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3.1  

3.1.1  

1. (CaCO3) 99.8%  Riedel-de Haen 

2. (Na2CO3) 98.5%  Riedel-de Haen 

3. ((NH4)2HPO3) 98%  Fluka 

4. (ethyl alcohol)  95%  Merck 

 

3.1.2  

1. (crucible alumina)  

2.  (zirconia  ball)  

3. (magmetic bar) 

4. (magnetic stirrer) (heater) 

5. (agate mortar) 

6.   

7.  0.01  

8.  

9.  

10. 0.0001 AND HM-300 

11.  120   

12. 10  

13.   

14. (ball-mill)  

15. 500, 800 1200 
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16. (nylon sieve) 120  

17.  (stainless steel plate)  

18. 0.1  

19. (stub) 

20. (carbon tape) 

21.  (x-ray diffractometer)  D500  Siemens 

 

22.  High Temperature DTA Cell Adaptor 

 

23.  (scanning electron microscopy: SEM) 

 Low vacuum (JEOL JSM 5910LV) 7274  

24. sputtering JFC-1100E JEOL  

25. LCZ HP 4276A 

(dielectric loss) 20  10  

26. (d33 meter 35865) 

 

3.1.3  

 2  

3.1.3.1  

3.1.3.1.1  (CPGs bioglass) 

3.1.3.1.2  

BaZr0.05Ti0.95O3 (BZT0.05)  BaZr0.10Ti0.90O3 (BZT0.10) 

3.1.3.2  

3.1.3.2.1   - 

(CPGs/BZT0.05 glass-ceramics) 

3.1.3.2.2   

 (CPGs/BZT0.10 ceramics)  
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3.1.3.1  

3.1.3.1.1  (CPGs bioglass) 

(45P2O5-40CaO-15Na2O bioglass) 

(CaCO3) 

((NH4)2HPO4) (NaCO3) 

3.1  1000 

60 10 

3.1 (alumina crucible) 

(quenched) 

(nylon sieve) 

120 

(Differential thermal analysis, DTA) 

(heat treatment)  

 

3.1 (CPGs) 

75  

Mole Raw materials M.W. M.W. * mole W.F. 75 g. 

0.90 CaCO3 132.056 118.8504 1.2431 93.2376 

0.45 (NH4)2HPO4 100.088 40.0352 0.4187 31.4074 

0.15 NaCO3 105.988 15.8982 0.1662 12.4720 
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3.1  

TRoom 

Time (min) 

1000oC for 60 min 

Temperature (°C)
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3.2 (CPGs bioglass) 45P2O5-

40CaO-15Na2O 

 

 

 

 

 

1000 

60  

(Al2O3 crucible) 

NaCO3 (NH4)2HPO4 CaCO3 

(quenched)

DTA 

120  
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3.1.3.1.2 (BZT)  

(BaCO3) (ZrO2) 

(TiO2) (ball mill) 

BaZrxTi1-xO3  x = 0.05 (BZT0.05) 3.2 BaZrxTi1-xO3  x = 

0.10 (BZT0.10) 3.3 

(stirred) 

120 

24 1250 

BZT0.05 1400 BZT0.10 

120 5 

 3.3 

(nylon sieve) 120 

 (X-Ray diffraction)  

 

3.2  

BZT0.05 100  

 

Mole Raw materials M.W. M.W. * mole W.F. 100 g. 

1.0 BaCO3 197.32 197.32 0.8384 83.8419 

0.95 TiO2 79.85 75.85 0.3223 32.2321 

0.05 ZrO2 123.20 6.16 0.0261 2.6174 

 

 

3.3 

BZT0.10 100  

 

Mole Raw materials M.W. M.W. * mole W.F. 100 g. 

