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Structure stability and mechanical property of composite
materials at high temperature

Shoji GOTO”

The high-temperature strengths of artificial metal-matrix and unidirectionally solidified eutectic composites
are reviewed, emphasis being placed on the structure stability during high-temperature applications.

Coating of the surface of reinforce components with chemically stable materials is effective to constitue a
diffusion barrier and diminish the undesirable interaction of the reinforce components with matrix. Many
voids form at the reinforcement/matrix interface during application due to the difference in thermal expansion
between the component phases, which leads to a decrease in effective bounding area at the interface.  The void
formation strongly depends on the intermediate heat treatment during application. It is also important for uni-
directionally solidified composites to produce a uniformly aligned structure without any faults such as termina-
tions and fault lines of the reinforce components, because the structure degradation occurs preferentially at the

faults.
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Schematic illustrations of (a) the variation in
tensile stress carried by a fiber, o5 and
shear stress acting on the fiber surface from
the adjacent matrix, 7, for a composite con-
taining reinforcement fibers of finite length,
and (b) the critical length of the fiber.
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Table 1

FICIBHEENT T ThbNT, Tabb, +HKE
T AREELSY, TEOBMERIIFCELZVWI LR
5.

—HEER S BT THENE, ISHEENTDITH
NBIEND T EAEMET OIELAE 0T 1 B4
DEWME % Z1 DR, BILHEMOBE L) b1
BMOUEETLVIFHRIETEY. £/, KE1V
B SR OBEWARIUL ML O MR VIZ ERE
), BMERLEICEISZESMSNTVNSY, L
Ao TR (1) WRLCHE oc iz, BAEMHOME
ZALIERE IURETH Y, EROBICHBE B
&, 122N OBEROL S iR E LD

Reaction layers formed between W-wires and various matrix alloys.

Chemical analysis of layers by

electron probe microanalysis.™

Matrix (mass%)

Layer composition
Atom ratio* and mass

Layer growth

Ni/19Fe/18Cr/5Nb
3Mo/1Ti/0.6A1/0.4Co

Mar M322 (+W)
Co/25W/21Cr/10Ni
3.5Ta/0.75Ti

Mar M200
Ni/12.5W/10Co/9Cr
5A1/2Ti

Hastelloy X

Haynes 188
Co/23Cr/20Ni/15W
FeCrAlY .
Fe/20Cr/6A1/2Y

ratio excluding W Thickness ( ,,m) Activation
(3.6X10°s,1373 K) | energy
(kJ/mol)
Stainless steel
Fe/18Cr/10Ni/1.5Mn (W2Cris) (Fes:Nis) 30 190
‘ 71Fe/27Cr/7Ni
Kovar
Fe/29.5Ni/17Co (W) (FexsCosNis) 12 135
61Fe/23Co/16Ni
Hastelloy X
Ni/21Cr/18Fe/9Mo (W21Mo1Crs) (NizrFewCrisCor) 8 111
2Co0/0.7Mn/0.5W 31Ni/30Mo/26Cr/11Fe
Inconel 718

(W22CrioMosNbs) (NizsFeisCrio)
31Ni/22Cr/20Fe/18Mo/9INb

not given

(W, Cr)3(Ni, Co)sC
not given
not given

not given

no significant growth
after HIP. Layer
dissolved at 1473 K

12

g**

12* *
12 and 4**
(doublelayer)

*arranged to correspond to WeFes i. e. MisMss
**estimated from single values for 3.6X10%, 1423 K
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Fig. 2 S-N curves of Ni base composites containing
W fibers at 923 K, showing fatigue strengths
of the composites with coated fibers and with
uncoated fibers.®
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Fig. 3 Schematic illustrations of the variation in
stress and strain in fiber and matrix during a
reversible temperature cycle applied to a
composite.”
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Fig. 4 Scanning electron micrographs of Cu-W lamel-
lar composite thermally cycled 600 times be-
tween 473 K and 1073 K; (a) top view and (b)
side view.”
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Fig. 5 Nominal tensile stress-strain curves of ther-
mally cycled and uncycled Cu-W composites
obtained at room-temperature."
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Fig. 6 Relation between elongation and number of
thermal cycles in a CuW lamellar
composite.” [:473 K—1073 K (holding for
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Fig. 7

Scanning electron micrographs of deeply

etched longitudinal sections of Al-NisAl
eutectic composites; (a) as-grown and (b)
50% cold worked and held at 833 K for 3.6
X 10% s
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Fig. 8  Structure change in Al-CuAl: eutectic composites with various lamellar spacings during hold-
ing at 803 K.'”

Fig. 9  Simulation of the coarsening of CuAlz lamellas in an Al-CuAl: eutectic composite by holding
at 803 K for 0~4X10%s."”
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Fig. 10  Change in the interphase area per unit volume, (1/Sv—1/So), plotted against the isothermal

annealing time for an Al-CuAlz eutectic composite: (a) observed and (b) calculated.””
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Fig. 11 Variation of 0.2% yield strength versus
holding time at 516 K for Cd-Zn eutectic
composites directionally solidified at various
growth rates.’®
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