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GENERAL

This cobalt-basc alloy, containing chromium for oxidation
resistance, and tungsien and columbium 2s high-temperz-~
wre sirengthening agents, is commeonly used for first-
stage turbinge guide vanes {1). It has excellent castability
and foundry ¢haracteristics (2), very good repairability,
and moderately good ¢reep and fatigue strength, oxidation
and hoi-gorrosion resistance. Recently developed nickel-
base alloys {e¢.g. B-1900) tend to be superior in oxidaticn
and corrosion resistance, and in thermal fatigue resis-
tance, resulting in replacement of the alloy for some app-
licatiens involving high temperaturcs.

The alloy is commonly used ia the us-cust condition
although it may he streagthened by heat troatment. Above
1700-1800F surface proteciion is needed for use in an
oxidizing environment. . The oxidation mechanisms have
been extensively studied, and many wrotoctive systems
have been investigated, among them various coatings and
claddings.

Commercial Designation
WI-52

Alternate Desimnations
Haynes Alloy 152, HA-1532, PWA 653, CF 233 (1, p. 1).

Specifications
There are ne formal specifications; company specifica-
tions such as PWA 653-A (2%) may be used as guide.

Compesition
Table 1,04.

Heal Treatment

Normally used in as-cast condition.

Alloy is, however, age hardenable through formation of
celumbium carbide at temperatures above 1200F. While
strengthening the alloy, such heat treatment reduced high
temperature ductility. Aging 50 hours at 1475F is one
recommendation (7).

Bardness

Maximum hardness in as-cast condition, RC 38, or
equivalent (1. p. 1B).

As precipitation hardened; 1475F, 30 hours, maximum
hardness RC 45 or equivalent.

Forms and Conditions Available

Neormally uscd in as-cast condition.

Columnar-grained turbine vanes have been produced by
direetional solidification {27, p. 29}.

Melting and Casting Practice

Electric furnace 2ir melt in combination with standard
investment casting procedures (7, p, 1), and air cast

6, p.1).

In some ¢ages there is ingufficient creep-rupture strength
improvement by vacuum melting and casting to warrant
the increased processing cost (27, p. 47).

Special Considerations

For use above 1800F the zlloy definitely requires sur-
face proleciion against oxidation, corrosion and erosion.
Recent intense activity Lo establish the oxidation mechan-
ism and to develop coatings and claddings {9-15)(19}(21)
{24) may rcsult in metheds for adequate surface protec-
ion. However, newly developed nickel-base alloys, such
a5 B-1800. IN-100 and TAZ-5A, are considerably mere
oxidation resistant than WI-52, and should be considered
for stringent service at very high itemperature. (See
Figures 2.03233, 2.03234). WI-52 may, however, be
very aceeptable for service at and below 1700F especiatly
if properly coated. {See Figure 2,03241, extrapolating
to lower temperatures.)

Oxidation resistance is extremely sensitive to surface air
veloeity {Figure 2.03232): hence static furnace tests are
inadequate 10 raie material for specific scervice applica~
tion not properly simulated by furnace test.
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NONFERROUS ALLOYS

Co

Thermal fatigue ¢racking and bowing for this atloy are
only moderate to poor commpared to newly developed
nickel-base alloys. (See Figures 3.053, 3.0355.)
Decreases in thermal fatigue life due to 1500F exposure
have been observed 27, p- 51).

PHYSICAL AND CHEMICAL PROPELIILS

Thermal Properties
Melting range, approximately 2400 to 2450F (¢, p. 2).

Phase changes.
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Cr

Fe

Cb

Carbide precipitation eccurs above 1200F ($, p. 1).
Thermal conductivity, Figure 2.013.

Thermal expangicn, Figure 2.014.

Specific heat, Figure 2.015.

Thermal diffusivity.

Other Physical Properties

Density, 0.32L 1b per cuin, 8.88 gr per cu cm {4,p.2).
Electrical properties.

Magnetic properties.

Emissivity.

Damping capacity.

Chemical Properties
General. Alloy has good oxidation and corrosion resis-

tance at temperatures below 1700F; but must be protected
above this temperature by coatings or claddings, particu-
larly if exposed to high air velocities (see Section 1.09).
Allpy is best in oxidation resistance in a static air fur-
nace, becomes much more susceptible to oxidation if tem-
perature is cycled, even in 3 siatic-air furnace eaviron-
meat, due to spalling of oxide formed at the higher 1em-
peratures of the range covered, and is poorest if exposed
to a high air velocity, due to erosion. Its hot-corrosion
resistance with respect to sulfur and salt is not as good ~
as many other nicke! and cobalt-base alleys (Figures
2.03251 and £.03252). The striated hot corrasion attack
is believed to be due to the preferential attack of the high-
columbium MC-type carbides and interdendritic regions
27, p. 41). Its oxidation characteristics are aliso signi-
ficantly affected by surface preparation {(Figures 2.03211
and 2.03212), believed to be associated with residual
stresses (11).

Oxidation.

Static furnace oxidation. (See also 2.0322.)

Effect of surface preparation on weight gain during oxi-
dation in air at 1§00F, Figure 2.03211.

Effect of surface preparation on woight gain during oxi~
dation in air at 2000F, Figure 2.03212,

Phascs develeoped during air oxidation at 1600 w 2000F for
alloy in ground condition, Figure 2.03213.

Phases developed during air oxidation at 1800 and 2000F

for alley in ground and lapped cendition, Figure 2.063214.

Crclic furnace oxidation.