1.0 BaCO3 197.32 197.32 0.8307 83.076 

0.9 TiO2 79.85 71.865 0.3025 30.257 

0.1 ZrO2 123.20 12.32 0.0518 5.187 
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3.3 BZT0.05 BZT0.10 

1250°C for 120 min 

Time (min) 

5°C/min 

1400°C for 120 min 

5°C/min 

TRoom 

Temperature (°C) 

BZT0.10BZT0.10
BZT0.05
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3.4 BZT0.05 BZT0.10 
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3.1.3.2  

3.1.3.2.1  

(CPGs/BZT0.05 glass-ceramics) 

(CPGs/BZT0.05 glass-ceramics) 

( 3.3.1.1) BZT0.05 (

3.3.1.2) CPGs:BZT0.05 100:0 90:10 80:20  70:30 60:40 

50:50 (ball mill) 24 

(stirred) (magnetic bar) 

120 

24 1000 

60 10 

 3.5 (alumina crucible) 

(quenched) 

(stainless steel plate) 450 

450 8 

5 5 

1 

 (XRD) 

(SEM)  (Density) (Hardness) 

(SBF) 
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3.5 CPG/BZT0.05 

 

 

 
 

3.6  
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3.7 (alumina crucible) 

 

 
 

3.8 (stainless steel plate)  
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3.9 CPG/BZT0.05 

 

  

 CPG:BZT0.05 100:0 90:10 

80:20 70:30 60:40 50:50  

(Ball mill) 

(stirred)

120oC

450oC  

1000oC 60  

450oC 

8  

5x5x1  

 

XRD, SEM, Density, Hardness, electrical properties, SBF 
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3.1.3.2.2  

(CPGs/BZT0.10) 

(CPGs/BZT0.10 ceramics) 

( 3.3.1.1) BZT0.10 ( 3.3.1.2) 

 CPGs:BZT0.10 100:0 90:10 70:30 50:50 30:70 

10:90  5:95 (ball mill) 24 

(stirred) (magnetic bar) 

120 

24  (nylon sieve) 

120  

0.35 1.0 

 (uniaxial pressing) 1 

20 

377 427 477 

2 5 

 3.10 

 (XRD) 
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3.10 CPG/BZT0.10 

  

CPG:BZT0.10 100:0 90:10 

80:20 70:30 60:40 50:50  

(Ball mill) 

(stirred)

120oC

450oC  

1000oC 60  

450oC 

8  

5x5x1  

 

XRD, SEM, Density, Hardness, electrical properties, SBF 



60

 
 

3.11 (punch and die) 1.0  

 

 

 

 
 

3.12  
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3.13  

 

 

 

 
 

3.14 (furnace) 
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3.2  

3.2.1  

1.  (NaCO3)  99.8%  Riedel-de Haen 

2.  (KCO3)  90+%  Aldrich 

3.  (Nb2O5)  99.95% Cerac 

4. (TeO2) 99% Aldrich 

5. (Er2O3) % Aldrich 

6.  (ethyl alcohol)  95%  Merck 

7.  (acetone) 

3.2.2  

1.   

2.   

3.   (platinum crucible)  

4.  Polyetylene 

5.   (stainless steel plate) 

6.   (  0.0001 )  AND  HM-

300 

7.   (agate mortar) 

8.   (aluminium foil) 

9.  (furnace) 

10.  (desiccators) 

11.  0.01  

12. 500, 800, 1000, 1200 

13.  0.3  

14.  (Zirconia ball) 

15.  (stub) 

16.  (carbon tape) 

17.  (ball-milling) 

18.  

19.  120 oC 

20.  (magnetic bar) 

21.  (hot plate) 
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22.  (nylon seive)  120  

23.  

24.  (x-ray diffractometer)  D500  Siemens

 

25.  (scanning electron microscopy: SEM ) 

   Field emission 

26.  sputtering JFC-1100E JEOL  

27.  LCZ  Agilent E4980A 

 (dielectric loss)  20 Hz  2 MHz 

28.  LCR  Agilent E4970A 

 (dielectric loss)  20 Hz  2 MHz  0 –

500  

29.  High Temperature DTA Cell Adaptor 

 

30.  Hysterisis analyzer  RADIANT (Technologie, inc.) 

model 6093 

31.  UV-Visible spectrophotometer  VARIAN Cary 50 Conc 

32.  Spectroscopic Ellipsometer alpha-SE   J.A. Woollam 

33. Multichannel spectrometer Avantes 

 

