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REiNFORCED COBALT
V ALLOY COMPOSITE FOR

TURBINE BLADE APPLICATION

I. Abmad and J. M. Barranco

ABSTRACT
A composite of 0.42 Vf W-2% Th02 filament reinforced cobalt base alloy has

been developed. It can be fabricated by conventional investment casting process,
has a 1093°C (2000°F), 100 hr. stress-to-rupture of 206 MN/M2 (30 Ksi), and a
charpy impact strength of 280.0 in-lb at 835°C as compared with 20.6 in-lb for the
unreinforced alloy. Also the feasibility of casting a prototype first stage blade of
JT9D engine has been demonstrated .

1. INTRODUCTION The potential of high temperature — high strength fila-
Considerable improvements in the high temperature ment reinforced metal matrix composites to achieve

properties of superalloys have been achieved during the materials with prerequisite properties is now well
last twenty five years by using conventional metallurgical recognized. For turbine blade application some work on the
techniques of strengthening, such as solid solutioning, reinforcement of superalloys has already been reported.
precipitation and dispersion hardening, grain refining and For example, Ellison and Harris’ have achieved improve-
directional solidification, etc. However, with the advance- ment in the properties of 1N600 by incorporating 76 micron
ment in the gas turbine technology the gap between the (0.003”) dia. tungsten wire using hot rolling technique.
highest temperature at which these alloys can be used and Dean2 prepared 0.50 Vf composites of tungsten wires
the gas inlet temperatures for which the engines are being infiltrated with IN7ISC, a conventional nickel base alloy
designed is progressively widening. For example, the best and showed that the composite had a 100 hr. stress-to-
nickel base superalloy used for turbine blades can perform rupture of 130 MN/M2 (19 Ksi) at 1093°C (2000°F).
up to 1800°F and some of the directionally solidified Petrasek , et al using a slip casting - hot isotatic pressing
eutectics alloys can be used up to 1900°F; however, the gas technique fabricated composites of W-3%Re3, W-2%Th024
inlet temperatures in the advanced engines exceed 2300°F. and W-HfC5wires in a nickel base alloy matrix, and showed
This makes the air cooling of these components in the improvement of 2000°F stress-to-rupture in every case.
turbine section necessary, which means increased fuel con- Recently Brentnall has reported making W filament -

sumption. Therefore, there is a strong need for materials FeCrA1Y alloy composites by high temperature diffusion
which can withstand the design stresses in the blades at bonding involving powder cloth technique6.
increasingly higher temperatures. The major objective of our study was to develop a coin-

SAMPE Quarterly, April 1977
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posit. material for 1093°C (2000°F) service temperature ,
fabricable by the state of the art technology , which for the srn~ss-ro- RUPTURE

TSMI CRos (O. O3IN)DIA W 2% T• turbine blades is vacuum induction melting .investment
• FiLAMENTcasting. Cobalt base alloys were preferred as matrix

material over nickel base alloys, because the former have -

• higher m.p. (approximately 100°C) and have superior hot
corrosion resistance. The plan was to develop the basic 870 C( 1600 ’fl
technology using an easily available filament such as ~

(I500 ’F)W-2%Th02, which has reasonably good stress-to-rupture
C(2000’F )

properties at 1100 - 1200°C (2000 - 2200°F), and then 1204’C(ZZOO’F)
explore the use of low density filaments with more
attractive properties, such as those of low density SiC or
alpha A1203. 0 0 00 000

In this paper the process for the fabrication and high T IME (HR$

temperature properties of W-2%Th02 - cobalt alloy
composites and results of preliminary efforts of casting Figure 2. Stress Rupture Properties of W-2Th02 Filament
composite blades will be described . Work on the reinforce- 75 Micron ( .003” diameter).
ment of superalloys with SiC filament is in progress and
will be reported at a later date.

2. EXPERIMENTAL PROCEDURES AND RESULTS
Materials The filament had large die marks on the surface and in

W-2%Th02 filament 75 micron ( .003”) in diameter some cases longitudinal cracking was observed. The stress-
prepared by the powder metallurgical technique was to-rupture data at various temperature obtained in vacuum
obtained from Westinghouse, Bloomsfield , NJ in the (Westinghouse) is shown in Figure 2 and summarized in
straightened and chemically cleaned condition. The Table 1.
average (3 specimens) tensile strength and reduction in
area measured (vacuum) on a Tinius Olsen Machine are
shown in Figure 1.

TABLE I.
STRESS RUPTURE DATA OF W-.2Th02 FILAMENT

W-2% THC~ FILAMENT 75 MICRON ( .003” IN DIA)

WA 0.03 IN STRESS TIME (HR)

300 . 

