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Abstract. Brittle nature of hydroxyapatite for bone implants reduced by adding chitosan.  To strengthen the particles 

bond of the composite, cyanoacrylate was infiltrated into the composites. Infiltration was performed at room temperature 

and without any external pressure treatment system. The aim of this study is to examine the microstructure of 

hydroxyapatite-chitosan composite by infiltration of cyanoacrylate. Hydroxyapatite composite-chitosan composit was 

immersed in cyanoacrylate. Cyanoacrylate infiltrate into composite from all directions. The system is isolated from 

atmospheric air in order to avoid direct contact with air. Surface morphology was observed by scanning electron 

microscope on the specimen. Observations indicate that the higher content of chitosan, cyanoacrylate increasingly looks 

much infiltrated composite hydroxyapatite-chitosan. 

INTRODUCTION 

 

Hydroxyapatite (HA) bioceramics have porous morphology which results in good bonding capability to the 

bone, and a good mechanical interlock of the material.  Dimensions and morphology of the pores can support bone 

osseointegration [1,2]. Although HA is superior in biocompatibility thereby making it a material of choice for bone 

implants [3], unfortunately, its mechanical properties is not as good as the mechanical properties of natural bone [4]. 

A wide range of materials for biomedical applications can be created based on two components, i.e., nanocrystalline 

apatite and chitosan [5,6,7,8]. Chitosan is a promising material for biomedical applications because it is 

biocompatible with human tissue, and its ability to facilitate the regenerative process in wound healing [9]. The HA 

has a low hardness and is brittle so it gives constraints in the design process [10] used the chitosan which was a 

natural biopolymer that is expected to be like the organic component of bone matrix and can cope with the fragile 

nature of HA, and the enhanced elastic modulus significantly was shown in macro-mechanical test. 

Recently, biomedical material has been used cyanoacrylate with low viscosity as a tissue adhesive and 

bioimplant orthopedic [11,12]. Cyanoacrylate (CA) is suitable as a filler material of bone, increasing bone tissue 

bonding and new bone growth [13,14]. In this study, the cyanoacrylate was infiltrated into HA-chitosan composite 

without any pressure from outside the system. Infiltration effect of cyanoacrylate on the morphology of HA-chitosan 

composites were investigated using scabbing electron microscope (SEM), furthermore the results of the 

investigation are discussed. 

 

METHOD 

 

Materials and manufacture 
Materials used in this work are chitosan powder, bovine HA powder, and cyanoacrylate. Chitosan powder made 

from crab shells was mixed with bovine hydroxyapatite in a dry condition. The composite series of materials have 

different chitosan–HA weight concentration ratios, i.e. 0 wt.%, 10 wt.%, and 20 wt.% of chitosan. The HA was 

calcined on 500°C for 3 hr prior to mixed at 120 rpm and 30 min. Green bodies (12 mm diameter, 3 mm thick) of 
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HA-chitosan composites were successfully compacted and sintered using cold uniaxial compaction technique. In 

uniaxial pressing the specimens were compacted at 50 kg/cm2, 75 kg/cm2, and 100 kg/cm2. Sintering was performed 

at 1000°C, and holding time for 1h. 

 

 
 

 

 

 

The CA-HA/Chitosan composites made by pressureless infiltration-assisted liquid technique. Liquid CA 

was infiltrated into a porous HA/Chitosan composites at room temperature in 24 hours. During the infiltration 

process, it was distributed in all directions, and was kept from direct contact with atmospheric air so that no 

polymerization of CA (see Fig.1a).  

 

Morphologycal test 
The depth infiltration of CA on composite HA-chitosan (Fig. 1b) was observed using scanning electron microscope 

(SEM). 

 

RESULT AND DISCUSIONS 

 

Surface morphology of calcined HA at compacting pressure of 50 kg / cm2 with and without infiltration of 

cyanoacrylate is shown in Fig. 3. 
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Fig. 2 Schematic diagram for (a) infiltration test, (b) sample HA-Chitosan, and (c) infiltrated surface of CA for 

HA-Chitosan composite  
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Fig. 3 Section Surface morphology of calcined HA calcined at compacting pressure of 50 kg/cm2 without CA (a) and CA. 

 

In case of composites without CA, the pores are clearly observed. Different conditions was seen in the 

infiltrated composite in which the pores are closed by cyanoacrylate that filled pores. From SEM observation, the 

composite HA-chitosan decomposes on the surface, bound by cyanoacrylate and then embed to the surface of 

composite. Cyanoacrylate fill the pores, especially near the surface of the composite to decompose (Fig. 3). 

 

 

Fig. 4. Surface microstructure of HA-K composite on compacting pressure of 75 kg/cm2. (a) and pressure of 100 kg/cm2. Black 

circle indicated the infiltration of CA. 

 

Fig. 4 depict a thin layer cyanoacrylate infiltrate the pores of the composite HA-chitosan which led to reduced 

composite porosity. Although infiltration occurred in the area in the middle of the composite section, however 

cyanoacrylate has not been able to fill the entire pores formed on the composite HA-chitosan. Cyanoacrylate 

infiltration occurred in many locations close to the surface of the composite, as shown in Fig. 5. In this area, the 

infiltration of cyanoacrylate capable of filling the pores of the composite HA-chitosan. 

 

The entire surface was observed showed similarities phenomenon. The HA-chitosan composite is porous 

therefore CA is able to infiltrate that composite through the pores. Cross-section surface close to the surface in direct 

contact between the composites and cyanoacylate has higher intensity on infiltration of CA. These conditions 

encourage cyanoacrylate able to fill the pores and into the bond between the particles previously separated by pore. 

Good adhesion of CA is able to increase the interfacial bonding between the particles hydroxyapatite. Increased 

interfacial bonding effect though small is to increase Young's modulus [15]. Good interfacial adhesion affect the 

behavior of the composite and the ability to transfer load will be increased by increasing the interfacial bonding 

strength [15].  

 

CONCLUSIONS 

 

Infiltration cyanoacrylate composite surface is a function of distance. The farther from the surface, cyanoacrylate 

infiltration decline that ultimately was not able to fill the pores of the composite. When the composite is in the 

cyanoacrylte, composite surface to decompose and the things that are the cause has not been evaluated. 
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