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Abstract: The density of ZrO2 ceramic carbon composites prepared by the conservative solid sintering 

technique is as close to any commercially available ZrO2. The Vicker's hardness as well as modulus of the 

sample with 1400°C high temperatures treated, is quite high compared to the lower 1200°C HTT samples. From 

S1 to S6 on comparison, it is found that porosity for S6 is minimum and maximum for S1. After comparing with 

ceramic monolith the flexural strength and modulus shows a remarkable improvement in its value. The average 

grain size measured from the width of the x-ray peaks, the information highlighted by x-ray diffractogram comes 

from a deeper level of the lattice. The optical micrograph shows the sample was uniform except for asperities 

arising due to leakage of pitch while carbonizing. The rest of the micrographs help in finding the grain size as 

well as the extent of infiltration of pitch into the system. 
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I. Introduction 
Zirconia ceramics have several advantages over other ceramic materials, due to the transformation 

toughening mechanisms operating in their microstructure that can give to components made out of them, very 

interesting mechanical properties[1]. ZrO2 ceramics are among the oldest oxide-ceramic materials but were 

refined into a material with high performance properties only fairly recently [2]. A first summary of oxide-

ceramic materials, also those made of ZrO2, was presented after World War II [3]. The transformations between 

the different polymorphs are important as far as the processing and mechanical properties (strength, toughness, 

etc.) of zirconia ceramics are concerned. It has been well documented in the literature [4-6]. Pure zirconia is 

monoclinic (m) at room temperature and pressure. With increasing temperature the material transforms to 

tetragonal (t), by approximately 1170
 
 C and then to a cubic (c) fluorite structure starting about 23    C with 

melting by 2 16 ◦C [ ,8]. Zirconia particles can be embedded in a variety of different matrices to form 

transformation-toughened ceramics provided the zirconia particles have a sufficiently small size, may be in 

submicron or below [9]. The increased volume fraction of zirconia is also responsible to reduce the stability of 

the tetragonal phase [10]. Zirconia has excellent properties for restoration and implantation in dentistry and 

orthopedics [11]. Zirconia impedes strongest mechanical properties among other ceramics. Due to this property 

it is widely used in dentistry [12]. 

 

II. Materials And Methods 
ZrO2 (Loba Chemie Pvt., Ltd, India), PVA (Titan biotech limited, Bhiwadi, Rajasthan) and MnO2 

(Merck Specialties Private Limited, Mumbai) were procured. The raw materials were weighed in appropriate 

quantities. The composite were prepared and development by a technique reported earlier by Veena Kumari [13] 

as per the procedure given in flow diagram Fig.1. 

 

 
Figure: 1 Flow diagram of processing of zirconia-carbon composite 
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III. RESULT AND DISCUSSION 
Bulk densities of all composite samples (S1-S6) were measure by ASTM standard (ASTM C559) [14] by using 

the formula:  

Bulk Density = weight of the composite / Volume of the composite 

Weight of the samples was measured with the help of digital balance (model ME 40290) and volume of the 

same was taken by measuring the dimensions with the help of digital vernier calipers. 

 

Table 1: The bulk densities of the Zirconia monolith and the composites 
Sample ZrO2% HTT Bulk density (g/cm3) 

Monolith Zirconia-carbon 

S1 50 1200 2.37 3.12 

S2 55 1200 2.98 3.25 

S3 60 1200 3.10 3.25 

S4 50 1400 2.76 3.14 

S5 55 1400 3.06 3.35 

S6 60 1400 3.45 3.70 

 

 
Figure 2: Densities of the ZrO2 monoliths and composites 

 

From the data given in the table 1 we can define that the density of the composite with respect to the 

monolith is higher from sample S1 to S6. From the table1 and figure 2 it is clear that the density of S6 is higher 

than that of S1.The graph of density increased in case of S1 to S3 than decreased for S4 and again increased 

from S4 to S6. Similar pattern was found in case of monolith. The difference in density with pitch infiltrated and 

carbonized porous zirconia monolith is mildly decreasing with higher volume percentage of ZrO2, this implies 

the carbon infiltration into the monoliths is greater for S1 and S4 and least for S3 and S6. 

