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Crystallography and morphological study of
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Abstract: Hydroxyapatite (HA), which is represented by the formula
Cayo(PO4)s(OH),, is one of the inorganic components of the hard tissues of
living bodies such as bones, teeth, etc. HA is a calcium phosphate-based
bioceramic, which has been used in medicine and dentistry for more than 20
years because of its excellent biocompatibility with human tissues. The
precipitation process, considered here, can add orthophosphoric acid solution
to a calcium hydroxide solution. The precipitated powder samples were
examined by XRD, FTIR, SEM and FESEM (Field emission electron
microscopy) methods. The results revealed that the final precipitated powder
is HA and using SEM with high magnification showed that these HA
consists of small rod-like particles. In addition, the morphology and size of
the precipitated particles change during different stages of process. After
drying, these nano-particles tend to form small agglomerates.

Keywords: Nanomaterials, Bioceramics, Hydroxyapatite, Crystallography,
Morphology, Precipitation.
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5 - The monolayer gas absorption technique


http://ijcm.ir/article-1-694-en.html

[ Downloaded from ijem.ir on 2025-07-15]

S 9pdep b0d w39 Slyd I (FESEM ) (Slawe (il 9SmgySaa 5l Jol> pglai V S
(D) iy 32355 5 @) ol 3200 leiS i b gl Jslme (09380 (Ll o lads cosly]

- ; b
90 SiblonS g yuen 50b jiw yog S S (FESEM) (Slave Gl 98wy Sion gl ¥ JS
(b)).)|).>)|]b oo 9 (a.)).a‘).a)‘).b..\..o ‘SZLQ.S))J lJ . 6..\....»‘ J}L?u ubjﬁ‘ ulJLi )| o= el

g Rt A TR A WA

o Cotbl Sy sl (pdias pog gleanilil 5l (SspS psSns Se pslal ¥ S
5 (@)l dails) 290 S5, LAY "C sles jo oyl S50 jo celos YE Gioe 4y (0 5 S
0) 1y 5050
HA 3 o cnyo b aS oy 4l ol @ 095 sletmgyy 0 Wie ML) “ s
OMEEy @ |y oy gl b S Ol calnle b 20l Ll 85 o


http://ijcm.ir/article-1-694-en.html

[ Downloaded from ijem.ir on 2025-07-15]

s e i, LS 6y oL Rtash 5l S 4 ool LSS L ol Cons HA IS
i R) 4 RESSCIENC S PSK VP IIVSCONCEIN SO ST
O Fw 3l ey g i pate HA G 00 51 Sl 55 (3 sledoe B SCS 5o
ASTM — JCPDS. a_frY HA s lutisl cloals o153l o5 5l soliasl b iloads 00,51
wited HA G Ly o boal dan a5 03 polas 5 wad pe g XRD 5l Jols b s,
mald ol oS b o ol plas o lasbinl LB oS 4 cand gloald s ol A las
(-F) Slrao 4y bgs o al3 Ll 5,0 0925 095 Cillas o Olxto coled 4y bgs o sl
a5 a4z opl @ ol oo 1 aiee (g Sud gl wad juw HA e o
LS 0 g b aiis lohg (6 Ko hyls Glbras (pl 3 dgac Sz jo j05 Iy
Sloyol by pwyp jo 1y A (ol 8 6,0 Kiegh a5 wb end Koo ol Kiagh
ooliiwl T+ C yiiw oo 3l o590 cpl 4o 09 00,5 osaliv )L».'a [\a]@u@@)@
oies sl VP17 g 7 Slinlojl b bl 1) g el iy YO'C 5l as wo 5
33 ol HA S 55 il Joe 5 laals o ooy 955 0,81 20l aSlir
Sledoe ol 5l solitul b aSeds (sla ol )b dwbone gl 5 V& el ) e @l,3 w59