3.2.3  

 

K0.5Na0.5NbO3 KNN  

TeO2

 (melting-quenching) 

2  

3.2.3.1  

(calcination process) 

3.2.3.2  (melting and quenching method) 

(crystallization process or heat treatment process) 
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3.2.3.1  

 24 

 

Na2CO3 (Riedel-de Haën, 99.9%)  K2CO3 (Sigma-Aldrich, 

99.9%)  Nb2O5 (Sigma-Aldrich,99.9%) 

 3.4  

(ball milling)  24 

 24  

(magnetic bar) 

 600 – 900  2  4 

 100  300 

 (Xray diffraction, 

XRD)  SEM-EDS 

 3.15 

 

3.4  

 

 Weight of powder (g) 

50 100 150 200 

Na2CO3 6.8307 13.6614 20.4921 35.6278 

K2CO3 8.9069 17.8139 26.7208 35.6278 

Nb2O5 34.2624 68.5247 102.7871 137.0495 

Total weight 50.0000 100.000 150.0000 200.0000 
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 3.15  

 

 
 

 3.16  

Na2CO3 K2CO3 Nb2O5 

24 h 

hot plate 24 h 

600-900oC 2 – 4 h 

100 300 oC/h 

XRD SEM-EDS 
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 3.17  

 

3.2.3.2  

K0.5Na0.5NbO3

KNN TeO2) 

 

20 - 30 

70 – 80 

800 15 

 10 

 (glass transition temperature, Tg) 

Tg (Differential thermal 

analysis : DTA) 

  

XRD 

 Archimedes 

SEM-EDS

KNN  

TeO2

(KNN TeO2  3.19 



67

 
3.18 KNN) 

TeO2)  

 

 
 

 3.19 

(KNN TeO2) 

KNN TeO2 

 800 15  

(stainless steel plate)  Tg 

DTA 

 

DTA, Density, XRD, SEM, EDS, 

Dielectric constant, Dielectric loss  
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 3.20 (Platinum crucible) 

 

 

 
 

 3.21 (stainless steel plate)  
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 3.22 (agate mortar) 

 

 

3.3  

3.3.1  

  

 Archimedes 

  5   

 (W3)  

 (W2)  120°C 

 24   (W1) 

 3.1   

 = ×                                                             (3.1) 

 

 s  st    

W1     

W2     

W3     
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 3.23  

 

3.3.2  

 (X-ray diffraction technique) 

 (hkl) 

(scattering)   

  

 (detector) 

  

  (Bragg’s 

angle)  

 

   

1.  (sample holder) 

 X-ray diffractometer (

) 

2.  2   10°  2   

60° 
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3.  2

 JCPDS 

 2  d-spacing 

  3.2 

 

  
sin2

d                                                                       (3.2) 

 

  d   (d-spacing) 

   (  = 1.54439 oA) 

 

 
 

 3.24 X-ray diffractrometer 

 

3.3.3  (Differential thermal 

analysis) 

 

(crystallization temperature, Tc) 

 (heat treatment) 

 (thermal analysis)  

 (differential thermal analysis : DTA) 

  

  High 

Temperature DTA Cell Adaptor (  3.25)  

   1000°C 

 10°C/min  (SiO2)   
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 3.25 Differential thermal analysis (DTA) 

 

3.3.4  

(SEM) 2 

(back scatted electron) (scanning electron image) 

 

1. (stub) crystal bronze  

2.  1,000 1,200 

3.  0.3  

4.   

5.  (ultrasonic) 

6.  12  

7.  stub  

8.  Coat sputtering 30  

SEM 
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 3.26 sputtering 

 

 

 
 

 3.27 (SEM) 
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3.3.5  

-  (Relative permittivity, r)  

(Dielectric loss, tan )  

  

   28°C 

 LCR HiTESTER  3532-50  3.28  (C) 

 (tan )  1 kHz – 20 kHz  

1.  1,000   

2.  

