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Effect of MgO content changes (8 to 15%) on 
the devitrification of glasses obtained from 
porphiric sands, MgO and Ti02 (4%) 
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Glasses have been prepared from porphiric sands, Ti02 and MgC03 and the effect of 
changing the MgO content on the isothermal devitrification has been studied. 

The experimental data suggest that an increase in MgO content increases the devitrification 
rate owing to a greater aptitude to form nuclei, so that a fine grained microstructure can be 
obtained more easily. 

1. Introduct ion  
Porphiry digging produces huge sand discharges 
which represent a great ecological problem for soil 
stability. This paper is part of a work intended to 
convert this material, with composition, SiO2 
= 72.40%, A12Oa = 13.58%, K20  = 4.60%, Na20 
=3.00%, Fe203=2 .15%,  C a O =  1.30%, MgO 
= 0.84%, TiO 2 = 0.20%, loss on calcination 
= 2.06%, into a more valuable one. It is known that 

TiO2 and MgO are useful in converting amorphous 
silicoaluminates into glass-ceramics [1]. In this paper 
the effect of changing the MgO content on the isother- 
mal devitrification rates and the microstructure of the 
glass ceramics obtainable have been studied. 

2. Experimental 
Mixtures of the above reported composition porphiric 
sands, MgCO 3 and TiO 2 have been melted for 5 h at 
1450 ~ in a platinum crucible in an electric oven. The 
melts have been rapidly cooled to 500 ~ and, then, 
slowly to room temperature. The glass compositions 
obtained are reported in Table I. 

X-ray diffraction analysis (XRD) has been per- 
formed through a Rigaku D/max IIIB diffractometer 
equipped with a graphite curved crystal monochro- 
mator in the diffracted beam. The samples have been 
analysed in the 2v = 15 to 65 ~ range with a 0.02 ~ step 
and 1 o min-  1 speed using CuK~ radiation. Data pro- 
cessing has been accomplished with a Casio 6000 
computer; a search-match program, Supported by 
JCPDS cards [2] has been used to identify the crystal- 
line phases. 

Scanning electron micrography (SEM) observations 
have been performed by means of a Cambridge 

Stereoscan-200 apparatus after etching with HF solu- 
tion. 

3. Results and discussion 
Glass samples of the three studied compositions have 
been heat treated for 1 h in the temperature range 800 
to 1200 ~ The X-ray diffraction patterns, relative to 
glasses a and c, are reported in Fig. 1. The crystalline 
phases formed in the glasses a and b (not reported) are 
the same. A slight difference is observed relative to 
glass c. In all cases, however, MgSiO 3 and TiO 2 
crystalline phases have been obtained. 

A quantitative estimation of the crystallized per- 
centage has been performed by evaluating the ratio 
~3, 4] 

= 

gamJ 

where Q'am is the integrated intensity of the spectrum 
of the completely amorphous sample and Qam is the 
analogous quantity relative to the heat-treated sam- 
ples amorphous halo. 

The results are reported in Fig. 3. In order to discuss 
them, it is worth noting that the crystallized fraction, 
~, dependent on the time, t, and temperature, T, can be 
well expressed by the Johnson-Mehl-Avrami equa- 
tion 1-5-8] 

= 1 - e x p ( -  kt") (1) 

In this equation n is the Avrami parameter and de- 
pends on the devitrification mechanism and crystal 
morphology. The overall kinetic constant, k, is a 
function of the steady state nucleation, 1, linear crystal 
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T A B L E  I Composit ion of the studied glasses 

Glass a Glass b Glass c 
(wt %) (wt %) (wt %) 

Fe20  3 1.94 1.88 1.78 
N a 2 0  2.70 2.63 2.48 
K 2 0  4.14 4.03 3.80 
CaO 1.17 1.14 1.08 
MgO 8.09 10.51 15.34 
A120 3 12.48 12.13 11.45 
SiO 2 65.23 63.43 59.84 
TiO2 4.25 4.25 4.23 

growth, U, rates and the non-steady state time lag, 

k = f ( I U " - l , ' O  (2) 

If the nuclei are formed before growth starts, so that 
their number, n*, is constant 

k = f'(n*U") (3) 

It is worth noting that a 2 h heat treatment at 950 ~ 
does not change the X-ray diffraction patterns and, so, 
also the crystallinity percentage with respect to 1 h at 
the same temperature. Fig. 2 results indicate that the 
MgO content increase allows to obtain a glass ceramic 

2 0  

Figure 1 XRD patterns of glass a (a) quenched and after 
1 h at (b) T = 850~ (c) T = 900~ (d) T = 950~ 
(e) T = 1000~ (O) TiO 2 hexagonal (card 33-1381), 
�9 TiO 2 futile (12-1276), A clinoenstatite (19-769), 
( �9 protoenstatite (11-273). 