MN/M2 (KSI)

870°C (1600 F) 1241 - (180) 0.05
1103 (160) 0.4
1034 (150) 2

50 1
965 (140) 15
931 (135) 199

0I- 980°C (1800°F) 875 (127) 203 200 -

779 (113) 46
724 (105) 76

3° 4
to 1093°C (2000°F) 690 (100) 10

10 
620 ( 90) 47

100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

607 ( 88) 33
iooo to oo 559 ( ~1) 93

TEMPERATURE •P 524 ( 76) 118

497 ( 72) 128
FIgure 1. Tensile Propertie. of W-2ThO2 Filament ( .003”
diameter) •ss Function of Temperature. 1205°C (2200°F) 482 ( 70) 12

455 ( 66) 20
379 ( 55) 54

° The variation in tensile strength in the same batch of the 344 ( 50) 160
filament was ±10%.
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(a) 9% Tung.ten (b) 25% Tungsten. (xl000)

FIgure 3. ReactIon Zen. of W-1Th02 Filament and Mar M322 Alloy..

Because of its high melting point, and high W content, MATRIX ALLOYS
cobalt base Mar M322 (1.OC, 21.5Cr , 9W , 0.75Ti, 4.5Ta, UT$ SEL.
2OZr) was selected as the basis for developing the matrix •w.I.0 C • 0
alloy. Initial compatibility runs made by infiltrating a I~~ ~ *bundle of wires with the molten alloy showed, that by 25W, .)C,IONi • I~
increasing tungsten content in the alloy from 9 to 25%, the ~ a
fil-matrix interaction could be reduced quite significantly. 

~
‘ 100 - ‘.~~~~ 

- 20

As shown in Figure 3, the interaction zone in a composite Iwith matr ix containing 25% W was only a few microns
thick. 

V..
’.
’.

In the course of investigations on the composite casting
parameters it also became evident that ft was desirable to ‘s

.’,, -

have better ductility in the matrix . Therefore , further /

modification was made in Its composition by reducing
carbon and adding lO% Ni Also Zr waseliminatedbecauae _ ..

~~~~~~~

it gave problems of the interaction of the melt with the — — — 
— — 

— -

mold material. The modified compositions investigated in
this study and their designations are given In Table II. The • 0

1000 2000
TEMPtRATU~~ ( P)—e .

TABLE H.
COMPOSITION (W~%) AND DESIGNATION OF FIgure 4. Tensile Properties .1 MatrIx Alloy. as a

MODiri~ D MAR M322 ALLOYS Fused.. .1 Temperature.

Alloy C Cr W Ni TI Ta Zr
Mar M322 A (Standard) 1.0 21.5 9.0 — 0.75 4.5 1.5 tensile strength and percent elongation of some of these
Mar M322 B 1.0 21.5 20.0 — 0.75 4,5 — alloys are summarised In Table III, and shown in Figure 4,
Mar M322 C 1.0 21.5 25.0 — 0.75 4,5 — which Indicate that although the alloy containIng 10% Ni
Mar M322 D 0.75 21.5 25.0 10.0 0.75 4,5 — and 0.3% C had the same tensile strength as the standard
Mar M322 E 0.30 21.5 25.0 10.0 0.75 3.5 — alloy, Its ductility was superior. At 1093°C (2000°F) all the
__________________________________________________ alloys had approximately the same tensile strength .

SAMPE Quarterly, April 1977 

- -  -_ V—  - _V~~~ —



•~~~•~~~~•~~~ _V~~~~~~~~ ‘ -V- • - . - ~~~~~~~~~~~~~ -V _V~~~~~~~~~~~~~~~ V V -V~ V - V V

• . ~~~

(a) Mar M322 (Standard ) (h i  Mar M322 (Dl

(c) Mar M322 (E)

Figure 5. Microstructure s of Mar M322 Standard Com-
pared with Mar M322 (D) and Mar M322 (E), (x2000)

TABLE III
TENSILE PROPERTIES OF THE MATRIX ALLOYS

Temperature UTS YS
— 

°C °F MN/M2 Ksi MN/M2 Ksi %el

Mar M322 (A) RT 848 (123) 651 94.5 2.8
900 (1652) 469 ( 68) 324 47 7.2

V 1093 (2000 ) 193 ( 28) 165 24 15.1

MarM3 22 (B) RT 834 (121) 690 100 1.5
900 (1652) 303 ( 44) 255 37 4.6

1093 (2000) 200 ( 29) 193 28 18.7

Mar M322 (C) RT 710 (103) —— —— 0.5
1093 (2000) 214 ( 31) 214 31 3.6

Mar M322 (E) RT 448 ( 65) 303 44 9
900 (1652) 386 ( 56) 276 40 18
980 (1800) 117 ( 17) 110 16 —

UTS = Ultimate tensile strength , YS = Yield strength, %el = Percent elongation.
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The microstructure of the alloy with 0.3% C and 10% Ni
showed a blocky carb ide structure , which is more desirable
as compared with the other two alloys which has large
areas of cellular colonies, as shown in Figure 5.

V 
Fabrication of the Composites

The conventional vacuum investment casting process V

was used to fabricate the tensile, charpy and thermal
fatigue specimens , employing collodial silica as binder,
zircon flour as the refractory and a mixture of zircon sand
and alumino silicate aggregates as the stucco material. The
molds were dewaxed using trichloroethylene vapor V

V degreaser, followed by thoroughly rinsing with liquid
trichloroethylene and air drying. They were fired at
1000°C in hydrogen. Further baking was accomplished
under vacuum using conventional equipment . The charge
was melted and solidified in vacuum a number of times for 

V

thorough mixing of the elements and degassing. The mold
was heated to 1000 - 1050°C and baked for 1 hour before (a) Positioning of Filament Tape In the Wax
pouring the molten charge, which was at a 100 - 150°C
superheat temperature. Tensile specimens were cast in the
form of 127 cm (0.5 in) diameter and 9cm (3.5 in) long bars. V

For this the filament was cut into 10 cm lengths, bundled ‘

~ V

and centered in a specially designed mold in which molten .: - 

V

wax was poured to encapsulate the filaments. There were •V~~~V

four bars in each shell. To allow for the expansion of the -?
filament during casting, about 3mm wax was provided on V

one end of the bundle. Similar technique was used to cast
the thermal fatigue specimens and the charpy test bars. V 

-

Figure 6 shows a sketch of the as-cast specimen tree. V

The casting of a prototype first stage JT9D blade, was
successfully accomplished using tapes of filaments held by
means of a fugitive thermoplastic binder. These tapes were
laid up in alloys, conforming to the airfoil shape which were - 

-
then encapsulated in wax in the form of regular blade
geometry with the root block attached (Figure 7a). Wax 

V

caps were placed over each end of the bundle to provide V -
expansion space for tungstefl filaments. This wax assembly

(b) Shell Mold Prior to Casting.

