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Abstract

The mullitisation kinetics in a sanitary-ware-like precursor system is here investigated by means of high-temperature X-ray powder diffraction,
as a function of the filler/flux ratio. We used a blend based on kaolinite (50 wt%), quartz (10-28 wt%) and Na—feldspar (22—40 wt%). The results
show that the content of feldspar boosts the formation of mullite as proven by the apparent activation energy values determined, ranging from
394 to 1111kJ/mol, and giving a dE,/dxteigspar ~ —23 kI/mol/Wt (Xteaspar = feldspar weight fraction). The mullitisation temperature has also been
observed to depend on the Na—feldspar content, inasmuch as the sample bearing the smallest amount of feldspar flux exhibits a mullite growth
onset between 1100 and 1150 °C, that is at a temperature about 50 °C higher than the one observed in the richer blends. The mullitisation kinetic
process is in this work described as a one-mechanism transformation, satisfactorily formalised by Avrami—Erofeyev equation.

© 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

The understanding of the mechanisms controlling the kinetic
of the mullite formation has important implications both for
industrial processes, since mullite is a major constituent in a vari-
ety of ceramic materials, and for the classification and evolution
of high-grade temperature rocks in metamorphic petrogenetic
reactions.! In the former case, a full knowledge of the mullitisa-
tion reaction is a key to design or improve industrial processes
for them to yield high mechanical performances final products.
The microstructure of a fired body, i.e. the spatial distribution of
its constituent phases and the interconnections between them,
are strictly related to its macroscopic properties, such as total
porosity, shrinkage and bending strength.>3 In particular, mul-
lite seems to be material to strength enhancement, according
to the “mullite hypothesis™* that relies upon the interlocking
of the fine needle-like crystals® characteristic of this phase’s
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habit. Igbal and Lee’ pointed out the coexistence of three mul-
lite types showing differences in shape and/or dimension; they
use the acronym MI to refer to small (aspect ratio 1-3:1) crys-
tals (primary mullite, supposed from clay relicts), MII and MIII
to address to needle-like secondary mullite (related to feldspar
melt), with an aspect ratio of 3—10:1 and 30-40:1, respectively.
Many studies have been carried out with the aim of providing
models for the mullite growth mechanism, often paying attention
to the role of the precursor raw materials,® 10 and to the differ-
ences observed in terms of crystallisation temperature, chemical
composition and crystal structure of the resulting mullite.
Gualtieri et al.!! report a study on mullite crystallisation from
two kaolinites, thus exploring the influence of the crystallinity
degree of the starting phases on the activation energy of the reac-
tion. Tkalcec et al.® studied in detail the mullite formation by
sol—gel processes. These investigations have provided a basis to
discuss diverse models of mullite nucleation and growth.”%1!
The aim of the present work is to investigate by in situ
high-temperature X-ray powder diffraction (HT-XRPD) the
phase transformations and mullite formation kinetics as a func-
tion of the filler/flux ratio, starting from multi-phase precursor
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Table 1
Mineralogical compositions of the samples used for the present study. The temperatures of mullite growth determined in previous experiments have been reported.
Kaolin (wt%) Feldspar (wt%) Quartz (wt%) Heating ramp (°C/min) T mullite formation (°C)
Thiswork
Sample 12 50 10 40 25 1150
Sample I3 50 22 28 25 1100
Sample /4 50 40 10 25 1100
Previous studies
Chen et al.” 100 5 1050
Tkalec et al.8 # 5 1327"
Gualtieri et al.!! 100 100 ~1300
Romero et al.? 50 10 40 10 985

# Indicates two-phase gels in the system Al,03-SiO; as precursor.
* Refers to T of mullite growth calculated as an average value on three samples.

systems constituted by kaolinite (clay component), quartz (filler)
and feldspar (flux), so as to mimic compositions consistent with
those of the industrial practice for sanitary-ware. In such a view,
we have explored three filler/flux ratios to shed light on how they
affect the mullite’s kinetic parameters. In order to simplify the
complexity of the system on study, we have chosen to restrict our
attention to pure kaolinite instead of a kaolinite-clay blend, com-
monly used in the industrial practice. To our knowledge, only
one kinetic study on the mullite growth in porcelain stoneware
has hitherto been performed, by means of thermal analysis.’
Preliminary HT-XRPD measurements at equilibrium con-
ditions (from room temperature up to 1200°C) have been
performed with the aim of supplying information on the solid-
state reactions occurring in the original mixtures. Then, isother-
mal kinetic studies, using HT-XRPD, have been carried out to
investigate nucleation and growth of mullite by monitoring the
time evolution of some diffraction peaks at given temperatures.

