317, EFFECT OF DIRECTIONAL SOLIDIFICA.
TION ON RODM AND ELEVATED
TEMPERATURE TENSILE PROPERTIES (4,20}
Code 4214
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NONFERROUS ALLOYS

NiCe

René 80 Fuli Heat Treatment, Ni
Class A: 2225 F, 2 hr, HeQ ]
+ 2000 F, 4 hr, HeQ 14 Cr
+1925 F, 4 hr, FC to 1200 F in 20 min | 95 C
+ 1550 F, 16 hr, AC - o
Strass Rupture 4 Mo
—  ———— 1.0
—-—-05 } Percent Creep ; ‘_'II_V
—_———0.2
{00 T :
1400 F 3 Al
80 e + C
Specimens -] . [~
60 | Cast to Size \&j o ..\\ + Zr
+ Machined I~
40 Grain Size 1600:_“ — e . + B
164 to 1/32 —F— TSNl -
20 inch _-_::-..5{: TE RENE 80
o "René 80 F Treatment,
1o 0% ol 102 0® 04 1Rene 80 Tull Heat lraa i
Time. hr Class A: 2225 F, 2 hr, HeQ + 2000 F, 4 hr, HeQ
! + 1925 F, 4 hr, FC to 1200 F in 20 min
+ 1650 F, 16 hr, AC
FIGURE 3.041. CREEP-STRAIN AND CREEP-RUPTURE : ! A
CURVES AT 1400, 1600, AND 1800 F FOR - f_‘;““ Rupture
FULLY HEAT TREATED CAST ALLOY (4) T os } Percent Creep
oop— ——— 02
80
- 1500 F
% 60 = o T
ﬂ_ — ~ — -.___\\
o Specimens Cast T N
E 40| “toSize+  1700F
Machined Grain —
20| Size 1/64to 1900 F
V32inch  390p F—]
0 !
1o-! 10° 10! 102 103 0%
Time, hr
FIGURE 3.042. CREEP-STRAIN AND CREEP-RUPTURE
CURVES AT 1500, 1700, 1200, AND 2000 F
FOR FULLY HEAT TREATED CAST
ALLOY {4)
Alloy René 80
Form{a) Investment Vacuum Cast
Condition{b} Fully Heat Treated — Class A
Test Temp, F 1400 1500 1600 1700 1800 1900
e, percent (Avg)
100 hr 9.7 19 69 6.0 5.2 46
1,000 hr 6.6 6.2 59 56 54 5.2
10.000 hr 7.6 8.1 8.5 9.0 9.4 9.8
RA, percent { Avg)
100 hy 17.8 149 12.5 10.5 8.8 74
1.000 hr 12.9 106 8.7 7.2 59 49
10,000 hr 93 1.5 6.1 4.9 4.0 32
(a) Specimens were cast to size, then machined: grain size ts 1/64 1o 1/32inch.
(b) Heat treatment: 2225 F, 2 hr, HeQ
+2000 F, 4 hr, HeQ
+1925 F, 4 hr, FC to 1200 F in 20 min, AC
+1550 F, 16 hr, AC
TABLE 3.043. STRESS RUPTURE DUCTILITY AT 1400 TO
1900 F {4)
. Revised April 1994 Code 4214
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NONFERROUS ALLOYS

NiCo
R . T T
Ni René B0 Fuliy Heat Treated
14 Cr 100 a] 1400 F |
95 Co 80 -0-
4 Mol 4 1600 F
4 w | Fad.al
w
5 Ti ';. 40
3 Al|¢g
+ C w 1800 F
+ 2Zr 20
== Uncoated {4)
+ B OAO AEP 32 Coated, 1.6 mils {28)
B A ® CODEP B-1 Coated, 2.2 mils (28)
3 L Coated Test Bars were Tubul
RENE 80 10 with 0,037 inch Wall Thickness
I 1
| 10 [e.0] 1000
Rupture Time, hr
FIGURE 3.044, EFFECT OF COATINGS ON RUPTURE
LIFE AT 1400, 1600, AND 1800 F (4,28)
T
René 80 Cast + Full Heat Treatment,
Class A (Rc 40) + Grind (Longitudinal)
Mode: Cantilever Bend, Mean Stress = 0,
f = 1800 cpm
Surface
Type of Grind Finish, win.
—— O Low Stress 16
& Conventional 26
O High Stress 23
1{’32 4
ﬁ T2
— L Hmsar
Section L
AA 1/2 R
100 — 2R
_ Test Section Thickness = 0.060 inch
.3‘ 80
g
E 60
o
£ A =
o
2 _\mﬁ%
2 20
4
0
108 108 [o2g
Cycles to Failure
FIGURE 3.0511. EFFECT OF SURFACE GRINDING PRO-
CEDURES ON THE HIGH CYCLE FATIGUE
LIFE AT ROOM TEMPERATURE (10)
Code 4214
Page 12