3. (air-dry silver paint)  

2x2  

4.   1 10 

 20 kHz  

  3.3 

 

A
Cd

r
0                                                        (3.3) 

 

  r    

C     (F) 

d     (m) 

A     (m2) 

0    8.854x10-12 F/m 
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 3.28  
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4

  

(piezoelectric bioglass-ceramics) 

 

 

 

 

2 

 

4.1 

  

4.2 

4.1

4.1.1.1

(X-

 

(Heat treatment)  

    

4.1 
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4.1 

(Heat treatment) 

 

4.1.1.2

(Differential scanning calorimeter: DSC) 

(Heat treatment) 

427  

575 670 

4.2 
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4.2 (Differential 

scanning calorimeter: DSC) 

 

4.1.2.1

BaZr0.05 0.95O3 (X-

BaZr0.05Ti0.95O3  

BaZr0.05Ti0.95O3 

036-0019  4.3 
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4.3 

BaZr0.05Ti0.95O3 

4.1.2.2

BaZr0.10 0.90O3 (X-

BaZr0.10Ti0.90O3  

BaZr0.10Ti0.90O3 

036-0019  4.4 
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4.4 

BaZr0.10Ti0.90O3 

 

4.1.3

-

4.1.3.1

Differential thermal analysis: DTA) 

Heat treatment) 625 725 

BZT 

550 

 



81 

4.5  

 

4.1.3.2

-

(X-

40CaO-45P2O5-15Na2O-xBaZr0.05Ti0.95O3 (CPGs/ 

BZT0.05) (Heat treatment) 500 550 

 

500 

(BZT0.05) 

073-0440 4.6 
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4.6 CPGs/BZT0.05 

500  

 

550 

 (calcium phosphate 

Ca2P2O7) 073-0440 

10 20 

 (calcium phosphate Ca2P2O7) 073-0440 

(barium titanium zirconium oxide phase) 

036-0019 

30 40 50 4.7
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4.7 CPGs/BZT0.05 

550  

4.1.3.3

-

(CPGs/BZT0.05 glass-ceramics) 

 

 (Heat treatment) 500 

2.96 3.37 

 

50 3.37  

 (Heat treatment) 550 

2.67 3.46 
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40 

4.8 

 

4.8 CPGs/BZT0.05 

(Heat treatment) 500 550  

 

4.1.3.4

- (

(CPGs/BZT0.05 glass-ceramics)  

(Heat treatment) 500 

(Hardness) 5.79  17.44 

30  

(Heat treatment) 550 

(Hardness) 2.86 17.98 

30  4.9 
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4.9 CPGs/BZT0.05 

(Heat treatment) 500 550  

 

4.1.3.5

 (Dielectric constant)  

 (CPGs/BZT0.05 glass-

ceramics) 1 1000  

(Heat treatment) 500 

50 10.039 1 

4.10 
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4.10 ( r)

CPGs/BZT0.05 500 

1 1000  

 

(Heat treatment) 550 

 10  

72.652 1 4.11 
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4.11 ( r)

CPGs/BZT0.05 550 

1 1000  

 

4.1.3.6

d33

 (piezoelectric coefficient: 

d33)  

(CPGs/BZT0.05 glass-ceramics)  

(Heat treatment) 500 

21 23  

 

(X-ray diffraction: XRD)  
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4.12  CPGs/BZT0.05 

500  

 

(Heat treatment) 550 

 21 33 

10 4.13 

(  30 50 

 30 50 

 (X-Ray 

diffraction: XRD)   
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4.13  CPGs/BZT0.05 

500  

 

4.1.3.7

(CPGs/BZT0.05 glass-ceramics) 

(Scanning electron microscope: SEM)  

(Heat 

treatment) 

4.14 
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4.14 CPGs/BZT0.05 

(Heat treatment)  

 

(Heat 

treatment) 500 

 

10 

 4.15 

50BZT 

0BZT 

40BZT 

20BZT 30BZT 

10BZT 
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4.8 

 (X-ray diffraction: XRD)  

 

 
 

 

4.15 CPGs/BZT0.05 

(Heat treatment) 500  

 

 

50BZT 

30BZT 

10BZT 0BZT 

20BZT 

40BZT 
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(Heat 

treatment) 550 

10 20 

30 40  50 4.16 

 

