
     

  

  

  7   2  1397  

43  

  

          

  

   
*

    

         

khavandi@iust.ac.ir 

 :    :  

 :8  1397    

 :21  1397    

    

 :    

     ) HA( 

  -   

.  

  

      )HA (                           

                       .          

      -            HA        Ti-6Al-4V   .      FTIR 

XRD    STA                   HA   

           .  SEM    AFM                      

             .  XRF                

  HA       Ca/P     67/1 .  

  

1-   

   )HA (     

Ca10(PO4)6(OH)2      

                    

              .        

                 

        HA       

                

     .          

    HA            )  

    (              

 .     

       HA   

            .        

          HA    .   

    HA              

   ]1 ,2[.  

    HA             

            

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             1 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


             

 

44    7     2    1397  

 

           .  

        HA    FDA
1

    ISO
2
 

  1  ]3[.   

 1-   HA ]3[  

  

  

 Ca/P 76/1 -67/1 

   95 

  62 

   8/50 MPa < 

   22 MPa < 

 98/2  g/cm3 

  < 50 ppm 

       

              

 .                

                     

            ]4[ .

3
]5[  4]6[  5]7[    6]8[   

         

                    

  HA    .  

                   

   .              

  
1 Food and drug administration 
2 International standard organization   
3 Guo  
4 Tkalcec  
5 Vijayalakshmi 
6 Poinern 

 .  -                

              .     

                   

      

     .              

          

        . 

                 

        -           

                 .        

     -       

                    

     ]4 ,9[.  

                

              -   

                .

                

         . 

                  

        

   .           

                   

                   

HA ]10 ,11[.  

                    

        HA           . 

 XRD FTIR  STA     

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             2 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


     

 

  7     2    1397  45  

 

         .        

           SEM    AFM      

XRF      HA              

   .  Ti-6Al-4V/TiO2         HA 

  –       .  

2-    

      HA                

Ca(NO3)2·4H2O                

(NH4)2HPO4               

  
1

   .       152/0    091/0 

                      ml 50   

                      

 .                  

 67/1 Ca/P=    .    

                       

               .

            ºC40        

 .    pH               9 

   .                  

        

 .            ]12 ,13[    

               

                    .    

                  . 

   ml 6/0    

  
1 Merck 

            .     

  1             .        24 

          .  

                   

      HA          .   

           200 400  

ºC 600                      

 .              

)FTIR, SHIMADZU, 8400S, Japan (  

  cm-1400- 4000      )XRD, 

BOUREVESTNIK, DRON-8, Russia ( 

              .     

    Cu-K         Å 5406/1       .

     
2

  :  

1(    LC= k / cos  

      K                   9/0 

 .        X         .   

            )FWHM(
3

        

    .  

       )STA, BAHR, STA 504, 

USA (                

HA              HA     .

        ºC 1200- 25    

ºC/min10       .  

          XRD  FTIR    STA        

  
2 Scherrer equation 
3 Full Width at Half Maximum 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             3 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


             

 

46    7     2    1397  

 

                   

     HA  .  

        mm 1×10×10         

Ti-6Al-4V) TIMET, USA (      

TiO2          .         

   )VMC409, I.R.Iran 

Nano Tajhiz Pasargad, (   rpm 2000 

      30        HA     .

        

          

   )SEM-EDS, TESCAN, 

Czech Republic (    .   

                

 )AFM, Bruker Hysitron Tribo Scope, USA (

    .  

      HA            

            )XRF, 

PhilipsNetherlands (           

               Ca/P          

     67/1   . 

3-     

  XRD     HA       200  400 

  ºC 600    15             

      1        .     ºC 200 

                HA     

           )NH4NO3 (    

  )Ca2P2O7 (     .   

                 

                        

   .               

