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ABSTRACT 
 
The Hap/Cs-CMC (Hydroxyapatite/Chitosan-carboxymethyl cellulose) composite materials with 
different mass ratio were firstly prepared by liquid co-precipitation method. According to preliminary 
results, the mass ratio of 50/50 (Hap/Cs-CMC) composite material was selected as the research 
object. The microstructure, phase and component of surface of the composite material were 
investigated via soaking in simulated body fluid (SBF) at different time. The purpose was to 
comparatively investigate these changes based on the degradation behavior and calcium 
deposition in the physiological solution. The results showed that the phase structure of composite 
material was relatively stable in SBF solution, and the microstructure of surface had been changed 
at immersion time period. These changes indicated that the process of ion-exchange, dissolving, 
deposition, re-crystallization happened between the composite materials and inside of the SBF 
solution. In addition, the pH value of SBF solution kept basically stable and did not exhibit much 
variation, and EDS results showed there are some new additional elements (Mg, K, Cl, S, etc) in 
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composite material after materials soaking in SBF solution. The ion-exchange, dissolving, 
deposition, re-crystallization process occurred on the surface firstly and these processes tended to 
equilibrium with the increase of soaking time, which generated the Ca/P ratio of Hap/Cs-CMC 
composite materials maintained unchanged. 
 

 
Keywords: Hap/Cs-CMC; simulated body fluid; soaking; microstructure. 
 
1. INTRODUCTION 
 
Hydroxyapatite (Hap) which has good 
biocompatibility, bone conductibility is the main 
component of natural bone inorganic salt, and it 
has been regarded as an ideal material of bone 
defect repair. However, because of its brittleness 
and low degradation rate, its application in bone 
tissue engineering has been limited [1-3]. In 
order to prepare composite materials with better 
properties and mechanical strength to improve 
the performance of bone repair materials, many 
material were selected, such as titanium alloy, 
natural polysaccharide, protein, synthetic 
polymers, and so on [4-6]. However, in 
accordance with the needs of strength, 
toughness, biological activity, it was found that 
the Hap compounded with single material cannot 
meet demands of bone tissue engineering 
material. Therefore, improving the performance 
of HAP compounded with two or more other 
materials has been a hot spot in the present 
research. 
 
Chitosan (Cs), which is a natural biodegradable 
polysaccharide, has good biocompatibility, 
biological absorbability, stability and blood 
adhesion, etc. Many chitosan-based materials 
have been applied in the biomedicine fields [7-9]. 
Presently, many studies about Hap/Cs composite 
materials have been reported [10-12]. 
Unfortunately, some other studies found that 
there were some disadvantages, such as bad 
plasticity, mechanical property and poor interface 
bonding between Hap and Cs. Hence, with the 
purpose of improving its physical and chemical 
properties, one good way to modify Hap/Cs 
composite materials is to add other substance 
[13-15].  
 

Carboxymethyl cellulose (CMC) is a kind of 
cellulose with non-toxicity, adhesiveness, 
biodegradability, biocompatibility and containing 
large number of hydroxyl [16]. As a third phase, it 
can not only improve the interface combination 
between Hap and Cs, but also enhance the 
mechanical, chemical and biological properties of 
the composite material. Though many efforts 
have been devoted to Hap/Cs-CMC composite 
materials in recent years [17-20], the relationship 

between the material preparation, the 
microstructure and the performance was rarely 
reported. In this study, the Hap/Cs-CMC 
composite materials with 50/50 mass ratios were 
prepared for the first time through a liquid co-
precipitation method [21]. The microstructure, 
phase and component of the composite material 
were investigated via soaking in simulated body 
fluid (SBF) at different times. The purpose is to 
comparatively investigate these changes based 
on the degradation behavior and calcium 
deposition in the physiological solution. 
 

2. EXPERIMENTAL PART 
 
2.1 Materials 
 
Biomedical grade Chitosan (Cs) with 99 percent 
degree of the deacetylation; Biomedical grade 
Carboxymethyl cellulose (CMC); analytical grade 
Ca(NO3)2•4H2O, (NH4)2HPO4, CH3COOH (HAC) 
and NaOH chemicals were purchased from 
Baoding Huaxin Reagent and Apparatus Co. Ltd. 
All the materials were used as received without 
further purification. Deionized water was used 
throughout. 
 

