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Abstract 

Metallic biomaterials are suitable for many surgical implants because of their 

excellent mechanical properties. Most of metallic biomaterials have excellent 

strength. Due to rapid inventions in field of new materials in medical 

application varieties of biomaterials are being developed. Due to challenges 

imposed strength requirement and life of bone implants still there is a lot of 

scope to develop new biomaterials to replace existing ones. In this 

investigation, five metallic biomaterials are tested for their properties for their 

selection, which are made up of metal matrix. The results are compared for 

compression testing, wear testing and hardness testing of the newly developed 

biomaterial samples help in selecting appropriate material composition. 

Considering compressive strength characteristic sample S5 has deformation of 

11 mm and compressive strength of 28.136 N/mm2.   Sample S1 is suitable 

from hardness as it has hardness of 157 HV. Wear resistance of sample S1 is 

30 µm that will provide maximum wear resistance among the samples 

manufactured. 
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1. INTRODUCTION  

Metallic biomaterials are widely used for the fabrication of surgical implants because 

of their high strength and resistance to fracture. Because of theses properties they can 

provide long-term implant performance in major load-bearing situations. They can be 

manufactured in simple and complex shapes using commonly used manufacturing 

processes like  casting, forging, machining and because of  this they are widely used 
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in medical application partuclary in  orthopedics and dentistry. Metalic biomaterials 

can be also usd for  artificial heart valves, blood conduits and other components of 

heart assist devices, vascular stents and aneurysm clips[1].  

Over the past few years the demand for implants has grown radically. This has driven 

the patient’s desire to maintain same level of activity and ageing of population [2]. 

Biomaterials are now a days are available in a very large variety and functional 

possibilities. They can be processed with different methods of processing and 

assembly into an implantable device. Wide variety of synthetic, natural and hybrid 

materials currently in this market [3].  

 

1.1 Classification of Biomaterials 

Biomaterials can be classified as follows 

1.1.1 Metallic Biomaterials 

Varieties of metal made biomaterial are available in market now. They come with 

different combinations of mechanical and physical properties. 

1.1.2 Ceramic Biomaterials  

Ceramics are also suitable for biomaterial implants because they are are generally 

hard. They can be as bio-inert, bioactive or surface reactive ceramics, and 

biodegradable or bio-ceramics.  

1.1.3 Composite Biomaterials   

Metal composites are also innovative option for biomaterial as one can have a 

attractive combination of properties as a composite 

1.1.4 Polymeric Biomaterials  

Synthetic polymeric materials have been widely used in medical disposable supplies, 

prosthetics, dental materials, implants, dressings, extracorporeal devices, drug 

delivery systems, and metal and ceramics substitutes.  

1.1.5 Biodegradable Polymeric Biomaterials 

The term biodegradation is loosely associated with materials that could be broken 

down either by hydrolytic mechanisms without the help of enzymes or enzymatic 

mechanism. The implants made from biodegradable polymeric biomaterials are used 

as a temporary scaffold for tissue regeneration [4]. 

 

2. DEVELOPMENT OF NEW BIOMATERIAL 

Development of new biomaterial to replace existing metallic biomaterial having better 

properties as that of metals is the main aim of this investigation. A new bioceramic 

composite material is developed containing HDPE, Alumina, Seashell and Eggshell. 

The material is manufactured using extrusion and molding processes [5]. The five 

samples are created by varying the amount of HDPE and reinforcement contribution. 
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The description of samples manufactured is as below- These samples are tested to 

determine their mechanical properties. 

 

Table 1. Material composition of samples of newly developed biomaterial 

Sr. 

No. 

Specimn 

Designation 

Polymer Matrix 

Composition HDPE (%) 

Reinforced Particulates (%) 

Particulate 

1 

Al2O3 

Particulate 2 

Seashell 

Powder 

Particulate 3 

Eggshell 

Powder 

1 S1 60 10 15 15 

2 S2 65 10 10 15 

3 S3 70 10 10 10 

4 S4 75 10 5 10 

5 S5 80 5 5 10 

 

3. MATERIAL TESTING 

The developed bioceramic composite material is tested for three major mechanical 

properties; Compressive strength, Hardness and Wear. The samples for testing are 

prepared as per ASTM standards. The measurement and testing is done according to 

standard material testing procedure. The results obtained are as follows. 

 

3.1 Compressive testing 

The test specimen is prepared as per ASTM D695. The testing is done using UTM. 

The results generated for compression testing are given below. 