Weight change during heating portions of successive o-hour
cyeles of furnace oxidation at 2000F of ground and lapped
weight change during heating portions of successive 20-
hour cveles of furnaec oxidation at 2000F of ground and
lapped castings, Figure 2.03222.

Net weight change during combined heating and cooling
portions of 1900 and 2000F tests under ¢yclic furnace oxi-
dation conditions, and comparison with weight change dur-
ing isothermal oxidation, Figure 2.03223,

Effect of ¢yclic frequency on furnace oxidation of alumi-
nized alloy tested at 2000F. Figure 2.03224.

Effect of frequency of cyclic furnace exidation at 1900 and
2000 F on surface recession, Figure 2.03225.

High velocity burners.

Weight change a1 1800, 1900 and 2000F for airfoil section
in Mach 1 gas stream, Figure 2.03231,

Comparison of weight change during cyelic oxidation {1 hr
cycte) between static furnace test and high velogity burner
test. Figure 2.03232.

Comparison of weight loss for as-cast alloy with other
nickel and cobalt-base alloys tested for 100 hours ina
high velocity gas siream, Figure 2.03233.
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NONFERROUS ALLOYS

Surfzee recession of as-cast airfoil tested in a high velo-
city 7as siream with metal temperature of 2000 F, and
comparison with other nickel and eobali-base alloys simi-
larly tested, Figurc 2.03234.

Cosatings and claddings for oxidation.

Effect of tes; temperawmre on life of conventional alumi-
nide coxting on wedge specimen tested in a Mach 1 gas
burrer, Figure 2.0324%.

Effect of temperature on life of three proprictary coatings
tested in a high velocity combustion gas rig, Figure
2.03242,

Comparison of oxidation in 2 Mach 1 combustion gas
stream at 1900 and 2000 F [or wedge specimens either
alumide coated or FeCrAlY clad, Fizure 2.03243.

Effeet of various coatlngs and claddings on weight change
during 20 hour eyelic furnace exidation, Figure 2.03244.
Effect of ciadding on cyclic oxidation at 1900 and 2000TF.
Figure 2.03245.

Effeet of eladding thickness on furnzee oxidation of bare
castings and castings with cladding of Ni-20Cr—Al (DH
245), Figure 2,03248.

Effect of cladding thickness and expoesure cycle frequency
on furnace oxidation of alloy with cladding of Ni-30Cr
{Tophet 30), Figurce 2.03247.

Effeet of claddiag thickness and exposure cycle frequency
on furnace oxidation of alloy with clzdding of Fe-25Cr-4Al
(GE 2541), Figure 2.03245.

Effect of eladding and of expesure to furnace oxidation
conditions subsequent w cladding on tensile properties at
2000F, Figuro 2.03249.

Corrosion.

Relative hot corrosion resistance ol nilvy compared to
other cobalt-base alloys when tested in 4 burner using
Diesel oll with 1 percent sulfur and 5 ppm sea salt in gom-
bustion air, Figure 2.03251.

Comparison of hot-corrasion behavior in 2 marine turbine
simulator with other nickel and cobalt-base alloys, Figure
2.03352.

MECHANICAL PROPERTIES

Specificd Mochanical Propertics

Specified mechanical properties, Table 3.011 and Table
3.012.

Mechanieal Properties ot Room Temperature (Sce also
3.03).

Tension.

Stress-strain dizgrams.
Compression.
Stress-strain diagrams.
fmpact.

Bending.

Torsion and shear.
Bearing.

Stress concentration.
Notch propertics.
Fracture teughness.
Combined propertics.

M=chanical Propertics at Varicus Temperawures

Tension.

Siress-sirain diagrams.

Stress-strain curves ot 1700 F and 2000F, Figure 3.03111.
Tensile propertics.

Tensile propertics at room and elevated temperature for
alley casi by varfous methods, Figure 3.03121,

Effect of test temperatere on tensile properties of cast
bar. Figure 3.93122,

Compression.

Siress-strain dingrams.

Impact.

Beading.

Torsion and shear.

Bearing.

Stress congentration.

Noich propertics.

Fracture toughness,

3.038
3.04
3.041
3.0411
3.0422
3.0413

3.0414

3.054

4.03
4,031

1.02
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Combined properties.

Creep and Creep- Rupture Propertics
Crecp deformation.

Creep curves at 25 kef, 1600F and at 20 ksi, 1700F to
times in range of 50 hours, Figure 3,0411.

Creep curves at 20 ksi, 1600F and at 15 ksi, 1700F w0
iimes in range of 1000 hours, Figure 3.0412.
Stress-time relation to produce 0.2 percent and 0.5 per-
cent creep at 15800 to 2000F, Figure 3.0413.

Stress-time relation o produce 1 percent creep for atloy
in bare, aluminized and chromized ceated condition,
Figure 3.0414.

Creep-rupture.

Eifect of ternperature on sircss to cause rupture in 100
and 1000 hours for cast bar, Figurc 3.0421.
Creep-rupture properties at 1600, 1704 and 1800F for
Haynes Alloy 152, Figure 3.0422.

Creep-rupture properties at 1700, 1800 and 2000F show-
ing seatterband from various lots tested 2t 15 ksi, 1800F,
Figurc 3.0423.

Fatizue

Moximom tensile stress deveioped during in-phase temp-
erature and strain eycling. Figure 3.051.

Low-cycle fatigue under mechaniczl straining while eyel-
ing temperature between 400 and 1800 F. Figure 3.052.
Number of thermal stress cycles required o produce
cracking in wedge-shaped specimens aliernately irans-
ferred from hot {1990 F) to cold (600 F) fluidized beds. and
comparisen with thermal fatjpue resistance of other com=
monly used alleys, Figure 3.033.

