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Abstract—Calcium phosphate cement (CPC) is one of the most 

attractive bioceramics due to its moldable and shape ability to fill 
complicated bony cavities or small dental defect positions. In this 
study, CPC was produced by using mixture of tetracalcium phosphate 
(TTCP, Ca4O(PO4)2) and dicalcium phosphate anhydrous (DCPA, 
CaHPO4) in equimolar ratio (1/1) with aqueous solutions of acetic 
acid (C2H4O2) and disodium hydrogen phosphate dehydrate 
(Na2HPO4.2H2O) in combination with sodium alginate in order to 
improve theirs moldable characteristic. The concentration of the 
aqueous solutions and sodium alginate were varied to investigate the 
effect of different aqueous solutions and alginate on properties of the 
cements. The cement paste was prepared by mixing cement powder 
(P) with aqueous solution (L) in a P/L ratio of 1.0g/0.35ml. X-ray 
diffraction (XRD) was used to analyses phase formation of the 
cements. Setting time and compressive strength of the set CPCs were 
measured using the Gilmore apparatus and Universal testing 
machine, respectively.  

The results showed that CPCs could be produced by using both 
basic (Na2HPO4.2H2O) and acidic (C2H4O2) solutions. XRD results 
show the precipitation of hydroxyapatite in all cement samples. No 
change in phase formation among cements using difference 
concentrations of Na2HPO4.2H2O solutions. With increasing 
concentration of acidic solutions, samples obtained less 
hydroxyapatite with a high dicalcium phosphate dehydrate leaded to 
a shorter setting time. Samples with sodium alginate exhibited higher 
crystallization of hydroxyapatite than that of without alginate as a 
result of shorten setting time in a basic solution but a longer setting 
time in an acidic solution. The stronger cement was attained from 
samples using the acidic solution with sodium alginate; however the 
strength was lower than that of using the basic solution. 
 

Keywords—Calcium phosphate cements, TTCP, DCPA, 
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I. INTRODUCTION 

ALCIUM phosphate cement (CPC) is a group of calcium 
phosphate ceramic which has excellent biocompatibility 

and bioactivity properties. It is suitable to be used only for 
non- or low load-bearing applications such as bone filler [1]-
[3], bone augmentation [4]-[8] and drug delivery applications 
[9] because of its low mechanical properties. 

Conventional CPC is prepared with equimolar of 
tetracalcium phosphate and dicalcium phosphate anhydrous. 
However, different ratios of TTCP/DCPA were investigated 
and reported [10]. Originally, CPC was composed of an 
aqueous solution such as water and acid solutions which 
demonstrated an acid-base reaction with a powder of several 
calcium orthophosphate combinations. CPC set by mixing 
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with distilled water usually obtains the setting time about 30 
min with the higher mechanical strength around 12 MPa after 
setting for 1 day [11]. In the other hand, calcium phosphate 
cement which is cured by only water does not have enough 
mechanical strength because unreacted water releases from the 
cement and this produces holes inside the cement [12], [13]. 
To improve mechanical strength, aqueous solutions such as 
polyvinyl alcohol (PVA) and citric acid have been studied 
[14]. Addition of PVA gave higher compressive strength with 
increase in concentration. The result of citric acid addition 
showed that the compressive strength was increased with the 
higher concentration. In contrast, compressive strength of the 
cement prepared with PVA was higher than that of citric acid. 
Not only polymer and acid solution (low pH) mixing with 
CPC powder were reported but also a high pH solution [15].  

In this study, therefore, CPC powder with TTCP/DCPA 
ratio of 1:1 mixed with both high and low pH solutions were 
investigated by varying the concentration of Na2HPO4.2H2O 
and C2H4O2 solutions (0.2, 0.3 and 0.5M). The effect of type 
and concentration of the aqueous solutions on CPC properties 
was investigated and discussed. The addition of sodium 
alginate in both aqueous solutions was also studied by varying 
its concentrations in order to improve the cement properties.  

II. EXPERIMENTAL 

TTCP powder was prepared by mixing DCPA and calcium 
carbonate (CaCO3) with equimolar ratio using ball milling for 
3 hrs. The mixture was calcined in a platinum crucible at 
1400°C for 4 hrs and quenched into a room temperature. The 
calcined TTCP powder was ground in a planetary mill with 
speed of 400 rpm to obtain fine powder, particle size (D0.5) 
around 10 μm. Crystal structure and particle size of TTCP 
powder was characterized by XRD (PANalytical, X-Pert 
PRO) and a laser particle size analyzer (Mastersizer 2000), 
respectively. CPC powder was obtained by mixing the ground 
TTCP powder and DCPA at TTCP/DCPA molar ratio of 1:1 
in agate mortar before mixing with the aqueous solutions. 