To measure the porosity of the samples, kerosene densities of the composite samples are measured first. The 

kerosene density of the different porous zirconia monolith was measured by the kerosene pick-up method as per 

Archimedes's principle. The density has been calculated as follows: 

Density of Kerosene ρ (K)   
       

  
 

Where, As - Weight of solid body in air 

Ks - Weight of solid body in kerosene 

 

The bulk density (Bd) and kerosene density (Kd) of the samples were measured with the help of highly precise 

digital balance (model ME 40290) applying Archimedes principle. Porosity of the samples (Table-2) can be 

calculated with the help of the following formula, 

Porosity   (1  
  

  
)        

 

Table 2: Porosities of the different samples 
Samples ZrO2% HTT Porosity 

S1 50 1200 50.0 

S2 55 1200 45.5 

S3 60 1200 41.7 

S4 50 1400 49.1 

S5 55 1400 45.5 

S6 60 1400 38.8 
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Figure 3: Porosities of the different samples 

 

From the data it is clear that the porosity for S6 is minimum and maximum for S1. The flexural strength, 

hardness, etc (mechanical properties) were carried out on the samples. The values of the respective parameters 

have been tabulated in the (Table- 3).  

 

Table 3: Values of Vicker's hardness and the modulus of the samples. 
Samples Modulus Vickers hardness 

(Hv) 

Gpa Kg/mm2 

S1 8.5 50 

S2 9.0 60 

S3 12.0 65 

S4 14.0 194 

S5 16.5 340 

S6 19.0 475 

 

 
Figure 4: Vicker's hardness and the modulus of the samples 

 

The mechanical properties of the ceramic are tabulated as well as graphically presented which indicates 

that the Vicker's hardness as well as modulus of the sample with 1400°C HTT is quite high compared to the 

lower 1200°C HTT samples. On comparing with ceramic monolith the flexural strength and modulus shows a 

remarkable improvement in its value. 
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Figure 5: X-ray diffractogram of the composite sample S1, 'm' indicates monoclinec and 't' indicates tetragonal 

ZrO2 peaks. The arrows pointed downwards indicate the peaks for carbon (graphitic). 

 

 
Figure 6: X-ray diffractogram of the composite sample S4, 'm' indicates monoclinec and 't' indicates tetragonal 

ZrO2 peaks. The arrows pointed downwards indicate the peaks for carbon (graphitic). 

 

It can be seen from the X-ray diffractograms [15](Figures 5 and 6) that the composite possesses crystalline 

character as is evident from the X-ray peaks. The arrow shown at around 29 values 25° and 35° indicates the 

presence of crystalline carbon (graphite) formed during carbonization of pitch at high temperatures in the 

absence of oxygen environment. The intense peaks at 29, values of 27° and 31° peaks implies monoclinic and 

tetragonal ZrO2. This implies that the ceramic monolith is a mixture of two crystal phases of ZrO2. 

 

 
Figure 7: Optical micrograph of the composite sample S3, showing asperities on the surface. 
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Figure 8: Optical micrograph of the composite sample S6, showing asperities on the surface. 

 

Optical micrograph of the sample was recorded and given in figures 7 and 8, the optical micrograph shows the 

sample was uniform except for asperities arising due to leakage of pitch while carbonizing. 

 

IV. Conclusions 
From the densities of the samples it can be seen that the apparent density of ZrO2 ceramic prepared by 

the conventional solid sintering technique is as close to any commercially available ZrO2. The Vicker's hardness 

as well as modulus of the sample with 1400°C 5 high temperatures treated (HTT)? quite high compared to the 

lower 1200°C HTT samples. On comparing with ceramic monolith the flexural strength and modulus shows a 

remarkable improvement in its value. The average grain size measured from the width of the x-ray peaks, the 

information highlighted by x-ray diffractogram comes from a deeper level of the lattice. This can be rightly 

estimated from the x-ray diffractogram that there is a line broadening result which is the effect of fine grain size. 

The optical micrograph shows the sample was uniform except for asperities arising due to leakage of pitch while 

carbonizing. The porosity it shows is actually a three dimensional network, which is conducive to infiltration of 

pitch, also the capillary size roughly calculated  and also allows to adjust the vacuum needed to aid good suction 

of pitch solution into the monolith. 
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