Ty 09 285w Sl Sl ialesl mls el S0l g el liel LSSl 5 Bl

(2108A
6
L1853 1%
',
1
1
" (GI0HA
nr
nt <
nt z £
< < =
1 < - T A
< = o
< i = = AR eRe % €. o
o < = = o m et = <3< -
<< 2 < 5 e <5 <4 <« o = E=ZA £ < £ 2233 3
S — o~ -, - _~—
ZR & #a 8% 5z # & °SS8z3s3 2z EHEFREZ
= e 8a 2 b - GSTY o2 & = Geg &
82 S g€ & 82 N ¢ =T TESES

0 5 3 35 40 45 30 5 60 &5 o

-al8 dsu\);\jddﬁ?)‘ ) wl;" 6..55)“ 03 w.)d.:).)}: 6‘)" LJ‘S'i‘ 5.1).’ uwl).\ JM YJL::
&,J3%a6 ASTM — JCPDS. a_fYY o leis b cusl cuS g 0un 8 laikinl LB Loluly o] sla

loads

6 - LeGerous R.Z.
7 - Barralet J.


http://ijcm.ir/article-1-694-en.html

[ Downloaded from ijem.ir on 2025-07-15]

OLog ks s il £y

OH — — —

FURED [N W S TN S N SN T W U SN SN W SN U SN N U U N SN NN SN SN NN U SN U U TN S U S T |
Bl L) Ll L L A ¥ 1

3700 3200 2700 2200 1700 1200 700 200
Wave number (cm )

5o o 3w bl pnS s 000 edids 1 (FTIR) g b (oSog Sl sl sizie 0 U

OSS Sas

b opl o aSilis ool oad ool plis (HA v paie ¢lp 9 0 U ,0 (FTIR)
Ao .

3,00 0539 HA (6l 7 cilad )] s dlisd dus w34 o0 0030

s (V) AE) A0AAFY CM 7 rge sae 5,05 o POY ol ' ool slae 2

5 ogb o0 I HA® s 88" v A5 o (v, aB) V-7 cm™ Toe dde §yS

(V)T CM™ g (v,) 5 CM™ 2o slasae L POY ol ctves sloos -Y

ot B Sy Sheo 4 YOV CM 7 zge soe b Sy, | ol ooldil ae Y

DAL svy em™ o vfe e om™ 2o slosas jo SsS sleuSaal

Sl 4

Db ge it Vb (ogls b ol cuSTg 0 505 sd) ey iiw g, 5l ealizul Lo )
A (5 ol 8511 L g olisS UK slalie ulidiiiy, b b Ll o8 o

B2NM 5 Yoo MM bwgie ol 5 4 ogm) adgl D3 Jh3 5 Job (o8 ok - ¥
JooSS Zely gl Jolono 39381 51 Gy (Fde sl Jsloms 50 Blao D)5 (05 L sl
ol &b, Sld olal 5 g d9d oo i (205k 5 shgllhe (oleS 5 (Siiar SlesaSTy
4 Jsb S g 00,5 i D5 IS 5 pulidsn; g whige (1ol kil 8325 o 03,8
MM Lgie ool a Ll Hhad 5 Job ke oSt b il oo 20l baalie (ol lad
Sgr daly> Voo M 4 YO

Ghls (1) Glxbo o Sgee gz 0 edd i Sl wSgioue joe 3 - Y
i (sloag (6 peSion

8 - Vibration modes
9 - Stretching

10- Signature Peak
11 - Bending Modes


http://ijcm.ir/article-1-694-en.html

[ Downloaded from ijem.ir on 2025-07-15]

Slojud g Sas
25 Flo omel bl 4 Wlml 3l Slugs olKils 51 Jygm jomdyyn GBI 51 absginn,

