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pH C2S-C3P  
C2S-C3P

Ca2+

C2S-C3P  
C2S-C3P C2S-C3P CaO Na2O

Na2SiO3

Ca2+ Ca2+ C2O42- 8)

C6H5O73- 9) (H2C2O4) H3C6H5O7

 
 

2  
2.1 C2S-C3P Na2SiO3  

SiO2 Ca3(PO4)2 CaO C2S-C3P CaO
CaCO3 1273K 12 CaO SiO2 2 1

1773K 48

C2S-C3P Na2SiO3

1773K
 

 
Table 1 Compositions of the C2S-C3P samples with and without Na2SiO3 (mass%) 

Sample 
before 

modification with Na2SiO3 modification 

CaO SiO2 P2O5 CaO SiO2 P2O5 Na2SiO3 
0% 

Na2SiO3 60.4 19.6 20.0 60.4 19.6 20.0 0 

10% 
Na2SiO3 59.8 18.0 22.2 53.9 16.2 20.0 9.8 

20% 
Na2SiO3 59.2 15.9 24.9 47.5 12.8 20.0 19.7 

30% 
Na2SiO3 58.4 13.3 28.4 41.1 9.4 20.0 29.5 

 
2.2  

C2S-C3P 53μm 1g 400mL

298K pH pH
pH HNO3 H2C2O4



 

H3C6H5O7 pH 5
5ml 120

-0.45μm
1  

 
 
 
 
 
 
 
 
 
 
 

Fig.1 Schematic of leaching apparatus 
 

Table 2 Leaching experiments at various pH values (pH) 
Sample 
 

Acid 
0% 

Na2SiO3 
10% 

Na2SiO3 
20% 

Na2SiO3 
30% 

Na2SiO3 

HNO3 7 - 5, 7, 9 - 
H2C2O4 7 7 5, 7, 9 7 

H3C6H5O7 7 7 5, 7, 9 7 
 

 

ICP-AES pH Na2SiO3

C2S-C3P 2
 

 
3  
3.1 C2S-C3P  

C2S-C3P pH7 HNO3 H2C2O4

H3C6H5O7 2 Ca P
C2S-C3P Ca P

HNO3 Ca P 20



 

H2C2O4 Ca
P H3C6H5O7 Ca HNO3

P 120 41.4mg / L  
1 Ca Si P

RM M CM M mg / L
V L mM C2S-C3P 1g M

mg  
 

RM = CM∙V / mM     1  
 
120 C2S-C3P Ca Si P 3 Ca

HNO3 H3C6H5O7 22 H2C2O4

HNO3 P H2C2O4 H3C6H5O7

P 14.3 17.8
H2C2O4 H3C6H5O7 pH7 C2S-C3P P HNO3

 
 
 
 
 
 
 
 
 
 
 

Fig.2 Change in the Ca and P concentrations in different leaching agents at pH7 
 
 
  



 

 
 
 
 
 
 
 
 
 
 

Fig.3 Dissolution ratios of each element from the C2S-C3P in different leaching  
agents at pH7 

 
3.2 Na2SiO3 C2S-C3P  

4 3 Na2SiO3 C2S-C3P
Na2SiO3 2 Na2O

C2S-C3P CaOSiO2  
C2S-C3P 1 C2S-C3P SiO2

P2O5 CaO Na2O 5
Na2SiO3 C2S-C3P Na2O

CaO  
 
Table 3 Compositions of each phase in the C2S-C3P samples with different mass 

fractions of the added Na2SiO3 (mass%) 

Sample CaO SiO2 P2O5 Na2

O Phase 

0% Na2SiO3 1 59.7 18.5 21.9 - C2S-C3

P 

10% 
Na2SiO3 

1 54.8 17.2 23.6 4.5 C2S-C3

P 
2 47.3 43.3 6.1 3.3 CS 

20% 
Na2SiO3 

1 49.9 15.5 25.7 8.9 C2S-C3

P 
2 41.1 45.9 4.9 8.1 CS 

30% 
Na2SiO3 

1 45.5 12.8 30.1 11.6 C2S-C3

P 
2 30.7 51.7 4.8 12.8 CS 

 
  



 

 

Fig.4 Cross section of the C2S-C3P samples (×500) with different mass fractions of the 
added Na2SiO3 