~~~~~~~~~~~ BENET WEAPONS LABORATORIES
WATERVLIET ARSENAL

I J~1. ~~~~
~~~ CYLINDRICAL

— 7~ COMPOSITES -
~

I WITH FILAMENTS
IN CENTER 

V

c V 
_____

~~~~ —

(c) The Cast Blade after Tri~~~h g the Ends.

Figure 6. Sketch Showing the A. Cut Tree of Composite FIgure 7. Sequence for Casting a Prototype Jet Engine
Specimen.. Composite Turbine Blade.

V SAMPE Quarterly, April 1977
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was then stuccoed, dried , dewaxed and baked by the usual metallographic examination , microprobe and x-ray
procedure (Figure 7b). Minimum pour temperature (1400 - diffraction analysis.
1450°C) and high mold temperature (1370°C) was found to
give the best infiltration. After pouring, the mold was 3. RESULTS
cooled as fast as possible to reduce filament - matrix W-2%Th02 - Mar M322 (Modified) Composites

V 

interaction. The cast blade after cutting off the gates, etc. A number of parameters such as melt temperature, mold
is show n in Figure 7c. temperature and pressure during casting, etc. were

* Test and Evaluation optimized to obtain good infiltration with minimum inter-

Tensile tests were conducted on a 20 Ksi Tinius Olsen action. In the facility used for casting the composite speci-

Machine equipped with high temp erature - high vacuum mens , the maximum temperature to which the mold could

chamber. The stress-to-rupture tests were made on a ~soo be heated was 1050°C. Satisfactory infiltration with

Kg Satec machine using specimen design recommended in minimum filament-matrix interaction was observed using
V reference 7. Preliminary thermal fatigue runs were made an optimum melt temperature which was found to be

on a Mach 0.3 burner rig at NASA Lewis Research Labs at 1490°C. Monitoring the temperature of the filament during

temperatures 450 ~ 1093°C (800 t 2000°F). Charpy casting indicated the filament temperature increased to

impact tests were made both at room temp erature and at 1220°C , while the matrix cooled to 1260°C in about 10

835°C (1535°F). For the latter, the specimen was exposed minutes after pouring the melt . The transverse section of a

in a furnace to slightly higher than the test temperature. In typical specimen shows that the matrix infiltration was

the short time taken for the transfer of the specimen from good, as indicated in Figure 8a. Some micrographs indi-

the furnace to the impact test machine (a few second~), the cated that the outer filaments see higher temperatures

temperature of the specimen fell to the ~~~~ test 
than the inner filament in the bundle and the matrix corn-

temperature. position inside of the bundle became richer in tungsten

Further evaluation of the composites was made by (Figure 8b).

~~~~ 4., 
•~~~

r- /~j~~ ~

V 
• ‘

.
~

~~r. . 
j..

. 
‘ .~~~S V V  %V~ . ‘

- __ 
-

--.___ •
~~~V V

- 4~V~ V 
. .