Thermal fatizue resistance of square plaie rupidly heated
and eooled at periphery of central hole, and comparisen
with thermai fatigue resistance of other ¢commenly used
cast alloys, Firure 3.034.

Trailing cdge bow produced by combining hend stress of
5 ksi with programmed thermal cyeling, Figure 3.0535.
Thermal fatigue crucking performance of as-cast xirfoil
wedme speeimen, Table 3.056.

Elastic Propcrtics

Poisson's ratio.

Statie modulus of elasticity, Figure 3.083.
Modulus of rizidity.

FABRICATION

Formability

Machining and Grinding
The alloy is considered to be difficuit to machine. Use

cutting speeds of 10-15 sfpm with high specd steel and
30-50 sfpm with carbide toels. Machining should be done
at low feeds and speeds using a positive cut to prevent
work-hardening of the suriace., Carbide-tipped cutting
toels give satigfactory machiniag when ground to 0 degree
back rake, 6 degree side rake, 0 degree side curting-edge
angle, 6 degree end cutting-edge angle, 6 degree relief
angle, and 9.020 inch nose radius. No cutting fuid is
necessary with earblde cutting tools. Maximum tool life
is obtained with cutting solution-treated material by using
2 feed of 0.011 in per rev at a cutting speed of 100 sipm
with Grade K6 carbide. At lower cutting specds such as
30 sfpm, the ol life of K6 carbide, measured in cubic
inches of metal removed, is in the ratio of appreximately
23 for the solution treated material to 34 for the fully
age-hardered material(7).

Weldine

Great care in welding is neeessury. However, whern pro-
per gare is exergised alloy can be welded by all vsuwd
methods, especially are and atomic hrdregen welding @3,

Heat Treatment

Surfaec Treatment
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Source WaiMel (2,p.4) Haynes {4,p.2)
PWA 8534 {29)
Percent Pcreent
Min Max Min Max
Carbon Q.40 0.50 0.40 0.30
Chromium 20.0 22.0 20.00 22.00
Columbiut +
Tantalum 1.50 2.00 1.5 2.5
Iron - 0.60 1.0 2.5
Manganese - 0.50 - 0.50
Nickel - 1.0 - 1.0
Silicon - 0.50 - 0.30
‘Tungsten 10.0 12.0 10,00 | 12.00
Phosphorus - 0.040 - 0.040
Sulfur - 0.040 - 0.040
Cobalt Balance Balance

TABLE 1.04 COMPOSITION.
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FIG. 2,03213 PHASES DEVELOPED DURING AIR

OXIDATION AT 1600 TO 2000F FOR
ALLOY IN GROUND CONDITION.
(13, pv 8,9)
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Co-21Cr-11W-2Fe-1.75(Ta + Cb)
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AS CAST
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FIG. 2.03231 WEIGHT CHANGE AT 1300, 1800, AND 2000F FOR
AIRFOIL SECTION IN MACH 1 GAS STREAM.
(10, p. 31)
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FIG 2.03232  COMPARISON OF WEIGHT CHANGE DURING CYCLIC

ONIDATION (1-HR CYCLE) BETWEEN STATIC FURNACE

TEST AND HIGH VELOCITY BURNER TEST
{21.p.20)
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SEE FIG 2,03232 FOR SPECIMEXN DETAILS
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FIG 2.03233 COMPARISON OF WEIGHT LOSS FOR AS-CAST
ALLOY WITH OTHER NICKEL~-AND COBALT-
BASE ALLOYS TESTED FOR 100 HRS IN A HIGH
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4X1%1/4 CASTING, WEDGE -SHAPE LEADING EDGE
COATED WITH .2 MILS PROPRIETARY CoAl COATING{ | 4 c
TESTED IN MACH 1 BURNER r
(TEST CYCLE: ONE HR AT TEST TEMP, COOLED)

|

Co

1" w

1000

—
o
=]

LEADING EDGE RECESSION
- 006 MIL PER HR

1.75 Ta
+ Cb

Wi-52

'COATING FAILURE - HRS

'
a

\ .630 MIL PER HR

Q.15 MIL PER HR

TESTED IN MACH ] COMBUS-
TION GAS, COATING FAILURE

=03 ‘L
1173
-r CHANGED TC BLACK INDI-
CATING PRESENCE OF CoO

1 1

DEFINED WHEN SCALE COLOR

FIG 2.03241

1800 2000 2200
TEMP - F

EFFECT OF TEST TEMPERATURE ON LIFE OF

CONVENTIONAL ALUMINIDE COATING ON WEDGE

SPECIMEN TESTED IN A MACH 1 GAS BURNER.
(21,p.23)

2000

Co-21Cr-11W=2Fe=1, 75(Ta+Ch)
AS CAST .
CCATED WITH THREE PROPRIETARY COAT-
INGS AND TESTED IN MACH 0,85 (2000 TO
2250 FPS) GAS JET USING JP-5 FUEL (.07
PERCENT S) AND SEA-SALT-FREE AIR,
HEATED @ HR IN GAS JET, COOLED 3 MIN IN
AIR BLAST

[ et
{(ALTHOUGH COMPOSI-
TION OF COATING WAS
NOT IDENTIFIED, THE
BEST COATING, P, CON-
TAINED HIGH ALUMINUM
CONTENT. AS SHOWN BY
MICROPROBE ANALYSIS 5
AFTER TEST, SEE 24, 1
p.102)

-
K]

8 AIRFOIL SPECIMENS

—
=
=3
=]