Strass, ksi

REVISED: SEPTEMBER 1984

00 " 7 René BO Fully Heat Treated !
' i
— - ]
80 ‘“\2‘_‘___1400 F
60 r\
\ -0__.0. B
40 \-‘ —~ oo
o~ 1600 F
'n\___‘o \
20 IS -
w\
1800 F
s Conventionally Cast {20} ™
== 0O=— Directionally Solidified {20)
€ DS Rate ~7 inch/br
4 | {11 ] P 1k | i 1.1
o 102 103 104

Rupture Time, hr

FIGURE 3.045. EFFECT OF DIRECTIONAL SOLIDIFICA-

Alternating Strass, ksi

TION (DS} ON RUPTURE LIFE AT 1400,
1600, AND 1800 F (20}

T
René 80 Cagt + Full Heat Treatment, _| |
Class A (R 40} + ECM or EDM
Mode: Cantilever Bend, Mean Stress = 0,
fo— f = 1800 cpm ——
Surface
- Procedure Finish, uin.
o ECM Standard 20
¢ ECM Off Standard a0
801 A EDM Finish 70
4 EDM Rough 150
60 ¥ gy T
40 M
20l Far Specimen =
See Figure 3.0511
0
108 108 107

Cycles to Failure

FIGURE 3.0512. EFFECT OF VARIOUS ECM AND EDM PRO-

CEDURES ON THE HIGH CYCLE FATIGUE
LIFE AT ROOM TEMPERATURE {10}
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Paak Pseudo Stress, ksi

120
100
80
60
40
20
0

102

T T
= René 80 Cast + Full Heat Treatment, -~
Class A (R 40) + Grind ar EDM
[~ Mode: Fully Reversed Four Point Bending,
| Constant Strain, Mean Stress = 0, f = 16 cpm,

Psoudo Stress = Elastic Modulus x Altamating ¢

Surface
— Procedure Finigh, gin. —
o Low Stress Grind 14
[ @ High Stress Grind 26 ]
| & EDM Finish 67
A EDM Rough 155

T
| TestSection  Po.
Thickness = 0.151”

I TSR

LT
Gl
B 0.45 to 0.050 inch Rad

2" = and Shot Peen

03 104 105

Cycles to Failure

FIGURE 3.0521. EFFECT OF SURFACE GRINDING AND

EDM PROCEDURES ON THE 1400 F LOW
CYCLE FATIGUE LIFE (10)

Paak Psaudo Stress, ksi

Altarnating Psoudo Stress, ksi

NONFERROQUS ALLOYS

NiCo
Ni
14 Cr
95 Co
4 Mo
4 W
5 Ti
3 Ai
+ C
+ Zr
+ B
RENE 80
T T
Reneé 80 Cast + Full Haat Trastment,
{Rc 40) + ECM + Shot Peen
™ Mode: Fully Reversed Four Point Bending,
Constant ¢, Mean Stress =0, f= 15 cpm
120 | Pseudo Stress = Elastic Modulus x Alternating e _
i ;\4.‘
80 O -\.\
o]
-
80 Surface
Procedure Finish, yin, O
40 STDECM + ShotPeen 14
& OH Standard ECM + 48
20 —— Shot Peen
I
o Sea Figure 3.052] for Specimen
[o}d 104 0%
Cycles to Failure
FIGURE 3.0522, EFFECT OF ECM PLUS HOT PEENING
ON THE 1400 F LOW CYCLE FATIGUE
LIFE {10} :
. 1 L]
René 80 Cylindrical Specimens Cast
f— to Size, Then Machined Tested —
Uncoated, Longitudinal Strain Control
Mode: Axial-Axial, A = =, f=20cpm,
—— Ke=10 - —
Full Heat Treatment: 2226 F, 2 hr,
HeQ + 2000 F, 4 hr, HeQ + 1925 F,
4 hr, FC to 1200 F in 20 min, AC -
+ 1550 F, 16 hr, AC
200 Pseudo Stress = Elastic Modulus x ¢ ———
88 L,
£0 e {\: 1200 F
40. e 600
1800 F
20 1700 F
o]
102 10* o4 108
Cycles to Failure
FIGURE 3.0524. AXIAL LOW CYCLE FATIGUE BEHAVIOR
AT 1200 TO 1800 F (4)
Code 4214
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NiCo

