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Abstract 25 

 This study aims to fabricate partially stabilized zirconia (PSZ)-titanium (Ti) 26 

composites to produce implants having ceramic and metallic characteristics. To 27 

fabricate such materials via powder metallurgy, sintering reactions must be suppressed. 28 

In this study, ceramic-coated Ti powder was used as a starting material to suppress Ti 29 

oxide formation. Yttria was coated on Ti powder using the sol-gel technique, the Ti 30 

powder was mixed with PSZ powder, and the mixed powders were sintered. From the 31 

results of optical microscopy and XRD analysis, dense PSZ-Ti composites containing 32 

the yttria phase were successfully fabricated without any reaction products. Hardness 33 

and bend tests revealed that the hardness and elastic modulus of the composites 34 

increased with the increase of PSZ content and agreed with the predicted values based 35 

on the rule of mixtures. Bend tests also revealed that the strength did not improve, as the 36 

brittle yttria phase preferentially fractured in the composites subjected to bending. 37 

 38 

Keywords: Sintering; Composite materials; Sol-gel processes, Coating materials, 39 

Mechanical properties 40 

41 



 

3 
 

1. Introduction 42 

Biomaterials have been developed for medical applications such as joint 43 

arthroplasties and dental implants. For in vivo use, an implant made from biomaterials 44 

must have superior mechanical characteristics such as high wear resistance, hardness, 45 

and fracture toughness. For example, in joint replacements, these characteristics are 46 

especially important because joints have complex shapes and are subjected to severe 47 

external forces such as cyclic rubbing and impact. Artificial joints are generally made 48 

from a combination of titanium alloys, cobalt-chromium alloys, and 49 

ultra-high-molecular-weight polyethylene, which are used for the fixture, sliding part 50 

for hard surfaces, and sliding part for soft surfaces, respectively. Biomaterials with high 51 

wear resistance, hardness, and fracture toughness need to be developed. Ceramics and 52 

metals generally exhibit contrasting mechanical properties: ceramics exhibit low 53 

fracture toughness and high wear resistance, while metallic materials exhibit high 54 

fracture toughness and low wear resistance. If biocompatible metals and ceramics are 55 

combined, materials with ideal properties can potentially be made.  56 

Much research has been conducted on the fabrication and mechanical 57 

characterization of composites consisting of ceramics and metals. For example, 58 

Ahlhelm et al. [1] proposed new techniques combining tape casting, lithography-based 59 

ceramic manufacturing, and freeze foaming to produce porous or dense ceramic and 60 

ceramic-metal composites, and applied to fabrication of zirconia-steel composites for 61 

biomedical applications. They successfully fabricated the composites with both 62 

characteristics of ceramic and metal phases. Dittmer et al. [2] also developed a new 63 

technique related to high-temperature co-fired ceramic technique and fabricated 64 

cermet-ceramic composites with electrically conductive channels in an insulating 65 

ceramic matrix. These composites exhibit the characteristics of both phases, and are 66 

expected for medical application. Functionally graded materials (FGMs), in which 67 

metals and ceramics are placed on the inside and surface of the implants, respectively, 68 
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have been also attracted because desired characteristics can be derived by highly 69 

controlling the material composition in FGMs. Akmal et al. [3] fabricated stainless 70 

steel-hydroxyapatite FGMs, and investigate the biocompatibility of the FGMs. Li et al. 71 

[4] and Omidi et al. [5,6] fabricated pure titanium (Ti)-SiC FGMs and Ti-hydroxyapatite 72 

FGMs, respectively, and they examined the mechanical properties of the FGMs. These 73 

FGMs were successfully fabricated without any large voids, and exhibited the properties 74 

of both the ceramics and base metals. Recently, much attention has been paid to Ti and 75 

zirconia (especially partially stabilized zirconia, PSZ), because Ti exhibits high strength 76 

and fracture toughness and PSZ exhibits fracture toughness that is high among common 77 

ceramics, as well as hardness and wear resistance. Han et al. [7] fabricated a zirconia 78 

particulate-reinforced Ti-matrix composite by powder metallurgy. The influence of 79 

sintering temperature on compressive strength was evaluated, and the strength was 80 

found to increase with the increase of sintering temperature due to the composite 81 

becoming denser. Fernandez-Garcia et al. [8] fabricated zirconia-Ti composites by the 82 

spark plasma sintering (SPS) technique, in which the fracture toughness and strength 83 

decreased with the increase of Ti content. Tsukamoto [9] fabricated zirconia-Ti 84 