2. Sampling

Three different samples (12, 13, I4) have been prepared by
blending quartz, feldspar and kaolinite, as reported in Table 1.
Such phases were first suspended in distilled water with defloc-
culant, and then shaken up for 24 h. Successively, in order to
separate the solid powders from the whole, they were centrifuged
for 20 min at 4000 rpm and thermally treated at 60 °C for 24 h
for drying.

Commercial raw materials, commonly used for the sanitary-
ware industrial production, have been employed here; their
mineralogical characterisation is discussed by Pagani et al.'?
The laser particle size distributions of the kaolinite, quartz and
feldspar samples used for the present study have yielded dso-
values of ~7, 24 and 17 pm, respectively.

3. Experimental
3.1. High-temperature X-ray powder diffraction

The HT-XRPD measurements were collected by means of
a Panalytical X’ Pert diffractometer, in 6—6 Bragg—Brentano
geometry, equipped with a furnace (AHT-PAP1600) that enables
achievement of an upper 7 of 1600 °C.'3

Preliminary HT-XRPD data collections were recorded from
room temperature (RT) to 900 °C every 100th °C, and from 900
to 1200 °C every 50th °C, with an heating ramp of 20 °C/min
and adopting an equilibration time as long as 3 h at each tem-
perature before starting measurements. These experiments aim
at giving general information on (i) the nature of the phases
forming upon heating, (ii) their temperature range of crystalli-
sation, and (iii) the most appropriate temperatures to follow the
mullite crystallisation by isothermal runs. The XRPD experi-
ments mentioned above were carried out using Cu Ko radiation,
exploring the 26-angular range of 10-65°, with a step size of
0.03° 26 and a counting time of 1 s/step. Additional data collec-
tions were then performed on the samples after cooling, too. The
phase fraction values have been determined using the Rietveld
method, "1 implemented in the GSAS and EXPGUI software
packages,!”!3 adding Al,O3-NIST 67 as an internal standard. '’
Despite the rather short data acquisition time, the fitting figures
of merit, i.e. chi2-Rwp-Rp, ! indicate that the quality of the data
suffices to provide a solid basis for the Rietveld treatment.

In a second stage, kinetic experiments have been performed
to study the crystallisation of mullite as a function of time
at given temperatures, i.e. under isothermal kinetic conditions,
using in situ HT-XRPD. The in situ HT-XRPD technique allows
one to exploit complementary features with respect to thermal-
gravimetry’s (TGA): (i) ~1 g is the sample quantity employed
during the HT-XRPD measurements, instead of ~1-10 mg for
TGA; (ii) the sample is heated by an S-type thermocouple, thus
minimising the heat and mass transfer effects; (iii) the solid reac-
tants, intermediate and final products can be directly observed
by means of their diffraction peaks which bear a wealth of
information about the phases in question.

The heating rate used to achieve the chosen temperatures has
been set at 25 °C/min for all the measurements, and 7 has been
kept fixed for some hours until full completion of the crystallisa-
tion reaction. Temperature is kept stable in the isothermal runs by
two large alumina fibre blocks, heated by MoSi; resistances. 3
The highest temperature (1140 °C) among those explored has
been fixed so that mullite formation during the first minutes does
not exceed 1 wt%. The data collections were performed on the
angular range of 39.25-40.25° 20, with a 26 step size of 0.03°
and counting time of 2 s/step. Such an experimental set-up allows
one (i) to have fast data collections with a satisfactory signal to
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noise ratio, and (ii) to monitor as a function of time the rapid
changes affecting the intensity of the (12 1) peak of mullite.

3.2. Scanning electron microscopy (SEM)

The samples undergone isothermal kinetic runs have then
been etched by a solution of 8 M fluoroboric acid for 1h to
remove the amorphous phase. This allows one to obtain speci-
mens suited to high definition morphological images collection,
using a scanning electron microscope (SEM) to observe the mul-
lite crystal habit. We have recorded secondary electron (SE)
images by means of a Cambridge STEREOSCAN 360 SEM
with an acceleration current of 15kV, a beam size of ~100nm
and a working distance of 11 mm. The image resolution is of
1024 x 730 pixels and 1 pixel corresponds to 1.5 pwm.