Disodium phosphate dihydrate (Na2HPO4.2H2O) and acetic 
acid (C2H4O2) were used as cement liquids. The powder to 
liquid mass (P/L) ratio was 1.0 g/0.35 ml, used to produce 
CPC paste samples. CPC paste was filled into an acrylic mold 
(10 mm width x 10 mm length x 5 mm height) for setting time 
measurement by the Gilmore apparatus. The mean setting time 
value (n = 3) and standard deviation were reported. The phase 
formation of the set cement was carried out using X-ray 
diffraction (XRD: PANalytical, X-Pert PRO) technique. The 
cement samples loaded in the form of cylindrical pellets        
(3 mm diameter and 6 mm height) were used to measure 
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compressive strength under an Instron universal testing 
machine. The pellets were compressed along their heights in 
between the platens of the machine at a cross-head speed of 1 
mm/min. The compressive strength was calculated from the 
break load and dimensions of the pellets. Before phase 
analysis and strength testing, the set cement samples were kept 
in 100% humidity at physiological conditions for 24 hrs and 
then dried. 

III. RESULTS AND DISCUSSION 

From XRD result, all peaks of as-synthesis TTCP powder 
can be indexed as the crystal structure of tetracalcium 
phosphate (JCPDS No. 25-1137). This XRD result implies that 
TTCP powder can be obtained by the following reaction: 

 
2CaHPO4 + 2CaCO3 → Ca4O(PO4)2 + H2O + 2CO2        (1) 

 
XRD pattern of the cement after setting by mixing 1.0 g of 

CPC powder with 0.35 ml of 0.2M, 0.3M and 0.5M 
Na2HPO4.2H2O solution shows in Fig. 1 (a). There were no 
difference in phase formation among cements using 0.2M, 
0.3M and 0.5M of the Na2HPO4.2H2O solution. The patterns 
can be indexed hydroxyapatite (HA: JCPDS No. 09-0432) as a 
major crystal structure and TTCP peaks as a minor phase, 
which resulting in the transformation of TTCP to HA. 
However, some TTCP still remained. This could be implied 
the uncompleted reaction with the aqueous solution occurred. 
In addition, the HA peaks were rather broadened, indicating 
that the precipitated material is not well-crystallized. 

 

 

(a) 
 

 

(b) 
 

 

(c) 
 

 

(d) 

Fig. 1 XRD patterns of TTCP and CPC with (a) Na2HPO4.2H2O, (b) 
C2H4O2 , (c) 0.2M Na2HPO4.2H2O+alginate and (d) 0.2M 

C2H4O2+alginate ; * HA, ● TTCP, ■ DCPA 
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Fig. 1 (b) shows the XRD pattern of cements mixing by 
using C2H4O2 at different concentrations. For 0.2M acetic acid 
solution, the patterns associated to hydroxyapatite (JCPDS No. 
09-0432) had developed as a major peak by having TTCP 
phase (JCPDS No. 25-1137) and calcium phosphate or 
monetite (CaHPO4; JCPDS No. 09-3755) as minor phases. 
With increasing concentration of C2H4O2, it seems that HA 
structure exhibited a low development due to a few peaks of 
HA with low intensity could be observed, particular in 0.5M. 
No phases related to brushite or dicalcium phosphate 
dehydrate (DCPD) could be detected. This was not consistent 
with previous studies which reported that at low pH < 4.2 the 
brushite or DCPD is the most stable one [16]. 

For CPC powder mixing with the combination of 
Na2HPO4.2H2O and alginate solution, the XRD pattern shows 
the peaks related to HA, TTCP and DCPA in Fig. 1 (c). The 
more the alginate concentration added, the higher the HA 
peaks and lower the TTCP and DCPA peaks could observed. 
However, the peaks of HA seems weaker than that of the 
cements without alginate. A similar trend also noticed in 
cements mixing with C2H4O2 and alginate. The small 
discrepancy was stronger peaks of HA, TTCP and DCPA 
could be seen as shown in Fig. 1 (d). 