composites and FGMs via SPS. The strength of the composites was found to increase 85 

with the increase of zirconia content up to 1%, but then decreased with further increases 86 

in zirconia content. Fernandez-Garcia et al. [10] also fabricated zirconia-Ti composites 87 

and evaluated the influence of surface air-plasma treatment on hardness. We have also 88 

fabricated PSZ-Ti composites [11,12] and FGMs [13], and found that the fracture 89 

toughness of the composites and FGMs could not be improved. According to the 90 

sintering process investigated by Fukui et al. [14] and the diffusion of elements in the 91 

composites analyzed by Shinohara et al. [15], the metallic Ti phase is lost in the 92 

composites due to Ti oxide formation during sintering, and thus their fracture toughness 93 

could not be improved. If the Ti oxide formation could be suppressed and the metallic 94 

Ti phase remains in the composites, it is expected that the composites would behave in a 95 



 

5 
 

ductile manner. Fernandez-Garcia et al. [16] proposed a technique to fabricate a yttria 96 

coating on Ti particles using a sol-gel process for use as a starting material for sintering. 97 

They successfully suppressed the formation of Ti oxide during sintering and were able 98 

to fabricate a zirconia-Ti composite (75% zirconia and 25% Ti) with high strength. To 99 

fabricate PSZ-Ti FGMs without any reaction phases, composites must be fabricated in 100 

the full range of Ti contents under the same sintering conditions, to successfully form a 101 

graded layer. Hence, the applicability of yttria-coated Ti (cTi) and PSZ powders for 102 

fabricating composites should be investigated. 103 

This study aims to fabricate PSZ-Ti composites to produce ceramic-metal 104 

composites without any reaction compounds, as a first step in fabricating an FGM. The 105 

sol-gel technique was applied to coat Ti particles with yttria, and cTi powder was 106 

fabricated. Then, the PSZ and cTi powders were mixed in various volume fractions and 107 

composites were fabricated via SPS. Microstructural observation and XRD analysis 108 

were performed to investigate the sintering state of the composites. Then, hardness tests 109 

and three-point bend tests were performed, and the mechanical properties were 110 

examined. 111 

 112 

2. Experimental procedure 113 

2.1 Raw materials 114 

The starting powders were pure titanium (Ti, Toho Titanium Co. Ltd.) and 115 

partially stabilized zirconia (ZrO2-3molY2O3, PSZ, KCM Corporation Co. Ltd.). Tables 116 

1 and 2 show the chemical composition and average diameter of the as-received 117 

powders, respectively. The values in these tables are representative obtained from the 118 

suppliers. Each as-received powder was milled using a vibrational ball milling 119 

apparatus (Nissin Giken Co. Ltd.) for 7 h in vacuum (several tens of Pa) to 120 

deagglomerate the powder. Figure 1 shows micrographs of the milled powders observed 121 

by scanning electron microscopy (SEM, VE-9800, Keyence Co.). 122 
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Table 1  Chemical composition of raw powders (mass%). (a) Ti powder and (b) PSZ 123 

powder. 124 

(a) 125 

Fe Si Mn Cl C N O H Ti 

0.03 <0.01 <0.01 0.002 <0.01 0.02 0.19 0.03 Bal. 

(b)  126 

ZrO2 Y2O3 SiO2 Al2O3 Fe2O3 
94.30 5.35 0.0122 0.2325 0.0009 

 127 

Table 2  Average diameter of as-received raw powders (µm). 128 

Ti PSZ 
23 0.35 

 129 

 130 

 131 

Fig. 1 Microstructure of milled powders. (a) Ti powder and (b) PSZ powder.  132 

 133 
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2.2 Fabrication of yttria-coated Ti powder by sol-gel process 134 

In this study, the sol-gel technique proposed by Fernandez-Garcia et al. [16] 135 

was applied to form a yttria (Y2O3) coating on Ti powder. Yttrium chloride hexahydrate 136 

(YCl3 · 6H2O, Fujifilm Wako Pure Chemical Corporation) of 0.4 g was dissolved in 137 

deionized water, and the Ti powder of 10 g was placed into the solution. The solution 138 

was stirred at 200 rpm and 80 °C using a hot-plate stirrer apparatus (Corning PC-450D, 139 

Taitec Corporation), and ammonium hydroxide (NH4OH, Fujifilm Wako Pure Chemical 140 

Corporation) was added into the solution in a dropwise manner until the solution was 141 

gelled. Then, the gel was dried at 200 °C for 1 h, and the powder product was obtained. 142 

