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ABSTRACT 

 Calcium silicate (CS) at different concentrations has been added in -Tricalcium 

phosphate ( -TCP) for studying its effect on biological property of scaffolds, prepared by dipping 

technique and sintered at either 1150 or 1250 C for 2 hours. In vitro bioactivity and morphology 

of the scaffolds before and after immersion in PBS were performed by SEM. XRD and FTIR 

were used to examine phase changes and functional groups, respectively, and to confirm the 

formation of apatite layer on the immersed surfaces. Results showed that the scaffolds were 

porous with interconnected pores of two different sizes, macro- and micropores. The grain size 

decreased by increasing CS concentration with coalesced grains when sintered at the higher 

temperature. After soaking the scaffolds in PBS for 14 days, plate like apatite was found to 

deposite on the surface of scaffolds sintered at the high temperature. This might be due to the 

highly dissolved materials in the medium, although those sintered at the lower temperature did 

not exist. The formation of apatite layer were pronounced by increasing CS concentration. The 

results of XRD and FTIR confirmed that the apatite layer was hydroxyapatite. In summary, CS 

could be used effectively to improve the in vitro bioactivity of TCP/CS composite. 
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2.5  [19] 

Materials  Tensile strength (MPa) 

Soft tissues 

Articular cartilage 

Fabrocartilage 

Ligament 

Tendon 

Skin 
 

 

10.5 

159.1 

303.0 

401.5 

0.1-0.2 

 

27.5 

10.4 

29.5 

46.5 

7.6 

Hard tissues 

Cortical bone 

Cancellous bone 

Dentine 

Enamel 
 

 

 

7-30 

1-14 

11-17 

84-131 

 

50-150 

7.4 

21-53 

10 

Metals 

Titanium 

Stanless steel 

Ti-6Al-4V alloy 

Co-Cr alloy 
 

 

110 

190 

120 

210 

 

300-740 

500-950 

860-1140 

665-1200 

Ceramics 

Alumina 

Zirconia 

Hydroxyapatite 

 

 

380 

200 

30-100 

 

310 

420 

50-190 

Polymers biodegradable 

Poly (L-lactic acid) 

Poly (D,L-lactic acid) 

Poly (caprolactone) 
 

 

2.7 

1.9 

0.4 

 

50 

29 

16 
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2.5  

Materials  Tensile strength (MPa) 

Non-biodegradable 

Polyethylene 

Polyurethane 
 

 

0.88 

0.02 

 

35 

35 

Composites 

HA/PE (40/60) 

Bioglass/PE (40/60) 

Glass-ceramic/PE (40/60) 
 

 

4.29 

2.54 

2.84 

 

20.67 

10.15 

14.87 
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 porous ceramics
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tricalcium phosphate pyrophosphate  [17, 24]

2.5  

 

 

2.6 [5] 

2.6 [25] 

Name Formula 
Ca/P 

Mineral 

Monocalcium phosphate 

monohydrate 

Ca(H2PO4)2.H2O 0.50 - 

Dicalcium phosphate CaHPO4 1.00 Monetite 

Dicalcium phosphate 

dihydrate 

CaHPO4.2H2O 1.00 Brushite 

Octocalcium phosphate Ca8H2(PO4)6.5H2O 1.33 - 
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2.6 (  

Name Formula 
Ca/P 

Mineral 

Precipitated 

hydroxyapatite 

Ca10-x(HPO4)x(PO4)6-x(OH)2-x 1.50-1.67 - 

Monocalcium phosphate Ca(H2PO4)2 0.50 - 

Sintered hydroxyapatite Ca10(PO4)6(OH)2 1.67 Hydroxyapatite 

Oxyapatite Ca10(PO4)6O 1.67 - 

Tetracalcium phosphate Ca4(PO4)2O 2.00 Hilgenstockite 

 

 2.7.1   (hydroxyapatite, HA) 

             2.7.1.1          

  HA Ca10(PO4)6(OH)2 Ca:P 1.67

2.15 39.68 18.45

hexagonal 2.7  
hydroxy

hydroxide ion apatite M10(ZO4)6X2   

    M = Ca, Sr, Ba, Cd, Pb, Mg, Na, K  

        Z = P, V, As, S, Si, Ge, Cr, B             

     X = OH, OD, CO3, O, BO2, F, Cl, Br  [9] 