• ~ • - V . . ‘-.

(a) FU-Matrix Interaction (b) Magnified View of One of the Specimens Indicating
More Fil-Mat rix Inter action at the Outer Filaments in the
Bundle .

Figure S. Section of the W.2% Th02/Mar M322 (E) Composite

SAMPE Quarterly, April 1977
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Tensile Properties 
..

Table Ill summarizes the tensile and yield strengths of _________________________ - - 
-

the composites with modified Mar M322 matrices. The 
__________ ~~~~~

room temperature value of all the composites was always V

lower than the matrix , most probably because of the 
_______________ 

. ~~~~~~~~~~~ 
- .•

V
,~ I?~~~~~~~~~ 

~~~~~~
V brittleness of the fit-matrix interaction zone , which had _________________ 

. 
~~~~• j~ 

.

some microcracks, such as shown in Figure 9. Also , at room __________________ V 
- 

• 
V

temperature, W is brittle and sensitive to flaws. As has ________________ ~~~~~. 
.,
..

been mentioned e~ “h er , the matrix at elevated 
• 

‘ ..~, 
- 

~~~~~~~~~~~~~~~~~~

temperatures shows considerable ductility. Composites ______ 
•
~~~ 

• 
~~ ,~~~~ 

- V V

with filament Vf lower than 0.25 also showed some 
_________________ 

- 
-

ductility. Higher Vf composites fractured in a brittle 
_______ ______________________

manner even at elevated temperatures (Figure 10). The 
_______

use of a more ductile matrix (Mar M322-E ) slightly 
_________ .

improved the ductility of the composite.

Figure 9. Filament - Matrix Interaction Zone Showing
Micrecracks. lx 1000)

ii V ;~~ 

V
~k~ 1’

(a) (h i  Ic)
1800F 2000 F 2100 F

Figure 10. Tensile Fractures of Composites at Elevated Temperatures (x5 )

Stress-To-Rupture Values Charpy Impact Strengt h
The stress-to-rupture data are summarize d in Table V The charpy impact strength for the matrix and corn-

and are plotted in Figure 11. The value s for as cast matrix posites are given in Table VI. At room tempe rature , the
alloy s are also plotted . It will be noticed that the alloy matrix alloy and the composite fractured in a brittle man-
with hi gh carbon (1.OC) is superior to the low carbon alloy . ner , as shown in Figure 12a , but at 835°C (1535°F) the

SAMPE Quarterly, April 1977

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~



F

fracture surface of the composite showed necking of the
filament (Figure 12W ; although the matrix still appeared to I STRESS - RU PTURE DATA
be relatively brittle. W 2  S THO, - HARM 322(E) COMPOSITES

H Thermal Fatigue
H Two specimens one blank and one with 0.17 Vf were

exposed to 450 I~ 1093°C cycles for 500 times in the burner 9SO•C (Isoo ’)

rig in which the specimens were aligned in a circular table ,
with the edge of the foil towards the flame. While the blank
specimen did not dimensionally change after the test , the UI t O u5O~ C(2 t O0 F)

composite specimen warped as shown in Figure 13a.
Examination of the transverse section of the specimen • V t .O V) e

- . UI O93~C (2OOO~ F)
indicated a rachett mg effect accompanied by some debond - ‘°

ing of the filament from the matr ix (Figure 13b). The £HIGi? C MATR IX(S)& LOW C MA TRIX (0)

microstructure of the matrix and the filament did not o to ‘00 moo
visibly change. TIME IN HRS

Long Period Filament Matrix Interaction
A number of composite specimens were sealed under

vacuum in quartz capsules , and exposed to 1093°C Figure 11. Stress - Rupture Data of W-2Th02 Composites.

-r
_ _ _ _ _ _ _ _ _ _ _ _ _  - 1’

(a) (b)
Room Temp. (x 46) 1535 F (x 80)

Figure 12. S.E.M. Fracture Surface of 0.28 V1 Composite V Notch Charpy Specimen Tested at
Ranm md Elevated Temperature .

SAMPE Quarterly . April 1977
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TABLE IV.
TENSILE PROPERTIES OF COMP OSITES WITH MODIFIED MAR M322 COMPOSITIONS

Fil Temperature UTS 02% ys
Matrix Alloy Vol FractIon °C °F MN/M 2 Ksi MN/M 2 Ku %el
Mar M322 (C) 0.33 RT 345 (50) — — 02

0.35 900 (1652) 590 (85) — — 4.9

Mar M322 (D) 0.43 980 (1800) 545 (79) 537 (78) 4.7
V 0.44 1093 (2000) 520 (75) 488 (71) 32

0.40 1150 (2100) 420 (61) 392 (57) 4.0
0.44 1315 (2400) 103 (15) 96.5 (14) pull out

