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ABSTRACT

It has been reported that a biocement obtained by muxing CaO-510.-P»05 glass powder and ammonium phos-
phate solution has biccompatibility as well as high strength. However, the compesitional dependence on its
hardening and hydroxyapatile formation phenomena has nat been sludied. Therefore, the main objective
of this work is to study the effecis of P05 MO in Ca0-310; system glass on the hardening and hydroxy-
apatite formation. When more than 50 mole%% of Cal containing Ca(Q-5i0, glasses was reacted with ammonium
phosphate solution, CaNHFPOy-H:0 crystal was formed. but the glass with less than 50 mal% of Cad formed
(NHLLHPO, and NHH.PO, crystals which are derived from ammonmum phosphate solution withoul reacting
with the glasses. As the amount of PyO; in Ca0-5i0»-P.0; glass system was mmereased, the tormation of CaNHPO;
-H.O crystal was enhanced. When those hardened samples were reacted with tns-buffer solution, hydroxyapatite
was obtained only for the sample with CaNH,PO H;0. While Lhe substitution of MgQ for CaQ decreased
the formation of CaNH,PO,;*H:D crystal. MgNH,PO,-H,O crystal was formed in high MgO containing glass,
which did not react with tris-buffer solution.
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Table 1. Biocement Batch Composition (mole®)
System Sample number Cal S10, P.(H MO
Ca0-Si0, C40 S60 40 B0 - -
CHO S50 50 50 - -
C53 S47 53 47 - -
C56 S44 56 44 - -
Ca0-5105-P,O; C53 547 PO 58 47 i} -
C53 545 P2 53 45 2 -
C53 S42 P5 53 42 5 -
C53 S40 P7 53 40 7 —
Ca0-8i0,-P,0s-Mg0 CSPM 0 56 36 8 0
CSPM 56 504 %6 8 5.6
CSPM 11.2 44.8 36 8 11.2
CSPM 16.8 39.2 36 8 16.8
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Fig. 1. X-ray diffraction patterns for Ca0-Si0, glasses
after 1 hour of reaction in ammoniun phosphate
sojution.
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Fig. 2. X-ray diffrachon patterns for hardened 56Ca(-
44510, glass after reaction in tos-buffer solution
for various time.
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Fig. 3. FT-IRRS spectra for hardened 56Ca0-445:0;

glass after reaction in tris-buffer solubon for
various time.
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Fig. 6. Scarnming electron micrographs of the biocement
surface obtained from 53%Ca0, 40%Si0s, 7%
P, glass powder {(a) aflter 1 hour reaction m
ammonium phosphate salution. 1) low magnifi-
cation, 27 high magnification. (b} after 10 min,
reaction in tris-buffer solution. 1) low magnifi-
cation, 2) high magnification.
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Fig. 8. FT-IRRS spectra for the hardened Ca0-510,-
P.O--MgO glasses after 10 mun of reaction in
tris-buller solution.

wol wobdel =2l frRlRREl ) Catl o]e2) §-5]
ol fre]2k ammonium phosphate &4 #42] yl-g-e] 2

qkElch= A& o 3 glch ze|v} MgO2| #rlefe] 112,

168 mole%s Z7 e mal fF2joa Mgt o] o)
£-Z= o] ammonium phosphate 8-H 3} gh-2-afe] 4%
MgNH,PO,-6H.0 ZAE& @35 $ sleh

MgO 293} +j2] £F2] ammonivm phosphated
A7 g AAEE vhs gAAES MgNH,PO,-
6H:O(struvite), MgNHPO;- HoO(dittmarite), Mg(NH ),
{HPO,);» 4H:0(s5cherterite), Mga(POy)z-4H:0, MgHPO,-
JHO(newberyile) A& Fo] glow, )5 MgNH,PO,-
6H(0 Aol AElrl 747 2 doly g, wyl shedl
MgO #7243 moncammonium phesphateS 9k
73t Agel= MgNH.PO,-H:0 A3 e] A o] =50
53 AT A5 MgNILPO.-6H0 A e 2 73hx
e BE gl

mlel A Ca0-Si0,-Po0sA B2 ellA] CaOtl4 MgO7t
A8t o Ag Fre 2hg) wlgel fElell4] 5=
1o = Cat o]&2] 9ke) Fe] o]&e] ammonium phos-
phate £t wl-g5led Aefe] CaNHPO, H0 AFS
AAdata, o4 4250 L} Mg?~ ¢]-8&¢] ammo-
nium phosphate -3} wb-3-spe] o]elfd] 154 o=
F52 8hS A EF MgNHPO,-6H,O Zx)ale] 44
Helvha AzEch

MgOr} 0, 56, 11.2, 168 mole% #&-arlE T4g]
H2| S ammonium phosphate £-of 3} 37] el 4]
1217F FaF A7l & ris-2hEgad] 108 Eab vl
418 & AHel4 vkl 232 AL Fig 8ol vhehigich
MgOr} ¢l ALt 5.6 mole% =7l zAol Ml vl
1057k P-O 535150 &=+ 602 em™, 565 cm
we]=27} A4 EE e R o} hydroxyvapatiler} &4
o 4 oleh MgO7)F 168% #7hd A)#H2) tris-gb

2

=N
=
oo et Aoy RREA Asl Wew e

fA=)

ofje it

(b}

Fig. 9. Scanning eleclron micrographs of the biocement surfaces cbiained from CSPM11.2 glass powder. {(a) after

1 hour reaclion in ammoenium phosphate solution, (b) afler 3 hour reaction in tris-buffer solution
[A- CaNH,PO,-H.0, B: MgNH,PO,-6H.0, C- HAp]

A 317 7 5 Z(1994)

-511-



AJ-& .