 
 

4.16 CPGs/BZT0.05 

(Heat treatment) 550  

0BZT 

50BZT40BZT

20BZT 

10BZT 

30BZT 
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 (X-ray diffraction: XRD)  

(Heat 

treatment) 500 

(stimulated body fluids: SBF) 7  (apatite-

liked layer) 

4.17 

 

(Heat 

treatment) 

(stimulated body fluids: SBF) 7  (apatite-

liked layer) 

10 20 4.18  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



94 

 
 

4.17 CPGs/BZT0.05 

 500 

(stimulated body fluids: SBF) 7  

 

 

 

 

 

 

50BZT 

30BZT 

40BZT 

10BZT 0BZT 

20BZT 
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4.18 CPGs/BZT0.05 

 550 

(stimulated body fluids: SBF) 7  

 

(Heat 

treatment) 500 

(stimulated body fluids: SBF) 14  4.19 

7 

30  

50BZT 40BZT 

30BZT 20BZT 

10BZT 0BZT 
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4.19 CPGs/BZT0.05 

 500 

(stimulated body fluids: SBF) 14  

 

 

 

50BZT 

10BZT 0BZT 

30BZT 20BZT 

40BZT 
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4.20 CPGs/BZT0.05 

 550 

(stimulated body fluids: SBF) 14  

 

 (Heat 

treatment) 550 

(stimulated body fluids: SBF) 14  4.20 

7 

10 

50BZT 40BZT 

20BZT 

10BZT 0BZT 

30BZT 
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 (Energy Dispersive X-ray: EDX) 

(Ca/P) 10 

 

(BZT0.05) (CPGs) 10 

 

 

 

4.1.4

4.1.4.1 (x-

 (X-

ray diffraction: XRD)    

(CPGs/BZT0.10 ceramics) 4.21 

(JCDPS file) 031-0019  -Ca2P2O7 

 03-0604 NaPO3 

011-0650 

(BZT) (BZT0.10) 
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4.21 CPGs/BZT0.10 

 

 

 

4.1.4.2

 (CPGs/BZT 0.10) 

 4.1  



100 

1.90 

3.36 

0.4 

4.22 

 

 
 

4.22 CPGs/BZT0.10 

 

4.1  

   CPGs/BZT0.10  

 

(1- -xBZT

3 (d33

0.0 1.28 3.20 0 

0.1 0.55 1.90 0 

0.2 1.83 2.84 0 

0.3 2.49 3.27 3 

0.4 2.52 3.36 7 
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4.1.4.3

 (Hardness) 

(CPGs/BZT0.10)  

4.22 0.55 2.52 

0.4 

(Density) 

 

4.1.4.4

(Dielectric constant) 

(CPGs/BZT0.10) 

 

0.4  

( r) 

(f < 10 kHz) 

(permittivity magnitude) 4.23 
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4.23 

CPGs/BZT0.10 

 

(Piezoelectric coefficient: d33) 

4.24 
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4.24 CPGs/BZT0.10  

 

4.1.4.6

 (CPGs/BZT0.10) 

(stimulated body fluids: SBF) 

(Scanning electron microscope: SEM)  

(stimulated body 

fluids: SBF)  
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4.25 CPGs/BZT0.10 

 

(stimulated body 

fluids: SBF) 7 

0.2  

 

 

 

 

 

 

 

0.0BZT 0.1BZT 

0.4BZT 

0.2BZT 0.3BZT 
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4.26 CPGs/BZT0.10 

SBF 7  

 

 

(stimulated body fluids: 

SBF) 14 

 

 

 

 

 

0.0BZT 0.1BZT

0.4BZT 

0.2BZT 0.3BZT 
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4.27 CPGs/BZT0.10 

SBF 14  

 

4.2.1.1

(X-

Na2CO3 (Riedel-de Haën, 99.9%) 

K2CO3 (Sigma-Aldrich, 99.9%) 

Nb2O5 (Sigma-Aldrich, 99.9%) (ball 

milling) 