  HA Ca2+, PO4
3- OH- 

lattice parameter crystal morphology

crystallinity solubility thermal stability

[17] 
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2.7  [26] 

 

 2.7.1.2   

  HA 2.6  

2.7  [22] 

Properties Experimental data 

Chemical composition 

Color 

 

Elastic modulus (GPa) 

Compressive strength (MPa) 

Bending strength (MPa) 

Density (g cm-3) 

Relative density (%) 

Decomposition temperature ( C) 

 

Biocompatibility 

Bioactivity 

Biodegradation 

Osteoinduction 
 

Ca10(PO4)6(OH)2 

White 

80-110 

114 

400-900 

115-200 

3.16 

95-99.5 

>1614 

1,000 

High 

High 

Low 

No 
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  HA 

(pKs) 120 2.1 

    pKs = -log[Ca]10[PO4]6[OH]2  120    (2.1) 

  

HA 

[15] 

  HA 

2.3 2.4 HA 

HA 2.2 

    Ca10-x(HPO4)x(PO4)6-x(OH).nH2O  ; 0 < x < 1 ; n = 0-2.5  (2.2) 

    Ca10-x(HPO4)x(PO4)6-x(OH).nH2O        Ca10-x(P2O7)x(PO4)6-x + nH2O

            (2.3) 

    Ca10-x(HPO4)x(PO4)6-x(OH).nH2O    (1-x)Ca10(PO4)6(OH)2 + 

3xCa3(PO4)2   + nH2O 

   (2.4) 

  HA 800 C HA Ca3(PO4)2 

Ca4P2O9 2.5 2.6 [15] 

    Ca10(PO4)6(OH)2  Ca10(PO4)6(OH)2-2xOxAx + xH2O (2.5) 

    Ca10(PO4)6(OH)2-2xOxAx  2Ca3(PO4)2 + Ca4P2O9 (2.6)  
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coalescence no densification

1,000-1,200 C 

>800

>1,300

700-800 C 
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HA HA  [14, 27]

  

 2.7.2  tricalcium phosphate, TCP) 

 TCP Ca3(PO4)2 HA 

HA TCP 

[3] 2.7 TCP 

2.8  [28, 29] 

Properties Experimental data 

Chemical composition 

Color 

 

Compressive strength (MPa) 

Bending strength (MPa) 

Density (g cm-3) 

 

Biocompatibility 

Bioactivity 

Biodegradation 

Osteoinduction 
 

Ca3(PO4)2  

White 

33-90 

460-687 

115-200 

3.07 

1,670 

High 

High 

Medium 

No 
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2.8  [6, 30] 

 2.8.1   

 calcium silicate, CS wollastonite

CaSiO3 2.7 

2.8 

    CaCO3 + SiO2  CaSiO3 + CO2   (2.7) 

    CaSiO3    CaO + SiO2    (2.8) 

 CS CaO SiO2 CS 

CS 

2.8 

2.9  

  

CaO 

SiO2 

Fe2O3 

Al2O3 

K2O 

MnO 

MgO 

TiO2 

P2O5 

Moisture 

Loss on ignition 

Undemined 

47.00 

50.00 

1.00 

0.30 

0.10 

0.10 

0.30 

0.05 

0.04 

0.20 

0.20 

0.71 
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Properties Experimental data 

Chemical composition 

Color 

Density (g cm-3) 
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CaSiO3 
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0.0095 g/100 ml 2.9 CS 

2.10 

    CaSiO3 + nH2O  Ca(OH)2 + SiO2.(n-1)H2O (2.9) 
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2.9  

 C. Wang [33] - -CS) 
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4, 12 26 
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G. Muralitharan [27]

(HA) HA 
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HA 
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1,

 HA 1, -TCP 

1,450 C -TCP tetracalcium phosphate, TTCP

calcium oxide, CaO  

H. Guo [34] CS

CP

 CS

CS 

Setting time C CS CS 

low crystallinity
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XRD FTIR CS  
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simulated body fluid, SBF 7  

SBF  
inorganic ions

CS in vivo 

CS CS CP

 

I.M. Martinez [35] HA 

A/W 1, 2 

XRD, TEM EDX  

2  

hexagonal  whitlockite column shape

lattice volume

 