4. Solid-state Kkinetic analysis

The kinetics of the mullite crystallisation was followed mea-
suring the integrated intensities of the (12 1) Bragg peak that
minimises the interferences due to superposition with other sig-
nals of quartz, feldspar and instrumental set-up. The (12 1)
intensity was first normalised with respect to its intensity
observed in the sample at full completion of the solid-state reac-
tion involved, and then used to calculate the mullite conversion
a-parameter.

We have elected two models?’~2? to describe the mullite for-
mation kinetics: (i) the Avrami model, to extract the reaction
order and to have an overview upon the reaction mechanism; (ii)
two Avrami—Erofeyev models on the basis of the reference—time
analysis, which is here omitted for the sake of brevity. Beneath
we recall some basic relationships related to the aforesaid for-
malisms:

(a) the Avrami model, which results in2°
Kty = —1In(1 — @) (1)

where k=A exp(—E,/RT); A is the pre-exponential, i.e. fre-
quency factor, E, the apparent activation energy, R the gas
constant, and 7 the absolute temperature;

(b) the Avrami—Erofeyev models, which imply random instant
nucleation followed by two- (A2) or three- (A3) dimensional
growth of nuclei, and whose equations are shown below

kt = (—In(1 — a))'/? )

kt = (—In(1 — a))'/3. 3)

A2 and A3 are sensitive to the mullite crystal morphology, the

former and the latter relying upon a cylindrical (two-dimension

model) or spherical (three-dimension model) symmetry of the
mullite growth process, respectively.>3

The interpolation of our data was carried out using the loga-
rithmic form of the equations above, i.e.

nint+nlnk=In(—In(1l — «)) 4)
In k+1In ¢ = In[(—In(1 — )/?] (5)
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Fig. 1. Diffraction patterns of the spectra collected in the selected temperature
range 900-1200 °C, every 50th centigrade (sample /3). The symbols: (LJ), (O)
and (*) refer to the main quartz, feldspar and mullite peaks, respectively.

In k+1In ¢ = In[(— In(1 — a))/?] (6)

Eventually, the k values at different temperatures were used to
extract the apparent activation energy according to the Arrhenius
equation.

5. Results
5.1. HT-XRPD at equilibrium conditions

The HT-XRPD full patterns from RT to 1200°C provide
an overview of the reactions taking place in the industrial-like
blends on study, in terms of phase occurrence. The sequence
of phase transformations upon heating is thoroughly reported in
literature*23-23 and can be outlined as follows: de-hydroxylation
of kaolinite starting in the range of 400-500 °C, followed by the
transformation of meta-kaolinite to an Al-Si—spinel structure
at 7> ~950 °C (detected only in the sample /4) and associated
with the growth of a Si-rich amorphous phase as T approaches
1050 °C. The transition of quartz and feldspar* (i.e. a—B quartz
and low-high albite) are also observed. In the temperature
range 1100-1150 °C, the intensities of the X-ray reflections of
Al-Si—spinel decrease, whereas Bragg peaks related to mullite
appear (Fig. 1). Feldspar is visible up to 1150 °C, while above
such temperature its Bragg peaks exhibit quickly decreasing
intensities. Upon raising temperature towards 1200 °C, the mul-
lite reflections grow sharper and sharper, but gain in intensity
(Fig. 1). Above 1200°C no remarkable change in the X-ray
reflections of mullite is observed, which thing hints that either
the growth reaction of mullite has achieved completion or it
proceeds governed by a very slow kinetics. The XRPD patterns
collected at 1200 °C show the presence of quartz, which is the
most abundant crystalline phase, together with mullite and a Si-
rich glass phase, the latter clearly signalled by a bump in the
range 15-30° 20 (Fig. 1).
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Fig. 2. The B-parameter (see text for its definition) for mullite and feldspars as
a function of 7. Circles and triangles refer to mullite and feldspar, respectively.
12: solid line; I3: dashed line; I4: dotted line.

The temperature of mullite formation seems to be co-related
to the phase composition of the starting blends (Table 1). In
particular, in the sample /2, which has the lowest content of
feldspar (10 wt%), mullite appears at 1150 °C, whereas in the
samples 13 and 14, with feldspar amounts of 22 and 40 wt%,
respectively, the onset of the mullite crystallisation takes place
at a ~50°C lower temperature. The Al-Si—spinel phase occurs
only in the sample 74 at 1050 °C and is observable up to 1100 °C,
where mullite crystallisation starts.