HELD ON SPINDLE AND
ROTATED AT 1725 RPM
IN GAS STREAM

MAX METAL TEMP - F

1600

P> COATING
~ P

b COATING

& A

0
|

FIG 2,03242

100 200 500 1000 2000
COATING LIFE - HRS

5000

EFFECT OF TEMPERATURE ON LIFE OF THREE

PROPRIETARY COATINGS TESTED IN A HIGH
VELOCITY COMBUSTION GAS RIG,

10,000

(24,p,103)

cooe 4308
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Co

NONFERROUS ALLOYS

Co

21 Cr
1 w
c2 Fe
1.75 Ta
+ Cb

IGIUT CHANGE - Mg

wi-52

CIMEN WI

SPE
2
<
<>

FIG 2.03243 COMPARISON OF OXIDATION IN A MACH 1 COMBUSTION
GAS STREAM AT 1900 AND 2000F FOR WEDGE SPECIMENS

Co-21Cr-11W-2Fe-1.75(Ta+Ch} ! [
4x1x1/4 CASTINGS, WEDGE-SHAPED LEADING EDGE
CLAD BY DIFFUSION BONDING WITH .005

ALLOY Fe-25Cr=4.1A1-0.6Y BY APPLYING 15-20 KSI
FOR 2 HRS AT 2000F IN HELIUM OR COATED WITH

PROPRIETARY ALUMINIZED ALLOY

100

o

CLAD
| 1s00F

CQATED
O

COATED
=~BARE

~200

]

TESTED IN MACH 1
COMBUSTION GAS. 1
HR AT TEST TEMP
FOLLOWED BY COLD

AIR BLAST COOQL.
BELOW 200F IN 3 MIN

? NiAL

WEIGIHT CHANGE - Mg PER 8Q Cm

] 50 160 2490

EXPOSURE TIME

EITHER ALUMINIDE COATED

320
- HRS

OR FeCrAlY CLAD.

(13,FIG 7)

Co-21Cr-11W-2Fe-1.75 (Ta+Cb)|

COATINGS AND CLADDINGS

2x1x0.1 IN CASTINGS WITH VARIOUS

1
COMMERCIAL
ALUMINIDE
|

SLURRY

=

N

AIR AT RT

TESTED AT 2000F FOR CYCLES CONSISTING
OF 20 HRS AT TEST TEMP + COOL IN STILL

[

FeAl+Fe-Cr-Al
ALUMINIZED
SLURRY COAT

Fe-25Cr-4al-1Y
CLABRDING

]

o 100

EXPOSURE TIME -

200

300
HRS

FiG 2.03244 EFFECT OF VARIOUS COATINGS AND CLADDINGS
ON WEIGHT CHANGE DURING 20 - HOUR CYCLIC

cooe 4308

PAGE 8

FURNACE OXIDATION.

(12,p.14,18)

ING =

FIG 2.03245 EFFECT OF CLADDING ON CYCLIC=OXIDATION
(9,p.18)

[

Mg PER SQ Cm
o =

'
—

WEIGHT CHANGE -
- =

-1

FIG. 2.03246 EFFECT OF CLADDING THICKNESS ON FURNACE
OXIDATION OF BARE CASTINGS AND CASTINGS

Co-21Cr-11W-2Fe-1. T3{Ta+Cb)
2x1x0. 101N
AS CAST + .005 IN CLAD

RT, REPEAT
| | !

[t]

HELD AT TEST TEMP FOR 20 HRS, COOLED TO

A
0 A

: } T
CLAD (SEE SYMBOLS BELO
rd
’ ﬁ%&zﬁﬂ)ﬁﬁ%"}

v
\ UNCLAD .

b

i I i ]

TESTED AT 1500F |

CLAD WITH
Ni-30Cr-1,48§

\ Fe-25Cr-4Al-1Y
l

SPECIMEN WEIGHT CHANGE - Mg PER G Cm

\ \:\( |
AY
\
l\qu-—ZOCr—iAl-l. 251

-2

TESTED AT
2000F

UNCLAD

-1

-

] 40 80 120 160
TIME - HRS AT TEST TEMP

AT 1900 AND 2000F.

“200

REVISED: MARCH 1973

1] T v
Co-21Cr-11W-2Fe-1. 75(Ta+Cb)
2x1x0.1 IN CASTINGS

CLAD WITH Ni-20Cr-4A1(DH 248) BY APPLYING 15 KSI AT

2Q000F IN HELIUM FOR 2 HR
i ! ! |

| .00z CLAD

. 010 CLAD
i

. 005 CL-\ID

1900 F
1 i

E
-+ 3

STILL AIR TO RT

LL CYCLES 20 HRS AT
EST TEMP, COOL IN

FURNACE EXPQSURE TIME - HRS

WITH CLADDING OF Ni=-20Cr=-4Al{DH243).

//S<‘T, S .0l0 CL
[
3\ i 2000F
]
\ I \?\ogicum
BARE]
| i |
0 a0 80 120 160 200

19
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Co-21Cr-11W~zFe-1.75(Ta+Cb) |
2x1x.1 IN CASTINGS

2 | 2000F B¥ BELIUM FOR 2 HRS_|

CLAD WITH Ni-30CT(TOPHET 30)BY APPLYING 15 KSI AT

(8]

e 005'CLaD
‘®20 HR

L

o

2000F

A=N

.005 CLAD] 20 HR EXP
L h .002 CLAD | PER CYCLE
- - |

z ,002 CLAD 1 HR PER
S CYCLE
&
o 1300F
B
[-%
0w ?BARE 20 HR EXP PER CYCLE
=
- 0 - ¢¥CLE: EXPOSURE IN FURNACE + COOL TO RT IN STILL —|
g ATR _010 CLAD 1 HR EXP
=
&
g
=

1 HR EXP

EXP
.005 CLAD @

PER CYCLE

BARE
20 HR EXP PER CYCLE
1

G002 CLAD
20

HR EXP

=2

0 100 200

300

400

FURNACE EXPOSURE TIME - HRS

FIG. 2.03247 EFFECT OF CLADDING THICKNESS AND EX POSURE
CYCLE FREQUENCY ON FURNACE OXIDATION OF
ALLOY WITH CLADDING OF Ni-30Cr{TOPHET 30).”

