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1.0 Introduction 

In recent years, many types of mineral reinforced polymeric 

matrix composites are being deployed in hard tissue 

replacement applications. Mineralized tissues such as bones, 

teeth and shells have attracted considerable interest as natural 

anisotropic composite structures with adequate mechanical 

properties [1]. Tissue Engineering is an interdisciplinary field 

that combines the knowledge and technology of cells, 

engineering materials and suitable biochemical factors to 

design and create artificial organ tissues and bone tissues or to 

regenerate the damaged tissues[1]. Bone scaffolds are the 

templates made of synthetic biodegradable polymers or 

bioceramics as substrates for 3D culture of osteoplast or other 

applicable cell types [2]. The research motivation was the 

development of new biomaterials having adequate 

biocompatibility and mechanical behaviour that allow for 

their use on load bearing applications. The Scaffold for Tissue 

Engineering [3] provides a support for the cells to grow and 

proliferate to form an extracellular matrix (ECM). Bonfield et 

al.(1981) proposed the use of composites of HDPE with 

hydroxyapatite (HA), introducing the so-called bone-analogue 

concept. It gives the structural stability and integrity to build 

tissues. An ideal scaffold should have the following 

characteristics: Highly interconnecting pores; Ability to 

transport oxygen and other nutrients; Ability to provide 

Structural Stability and Integrity; Possesses Tensile, 

Compressive & Flexural Strength and Stiffness; Controlled 

Biodegradability and Biocompatibility[4]. Researches on the 

mechanical properties of injection molded of fiber reinforced 

HA/PLA, 

Composites, 

Scaffolds, 

Mechanical properties, 

MAH,  

Compatibilizer 
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In this study, the effect of Maleic anhydride on mechanical properties such as 

tensile strength, flexural strength and modulus of Hydroxyapatite 

(HA)/Polylactic Acid (PLA) composites were determined. Maleic-anhydride 

(MAH)-grafted- PLA was filled with Hydroxyapetite (HA) using Haake 

Rheocorder mixer. The composite mixture was then moulded to form the 

required tensile and flexural test specimens using Injection Moulding process. 

The composites with Maleic anhydride (MAH) content of 0wt%, 0.5wt%, 

1.0wt% and 2.0wt% were fabricated. Tensile tests according to ASTM-D 638 

standards were conducted. Flexural tests according to ASTM-D 790 standards 

were conducted. The results showed that addition of maleic anhydride (MAH) 

has improved the mechanical properties. Other properties such as stiffness and 

yield point, were also evaluated from the results of tensile tests.  
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thermoplastics and injection molding parameters are realized. 

M.E. Gomes et al. (2001) investigated the effects of the 

starch-based filler on polymer composite scaffold which 

could affect the mechanical and degradability of the scaffolds 

produced. Materials manufactured from different starch-based 

blends, exhibit significant differences in their mechanical and 

degradation behaviour, which might make them suitable for 

different particular medical applications [5]. For obtaining 

scaffolds with enhanced mechanical properties associated 

with a bioactive behaviour, i.e., by using the HA 

reinforcement, it is necessary to optimize the processing 

conditions in order to allow for the production of higher 

porosity composite scaffolds [4-8]. The development of 

hybrid materials that combine naturally occurring polymers 

with biocompatible synthetic polymers is expected to 

minimize the mismatch of mechanical properties and preserve 

biocompatibility [8]. Maleic anhydride (MAH) is one of the 

most widely used reactive compatibilizers due to its good 

chemical reactivity, low toxicity and low potential to 

polymerize itself under free radical grafting conditions [9].  

2.0 Materials and Methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample ID Maleic anhydride (MAH) composition 

HA/PLA 10 HA/PLA/MAH 0 HA/PLA/MAH 0.5 HA/PLA/MAH 1.0 HA/PLA/MAH 2.0 

HA10%_+ 

PLA90wt% 

HA10%_+ PLA90wt%+ 

MAH 0% 

HA10%_+ PLA89.5wt%+ 

MAH 0.5% 

HA10%_+ PLA89.0wt%+ 

MAH 1.0% 

HA10%_+ PLA88.0wt%+ 

MAH 2.0% 

 

2.1  Materials 

PLA resin, 3051D grade Poly-lactic acid (NatureWorks, 

China), was dried in a vacuum oven at 60 0C for 24 h to 

remove residual moisture before use. The selected 

compatibilizer was Maleic-anhydride (MAH) with the 

chemical formula: C4H2O and molecular weight 98.06 g/mol, 

and purity, 99% were from Sigma– Aldrich (USA), and used 

as received. Hydroxyapetite (Fluka 21223) with average 

particle size of 10-20microns was used.  