Mar M322 (E) 0.40 980 (1800) 545 (79) 537 (78) —

0.38 1093 (2000) 434 (63) 419 (61) 6.3
0.40 1150 (2100) 448 (65) 392 (57) 5.0

(2000°F) for periods extending to 500 hrs. The rate of
TABLE V

STRESS-TO--RUPTURE DATA FOR COMPOSITES growth of the filament matrix interaction zone thickness
__________________________________ was measured from the micrographs of the polished speci-

mens. The data are summarized in Tab le VU.
Stress Time

Te~~ erat re Sp eime* v1 MN/rn2

~~ °F Id~~tifl~atirn~ ‘(at Hz’ Oxidation of the Matrix AlloyloS) (2000) (66) Mar M322(B( 042 206 (30) 50~5(67) Mar M322 (~ ) 0.42 188 (27) Ili.9 Preliminary runs were also made to study the cyclic
(68) Mar M322(B) 0.42 208 uo iu.9 oxidation behavior of Mar M322 alloy with varying W con-
(70) Mar M322(E) 

~~~ 228 (33 ) 1032
(71) Mar M322 (El 045 172 (25) 2594 tent. Specimens with 1cm diameter and 0.3cm thickness

B(72) Mar M322 (El —— were exposed to air which was saturated with water vapor
B(80) Mar M322(E) —— 34 ( 5 )  2)2.4 at 60°C. at a flow rate of ku ft/hr . At one hour intervals

3C7-SW Mar34322(B) —— 52 (7.5) 99

980(1800 ) (75) MarM322(E) p.35 207 (30) 518
(76) MzrM322(E( 025 276 (40) 740

TABLE VI
1150(2100) (84) MarM322(E) 0.42 138 (20) 25

(85) Mar M322 (E) 0.42 W3 ( 15) >~ ® CIIARPY IMPACT STRENGTH (IN-LB)

All runs were made in air except those at 2100°F. RT 835°C
Matrix 17.2 21.9
Composite (O.4V f) 20.6 280.0

TABLE VII
THICKNESS OF THE FIL -MATRI X INTERACTION ZONE AS A FUNCTION OF TIME

(MATRIX MAR M322 (E).

AS CAST 8.0 MICRO N (0.0003 In.)
980°C (1800°F) 1093°C (2000° F) 1150°C (2100°F)
Micro n In. Micron In. Micron In.

25 hr. — — — — 15 0.0006
lOO hr. — — 14 0.00056 — —
250 hr. — — 24 0.00078 — —
500 hr. 24 0.00075 31 0.00125 — —

1000 hr. — —— — — 38 0.00135
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(b) Transverse Section of the Thermally Fatigued Sped-
(a) Overall View of the Warped Specimen men Showing Fil.Matrlx Debondlng and Increased

Diameter of Seine Filaments.

FI,vre 13. Thermal Fatigue Bars Cycled Five Hundred Time, at 450 ~ 1093°C (2.5 eda heating, 2
ala cooling).

each specimen was removed from the furnace , cooled to weight gain with time of various alloys including Mar
room temperature , weighed , rotated and returned to the M302, for comparison. Optical examination of the specimen
furnace which was maintained at 1093°C. The specimen after exposure both in these tests and in stress rupture
was weighed every hour for the first five hours and then at tests, showed outer discontinuous film of CoO on a
the seventh and tenth hour, and every five hours there- relatively more tightly bound layer consisting probably of
after. After a total of fifty hours, the specimen was Co Cr204 + Co W04 + CoO.
examined metallographically. Figure 14 shows a plot of the

Evaluation of the Prototype Cmapsuite Blade
The prototype JT9D blade cast from the composite was

sectioned and metallographically examined. Figure 15
shows that the infiltration of the matrix in the filaments

• was good and there was minimum ifi-matrix interaction.
MAR MASS However , there appeared to be a separation of the lila-

ment bundle from the matrix, in the concave areas of the
blade. Some of these cracks (Figure 16) originated from the
cracks in the filament which were present to start with.

—
‘ However , the major separation appeared to be due to mis-

match in the coefficient of thermal expansion of tungsten

- — 
wsu (ISSI and the cobalt alloy.

fabricatrng W 2%Th02 filament reinforced 
f~~~b~li~~~of

I composite material, by the conventional investment
a to so so 40 so casting process, not only in the form of the tensile , thermal

TIM E (1w) fatigue and charpy specimens , but also prototype of first
stage blades of JT9D engine. The significance of these
results lies in the fact that the 0.4 Vf W-2%Th02 filament

FIgure 14. Cyclic Oxidation Rate of Matrix Alloy.; Mar reinforced cobalt alloy composite for which the data are
M302 and Mar M322 (E). reported here, has an 100 hr. 1093°C (2000°F) rupture

stress of 206 ),1~~~i2 and compared with 36 - 69 MN/hf2
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Petrasek4 has reported degradation of tungsten filament
incorporated in nickel base alloy s because of the recrystal-
lization of the filament induced by the diffusion of nickel.
In the present study, there was no evidence of such
recrystallization as a result of casting or thermal exposures
during stress rupture tests in the temperature range of
1800 - 2100°F for period s extending to 1000 hrs. The major
cause of the degradation in these composites appears to be
the formation of microcracks in the fi lVmatrix interaction
zones. As seen from Table VII the thickness of this zone
even after 500 hrs at 1093°C (2000°F) is not more than 31
microns (0.00125 in) a3 compared with 100 hr zone
thickness of 50 - 100 microns reported in reference 4.Figure 15. Transverse Section of the Blade Showing Crack. Althoug h only a few tests were made , they clearly show
that the filaments in the composite provide energy
absorbing mechanism in the form of large fil-matrix
interface , whereby the composite has much higher impact
strength than the conventional superalloys, especially at

___________ 
elevated temperatures.

Thermal fatigue is an important problem which must be
__________ 

reckoned with , in the design of components in the high
temperature section of the engine. The test made here was

_________ onl y for a low V f composite, in which the filaments were
nonuniform ly distributed. In this test , understandably the
coefficient of thermal expansion in the low V1 portion of the
composite in the thinner portion of the specimen was
higher than the thicker portion which had relatively more
filaments. Therefore , during the thermal cycling the

Figure 16. Showing Connecting Pattern of the Cracks thinner edge experienced much larger strains at the fila-
Initially Present in the Filament. ment matrix interface, warping the specimen. The alter-

nating stresses during the thermal cycling at the interface
also resulted in the debonding of the filament from the
matrix , and in some cases deformation of the filaments
themselves. Tests by Signorelli8 et al on W filament —

FeCrA1Y matrix showed that while the low Vf composite