Table I reports the final setting times of cement samples. In 
general, cement mixed with self-hardening such as distilled 
water took time to set about 30 min [11]. In Na2HPO4.2H2O 
basic solutions (pH = 9.1), the setting time decreased with 
increasing solution concentration, which were about 76, 54 
and 31 min for 0.2M, 0.3M and 0.5M, respectively. Similarly, 
a shorter setting time found with increasing concentration of 
C2H4O2 (21, 7 and 1 min), even shorter than those of 
Na2HPO4.2H2O basic solutions. This implies that the cement 
can be set faster in acidic solution than in basic solution. 
Moreover, the present of high crystallization of DCPA could 
be shortening the setting time of the cement especially the 
cement using 0,5M C2H4O2 solution compared to others. 
However, the setting times of cements seemed too short when 
using C2H4O2. The addition of alginate might expand the 
setting time in cement samples using C2H4O2 solution as 
shown in Table I. In contrary, the more the alginate adding in 
Na2HPO4.2H2O basic solution, the longer the cements could 
be set. 

The strength of cement depends upon various factors for 
example particle size of the cement powder, nature of 
additives and wetting ratio. The effect of concentration of 
accelerator in the medium was investigated in order to 
optimize the cement. The relation between concentration of 
solutions and cement strength illustrates in Fig. 2. The range 
of compressive strength obtained (10–12 MPa) was found 
comparable in previously reported values for calcium 
phosphate cements [17], [18]. The effect of the accelerator 
(Na2HPO4.2H2O and C2H4O2 acid) concentration on the 
compressive strength was studied by keeping the wetting ratio 
constant. The compressive strength of the cement prepared 
with Na2HPO4.2H2O was better than that of C2H4O2 solution. 
Moreover, the increase in concentration was the result of the 
lower compressive strength of cements as shown in Fig. 2 (a).  

 
TABLE I 

SETTING TIMES OF CPCS WITH DIFFERENCE AQUEOUS SOLUTIONS 

Solution Alginate amount (%) pH Setting time (min.) 
0.2M Na2HPO4.2H2O - 9.1 76 ± 12 

0.2M Na2HPO4.2H2O 1 9.1 88 ± 6 

0.2M Na2HPO4.2H2O 2 9.1 58 ± 2 

0.2M Na2HPO4.2H2O 4 9.1 38 ± 3 

0.3M Na2HPO4.2H2O - 9.0 54 ± 6 

0.5M Na2HPO4.2H2O - 9.1 31 ± 1 

0.2M C2H4O2 - 2.0 21 ± 2 

0.2M C2H4O2 1 1.9 30 ± 5 

0.2M C2H4O2 2 2.0 27 ± 3 

0.2M C2H4O2 4 2.0 28 ± 1 

0.3M C2H4O2 - 1.9 7 ± 1 

0.5M C2H4O2 - 1.5 1 ± 1 

 
By adding alginate at difference concentrations, the strength 

of cements using Na2HPO4.2H2O solution was decreased 
whereas the strength of cements mixing with C2H4O2 solution 
was increased. This could be concluded that sodium alginate 
might reduce the strength of CPC cements using basic solution 
by delaying the setting time of CPCs. But in the case of acidic 
solution, alginate could induce the strength by retarding the 
setting time of the cements. 
 

 

Fig. 2 Compressive strength of set CPCs: (a) 0.2M, 0.3M, 0.5M of 
Na2HPO4.2H2O and C2H4O2 without alginate and (b) 0.2M of 

Na2HPO4.2H2O and C2H4O2 with (1%,2%,4%) alginate 

IV. CONCLUSIONS 

Calcium phosphate cements were successfully prepared by 
mixing tetracalcium phosphate (TTCP) and dicalcium 
phosphate anhydrous (DCPA) in equimolar ratio to obtain the 
cement powder. Hydroxyapatite could precipitate in all CPCs 
mixed with both basic (Na2HPO4.2H2O) and acidic (C2H4O2) 

(a) 

(b) 
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solutions after soaking in 100% relative humidity for 1 day. 
With increasing the concentration of aqueous solutions, the 
setting times were decreased. The cement using acidic solution 
seems exhibited a shorter setting time than that of basic 
solution due to the present of high crystallization of dicalcium 
phosphate dehydrate. By the way a higher strength was found 
in the cements mixed with basic solution. Adding alginate into 
the cements, the higher the HA peaks and lower the TTCP and 
DCPA peaks appeared with increasing concentration resulting 
in a long setting time in cement samples using C2H4O2 
solution but a short setting time in the cement using basic 
solution. This leaded to stronger cement using acidic solution 
after adding sodium alginate. 
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