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ABSTRACT

Synthesis of Calcium Phosphate Powders and Their

In Vitro Dissolution

Song Dae-Sung
Advisor : Prof. Lee Jong-Kook Ph.D.
Dept. of Advanced Materials Engineering,

Graduate School of Chosun University.

Calcium phosphate ceramics (CPC), especially hydroxyapatite (HA) and
tricalcium phosphate (TCP), form bonds with living bone because of their
biocompatibility and bioactivity. Therefore, those ceramics have been used as
hard tissue implant materials.

It is generally known that TCP is more soluble than HA at physiological
pH. Therefore, biphasic calcium phosphate (BCP) ceramics as a mixture of HA
and TCP can develop an in situ formed porous structure after implantation in
the living body resulting from dissolution of the resorbable TCP phase of the
interpenetrating  TCP/HA network. The biological behavior of these ceramics
can be markedly influenced by the TCP phase content and affect the response
of the implants. However, experimental results on the biodegradability of TCP
are controversial. Many authors have reported fast degradation of TCP, while
some researchers observed a minimal or very slow dissolution.

Some impurities, such as CaO, oxyhydroxyapatite (OHAP) o/B-TCP and
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tetracalcium phosphate (TTCP), have been formed in hydroxyapatite ceramics
during sintering in the range of 1000C to 1350C. Decomposition of the
ceramics at high temperature or fluctuation of the Ca/P ratio results in the
formation of by-products. It has been reported that some impurities has a
greater tendency for dissolution and degradation than HA in an aqueous
environment, which will decrease chemical stability and enhance degradation of
the implanted materials in vivo. Therefore, it is necessary to clarify the effect
of the impurities on dissolution of HA in order to use these ceramics as
biomaterials.

Thus, the aim of this study was to prepare calcium phosphate powders
varying Ca/P molar ratios of 150-1.67 and to observe their microstructural
changes on the surface related to dissolution on in vitro. In addition,
relationship between thermal decomposition and dissolution of HA was
investigated with temperature of thermal treatment. We believe that it makes
an important role to verify the mechanism for the degradation of HA implant in
human.

The HA and B-TCP powders were synthesized by an aqueous precipitation
method between mixture of Ca(NOs)z.4H20 and HsPOs, and ammonium
hydroxide solution. The Ca/P molar ratio of the prepared HA and B-TCP
powders were 1.67+0.01 and 1.51£0.02 by ICP analysis, respectively. The BCP
powders were prepared by mixing the HA and B-TCP powders using planetary
ball mill.

The synthesized HA, B-TCP and prepared BCP powders immersed in
simulated body fluids (SBF) for certain period of time. There was no
significant morphological change in HA regardless of the immersion time
because stoichiometric HA i1s relatively stable to dissolution in liquid

environment. It seems that B-TCP powder were not dissolved in SBF in spite
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of higher solubility of B-TCP than HA. In case of the BCP powders, the
surface of particles became rough with increasing the immersion time. It is
considered that unstable surface formed resulting in the stress concentration
and formation of dislocation on surface of particles by milling. This surface
dissolution gradually extended into the core region of the particles resulting in
disintegration of the spherical particles into fine crystal.

Commercial hydroxyapatite powders were calcined at the temperature range of
1000-1350C in air and the calcined powders were immersed both in distilled
water and SBF of pH 74 at 37C for 3 or 7 days. As the calcination
temperature increases, HA gradually released OH ions and partially transformed
to OHAP at 1200C, followed by that the OHAP was decomposed into TTCP
and a-TCP above 1350C. These non-stoichiometric chemical composition
accelerated the surface dissolution of HA powders, followed by that the
dissolution was extended inwards the particles resulting in the formation of

needle-like particles.
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Table 1. Classification of Bioceramics by Biochemical Activity15

)

Type Tissue Attachment Example
Bioinert
Mechanical interlock AlO3, ZrO», TiO:
(morphological fixation)
Bioactive
dense Interfacial bonding Bioactive glasses
with tissue Bioactive glasses—ceramics
Dense HA
porous Porous HA
Tissue ingrowth into pores HA coating on porous metals
Bioresorbable

Replacement with tissues

Tricalcium phosphate(TCP)
Calcium metaphosphate(CMP)

Bioactive glasses
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dissolution order: TTCP => a-TCP >> (3-TCP >> HA
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Fig. 1. Solubility of calcium phosphate ceramics.”