                        

                   HA     

 . HA       

  .    :  

I) 10 Ca(NO3)2 + 6 (NH4)2HPO4 + 8 NH4OH  

Ca10(PO4)6(OH)2 + 20 NH4NO3 + 6 H2O 

II) 2 Ca2+ + 2 HPO4
2-  Ca2P2O7 + H2O  

    400    ºC 600          

      HA  .           

     º9/25  º32    º34             

  HA             

 .  

          

  1234-900-96        

Xpert HighScore Plus Ver.3   .  

          

          HA           

         2        .        

                 

                     

 .                 

       .         

       .  
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             4 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


     

 

  7     2    1397  47  

 

  
 1-  XRD   HA    ) (ºC 200 ) (ºC 400  ) (ºC 600  

 2-   FWHM            HA   200 400  ºC 600  

600 ºC 400 ºC 200 ºC   
Crystallite 

size (nm) 

FWHM 

(deg) 

Crystallite 

size (nm) 

FWHM 

(deg) 

Crystallite 

size (nm) 

FWHM 

(deg) 
2 (deg) (hkl) 

19.23 0.4723 - - - - 10.8 (010) 
- - 48.85 0.1968 40.68 0.2322 18.8 (110) 
- - 15.57 0.5904 - - 22.8 (111) 

49.38 0.1968 31.89 0.2952 - - 25.9 (002) 
30 0.3149 - - - - 29 (120) 

30.20 0.3149 11.87 0.7872 27.21 0.3483 32.2 (112) 
24.04 0.3936 - - - - 33 (030) 
30.37 0.3149 32.49 0.2952 - - 34 (202) 

- - - - 27.48 0.3483 35.5 (031) 
24.52 0.3936 9.7 0.9840 - - 39.8 (310) 

- - - - 20.75 0.4644 40.5 (221) 
20.85 0.4723 12.43 0.7872 - - 46.7 (222) 
31.82 0.3149 - - - - 48.2 (312) 
25.40 0.3936 25.40 0.3936 21.48 0.4644 49.5 (123) 
69.78 0.1574 25.8 0.3936 - - 53.3 (004) 

- - 34.90 0.2952 - - 54.4 (104) 
  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             5 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


             

 

48    7     2    1397  

 

   FTIR       HA             

      200  400    ºC 600       2   

   .         HA   

  FTIR                    

)PO4
3- (  )OH- ( ]5[ .

                   

  PO4
3-                     

 cm-1 976-1190  cm-1520-660  

  .                     

 .          HA       

      HA               

  .              ºC 200       

                 PO4
3-  

  cm-1440-475               

PO4
3-                      

 ]5 ,14[.  

  

 2-  FTIR   HA   

) (        ) (ºC 200)  (ºC 400  ) (ºC 600  

     cm-1 2850-3750   

      cm-11640           

   .               

                 .       

                    

  )         I    II (  .HA 

                         

      .                 

                      

                  

]4-6 ,8 ,15 ,16[.  

     NO3
-      

cm-12380 cm-11766 cm-11380  cm-1 825  

  .                  

           ]14[ .     

                 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             6 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


     

 

  7     2    1397  49  

 

                           

ºC600    .  

    CO3
2-   ºC 400  

  cm-11400-1470        .     

      HA           

           .  HA     

              CO2      

HA    .               

                      

              .       

              HA  

                    

  ]14 ,16[.  

      HA   

   DTA/TGA      3     .   

                      

     .         DTA   

  ºC 135    ºC 170               .  

        5      TGA    .  

                            

ºC300       .     50 

       .             

                HA 

 .
1
   ]17[              

  HA              HA    

 ºC 1250  . 

  
1 Bezzi  

                    XRD 

  FTIR                

                      

            .         

  )ºC/min10(       

     .  

         HA            

                HA    

               .  

               FTIR  XRD   

STA              100     HA       

                 TiO2 

              

)CaTiO3 (      HA   TiO2 

      HA     ºC 450     15 

         .  

 SEM     HA  

            4        .

  SEM       HA        

                 

HA  .             

     HA              .

                 

nm 45   .              

