Journal of the Korean Ceramic Society
Vol. 28, No, 5. PP.373~—382, 1991

UF0|LEE EH2Fst Hydroxyapatite2| 2|75 F4ol| Olxl= Ca/P Sb|2] ¥t

|
(=]

0JSF - 05T &

Aol st e elpeta)

(1991 44 192 # )

ot
0
rlo

Effect of Ca/P Mole Ratio on Mechanical Properties of
Alumina added Hydroxyapatite
D.Y. Lee, S.K. Lee, H. Park and C.E. Kim

Dept. of Ceramic Eng Yonsei Univ.
(Received April 19, 19913

a oF
5wt a-AlLOE Hrlstel Ao s 7538 Hydroxyapatites] 4 7] &932] Ca/P £4)(Ca/P=160, 1.57,
17530 =& A1AA B4g zaEedoh Ca(NO),.-4H09F (NH,).HPOE %“%f%;‘a'f:'- #e] Hydroxyapatite 5
gAslgom, 24 o cALOFE Hrlsldck

#4151 H0s 800Te| A shadl & 427] $4)7) slollA] 1150~ 1400CE 2 Zeledn], &7 Sl CaPf Enjrt
2= Hydroxyapatiter 93 o2 abAste] Tricalcium phosphate2.8] #a|zke] Agem, L2xHgda 7|44 &
do] $-pstelch n-AlRO,S B7lsle] Al=FF Hydroxyapaute= %=7] £ Ca/P E9]7t 1754 o, 1,300Te14
2R3 g & A2 o]l Buwe mywleylen] 4] AL 230 MPa, Vickers M= 650 kg/mm*= H3 3L v}

a-ALO:2) Folel oeh A2 e AAde 335 feAw, Hydroxyapatle2] 71A4 2 E49) S31E 27
] Ca/P Bulef o2 Ha] o] ¥ opufe} Hydroxyapatite 22} V2] Al 2 &ef] 2j3H i?éu%4° AR
218k Alelefn fdEnk

ABSTRACT

The cliect of Ca/P mole ratww (Ca/P=1.60, 1.67, 1.75) m the initial sclution on the mechamcal properties
of alumma added hydroxyapatite was investigated. Hydroxyapatite was synthesized by preapitation method
using Ca(NOq):-4H;0 and (NIH.).HPO, as starting materials and 5 wit% of o-AlLQ: was added to precipitation
solution.

The powder was calcined at 800T and sintered at 1,150~1,400C under water vapor atmosphere. With the
increasing of Ca/P mole ratio m the nitial solution, the amount of tricalcrum phosphate formed from the decom-
position of hydroxyapatite reduced and Lhe sinterability and mechanical properties were increased. The bending
strength and Vickers hardness of the specimen sintered at 1,300T with the Ca/P mole ratio of 1.75 in the
mitial solution were 230 MPa and 650 kg/mm?, respectively. The improvement of mechanical properties was
attributed to nat anly the effect of Ca/P mole ratio but alse the strengthening of sintered body by Al substitution
for P ions.

-373-



AA Aol et Ty
Hele] F4E3 =4 9 T
[Ca,(PO.)s(OH),, o131 HAp
BT Ry = L

Hap® A 334 (hiscompatibility) o] <p3le] 41
Tt el AT diE AEEa g gdabfeld)
B gAY AEA Bade] oba] alFl g wv) =
olell m]R]a] E3bef Ya] o|&Hx] Eatz glo

Hap#| 7|43 AL F74)9]7] 4sle] Ahe' T2
HApell CaO-P057] tritS 713} 7, Kondo™ 22 hot
A& a7k A 2 mal Zr0,9h2) =g
£33 Ff’l‘“q Miyamoto'? %

ol A A 4l A2
5§l Hydroxyapatite
71 s

LIRS

pressing»]]
AzEe] 2 B4g
Tigh ALO.e) HApE ==5tgr).