Table 2. Kinds of Calcium Phosphate Ceramics and Their Ca/P ratios”

Compound Formula Ca/P ratio
Dicalcium Phosphate Dihydrate(DCPD) Ca(H2POy4)2 - HO 05
Dicalcium Phosphate Anhydrate(DCPA) CaHPO, 1.0
Octacalcium Phosphate(OCP) CasH(POy)3 « 5/2H20 1.33
Hydroxyapatite(HA) Cas(PO4)s - OH 1.67
B-Tricalcium Phosphate(3-TCP) B-Cas(PO4)2 1.50
a-Tricalcium Phosphate(a-TCP) a-Cas(POu)2 1.50
Tetracalcium Phosphate(TTCP) CasO(PO2) 2.0
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Fig 2. Crystal structure of hydroxyapatite.
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Table 3. Synthetic Methods of Hydroxyapatite

Method Chemical Reaction
Precipitation'” 10Ca(NO3)2 + 6(NH4)2HPOs — Caio(PO4)s(OH)-
Ca(OH)> + H3PO4 — Caip(PO4)s(OH)-
D
Hydroth.erm.al Caip(PO1)s(OH)2 + H20O — Caio(PO1)s(OH):
crystallization
Wet X
Hydrolysis™’ 10CaHPO4 + 2H:0 + Hy0 — Caio(PO1)s(OH):
Sol-gel'” Ca(NO3)2 + P(OCzHs)3 — Caio(PO4)s(OH),
Hydrothermal™  3Caz(POy)2 + CaO + HoO — Cai(POs)s(OH):
. o
pry ~ olid state 3Ca(POL, + CaCOs — Cano(POLG(OH),

reaction
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o] AAAS FstuA x-A 34 (x-ray diffraction) @ ZHYH F BF(fourier
transform infrared spectrometry) #2415 st} o2 dAHH ELE9 Ca/P

H 2 Aekr o g BA3517] 98 ICP(inductively coupled plasma)® =74 3} 91 t}.
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Table 4. Samples of Calcium Phosphate Powders

Sample Ca/P molar ratio Composition
TCP 1.50+0.02 B-TCP
S8O0HA+20TCP 1.63£0.02 HA(@80%) + B-TCP(20%)
60HA+40TCP 1.60+0.02 HA(60%) + B-TCP(40%)
HA 1.67+0.01 HA
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( a) Unmarked peaks : B-TCP
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Fig. 3. (a) XRD patterns, (b) FTIR spectra of B-TCP powders with immersion

in SBF.
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Fig. 4. TEM morphology of B-TCP powder; (a) before immersion, immersed in

SBF for (b) 7 days, (c) 14 days and (d) 28 days.
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(a) Unmarked peaks : HA
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Fig. 5. (a) XRD patterns, (b) FTIR spectra of HA powders with immersion in

SBF.
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Fig. 6. (a) XRD pattern, (b) FTIR spectrum of HA powders calcined at 1200°C
for 12 h.
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Fig. 7. TEM morphology of HA powder; (a) before immersion, immersed in

SBF for (b) 7 days, (c)14 days and (d) 28 days.
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Fig. 8 (a) XRD patterns, (b) FTIR spectra of 80HA+20TCP powders with

immersion in SBF.
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Fig. 9. TEM morphology of 80HA+20TCP powder; (a) before immersion,

immersed in SBF for (b) 7 days, (c)14 days and (d) 28 days.
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Fig. 10. (a) XRD patterns, (b) FTIR spectra of 60HA+40TCP powders with

immersion in SBF.

_37_



Fig. 11. TEM morphology of S80HA+20TCP powder; (a) before immersion,

immersed in SBF for (b) 7 days, (c) 14 days and (d) 28 days.
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Fig. 12. (a) XRD patterns, (b) FTIR spectra of HA powder calcined at 1000C

with immersion in distilled water.
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Fig. 13. TEM morphology of HA powder calcined at 1000C; (a) before
immersion, immersed in distilled water for (b) 3 days and (c) 7

days.