NONFERROUS ALLOYS

REVISED: SEPTEMBER 1984

Ni
14 Cr
Co
Mo

Ti
Al

Zr

LR I S R NN
[41]

RENE 80

Plastic Strain Range, perceant

Code 4214
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René 80 Fully Heat Treated, f = 60 cpm, Axial Mode, Open Symbols are
10 Uncoated and Solid Symbols are Coated with CODEP B-1 Aluminide T
o a
'AO ' € — ' ¢ —
\
e
ot O\ )
oo 3 3 5 s T £ 3 ry 5
102 10 10 10 0% 10 10 10 10 10
Cyecles to Failure
a. Plastic-Plastic Cycle b. Plastic-Creep Cycle
10 T T
o 4
A A
1o P - ¢ — - -
N R
ol -
0.0l T 0 ry 3 1 2 4 5
10 0% 10 10 0% 10 o] 10° 10 10

¢. Creep-Plastic Cycle

10

Cycles to Failure

| — T
6'' Rad 0.33"
® T e I _..-_.___*_
: o | _o oeo"—"__—T
S O osra i
2 \.\\ 3.15"
mﬂ \\:___
s \ - \
3 0.l [~ >
e O < cc =
g pe e
-9 \
0‘Ollo' 102 103 104 0% 108

Cycles to Failure

e. Summary

FIGURE 3.0525. EFFECT OF COMBINED PLASTIC AND CREEP-STRAIN
CYCLESON LOWCYCLE FATIGUE LIFE AT 1832 F
IN HIGH VACUUM (27)



REVISED: SEPFTEMBER 1984 NONFERROUS ALLOYS NiCo

René 80 Fully Heat Treated, f = 60 cpm, Axial Mode, Open Symbols are Uncoated and Solid Symbols are Ni
10 |—Coated with CODEP B-1 Aluminide. Solid Lines are in Air and Dashed Lines are in Vacuum (From Figure 3.0525} — 14 Cr
95 Co
4 Mo
4 W
10 — 5 Ti
e
@ T 3 Al
P
~ - + C
<. + Zr
O.I T
\.\ S r 8
£ RENE 80
o
H]
= 00 .
g 10! 102 103 104 108 10! 102 03 104 10
= .
] Cyecles to Failure
c a. PlasticPlastic Cycle b. Plastic-Creep Cycle
[}
S 1o
3
a
q
10 :}
A "...,\\
oy
)
-9 I
. © e
~a ~
0.l la\
0.01
10! 10? 103 104 108 10! 102 103 10? 108
Cycles to Failure
¢. Creep-Plastic Cycle d. Creep-Creep Cycle
10 T |
{See Figure 3.0525 for Hysteresis
- Loops for Various Cycles and
£ pc Specimen Configuration)
g 10
5
=
£
J
in
e Ol
E] “
& ™~ pp
0.01
[ol [e]2 103 10% 10%
Cycles to Failure
e, Summary
FIGURE 2.0526. EFFECT OF COMBINED PLASTIC AND CREEFP-STRAIN
CYCLES ON LOW CYCLE FATIGUE LIFE AT 1832 F
iN AIR (29)
Code 4214
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NiCo
Ni René BOICas't, Full Heat Tlreatrnent
14 Cr 0.l Combined Previous Data {13, 14)
95 Co @ @ 4 A Hold Time in min Shown for Four Cycles
: 2 @& Compression
4 Mo| & A Tension
4 W ’nE; & Tension + Compression
° Ti § QoI
3 Al £
[
+ C 3
+ Zr
+ B
- 0001
RENE 8C 102 103 104 105
Cycles to Faiture
FIGURE 3.0527. COMPARISON OF HOLD TIME EXPERI-
MENTS WITH FREQUENCY MODIFIED
FATIGUE EQUATION REPRESENTATION
OF CONTINUOUS CYCLING EXPERIMENTS
AT 1600 F {12)
T T 17 T T T
Rene B0 Heat Traated at 2200 F, 2 hr HeQ +
2000 F, 4 hr, HeQ + 1925 F, 4 ht, FC to
1200 F in 20 min + 1400 F, 16 hr, AC
(Nota: Standard is 1550 F)
C4
04 [ ]
Q.2
\1600 F
L4 O.I
%
s 0 G
g o004 =N <
N \
&5
& 002 O
4
(m]
E (a]0]]
& T Strain Hold Time,
£ 04 Rats, sec
E ercent/min 0 | 80
o 02 & | 5 [¢] (]
N }!; [ [w] [ ]
YN — F‘S'\.:— Re _ON?S ——
= Min rai
o6 Nots: A= f st 1
004 éQ—c
002 See Figure 3.0531 for Wave Shapes —
00! ! Pl I | [} [ | L bl
102 o3 10* 103
Cycles to Failure
FIGURE 3.0529. EFFECT OF STRAIN RATE AND HOLD
TIME ON LOW CYCLE FATIGUE LIFE
AT TO00ANT TSOUF (235
Code 4214
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NONFERROUS ALLOYS