 

 

 

 

 

 

 

2.2  Methods 

Maleic-anhydride (MAH)-grafted- PLA was melt mixed with 

HA using Haake Rheocorder mixer. The formulations used 

for producing MAH -g-PLA/HA composites are listed in 

Table 1. The polymer matrix used in this research was based 

on PLA matrix with 10 wt% of hydroxyapetite and 90 wt.% 

poly(lactic acid)  designated as HA/PLA10. The work 

included the development and preparation of biodegradable  

 

 

 

 

 

Table 1 Formulations used to produce MAH-g-PLA/HA composites 

polymeric composite HA/PLA with 0.5%, 1.0% and 2.0% of 

MAH grafted with PLA. The composite mixture was then 

moulded to form the required tensile and flexural test 

specimens using an injection molding machine, Battenfeld 

HM 600. The dimension of the tensile test specimens was 

50mm (Guage length) X 6mm (width) X 3mm (thickness). 

The three-point bending test was carried out for the specimens 

with dimension 125mm (span length) X 12.7mm (width) X 

3mm (thickness) at room temperature. 

The developed materials were mechanically tested on an 

Instron 3382 universal tensile testing machine using a load 

cell of 100 kN. The tests were carried out in a controlled 

environment  (23.8 0C and 55% RH) and at a cross-head speed 

of 1 mm/min. A minimum of eight specimens was tested for 

each condition. Tensile tests according to ASTM-D 638 

standards were conducted and the fractured surface was 

analyzed using Scanning Electron Microscopy (SEM). 

Flexural tests according to ASTM-D 790 standards were 

conducted and the fractured surface was analyzed using 

Scanning Electron Microscopy (SEM). The fractured samples 

after tensile and flexural tests were characterized in terms of  

 

their fractured surface morphology, Scanning Electron 

Microscope (EVO/MA15, Carl Zeiss Pvt.Ltd.,UK.) was used 

to study the microstructural morphology between the PLA 

matrix and HA fillers.  

3.0 Results and Discussion 

The results showed that the addition of maleic anhydride 

(MAH) has increased the mechanical properties. Other 

properties of the composites, such as stiffness and strain at 

break, were evaluated from the results of tensile tests. For 

obtaining scaffolds composites with enhanced mechanical 

properties associated with a bioactive behaviour, i.e., by using 

the HA reinforcement, it is necessary to use a compatibilizer 

such as maleic anhydride.   

3.1  Mechanical properties  

The HA filler mixed with PLA matrix proposed for producing 

scaffolds by injection molding with maleic anhydride as  
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Material ID Tensile Strength 

(MPa) 

Tensile Modulus 

(GPa) 

% elongation at 

Break ,Eb 

Flexural Strength 

(MPa) 

Flexural Modulus 

(GPa) 

HA/PLA/MAH 0 42.56±1.05 3.51±0.09 3.23±0.16 77.12±1.8 3.65±0.09 

HA/PLA/MAH 0.5 44.43±1.1 3.49±0.085 3.81±0.19 79.79±1.9 3.72±0.094 

HA/PLA/MAH 1.0 46.07±1.15 3.39±0.08 4.23±0.21 88.46±2.2 3.86±0.096 

HA/PLA/MAH 2.0 45.66±1.12 3.19±0.075 3.22±0.15 89.92±2.25 3.28±0.08 

 

compatibilizers shows different tensile and flexural 

properties, with its largest modulus ranging from 3.0 to 4.0 

GPa. From Table 2, it can be observed that the HA/PLA10 

with MAH samples consistently shows better mechanical 

properties than HA/PLA10 without MAH compatibilizer 

samples. 

 

 

 

 

 

 

HA/PLA10 samples with 0.5wt%MAH have increased the 

tensile strength from 42.56±1.05MPa to 44.43±1.1MPa. It 

shows better mechanical properties when compared with 

HA/PLA uncompatibilized samples. This could be explained 

by the stiffness of the synthetic polymer and by the 

concentration of MAH being larger in HA/PLA10than in 

HA/PLA10. Furthermore, HA/PLA10 samples showed better 

flexural strength for most injection molding HA/PLA 

composites with 0wt% to 2.0wt% as shown in Figure 4.  The 

flexural strength  results  for   both   uncompatibilized  and  

 

However, it seems that the mechanical properties of 

HA/PLA10 are much more sensitive to the compatibilizers. 