&l
[1] Hench L.L., Wilson J., "An introduction to bioceramics; Advances series
in ceramics”, Vol.1, World Scientific Publication, (1993).
[2] Oguchi H., Hasting G.W., "In-vivo evaluation of hydroxyapatite sprayed
by different coating methods-One year after implantation”, in Anderson
O.H., Happonen R.P. and Yli-Urpo A. (eds), Bioceramics,Vol.7,
Butterworth-Heinemann Ltd. (1994) pp. 215-221.
[3] Couteney-Harris R.G., Kayser M.V., Downes S., "Comparison of the
early production of extracellular matrix on dense hydroxyapatite and
hydroxyapatite-coated titanium in cell and organ culture”, Biomaterials 16
(1995) pp. 489-495.
[4] Kay J.F., "Bioactive surface coatings for hard tissue biomaterials™, in
Yamamura T., Hench L.L. and Wilson J. (eds), CRC Handbook of Bioactive
Ceramics, Vol. 2, CRC Press, Boca Raton, FL., USA. (1990) pp. 111-121.
[5] Hench L.L., "Bioactive ceramics: Theory and clinical applications™, in
Anderson O.H., Happonen R-P. and Yli-Urpo A. (eds), Bioceramics,Vol.7,
Butterworth-Heinemann Ltd. (1994) pp. 3-14.
[6] Park J.B., "Biomaterials Science and Engineering", Plenum Press, New
York, 1990.
[7] Shackelford J.F., "Bioceramics; Current status and future trends"”, Mater.
Sci. Forum 293 (1999) pp. 99-106.
[8] Hench L.L., "Bioactive glasses and glass-ceramics: A perspective”, in
Yamamuro T., Hench L.L., and Wilson J. (eds), CRC Handbook of
Bioactive Ceramics, Vol.1, CRC Press, Boca Raton, LA (1990) pp. 7-23.
[9] Lacout J.L., "Calcium Phosphate as Bioceramics"”, in Muster D. (ed.),
Biomaterials: Hard Tissue Repair and Replacement, Elsevier Science
Publishers B.V. (1992) pp. 81-95.
[10] Zyman Z., Ivanov I., Rochmistrov D., Glushko V., Tkachenko N., Kijko
S., "Sintering peculiarities for hydroxyapatite with different degrees of
crystallinity", J. of Biomedical Materials Research 54 (2001) pp.256-263.
[11] Cho J.W., loku K., Goto S., "Elimination of ion from aqueous solution
by using calcium hydroxide or ammonium phosphate solutions”, J. of the
Ceramic Society of Japan 105, No.3 (1997) pp. 233-237.
[12] Binner, J.G.P., Reichert, J., "Hydroxyapatite filters for the removal of
heavy metal ions from aqueous solutions”, in Thompson, D.P. and Mandal
H. (eds), 21th British Ceramic Proceeding, No.55 (1995) pp. 63-78.


http://ijcm.ir/article-1-694-en.html

[ Downloaded from ijem.ir on 2025-07-15]

OLog ks s il A

[13] LeGeros R.Z., LeGeros J.P., "Calcium phosphate biomaterials in
medical applications”, in Kokubo T., Nakamura T. and Miyaji F. (eds),
Bioceramics, VVol.9, Elsevier Science. Ltd. (1996) pp. 7-10.

[14] Wie M., Ruys A.J., Milthorpe, Sorrell C.C., "Solution ripening of
hydroxyapatite nanoparticles: Effects on electrophoretic deposition”, J. of
Biomedical Materials Research, VVol.45, 1999: pp. 11-19.

[15] Leitao E., Barbosa M.A., de-Groot K., "Influence of substrate material
and surface finishing on morphology of the calcium-phosphate coatings”,
Journal of Biomedical Materials Research 36 (1997) pp. 85-90.

[16] Kirkpatrick C.J., Mittermater C., "Theoretical and practical aspects of
testing potential biomaterials in-vitro"”, J. of Materials Science: Materials in
Medicinel, No.1 (1990) pp. 9-13.

[17] Gibson L.R., Bonfield W., "Novel synthesis and characterization of an
AB -type carbonate —substituted hydroxyapatite”, J. of Biomedical Materials
Research 59 (2002) pp. 697-708.

[18] Han Y., Xu K., Montay G., Fu T., Lu J., "Evaluation of nanostructured
carbonated hydroxyapatite coatings formed by a hybrid process of plasma
spraying and hydrothermal synthesis", J. of Biomedical Materials Research
60 (2002) pp. 511-516.


http://ijcm.ir/article-1-694-en.html
http://www.tcpdf.org