  HA    .  HA      

       

      ]18[.  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             7 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


             

 

50    7     2    1397  

 

  

  
 3-  STA (DTA/TGA)      HA  

  
 4-  SEM  )(    ) (  HA  

  AFM         HA       5   

 .               

 .          

                

   .            

                     

                          

                 . 

1
                        

                          

      ]1 ,19[.  
  

  
1 In vivo  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             8 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


     

 

  7     2    1397  51  

 

  

  
 5-  AFM     HA  

                         

               .  

  )Ra (               

    .  Ra        HA        52/16 

   .             

              ]4 ,10[ .

          .

                 

                   

                  .    

                       

        .  

 XRF   HA     

               3     .

                 

    .             

     .         

        HA      .     

      wt% 176/56  wt% 

605/43   .
1
   ]20[     

            HA        

           wt% 25/52    wt% 37/38 

   .               

                     HA 

   .            

                      

HA  ]18[ .  

      Ca/P               

51/1                 

  HA  67/1  .  

  
1 Haberko 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                             9 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


             

 

52    7     2    1397  

 

 3-  XRF    HA  

   

CaO 176/56 

P2O5 605/43 

SO3 22/0 

MgO << 

4-    

  XRD  FTIR   HA 

       HA           

     ºC 400   .   HA  

            .  

STA    HA            

   ºC 1200        

  .                     

                      

         ºC 450      15      

         HA      .  

      HA         

            HA   

         

    .    SEM  

                 

HA  . XRF           HA  

          HA              

        51/1    .     

               

          HA    .   

      HA      ºC 450     15 

                      

                      

  .   

  

[1] S. Zhang, "Biological and Biomedical 
Coatings Handbook: Applications", CRC 
Press, 2016 

[2] E. Mohseni, E. Zalnezhad, and A.R. 
Bushroa, "Comparative investigation on 
the adhesion of hydroxyapatite coating 
on Ti–6Al–4V implant: A review paper", 
International Journal of Adhesion and 
Adhesives,vol. 48, pp. 238-257, 2014 

[3] W. S. W. Harun, R. I. M. Asri, J. Alias, 
F.H. Zulkifli, K. Kadirgama, S.A.C. 
Ghani, and J.H.M. Shariffuddin, "A 
comprehensive review of hydroxyapatite-
based coatings adhesion on metallic 
biomaterials", Ceramics International, 
2017 

[4] C. C. Berndt, Md. F. Hasan, U. Tietz, and 
K.-P. Schmitz, "A review of 
hydroxyapatite coatings manufactured by 
thermal spray",in Advances in calcium 
phosphate biomaterials, Springer,  pp. 
267-329, 2014 

[5] X. Guo, H. Yan, S. Zhao, L. Zhang, Y. 
Li, and X. Liang, "Effect of calcining 
temperature on particle size of 
hydroxyapatite synthesized by solid-state 
reaction at room temperature", Advanced 
Powder Technology, vol. 24, pp. 1034-
1038, 2013 

[6] E. Tkalcec, M. Sauer, R. Nonninger, and 
H. Schmidt, "Sol-gel-derived 
hydroxyapatite powders and coatings", 
Journal of materials science, vol 36, pp. 
5253-5263, 2001 

[7] U. Anjaneyulu, D.K. Pattanayak, and U. 
Vijayalakshmi, "The facile and phase 
pure evaluations of nano Hydroxyaptite 
powder by sol-gel method", Int. J. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

                            10 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html


     

 

  7     2    1397  53  

 

ChemTech Res., vol 7, pp. 1516-152, 
2014 

[8] G. J. E. Poinern, R. Brundavanam, X. Thi 
Le, S. Djordjevic, M. Prokic, and D. 
Fawcett, "Thermal and ultrasonic 
influence in the formation of nanometer 
scale hydroxyapatite bio-ceramic", 
International journal of 
nanomedicine,vol. 6, pp. 2083-2095, 
2011 