(19)

Co-21CT-11W-2Fe-1. 75(Ta+Ch) | l
2x1x0.1 IN CASTINGS
% | CLAD WITH Fe-25Cr4AlGE2541) BY APPLYING 15

- 1 HR EXP
PER CYCLE

=1

EXP PER CYCLE

51

g

[~

@0 b.910 CLAD 20 HR EXP PER CYCLE —
= ' 20 HR EXP PER CYCLE

= ' 1800F .005 CLAD

ol CYCLE: EXPOSURE N FURNACE+ 1 HR EXP

g COOL TO RT IN STILL AIR

23 .005 CLAD

S 20 HR EXP PER CYCLE o« o

= < i aiedl . ) ?G
2 = : 7010 CLA 010 CLAD 20
=

=

KS1 AT

2000F

kB:\RE
|\ 20 Br 2xp PER cYCLE

] 100 200 300
FURNACE EXPOSURE TIME - HRS

400

FIG. 2.03248 EFFECT OF CLADDING THICKINESS AND EXPOSURE
CYCLE FREQUENCY ON FURNACE OXIDATION OF
ALLOY WITH CLADDING OF Fe-25Cr-4Al {GE 2541).

a9

KS8I OR PERCENT

NONFERROUS ALLOYS

Co

Co
21 Cr
1 w
2 Fe
1.75 Ta
+ Cb
wi-52
Co-21Cr-11W-2Fe-1. 75{Ta+Cb)
2xix0.1 IN CASTINGS
CLAD WITH Fe-25Cr-4Al OR WITH Ni-20Cr—4Al
UNCLAD BASELINE MATERIAL SUBJECTED TO ONE 2-HR
CYCLE PLUS ONE 400 HR CYCLE AT 2000F IN ARGON
OXIDIZED MATERIAL EXPOSED FOR 400 1-HR CYCLES AT
2000F :
TENSILE TESTED AT 2000F (STRENGTH CALCULATIONS
BASED ON SUBSTRATE CROSS - SECTIONAL AREA)
=
£3
25
a0 S8
N
zE O
BT T
— 25
ow
<9
- - - - =
< < < 4 Ok
7 ¥ T 7 ——
St £ U S —
2 g % 8
: g ] 3 8
20— & z &
- E E L
E = E £
a = a o
T3 33 u
mEE 5] B 8
ey f—— —A—y ——
L —
10 [~ B
=] o j&] o [}
e = I al™ P
SEIHERE EEERBREEIEE
B | ™ |es K Bl |6 e IR
g_r_,:Ig?En:ﬁe:éETa?;
% % | HER IR EIREEIREE]
Es‘i’czmézézgogéz
El 1218l | 2[2] |2 2Bt i8] 2] [e]|9] el
=z {zls| |Z|18] | S| [2]g]|2ig] <] |=|8] |=]8
= |5 1= = -1 2 = Ve Ll
2 a(a ala o
I EIEE A B EE
ob 12| [BIB] S8 =] [S|B[ 1818 [5) |cl&] |08
Fry Frvy €
FIG. 2.03249 EFFECT OF CLADDING AND OF EXPOSURE TO
FURNACE OXIDATION CONDITIONS SUBSEQUENT
TO CLADDING ON TENSILE PROPERTIES AT
2000F. {19)
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Co

NONFERROUS ALLOYS

Co

21 Cr
1n w
2 Fe

1.75 Ta

+ Cb

wi-52

FiG

b

12
=]

[l
=]

MEAN WEIGHT OF SCALE MG/CMZ
™
tn 1

FiG 2. 03

MAX PENETRATION PER SIDE - MILS

Co-21Cr-11W-2Fe-1.75(TasCh)

SPECIMEN NOT SPECIFIED

TESTED IN GE-LYNN EOT CORROSION RIG

BY COMBUSTION OF DIESEL OIL WITH 1 PERCENT
SULFUR AND 5PPM SEA SALT IN AIR

80

# 1605

A MAR M 509

MAR M 302
X—40

o

1600F 1750F 1900F
500 HRS 1000 HRS 1000F

2.03251 RELATIVE HOT CORROSION RESISTANCE OF ALLOY
COMPARED TO OTHER COBALT - BASE ALLOYS WHEN
TESTED IN A BURNER USING DIESEL QIL WITH 1
PERCENT SULFUR AND 5 PPM SEA SALT IN
COMBUSTION AIR . (17, p.10)

Co=21Cr-11W=-2Fg-1, 75(TatCh)
1/4 IN DIA PINS, 1 1/8 IN LONG
AS CAST

TESTED IN A TURBINE SIMULATOR TYPICAL OF MARINE
SERVICE USING COMPLEX TEMPERATURE AND VELOCITY
PATTERN (SEE REF 18), TEMPERATURES INCLUDE PERIODS
AT 1000, 1600, 1800 AND 2000F, VELOCITIES RANGE FROM
163 TO 275 FT PER SEC, SULFUR IN FUEL APPROX 400 PPM