 

                                                 (a)                                                  (b) 

Fig. 1 Sample S1 before compressive testing (a) and after compressive testing (b) 
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Table 2. Summary of compression test results for five samples S1, S2, S3, S4, S5 

Specimen No Failure Peak Load 

(KN) 

Deformation 

(mm) 

Compressive strength  

(N/mm2) 

S1 4.477 9.880 21.90 

S2 5.000 9.520 22.707 

S3 6.090 12.520 27.682 

S4 6.280 14.800 28.545 

S5 6.190 11.070 28.136 

 

Samples S1, S2 have nearly same values of Deformation and Compressive strength 

containing 60-65% HDPE and 35-40% reinforcements. Samples S3, S4, S5 have 

approximately equal peak load and compressive strength; but have a variable 

deformation value. In these samples; sample S4 shows maximum deformation of 

14.80 mm and sample S5 shows minimum deformation of 11.07 mm. 

Sample S4 is having 75% HDPE matrix and 25% reinforcement and Sample S5 

having 80% HDPE and 20% reinforcement. From above results, it is concluded that 

sample S5, containing 80% HDPE, 5% Alumina, 5% Seashell and 10% Eggshell is 

suitable for applications involving compressive forces acting on implant. 

 

3.2 Hardness testing 

The test specimen is prepared as per ASTM D2240. The testing is done using 

Vicker’s Hardness Tester [6]. The results generated for compression testing are given 

below. 

 

 

                           (a)                                                            (b) 

Figure 2. Sample S1 (a)  before Hardness test and (b) after Hardness test  
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Table 3. Summary of hardness test results 

Sr. No. Particulate 

reinforcement 

Sample No. 

S1 S2 S3 S4 S5 

1 Alumina (Al2O3) 152 134 112 87 116 

2 Seashell 152 140 120 96 110 

3 Eggshell 154 136 116 94 112 

4 Average Hardness 152.7 136.7 116 93.2 112.7 

 

Samples S1 show highest hardness value of 152.7 HV having 40% reinforcement of 

Al2O3, seashell and eggshell. Hardness of sample S2 decreases to 136 HV as 

composition of seashell decreases and that of HDPE increases. Hardness value of 

samples S3 is decreased to 116 HV due to reduction in percentage of eggshell and 

increase in HDPE upto 70%. The hardness value of S4 is 93.2 HV due to reduction in 

reinforcement and increase in polymer matrix. In sample S5; HDPE matrix is 80% 

and percentage of alumina is reduced to 5% from 10% keeping others particulates at 

same level. This sample is having increased hardness of 112.7 HV.  For maximum 

hardness sample S1 is to selected as ideal. 

3.3 Wear testing 

The test specimen is prepared as per ASTM D-G99. The testing is done using Pin-on-

Disk wear Tester [7]. The results generated for compression testing are given below- 

 

                                                 (a)                (b) 

Figure 1 sample S1 (a) Before Wear test and (b) After Wear test 

 

Table 4. Summary of wear testing results 

Type of Reinforcement 

(µm) 

HDPE reinforced composite samples wear (µm) 

S1  S2 S3 S4 S5 

Al2O3 30 36 44 50 58 

Seashell 30 36 44 50 58 

Eggshell 30 36 44 50 58 

Average 30 36 44 50 58 
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The sample S1 that shows wear rate of 30 µm having lowest wear rate contains 60% 

polymer matrix and 40% reinforcement. Sample number S5 having 80% polymer 

matrix and 20% reinforcement shows highest rate of wear equal to 58 µm. by 

observing the rate of wear for all the samples it is concluded that as polymer matrix 

percentage goes on increasing and reinforcement contribution goes on decreasing the 

wear resistance properties of the biomaterial goes on reducing. Hence, reinforcement 

increases the wear resistance of the biomaterial. From above results from sample S1 is 

most suitable for offering excellent wear resistance. 

 

CONCLUSIONS 

Metallic biomaterials are being used for a large variety of application due to their 

excellent mechanical properties. The disadvantages of these materials are corrosion 

and wear which may affect the working of implant as well as body. There are varieties 

of class of biomaerials that are being developed; but still it is required to develop new 

biomaterials to replace existing ones. The reason for this can be attributed to growing 

demand for high performance implants and prostheses. The results obtained for 

compression testing, wear testing and hardness testing of the newly developed 

biomaterial samples help in selecting appropriate material composition. Considering 

compressive strength characteristic sample S5 has deformation of 11 mm and 

compressive strength of 28.136 N/mm2.   Sample S1 is suitable from hardness as it has 

hardness of 157 HV. Wear resistance of sample S1 is 30 µm that will provide 

maximum wear resistance among the samples manufactured. 
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