(5 - 10 Ksi) for the best conventional superalloys, which showed similar behavior , that is, warping, the composites
means that the use of this composite could eliminate the with higher Vf (0.4 - 0.5) did not have this problem. There -
necessity of providing the air cooling (or reduce its fore , before any conclusion can be drawn , it is necessary to
quantity) of the blades , resulting in fuel economy. Or if test W-2%Th0 2 - Mar M(E) composites with high Vf (0.4)
cooled , the rotor speed can be increased to achieve higher under similar conditions.
engine efficiency. Even on the basis of density normalized It is recognized that in order to use this composite at
stress-to-rupture properties , this composite is superior to 1093°C (2000°F), it is necessary to apply a protective
the current alloys , by a factor of two , coating to reduce the oxidation and hot corrosion. Prelimi-

The use of conventional investment casting process to nary oxidation runs made here show that increasing the
fabricate these blades will alleviate the need of additional tungste n content of the matrix from 9 to 25% did not
capital investment , w hereby the composite blades in significantly enhance the rate of oxidation , as was
addition to being superior in performance, could also be suspected . In actual fact , it was lower than the standard
expected to be cost competitive. This may be particularly alloy . This observation is supported by a recent study
true for helicopter engine blades , which because of their reported by Dashan9 et al, in which it is shown that in
small size may not be amenable to the fabrication process W-Cr binary alloys, increase of tungsten decreased the
such as diffusion bonding. oxidation rate. The decrease is more pronounced in alloys

The tensile data of the composite summaried in Table IV . containing 15Cr , than those containing 25 Cr. Formation of
show that average efficiency of the filament reinforcement CoWO4 phase in addition to CoCr2O4 in the inner CoO scale,
of the matrix is between 70 - 85%. This may be due to the which reduces the cross-sectional area through which out- V

formation of a finite filament-matrix interaction zone, ward diffusion of the cations could take place, is suggested
which is brittle and may have fine microcracks. At room as a possible mechanism of this effect .
temperature the composite always has very low strength, The fabrication of JT9D blade from this composite
because of the brittleness of the filament , without any extraordinary difficulty is very encouraging.
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However , it is only a preliminary effort . Much more work 2. Dean , A. V., J. Inst. Metals 95, (1967).
V must be done to optimize the solidification parameters of 3. Petrasek , D. W. Signorelli , R. A.. and Weeton, J. W.,

the composites so that crack free blade casting s are NASA-TND-4787 , (1968).
achieved . Also the filaments at the tip of the blade have 4. Petrasek , D. W. and Signore lli, R. A., NASA-TND-5575,
either to be ground and/or protected with a coating to be (1970).
applied by one of the conventional processes, or the design 5. Petrasek , D. W. and Signorel li , R. A., NASA-TND-7773,
of the wax patterns will have to be modified in such a way Oct. 1974.
that the filaments remain within the body of the matrix . In 6. Brentna ll , W. D. and Toth , I . J., TRW NASA-CR-13464.
any case, in order for this blade to perform at 2000°F, it Oct. 1974.
has to be protected with some thermomechanically 7. Ohnysty , B., et al. “Test Manual Evaluation of
compatible coating such as CoCrA 1Y or FeCrA 1Y. It may Composite Materials for Gas Turbine Engines ,” AFML
further be conjectured that if required , cooling channels TR-66-156 Part III, p.31. March 1968.
can also be provided in this blade , to prolong its service 8. Signorelli , R. et al. Private Communication .
life. 9. El-Dashan , M. E., Whittle , D. P. and Stringer. J. ,

Corrosion Science , 16, 77(1976).
5. CONCLUSIONS __________________________________

A cobalt base alloy reinforced with 0.42 Vf W-2%Th02 
—

filament , fabricable by the conventional investment casting 
Dr. Iqbal Ahmad has

process, with a 100 hr 1093°C (2000°F) stress-to-rupture of 
been with the Benet Wea-

206 MN/M2 (30 Ksi) has been developed. This represents pons LabOratory since

an advantage of 200°F in temperature and a superiority of 1964, first as Chief of the

specific stress-to-rupture by a factor of 2 over the conven- Physical Science Section,

tiona l alloys. Also it has, for the first time been and then head of the

demonstrated , that a real life JT9D blade can be made Metal-Matrix Composites

from this composite, using the state-of-the-art technology and High Temperature

and equipment. Materials Group. He ob-

More work is necessary to optimize the process further ta m ed his B.SC (Hons )

to achieve crack free castings of the blades and if possible and M.SC degrees from Dr. Iqbs l A~~~ad

with the tungsten filament bundle remaining within the the Panjab University, Pakistan , and Ph.D. from

matrix envelope at the tip end of the blade. Also, more data Imperial College, London . Prior to coming to this

are necessary on the thermal fatigue and creep behavior of country he was head of Ore dressing and Metal-

this composite , with and without protective coatings. lurgy Division at the West Regional Labs, Pakistan

Another possible area of development could be the Council of Scientific and Industrial Research,

modification of matrix composition to achieve higher room Pakistan. Dr. Ahmad has more than four dozen

and elevated temperature ductility and superior oxidation publications and a number of patents in the area of

and corrosion resistance. Low and high cycle fatigue Materials Science and Techno lo~~’. He isa Fellow of

behavior of this composite must also be investigated . Work the Royal Institute of Chemistry London.

in this area is in progress. _______________________________________________
In the homogeneous alloys, the formation of TCP phases

such as sigma phase is considered to be very detrimental , J. M. Barranco Sr. holds -. —~~~~~~~ -‘~
because this phase can provide mechanisms of crack initia- an M.S. degree in Metal- -

tion in the alloy . A Phacomp analysis has shown that Mar lurgical Engineering

M322 (E), has a n ~ number of 2.6 which is within the safe from Rensselaer Poly-