2.2 The Preparation of Materials 
 
The solution of Ca(NO3)2•4H2O and (NH4)2HPO4 
aqueous solution was prepared with near 1.67 
Ca/P stoichiometric ratio. The Cs and CMC were 
dissolved in 2 wt% HAC and deionized water 
respectively. The mass ratio of Cs and CMC 
were fixed at 5:1. The Ca(NO3)2 solution was 
added into the mixture of Cs and CMC solution, 
and then the (NH4)2HPO4 solution was slowly 
dropped into the mixture for 6 h. At the same 
time, the pH was adjusted to 10 with NaOH 
solution. The reaction temperature was 
maintained at 40°C. The obtained white slurry 
was aged for 24 h at room temperature, and then 
the precipitate was filtered and washed. Finally, 
put them into the homemade mould to prepare 
composite samples of different proportions. 
 

2.3 Characterization 
 
The microstructure was characterized by FE-
SEM (Field Emission Scanning electron 
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Microscopy, model: JEOL-7500F, Japan). The 
surface compositions of the materials were 
analyzed by X-ray energy dispersive 
spectroscopy (EDS) using a Thermo Norman 
System 7 spectrometer. X-ray diffraction (XRD) 
patterns were acquired on a Y-2000 X-ray 
diffractometer with Cu Ka radiation (Dandong 
Radiative Instrument Group Co. Ltd). 
 
2.4 SBF Immersion 
 
To evaluate the degradation behavior and 
calcium deposition of the composite scaffolds in 
vitro, the composite materials were cut into 6 mm 
(diameter)×2 mm (thickness) plate-like sample. 
To explore its bioresorbability, the samples were 
incubated in SBF at a temperature of 37°C under 
agitation. the prescription of SBF referring to the 
No. 19th reference. The SBF solution kept fresh 
in a period of one week with adjustable pH at 7.4. 
After soaking in SBF at different times (1, 2, 
3weeks) respectively, the samples were moved 
from the SBF solution at each time point, then 
cleaned with ethanol, and dried in air. 
 
3. RESULTS AND DISCUSSION 
 
3.1 The XRD of Soaked Material 
 
Fig. 1 showed the XRD pattern of Hap/Cs-CMC 
composite material before and after soaking in 
SBF at different time. The broad peak that 
appeared around 20° was assigned to Cs 
(20.305°, 21.290°), and the sharp diffraction 
characteristic peaks that appeared at around 
31.8° and 26° correspond to the peaks of HAP 
(32.3 °, 32.9°, 39°. PDF#72-1243). It is evident 
from the observed results that no new 
characteristic diffraction peaks from other phases 
are detected via soaking in SBF at different time. 
The results also showed that composite 
materials immersed in SBF were relatively stable. 
In addition, the Hap diffraction peaks of 
composite materials were with line broadening 
and higher back bottom, which revealed the 
presence of poorly crystalline hydroxyapatite as 
the unique crystalline phase. 
 
3.2 The Microstructure of Soaked Material 
 
Fig. 2 is the surface microstructure of the 
composite materials before and after soaking in 
SBF. Fig. 2(a) is the image of composite material 
before immersion. As seen from Fig. 2(a), the 
Hap particles can be homogeneously 
incorporated with Cs and CMC matrix which 
possess better density. Besides, the inorganic 

