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APPENDIX A 

Density and porosity 

The densities of sintered samples were measured by the Archimedes method 

using distilled water as medium. The first, the bulk samples were dried in oven 

furnace at 110 C for 4 hours, then measured dried weight as (D). Second, dried 

samples were boiled in distilled water for 4 hours and then continuous soaked for 12 

hours. Third, bring the samples measured the weight of the water displaced as (I) and 

finally, take the samples of absorbed at the surface of the samples with tissue paper. 

Then, a measured the soaked weight in air as (S). Densities and apparent porosity 

were determined from the equation (7) to (10). 

 

                                  Apparent density   = ( 
D

D−I
) x H2O                                       

                                          Bulk density   = ( 
D

S−I
 ) x H2O                                   

                                          True density   = 
(m2−m1)

(X−Y)
 x H2O                      

                                 Apparent porosity       = (
S−D

S−I
 ) x 100                           

                    For example: 

Sample of Ca/P molar ratio 1.69 at 1300C for 2 h.: D = 0.64 g, S = 0.71 g, I = 0.43 g 

and H2O = 0.997879 g/cm3 at 21.5 C 

           Apparent density         = ( 
𝟎.𝟔𝟒

𝟎.𝟔𝟒−𝟎.𝟒𝟑
) x 0.997879 g/cm3 

              = 3.04 g/cm3 

Bulk density          = ( 
0.64

0.71−0.43
 ) x 0.997879 g/cm3 

                                      = 2.28 g/cm3 
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m1 = weight of bottle and cover after dried (19.6992 g) 

 m2 = weight of bottle, cover and solid powder (20.2543 g) 

 m3 = weight of bottle, cover, distilled water and solid powder (30.1579 g) 

 m4 = weight of bottle, cover and distilled water (29.7789 g) 

  x  = weight of distilled water required to fill the bottle  

      = (m4 - m1) 

  y  = weight of distilled water required to fill the bottle above the solid powder  

     = (m3 - m2) 

     (x - y) = the weight of distilled water occupying the same volume as the solid  

        powder 

 

   True density   = 
(20.2543 −19.6992)

((29.7789−19.6992)−(30.1579−20.2543))
 x 0.997879 g/cm3                      

   = 3.145 g/cm3 

 

  Apparent porosity   = (
0.71−0.64

0.71−0.43
 ) x 100 

            = 25 % 
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APPENDIX B 

Hardness 

Microhardness measurements were using a Vickers hardness tester and 

pyramidal diamond indenter used 50 g load for 15 second. Measurement of the 

lengths of the diagonals of indents of hardness and measured with an optical 

microscope. There was selected one sample from each condition (six samples) of 

which to provide measured hardness. Five indentations were made for each sample 

and the average value was taken calculated using the equation (11) [75] 

For example:  

Sample of Ca/P mole ratio 1.69 at 1300C for 2 h. 

      F = 490.3 mN = 50 g 

      𝑑̅ = Mean diagonal length of indentation in micrometer (m) = 48.415 x 10-3 mm 

                            

                 HV = 0.1891
𝐹

𝑑̅2 

                                                   

                                       HV = 0.1891x 
0.4903

(48.415 𝑥 10−3 )2   N/mm2      

                                              =  
0.0927

2344𝑥10−6                

=  39.55     HV                            
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APPENDIX C 

Flexural bending strength 

 Bending strength was investigated using a ball-on-ring test [76] using 

universal testing machine. The span length was 20 mm and the cross head speed was 

0.5 mm/min. Six samples were tested and the average was appeared in all tests. The 

bending strength ( ) of the samples were determined from the equation (12). 

 

 = 
3F(1+ )

4t2  [
(1 − )

(1 + )
 ×  

2a2 − b2

2R2  +  2 ln (
a

b
)  +  1]                             

 

For example: Ca/P = 1.69 at 1300 C for 2 h. 