REVISED: SEPTEMBER 1584

Rene éO Cast, Full Heat Treatment
Aep = 3200 x 106

1000

.« ol -
0

100

Cycles to Failure

Strain Pattarn

O——ma—o—0 Equal Hold Periods :FH:HJC

AAAF

O—————0 i
, Compression Hulld =Avﬂcﬂ:

=======------ Continuous

———————, Tension Hold

Ol

1.0 10
Cycle Period, min

100

FIGURE 3.0628. EFFECT OF HOLD PERIOD AND WAVE

SHAPE ON LOW CYCLE FATIGUE LIFE

AT 1600 F (12)
I r L I’l T T LENN I } T l 'I I
René BO Fully Heat Treated
—@— As Meat Treated
O Exposed 100 hr at 1800 F, No Stress
& & Exposed 100 hr at 1800 F and 14 ksi

- B Exposed 100 hr at 1800 F and 14 ksi,
E Surface Subsequently RedMachined
s Bofare Testing
= Open Symbols: f=2 cpm
1O | Solid Symbols: f = 20 cpm
j: 82 [ R, = 0.05 Except as Noted (See Figure 3. 0529) ]
§ 04 = -1)
o (n =)
o O2[=Failed on— ry
® Loading A
2 )
= o8 A 5

006 ‘ &

Qo4 —

(R =-11%
002
0.01 l L 11 L L 11 | L[|
10! 102 16* 104

Cycles to Failure

FIGURE 3.0530. EFFECT OF PRIOR AIR EXPOSURE

AND CYCLE FREQUENCY ON LOW
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NONFERROUS ALLOYS

400 T T T T
Rend 80, Cast and Hipped, Haeat Treated at
2200 F,2 hr, HeQ + 2000 F, 4 hr, HeQ +
200~  1825F,4hr, FCto 1200 F in 20 min ]
1400 F, 18 hr, AC {Note: Standard is 1550 F)
100 1 1
gg O 1400 F __|
! [0 Ky=349
B 40 Strain Hold Time, o
= ZOJ Rate, sec Continuous
) - | percent/min 0 [ 90 MA. 1
g i 0 o | e t
a
P lgg - 50 = 2 Hold Time
o
! o= A
: a0 ‘i:-ﬁ,g-.‘\n_‘% t
= -5?* L
E 1800 F
< 20 Kt = 3.49
- -
%
1]
40 —— 1800 F
Ky=222
20
I
051 02 10? 104 10% 108

