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Abstract: Crystallization behavior of vitreous calcia-alumina (CA) fibers of 
eutectic composition (46.5 wt% CaO-53.5 wt% A1203) was studied by differential 
thermal analysis (DTA), scanning electron microscopy (SEM) and X-ray diffrac- 
tion (XRD). From DTA results, crystallization temperature of the CA fibers 
ranges from 948 to 1034°C according to DTA heating rates. The activation 
energy value for crystallization of the CA fibers was determined as 490 kJ/mol and 
477 kJ/mol via Kissinger and Augis-Bennett methods, respectively. SEM for 
crystallized CA fibers showed surface roughness, whereas that for vitreous CA 
fibers showed typical glassy fracture. Wide angle X-ray diffractometer analysis 
on CA fibers which were crystallized by the DTA scans showed Ca,,AI,,O,, 
formation as a major phase and CaA&O, formation as a minor phase. 

1 INTRODUCTION 

Vitreous CaO-A1,03 (CA) fibers have been suc- 
cessfully produced by inviscid melt-spinning 
(IMS). Cunningham et al.’ first reported the pro- 
duction of vitreous CA fibers using the IMS pro- 
cess. Dunn and Paquette’ made fine filaments 
using the vitreous CA fibers by using a ‘redraw- 
ing’ technique. They observed small amounts of 
crystallinity by heating the eutectic CA fibers to 
their softening temperature (1200°C) and attenu- 
ating the fibers. Wallenberger and co-workers3 I4 
showed that the CA fibers were vitreous as pro- 
duced by IMS up to approximately 82 wt% of 
Al203 whereas the fibers are crystalline as pro- 
duced above 82 wt% of A&O,. 

It is of importance to study the crystallization 
behavior of these CA fibers as reinforcements for 
glass-ceramic or metal matrix composites since the 
mechanical properties of these systems degrade 
rapidly once they crystallize.‘5 Wallenberger et al.” 
studied crystallization of CA fibers of 39.0 wt% 
Ca0-61 .O wt% Al,O, with heat treatment of 1200°C 
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for 1 h. Their results indicate almost complete cry- 
stallization of Ca,,Al,,O,, and CaAl,O, as major 
phases. Dunn and Paquette’ report that the re- 
drawn CA fibers of 53.5 wt% Al,O, and 46.5 wt.% 
CaO show small amounts (5515%) of an unidenti- 
fied crystalline phase after exposure to 1200°C for 
less than 1 s during the redrawing process. 

Mitchell et ~1.‘~ heat treated vitreous CA fibers 
of eutectic composition (46.5 wt% CaO-53.5 wt% 
Al,O,) at 900, 1000, and 1100°C for 66000 s to 
characterize the crystallization process. The results 
show Ca12Al,,03,, Ca3Al,,01s, and CaAl,O, forma- 
tion with different amounts in all crystallized fibers. 

The purpose of the present study is to measure 
the exact crystallization temperature of the CA 
fibers of eutectic composition with different heat- 
ing rates and to determine the activation energy 
value for crystallization of the IMS CA fibers 
using differential thermal analysis (DTA). 

2 EXPERIMENTAL 

The procedures of CA fiber fabrication are de- 
scribed in detail in previous works.‘6.‘7 To confirm 
that the as-produced CA fibers were non-crys- 
talline, the powdered CA fibers were investigated 
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using an X-ray diffractometer (XRD: Nicolet Stoe 
Transmission/Bragg-Brentano, Stoe Co., Ger- 
many) with a Cu-Ka source, a 5-s time constant, 
a 10-70” scan, and 0.05” step size. 

The DTA (Perkin-Elmer DTA 1700, Norwalk, 
CT) measurements were performed using 100 mg 
of the CA fibers (-250 pm diameter and -10 mm 
length) in an alumina crucible in an air atmo- 
sphere with heating rates of 3, 5, 10, 20, 40 and 
80°C min from 600 to 1200°C. The temperatures 
of the DTA were calibrated using pure aluminum 
and copper. 

The microstructure of the fractured surface of 
vitreous and crystallized (during DTA scan) CA 
fibers were examined by scanning electron mi- 
croscopy (SEM: Jeol SEM 35-C, Japan). 

Two-Theta 

Fig. 1. XRD pattern for vitreous IMS CA fibers. 