_45_



1200°Coll Al E A gl g o] Az o] M ZAAde] ¥WsE Fig. 14(a)oll Y
EfUi At 1000C ¢F mpzb7kAl 2 A deol= HA 54 3 avte] yeiwta, I4 &
of 593 W3t YelyA @A FTIR 4 oA =(Fig. 14(b)) W37 &2
Atk WA A EdelA OH o] &3 PO, o]&=59 F4 o W9 E Fig. 12(b)%

=g W9 el A YERE AR 630 em #3570 cm ol UERUE OH o] &9 &4
, ol Oe# Z2E 2o os] HA o]

Cai0(PO4)s(OH)2 = Cao(PO4)s(OH)2-2xOx[Jx + xH20 T, 0<X<1, [J=Vacancy..(2)

ol A&7t 1200Cel A LA G o] fF+= Z=7F 1200°CE A5 3ol wel HA
Az W OH o]2Eo w©F®Eo=Zx HA U937 OHAP (Oxyhydroxyapatite,
Cai(POss (OH)2 oxOx[x) & Aol 537 W&l Aoz AaeaArt” 15 Azto]
T7tgel wE BE BHE9 An gavh vEded, o #4899 3=t
HAXRTH & OHAPZF 893 w3sto w1 312 9 dd AA Ao AAA
S o5 A7,
Ehyt7] gEe s Asgn’

Fig. 15(a) 1200°Cel A g3 HA B2 Exdxdu g Aoz A=

7= #Hat 300-500 nm AE=9a JAEe]l 724y AAFEE FAsta ddTh 3

A ER Feel v AE Age QAEe FAHe dE AL B & Utk FTIR
B3 Faho] 3 whsh o], HAZL & @A eol sl 9% HAZ OHAPZ
BaH i, oo Sl WHHA Wste] HA EWE FHOZ a7t A3
A Zom gudth A4 Age] TR 2ARUA G2 A5A G ol
LA A RRAA o 10-2
EANA A

TANFE AgHdoen ofd el F PAF A LA

nme] 1Al gk

0
gaE 24 A

el
o2
iR
D)
Il
o
r o
-
)
2
L)
7
rot
rl
r_‘a‘
ox
iR
>
1o



(a) Unmarked peaks : HA
£ —-M.JLM_J 7 day
E
(B
~

w as-calcined

P PR (N TR ISP NN TN NN U T U NN ST NN I ST S P S

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
20
o~ 7 day )
=
<
e’
> lcined

as-calcine
=
e~
=
-
£
-

i
-
T :PO.3, 0 : OH 7 m
1 ! 1 " 1 " | " 1 L 1 L |

4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber (cm ')

Fig. 14. (a) XRD patterns, (b) FTIR spectra of HA powder calcined at 1200C

with immersion in distilled water.
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-y

Fig. 15. TEM morphology of HA powder calcined at 1200C; (a) before
immersion, immersed in distilled water for (b) 3 days and (c) 7

days.
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Fig. 16. (a) XRD patterns, (b) FTIR spectra of HA powder calcined at 1350C

with immersion in distilled water.
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50 nm

Fig. 17. TEM morphology of HA powder calcined at 1350C; (a) before
immersion, immersed in distilled water for (b) 3 days and (c) 7

days.
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Fig. 18. XRD patterns of HA powders calcined at (a) 1000°C, (b) 1200°C and
(c) 1350°C with immersion in SBF.
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Fig. 20. FTIR spectra of HA powders calcined at (a) 1000°C, (b) 1200°C and
(¢) 1350°C with immersion in SBF.
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Fig. 21. TEM morphology of HA powders calcined at 1000°C; (a) before

immersion, immersed in SBF for (b) 3 days and (c) 7 days.
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Fig. 22. TEM morphology of HA powders calcined at 1200°C; (a) before

immersion, immersed in SBF for (b) 3 days and (c) 7 days.
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20 nm

Fig. 23. TEM morphology of HA powders calcined at 1350°C; (a) before
immersion, immersed in SBF for (b) 3 days, (¢) 7 days and (d) high

magnified image of (c).
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