L. Kaewsichan [36]

 CS HA TCP 2:1 

CS 10-30

1,050, 1,150 1, 2 

Archimedes method CS 

CS 

64  47  

SEM

CS 

1, CS 
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HA TCP 

 in vitro
phosphate buffer saline, PBS

3

1,050 1,

1,

CS 

 

K.A. Hing [37] 

SA

HA 

0.2, 0.4, 0.8 1.5 HA 

Ca/(Si+P) 1.67 

Distal femoral condyle

1

0.8 

SA   

L.M. Alonso [38] C3S

- -TCP

C3S Sol-gel -TCP C3S 

0 5.0 10.0 

C3S C3S 

in vitro SBF

XRD SEM C3S 

C3S 5

 7

-TCP C3S 10 
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C3S 5 

 

M. Palard [39]

SA

Ca10(PO4)6-x(SiO4)x(OH)2-x x 0  x  1 SA precipitation

(NH4 2HPO4) Si(OCOCH3)4

Ca(NO3)2.4H2O

90 C pH 9

90 C 1,000-1,300 C 30 

- 20 C/min Densification) SA

Si 0-0.5  

0.5

in 
vitro HA) Si SA

  

M.S. Sadjadi [40] HA 

TCP Na2SiO3   

SBF HA hexagonal  

FTIR 

471, 798 1200 -1 

TCP HA HA 24 

89.7 TEM

24 22.75 18.2 

TCP 

HA 

 

N. Patel [41]

in vivo HA 2 HA 

HA 0.8 SiHA
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0.5-1.0  
1, 2 

97-99  3.156 /

femoral condyle 23 

HA SiHA 

SiHA 37.5 ± 5.9 

HA (22.0% ± 6.5) 

SiHA 59.8% ± 7.3 HA (47.1 ± 3.6) 

HA 

 

 N.Y. Mostafa [42]

HA Na+ Si04
4-

CO3
2- 0.75  HA 

0.75 

1,100-1,300 C

Silicocarnotite, Ca5(PO4)2SiO4

 

 S. Cai [43] Fabrication process

-TCP/BG  -TCP

BG 80:20 0.6 

PVA  
C  2 

-TCP/BG 200-500  

-TCP 

  in vitro 

SBF 2 



31 
 

 

-TCP/BG  Ca/P 1.42 

-TCP/BG  
 

 S. Sprio [44]  HA

Ca2SiO4, C2S Load-bearing bone HA 

 C2S

Fast Hot Pressing FHP

1,300, 1,400 1,500 C 1,500 C 

HA C2S

Flexural strength

Fracture toughness HA C2S

 

 S. Xu [45] bone- 

regenerative capacity resorption rate

-CS -TCP in vivo 

4, 8 16

Micro CT  
-CS

-TCP TRAP-positive 

multinucleated cells -CS -CS

-CS

-CS SEM EDX 

-CS

-CS -CS
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 X. Huang  [46] 

 -TCP WT -TCP 

Na2SiO3.9H2O Ca(NO3)2.4H2O

SBF 

EDX SEM 

   pH 

CS  -TCP

XRD FTIR CS 
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3.1   

 1)   (Tricalcium phosphate, Ca3(PO4)2) SIGMA-ALDRICH 

 

 2)  Calcium silicate, CaSiO3) Riedel-de Haën  

 3)   Ammonium Hydroxide, NH4OH J.T. Baker  

 4)   Nitric acid, HNO3 MERCK  

 5)   Poly(vinyl alcohol), (C2H4O)x) SIGMA-ALDRICH 

 

 6)   Sodium chloride, NaCl Lab-scan  
 7)   Disodium hydrogen phosphate, Na2HPO4 Univar 

 

 8) Potassium chloride, KCl Seelze-Hannover  
 9) Potassium dihydrogen phosphate, KH2PO4) J.T. 

