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ABSTRACT 

The devitrification mechanisms of seven PbO-B@-ZnO glasses were studied using 
non-isothermal techniques and/or by comparing the exothermic peak temperatures of the 
fine glass powder and the coarse glass powder on the DTA curves. Experimental results 
suggest that the devitrification mechanism of lower PbO content PbO-B,O,-ZnO glasses is 
almost surface nucleation dominated, but surface nucleation controlled by both diffusion and 
bulk nucleation occurs in higher PbO-content PbO-B,O,-ZnO glasses. 

INTRODUCTION 

The binary system PbO-B,O, gives a broad series of glasses. At higher 
lead contents the glasses devitrify too rapidly for most purposes, but provide 
the lowest melting glass solder. The effect of adding ZnO to the PbO-B,O, 
glasses is to give desirable solder glass, although the amount of ZnO that can 
be used is limited by the tendency of these glasses to devitrify. This effect 
begins near 5% ZnO and increases rapidly with ZnO content until at 20% 
and above [l] the glasses become unsuitable. Most solders containing less 
than 20% ZnO give satisfactory wetting, even if partial devitrification occurs. 

TABLE 1 

Weight% compositions of PbO-bO,-ZnO glasses 

Glasses PbO 403 

A 60 20 
B 65 20 
C 70 15 
D 70 10 
E 75 10 
F 80 10 
G 85 10 

ZnO 

20 
15 
15 
20 
15 
10 

5 
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In this study, the glass compositions investigated are given in Table 1. A 
non-isothermal technique was applied in order to calculate the devitrifica- 
tion mechanism and the kinetic parameters of crystal growth of the PbO- 
B,O,-ZnO glasses. 

EXPERIMENTAL 

Samples of PbO-B,O,-ZnO glasses were prepared by melting the pure 
reagents in a platinum crucible in an electric furnace and casting them in 
graphite moulds at a high cooling rate. The quenched glasses were crushed 
very carefully using a stainless steel pestle and mortar, and then sieved in 
order to obtain a coarse powder between 30 and 50 mesh. The glass powder 
below 50 mesh was ground again in an agate mortar, and then sieved in 
order to obtain very fine (- 325 mesh) particles. No crystalline phases were 
detected by X-ray diffraction of the quenched glasses. Differential thermal 
analysis (DTA) of 30 mg of the fine glass powder and the coarse glass 
powder was performed in air with heating rates of l-20°C mm’. A 
Rigaku-Denki differential thermal analyser, model 8121, was used and 
a-A1,03 powder was used as reference material. 

RESULTS AND DISCUSSION 

The non-isothermal devitrification of glasses is well described by the 
Johnson-Mehl-Avrami (JMA) equation [2,3,4] 

-ln(l -a) = (kt)” (I) 

The rate constant, k, is related to the absolute temperature, T, by an 
Arrhenius-type equation 

kaA exp(-E/RT) (2) 

where (Y is the volume fraction of devitrified phase at time t, E represents 
the overall kinetic barrier to devitrification and A is a constant. The 
parameter m depends on the mechanism and morphology of devitrification. 
It is evident from the DTA curves that m allows a distinction to be made 
only in straightforward cases; if we consider that devitrification is controlled 
by the reaction at the glass-crystal interface, ranges m from 1, for one-di- 
mensional devitrification (or devitrification from surface nuclei), to 3 for 
three-dimensional devitrification. For the diffusion-controlled devitrification 
the corresponding m-range is 0.5-1.5. 

As the devitrification of a glass proceeds, the heat of devitrification is 
evolved and an exothermic peak appears on the DTA curve. If the degree of 
devitrification reaches the same specific value independent of the heating 
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Fig. 1. Plot of In AT against l/T used to determine the value of mEs for coarse glass 
powder. 
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Fig. 2. Plot of In h against l/T, used to determine the activation energy for crystallization of 
coarse glass powder by heating rate. 
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Fig. 3. Plot of In h/T: against l/Tp used to determine the activation energy for crystailiza- 
tion of coarse glass powder by heating rate. 
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Fig. 4. Plot of In AT against l/T used to determine the value of mEg for fine glass powder. 
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Fig. 5. Plot of In h against l/Tp used to determine the activation 
fine glass powder by heating rate. 

