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ABSTRACT – This paper investigates the vital 

characteristic of an innovative ceramic injection 

moulding (CIM) and improved tribological properties 

such as friction and wear which were affected by 

complex tribological interactions, whether lubricated 

like hip implants and other artificial prostheses. Sintered 

Hydroxyapatite (HAp), widely used as an implant 

material, is a potential candidate but its friction and 

wear properties need to be investigated in the scope of 

these new applications. Hydroyapatite offers good 

mechanical properties due to have 70% similar 

properties as natural human bone good corrosion 

resistance and good thermal conductivity, thus make it 

suitable for tribological applications. The effect of 

sintering temperature was investigated according to 

tribology properties. Several tests have been performed 

on the samples with using the Tribometer in Linear 

mode. The Coefficient of friction was evaluated 

according to the results, sample Green obtained the 

lowest average value for the coefficient of friction with 

0.117, whereas sample 1100°C obtained the highest 

one: 0.787. The Wear rate was analysed according to 

the results, sample Green obtained the lowest average 

wear rate with 0.0066 mm3/N.m, whereas sample 900°C 

obtained the highest one: 0.94 mm3/N.m. while the 

sample of 1100°C the wear rate was 0.42 mm3/N.m. 

 

1. INTRODUCTION 

Friction, wear and lubrication have to be 

considered in most everyday situations where physical 

movement is of importance. The science and technology 

of interacting surfaces in relative motion, which 

encompasses friction, wear and lubrication, is called 

Tribology. Friction arises as a resistance to motion when 

a solid surface moves over another surface. The 

tangential friction force (FF) is proportional to the 

normal load (FN) by the coefficient of friction (μ), 

therefore the friction equation can be expressed as: 

 
This proportional law is called the First Law of 

Friction by Amonton 1699. The coefficient of friction 

depends on the materials in contact and will change 

with time as the surfaces change. At each point of 

contact, the softest material will deform and the material 

with lowest shear strength will be sheared.  

However, when the surrounding conditions 

change, e.g. a lubricant is added, the temperature 

changes and so on, the coefficient of friction will 

change. The friction is not only a parameter for the 

original materials in contact, it is a parameter for the 

whole, dynamic system [1-2]. The materials in contact 

have to be well adapted to the system and therefore 

materials science is essential for tribology. The optimal 

friction is different for different systems. To reduce the 

energy losses in machine elements, the friction should 

be low. A low friction is also desired in hip joints to 

facilitate body movement. Wear of ceramics are 

dominated by cracking and chemically induced surface 

transformations. Plastic deformation does occur but 

more rarely. There are typically two wear regimes for 

ceramics, mild and severe wear [3-4]. In sliding under 

low contact pressures, the wear is mild, the surfaces 

become polished, the roughness decreases, and the wear 

rate is low. Smooth surfaces and low pressures give 

lower coefficients of friction. Conversely, severe wear 

takes place under higher contact pressures where 

stresses exceed the tensile strength of the material and 

grain fracture lead to formation of wear debris and an 

increased wear rate. 

 

2. METHODOLOGY 

Three samples of HAp (green part, and 2 sintered 

specimens of sintering temperature 900°C and 1100°C) 

were provided in order to measure their coefficient of 

friction and wear properties. Several tests have been 

performed on the samples using the tribometer, which 

principle and specifications are discussed. The tribology 

is suited to study the friction and wear behavior of 

almost every solid-state material combination, with 

varying time, contact pressure, velocity, atmosphere, 

temperature, etc. A flat or a sphere-shaped static partner 

is loaded on to the test sample with a precisely known 

force. The static partner, (a pin or a ball), is mounted on 

a stiff lever, designed as a frictionless force transducer. 

As the disk is rotating, resulting frictional forces acting 

between the pin and the disk are measured by very small 

deflections of the lever using an LVDT sensor. Wear 

coefficients for both the pin and sample are calculated 

from the volume of material lost during a specific 

friction run. This simple method facilitates the 

determination and study of friction and wear behavior of 

almost every solid-state material combination, with 

varying time, contact pressure, velocity, temperature, 

humidity, lubrication, etc. 
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3. RESULTS AND DISCUSSION 

Several tests have been performed on the samples 

with using the Tribometer in Linear mode. The results 

of the tests are discussed accordingly. A coefficient of 

friction is a value that shows the relationship between 

the force of friction between two objects and the normal 

reaction between the objects that are involved. It is a 

value that is sometimes used in physics to find an 

object's normal force or frictional force when other 

methods are unavailable.  

According to the results, sample Green obtained the 

lowest average value for the coefficient of friction with 

0.117, sintered sample of 900°C obtain 0.710 whereas 

sample 1100°C obtained the highest one: 0.787.  

               

µ (-1) 
Green 

Part 

Sintered HAp 

(900°C) 

Sintered HAp 

(1100°C) 

Data 1 0.116 0.711 0.787 

Data 2 0.119 0.710 0.787 

Mean 0.117 0.710 0.787 

St.Dev 0.002 0.001 0.000 

 

Furthermore, the HAp friction of coefficient has 

good agreement with alumina wear performance which 

is in the same group material as ceramic material. As 

reported by Ucar et al. [5], the alumina friction 

coefficient with different load applied for 2.5N was 

about 0.769 and 5N was 0.704 accordingly. From the 

result above, it believes that HAp has low fracture 

toughness and might influence the load and speed 

values resulted from the effect of the rate of frictional 

energy dissipation at the interface spots. 

According to the results, the sintered sample of 

1100°C obtained the wear rate was 0.42 (mm2/N) 

compare to the alumina wear rate was 6.34 x 10-8 

(mm2/N). This have good justification why alumina has 

lower wear rate compare to HAp ceramic even though 

these two materials are ceramics group. Alumina is 

known as harder ceramic material compare to HAp 

ceramic. The mechanical properties of alumina have big 

influence on tribology properties. 

 

Material Wear rate (mm2/N) Hardness (HV) 

HAp 0.42 40 to 60 

Alumina 6.34 x 10-8 750 to 900 

 

Enhancing the mechanical performance of polymer 

composites with convenient tribological performance, 

low specific wear rate and friction coefficient has been 

the main aim of many studies. Hence, they have 

considered the reverse relation between mechanical 

performance and tribological performance which 

materializes the optimal performance as reported by 

Alajmi and Shalwan [6]. 

 

 

 

 

 

 

 

 

4. CONCLUSION 

The ceramic material (HAp) have capable 

interaction with single based binder system and it 

present the different tribological behaviours in terms of 

friction coefficient and wear. In front which thet has 

correlation with the speed which the specific wear rate 

increases with the increase in load, while at 1 m/s test 

speeds the specific wear rate decreases with the increase 

in load. It is well known that wear processes involving 

fracture. 
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