Baker  

 10) Hydrochloric acid, HCl  Lab-scan   

 11) Sodium hydroxide, NaOH Fluka  
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34 
 

3.2   

 1)   X-ray diffractometer, XRD) Philips  

 2)   X-ray fluorescence spectrometer, XRF Philips PW2400 

 3)   Scanning electron microscope, SEM

JEOL JSM-5800 LV 

 4)   Fourrier Infrared spectrophotometer, 

FTIR Perkin Elmer Spectrum one 

 5)   4  METTLER AE200 

 6)   Hot plate stirrer) Heidolph MR Hei-Standard 

 7)  - pH meter  Sartorius Docu-pH meter 

 8)    

 9)   NAPCO 5831 

 10)   

 11)   

 12)   EYELA ASPIRATOR A-3S 

 13)  

 14)  Crusible  

 15)  

 16) 1 Whatman  

 17)   

 18)  

 19)  

 20)  
 21)  
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3.3   

  3 1. 

2.  3. 

 

 3.3.1   

  co-precipitation 3.1) 

3.1) 

 65 C 

16 

pH 65 C 

900 C 4  

XRD XRF 
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3.1  
 

3.1  1  

 
mol) 

 

mol) 

F1 

F2 

F3 

F4 

1 

1 

1 

1 

0.005 

0.01 

0.02 

0.04 

  

16  

 

1  3.1 

 

 65 C 

65 C 
  

 900 C 4  

 

 

XRD XRF 
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 3.3.2   

 Dipping 3.3) 

1.5 × 1.5 

polyvinyl alcohol, PVA 5 

20 

PVA 

40 65 C 1,150 

1,250 C 2 - 15 C 

 SEM FTIR  
 

 

 

 

 
 

           
 

3.2  

 



38 
 

 
 

3.3  

 

  

 

 

 

1.5 cm × 1.5 cm 

 

20% w/v 

 

 SEM  

 

65 C 

1,150 1,250 C  

- 15 C  2  

 

 FTIR, XRD XRF 
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 3.3.3  

  3.3.3.1  (phosphate buffer saline, PBS) 
pH 7.4 

3.2  PBS 

 g) 

1. NaCl 

2. Na2HPO4 

3. KCl 

4. KH2PO4 

5. 6 M HCL 

6. 6.5 M NaOH 

80.0 

14.4 

2.0 

2.4 

 

 

 

     PBS 1 4 3.2 

800 pH 

7.4 5 6 1  

3.3.3.2  

    PBS 

7, 14, 21 28

 

SEM, FTIR, XRD XRF 



4 

 

 

 

 

 

4.1  

 4.1.1  XRF 

   
900 C 4 

XRF

4.1 ) 

4.1  

 
 

Ca P Si Al Sr Mg Fe 

F1 1.088 0.546 0.001 tr tr tr tr 

F2 1.103 0.536 0.003 tr tr tr tr 

F3 1.078 0.552 0.005 tr tr tr tr 

F4 1.073 0.552 0.010 tr tr tr tr 

 

 

 

 

40 
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4.2 Ca/P

Ca/(Si+P)   
 

 Ca/P Ca/(Si+P) 

F1 

F2 

F3 

F4 
 

1.993 

2.057 

1.952 

1.943 

1.988 

2.047 

1.933 

1.907 

   

   4.1 

Ca/(Si+P) 4 Ca/P  1.943-

2.057 Ca/(Si+P) 1.907-2.047 4.2) 

 

 

 
4.1 Si/(Ca+P)) 
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  4.1  Si/(Ca+P)

4 

F1, F2 F3 F4

CS 

TCP CS CS 

F1, F2 F3  

 4.1.2  XRD 

   XRD 

4.3 4.2 
 

4.3 XRD 

   JCPDF No. 
* Calcium Silicate CaSiO3 - 

 Calcium Phosphate Ca3(PO4)2 

Ca2(P2O7) 

01-070-2065 

01-081-2257 

F1 Hydroxyapatite

Whitlockite 

Ca5(PO4)3(OH) 

Ca3(PO4)2 

01-084-1198 

00-009-0169 

F2 Hydroxyapatite

Whitlockite 

Ca5(PO4)3(OH) 

Ca3(PO4)2 

01-084-1198 

00-009-0169 

F3 Whitlockite Ca3(PO4)2 00-009-0169 

F4 Whitlockite Ca3(PO4)2 00-009-0169 

*     
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4.2 XRD 

F1 F2 F3

F4  

   4.2 XRD 

4 4 TCP 

CS CS 4.2 ) 

amorphous form  4.1   
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     CaSiO3                   CaO + SiO2                   (4.1) 