1.3 1.4 1.5 1.6 

l/Tp(K) x lo3 

q Glass A 
l Glass B 
A GlassC 
q GlassD 
o GlassE 
l Glass F 
b GlassG 

6 

energy for crystallization of 

IRpp(K) x lo3 

Fig. 6. Plot of In h/T: against l/T, used to determine the activation energy for crystalliza- 
tion of fine glass powder by heating rate. 
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TABLE 2 

Non-isothermal kinetic data for coarse powdered PbO-B,O,-ZnO glasses 

E2 b E a% mE m 
(kJ mol-‘) (kJ mol-‘) (kJ mol-‘) 

A 197.69 167.78 182.76 234.51 1.28 

B 265.22 253.30 259.28 281.83 1.09 

C 282.00 270.20 276.10 316.27 1.15 

D 203.76 192.21 197.99 256.90 1.30 

E 212.42 200.87 206.65 309.03 1.50 

F 236.35 218.15 227.27 375.35 1.65 

G 194.14 179.16 186.65 322.25 1.73 

L El, Activation energy calculated by plotting In h versus l/T, x 103. 
E,, Activation energy calculated by plotting In h/T: versus l/T, x lo3 (Kissinger method). 

rate (h), and if the deflection from the baseline (AT) is proportional to the 
instantaneous reaction rate, especially in the initial part of the exothermic 
peak, the change in temperature has a much larger effect on the deflection 
(AT) i.e. AT = C, (dcu/dt). Then during a DTA run, the time of heating (t) 
at each temperature can be taken to be proportional to the reciprocal of the 
heating rate (h), if the latter is linear, i.e. t = C, (l/h), and C, and C, are 
constants. 

The kinetic parameters can be calculated from the DTA curves using the 
following equations [5-71 

In AT = - mE/RT + constant (3) 

In h = - E/RT, + constant (4) 

In h/T; = - E/RT, + constant (5) 

Plotting In AT against l/T as shown in Figs. 1 and 4, In h against l/T,, 

Figs. 2 and 5 and In h/T: against l/T,, Figs. 3 and 6, gives straight lines in 

TABLE 3 

Non-isothermal kinetic data for fine powdered PbO-&O,-ZnO glasses 

Glasses a 
f?J 

E2 b E mE m 
mol-‘) (kJ mol-‘) 

aw 
(kJ mol-‘) (kJ mol-‘) 

A 251.04 238.53 244.81 314.76 1.29 
B 371.96 360.24 364.22 403.04 1.11 
C 287.98 276.52 282.25 346.60 1.23 
D 214.97 203.34 209.16 237.02 1.13 

E 225.98 214.89 220.45 321.00 1.46 
F 229.79 224.81 227.32 346.35 1.52 
G 213.26 201.92 207.61 353.17 1.70 

a El, Activation energy calculated by plotting In h versus l/Tp x 103. 
b E,, Activation energy calculated by plotting In h/T: versus l/Tp X lo3 (Kissinger method). 
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all cases. The values of the kinetic parameters E and pn were calculated 
from the slopes and are reported in Tables 2 and 3. 

The values of m suggest that surface devitrification or surface devitrifica- 
tion controlled by diffusion takes place in the glasses in which the PbO 
content is lower than 75% by weight (m < l-5), but bulk devitrification 
controlled by both diffusion and interfacial effects occurs in the glasses in 
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Fig. 7. Thermograms of coarse and fine glass powders. The solid lines represent - 325 mesh 
powder, and the dashed lines powder between 30 and 50 mesh. 
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which the PbO content is higher than 75% by weight (m 2 1.5). These results 
are consistent with the following demonstration. 

To determine whether the devitrification begins at the surface or in the 
bulk of these glasses [8], we recorded thermograms for coarse and fine 
particles. For the glasses with PbO content lower than 75% by weight, the 
devitrification peak occurs at a considerably higher temperature for coarse 
particles than for fine, see Fig. 7A-D: this result indicates surface devitrifi- 
cation. For the glasses with PbO content higher than 75% by weight, 
however, the peaks were very close, see Fig. 7E-G, indicating bulk devitrifi- 
cation or, more appropriately, devitrification at the internal interface of the 
glass. 

CONCLUSIONS 

From the experimental results the following conclusions can be drawn. 
(a) The non-isothermal method of comparing the exothermic peak tem- 

peratures of the DTA curves of coarse and fine glass powders is valid and 
useful for studying the devitrification nucleation mechanism. 

(b) The devitrification mechanism of PbO-B,O,-ZnO glass was changed 
by increasing the PbO content; in the lower PbO-content PbO-B,O,-ZnO 
glasses, the devitrification takes place on the surface, but bulk devitrification 
occurs in the higher PbO-content PbO-B,O,-ZnO glasses. 
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