phase Hap bonded with organic phase, which led 
to many small pores in composite material. The 
Hap particles were composed of almost spherical 
aggregates with uniformly dispersion, and the 
particles size was about 20 nm in diameter. Fig. 
2 (b), (c), (d) were SEM images of composites 
materials with different soaking time periods. It 
was evident that the microstructure had been 
changed with immersion time increasing, the 
surface of composite material had sediment of 
amorphous accumulation consisting of small 
particles after one week soaking, and crystallized 
particles of nano-hydroxyapatite on the surface 
are obviously decreased. For the above 
phenomenon, it might be explained that Cs and 
CMC occurred partial degradation. Then the 
interaction among degradation products, such as 
calcium, phosphorus and other ionic in SBF 
solution, resulted in the formation of sediment of 
calcium salt on the surface (Fig. 2b). With the 
increase of immersion time, the amorphous 
deposits gradually disappeared and the fine 
particles emerged on the surface of composite 
material. The number of particles shows the 
increasing trend. Three weeks later, the surface 
of the composite material is substantially covered 
with nano-particles of the sediments (Fig. 2(c), 
(d),). The reason might be that Ca2+、P04

3- and 
other ions in SBF were exchanged. The tiny 
apatite crystals particles were formed when the 
exchange gradually arrived to balance with 
immersion periods going.  
 
In order to study the changes of material 
component, the semiquantitative analysis of 
major elements content was determined by 
energy dispersive spectroscopy (EDS). Five 
measurements of Ca and P content were 
performed at different places of each sample, 
and average Ca/P ratios with standard deviations 
were calculated. Fig. 3 showed the typical 
spectrum of material before and after immersion, 
which showed that the composite material mainly 
contain Ca、P、O、C and a few amount of 
sodium element before soaking. Apparently, it 
also showed that there are some new additional 
elements (Mg, K, Cl, S, etc) in composite 
material after materials were soaked in SBF 
solution. Fig. 4 showed the change of Ca/P ratios 
at different soaking time period. The Ca/P ratio of 
surface layers had an abrupt decrease during the 
first there weeks, then increase to about 1.65 at 
soaking weeks. Subsequently, it showed a 
continuous slow increase trend with the 
extension of immersion time. By the end of the 
fourth week, the Ca/P ratio of material 
maintained at about 1.75. This phenomenon 
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could be due to the presence of richer Ca and P 
content. Because of poorly Hap crystalline with 
high solubility in SBF solution, the ion-exchange, 
dissolving, deposition, re-crystallization process 

occurred on the surface firstly. With the increase 
of soaking time, these processes tended to 
equilibrium, which generated the Ca/P ratio of 
Hap/Cs-CMC composite maintained unchanged. 

  

 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 

 
Fig. 1. XRD patterns of composite dipped in SBF for different times 

 

  
 

  
 

Fig. 2. Surface SEM micrographs of n-HA/CS-CMC (50/50) composite dipped in SBF for 
different times (a) 0 week; (b) 1 week; (c) 2 week; (d) 3 week 
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Fig. 3. EDS spectra of n-Hap/Cs-CMC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The change of Ca/P ratios at different soaking time period 
 
3.3 pH Change of SBF Solution 
 

In order to investigate the degradation and ion-
exchange process, the pH values of SBF solution 
was determined at different soaking times              
(Fig. 5). It can be seen that the pH value of SBF 
solution increases with the extension of 
immersion time. By the third week, the pH value 
increased from initially 7.4±0.03 to 7.54±0.04, 
then it decreased to 7.36±0.02 at the four week. 
The observed results indicated that the Hap/Cs-
CMC composite material did not exhibit much 
variation in pH value. The changes, such as a 
gradual decrease and an abrupt decrease in the 
pH value of SBF solution, is usually due to 
reabsorption of Ca from the SBF solution by the 
material as observed in the increase of Ca/P to 
1.73. In our opinion, it might be also caused by 
the alkaline effect of the processes of 
degradation, ion-exchange, dissolution, 
deposition, recrystallization etc. 

 
 

Fig. 5. The change of pH 
 
4. CONCLUSION 
 
The microstructure, phase and component of 
surface of the composite material were 
investigated via soaking in SBF at different times. 
It was proven that the phase structure of 
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composite material was relatively stable in the 
SBF solution and the microstructure of surface 
had been changed during the immersion time. 
These changes showed that the process of ion-
exchange, dissolving, deposition, re-
crystallization had been occurred between the 
composite materials and the SBF solution, 
resulting in a stable Ca/P ratio of Hap/Cs-CMC 
composite materials. 
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