   4.2 TCP

 TCP calcium pyrophosphate

TCP CS F1 

F2  CS  0.005 0.01 4.2 

29.0, 31.8, 33.0 39.9 HA

F1 F2

F1 HA 

900 C 2 F1 HA 

F2 4 25.8, 27.8, 31.1, 34.4,

47.0 53.0 

whitlockite)  

   4 28.4, 

47.9 56.9 [47] HA 

XRF  
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 4.3.2 

PBS   

  
1,150 2 PBS 

7, 14 21 

XRD FTIR PBS 

 

4.3.2.1 

PBS XRD 

   

2 XRD 

PBS 14 4.4 3

PBS 

14 

F1 F2 F3 
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4.4 XRD 

PBS 
 

   JCPDF No. 

F1@1250 control whitlockite, 

hydroxyapatite,  

tricalcium phosphate 

Ca3(PO4)2 

Ca5(PO4)3(OH) 

Ca3(PO4)2 

00-009-0169 

00-009-0432 

00-009-0348 

F2@1250 control whitlockite, 

hydroxyapatite,  

tricalcium phosphate 

Ca3(PO4)2 

Ca5(PO4)3(OH) 

Ca3(PO4)2 

00-009-0169 

00-009-0432 

00-009-0348 

F3@1250 control whitlockit, 

hydroxyapatite,  

tricalcium phosphate 

Ca3(PO4)2 

Ca5(PO4)3(OH) 

Ca3(PO4)2 

00-009-0169 

00-009-0432 

00-029-0359 

F1@1250 14d whitlockite,  

calcium pyrophosphate 

Ca3(PO4)2  

Ca2(P2O7) 

00-009-0169 

01-0811-2257 

F2@1250 14d whitlockite,  

hydroxyapatite 

Ca3(PO4)2 

Ca5(PO4)3(OH) 

00-009-0169 

00-009-0432 

F3@1250 14d whitlockite, 

hydroxyapatite 

Ca3(PO4)2 

Ca5(PO4)3(OH) 

00-009-0169 

00-009-0432 

 

F1@1250 control F1 

PBS F1@1250 14d 

F1 PBS 14 

F2 F3 F2 F3  
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4.9  XRD 

F1 F2  F3

PBS  

 

   

1,250 C 4 PBS 4.9 

27.8, 31.3, 34.4, 47.0 53.0 HA 

29.0, 31.8, 33.0 39.9 TCP

HA 

HA  

   :

F2>F1>F3 
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F3 HA  

 

 
 

4.10 XRD 

F1 PBS 
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F2 PBS 

 

 

 

 
4.12 XRD 

F3 1, PBS 
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   F1 

4.10 PBS 14 HA TCP 

F2 F3 4.11 

4.12 PBS 14  TCP 

HA HA 

F2 F3 

HA TCP PBS  
 

 

4.13  XRD 

F1  F2 F3 

PBS 14  
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   4.13

 F1, F2 F3 PBS 14 

HA F2 F3 

 

   :

F1>F2>F3 

    HA : 

F3>F2 

 HA 

F3 CS = 0.02 

HA 

HA    

  4.3.2.2 FTIR 

PBS 

   FTIR 

PBS 

450-

4,000 -1 4.14-4.19 
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4.14 FTIR F1

C PBS 7, 14 21   

 

 

 

4.15 FTIR F1 

C PBS 7, 14 21   
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 4.14 FTIR F1 

7, 14 21 

PBS 

PBS 

7 (PO4
3-)

O-P-O bending 567 602 cm-1 P-O 

stretching 1,030 1,100 cm-1 [48] 

14 

3,500-3,600 cm-1 [49] 

 

   FTIR F1 

PBS 4.15 

O-P-O bending 567 

602 cm-1 900-1,200 cm-1 

P-O stretching 2,000-2,200 cm-1 

HPO4
2- [37] XRD 

3,570 cm-1 

HA F1  

PBS 

HA 

P-O stretching 

1,030 1,100 cm-1 

21 1,630 cm-1 

CO3
2- [48]  

   
F1 

PBS 
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XRD 

PBS F1 

 HA  

 

4.16 FTIR F2 

C PBS 7, 14 21  

  

