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Abstract Hydroxyapatite (HAp) is an ideal material for artificial bone. Unfortunately, low strength and 
brittleness of HAp restrict its application only to bone repair. White Portland cement (WPC) is a 
preferred choice to improve mechanical properties of HAp. Therefore, mechanical properties and 
bioactivity tests of WPC should be investigated before implementation. In this study, the primary study 
of mechanical property and in vitro bioactivity tests of commercial WPC were investigated for used as 
bone substitute materials. The compressive strength of cured WPC increased with increasing time of 
immersion in simulated body fluid (SBF). From energy disperse spectroscopy (EDS) and micro-
structure observation, it was found that bone-like apatite clearly formed on the WPC surface after 
immersion in simulated body fluid for 7 days. 
 
Introduction  
 Hydroxyapatite (HAp) is an ideal material for artificial bone because it has excellent 
biocompatibility, bioactivity and osteoconductivity. Unfortunately, low strength and brittleness of HAp 
restrict its application only to bone repair. White Portland cement (WPC), which mainly consists of 
tricalcium silicate (Ca3SiO5) and dicalcium silicate (Ca2SiO4), is a common construction material with 
strength development similarity to gray cement. Due to composition and white color of WPC, it has a 
biomedical potential to use as bone substitute material and use for improving the properties of bone 
substitute material, especially HAp. In this study, samples of WPC were fabricated and tested for use as 
a bone-like material. Standard compressive strength tests were conducted. Simulated body fluid (SBF) 
was used for an in vitro test to evaluate the bioactivity of the WPC samples. The apatite precipitation 
was investigated using scanning electron microscopy (SEM) and energy disperse spectroscopy (EDS). 
 
Experimental procedure 
 The material use in this study was White Portland cement (WPC) which is equivalent to type III of 
Portland cement specification. WPC paste samples were prepared with distilled water in a liquid to 
powder ratio of 0.5 by mass. The paste samples were cast into 25×25×25 mm3 acrylic cube mold for the 
compressive strength tests and into 10 mm diameter with 2 mm thickness for the bioactivity tests. 
Casting samples were vibrated to remove entrapped air, wrapped with wrapping film and then cured at 
23°C for 24 hours. After curing, samples were removed from mold and then cured in water for 3, 7, 14, 
21 and 28 days. At each time interval, the stopping of hydration was carried out by immersing samples 
in acetone for 24 hours. The samples were dried at 40°C for 24 hours and kept in a desiccator. 
Compressive strength tests were conducted on cube samples according to ASTM C109 [1] using 
hydraulic testing machine with a loading rate of 2 kN/s after cured in water for various periods. The 
reported results are the averages of three samples. Simulated body fluid (SBF) prepared according to 
the procedure described by Kokubo et al. [2] was used for an in vitro bioactivity test. The casted cube 
and disc samples after cured in water for 28 days were immersed in SBF from a day to a week in order 
to study compressive strength during immersion in SBF and apatite precipitation behavior. After the 
various period of immersion in SBF, the samples were removed from SBF, gently washed with distilled 
water and air dried at room temperature. Morphology and elemental composition on surface and cross-
section of WPC disc samples were investigated by using the SEM/EDS. 
 
 
Results and discussion 
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 The results of compressive strength of WPC after curing in water for various periods as shown 
Figure.1 (line a) showed that the strength of WPC was affected by the curing period. WPC is mainly 
composed of calcium silicates (tricalcium silicate, and dicalcium silicate), which react with water known 
as the hydration process. Ettringite, calcium silicate hydrate and calcium hydroxide produced provides 
high strength and alkalinity to the WPC sample [3]. After 28 days of curing in water, WPC samples 
achieved average compressive strength of 51.88 MPa. The average compressive strength of WPC after 
curing in water and then immersion in SBF for 3 and 7 days at 37°C was measured. The effect of 
immersion in SBF on compressive strength is shown in Figure 1 (line b). It can be seen that WPC 
samples immersed in SBF demonstrated an increasing trend of compressive strength. Seven days after 
immersion in SBF, the compressive strength of WPC was 55.1 MPa. The strength of WPC increased 
after immersion in SBF suggesting due to combination of the additional hydration of WPC and bone-
like apatite growth in pore space of WPS during immersion in SBF. Figure 2 (a) and (c) shows the SEM 
micrographs of the WPC surface of cured samples and after immersion in SBF for 7 days. It was found 
from the figures that the surface texture of WPC sample changed its appearance from rough dense with 
pore surface to small spherical particles after 7 days of immersion. The results of EDS analysis of WPC 
surface before and after immersion in SBF for 7 days are shown in Figure 2 (b) and (d). The EDS 
spectrum demonstrate calcium (Ca) and phosphorus (P) on the surface of WPC immersion in SBF for 7 
days, whereas the phosphate spectrum but was not observed on the sample before immersion. This result 
would be implied that the apatite was precipitated on WPC surface of sample immersed in SBF for 7 
days.  

 

  

  Figure 1 Compressive strength of WPC during 
(a) curing in water and (b) immersion in SBF  Figure 2 SEM/EDS spectrum of WPC before and 

after immersion in SBF for 7 days 
 
Conclusion 
 After curing in water for 28 days, the compressive strength of WPC was 51.88 MPa. The 
compressive strength of cured WPC increased with increasing time of immersion in simulated body 
fluid (SBF). The compressive strength of WPC was 55.1 MPa and the apatite formation was observed 
on its surface after immersion in SBF for 7 days. The WPC has a potential to improve the strength and 
maintain the bioactivity of HAp during implantation. The future study should investigate the properties 
of mixed HAp with WPC.    
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