Finally, the powder was heated at 700 °C for 1 h in vacuum to remove impurities such 143 

as chloride. 144 

To investigate the coating formation, the cross-section of a coated Ti particle 145 

was observed using an electron probe micro-analyzer (EPMA, JXA-8530F, JEOL Ltd.). 146 

Figure 2(a), (b), and (c) show the SEM image, elemental mapping of Ti, Y, and O, and 147 

element concentration distributions at the centerline of a Ti particle, respectively. The 148 

element concentration distributions were determined based on a simplified analysis 149 

using the collected spectra. Note that the element O was detected outside the particle, 150 

because the particle was embedded in epoxy resin to cut the particle in half. It was 151 

confirmed that Y surrounded the Ti particle thinly, and the thickness of the Y2O3 152 

coating was approximately 3 µm. Additionally, Y2O3 powder without Ti was also 153 

detected. The sol-gel process produced both cTi and Y2O3 powders. It was impossible 154 

to separate only the cTi powder, and the mixed powders of cTi and Y2O3 were used for 155 

sintering as a starting material.  156 

 157 
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 158 

 159 

 160 

Fig. 2 Cross-sectional observations of Y2O3 coating. (a) SEM image, (b) elemental 161 

mapping of Ti, Y, and O, and (c) element concentration distributions at the center line of 162 

a Ti particle. 163 

 164 

2.3 Sintering of PSZ-cTi composites 165 
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 The powders of PSZ and cTi were mixed in various volume ratios from 100% 166 

cTi to 100% PSZ at 25% intervals by vibrational ball milling, under the same conditions 167 

described in Sec. 2.1. In this study, the amount of cTi was regarded as the amount of Ti. 168 

The mixed powders were placed in a graphite die with an inner diameter of 10.5 mm 169 

and a plunger of diameter 10 mm. Then, the mixed powders were sintered under 170 

uniaxial pressure of 100 MPa at 1300 °C in vacuum using an SPS apparatus 171 

(SPS-211Lx, Fuji Electronic Industrial Co. Ltd.). The heating program was as follows: 172 

heating at 300 °C/min below 600 °C, 200 °C/min from 600 to 1000 °C, 100 °C/min 173 

over 1000 °C, holding for 30 min at 1300 °C, followed by cooling at 50 °C/min. In the 174 

sintering process, the temperature at the die surface was measured by an infrared 175 

pyrometer (IR-AHS, CHINO Corp.), and the temperature was controlled at the die 176 

surface. The sintering condition for densification was preliminarily determined by trial 177 

and error. Note that it was not an objective of the present study to find an optimum 178 

sintering condition for each composite. The specimens are referred to by their Ti content, 179 

except for the monolithic PSZ specimen: 100%cTi, 75%cTi, 50%cTi, 25%cTi, and 180 

100%PSZ.  181 

Figures 3(a) and (b) show temperature and plunger displacement as functions 182 

of time for the monolithic cTi (100%cTi) and monolithic Ti (100%Ti), respectively. For 183 

investigation of the influence of the Y2O3 coating on sintering, the relationship of 184 

monolithic Ti (100%Ti) previously fabricated is shown in Fig. 3(b) [12]. Note that the 185 

sintering condition used for 100%cTi is different from that for 100%Ti because 186 

100%cTi exhibited low sinterability compared with 100%Ti, from our preliminary 187 

investigation. According to the displacement changes, the densification of 100%cTi 188 

finished at 1200 °C in the heating process, while the densification of 100%Ti was 189 

finished at 1000 °C in the heating process.  190 

 191 

 192 
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 193 

Fig. 3  Temperature and plunger displacement as functions of time. (a) 100%cTi and 194 

(b) 100%Ti 195 

 196 

Figure 4 shows the relationship among temperature, plunger displacement, and 197 

the time for monolithic PSZ (100%PSZ), and Figure 5(a) and (b) show the relationship 198 

among temperature, plunger displacement, and time for the cTi-rich composite 199 

(75%cTi) and PSZ-rich composite (25%cTi), respectively. The densification of 200 

100%PSZ finished at 1200 °C in the heating process, and the densification behavior of 201 

the composites tended to be intermediate between those of 100%cTi and 100%PSZ. 202 

After sintering, sintered compacts (composites) of φ10 × 5 mm were obtained. 203 

 204 

 205 

Fig. 4  Temperature and plunger displacement as functions of time for 100%PSZ. 206 

 207 
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 208 

   209 

Fig. 5  Temperature and plunger displacement as functions of time. (a) 75cTi and (b) 210 