 

4.17 FTIR F2 

C PBS 7, 14 21  
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  4.16 4.17 FTIR 

F2 1,150 1,250 C 

PBS 

C 4.16 PBS 

bending stretching 567 602 cm-1 

900-1,200 cm-1 2,000-2,200 cm-1 

3,570 cm-1 

PBS  bending 

stretching 

7 14 21  
HA 

PBS HA 

HA  

   FTIR F2 

1 4.17

bending 567 602 cm-1 stretching 

964, 1,030 1,100 cm-1  3,570 cm-1

3,500-3,600 cm-1 PBS 

bending stretching 

964, 1,030 1,100 cm-1 

 

TCP HA 

XRD 

14 21  

   HA PBS 

F2 

stretching  
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4.18 FTIR F3 

C PBS 7, 14 21   

 

4.19 FTIR F3 

C PBS 7, 14 21   

 

   FTIR F3 

1,150 PBS 4.18 

4.19 2
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PBS 

PBS 7 14 O-P-O

bending 21 P-O stretching 

964, 1,030 1,100 cm-1

3,570 cm-1

7  

   
F3 2 

HA 

 

4.3.2.3 

PBS XRF 

 PBS 14 

XRF

4.5 

) 
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4.5 PBS 

14  

 
 

Ca P Si Na Mg Cl Sr Zr 

F1@1250 control 1.059 0.570 0.0032 - tr - tr tr 

F2@1250 control 1.064 0.566 0.0028 - tr - tr tr 

F3@1250 control 1.045 0.579 0.0050 - tr - tr tr 

F1@1250 14d 1.059 0.571 0.0025 tr tr tr tr tr 

F2@1250 14d 1.029 0.564 0.0028 tr tr tr tr tr 

F3@1250 14d 1.021 0.578 0.0036 tr tr tr tr tr 

tr    

  

PBS 

PBS  

4.6 Ca/P 

PBS 14   

 Ca/P 

F1@1250 control 1.859047 

F2@1250 control 1.879528 

F3@1250 control 1.805276 

F1@1250 14d 1.85589 

F2@1250 14d 1.825548 

F3@1250 14d 1.767416 
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  Ca/P PBS 

4.6 

HA Ca/P 

PBS 

PBS HA 

HA HA 

Ca/P 1.67  

4.4   

  TCP  CS

XRF 

4.1 Si/(Ca+P) 

Si/(Ca+P) F1, F2 F3 

F4 

XRF 

F1, F2 F3 

XRD 

4 

F1 F2 HA 

- [27] 
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cellulose hemicellulose

[50]

1,150 1,250 C 

 2

230-300 m 

0.25-8.00 m 4.3 4.4) 

  

CS 

CS (  4.1) XRD 

4.2 CS 

SiO2

1600- [51] 

CS  4.4  

  
simulated body 

fluid SBF PBS PBS 

blood plasma  

4.7 
 

 4.7 SBF PBS [36] 

 
mM  

Na+ K+ Mg2+ Ca2+ Cl- HCO3
- HPO4

2- 

 142.0 5.0 1.5 2.5 103.0 27.0 1.0 

SBF 142.0 5.0 1.5 2.5 148.8 4.2 1.0 

PBS 157.0 4.5 - - 140.0 - 10.0 
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[52]  

  PBS 

7, 

14 21 SEM, XRD, XRF FTIR 

  PBS 

7

14 

PBS 7 

14 

CS 

 4.6 4.7) 

diffusion PBS 

[53] 

  XRD 4.4) 

HA TCP 

F3 HA 

PBS 14  TCP 

 F1

HA F2 F3 

solubility TCP HA Ksp TCP 2.83×10-30 

Ksp HA 3.37×10-58 TCP 

TCP [49]

2)  

    Ca3(PO4)2  Ca2+ + PO4
3-    (4.2) 
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F2 F3 F3 HA 

F2 4.13) FTIR 

PBS 

HA 

  CS 

 

HA HA 

[54]  (3) (4) [55, 

56] 

   3[Ca(PO4)2 + Ca2+ + 2(OH-)   Ca10(PO4)6(OH)2   (4.3) 

   6[HPO4
2-] + 10Ca2+ +8[OH-]  Ca10(PO4)6(OH)2 + H2O  (4.4) 

