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GLASSFORMATION AND DISSOLUTION PROPERTIES OF
Na,O-CaO-P,Os GLASSESIN SMULATED BODY FLUIDS
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Abstract: Various compositions of xCaO- (70-X)P,Os-30Na,0 glasses (0 < x < 30%
mol %) are investigated in order to estimate glassformation, glass s$ability and adivation
energy of crystallization as well as disolution properties of samples. Transparent vitreous
samples were obtained in the entire composition range from 40 to 70 mol% P,Os. The glass
transtion temperatures and crystalli zation temperatures increassed with CaO content.
Disslution properties in dstilled water and simulated body fluids were measured. The
disolution behaviour depends on the CaO content introduced in glass smple. The
disolution rate increases with substitution degree of P,Os by CaO in samples. In
decaionised water and physiological serum one observes after 50 hours the occurrence of a
shoulder in the release aurve denating that the glassdisslution is suppressed.
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1. INTRODUCTION

Glass systems alowing controlled release of components are intensely investigated
[1-4] in the last decades. Phosphate glases and glassceramics are well-known
bi ocompatible materias. Simple phosphate glasses do nd have enoughchemicd durability
for usual glass applicaions. Therefore, studies on phosphate-based glases have
concentrated on insoluble compasitions. However, new appli cations of soluble glasses were
proposed [5-7]. Soluble phosphate glasses that Sowly release adive ingredients are used to
cure trace element deficiencies in animals and as agricultural fertili zers. On the other hand,
bioabsorbable materials, which degrade and are @sorbed in the human baly are useful as
suture thread, in bone fracture fixation and as carriers in drug delivery. Phosphate based
glasss are potential bioabsorbable materials because of their solubility. Furthermore,
phosphate glasses can be melted at low temperature. This feature ads the incorporetion of
useful ingredients, which degrade at high temperature, such as therapeutic organic agents.
In order to apply phosphate glasses for bioabsorbable materias, their diswlution behaviour
and biocompatibility should be studied.

The am of this paper is to investigate glassformation, glass sability and adivation
energy of crystallization as well as dissolution properties of various xCaO-(70-
X)P,0s5-30Na,0 glasses.
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2. EXPERIMENTAL

The investigated samples belong to xCaO(70-x)P,0s 30N&O glasssystem (0 < x <
30 mol %). They were obtained from homogenized mixtures of CaCOs, (NH4),HPO, and
Na,CO; 10H,0 reagents of p.a. purity grade by melting at 1000°C for 15 minutes in
sintered corundum crucibles in an eledric furnace The melts were quickly undercooled at
room temperature by pouring orto stainless $ed plates. Transparent vitreous ssmples were
ohtained in the entire cmposition range from 40 to 70 mol % P,0s.

The thermal analysis TG, DTG and DTA curves were recrded in the temperature
range 20-1000°C by using a MOM equipment, at heaing rates of 2.5, 5 10 and 20°C/min.
The adivation energy of the aystallisation (E;) for different heating rates a = 5, 10 and
20°C/min was eval uated according to Kissnger' s equation® [8].

The corrosion behaviour was followed in static regime by samples immersion in
desali nised water, physiological serum and chlorine acid solution with pH = 1.5. The mass
of samples was measured after different immersion times, by using an analytic balance
sensitive to 0.1mg. The glass surface aeato solution volume ratio was around 15 m™ for all
samples.

3. RESULTSAND DISCUSSION

Thermogravimetric and diff erential thermogravimetric curves sow only a very small
weight lossaround 100°C denoting low water absorption of samples. The glasstransition
temperature correspondng to the quasi-endothermic pes as well as the crystallization
temperature sssciated to the exothermic events from DTA curvesaregivenin Table 1. The
composition dependence of Ty isin agreement with the data reported for other alkali-lime-
phosphate glases[9].

Table 1.
Glass transition temperature (Tg), crystallisation temperature (Te,,) and
glass sability for xCaO (70-x)P,05 30Na,O samples.

x(mol %) | T,4(°C) Teo (°C) S(°C)
0 515 637 122
10 563 702 139
20 575 705 130
30 582 703 123

The glass dability can be expresed”® by the difference of crystallisation and gass
transition temperatures, S = AT = T-Tq. Larger values of AT lead to higher thermal
stability of the glasses. One remarks an increase of glass $ability by addition of CaO
to 70P,0s 30Na,0 glassmatrix and an apparent maximum for the sample containing
10 % mol CaO.
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Fig. 1. - Plot of In( Tczr /a) versus 10%/T,, of the samples with x= 10 mol
%.

The adivation energy of crystallisation was discussed accordingto Kissnger's
formula, as given by equation:

In(T2/a) =E, /RT+ const.
for different heating rate, a (a = 2.2, 5, 10, 20 degregmin), where T, is a temperature
correspording to the maximum of the DTA crystalisation pesk, E; is the effective
adivation energy of crystallisation and R is the gas constant.