0.0BZT 0.1BZT 

0.4BZT 

0.2BZT 0.3BZT
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(conventional mixed oxide method) calcination 

process) 900  4 

1.7 5 

50 

XRD  4.28  

 

 

4.28 XRD KNN Na2CO3 

K2CO3 Na K 

5 

 

4.2.1.1

-

 

FE (Field emission scanning electron microscope; FE-SEM) 

KNN -

Int
ens

ity
 (a

.u.)
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(energy dispersive spectroscopy; EDS)  KNN 

K, Na, Nb O  4.2 

Na K 1 : 1 

 
 

4.29 KNN 

 

 

4.2 KNN 900 

 

 

 
 

 

 

Element Weight% Atomic% 
O K 41.35 72.88 

Na K 6.14 7.53 

K K 8.73 6.30 

Nb L 43.78 13.29 

Totals 100.00  
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4.2.2.1

 KNN 

Tellurium 

dioxide; TeO2) KNN TeO2 30:70  20:80 

(quenching)  

(thermal shock) 2 

DTA (Differential thermal analysis) 

 4.30 

4.30 DTA 

KNN TeO2 

 30:70  20:80  
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 4.30  KNN-TeO2 30:70 

20:80  (glass transiton temperature; Tg) 

420  

 (crystallization temperature; Tc) 2 Tc1 Tc2 

30KNN-70TeO2 Tc1 Tc2 

KNN-80TeO2 Tc1 Tc2 408 498 -

(heat treatment; HT) 

DTA  Tc1 Tc2 

 HT 

4.3  4.31  4.32 

 

4.3  HT  

 

KNN : TeO2 

(mol%)

HT  

30 : 70 498 408 375 350 325 300 

20 : 80 522 420 375 350 325 300 

 
4.31 KNN TeO2 30:70  

 HT 300 oC,   HT 325 oC,   HT 350 oC,   HT 

375 oC,   HT 420 oC   HT 522 oC 

          
            (a)       (b)           (c)                 (d) 

    
  (e)          (f) 
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4.32 KNN TeO2 20:80  

 HT 300 oC,   HT 325 oC,   HT 350 oC,   HT 

375 oC,  HT 408 oC   HT 498oC 

 

4.2.2.2

(X-

 4.33 

2 KNN 

(K0.5Na0.5)NbO3 2 

TeO2

2 

300 – 

350 2 

(K,Na)NbO3  K  Na  A-site 

(unit cell) 

Jeong et al. xK2O-(14-x)Na2O-14Nb2O5-72TeO2 x = 0-12 

30KNN-70TeO2 300 

(K,Na)NbO3  

 

          
            (a)      (b)           (c)                (d) 

    
  (e)          (f) 
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4.33 2 

 

 

20KNN-80TeO2

30KNN-70TeO2 

30KNN-70TeO2 

420 oC (Tc1) (K,Na)NbO3 

2 KNbTeO6 ( )  TeO2 ( ) 20KNN-

80TeO2  Tc1 (K,Na)NbO3 

2 Tc2 

Na2Nb4O11 ( )  KNbTeO6 ( )  TeO2 ( ) 

30KNN-70TeO2 Tc2 KNbTeO6 20KNN-

80TeO2 Tc2 

 DTA  2 

Tc1  Tg (Tc1-Tg) 30KNN-70TeO2 (Tc1-

Tg 120 oC) 20KNN- 80TeO2 (Tc1-Tg 108oC) 

 XRD 30KNN-70TeO2 

20KNN- 80TeO2 Jeong et al.  
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XRD  4.33 full width at half maximum 

(FWHM) 

 Scherrer 4.1 

 = .
     (4.1) 

 

  1.5406 A° 

  FWHM  

   

 

2  4.33 

2  =  28º 

 4.4 

 

4.4 Scherrer 

 

30KNN- 2  

300 35 

325 62 

350 31 

420 (Tc1) 35 

522 (Tc2) 46 

20KNN- 2  

300 46 

325 111 

350 69 

408 (Tc1) 111 

498 (Tc2) 62 
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 4.4  XRD  

4.33 

 