~~~~~~~~1~

limits. However , the significance of sigma phase in the technic Institute , Troy. V -

presence of reinforcing continuous filaments , is a question N.Y. He joined the Re-

which as yet remains unanswered. search Staff at the
Watervliet A r s e n a I

ACKNOWLEDGEMENTS shortly after graduation

The assistance of R. Warenchak and R. Wharton in the in 1958 and became

measurement of the mechanical properties of the involved in testing of J. M. Bar ran co Sr.

composite specimens and of G. E., Schenectady and TRW . 
ordnance materials including non-destructive 

V

Cleveland in investment casting of specimens and turbine methods. In 1965 he joined the Physical Science

blades is gratefully acknowledged. This work was Division to investigate composite materials. His

performed under an AMMRC funded program. avocation is metallography which he frequently
employ s and has been awarded prizes for the

REFERENCES metallographie exhibits he has entered. He is a

1. Ellison, E. 6. and H arris , B., App. Material Res. 5 ~~ member of the American Society for Metals.

(1966).

SAMPE Quarterly. April 1977

~ 

_ __

~

V VV V - V V

~~~~~~~~~~~

V V V V

~~~~~~~~~~~~~



p 
V • ~~~ V VV V

WATERVL IET ARSENA L INTERNAL DISTRIBUT I ON LIST
May 1976

No. of Copies

CO*IAN DE R 1

DLRECTOR , BENET WEAPONS LABORATORY 1

I)IRECTOR, DEVELOPMENT ENGINEERING DIRECTORATE 1
ATTN :. RD-AT 1

RD-MR 1
RD -PE 1
RD-RM 1
RD-SE 1
RD -SP 1

V
: DIRECTOR , ENGINEERING SUPPORT DIRECTO RATE I

DIRECTOR , RESEARCH DIRECTORATE 2
ATTN : RR-AM 1

RR-C 1
— RR-ME 1

RR-PS 1

TECHNICAL LIBRARY -

TECHNICAL PUBLICAT IONS f~ EDITING BRANCH 2

DIRECTOR , OPERATIONS DIRECTORATE 1

DIRECTO R , PROC UREMENT DIRECTORAT E 1

DIRECTOR , PRODUCT ASSURANCE DIRECTORATE 1

PATENT ADVISORS 1



~

EXTERNAL DISTkIBLT~ION LIST
Docember 1976

V 1 copy to each

OFC OF THE DiR. OF DEFENSE R~ E CDR
ATTN : ASST DIRE CTOR MATERIALS US ARMY A RMT COMD
THE PENT AGON ATTN : AM SAR -PPW- IR
W ASh I NG TON , D . C .  20315 AMSAR -RD —