SURFACE SCALE REMOVED AFTER TEST, SCALE WEIGHTS
CALCULATED FROM WEIGHT MEASUREMENTS BEFORE AND
AFTER SCALE REMOVAL

| S——

MAN M - 241

MAIL M - 200

Wil - 52

MAR M - 5008
T

MAR N - 302
H

13- 1900
INCO 713C
[ U 700
IN - 7138
U718
X - 40

3

BASE SUPERALLOYS COBALT BASE

v
a
&
2

D

2 COMPARISON OF HOT - CORROSION BEHAVIOR IN A
MARINE TURBINE SIMULATOR WITH OTHER NICKEL -
AND COBALT - BASE ALLOYS. {15.p.1-17)

e
o

cooe 4308

PAGE

10

REVISED : MARCH 1973

Source Wai Met {2)
Alloy Co~-21Cr-11W-2F¢~1,75 {Ta + Ch}
Form Investment Casting
Aged 1475F

Condition AS cast 1500F 50 hr
Fiu ~ kst 125 75 -
Fry - ksl as 52 -
e {1 in)- percent 5 8 - -
RA - percenl 5 12.5 -
Hardness

RC < 38 - <45

K8l

TABLE 3.0i1 SPECIFIED MECHANICAL PROPERTIES.

Source {1, p. 5)

Requirement 23 hr life and 5 percent min clongadon
Form and Condition As gast test specimen

Spec Temp - T Stress - Ksi

PWA 653-a 1300 15.0

PWA 634 1500 17.5

CF 239 1700 19.0

W1 52 (WaiMel) 1600 35.0

TABLE 3.012 SPECIFIED MECHANICAL PROPERTIES.

40 - -
Co-210r~11W+2Fe-1, T5(T2+Cb) (PWAGS3) TO Fopy 37.6 KSI
COATED WITH PWA 45 .5
CHROMIZED AT 1925F, TIME UNSPECIFIED ,,‘r”’

[
|
30 THREE TEST5 ]
17007
,
]
:
20 :
;
|
b —— —
o - i
10 THREE TESTS ]
2000F
1
: i
f
: | |
0 0.1 0.2 0.3
STRAIN - PERCENT
FIG 3.03111  STRESS - STRAIN CURVES AT 1700 AND 2000F,

31}
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Co

NONFERROUS ALLOYS

Co-21Cr-11W-2Fe-1.75(Ta+Ch}
AS CAST, VARIOUS METHODS
@
x
1120
B Fy
S100 :
= 1
< O N
geo Fry
E Y|
60
¥ 3 a [
O# AIR MELT, AIR CAST o
40 }O® CERAMIC SHELL MOLD, AS CAST e
O W CAST TO PWa 653, METHOD UNSPECIFIED
5 & WAL MET DATA
20 .
i)
o] e
o(1 IN} &DA 205
£ . 108
L b &
BT 400 800 1200 1600 2000
TEMP - F

FIG 3.03121 TENSILE PROPERTIES AT ROOM AND ELEVATED
TEMPERATURE FOR ALLOY CAST BY VARIOUS METHODS.
(1,p7)

KStI

PERCENT

Co-21Cr-11W~2Fe-~1.75(Ta+Cb)
AS CAST BAR
o
100
Fre
. |
80 . = :
g I
! -
&0
; )
! ~
i N
10 >,
\\o
N,
20 S
X L]
0
10 3
20 —
e 2 IN)
—
o
) 400 800 1200 1500 2000
TEMP - F
FIG. 3.03122 EFFECT OF TEST TEMPERATURE ON TENSILE

PROPERTIES OF CAST BAR.

{8, pp 13-13)

Co-21Cr-11W-2Fe-1,15(Ta+Ch) ! Co
AS CAST
! 21 Cr
i
16 1" W
; 2 Fe
i I[ 1.75 Ta
(-
g1z : + Cb
o . [i
] ' '
w ; / :
5 ) Wi-52
z i /
2. i
2 ; 7
£ ]
W0 |
B |
= .
& .
o4 [ -
1
. |
80 80
TIME - HRS
FIG. 3.041 CREEP CURVES AT 25 KSI, 1600F AND AT 20 K5I,
1700F TO TIMES [N RANGE OF 50 HOURS.
(1, pp 13-16)
: .
Co-21Cr-11W-2Fe-1,75(Ta + Ch}
A5 CAST
12
=
=
b
Q
4
w
)
[ RUPTURE
z | FUETY
é : ’/
£~ | ’
w H ,’
£ e =
= 20 KSI, 150;%’ !'
[+
W 15 KS1, 1700F
I
0
3 200 400 600 800 1000
TIME - HRS
FIG 3.0412  CREEP CURVES AT 20 K5I, 1600F AND AT 15 KSI,
1700F TO TIMES BY RANGE OF 1000 HRS.
(1, pp 15-16)
cope 4308
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NONFERROUS ALLOYS REVISED: MARCH 1973
Co-2 r . Ll 1 — i
Co . | Co-2ICT-11W2Fe-1.75(Tarch) Co-21Cr-11W-2Fe-1.75{Ta+Ch)
B g CASIT AS CAST BAR !
21 Cr U3 PERCENT \S00F I i !
1 w 100 CREEP STRADY Qromm e - — 1Iooo HR 100 HR .
| Ml R 1900F 30 AN W -
2 Fe T--._____ggoop I’ I -""--—.____cl‘l ' \\ \\ ; |
1.75 Ta| s = | \\ i |
+ Cbl 1o ' X
< - T R : N |
= === 1900F 20 : :
- 52 Y . [ e — -

wi 5= L 2opoF —~ = | i '
0.2 PERCENT CREEP STRAIN { {

. ] '