 

4.2.2.3

 

30KNN- 70TeO2 

Tc2  4.34 650 1 kHz 

0.02 

 KNN 

 30KNN- 70TeO2
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4.34  (a)  (b)  2 

 

 

4.2.2.4

 

4.35 

20KNN - 80TeO2 

KNN 4.64 g/cm3 TeO2 

 5.67 g/cm3 
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4.35  2  

 

4.2.2.5

 

 

4.36 

30KNN-70TeO2  20KNN-80TeO2

20KNN-80TeO2 300-325 

Tc2 2 

 

 4.5 2 

30KNN-

70TeO2 20KNN-80TeO2 
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4.36 2 
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4.5 2  

 

 
(

 

30KNN- 2  

300 2.090 

325 2.012 

350 2.086 

420 (Tc1) 2.154 

20KNN- 2  

300 2.165 

325 2.183 

350 2.089 

408 (Tc1) 2.177 

 

200  

30KNN-70TeO2 

 XRD 

4.33 ( (K,Na)NbO3) 

420 2 KNbTeO6 

20KNN-80TeO2 

XRD 

 4.33 (K,Na)NbO3 

300 – 408 

408  4.37 
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20KNN-80TeO2 

 

 

 
 

4.37 20KNN-80TeO2

300 – 408  



5

 

 

 45P2O5-40CaO-15Na2O 

/xBaZr0.05Ti0.95O3 (CPGs/BZT0.05 bioglass-ceramics) 

(1-x)(45P2O5-

40CaO-15Na2O)-x(BaZr0.10Ti0.90O3) (CPGs/BZT0.10)  

 

 

5.1

- 45P2O5-40CaO-15Na2O/xBaZr0.05Ti0.95O3 -ceramics)

(BaZr0.05Ti0.95O3, 

BZT0.05) 45P2O5-40CaO-15Na2O (CPGs) 

 100:0 90:10 80:20 70:30 60:40 50:50 

(Differential Thermal Analysis, DTA) 

BaZr0.05Ti0.95O3 (BZT0.05) 

(X-Ray Diffraction, XRD) 

 

 

 1.  45P2O5-40CaO-15Na2O/xBaZr0.05Ti0.95O3 (CPGs 

/BZT0.05 bioglass-ceramics)  

BZT0.05 0 10 20 30 40 50  

 2. 

BaZr0.05Ti0.95O3  550  

3. 

CPG/BZT0.05  BZT0.05 0  
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Ca2P2O7 JCPDS 073-0440  BZT 10 

20 Ca2P2O7  BZT0.05  JCPDS 

073-0440 036-0019  BZT0.05 

30 40 50  

4. 

BZT0.05 2.676 

3.463 40  

5. CPGs/BZT0.05 

3.717 18.330 BZT0.05 30 

 

6. 1 

1000 BZT0.05 10 

1 74 

7. 

CPGs/BZT0.05 21 33 

BZT 10  

8. 

14 

CPGs/BZT0.05 

BZT 10 EDX 

(Ca/P) BZT 10  

 

- (1-x)(45P2O5-40CaO-15Na2O)-x(BaZr0.10Ti0.90O3

(BaZr0.10Ti0.90O3: BZT0.10) 

(CPGs) BZT0.10 0.00 0.10 0.20 0.30 0.40 

 CPG/BZT0.10 
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1. (1-x)(45P2O5-40CaO-15Na2O)-x(BaZr0.10Ti0.90O3) 

(CPGs/BZT0.10) BZT0.10 0.00 0.10 0.20 0.30 

0.40  

2. CPGs 

427 575  

550 650  

3. 

BZT JCDPS 031-0019 -Ca2P2O7 

JCDPS 03-0604 NaPO3 JCDPS 011-0650 

BZT  

4.  

CPGs/BZT0.10 1.90 3.36 

BZT 0.40 

5. CPGs/BZT0.10 

0.55  2.52 BZT 

0.4 

 

5.2

KNN – TeO2 

KNN ( 30 ) 

KNN 

Na2Nb4O11 , KNbTeO6 

TeO2  KNN  
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