TEMFmATuRE <“c> 

The crystallized CA fibers which were used for 
DTA measurements were ground and checked for 
phase formation by XRD. 

3 RESULTS AND DISCUSSION 

The XRD result for the vitreous IMS CA fiber 
which was a ground powder form is shown in Fig. 
1. Clear non-crystallinity is observed for this sam- 
ple. DTA results for the CA fibers with various 
heating rates (3, 5, 10, 20, 40 and S”C/min) appear 
in Fig. 2. Crystallization peak temperatures (T,) 
for the CA fibers with different heating rates are 
listed in Table 1. The faster the scan speed, the 
higher Tp becomes because the whole sample can 
not follow the rapid temperature increase of the 
DTA due to heat transfer problems. Thus, the 
sample will crystallize at a higher temperature 
with rapid heating. 

The DTA results were analyzed primarily using 
the Kissinger equation:” 

In (@/Tp2) = -E,,IRT, + const. (1) 

where $J is the DTA heating rate; T,, is crystalliza- 
tion peak temperature; Eck is the activation energy 

Table 1. Crystallization peak temperatures (T,) of IMS 
CA Fibers (%I 

DTA heating rates PC/min) 

3 5 10 20 40 80 

948 968 983 995 1021 1034 

h 

l-4 

F 
. 
8 
V 

f 

0.76 0.77 0.28 0.79 0.80 0.81 0.82 

Fig. 2. DTA curves for IMS CA fibers with heating rates of 
(a) 3, (b) 5, (c) 10, (d) 20, (e) 40 and (f) 80Wmin. 

1000/T, 

Fig. 3. Kissinger plot for IMS CA fibers. 
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Fig. 4. Augis-Bennett plot for IMS CA fibers. 

Fig. 5. SEM of fractured surface of (a) vitreous (b) crystal- 
lized (during DTA scan: 40Wmin from 600 to 1200°C) IMS 

CA fibers. 
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Fig. 6. XRD pattern showing Ca,,Al,,O,, (0) and CaAl,O, 
(0) formation for the IMS CA fibers crystallized durjng 

DTA scan (40Wmin from 600 to 1200°C). 

for crystallization estimated by the Kissinger 
method; and R is the gas constant. Figure 3 repre- 
sents the plot of In (4/7’r2) vs l/7’,. From the slope 
of the plot Eck value could be determined as 490 
kJ/mol for the CA fibers. To confirm the accuracy 
of this activation energy value the following 
Augis-Bennett” equation can be applied: 

In (+/(T,-T,)) = -E,,dRT, + const. (2) 

where T,, is the temperature from which the DTA 
scan starts (here, 600°C) and Ecab is the activation 
energy for crystallization via the Augis-Bennett 
method. The Scab value can also be calculated 
from the slope of In (@(T,-To)) vs l/T plot as 
shown in Fig. 4. The Ecab value for the CA fiber 
was determined as 477 kJ/mol. 

Figure 5 shows the SEM photographs of frac- 
tured (a) vitreous as-spun and (b) crystallized CA 
fibers. A clear glassy fractured surface is shown 
for the as-spun CA fiber. Surface roughness which 
represents crystallinity is shown for the crystal- 
lized CA fibers. 

The XRD results for the crystallized CA fibers 
are shown in Fig. 6. The peaks represent forma- 
tion of Ca12A1,,033 as a major phase and 
CaAl,O, as a minor phase in the crystallized CA 
fibers as expected from the phase diagram of 
CaO-A&O,. 

4 CONCLUSIONS 

From DTA measurements the crystallization tem- 
perature range for the IMS CA fibers was deter- 
mined as 94%1034°C according to DTA heating 
rates. The activation energy values for crystalliza- 
tion of the CA fibers from DTA results were de- 
termined as 490 and 477 kJ/mol via Kissinger and 



172 Y.-M. Sung, S. A. Dunn, J. A. Koutsky 

Augis-Bennett methods, respectively. SEM for the 
vitreous CA fibers showed glassy fracture, whereas 
that for crystallized CA fibers showed surface 
roughness. The XRD result from the crystallized 
CA fibers showed Ca,,A1,4033 formation as a pri- 
mary phase and CaAl,O, formation as a minor 
phase. 
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