In Fig. 2, the B-parameter (see below) has been calculated
for mullite and feldspar as a function of temperature in order
to visualise (i) the progress of the reactions involving these two
phases and (ii) how they co-relate with one another. In particular
B is defined as follows:

ﬂ:<IO_IT>
I()_Ioo

where I,, IT and I, refer to a quantity proportional to the inte-
grated intensity of a chosen peak for each phase measured at
room temperature, at 7 (from 950 to 1200 °C) and at ambient
conditions after cooling, respectively. Note that we use for Iy the
integrated intensities of the (002) peak of feldspar and (12 1)
of mullite, both divided by the (100) integrated intensity of
quartz normalised to the quartz weight content, to account for
the diffraction intensity decrease as a function of 7. In the sam-
ples 12 and I3, Brunite does not show any appreciable change until
1150 and 1100 °C, respectively; then, it starts to increase along
with a decrease of Bfegspar (particularly in 13). Conversely, in the
sample /4, Bmunite €xhibits a remarkable increase at 1100 °C, but
without involving any appreciable loss of feldspar, which instead
takes then place at higher 7.

5.2. Isothermal kinetic analysis

We have analysed our data following the method pro-
posed by Hancock and Sharp,”! which relies on the plot
of In(—In(1 —«)) versus Int (Eq. (4)). Fig. 3 displays three
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Fig. 3. a-values for the three isothermal runs (°C) as a function of time in (a)
12 and (b) I3 and (c) 14, respectively.

isothermal a—t curves of mullite crystallisation in the studied
samples.

The In(—In(1 — «)) trend as a function of In? is linear over
the conversion range 0.15<w <0.5, as shown in Fig. 4. This
hints that mullite crystallises following a mono-step process,
which implies one only apparent activation energy value. The
slope of the linear function fitted through the points of each
isotherm allows one to extract the reaction order value, n, that
provides information on the transformation mechanism driving
the mullite formation. In Table 2 the values of n for each kinetic
isothermal experiment and the related regression coefficients are
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1.5 Table 3
1140 1120 Rate constants from kinetic analysis.
1.0 1 " aa” — .
/‘/‘/A/ Sample Kinetic model TC0O) —Ink r
0.5 .t 2 A2 1100 3.79 0.92
e S A2 1120 5.46 0.93
007 _ ./.// - A2 1140 6.54 0.89
3 s, -t S . o® 3 A2 1100 3.26 0.96
£ A . os® A2 110 356 0.94
T ool ) o® v A2 1120 433 0.86
e o
o ..* :0/. “ A2 1090 5.78 0.98
151 o - A2 1100 6.14 0.98
so. e A2 1120 6.55 0.98
' 4 A3 1090 3.85 0.97
25 . , , . . A3 1100 4.09 0.92
3.8 4.0 4.2 4.4 4.6 4.8 5.0 A3 1120 3.83 0.92
Int
15
b The resulting values of 1 suggest the physical kinetic model®!
most appropriate to fit our data from the isothermal runs. The
1.0 isokinetic data belonging to 12 and I3 have been interpolated by
the kinetic equation A2, whereas for /4, both A2 and A3 are
~ 051 suited to fit the experimental data.
‘f Once chosen a kinetic equation, one is allowed to calculate
£ the values of the rate constants k (see Table 3) using the integral
< o0 form of the general kinetic expression, i.e. kt =f(«). Fig. 5 reports
the Avrami—Erofeyev model (A2) fitted to our observations, and
shows a good agreement between theory and measurements.
051 Table 4 reports the E,-values obtained from k via the Arrhenius
o equation (see Fig. 6). The A2 model provides a more consis-
1o . ** ‘ ' ' . ' ‘ tent description to interpret the kinetic mechanism of mullite
36 as 40 49 44 46 48 50 5o  formation than A3 does, for all the investigated samples.

Int

Fig. 4. Plot of In(—In(1 — @)) versus In ¢ for the isothermal runs (°C) of samples
(a) I2 and (b) I3, respectively.

reported: an average value of 1.88 and 1.95 is determined for the
sample 12 and I3, respectively, whereas a value as large as 2.76
is observed for the sample /4. No correlation between n and
temperature is appreciable.

A straightforward correlation between the feldspar amount
and the value of the E, is found and displayed by Fig. 7. Note
that the highest content of mullite developed at the end of the
kinetic isothermal runs is observed in the sample /4 (~25 wt%),
whereas lower amounts are measured in the samples /2 and I3
(~18 wt%).

