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Introduction
Hydroxyapatite is a useful biomaterial with a composition sim-

ilar to that of the human bone and has an excellent biocompatibil-
ity, bioactivity as well as non-immunogenicity [1]. However, com-
mercial hydroxyapatite exhibits very low porosity and it cannot 
be used effectively for adsorption based biomedical applications, 
especially drug delivery, protein and nucleic acid fractionation 
[2]. Hydroxyapatite with high porosity is a valuable biomaterial 
for adsorption-based biomedical applications as it promotes bet-
ter adsorption capacity and kinetics. Hydrothermal technique 
involving the use of surfactant is a preferable method to synthe-
size hydroxyapatite with desired porosity [3,4]. The addition of 
surfactant provides template for hydroxyapatite crystal growth. 
The surfactant is then removed via washing and calcination pro-
cess. Calcination is a heat treatment process used to prepare hy-
droxyapatite with high purity and uniform particle size, thus it is 
commonly applied in hydroxyapatite synthesis process.Hemocom-
patibility is a vital study to be performed prior to the utilization 
of hydroxyapatite in blood related biomedical applications. When 
blood is in contact with non-hemocompatible material, it causes 
the activation of coagulation and immune systems in human body 
which may threaten a patient’s life [5]. Therefore, it is necessary 
to conduct hemocompatibility study especially hemolysis test on  

 
the nanoporous hydroxyapatite to ensure the safety of patients.In 
this study, nanoporous hydroxyapatite was synthesized based on a 
surfactant-templating system using decyltrimethylammonium bro-
mide (C10TAB). The effect of calcination on the physicochemical 
properties and hemocompatibility of the synthesized hydroxyapa-
tite is studied. 

Materials and Methods
Synthesis of Hydroxyapatite

Hydroxyapatite was synthesized by using hydrothermal tech-
nique reported previously [6]. 100mL of phosphate solution 
(0.24M) was prepared by dissolving 3.74g NaH2PO4.2H2O (Merck) 
and 3.36g decyltrimethylammonium bromide (C10TAB, Tokyo 
Chemical Industry) into deionized water. The phosphate solution 
was added slowly into 0.67M of calcium solution (CaCl2.2H2O added 
into 60mL deionized water) until white slurry formed and the mix-
ture was aged at 120 °C for 24 hours. The pH of the solutions was 
kept at 11 using NaOH solution (1M, Merck). The obtained white 
precipitate was washed with deionized water and dried overnight 
in an oven. The cleaned sample was calcined in a furnace at 550°C 
for 6h to burn off the surfactant (Sample A). Similar procedure was 
repeated to synthesize hydroxyapatite without going through calci-
nation process (Sample B).
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Characterization
FTIR spectrometer (Perkin-Elmer Spectrum One) was used to 

determine the functional groups present on the hydroxyapatite 
samples using KBr technique and scanned from the range of 4000 
to 400cm-1. Micromeritics ASAP 2020 automated gas sorption ana-
lyzer was used to determine the physisorption of the hydroxyapa-
tite towards nitrogen (N2) gas at -196°C. The surface area of the 
hydroxyapatite was determined from the nitrogen adsorption iso-
therm by using Brunauer-Emmett-Teller (BET) and Langmuir mod-
els. Barrett-Joyner-Halenda (BJH) theory was used to calculate the 
pore volume and pore width of the hydroxyapatite. 

Hemocompatibility Study
Hemolysis test was carried out based on the experiment re-

ported [7]. Fresh human blood from healthy donor was collected 
into anticoagulated tubes (K2EDTA). Five different concentrations 
of samples were prepared by adding the hydroxyapatite to sterile 
saline solution. 0.02mL of anticoagulated blood was added to the 
tubes containing hydroxyapatite samples, distilled water (positive 
control) and sterile saline solution (negative control). Then, the 
tubes were incubated for 60 minutes in a water bath shaker at 37 
°C. After the incubation was finished, the tubes were centrifuged at 
750 × g for 10 minutes using Eppendorf centrifuge (model 5810R). 
The absorbance of the supernatant at 540nm was measured using 
spectral scanning multimode reader (Thermo Scientific, Varioskan 
Flash). The percentage of hemolysis was calculated using Equation 
(1).