 
 
 
 
 
 
 
 
 
Fig.5 Change in CaO and Na2O contents 

in the solid solution phase with 
Na2SiO3 addition 

 
6 C2S-C3P

Na2O P2O5 C2S-C3P
Na2SiO3 P2O5 Na2O

 
7 C2S-C3P XRD Na2SiO3 Na2SiO3

C2S-C3P Na2SiO3 20 C2S-C3P
Ca2SiO4-Ca2Na2P2O8 C2S-C2NP C2NP

C3P-C2NP 10)  
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Fig.6 Mass ratios of each element 
distributed in the C2S-C3P 
solid solution 



 

 

Fig.7 XRD spectra for the C2S-C3P samples with different mass fractions of the 
added Na2SiO3 

 
EPMA XRD C2S-C3P Na2SiO3 2

Na2SiO3 C2S-C2NP CaO.SiO2

 
 
Ca2SiO4-Ca3P2O8+ Na2SiO3 = Ca2SiO4-Ca2Na2P2O8 + CaO SiO2  2  
 

3.3 C2S-C3P H2C2O4 H3C6H5O7  
Na2SiO3 Na2SiO3 C2S-C3P

pH7 H2C2O4 H3C6H5O7 pH 8
H2C2O4 Ca P Ca

Na2SiO3 Na2SiO3

P 20 Na2SiO3P C2S-C3P
3 pH7 H2C2O4 C2S-C3P P

 
120 H2C2O4 C2S-C3P 9 Ca

Na2SiO3 C2S-C3P Si Na
Na2SiO3 P 20 Na2SiO3

43.9 Na2SiO3 P
 

 
  



 

 
 
 
 
 
 
 

 
 

Fig.8 Change in the Ca and P concentrations in the H2C2O4 solution at pH7 
 
 
 
 
 
 
 
 
 
 
 
Fig.9 Dissolution ratios of each element from the modified C2S-C3P in the H2C2O4  

solution at pH7 
 

10 pH7 H3C6H5O7 Ca P Ca
H2C2O4 Na2SiO3

Ca H3C6H5O7 P Ca Na2SiO3

P  
120 H3C6H5O7 11 H3C6H5O7

C2S-C3P Ca P Na Na2SiO3

C2S-C3P 20 Na2SiO3 P 24.6
Na2SiO3 H3C6H5O7 P

H2C2O4  
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Fig.10 Change in the Ca and P concentrations in the H3C6H5O7 solution at pH7 

 
 
 
 
 
 
 
 
 
 

Fig 11 Dissolution ratios of each element from the modified C2S-C3P in the 
H3C6H5O7 solution at pH7 

 
3.4 C2S-C3P pH  

Na2SiO3 20 C2S-C3P
pH P pH 5 12

pH5 Ca P
HNO3 H3C6H5O7 Ca 508.3mg / L
729.9mg / L H2C2O4 Ca HNO3 P H2C2O4

100mg / L H3C6H5O7

P 178.2mg / L  
pH pH P 13 P

pH pH
HNO3 C2S-C3P P pH7

pH 5 51.5 pH H2C2O4

P pH pH



 

H3C6H5O7 P H2C2O4 pH 5
P H3C6H5O7 C2S-C3P P 85.7

H2C2O4 pH C2S-C3P P
H3C6H5O7 pH 5 pH<7 P

 
 
 
 
 
 
 
 
 
 
 
Fig.12 Change in the Ca and P concentrations in different leaching agents at pH5 
 
 
 
 
 
 
 
 
 
 
Fig.13 Relationship between the P dissolution ratio from the modified C2S-C3P and  

pH in different leaching agents 
 
4  

P C2S-C3P
Na2SiO3 pH

 
 
(1) H2C2O4 H3C6H5O7 CaC2O4 CaC6H5O7-

Ca2+



 

 
(2) C2S-C3P Na2SiO3 CaO Na2O

CaO·SiO2 2CaO·SiO2-2CaO·Na2O·P2O5

2CaO·Na2O·P2O5  
(3) Na2SiO3 C2S-C3P H2C2O4 H3C6HO7

 
(4) H2C2O4 pH (pH≥7) 5≤pH<7

H3C6H5O7 Na2SiO3 C2S-C3P
P 85.7%  
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