Finally, the samples treated at the highest achieved tempera-
tures among isothermal kinetic runs have also been characterised

Table 4
Values of the apparent activation energy obtained from the slope of the Arrehnius
plot.

Table 2
Results of the In(—In(1 — «)) vs In7 analysis.
Sample T (°C) n r
2 1100 1.45 0.92
1120 2.15 0.97
1140 2.04 0.96
1.88 (average)
I3 1100 1.63 0.90
1110 2.16 0.93
1120 2.06 091
1.95 (average)
4 1090 2.56 0.98
1110 2.75 0.98
1120 2.96 0.98

2.76 (average)

E, (kJ/mol) r

This work

I2 (kinetic model A2?%) 1111 0.98

I3 (kinetic model A2?) 628 0.98

I4 (kinetic model A2?%) 394 0.97

14 (kinetic model A3?) 115 0.63
Previous studies

Chen et al.” 1182 -

Tkalcec et al.8 970> -

Gualtieri et al.!! 523¢ -

Gualtieri et al.!! 3604 -

Romero et al. 599 -

2The reaction mechanism is described in Hancock and Shalpzo; b refers to the
E, value calculated as an average over three samples; ¢ and 9 refer to the E,
values for the sample KGa-1 and KGa-2, respectively.
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Fig. 5. Plot of In[(—In(1 —a))2] versus Int for the isothermal runs (°C) of
samples (a) 12 and (b) 13 and (c) /4, respectively.

by SEM (Fig. 8a—d): all the aggregates bear small (about 0.1 pm)
almost cubic-like mullite crystals, referred to as “primary mul-
lite”, associated with longer (>1 wm) needle-shaped mullite, i.e.
“secondary mullite”, arranged in an interlocking structure. The
presence of few prismatic crystals longer than 10 pm is a com-
mon feature in all the investigated samples. In /4 is observable
a higher content of “secondary” mullite, whose growth relates
to feldspar relicts, than in /2 and 3.
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Fig. 6. Arrhenius plot for the investigated samples.

6. Discussion

The mullitisation temperature observed in our samples
shows discrepancies with earlier determinations from literature
(Table 1). In the present study, the start of mullite growth can be
set at 1100 °C in the samples /3 and /4, whereas a higher T is
required for 12, i.e. the sample with the lowest feldspar content.
In such a light, feldspar plays a role in lowering the T of lig-
uid formation (see Carty and Senapati*) and the temperature for
mullite nucleation and growth, during the firing of a porcelain
body.

Gualtieri et al."* pointed out that the mullitisation tempera-
ture, using kaolin as a starting material, is higher than 1300 °C
and similar values are observed when sol—gel techniques are
used for the mullite formation.® A lower T value has been deter-
mined if pressed kaolinite powders are used,” but the lowest
temperature found out is reported by Romero et al.” who used
as a precursor a chemical mixture similar to sample /4. All this
implies that the T of mullitisation cannot be straightforwardly
related to the nature of the starting materials, only. Besides, dif-

1.“

1200
° y =-2.30e+1 + 1.26e+3
Rsqr=.91
10001
S 8001
£
2
© [ ]
L 600
4004 [ ]
200 T T T T
10 20 30 40
%wt feldspar

Fig. 7. Relationship between the feldspar amount in the samples with their
apparent activation energy (E,).
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Fig. 8. SEM-images: “primary” and “secondary” mullite with different size and morphology in the samples (a) 12, (b) I3 and (c) I4. Note the different contents of
the two forms of mullite in the investigated samples; (d) “secondary” mullite crystals growing on feldspar relicts in sample /4.

ferences between Ts of mullitisation arose from the heating rate
used as demonstrated by Castelein et al.?’

