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EFFECT OF REINFORCING ADDITIVES ON STRESS-INDUCED TRANSFORMATION TOUGHENING
OF PARTIALLY STABILIZED ZIRCONIA.
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Ceramics / metal functionally graded materials (FGMs) have been attracting much attention as

composite materials that are intended for application to high-temperature structures. This study fucuses
on toughening of ceramics and their matrix composites, which are building blocks of the FGMs. Partially
stabilized zirconia (PSZ) with toughening additives such as Ni particles, Inconel fibers, SiC particles, SiC
whiskers and a-alumina (Al,O3) particles were fabricated by spark plasma sintering (SPS). Toughening
mechanisms were investigated based on their micro and macro-scale mechanical properties and
microstructures. Disk bending tests, producing balanced biaxial loading conditions, were conducted
probing bending strength at macro scales, while Vickers hardness tests were carried out to estimate
fracture toughness and examine toughening mechanisms at micro scales. In addition, using a
nanoindentation tester, hardness, elastic modulus, and creep properties were investigated at elevated
temperatures (RT and 300°C). The results demonstrated that toughness of ZrOz2 increased by adding Ni
particles, Inconel fibers and Al,O; particles. Addition of Al,O3 particles highly enhanced disk bending
strength and deformability.

Key Words: Zirconia, Nickel, SiC, « -alumina, Toughening, Functionally Graded Materials (FGMSs),

Spark Plasma Sintering (SPS), High temperature nanoindentation
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Fig.1 Graphite die set up with dimensions.

Fig.2 Photos of samples fabricated by SPS.
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Fig.3 Schematic illustration of the samples subject to bending
moment.

Fig.4 The part of the sample holder for disk bending tests
producing balanced biaxial bending stresses in the samples.

4. BREBR
41 By H—REE - [HERHRBER

PSZ (TZ-3Y-E) OEKIZHOWT G RIS CiBRETT -
Tl A, Byl —AM IR LOBENEIZERLEN
1311HV B X 45MPa Th o7z, T Z TlkiE s L ¢
BRI HZ L LT D, Figd 5 Figs IZ#5REHIRIT S
vy B — AR & B X O M DR R AR
4.1.1 Ni BIF « Inconel SRHERSINDIBS

Fig.5 (a), (b), (c), (d) 7>5, Ni BN REEENME D 1Y
I RELHFE L, HEOWWDICORNnDZ Enbh
% . Inconel ikt Z & de3BHE, 0.05% % T Inconel ik &
EHEMESE L EWEIREL 2B mA A5, 0.06
vol%® Inconel #i#ED LG, AEMMHITIK T L2, 2h
ITHHED DHERNE T L2720 B2 605,

(a) (b)
__ 60
PSZ (1311) 3 PSZ (4.5)
1400 E 5o
2 1200 &
= 2 40
y 1000 2
2 =800 2 30
=
2 )
s 600 g 2.0
E 400 v
1.0
S 200 E
- 0 & 0.0
051 2 3 4 5 05 1 2 3 4 5
Ni contents (%) Ni contents (%)
(c) )
PSZ (1311) T 60
5 W0 3 PSZ (4.5)
I 1200 55
4 1000 £ 40
g 2
s %0 g 30
H £
S 600 &
= =
n o 20
- 400 -
3 S 10
S 200 =Y
> :
Y Z o0

0.02 0.03 0.04 0.05 0.06
Inconel600 contents (%)

0.02 0.03 0.04 0.05 0.06
Inconel600 contents (%)

Fig.5 Vickers hardness and fracture toughness of Ni and
Inconel600 additive samples.
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Fig.6 Vickers hardness and fracture toughness of SiCp and
SiCw additive samples.
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Fig.7 Vickers hardness and fracture toughness of a-alumina
(Al,0O53) additive samples.
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Fig.8 SEM and EDX results indicating crack growth and its
suppression. (a), (b) for Ni additive samples and (c), (d) for
Inconel samples.
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Fig.9 Comparison of cracks around indentations with in PSZ (a)
and in PSZ with 3vol% Al;O3 (b).
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Fig.10 SEM and EDX results for SiCw added samples. (a), (b)
for high magnifications and (c), (d) for low magnifications.
Images fucus on the inside of some voids.
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Table 1 Nanoindentation hardness, elastic modulus, creep
parameters at elevated temperatures (RT and 300 °C).

Hir Er | Cr
[GPa] | [GPa] | [%]
25°C 11.5( 210.5| 2.25
PSZ
300°C 6.93| 190.8) 3.76
25°C 11.0, 194.2] 2.11
3vol% Al20;
300°C 6.03] 159.7] 3.62
50
~PSZ 25°C
40  —psz 300°C
~3vol% Al,0; 25°C
30

~3vol% Al,O; 300°C

Load (mN)

20

10

0 100 200 300 400 500 600
Displacement (nm)

Fig.11 Indentation curves (average valued forl5 measurement
points).
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Fig.12 Stress-strain diagrams of Ni particle-dispersed PSZ.
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Fig.13 Stress-strain diagrams of Inconel fiber- distributed PSZ.
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Fig.14 Stress-strain diagrams of SiCp-dispersed PSZ.
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Fig.15 Stress-strain diagrams of SiCw-distributed PSZ.
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Fig.16 Stress-strain diagrams of Al,Oj3 particle-dispersed PSZ.
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Fig.17 Photos of disk samples after bending tests (From top left
to bottom right, PSZ, Ni, Inconel, SiCp, SiCw and Al,O5 doped

samples).
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