Percentage of hemolysis (%)=(Dh-Dn)/(Dp-Dn) (1)

where Dh, Dn and Dp are the absorbance of the hydroxyapatite, 
negative and positive controls, respectively. The experiments were 
performed using fresh blood from three healthy donors.

Results and Discussion

Figure 1: Fourier transform infrared spectra of the 
synthesized hydroxyapatite.

Figure 1 shows the FTIR spectra of the Sample A and Sample B 
ranged from 4000 to 400cm-1. Sample B exhibits peaks at 3436 and 

1639cm-1 which are attributed to the H-O-H bending of adsorbed 
moisture. The small peaks at 2930-2888 and 1998cm-1are assigned 
to the alkyl groups (CHx) from C10TAB carbon chains. The presence 
of carbonate group (CO3

2-) at 1419cm-1is due to the adsorption of 
atmospheric carbon dioxide gas during synthesis process. The in-
tensity of the H-O-H, C-H and CO3

2- peaks were relatively lower in 
the FTIR spectrum of Sample A. This is due to the removal of mois-
ture, surfactant and carbon dioxide gas from the sample during 
calcination process. The Sample A and Sample B demonstrate an 
absorption band at 3570 which is associated to the stretching mode 
of OH group [8]. 

The characteristic peaks at 1091, 1034 and 960cm-1are corre-
sponded to the P-O stretching mode of phosphate group. The bands 
at 604, 563 and 473cm-1 are assigned to the O-P-O bending mode of 
the phosphate group. The result shows that the Sample A and Sam-
ple B are pure hydroxyapatite without the presence of impurity. 
This implies that the calcination process does not cause significant 
difference in the chemical property of the Sample A as compared 
to the Sample B. The pore characteristics of the nanoporous hy-
droxyapatite are presented in Table 1. The pore size for the Sample 
A and Sample B are 33.5 and 18.5nm, respectively. The pore size 
of the hydroxyapatite is larger than 2 nm, suggesting the samples 
contain mesoporous structure. The surface area and pore volume 
of the Sample A are relatively lower than that of the Sample B. This 
is due to the effect of calcination process which has altered the po-
rosity of the hydroxyapatite (Sample A). 

Table 1: Pore characteristics of HAP and HAF samples.

Sample Pore size 
(nm)

BET sur-
face area 
(m2 g-1)

Langmuir 
surface 

area (m2 
g-1)

Pore vol-
ume (cm3 

g-1)

Sample A 33.5 39.5 54.6 0.38

Sample B 18.5 84.6 123.2 0.54

During the calcinations process, the hydroxyapatite particles 
coalesced to formed larger particles [9] and excess of heat has de-
stroyed the porous structure in the sample. The result indicates 
that the calcination process does not improve the pore charac-
teristics of the hydroxyapatite. Hence, a hydrothermal technique 
without involving calcination process is an effective way to produce 
nanoporous hydroxyapatite with better pore characteristics.The 
percentage of hemolysis of the nanoporous hydroxyapatite sample 
is shown in Figure 2. The increase in the hydroxyapatite concen-
tration from 1 to 16 mg mL-1do not cause significant change in the 
percentage of hemolysis of the samples (based on One-way ANOVA, 
p > 0.05, n = 6). The percentage of hemolysis of the samples at all 
concentrations is ranged from 1 to 2.56 %. By referring to theASTM 
F 756-00 standard, the hydroxyapatite with percentage of hemoly-
sis less than 5 % is a highly hemocompatible and safe biomaterial 
[10]. There is no significant difference in the percentage of hemoly-
sis for the Sample A and Sample B (based on paired t-test, p > 0.05, 
n = 6). This shows that the Sample A and Sample B exhibit similar 
hemocompatibility, suggesting that calcination does not affect the 
hemocompatibility of the samples.
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Figure 2: Percentage of hemolysis for the synthesized 
hydroxyapatite samples.

Conclusion
Nanoporous hydroxyapatite was successfully prepared by 

using hydrothermal technique and C10TAB surfactant was used 
as template to create porous structure in the sample. FTIR result 
indicates that the synthesized samples are pure hydroxyapatite. 
The hydroxyapatite prepared without calcination process (Sample 
B) shows better pore characteristics as compared to the calcined 
sample (Sample A). The hemolysis test demonstrates that the hy-
droxyapatite samples are highly hemocompatible biomaterial. 
Thus, the nanoporous hydroxyapatite could potentially be used in 
adsorption based biomedical applications.
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