[9] G. J. Owens, R. K. Singh, F. Foroutan, 
M. Alqaysi, C.-M. Han, C. Mahapatra, 
H.-W. Kim, and J.C. Knowles, "Sol–gel 
based materials for biomedical 
applications", Progress in Materials 
Science, vol. 77, pp. 1-79, 2016 

[10] R. Drevet, N. Ben Jaber, J. Fauré, A. 
Tara, A. Ben Cheikh Larbi, and H. 
Benhayoune, "Electrophoretic deposition 
(EPD) of nano-hydroxyapatite coatings 
with improved mechanical properties on 
prosthetic Ti6Al4V substrates", Surface 
and Coatings Technology, vol. 301, pp. 
94-99, 2016 

[11] T. Goto, T. Narushima, and K. Ueda, 
"Biological and biomedical coatings 
handbook-processing and 
characterization". Boca Raton: CRC, 
2011 

[12] M.-F. Hsieh, L.-H. Perng, and T.-S. Chin, 
"Hydroxyapatite coating on Ti6Al4V 
alloy using a sol–gel derived precursor", 
Materials chemistry and physics, vol. 74, 
pp. 245-250, 2002 

[13] H. W. Kim, H. E. Kim, and J.C. 
Knowles, "Improvement of 
hydroxyapatite sol–gel coating on 
titanium with ammonium hydroxide 
addition", Journal of the American 
Ceramic Society, vol. 88, pp. 154-15, 
2005 

[14] A. A. El Hadad, E. Peón, F.R. García-
Galván, V. Barranco, J. Parra, A. 
Jiménez-Morales, and J.C. Galván, 
"Biocompatibility and Corrosion 
Protection Behaviour of Hydroxyapatite 
Sol-Gel-Derived Coatings on Ti6Al4V 
Alloy", Materials, vol. 10. pp. 1-25, 2017 

[15] C. F. Marques, S. Olhero, J.C.C. 
Abrantes, A. Marote, S. Ferreira, S.I. 
Vieira, and J.M.F. Ferreira, 
"Biocompatibility and antimicrobial 
activity of biphasic calcium phosphate 
powders doped with metal ions for 
regenerative medicine", Ceramics 
International, vol. 43 pp. 15719-15728,  
2017 

[16] K. Kandori, A. Yasukawa, and T. 
Ishikawa, "Preparation and 
characterization of spherical calcium 
hydroxyapatite", Chemistry of materials, 
vol. 7, pp. 26-3, 1995 

[17] G. Bezzi, G. Celotti, E. Landi, T.M.G. La 
Torretta, I. Sopyan, and A. Tampieri, "A 
novel sol–gel technique for 
hydroxyapatite preparation",  Materials 
Chemistry and Physics, vol 78, pp. 816-

824. 2003 

[18] S. S. Rahavi, O. Ghaderi, A. Monshi, and 
M.H. Fathi, "A comparative study on 
physicochemical properties of 
hydroxyapatite powders derived from 
natural and synthetic sources", Russian 
Journal of Non-Ferrous Metals, vol. 58, 
pp. 276-286. 2017 

[19] M. Kulkarni, A. Mazare, P. Schmuki, and 
A. Igli , "Biomaterial surface 
modification of titanium and titanium 
alloys for medical applications", in 
Nanomedicine, A. Seifalian, A.d. Mel, 
and D.M. Kalaskar, Editors, One Central 

Press: United Kingdom. 2014 

[20] K. Haberko, M. M. Bu ko, J. Brzezi ska-
Miecznik, M. Haberko, W. Mozgawa, T. 
Panz, A. Pyda, and J. Zar bski, "Natural 
hydroxyapatite—its behaviour during 
heat treatment", Journal of the European 
Ceramic Society, vol. 26, pp. 537-542, 
2006 

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.2

.3
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

24
-0

5-
18

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.23222352.1397.7.2.3.9
https://ijcse.ir/article-1-611-en.html
http://www.tcpdf.org