AMSAR-R [JG
CDR ROCK ISLAN D , IL 61201
(iS ARMY TANK -AU T MV COMD
ATTN : AMDTA-UL CDR

AMSTA-RKM MAT LAB US ARMY AR ~fF COMD
WARREN , MI CHIGAN 48090 FLD SVC DIV

AR MCOM AP~f~ SYS OFC
CUR ATTh : At~6AR-ASF
PICATINNY ARSENAL ROCK ISLAND , IL 61201
ATTN : SARPA-TS-S

SARPA-VP3 (PLASTICS CDR 
V

TECh-I EVAL CEN) US ARMY ELCT COMD
DOVER , NJ 0780 1 FT MONMO UTH , NJ 07703

CDR CDR
FRANKFORD ARSENAL REDSTONE ARSENAL
ATTN : SARFA ATTN : AM SMI-RRS
PHILADELPHIA , PA 19137 Al’~~M I -RSM

ALABAMA 35809
DIRECTOR
US ARMY BALLISTIC RSCH LABS CDR
ATTN: AMXBR-LB ROCK ISLAND ARSENAL
ABERDEEN PROVING GROUND ATTN : SARRI-RDD
MARYLAND 21005 ROCK ISLAND, IL 61202

CDR CDR
US ARMY RSCH OFC (DURHAM) US ARMY FGN SCIENC E ~ TECH CEN
BOX CM , DUKE STATION ATTN : AMXST- SD
ATTN : RDR D- IPL 220 7TH STREET N . E .
DURHAM, NC 27706 CHARLOTTESVILLE, VA 22901

V CDR 
- 

DIRECTOR V

WEST POINT MIL ACADEMY US ARMY PDN EQ. AGENCY
ATTN : CH*4, MECH ENGR DEPT ATTN: AMXPE-MY
WEST POINT, NY 10996 ROCK ISLAND , IL 61201

V 

CDR
HQ, US ARMY AVN SCH
ATTN : OFC OF ThE LIBRARIAN
FT RIJ CK ER , ALAB AMA 36362

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



•~~~~~~V •~~_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- EXTERNAL DISTRIBUTION LIST (Cont)

1 copy to each 2 copies to each
S

CUR CUR
US NAVA L WPNS LAB US ARMY MOB EQUIP RSCH ~ DEV COMD
C h IEF , MAT SCIENCE DIV ATTN : TECH DOCU CEN
ATTN : MR. I ) . MALYEVAC FT BELV O I R , VA 220 60

V L)AHLGREN , VA 22448
CUR

l) I R F CTO R US ARMY MAT RSCH AGC Y
N AVAL , KSCH LAB ATTN : AMXMR - TECH INFO CEN
ITTN : L ) I R .  MECH DIV WATERTOWN , MASS 02172
WASIIINCTON , D.C. 20375

• CUR
l) IR L C TOR WRIG -IT-PATTERSON AFB
NAVA L RSC II LAB ATTh : AFML /MXA
CODE 26-27 (DOCtJ L I B . )  OHIO 45433
WASHINGTON, D.C. 20375

CUR
NAS A SCIENTIFIC ~ TECH INFO FAC REDSTONE ARSENAL
P0 BOX 8757 , AVFN : ACQ BR ATTN : DOCU ~ TECH INFO BR
BALT I MORE/WASHINGTON INT L AIRPORT ALA BAMA 35809
MARY LAN D 21240

DEFENSE METALS INFO CEN
V BATTELLE INSTIT 1T~E

505 KING AVE
COLIR.IBUS, OHIO 43201 12 copies

MANUEL E. PRADO / G. ST1SSER CUR
LAWRENCE LIVERMO RE LAB DEFENSE DOCU CEN
P0 BOX 808 ATTN : DDC-TCA

V LIVERMORE , CA 94550 CAMERON STATION
ALEXANDRIA , VA 22314

DR. ROBERT QIJA 1TRONE
CHIEF , MAT BR
US ARMY R~S GROUP , EUR
BOX 65, FPO N.Y . 09510

,NOTE: PLEASF NOTIFY CDR , WATERVLIET ARSENAL , ATTN : SARWV-RT-TP,
WATERVLIET, N.Y. 12189 , IF ANY CHANGE IS REQUIRED TO ThE ABOVE .

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ V V V