“10 20 50 100 200 500 1000 B : S
TIME - HRS i :\\
: L -
FIG 3,0413  STRESS - TIME RELATION TO PRODUCE 0.2 f : | -

PERCENT AND 0.5 PERCENT CREEP AT 1800 : i

TO 2000F. (1,p.17) I

|

1200 1400 1600 1800 2000

TEMP - F

FIG. 3.0421 EFFECT OF TEMPERATURE ON STRESS TO CAUSE
RUPTUARE IN 100 AND 1000 HOURS FOR CAST BAR,
{8,pp L1-12)

- " : -
Co-21CT-11W-2Fe-1,75(Ta+Cb) | i
AS - CAST, ALUMINIZED. OR CHROMIZED |
COATINGS |
40
i
BARE 1660F
20 HAYN 2
-—‘__Yli‘Es_‘s: BARE 1700F
1 Co-21Cr-11W-2Fe-1.75{Ta+Ch)
& | AS CAST
Y) ks SECES Sy S P ;
! PWA 653 1500F | ‘ i
P S | | | !
& S —— | [ H P
= i - | : : :
5 - 40 - - - -
! i 30 M m o = ]
-1 PERCENT CREEP i 72 ; - - 1600F
! : = | . !
i 20 %ﬂ_ﬁt
2 : : - : - : .
E ® @CHROMIZED 15 m 1700F O~
! o QALUMINIZED : ——“—];;;0—._%____“
| ' ] 10 ! ; O ]
10 20 50 100 200 500 1000 g | I |
TIME - HRS 10 20 50 100 200 500 1000

RUPTURE TIME - HOURS
FIG 3.0414 STRESS - TIME RELATION TO PRODUCE 1 PERCENT

CREEP FOR ALLOY IN BARE, ALUMINIZED AND FiG. 3.0422 CREEP RUPTURE PROPERTIES AT 1500. 1700 AND
CHROMIZED COATED CONDITION. (i, pp 15-19) 1800F FOR HAYNES ALLOY 152, (22,p.60)

cooe 4308
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NONFERROUS ALLOYS

Co

50 T . o Co-21Cr-11W-2Fe-1.75(Ta+Ch) T
Co-21Cr-11W-2Fe-1, 75(Ta+Ch) HOLLOW TUBULAR SPECIMEN 0.320 ID, 0.448 OD Co
A5 CAST CHROMIZED COATED {(HEATED TO 1925F, TIME NOT
SPECIFIED) 21 Cr
GRAIN SIZE 1/32 TO 1/16 IN (EQUIAXED) 1 W
o ISEE FIG 3.052 FOR TEST DETAILS
] 1700F : 2 Fe
Y noor CYCLED BETWEEN 400 AND 1800F WHILE
L SUPERIMPOSING IN-PHASE MECHANICAL STRAINS 1.75 Ta
ASIN FIG 8.052
10 — B SPECIMEN INTITIALLY CLAMPED AT 1100F, + Cb
— ——-—% s HEATING AND COOLING RATE 20F PER SEC
- — w
~ pa—— A Wi-52
s & ~ EWD —— O CONTINUOUS CYCLE (1.4 MIN PER CYCLE) ———#»
B ® 20 SEC HOLD AT MAX TEMP AND STRAIN
g | s
2
=
= ] [
=
2 3
-
10 ‘
10 100 1000 10,000
| [y NO OF CYCLES TO FAILURE
1
10 20 R UPT;‘;E oIME ml?[RS 200 500 Fig_3.051 MAXIMUM TENSILE STRESS DEVELOPED DURING
- BY-PHASE TEMPERATURE AND STRATN CYCLING.
. 20,p. 10)
FiG 3.0423 CREEP - RUPTURE PROPERTIES AT 1700. 1800, AND 2000F. @0.p
SHOWING SCATTERBAND FROM VARIOUS LOTS TESTED AT
15 KSI, 1800F. @3)
T T T T T T | T T
Co-21Cr-11W-2Fe-1, T5{Ta+Cb)
HOLLOW TUBULAR SPECIMEN (SEE FIG 3. 051
FOR DETAILS)
CYCLED BETWEEN 400 AND 1800F, WHILE SUPERIMPOSING
IN - PHASE MECHANICAL STRAINS AS SHOWN, SPECIMEN
INITIALLY CLAMPED AT 1260F. HEATING AND COOLING
& |RATE 20 PERSEC
z i
Il
E 2 et Y
! -
o1 -
z ! -
2 | as ‘,‘_\’*-\o\ro-r.u ]
z L L@ STRAWN
= ™ 8 [ % nance
B ~
@ . Prastic
% -1 OTRONTINGUS CYCLING (1.4 MIN PER STRAIN
25 CYCLE) el NGE
Z ™ "9 w20 SEC HOLD AT MAX TEMP AND STRAIN
g FAILURE DEFINED AS VISIBLE CRACK EXTEND-
A ING 50 PERCENT OF PERIPHERY
01 1 1 Lt :
1 2 5 10 20 50 100 200 500 1000 2000
CYCLES TO FAILURE
FIG 3.052  LOW CYCLE FATIGUE UNDER MECHANICAL STRAINING WHILE
CYCLING TEMPERATURE BETWEEN 400 AND 1500F. (20,p.9)
-cooe 4308
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NONFERRQOUS ALLOYS REVISED : MARCH 1973
C Co-21Cr-11W-2Fe-1,73{Ta + Cb)
o BANK OF 18 SPECIMENS WEDGE-SHAPED AS
SHOWN AS - CAST
21 Cr ’
11 w
2 Fe T 200 DS (DIREC TIONALLY SOLIDIFIED) |
T _100 DS
1.75 Ta TN 100 DS, COATED |
B 1900, COATED |
+ .
Cb TAZ SA ) {
X40 |
- ™ 162
wi-52 B 1900
I 100, COATED
TD NicT y
IN 715C \
G 700, CAST
W1 52
MM 302
IV 100 I
M 22
U 700 WROUGHT
WM 200 6 MIN CYCLE
L 1 1
1 10 100 1000 10,000
CYCLES TO FIRST CRACK
1/2
858 ——t B — .33
R =.0:¢ %&M
1/
4 IN Ni i
v LENGTHE M % - o1
BANK OF 18 ADJACENT SPECIMENS TRANSFERRED
ALTERNATELY BETWEEN FLUIDIZED BEDS AT
600 AND 1990F. HELD 3 MIN AT EACH TEMP.

