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Calcium phosphate cements (CPC) have attracted a great attention in medicine due to 

their excellent biocompatibility and bone-repair properties. They can fill a cavity completely, 

in situ, within the operation theatre [1]. It should be noticed that hydroxylapatite 

Ca10(PO4)6(OH)2 (HAp) is the main product of setting reaction.  

Calcium phosphate cements are characterized low mechanical strength.  It is believed 

that shape and size of artificial apatite crystal must be close to that of bone minerals if one 

would like to improve biocompatibility of implants with tissues. 

The subject of this work was a modification of “traditional” calcium phosphate 

cements based on Ca(H2PO4)2·H2O, CaHPO4·2H2O, α-Ca3(PO4)2 with Ca3SiO5 for further 

improvement of their mechanical properties and biocompatibility. 

 

Materials and Methods 

The Ca3SiO5 powder was obtained by conventional solid state reactions between 

silicon oxide and calcium carbonate - their powders mixture was sintered in air at 1500˚C. 

The combinations of Ca3SiO5 and Ca(H2PO4)2·H2O with different Ca/P ratios resulted in a 

powder, which was used to produce a hardening cement. The Ca/P ratio was varied from 2.0 

to 2.5. The cement powders mixture was hydrated with 0.25% Na2HPO4 solution to form a 

paste (with liquid to powder ratio: 0.6 and 0.8 ml/g). The samples were prepared by loading 

it into cylindrical mould (6 mm diameter). Their height was 12mm. The samples were ageing 

at 100% humidity and 37 ˚C. Also tricomponent cement (Ca(H2PO4)2·H2O, α-Ca3(PO4)2 and 

Ca3SiO5) was prepared. 

The reactions and products were analyzed with pH-measuring, X-ray diffraction, 

scanning electron microscopy and mechanical tests.  

 

Results and Discussion 

Calcium hydroxide and Si-H-gel were the main products of tricalcium silicate hydrolysis [2] 

during first stage: 

Ca3SiO5 + (3-x+y)H2O → (3-x)Ca(OH)2 + xCaO·SiO2·yH2O, 1.6<x<2.0, 1.3<y<4.    (1) 

Monocalcium phosphate monohydrate was added to cement system for the sake of 

neutralization of the producing alkaline: 

3Ca(H2PO4)2·H2O + 7Ca(OH)2 → Ca10(PO4)6(OH)2 + 15H2O.    (2) 



It was found that the setting reaction of the bicomponent cement proceed into two steps. The 

first step of cementation was a formation of dicalcium phosphate dihydrate, because its 

crystals grew more rapidly than hydroxylapatite ones. There was no any evidence of 

Ca(H2PO4)2·H2O peaks at the diffraction pattern. It was assumed that nonreacted 

monocalcium phosphate monohydrate was dissolved in liquid. The second step consisted in 

the formation of Hap – silica gel composite compact, which microstructure represented by 

nanoscale aggregated crystals.  The estimation of HAp mean crystal size with Scherrer 

equation gave value ~ 50 nm.  It is possible to vary a silicon content in the system by adding 

of different amounts of α-Ca3(PO4)2 to the cement based on Ca(H2PO4)2·H2O and Ca3SiO5.  

α-Tricalcium phosphate (TCP) can be converted directly into nonstoichiometric 

hydroxylapatite following the reaction [3]: 

3α-Ca3(PO4)2 + H2O → Ca9(HPO4)(PO)5OH    (3). 

The phase evolution in the cement contained 30% wt. of silicon oxide was investigated. The 

content of hydroxylapatite was ~ 30% wt after 65 hours of ageing at 100% humidity and 

37ºC. The Hap crystals had different morphology: plate-like particles typical for pure TCP 

cement in the range of 100 – 300 nm and aggregated spherical particles observed in the case 

of bicomponent cement.  

A compressive strength was measured for both cements. The value of 6 (±1) MPa 

was obtained for the bicomponent cement and only 3 (±1) MPa for tricomponent one. Also 

the compressive strength was measured for bicomponent cements with different liquid to 

powder and Ca/P ratio. The values for cements with liquid to powder ratio 0.6 and 0.8 were 

4.5 (±0.5) and 6.0 (±0.5) MPa, respectively. The compressive strength as a function of Ca/P 

was increasing and the maximum value was 7.5 MPa for the cement with Ca/P ratio equal 

2.5. 

 

Conclusion 

The presence of Ca3SiO5 furthers the improvement of the CPC compressive strength with 

increasing of their Ca/P ratio. It is believed that the cements containing nanoapatite and silica 

will be characterized by better biocompatibility in comparison with conventional calcium 

phosphate cements. 
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