The composites obtained from HA and PLA with MAH 

content show better mechanical properties compared even 

with the HA/PLA composites without MAH processed by 

injection moulding technique. The flexural modulus of the 

HA/PLA composites seems to be affected by the amount of 

the MAH content used and on the processing conditions, 

particularly in the case of 2.0wt% of MAH content. This 

result was due to an increase in the efficiency of perfect  

Table 2  Mechanical properties including tensile and flexural strength, modulus and % strain at break of HA/PLA 

composites with MAH compatibilizer. 

Fig. 1  Tensile Strength of MAH-g-PLA/HA Composites 

compatibilized materials show the same trends as observed in 

the tensile modulus. HA/PLA10 with 1.0wt% MAH specimens 

have values of strength larger than HA/PLA10 without MAH 

content. The strain at break of HA/PLA10 with 2.0wt% MAH 

composite is considerably lower than the ones of HA/PLA10 

with 0.5wt%MAH composite. 
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bonding between PLA and HA, which consequently gives rise 

to higher modulus upto 1.0wt% MAH content. However, the 

addition of MAH furthermore has reduced the flexural 

modulus compared to HA/PLA with less than 1.0wt% MAH 

composites. This might be attributed to the presence of 

anhydride group which has reduced the elasticity of the 

composites. The interfacial adhesion was effectively 

improved, and the highest tensile strength and elongation at  

 

break were found in the blends of 90wt% PLA and 10wt% 

HA composition with 1.0wt% MAH. The addition of 2.0wt% 

MAH to the HA/PLA composites resulted in reduction of the 

tensile strength and a marginal increase in the flexural 

strength. However, these improvements are not sufficient to 

meet the requirements for PLA resin. 

 

Fig. 2  Tensile Modulus of MAH-g-PLA/HA Composites 

Fig. 3  Elongation at break of MAH-g-PLA/HA Composites 
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3.2 Morphology of the fractured surface of the HA/PLA     

composites 

In most of the polymer composites, MAH is being used as the 

compatibilizing agent. Hence, MAH (0.5wt%, 1.0wt% and 

2.0wt %) was tested with HA/PLA composites. Figure 6 (a) 

shows the SEM micrograph of HA (10 wt %) filled PLA 

composite without MAH compatibilizer (with mag.500X). 

We can observe that HA was detached from the PLA matrix  

 

and voids occurred in the HA/PLA composites without MAH. 

With the addition of MAH-g-PLA, a good interfacial 

adhesion and less pullout of HA from PLA matrix can be 

observed from the Figure 6(b) – (c) and as a result, show a 

better tensile strength.  Therefore, the HA/PLA composite 

without MAH has the lower tensile strength and flexural 

strength when compared with the HA/PLA composite with 

MAH content. From Figures 6(c) and (d) we can observe the 

HA/PLA composites with 1.0wt% and 2.0wt% MAH content 

Fig. 4  Flexural Strength of MAH-g-PLA/HA Composites 

Fig.5  Flexural Modulus of MAH-g-PLA/HA Composites 
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show a ductile fracture with increased strength when 

compared with 0.5wt% of MAH content which is relatively a 

brittle fracture. 

 

 

 

4.0 Conclusion 

It was possible to obtain composites from HA and PLA by 

Injection molding process.  The grafting of MAH 

compatibilizer upto 2.0wt% is an adequate method for the 

production and control of the mechanical properties and for 

the improvement of the bonding strength between the HA and 

PLA. The mechanical properties such as tensile and flexural 

strength have been considerably improved by grafting MAH 

in the HA/PLA composites.  The mechanical strength of 

HA/PLA composites with 2.0wt% MAH is consistently larger 

than that of the HA/PLA composites without MAH 

compatibilizers. The mechanical modulus of HA/PLA  

 

other composites in producing scaffolds for tissue engineering 

applications. 
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Fig.6  SEM image of fractured surface in composites of HA/PLA10:  (a) without MAH compatibilizer,  (b)  with 0.5% of MAH compatibilizer,     

(c) with 1.0% of MAH compatibilizer, (d) with 2.0% of MAH compatibilizer 

composites was reduced at 2.0wt% MAH content. MAH 

compatibilized HA/PLA composites could be an alternative to  
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