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ABSTRACT 

 This research paper focused to fabricate a polyethylene biomaterial for hip joint and knee joint surface 

replacements. The wear properties of this material are improved by reinforcing aluminium oxide particles in to Ultra 

high molecular weight-polyethylene also known as high modulus polyethylene. This material is fabricated by 

reinforcing bio-inert aluminium oxide (Al2O3) with UHMWPE using hand injection moulding machine. Material 

Properties such as Hardness and wear rate, and wear amount of the polymer synthesized composite is tested by shore 

D scale Durometer and Tribometer with pin on disc respectively. Eighty five percentage of UHMWPE material and 

fifteen percentage of aluminium oxide particle mixed composites having high hardness and low wear properties 

when compared with UHMWPE material.  
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1. INTRODUCTION 

Advanced growth of bio - materials like ultra high molecular weight-polyethylene for orthopaedic knee joints 

and bone joints, surfaces are synthesized by reinforcing materials with polymers for good properties. Initially ultra 

high molecular weight-polyethylene was used for replacement of joints. Presently the composition of polyethylene 

with other materials helps to improve better mechanical properties. Ankur Gupta (2013), UHMWPE is being used 

as a replacement for one of the load-bearing components 2013 articulating surfaces in joint and joint joint surfaces 

implants such as the acetabular cup in the hip prosthesis. The UHMWPE is used due to its magnificent 

biocompatibility and a reduced wear rate and coefficient of friction when compared to other polymers such as 

polypropylene and polyethylene. However, the strength of the high modular polyethylene is very low as compared 

to human bone properties and it cannot be used in other non-load bearing joints or as a possible bone substitute 

material. Advancement in medical field the UHMWPE material was used in past decades instead of fibre sutures. 

Alumina is one of the most effectual and widely used materials in the family of materials sciences Blunn (2002), 

researched with this material with good performance, technical grade made is readily available. High purity alumina 

is a bio inert material and broadly used as replacement for its excellent wear, hardness, corrosion resistance and 

excellent biocompatibility. Al2O3 possesses high modulus of elasticity, compressive strength and its bio inert 

behaviour does not impair the cyto compatibility. Addition of Al2O3 improves the mechanical properties and also 

retained better biocompatibility. 

Manufacturers started reinforcing aluminium oxide into ultrahigh molecular weight polyethylene for hip and 

knee weight bearing joints and joint surfaces. Several manufacturing companies have been manufacturing joint 

replacement technologies using both synthetic Vitamin E likewise hindered phenol-based antioxidants. 

Bio alumina or aluminium oxide is a bio inert material and extensively used as articulating material used due 

to its good wear, corrosion resistance and excellent biocompatibility. Aluminium oxide possesses very high elastic 

modulus and good compressive strength due to its bio inert behaviour it matches with the tissue perfectly and perform 

as a better substitute for joints Chanda (1996), Aluminium oxide addition not only improves the characteristics but 

which also sustained good biocompatibility. 

The mechanical characteristics of ultra high molecular weight-polyethylene influence its load-bearing 

capacity. Moreover, the wear resistance of a replacement cartilage affects the efficiency of its lubrication system 

Hsu-Wei Fang (2004), though ultra high molecular weight-polyethylene is considered to have a low friction during 

a sliding process, its low strength between the synovial fluid and the articulated bone surface affects the effectiveness 

of lubrication of the articulated component. A substance having better wettability tends to make a tribo film on the 

layer surface that has the capability of carrying load. The surface topographies like roughness affect the wear rate.  