AR Had wsd deR Hel Mz 44
MgNH.PO,-6H:0 #A=2 tns-gh44 245)4 o
Aoz A9k Meg07): 112% #7835 hydroxy-
apatite o] 22} MgNHPO,-6H,0 ZAo] Egues
veblle ez Hol o] zAAT A¥ hydroxy-
apatite7} BAS Pk A 4% 5 2lc) Ca0-Si0.-Py0s-
MgOA 4% MgO7} CaO o4l 112 mole® =33
HEl el £ 4& ammomum phosphate 8-l 127}
T FRAEE W8 ol E wis-dE A 347 ke
AlZL F ol & Ak ArMEn| Ao day 43 Fig 9
viEh g} 21545 ammonium phosphate £
LA|3E 715l wha) o) 41 dAtdn) ] Abald] A
T slme] falE dddFTes A48y CaNH;
PO, H.O #HAl=t Mg?~ ¢]-29] ammonium phosphate
Fd o g f2se] 445 MgNILPO,-6H0 H7-2 3
&% 4 9ol MgNHPO, 6H.0 A== 42 scroll-
tubular 2 o]Ee] M2 o# goie Xu@s) P
pmel 7|2 Tafelrl WEd AAelzle Basl 9]
o, 2 Age] A sl MgNH, PO, 6H,0 dAe] &
AL 64 FAEYEA Fxie DAkt oA sk

2l ol 52 tris- -G e]l 3417} WHEAT) Foll
AAde|He s Fas Ay 6z F4EH Y

=]
gl
A
-

v e 2

=

a
S o= =
o Jis AEglen] o] 24 F¢)¢] HWAlql hy-
droxvapatite2] &ale] FEEclc), o]Za] Aafs] e
CaNHPO, H.0 ZAL tris- £ el 4  hydroxy-
apatite 2 H &3 MgNH,PO,«6H,0 HH-2& Z=)9k 3 hy-
droxyapatite} FE2¢E o4 4 glc)
4. A =

CaO-SiA|frad =4 ol A Py0s, MgQZ )5 3 7]3)e]

g2 fe]&92 ammonium phosphate &-9m 4o

S W AR o5 AW tns-sH5E
o 9h2-A13 & W 2] hydroxyapatite @8l s JPH
AEE o35 ok

L Azt E 5 W Ca0-510:7 f=isl e Ca07}t
50 mole% ol AXFHRE o 7z Cal-Si0x-Py0s-
MO freledl <= 0571- el £2dEd=F, Mgl7)
A FaE feldeF CaNHPO-HO AAo] ol

A9 B ARAE B 4

2 01E ASAE wis-HEaA By A2 A A
A o)At (NH)HPO, NHHEPO, 244E 24
) 37, MgNH,PO,;-6H,0 AAL tris-2+5-8-< 7} H1-2-5) 7]

-512-

7)} ;:é ol

wrew CaNHPO,H,0 HA & hydroxyapatite 2A
25 FAelEE #He® yel AA] CaNHPO, H07+
Q013 ASAE o] YABAL by let A2

e 2

i AT 19924 % qlsbe sk du] #|sle] 22
TRHEG A ole] A} =g

REFERENCES

1. RM. Fumich and D.F, Gibbons, “Rale ol Mixing and
the Strength of Methylmethacrylate Bone Cements,”
Ortho. Rev. 8, 41-47 {1979},

2. 8. F. Mulbert, 1.C. Bokros, L.L. Hench, J. Wilson and
G. Heumke, “Ceramics in Clinical Applications, Past,
Present and Future,”
Applications, Ed. by P. Vincenzini Elsvier, Amslerdam
(1987).

3. CM. Schoenleld, GJ. Conrad, and B.P. Lautenschla-

"Monomer Release from Methacrvlate Bone Ce-

pp. 3-27 in Ceramics in Clinical

gen,
ments during Simulated Invivo Palymerization,” J
Biomed Mater. Res, 13, 135-147 (1979).

4. T. Kokubo, S Yashihara, N. Nishunura and T. Yama-
mura, Bioactive Bane Cemen! Based on Ca-8510,-Po05
Glass, [ Am. Ceram. Sec, 74(7), 1739-41 (1991}

5. S Akamatsu, K. Toyoota, F. Sugihara, M. Yamada,
I Kishida, & Shimada, Y. Mandai, and M. Oonishi,
“Harderung Material Consisted of e-Tricaleium Phos-
phate and Ciine Acid,” Seftanzairyou Kikar 6, 21-27
(1987).

6. =&, A, “Ca0-P.0s-Si0wA $2]2] A4
Fhar e i€ =), 30(6), 433-440 (1993

7. CX. Kim, AE. Clark, and L.L. Hench, “Early Stage
of Calcium Phosphate Layer Formation in Bioglass,”
J Non-Cryst Solids, 112, 195-202 (1989).

8. BEI Abdelrazig, J.H. Sharp and B. El-Jazawi, “The
Microstructure and Mechanical Properties of Mortars

Made from Magnesia Phesphate Cement.” Cenr. Co-
wer Res, 19, 247-58 (1988).

9. 5. Popovics, N. Rajendran, and M. Penko, "Rapid Har-
dening Cements for Repair of Concrete,” ACI J, 84,

64-73 (1987).

10. T. Sugama and L.E. Kukacka, "Characteristics of Ma-
gnesium Polyphosphate Cements Denved from Am-
monium Polyphosphate Solutions,” Cem  Concr. Res,
13(4), 499-506 (1983),

1. A, Zuwrz, L Odler, and B. Dettk,
FPhosphate Cements Hardening at Room Tempera-

Mat Res Sec Symp. FProc, 179, 68-82 (1591).

“Investigation on

ture,”

2 3E A