Analysing the diffraction patterns recorded at equilibrium
conditions, the crystallisation of mullite occurs via a direct route
without any spinel intermediate phase in the sample 12 and /3,
whereas it is anticipated by the growth of an Al-Si—spinel struc-
ture in sample /4. Fig. 2 shows that Bmyites in the samples 12 and
I3 are associated to a decrease of Breldspar. It is known that the
“primary” mullite is related to a topotactic growth from meta-
kaolinite?*~26 whereas the “secondary” one seems to be boosted
by the additional Al,O3 from the dissolution of feldspar. In such
aview, itis possible that primary and secondary mullite crystalli-
sation processes start simultaneously, in /2 and I3. Conversely,
the sample /4 suggests a different evolution of the reaction, as
the increase of Bmuite at 1100 °C is not accompanied by any evi-
dence of a decrease of feldspar’s, hinting therefore at an onset of
“primary” mullite formation, only. Then, at higher temperature
Bmullite grows in value, while that of feldspar drops. This is con-
sistent with that the feldspar dissolution promotes the formation
of secondary mullite, in keeping with our SEM-observations
showing a remarkably higher content of needle-like secondary
mullite crystals embedded in a glassy matrix in the feldspar-
richest sample i.e. I4, than in 12 and I3 (see Fig. 8). Such aspects
are in keeping with that increasing the content of feldspar boosts
growth of mullite. Lastly, the Bragg peaks of mullite exhibit a
decrease of breadth as a function of T, presumably because of a
progressive structure regularization and relief of stress.

The analysis of the o—t data and double logarithmic plots,
leads to that:

(1) In(—In(1 — «)) is well fitted by a linear function in Inz¢
(Fig. 4), thus suggesting that a single reaction mechanism
describes the formation of mullite;

(ii) the A2 model provides a sound description of the reac-
tion, and therefore the transformation on study exhibits a
common driving mechanism in all the samples investigated;

(iii) the reaction seems to develop according to a two-
dimensional growth of nuclei.

Gualtieri et al.!' claim that the crystallisation of mullite is

described by a reaction mechanism that is intermediate between
the phase boundary and diffusion, whereas Chen et al.” suppose
an instantaneous nucleation followed by a crystal growth con-
trolled by diffusion for the mullite formation (Table 4). Romero
et al.” report that the mullite synthesis is characterised by bulk
nucleation followed by a three-dimensional growth of crystals
with polyhedron-like morphology controlled by diffusion from
aconstant number of nuclei. The discrepancies between all these
results show that the starting raw materials (involved phases and
related particle size distributions), as well as the heating ramp,
deeply affect the mechanisms that govern the mullite nucleation
and growth.

The present study yields that the reaction mechanism is basi-
cally independent of T, as the n-value does not change as a
function of 7. Such a result is at variance with those from
other studies indicating an increasing importance of the diffusion
mechanism at high 7.!!

The lowest value of E, (Table 4) is measured in the sam-
ple with the highest content of feldspar, in agreement with
Castelein et al.>’ who claim that feldspar, which has a high
degree of mixing in terms of AI** and Si**, contributes to lower
E, for the mullite crystallisation. The E,s of the samples I3
and I4 are consistent with those reported by Chen et al.” and
Gualtierietal.,!! butin disagreement with the ones from Tkalcec
et al.3 The discrepancy on the apparent activation energy value
of mullitisation can also be attributable to the different homo-
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geneity degree of the precursors, as previously mentioned by
Chen et al.”

Fig. 7 allows one to visualise the dependence of E, on
the feldspar content. In particular a straightforward corre-
lation between the amount of feldspar in the investigated
samples and their E, values is observed: the larger the con-
tent of feldspar, the lower the activation energy of mullitisation
(dE4/dxgergspar ~ —23(4) k]/mol/wt, where Xfejdspar 1S the weight
fraction of feldspar). Therefore the different feldspar content in
the starting material influences the 7' of mullitisation and the
growth of the mullite, while it seems to be immaterial to the
nature of the reaction mechanism which governs the mullite
formation.

7. Conclusions

The mullitisation process has been followed by means of
HT-XRPD and using as precursors a mixture of kaolin, quartz
and feldspar, according to a common industrial practice of the
sanitary-ware production. The influence of the phase compo-
sition on the mullitisation process has been investigated by
changing the quartz (filler) to feldspar (flux) ratio.

The following results have been achieved:

(1) the kinetic of mullitisation here investigated is a one step
reaction, fairly well modelled by a random nucleation fol-
lowed by a two dimension growth of nuclei mechanism;

(i1) the phase composition, in terms of filler to flux ratio, does
not seem to affect such mechanism; the 7" of mullitisation
and the E, value, as well as the amount of primary and sec-
ondary mullite formed within the sintered samples, depend
on the flux content;

(iii) an increase of the feldspar content lowers the activation
energy of mullitisation, resulting in a boost for the mullite
growth (dE,/dxfeidspar ~ —23(4) kJ/mol/wt).
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