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High Temperature Fracture Mechanisms in Monolithic and Particulate
Reinforced Intermetallic Matrix Composite Processed by Spray
Atomization and Co-Deposition
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Abstract

Intermetallic-matrix composites(IMCs) have the potential of combining matrix properties of
oxidation resistance and high temperature stability with reinforcement properties of high specific
strength and modulus. One of the major limiting factors for successful applications of these
composite at high temperatures is the formation of interfacial reactions between matrix and
ceramic reinforcement during composite process and during service. The purpose of the present
investigation is to develop a better understanding of the nature of creep fracture mechanisms in
a NizAl composite reinforced with both TiB, and SiC particulates. Emphasis is placed on the roles
of the products of the reactions in determining the creep lifetime of the composite. In the present
study, creep rupture specimens were tested under constant stresses ranging from 180 to 350 MPa
in vacuum at 760°C. The experimental data reveal that the stress exponent for power law creep
for the composite is 3.5, a value close to that for unreinforced NizAl. The microstructural
observations reveal that most of the cavities le on the grain boundaries of the Ni;Al matrix as
opposed to the large TiB,/Ni;Al interfaces, suggesting that cavities nucleate at fine carbides that
lie on the NizAl grain boundaries as a result of the decomposition of the SiC,. This observation
accounts for the longer rupture times for the monolicthic Ni;Al as compared to those for the Ni,
Al/SiC,/TiB, IMC. Finally, it is suggested that creep deformation in matrix appears to dominate
the rupture process for monolithic NizAl, whereas growth and coalescence of cavities appears to

dominate the rupture process for the composite.
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Fig. 1 Microstructure of the unreinforced Ni;Al fol-
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Fig. 4 The interfacial reaction zone formed around
the TiB, particulates:(a) SEM image, (b)
TEM bright field image with the diffraction
patterns for two distinct interfacial reaction
layers, labeled ‘1’ and ‘2’
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Fig. 6 Typical creep strain vs. time curves for the
monolithic and composite materials
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and composite materials

Bited FoHA ojwE £

o322 (back stress)
€ Fuste B4y i EFHe FAY
24w Aolo] gl e FH4AHA F
2§27 (incompatibility) <28 W=zldr] ¢35}
of 71A| s} A Aol F}FE AFdledl AR
o] gigtn AT ez4 sMwdist, zEW, GE

ARe Al sloid TAYE o7lAA AT
Moz 2y AFel A% vlAch oA L
Ao ofs oksiA FEARE AU Rad 2

2% AN 2Ang koA Deh ols] A
$H50] 2YAE Az SICYRe $37
ol 812 TiB,oh NiAl Amiatole] #ekgt %ol
AATezd A7 ezt 4 + Ut

¥, 2P AN B (glide) AA 93}
of ujE of, ZZHYEL o|F 7ted AH
(mobile dislocation) 8] 49 &9 I FLHro
ool UG © azjnz, 279 AYEL A
919l = (dislocation density) 7} Z7}8t=3 Z7184A)
Ak, 22y, ERHAACl T AEFES #HF3A
n} 3] ¥a14 (recovery process)o] t}A| Foizl 2
4 o] HYE 7] At A S Fol
A & Aok E@ANEY HF ARUEA J1AS
ZFEA ke AlwdelMe] BRUd ez AR
< Yol i AYLErs} FRAoE FFE o
Aol dolyt Foll HARHo] Aefm olHeos
oldted 2FHoz wimd AAYEs} v 3} Ni,
Al 71Ale] ®lste] A "k, 2l wlzs Ni
Al8] A¢ Z1Aol A FH FUIA #Fo] Yot

L
N
I
(=
w,
o,
o
o
ox
m]o
L
f1
Y
0
lﬂ!
- 2
N

13A1°l %‘é}%ﬂfﬂl u] 0}04
F0 2 ANYEE A Yok AFEE 4 3l
. ezt Ao BAHA osted A2 o
27 Add=st £ Age 2ezrt o wy
dojupA FHe}, zejmz, 2 F AYio zyzs
o #g A= AYUEo] o4& Aolzgtne ¥
T @l

Fig. 1ol A9} 7o) »v]78 NiAle Qh&ulske
G2 AAA F2te] w|AFLE A 7]t
Aoz F4=] leon HyAlge 7% Fig
A BRo) 524 AAYTZE Az ek
olv] A&dtziRel H¥AMY AN 27l 4 10
pmel 3. ®|ZstA el ¢ AR Fo| 25 ymo]x,
Ao Aoleok Fo] w7} of 5o|ch, whal, A
7r=)122) & (grain boundary sliding) o] RAx =¥
of F8¢ 4¥E ki uAs NiAlo els &
o ulAgte F5A4Ud F2RE 2 SEAs) 67
3} Ni Al azz2sest wezsd g ¢ glida
AR 4 Jeh 10