Figure 1 shows the plot of In( Tczr /a) versusthereciprocd crystallisation
temperature, T2 for the different heating rates. A value of 51 kJmol was

cr?
cdculated for the ativation energy of the sample with x = 10 % CaO using the slope

from the linea fitting of Kisgnger’s equation.
The dislution in simulated biologicd media are shown in Figures 2-4 which

represent the time dependence of the relative masslossexpressed by the fradion f (f
= Am/m).



Properties of Na,O-CaO-P,0s glasses 427

e 0,4+ ° °
. o/
0,2 - ./I ™~
0,0 -

-10 0 10 20 30 40 50 60 70 80
time (hours)

Fig. 2. - Dissolution rate of xCaO-(70-x)P,0s-30Na,O samples in chlorine aid solution;
X=0(m),x=10(e),x=20(A)and x=30 (V). Thelinesare only guidefor eyes.

For all compositions the crrosion processis most pronounced in chlorine acid (pH
= 1.5). In order to explain the different release of cations from the glass network in the
investigated dslution media beside the mmposition of glasses and solvents is necessary
to take into account the short-range order characterizing the samples. The structural
stability of caionsin glassmatricesis correlated with their local symmetry [10].

Pure vitreous P,Os consists in a mntinuous random network (polymeric structure) of
quasi-tetrahedral PO, units wherein phosphorous is four coordinated and only three of the
oxygen atoms of ead urit bridge to neighbouring urits, whil e the forth is douddy bonded to
the centra phosphorous atom.
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Fig. 3. - Dissolution rate of xCaO-(70-x)P,0Os-30Na,O samples in physiologicd serum;
x=0(m), x=10(®),x=20(A)and x =30 (V¥).Thelines are only gudefor eyes.

The presence of the modifier like dkali and alkaline earth species deaeases the
number of bridging oxygens (P-O-P bridge) in PO, units, while its negative darge
increases.
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Fig. 4. - Dissolution rate of xCaO-(70-x)P,Os-30Na,O samples in decationised
water; X =0(m), x=10 (o), x =20 (A) and x =30 (¥).Thelines are only guide
for eyes.

Two PO, tetrahedra sharing an oxygen, that can be represented as (PO;)*” —O-
(PO3)*, form the (P,0O,)* pyrophosphate anions. Both in the melt and during the
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guenching process will occur an equili brium between the pyrophosphate anions and their
products as follows [10] (PO3)? -O— (PO3)* « (PO,)* + —O— (PO,). The dissolution
resistance has to be aso related to the presence of N&O in the glassmatrix, havingin view
that the alkali i ons diminish the network consistency [11].

The initial stages of the ajueous readions always results in the leeching of alkali
and akaline eath species from the surfaceof the glassto creae aP,Os-rich surfacelayer. It
is generally believed that in the initial stages of the leaching readion, the contact of liquid
water or vapour water with the glass sirface leads to an exchange of dkali and akaline
eath ions in the glass with hydrogenated ions in the aqueous environment. (i.e., ion
exchange or interdiffusion mechanism).

Another mechanism proposed is based onthe diffusion d molecular water into the
glassand its chemisorption at the non-bridging axygen siteswhere dkali and akaline eath
speciesresidein the glass[12].

4. CONCLUSIONS

The addition of CaO to Na,O-P,O5 glass matrix modifies the glass ample stabili ty.
The highest cations delivery was obtained for the samples containing 20 mol % CaO in all
biologica simulated media. The highest corrosion stabili ty was observed in physiologica
serum. In decdionised water and physiologicd serum one observes after 50 hours the
occurrence of a shoulder in the release curve denating that the glass disolution is
suppres=d.

REFERENCES

1. P.Bailif, J.C. Touray, GlassScience and Technaogy, 5, 161 (199)
2. T.A. Guiton, C.G. Pantano,Call. Surf. A, 74, 33 (1993)

3. P.J. Hamilton, C.G. Pantano, J. Non-Cryst. Solids, 222, 167 (1997)

4. P.J. Hamilton, PhD Thesis, The Pennsylvania State University, 1999
5. C.F. Drake, W.M. Allen, Biochem. Soc. Trans., 13, 516 (1985)

6. J. BurnieJ, T. Gilchrist, S.R.l. Duff, et d., Biomaterials, 2, 244 (1981)
7. P.Knatt, Glastech Ber., 62, 29 (1989

8. Kissinger H., J.Res. Nat. Bur. Stand, 57 (1956) 217

9. M. Uo, M. Mizuno, Y. Kuboki, A. Makishima, F. Watari, Biomaterias, 19, 2277 (1998
10. A.M.Efimov, J. Non-Cryst. Solids, 209, 209 (1997)

11. H. Li, M. Tomozawa, J. Non-Cryst. Solids, 195 188 (199%)

12. B.M.Smets, T.P.A.Lommen, Phys. Chem. Glasses, 23, 83 (1982).