The breaking load; F = 42.97 N  

Poisson ratio;  = 0.28  

Radius of the support; a = 6.35 mm  

Radius of the samples; R= 5.965 mm  

Thickness of the sample; t = 2.37 mm  

t/3; b = 0.79 mm  

   

 = 
3∗42.97∗1.28

4∗(2.372)
 [

(1 – 0.28)

(1 + 0.28)
∗  

2∗(6.352) – 0.792

2∗(5.9652)
 +  2 ln (

6.35

0.79
)  +  1] 

     = 
165

70.6124
 * [(0.5625) ∗ (

80.645 – 0.6241

71.1625
) + (4.1683 + 1)] 

      = 2.3367 * [(0.5625 ∗ 1.1245) + 5.1683] 

         = 13.55 MPa 
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APPENDIX D 

Data JCPDS file 

- Ca5(PO4)3(OH): Hydroxyapatite, Syn/Calcium Phosphate hydroxide, Lattice: 

Hexagonal, Radiation = 1.540598 A, Quality: Indexed. Reference: de Wolff, P., 

Technisch Physische Dienst, Delft, The Netherlands. Danasg, volume 0, page 879, 

1964. 

- Ca3(PO4)2: Whitlockite, syn/Calcium Phosphate, Lattice: Rhombohedral, Radiation 

= 1.540598 A, Quality: Indexed. Reference: de Wolff, P., Technisch Physische 

Dienst, Delft, The Netherlands. Danasg, volume 0, page 684, 1951. 

- CaO: Lime, syn/Calcium Oxide, calcia burnt lime, quicklime, Lattice: Face-centered 

cubic, Radiation = 1.540598 A, Quality: High. Reference: McMurdie, H., Morris, M., 

Evans. E., Paretzkin, B., Wong-Ng, W. and Hubbard, C, Podie2, volume 1, page 266, 

1986. 

     Ca5(PO4)3(OH)                                 Ca3(PO4)2                                        CaO 

JCPDS no. 9-432  JCPDS no. 9-169  JCPDS no.37-1497 

2 Intensity  2 Intensity  2 Intensity 

10.813 12  10.856 12  32.209 36 

16.848 6  13.63 16  37.358 100 

18.79 4  14.238 6  53.854 54 

21.811 10  17.001 20  64.158 16 

22.909 10  18.462 2  67.365 16 

25.356 2  20.211 8  79.664 6 

25.886 40  21.394 4  88.517 6 

28.124 12  21.877 16  91.473 16 

28.969 18  22.206 4  103.331 12 

31.783 100  25.797 25  112.645 6 
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32.187 60  26.196 4  129.887 6 

32.905 60  26.505 10  142.619 10 

34.053 25  27.414 8  147.811 16 

35.475 6  27.769 55    

39.206 8  28.68 2    

39.824 20  29.66 16    

40.444 2  31.022 100    

42.033 10  32.456 20 

42.31 4  33.017 10 

43.816 8  33.49 8 

44.374 2  34.368 65 

45.306 6  35.001 6 

46.711 30  35.113 8 

48.099 16  35.588 12 

48.619 6  35.905 6 

49.472 40  37.336 10 

50.494 20  37.859 6 

51.282 12  39.801 10 

52.096 16  40.054 4 

53.154 20  40.214 2 

54.434 4  41.087 14 

55.869 10  41.686 12 

57.141 8  42.981 4 

58.076 4  43.56 8 

59.933 6  43.746 4 

60.456 6  43.885 6 

61.657 10  44.537 10 

63.017 12  44.769 6 

63.447 4  44.909 4 

64.081 13  45.306 8 
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65.024 9  46.031 2 

66.384 4  46.64 4 

69.712 3  46.969 20 

71.641 5  
47.958 16 

72.28 4  
48.406 14 

73.997 7  
49.78 12 

75.026 3  
50.304 6 

75.598 9  
50.733 6 

76.144 1  
51.258 6 

77.188 11  
51.473 8 

78.24 9  
52.624 4 

   
52.937 25 

   
53.515 8 

   
54.41 8 

   
55.114 4 

   
56.137 6 

   
56.602 6 

   
57.436 6 

   
57.559 4 

   
59.51 12 

   
60.381 4 
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APPENDIX E 

 

SURGICAL PATHOLOGY REPORT 
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APPENDIX F 

Certificate of Approval For Use of Animals 
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