  CS 

silanol silanol 

group, SiO2 PBS SiO- 3 [57, 58] 

Si silicon-substituted 

hydroxyapatite  

    SiOH + OH-  SiO- + H2O    (4.5) 

   HA -

carbonated apatite FTIR 

 HA Ca/P 

 XRF 4.6) PO4
3- 

HA CO3
2- [58] 



 
 

5 
 

 

 

 

0.005, 0.01, 0.02 0.04 1 

900 C XRF XRD 

1,150 

1,250 C 2 SEM, XRF, 

XRD FTIR  

 
biocompatibility bioactive 

 

1. 

non-loaded bearing  

2. 
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4.  XRD FTIR 

in 
vivo 

5. 

F3 

 
   

1. 
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2. XRD 
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1.  XRF 
 
 1.1   

.1 900 C 
XRF 

 
)  

Ca P Si Al Sr Mg Fe 
F1 43.6 16.9 0.0421 0.05 tr tr tr 
F2 44.2 16.6 0.0787 tr 0.03 tr tr 
F3 43.2 17.1 0.15 tr tr tr tr 
F4 43.0 17.1 0.29 tr tr tr tr 

  F1 
.1  

  =  : Ca = 40.08 P = 30.97  

  Si = 28.09 

   

  Ca  =        = 1.088  
 

  P =        = 0.546  

 

43.6 

40.08 

16.9 
30.97 
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Si   =        = 0.001  

  4.1  

 1.2  Ca/P
Ca/(Si+P)   

  Ca/P Ca/(Si+P) 4.1
F1  

  Ca/P =   =      = 1.993 

 

  =   

 

      =    
 

                    = 1.988  

  Ca/P Ca/(Si+P) 
4.2 

 1.3  
Si/(Ca+P))   

  Si/(Ca+P)  

   3.1 
.2 

 

 

0.546 + 0.001 

Ca 
P 

Ca 
P + Si 

1.088 

1.088 

0.546 

0.04 

28.09 
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2  

 
 

Ca P Si 
F1 (CP:CS = 1:0.005 ) 3 2 0.005 
F2 (CP:CS = 1:0.01 ) 3 2 0.01 
F3 (CP:CS = 1:0.02 ) 3 2 0.02 
F4 (CP:CS = 1:0.04 ) 3 2 0.04 

   Si/(Ca+P) .2
F1  

   Ca/(Si+P)  =    

 
 

                       =        = 0.0010 
 

    Si/(Ca+P)
.3  

  Si/(Ca+P)
XRF 

   Si/(Ca+P) 4.1
F1  

   Ca/(Si+P)  =    

 

                 =     =  0.0009 
 

Ca + P 

Si 

0.005 
3 + 2 

Si 

Ca + P 

0.001 

1.088 + 0.546 
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    Si/(Ca+P)
.3 

.3 Si/(Ca+P)) 
   

Si/(Ca+P)   

F1 0.0009 0.0010 
F2 0.0017 0.0020 
F3 0.0033 0.0040 
F4 0.0064 0.0080 

  .3 4.1 

 1.4  PBS 

.4  1,250 C 
XRF 

 
) 

Ca P Si Na Mg Cl Sr Zr  
F1@1250 control 42.44 17.64 0.09 - tr - tr tr  
F2@1250 control 42.64 17.53 0.08 - tr - tr tr  
F3@1250 control 41.89 17.93 0.14 - tr - tr tr  

F1@1250 14d 42.44 17.67 0.07 tr tr tr tr tr  
F2@1250 14d 41.25 17.46 0.08 tr tr tr tr tr  
F3@1250 14d 40.92 17.89 0.10 tr tr tr tr tr  

   Ca/P
1.1 1.2 4.5 4.6  
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2.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

) 

) ) 

) 

) ) 

233 µm 257 µm 

267 µm 249 µm 

296 µm 283 µm 



96 
 

.1 F1  
F2 F3  1,150 

 
.5 F1, F2 F3 

1,150 2  

  ( C)  µm  

F1 
1,150 233 
1,250 259 

F2 
1,150 267 
1,250 249 

F3 
1,150 296 
1,250 283 

 

 

 

 

 

 

 

 