2. EXPERIMENTAL 

Materials and Processing: At first ultrapure high molecular weight polyethylene alone was used for this bone joint 

replacement process. Later many did reinforcements and combining various materials for the property enhancement 

of the material. Later it was found the reinforcement of aluminium oxide increases the property of the ultra high 

molecular weight polyethylene. Now many are doing in research in various materials with UHMWPE. Here I’m 

going to take ultra high molecular weight-polyethylene and aluminium oxide in the ratios of 100:00, 95:05, 90:10 

and 85:15 respectively, (Wu, 2002). 
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The UHMWPE particles with a density of 0.93 g/cm3 is taken and weight measured by weighing machine 

with 1 mg accuracy. The particle size is ranging between 100-500µm. Aluminium oxide is taken as the same size of 

powder particles for ensuring fine blending mixture. UHMWPE and aluminium oxide are mixed with various 

proportions for making a four types of different samples. In this research work injection mould machine is used to 

synthesize a composite material. The blending is the process of mixing the raw materials in the form of fine mixture. 

The expected outcome of the experiments depends on the proper combination of materials. The materials are mixed 

in the ratio of the 100:0, 95:05, 90:10 and 85:15, of UHMWPE and Al2O3 respectively, Yuanfeng Chen (2012). These 

proportion materials are taken in bowl and stirred manually for 2 hours. Preheating process involves to heating the 

proposed mixture up to 100oC with aid of electrical heater and it takes 1 hour. The preheated materials boost the 

moulding process to be an effective and it takes place after the blending process (Anbazhagan, 2014). The preheated 

fine material mixture is discharged into the die cavity of the moulding cavity. After completion of pouring process 

it is closed and pressed by the ram. The required polymer composite material is formed as per the moulding die 

shape. The poured material kept in atmosphere for cooling up to two hours (Sathiyamoorthy and Sekar, 2016), to 

find out the rate of wear manufactured material in tribo meter setup, 6 mm diameter Pin was made (Jayashree Bijwea, 

2015). 

Properties Evaluation: 
Hardness: To find the hardness Shore D Durometer scale was used. The ASTM test method designation D2240 was 

used to find the hardness. The specimen is to be placed on a flat hard surface. The durometer indenter is then pressed 

into the specimen. The hardness is read and shown by the durometer scale. The hardness value is found by the 

penetration made by the shore D scale Durometer indenter pointer in the sample. Owing to the resilience of the 

rubbers and plastics, the indentation reading can differ with respect to time. The ASTM test method designation is 

ASTM D2240 used for the evaluation of hardness. 

Shore D scale specifications: 

Table.1. Durometer specifications 

Hardened steel rod indenter diameter 1.4 mm 

Conical point angle  30° 

Radius tip    0.1 mm 

Wear Rate: The cylindrical rod of length 45mm and 3 mm radius was made. The opposite surfaces of stem are 

ground parallel to each other and finally lapped to a surface finish. The pin on disc of tribometer was surface polished 

and it is fitted to the rotating disc in the plexiglass chamber. The wear is unidirectional and monitored by a friction 

monitor. The polymer pin was fitted to the holder. Load was applied by dead weights at the edge of the hanger arm. 

A variable speed electric motor was used to rotate the counter face disc in counter-clockwise direction at different 

speeds. Wear of the polyethylene pin was estimated by the mass decreased in the pin  

The spherical edge of the pin simulates a specific contact on the disc. The characteristic features of the disc 

are mentioned in the table. Following results had obtained which indicates the inclusion of aluminium oxide in the 

ultra-high molecular weight polyethylene leads to reduction of wear. The wear factor calculated from the following 

equation 

𝑊 =
𝑀

𝑃𝑆
 

Where  W is the rate of wear, M is the total mass worn due to friction, P is the load acting on the pin, S is 

the distance slid by the pin over the disc. The pin was made and tests were done for both the pure ultra high molecular 

weight-polyethylene and composite pin samples consecutively. 

Disc material properties: The disc was fitted to the pin on disc rotor and coefficient of friction is monitored by 

friction monitor system and speed was measured by a tachometer. Wear results are measured as volume loss in cubic 

millimetres for the pin. The disc material properties were listed below. EN24T steel is a thorough hardened alloy 

steel is used due to its excellent machinability. Its hardness is in the range 248/302 HB.  