33 22oAE

Fig. 84 ¥ A28 nestdsde 389 @
T2 BAENG Fo3 §H A ¥ 33 Nig
Ale] Ni;Al #3138} ne&alrfduiol Ari: A

400 ™ ——r—r
350 - \e
~
N\
300 -

Temperature = 1033K

50 - Constant €¢ Criterion

Stress (MPa)

N
. Monolithic Ni3Al(Cr, Mo, Zr,B)  \ ° o
200 - ——  Constrained Model; A =1.8um N B
©  NijAlCr, Mo, Zr, BYTiB,/SiC AN
150 i bkt PR b, 5
10* 10° 10

Rupture Time (sec)
Fig. 8 Rupture time vs. applied stress for the
monolithic and composite materials at 1033 K.
The solid and dashed lines represent the val-
ues predicted by a constant creep rupture
strain criterion and a constrained cavity
growth model, respectively



1718 b I

= % F Utk

4] 743 NizAle] #A-$ 7129 WEo] o]u] =xj
s wlATAdY A4S 294 337t dolitee
o+ Ut e, FHol| B -aligoy
2 A4 WP E4o] A2 v|x3t F5A4 PAE
72 Yo whgel et ex9) wlAzAe
A3 A3l '

=
ik

Tr=A'c"
é=Ac"

A7A, Tr& Zesagrdeln w73t NisAlY
7% n=3.5, w=3.20]c}, 2l ¥]73 NiAl
o] A4 A5 7AWy Pl =+ Monkman-
Grant A4071 A A (=0.043) TS 4 + o
of, zeBR, Aol ojujdt SlA sIXHYH
(matrix strain(=0.043)) ¢j| \:clgggug sh3 7} o
ofdeh, T A wade Fopod ¥73
NiAlshs 2H og sazde
T ek
Ao

7

ol R

I

& 7401 o7 ztam SEM—°— o]s-o o
o WAZARS 2olzegel HASE AL
stoich. Thas} o} A £4re] Yoju
slAzAeztE ol o Fz A
A% Barlele ojgigol Ak adng,
Agld oz ol AHA ure sirAsdg
(grip) ¥ Zeba SEMez a3,
el aRyee =3 Ade Fig 95 3
. & 2el4 25o] TiB.sh NiAlAl=u ok Ni,
AlZlRe] AN BFol BAstd A4BULE
% 4 otk SEME Sélod ¥ SYAR Aol

B wahEel TATL Aalddnh SiCYel

ol

spetA a2 i e A7 2 whEE (carbide) £ o]
ZAstE AN FEol HAFATE E F AU
ot @&, TiB:ot NiAlAHAA 9 F547F Bl
gre AL ¥ Adee Fd A¥AEs} 2age
AE ool

L&t o] 2] 2L (=300 MPa, Fig. 10
Fz)zp v)mste] A-GHsloAe AZE|ZEA(=

Fig. 9 SEM micrograph for a grip section area of the
composite material tested under 300 MPa at
1033 K. The tensile stress axis is in the vertical
deirection for this micrograph

Fig. 10 The SEM micrograph for a gage section area
of the composite material tested under 300
MPa at 1033 K. The tensile stress axis is in the
vertical direction for this micrograph

180 MPa, Fig. 11

TAR o] FeiA 9}
_/_.'?_;5-1] O\l .;_iul g
F Aol 7]l gt
A AA =2 =4

(stochatic process)oll &gk FFo] Yoy
a8eg, #FL hskAela e
AT At ulmse] ¥ Ee AR sE @
= wlAEd el slofok deh, o] A4
7LZH/7121)54 AgA=st w
agl=g, zEl=zsl o
ojubmd A QAo S& l%&o] AMA Azxpd oz Aw
dAlet 71=/TiB, Y=}
EAStE T Z7le dsted 5o A

flo o



Fig. 11 The SEM micrograph for a gage section area
of the composite material tested under 180
MPa at 1033 K. The tensile stress axis is in the
vertical direction for this micrograph
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Fig. 14 The micrograph showing a polished cross-
section of the monolithic material Itested
under 300 MPa at 1033 K. The tensile stress
axis is in the vertical direction for this micro-
graph
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