25%cTi. 211 

 212 

2.4 Sintering state of PSZ-cTi composites 213 

The sintered compacts were cut in half, and their cross-sections were ground 214 

and polished with grit sandpaper and diamond paste with an average grain size of 0.25 215 

µm, respectively. Each cross-section was observed by optical microscopy (Olympus 216 

Corp., GX51). Then, X-ray diffraction (XRD) analysis was conducted using a Cu target 217 

at an accelerating voltage of 40 kV and a current of 40 mA using an XRD apparatus 218 

(Rint Ultima II, Rigaku Corporation). The peaks in each XRD pattern were compared 219 

with Powder Diffraction File (PDF) data (PC-PDF, 1999), and the phases were 220 

identified, including sintering reaction products. 221 

 222 

2.5 Bend testing and indentation testing 223 

Three-point bend tests were performed using smooth rectangular specimens 224 

with a height of 2 mm, a width of 2 mm, and a length of around 10 mm using a 225 

precision universal tester (AGS-X 5kN, Shimadzu Co.). Two specimens for each 226 

composite were tested at a crosshead speed of 0.1 mm/min at room temperature. The 227 
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relationship between load and strain at the tensile side was measured with a strain gauge 228 

(FLKB-1-11, gauge length 1.0 mm, Tokyo Measuring Instruments Laboratory Co, Ltd.). 229 

The bending stress σb was calculated by, 230 

𝜎𝜎𝑏𝑏 =
3𝑃𝑃𝑃𝑃
2𝑏𝑏ℎ2

,           (1)  231 

where P, S, b, and h are the load, span (8 mm), width, and height, respectively. Based on 232 

the stress-strain curve, the elastic modulus and bending strength were determined. Then, 233 

the fracture surfaces were observed with an SEM (VE-9800, Keyence Co.). 234 

Vickers hardness testing was performed using a micro-Vickers hardness tester 235 

(MVK-E, Akashi Co. Ltd.). Ten trials for each composite were conducted under an 236 

applied load of 9.8 N at a holding time of 30 s at room temperature. The Vickers 237 

hardness was calculated by  238 

𝐻𝐻𝐻𝐻 = 0.001854
𝐹𝐹
𝑑𝑑2

,          (2)  239 

where F is the indentation force (N) and d is the indentation diagonal length (mm).  240 

Cracks were initiated at the corners of the indentation for 100%PSZ, 75%cTi, 241 

and 50%cT. When the average half-crack length C was 2.5 times larger than the average 242 

half-diagonal indent length a, the fracture toughness was obtained by the IF method 243 

based on JIS R 1607 (Japanese Industrial Standard) [17], 244 

𝐾𝐾𝐶𝐶 = 0.026
𝐸𝐸
1
2𝐹𝐹

1
2𝑎𝑎

𝐶𝐶
1
2

 for 
𝐶𝐶
𝑎𝑎

> 2.5,          (3)  245 

where E is the elastic modulus of the specimen. When the above conditions were not 246 

satisfied, fracture toughness was obtained by the Palmqvist method demonstrated by 247 

Niihara et al. [18], 248 

𝐾𝐾𝐶𝐶 = 0.035 �
𝐶𝐶 − 𝑎𝑎
𝑎𝑎

�
−0.5

�
𝐻𝐻𝐻𝐻𝐻𝐻
𝑎𝑎0.5 � �

𝐻𝐻𝐻𝐻
𝐻𝐻𝐸𝐸

�
−0.4

,          (4)  249 
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where φ is the ratio of hardness and yield stress and is set at 3 in this study as an 250 

approximation used by Li et al. [19]. The average fracture toughness of each composite 251 

was obtained from five trials. 252 

 253 

3. Experimental results and discussion 254 

3.1 Microstructure and sintering state of alumina-PSZ composites 255 

Figure 6 shows the microstructure of the composites. For 100%cTi, the Ti and 256 

Y2O3 phases were well dispersed with no large voids, and it appeared that 100%cTi 257 

was fabricated as a Ti-Y2O3 composite. As for 100%PSZ, no large voids were observed. 258 

For the composites, the Ti, Y2O3, and PSZ phases were well dispersed in all composites, 259 

although PSZ aggregation was partially observed.  260 

 261 

    262 

    263 

Fig. 6  Optical microscopy observations. (a) 100%cTi, (b) 100%PSZ, (c) 75%cTi, and 264 