FIG 3.053 NUMBER OF THERMAL STRESS CYCLES REQUIRED TO
PRODUCE CRACKING ¥ WEDGE - SHAPED SPECIMENS
ALTERNATELY TRANSFERRED FROM HOT (1920F) TO
COLD (600F) FLUIDIZED BEDS, AND COMPARISON WITH
THERMAL FATIGUE RESISTANCE OF OTHER COMMONLY

USED ALLOYS. (16.FIG 5}
SPECIMEN SQUARE PLATE 3x3x. 060 IN WITH CENTRAL
HOLE 1/2 IN DIA., HOLE PERIPHERY HEATED BY
NATURAL GAS - AIR BURNER TO 1700F, 2 MIN, COQLED
BY AIR BLAST, 2 MIN
w
7 w
w{ E %
1 = &
o fal g
N z
= 50 "
e o [
= — w
Z 5 17
= o -
x 80 [ =
o 7 o
= . ©
g [ &
40 Gl
o ¥ | o £
n ) 8 “
= =
3 p
= 20L| = = o =3
=2 = ¥ f;' 2 % 2
: = i . 8 =
w = E2 = z z
1] i

FIG 3.034 THERMAL FATIGUE RESISTANCE OF SQUARE PLATE RAPIDLY
HEATED AND COOLED AT PERIPHERY OF CENTRAL HOLE, AND
COMPARISON WITH THERMAL FATIGUE RESISTANCE OF OTHER
COMMONLY USED CAST ALLOYS, (30, 8.13)
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100

- o o
= =3 =

TRAILING EDGE BOW - MILS

w
=3

NONFERROUS ALLOYS

Co-21Cr-11W-2Fe-1.75(Ta+Ch)

AS CAST AND ALUMINIZED COATED

A -5 KSI BENDING AT CRITICAL LOCATION PRODUCED
BY ROTATION OF UNBALANCED WEIGHT. APPLIED
FOR 12 HRS AT 1950F

B - BENDING STRESS OF A+THERMAL CYCLES {2100F,
15 SEC + AIR BLAST, 30 SEC)

WEIGHT WELDED TO BLADE TIP
PRODUCES SKSI BENDING AT CRITICAL
SECTION (3/4 IN FROM GRIP)

COMBUSTION RIG .Q
USING JP-3 FUEL

s | (o=
A
=2 ——{ gpECIMEN 025R
A
—
TESTED IN HOT | i

AN sM 302 COATED ___
AND UNCOATED

W152 COATED

% Z AND UNCOATED ~—
<SS
[

. ol B 1900 COATED
(g3 AND UNCOATED
a‘._ﬁi‘). — e N b\'-\ﬁ
N 3 1z V 200 % 00
[
A t B——.-I

FIG 3.055 TRAILING EDGE BOW PRODUCED BY COMBINING BEND STRESS
OF 5KS! WITH PROGRAMMED THERMAL CYCLING.

Co

Co
21 Cr
11 w
2 Fe
1.75 Ta
+ Cb
wi-52
(26,p-4)
Source (10, pp. 35, 48)
Albloy Co-21Cr-11W-2Fe-1.75 (Ta + Cb)
Form As cast airfoil wedge (See Figure 2,03231)
Test Condition 20 hr [ 40 hr{ 60 hr [80 hr [100 hr
2000 F combustion gas, Mach 1, |
force air cool to RT, 1 hr ¢ 3 2 2 -
Cycle (7 specimens tested)
2000F, Mach 0.7, force air
cool to RT. I hr cycle 0 ¢ 0 L] [
(2 specimens tested)
2000F, Mach 1, free air
cool to RT, 10 hr cycle
{2 specitens tested) 0 0 ] [ 0
1900F, Mach 1, force air
eool to RT, 1 hreycle 0 0 0 0 T
{7 specimens wested)
1800F, Mach 1, force air
cool to RT, 1 hr eycle 0-10 [} 0 T
(7 specimens tested)
2000F, Mach i, force air
cool to 1200F, 1 hr cycle 0 0 [ 0 0
{l specimen tested)
TABLE 3.056 THERMAL FATIGUE TESTS - NUMBER OF BLADES
CRACKED AFTER VARIOUS TEST TIMES.
cooe 4308
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NONFERROUS ALLOYS

Co~21Cr~11W-2Fe-1.75({Ta+Ch) |

CHROMIZED COATED (1923F HEAT TREAT, TIME NOT
SPECIFIED)

GRAIN SIZE 1/32 TO 1/16 IN (EQUIAXED)

32
Co
21 Cr
1" w
2 Fe| 2%
1.75 Ta
+ Cb
‘wi-52 *
EZU————‘
16
12
400
FIG, 3.062
1.
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4.
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