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MULTIPLE EXAMINATIONS OF THERMAL AND MECHANICAL PROPERTIES OF ZIRCONIA /TITANIUM
FUNCTIONALLY GRADED MATERIALS FABRICATED BY SPARK PLASMA SINTERING
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Functionally graded materials (FGMs) are multi-phase composites that have properties which never be
achieved with homogeneous materials by spatially grading the constituents within the materials. This
study aims to investigate thermo-mechanical behavior of zirconia (ZrOz)/ titanium (Ti) FGMs with
continuous composition gradients, which are expected to be used in both aerospace and biomedical fields,
fabricated by centrifugal slurry methods and spark plasma sintering (SPS). The fabricated samples were
proved on their microstructures, using SEM EDS and XPS, and nano-, micro-and macro-mechanical
properties. In addition, resistance to cyclic thermal shock loadings of the FGMs was investigated
experimentally and numerically. The results demonstrated that various compositional gradation patterns
can be achieved by changing the amount of dispersant, ammonium polycarboxylic acid (PCA). Oxygen
can play a significant role, which generated through reduction reactions of ZrOz during SPS processes, to
determine the thermo-mechanical behavior of the FGMs.
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Fig.1 Centrifugal slurry equipment.
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Fig.2 Measurement spectrum for element analysis
by EDX.
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Fig.3 Micro Vickers hardness testing points.
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Fig.4 The part of the sample holder for disk bending tests

producing balanced biaxial bending stresses in the samples.
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Fig.5 Thermal shock test equipment.
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Fig.6 Simulation model.
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Fig.7 Volume fraction (%) of Ti based on compositional

distribution function.
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Fig.10 Comparison with composition distribution function.
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Fig.11 Result of depth profile (atomic concentration).
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Fig.18 Vickers hardness in cross section (500rpm).
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Table 1 |27, F7z, HEEFTD EDX 53122\ T O

FE 9% Fig.20 (277
Table 1 Nanoindentation analysis results
1 2 3 4 5
Nanoindentation hardness[Gpa]| 10.586 10.627 10.956 10.648 10.74
Vickers hardness[HV] 980.371 | 984.202 | 1014.637| 986.086 | 994.623
Elastic modulus[Gpal 313.942 | 316.192 | 322.546 | 318.488 | 319.326
6 7 8 9 10
Nanoindentation hardness[Gpa]| 11.025 | 10.748 | 10.512 10.11 10.768
Vickers hardness[HV] 1021.01 | 995.369 | 973.56 | 936.294 | 997.248
Elastic modulus[Gpal 332.467 | 333.005 | 365.817 | 303.099 | 315.863
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Fig.20 SEM image and Indentation image and EDX image.
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Table 2 Thermal shock test results
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Fig.23 Sample surfaces in cyclic thermal shock test.
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Fig.24 Measuring points.
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Fig.25 Comparison with composition distribution function.
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Fig.28 Von mises stress of FGMs (Metal rich).
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HEREAMIZ & 0 DL T Ofim & 157

C LR E A LIAER, BmONAT ) —EIC kv
eI LR B 2 D ZrOo/Ti B REA B 2 fEHL wy
ETHD I ENHRTE.
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« ZrOy/Ti BBRMEREA EHI BT, BERIOERE N K & <
ELTEY, ZrO,DBETIZL > T Zr &72o72Z L &
ZrOx 28 TE S AU Sz 0 28 Ti ~[EE LEAM 2K
DOREBAREICH B L B X TOWBRTREER H 5. D1z
Wb, ZrOo/Ti RIERHERER B OERLOEE, SPS #41% ZrO2
DOETEFIERI L Ti Ot bz 5 & 2 3 araetE &
DI ENRNTIELEEZD.

« MARRAT AT BHAR DFEAT & > T FGMs O ZVE B x4 5 26
TR L, PCADEMEEZEZ 5 Z LIZL > THRE
HIE L, MMEVESRMZM ECX2FREENRDH D Z END
Mmooz,

BRI T B RRBR E VI 2 L —va VORR K
D, THEAVETERAREIC WV CHLER OB S IER O 3
L, EBEICER L -RE ot o B8R s h
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