7 Jenn-Ming Wu'™ F2& HApe] Zr(,Z
A= BAHL ZaA 78z TEE]-‘J:’

o] A= A 2732 Arfel] &g Ha Zale] I A7
ww Ao os) AWEe] 3 %11 zﬂ ) Hrteke
Z=7bap2 QA AHAe] FFislEgw Are o=
e 275 vEe] A4 AR z2yE] oy
o-h_—,],

2} dEAH 9 bio-inert ceramicso]n 7]4 = B4
o] Folxt ALO:E HApe] A# Hsbadel] A=) wake
oA A oS AEE ul@E eF HApel Arigtcie 44

g}, Yamashita®
Hlsed

o e]n rle rL[cu

F

~J
—_

-[’) Fli

AgAe] 2pER 7)AH F4d0) Hod A4 ARE
= o slEA dsv AzE,

B R e FHHL 2lesle] HApE 4}
e, PS4 ALO, F9g Hrlsle] HAp 23
Ag Azsts 24 gl Ca/P 2wld o2 HAp2|
Z1AA 4L 28tk

2.9 ay

2.1, 29 5

Haps) 74494 Ca'sl §4le 2t AokF Ca
(NO3)2-4H:0, POS -2 ‘E’—‘Ef‘%‘_].‘li—'& Alebg (NHy).

HPO,E Al4slgony, Az
=275 e e aALD,
8%} 27 fol

- ALD e 0.7~0.8 pm
Al-galeick

4 Ca/P Zu]7} 160, 167,
TEﬁ Ca(“JOJ)Z 4H,0%} (NH,),HPO,= g
= 7}Ele] TEHs wEF alya]
31'04 PHE 112 #&4gslgid, pHr} 24
Ca(NO,):-4H.Q

g e

sef 5144070 F,

-374-

(NH,),- HPO,

DI Water
NH,OH

Solution
[ \Precipitate ]

I—\ I‘Lllratlon

Washing

Drymg

I Grindmg

Calcination

Smtering

1. Water
NH,CH

Solution ,
—I AlgOg
DI Water

90c, 20 hours

100 mesh

800C, 3 hours

20,000 psi

1150, 1200, 1300, 1400
2 hours

Fig. 1. Schematic diagram of experimental procedure.
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Fig. 2. X-ray diffrachion paiterns of dned precipitates.
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Fig. 4. X-ray diffrachion patterns of powders-calcined
at 800C for 3 hours.

Table 1. Specific Surface Area of Precipitates and Po-
wders Calomed al 800T for 3 hours.
Ca/F

Calcimed pﬂwde1 (m*z)

Precipilate (m’/g)

1.60 87
92 17
175 126 46 %
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Hrl
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Fig. 3. Trasmission electron micrographs of dried precipitales.
(A Ca/P=180. (B) Ca/P=167 and {C) Ca/P=1.75.
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Fig. 5. X-ray diffraclion patterns of hydroxvapalile po-
wders (Ca/P=1.60) sintered at (4) 1150T, (B)
1200C, (C) 1300C, (O 1400T for 2 hours.
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Fig. 6. X-ray diffraction palterns of hydroxyapatite po-
widers (Ca/P=1.67) sintered al (&) 1150, (B)
1200, (C)y 13007, () 1400 lor 2 hours.
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Fig. 7. X-ray diffraction paiterns ol hydroxyapatite po-
wders (Ca/P=1.757 sintered at (A} 1150C, (B}
1200%, (C) 13007, (D) 1400T for 2 hours.

Table 2. Phase Analysis of Hydroxyapatite owders
with Sintering Temperature.

Sintering Ca/FP mole ralio
fem}gﬁlature
,‘ L60 ‘ L67 175
HAp+B-TCP HAp HAp

1150
‘ 1200 HAp+B-TCP |HAp+o-TCP | HAp+a-TCP

1300 HAp+pR-TCP |HAp+a-TCP | HAp+o-TCP

1400 HAp +o-TCP | HAp-+ - TCP i HAp+ o-TCP
HAp: Hydroxyapatite, TCP: Tricalcium FPhosphate
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Fig. 8. Intrared spectra of hydroxyapatite powders
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Fig. 11. Bending strength of sintered hydroxyapatite
with sintering temperature.
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Fig. 12, Vickers hardness of sinfered hydroxyapatite
with sintering temperature.
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Fig. 14. Scanning electron micrographs of the fracture
surfaces with sintering temperature (Ca/P=
L60); (A) 11507, (B) 1200T, (C) 1300%, (I
1400

3

Fig. 15. Scanning electron micrographs of the fracture
surfaces with sintering temperature (Ca/P=
L67) (A) 11507, (B) 1200%, (C) 1300T. (D)
1400%
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Fig. 16. Scanning electron micrographs of the fraclure
surfaces with sinlering temperalure (Ca/P=
L75); (A) 11507, (B) 1200%, (C) 1300, (D)
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Fig. 17, EDAX analysis of hydroxyapatite with Ca/P
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