Table.2. Disc material properties 

Material EN 24 

Hardness 60 HRC 

Roughness RA 0.25 * 10-3 m 

Pin properties: The diameter of the sample was about 6 mm. Length of the pin was about 45 mm. 

Table.3. Pin on disc tribometer operating parameters 

Type of 

Sample 

Track Diameter 

(mm) 

Sliding velocity 

(m/s) 

Speed (rpm) Time 

(seconds) 

Track Distance 

(meter) 

U100A00 25 1.5 1146 666.67 1000 

U95A05 

U90A10 45 636.94 

U85A15 
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3. RESULTS AND DISCUSSION 

The reinforcement of Aluminium oxide in the ultra high molecular weight-polyethylene causes the increase 

in density of the composite gradually. The difference between the materials was around 2.76 g/cc. The density of the 

base materials were Ultra high molecular weight-polyethylene = 0.93 gram/cc, Aluminium oxide = 3.69 gram/cc. 

The densities of the composites found are U100A00 = 0.930 g/cc, U95A05 = 0.970 g/cc, U90A10 = 1.008 g/cc, and 

U85A15 =1.047 g/cc. 

Hardness: Due to the materials being polymer, the shore D scale durometer was used to determine the Hardness. 

ASTM D2240 method was used to find the hardness of the polymer and ultra-high molecular weight polyethylene. 

Table.4. Shore hardness comparison 

Shore hardness for U100A00 65 D 

Shore hardness for U95A05 68 D 

Shore hardness for U90A10 70 D 

Shore hardness for U85A15 72 D 

The inclusion of aluminium oxide proves the continual increase in the hardness of the ultra high molecular 

weight-polyethylene due to reinforcement of aluminium oxide. 

Wear rate: Since the coefficient of friction monitored by the meter was not constant through the process due to 

micro roughness on the disc, the average value is calculated for the total testing time. Then the average coefficient 

of friction was taken and calculated. The average coefficient of friction for UHMWPE was 0.278. The average 

coefficient of friction for polymer composite was 0.265, 0.198, and 0.1223. The wear rate is determined by 

calculating the total mass worn during the wear test. It can be found from the difference of pin weight before the test 

and weight of the pin after the test. The differences in their masses of the pin for the test of different types of polymers 

are found and mentioned in the table below. 

Table.5. Wear rate of samples 

Sample 
Initial mass 

(grams) 
Final mass (grams) Coefficient of friction 

Frictional force 

(Newton) 

Wear rate 

g/Nm 

U100A00 0.9830 0.9812 0.278 1.3635 3.6×10−7 

U95A05 0.9920 0.9905 0.265 1.299 2.9×10−7 

U90A10 0.9975 0.9962 0.198 0.9711 2.6×10−7 

U85A15 1.0101 1.0090 0.1223 0.5998 2.2×10−7 

From the table above, it can be concluded that the addition of aluminium oxide in the ultra high molecular 

weight-polyethylene which causes the reduction in wear, so that the material gets more life due to their wear rate is 

lowered. 

4. CONCLUSION 

From the result of the experiments, characteristic properties of the pure ultra high molecular weight-

polyethylene and polymer composites of various composition samples were compared and the following conclusions 

were made. The possibility of improving the characteristics of ultra high molecular weight-polyethylene by adding 

in their structure modifying agents of Al2O3 particles are substantiated and experimentally confirmed. Using the 

intended method of manufacture allows obtaining polymeric materials of UHMW PE and compositions on its basis, 

using aluminium oxide with durability in 1.5 - 2.5 times. Also the addition of the aluminium oxide in the ultra high 

molecular weight-polyethylene provides the composite more resistant to wear.  

In overall reinforcement of aluminium oxide in the Ultra high molecular weight-polyethylene leads to better 

properties of the polymer composites. The properties can be further made better by altering the reinforcement 

material amount percentage and by also adding the better strength elements like carbon and graphenes.  
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