Cycles to Failure

FIGURE 3.0531. EFFECT OF STRAIN RATE AND HOLD
TIME ON LOWCYCLE FATIGUE LIFE
OF NOTCHED SPECIMENS AT 1400
AND 1800 F {30}

Alloy

René 80

Condition{3)

Fully Heat Treated — Class A —
Hardness R 42

.| No. of Thermal Cycles
to Initizte First Crack | 0.025-inch Edge | 0.040-inch Edge
Thenmal Cycle(b)
2065/675 F 50 150
1990/600 F 100 100
1915/525 F 125 >500

(a) CSOTF28.Class A: 2200 F + 2000 F + 1925 F + 1550 F,
(b) Dwelled for 3 minutes in each bed at the Fluidized Bed
Thermal Fatigue Test Facility at ITRL

TABLE 3.0541. THERMAL CYCLES REQUIRED TO
INITIATE FIRST CRACK IN EACH
EDGE OF DOUBLE EDGE WEDGE
SPECIMEN IN FLUIDIZED BED
TESTING {6,11.i8)

Maximum Half-Life Stress Range, ksi

Poisson’s Ratio

NiCo
100 T T T .
René 80 Fully Heat Treated Ni
I | 14 Cr
80 /51600 F, Vacuum 85 Co
] |-, 1832 F, Air
60 b O’/‘ 4 w
/ ¢ 9 5 Ti
40 }/'—'E 3 Al
1832 F, Vacuum + C
+ Zr
20 L Open Symbols: Uncoataq _
Q| Selid Symbols: Coated with CODEP + B
B-1 Aluminide
o l Freq.uency =§D Hz I RENE 80
o] 0.2 04 06 08 1.0 i.2
Plastic Half-Life Strain Range, percent
FIGURE 3.0532. CYCLIC STRESS-STRAIN CURVES AT
1600 AND 1832 F IN AIR AND
VACUUM (27,29)
0.36
René 80
L 0O (22) ‘5
035 o (25}
034
033 /r
032 5
La” D’d/
0.3
0'300 400 800 1200 1600 2000
Temperature, F
FIGURE 3.061. POISSON’'S RATIO (2225)
Code 4214
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NiCo
Ni

14 Cr
85 Co
4 Mo
4 W
5 Ti
3 Al
+ C
+  2Zr
+ B
RENE 80

Code 4214
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Modulus of Elasticity, 106 psi

FIGURE 3.062, MODULUS OF ELASTICITY {22,25,27,31)

Stress, ksi

NONFERROUS ALLOYS

32 T
René 80
N
24 0.
Qt)%
0 M
© Dynamic {22,27,31)
O Static (25)
16
12
0 400 800 {200 1600 2000 2400

Temperature, F

René 80 Full Heat Treatment
IOO I Il
®  Activated Diffusion Bonded Joints Data
— — Braze Joint (Ni-19Cr-108i)
Braze Joint (Au-BPd-22NMi)
80 | N\
René B0 Base Metal
80 Y
®
L]
«d
40 \
[ ]
20
—_1— \AMS 4782 Braze Metal
N
AMS 4786 \
Braze Metal 1
0 T
50 54 58 62

Parameter =T [25+ Log t] x 103

) VATED DIFFUSION BONDED BUTT JOINTS

VERSUS BRAZED JOINTS VERSUS BASE
BASE METAL (8}

Strength, ksi

160

120

80

REVISED: SEPTEMBER 1984

René 80 Full Heat Treatment

b René 80 Base Metal
] Butt Joints

Fu

n
2

,'ﬂ
[

LA e

T ) B

= A o o e e A

1600 F
Temperature, F

FIGURE 4.032. TENSILE PROPERTIES AT ELEVATED

Maximum Stress, ksi

60

40

20

TEMPERATURES OF ACTIVATED
DIFFUSION BONDED BUTT JOINTS
VERSUS BASE METAL (9)

- o J
René 80 Full Heat Treatment

& PO P
- T8 A4

René 80 Base beral -

®_Activated Diffusion Bonded Joints Data __ |

.....

108 108 107
Cycles to Failure

ACTIVATED DIFFUSION BONDED BUTT
JOINTS VERSUS BASE METAL AT 1400 F {9]