Figure2 XRD patterns of glass c after l h  at 
(a) T = 850 ~ (b) T = 900 ~ (c) T = 950 ~ 
(d) T =  1000~ (e) T =  l l00~ (f) T =  1200~ 
A clinoenstatite (card 19-769), �9 enstatite (22-714), 
�9 Ruffle (21-1276) 0 '"  2 
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Figure 3 Crystallization degree plotted against heat 
treatment temperature (O glass a, �9 glass b, 
�9 glass c). 



with higher crystallinity percentage. The maximum k 
value is at T = 950 ~ for glasses a and b. The location 
of the maximum on the glass c curve is less clear. The 
MgO increase causes the devitrification rates increase, 
but the glass c range of more efficient devitrification is 
shifted towards higher temperatures. 

As can be inferred from Figs 1 and 2, the above 
reported changes of the crystallinity percentage have 
to be linked to the MgSiO3 crystal formation kinetic. 

As reported [9] for glass a and it appears in Fig. 4 
for glass c, the as-quenched samples are already de- 
mixed on a very fine scale. This often occurs in glasses 
containing TiO2, which is soluble in the melt but, on 
cooling or subsequent reheating, promotes phase sep- 
aration in the form of particles rich in TiO2. 

In Fig. 5 the SEM pictures of the studied glasses 
after 1 h heat treatment at T = 950 ~ are reported. As 
can be seen, with increasing MgO content, a much 
finer microstructure is obtained. A similar result has 
been obtained at the other temperatures. This result 
suggests that the greater devitrification rates of glass c 
are to be ascribed to greater nucleation rates and/or a 
much greater preformed nuclei number in glass c. This 
should be linked to different phase separation behavi- 
our, which is known [1] to determine the nucleating 
effect of the titanium dioxide. Taking into account 
relations 1, 2 and 3, the results reported in  Fig. 2 
suggest that, in the range 800 to 950 ~ the crystal 
growth rate is decreased in glass c with respect to 
glasses a and b. 

In Fig. 6 the SEM pictures of the glass c devitrified 

Figure 4 SEM picture of quenched glass c (3 rain HF etching). 

at 1000 and 1100 ~ are reported. As already found in 
other systems [1], the microstructural morphology is 
strongly dependent on the heat treatment temper- 
ature. It is known that this [1] has a great influence on 
the product mechanical strength, which increases as 
the microstructure becomes finer. 

The XRD results also evidence a microstructural 
evolution when the heat treatment temperature is 
changed. It is known that for small crystallites sizes 
(<  200 nm) peak broadening occurs [10]. This effect is 
clearly observed, in Fig. 2, after heat treatments at 
temperatures lower than T = 1050 ~ A quantitative 
evaluation of the crystallite size was not performed 
because of the strong peak overlapping. 

Figure 5 SEM picture (2 min HF etching) of samples heat treated for 1 h at 950 ~ (a) glass a, (b) glass b, (c) glass c, (d) glass c (different 
magnification and 3 min etching). 



4. Conclusions 
The experimental data indicate that, in the range of 
the  s tud ied  c o m p o s i t i o n s ,  M g O  c o n t e n t  increases  al- 

l ow  to  o b t a i n  g rea t e r  dev i t r i f i ca t ion  rates.  Th is  is to be  

a sc r ibed  to  i nc rea s ing  a p t i t u d e  to f o r m  nucle i  so tha t  

m o r e  easi ly fine g r a ined  m i c r o s t r u c t u r e s  are  ob t a ined .  
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Figure 6 SEM pictures (3 min HF etching) of glass c after (a) 1 h at 
1000 ~ and (b) 1 h at 1100 ~ 
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