(d) 25%cTi. 265 

 266 
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Figure 7 (a) and (b) shows the XRD patterns of PSZ-cTi and PSZ-Ti composites, 267 

respectively. Only the phases of Ti, Y2O3, and ZrO2 were identified in PSZ-cTi 268 

composites, while some reaction products of Ti2O and Ti2ZrO in addition to the phases 269 

of Ti, Y2O3, and ZrO2 were detected in the PSZ-Ti composites. Based on the 270 

comparison of the phases in these composites, it was inferred that the Y2O3 coating 271 

acted as a barrier and prevented Ti oxidation caused by diffusion of oxygen from the 272 

PSZ phase to the Ti phase during sintering. Hence, the presence of a ceramic coating on 273 

the starting metallic powder is effective for the suppression of oxygen diffusion and 274 

metal oxide formation during sintering. 275 

 276 

    277 

Fig. 7  XRD patterns. (a) PSZ-cTi composites and (b) PSZ-Ti composites. 278 

 279 

3.2 Bending properties of PSZ-cTi composites 280 

Figure 8 shows typical stress-strain curves of the composites. Brittle fracture 281 

occurred with little plastic deformation for the composites, 100%PSZ, and 100%cTi. 282 



 

15 
 

Even though 100%cTi was fabricated, the ductility of the pure Ti phase appeared to 283 

have been lost with the dispersion of the Y2O3 phase. The mechanical properties of 284 

elastic modulus and bending strength were obtained from these curves. 285 

 286 

 287 

Fig. 8  Bending stress-strain curves. 288 

 289 

Figure 9 shows the elastic modulus of the PSZ-cTi and PSZ-Ti composites as a 290 

function of cTi/Ti content. The scatter bars denote the maximum and minimum values 291 

of two specimens for each composite. Their elastic modulus decreased with the increase 292 

of cTi content. The dotted line denotes the prediction based on the rule of mixture, 293 

which agrees relatively well with the experimental results. The relationship between 294 

elastic modulus and PSZ content in the PSZ-Ti composites along with the values based 295 

on the rule of mixture is also drawn in Fig. 9. The elastic modulus of each composite is 296 

higher than the predicted value. These results can be explained based on the phases 297 

being present in the composites. From Fig. 7, the PSZ-cTi composites consist of only Ti, 298 

Y2O3, and PSZ phases, and the elastic modulus of the composites is comparable to the 299 

prediction based on the rule of mixture. On the other hand, the PSZ-Ti composites 300 

consist of Ti, PSZ, and other reaction phases with high elastic modulus, and the elastic 301 

modulus of the composites becomes high due to the reaction phases. The relationship 302 

between reaction phases and elastic modulus was discussed in detail by Fujii et al. [11].  303 
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 304 

 305 

Fig. 9  Elastic modulus as a function of cTi/Ti. 306 

 307 

Figure 10 shows the bending strength of the PSZ-cTi and PSZ-Ti composites 308 

as a function of cTi/Ti content. The scatter bars denote the maximum and minimum 309 

values of two specimens for each composition. The bending strength of the PSZ-cTi 310 

composites was low, irrespective of cTi content, compared with 100%PSZ. Moreover, 311 

the bending strength of the PSZ-cTi composites was also lower than that of the PSZ-Ti 312 

composites. To investigate the reason for the reduction in the strength of PSZ-cTi 313 

composites, their fracture surfaces were observed, as shown in Fig. 11. Cleavage 314 

fracture in the Y2O3 phase and/or intergranular fracture was observed for all composites, 315 

including 100%cTi. Gan et al. [20] pointed out that the bending strength of Y2O3 316 

ceramic is quite low, compared with PSZ and Ti. Hence, the strength of the PSZ-cTi 317 

composites became low, compared with the PSZ-Ti composites. The presence of the 318 

Y2O3 phase had a positive effect on elastic behavior and a negative effect on fracture 319 

behavior. Note that the bending strength of 100%PSZ fabricated in this study was also 320 

lower than that of 100%PSZ in the previous study. This would be due to the grain size 321 

effect. Stawarczyk et al. [21] pointed out that the grain size of zirconia increased with 322 

increasing sintering temperature. It is well known that the strength of polycrystalline 323 

ceramics increases with decreasing grain size of the ceramics [22-24]. Comparing the 324 
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sintering conditions of these studies, the sintering temperature in this study was higher 325 

than that in the previous study. As a result, the grain size of 100%PSZ fabricated in this 326 

study would be larger than that of 100%PSZ fabricated in the previous study, although 327 

the grain size of 100%cTi and 100%Ti could not be measured. Hence, it was considered 328 

that the difference in strength was caused by the difference in grain size resulting from 329 

the different sintering temperatures. 330 

 331 

Fig. 10  Bending strength as a function of cTi/Ti. 332 

    333 

    334 

Fig. 11  Fracture surfaces. (a) 100%cTi, (b) 100%PSZ, (c) 75%cTi, and (d) 25%cTi. 335 
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 336 

3.3 Hardness and fracture toughness of PSZ-cTi composites 337 

Figure 12 shows the relationship between Vickers hardness HV and PSZ 338 

content in the PSZ-cTi and PSZ-Ti composites. The scatter bars denote the maximum 339 

and minimum hardness of five trials for each composition, and the dotted lines denote 340 

the prediction by the rule of mixture. The hardness of the composites decreased with the 341 

increase of cTi content in the PSZ-cTi composites and agreed with the prediction. On 342 

the other hand, the hardness of the PSZ-Ti composites was much higher than predicted. 343 

This is because the PSZ-cTi composites consist of only Ti, Y2O3, and PSZ phases while 344 

the PSZ-Ti composites consist of Ti, PSZ, and other phases with high hardness, as 345 

mentioned in Sec. 3.2.  346 

 347 

 348 

Fig. 12  Hardness as a function of cTi/Ti. 349 

 350 

Figure 13 shows the relationship between fracture toughness KC and PSZ 351 

content in the PSZ-cTi and PSZ-Ti composites. The scatter bars denote the maximum 352 

and minimum hardness of five trials for each composition. Note that no cracks occurred 353 

in 75%cTi and 100%cTi, and the fracture toughness could not be measured. The 354 

fracture toughness KC decreased with the increase of cTi/Ti content in both composites. 355 

As for the PSZ-Ti composites, they consisted of brittle PSZ, Ti oxide, and reaction 356 
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products without ductile Ti, so that the fracture toughness could not be improved. On 357 

the other hand, for the PSZ-cTi composites, the metallic Ti phase, which was ductile, 358 

remained in the composites. However, according to Fig. 11(c), brittle fracture in the 359 

Y2O3 phase around the Ti phase was observed in the PSZ-cTi composites. It was 360 

expected that cracks from the indentation corners also occurred along the brittle Y2O3 361 

phase, and hence the fracture toughness could not be improved. As for 75%cTi and 362 

100%cTi, the fracture toughness could not be measured, but their fracture toughness 363 

would be expected to be low, considering their stress-strain curves.  364 

 365 

 366 

Fig. 13  Fracture toughness as a function of cTi/Ti. 367 

 368 

In this study, the use of Y2O3-coated Ti powder as a starting material could 369 

suppress sintering reactions, such as oxidation of the Ti phase. As a result, the hardness 370 

and elastic modulus of the composites agreed with the prediction of the rule of mixtures, 371 

and the composites exhibited low strength and brittleness due to the brittle Y2O3 phase. 372 

There are few structural materials that can be used as implant materials, and both PSZ 373 

and Ti are still attractive materials. As it was possible to suppress Ti oxidation during 374 

sintering in this study, the improvement of the strength and fracture toughness of these 375 

composites will further investigated from a microstructural viewpoint. 376 

 377 
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4. Conclusions 378 

 To fabricate PSZ-Ti composites having ceramic and metallic characteristics, 379 

the powders of Y2O3-coated Ti (cTi) and PSZ was used, and the PSZ-Ti composites 380 

containing the Y2O3 phase (PSZ-cTi composites) were fabricated via SPS ranging from 381 

pure cTi to pure PSZ. The obtained results are summarized as follows: 382 

(1) The Y2O3 coating with approximately 3 µm thick on Ti powder was formed by the 383 

sol-gel process.  384 

(2) The dense PSZ-cTi composites were fabricated in the full range of cTi contents 385 

under the conditions of sintering temperature 1300 °C, uniaxial pressure of 15 MPa, 386 

and holding time of 30 min.  387 

(3) Chemical reactions did not occur during sintering, based on the XRD analysis. The 388 

Y2O3 coating on Ti powder acted as a barrier and prevented Ti oxidation caused by 389 

oxygen diffusion during sintering. 390 

(4) The elastic modulus and hardness of the composites decreased with the increase of 391 

cTi content and agreed with the prediction of the rule of mixtures. The bending 392 

strength and fracture toughness of the composites could not be improved because 393 

the fracture occurred along the weak Y2O3 phase, irrespective of cTi content. 394 

 395 
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