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The paper deals with structural changes of solid phase of selected oxide systems during their transition into liquid state.
Analyses concerned poly-component systems forming basis of casting powders for CCM mould. Industrially used oxide sys-
tem with prevailing contents of CaO-AlO,-SiO, components and with numerous accompanying admixtures was tested. In-
vestigation was focused on temperatures, during which individual phases disappear and precipitate, as well as on influence of
CaO content on phase composition at selected temperatures. The experiments were realised with use of original methodolo-
gy consisting of shock cooling of the tested melt in liquid nitrogen. Thus obtained samples were further investigated by X-ray
diffraction phase analyses at ambient temperatures. The obtained results provide additional data on physical-chemical prop-
erties of oxide systems, such as surface tension, viscosity, sintering intervals, etc., which can be used in technological practice
for appropriate lubrication effect of casting powders in the mould.
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INTRODUCTION

Majority of the commonly accepted concepts of inor-
ganic melts was based on simplified concepts that as-
sumed homogeneous melt, in which the individual phys-
ico-chemical properties (namely viscosity, surface and
interfacial properties) changed continuously with chang-
es of temperature and chemical composition [1-5]. Simi-
lar concepts are used also in majority of mathematical
models simulating the mentioned behaviour [6-8].

More complex oxide systems can, under certain
conditions (temperature, chemical composition), change
from homogeneous to heterogeneous state with conse-
quent changes of their phase composition in the hetero-
geneous state. Particularly the wide temperature area of
formation of the melt of oxide systems, forming the ba-
sis for casting powders intended for a CCM mould, is
problematic, due to their considerable complexity and
heterogeneity. These processes are usually accompa-
nied by the dissolution of the initial components of the
poly-component mixture accompanied by a series of
chemical reactions.

The issues of precipitation of nano-particles in ter-
nary systems of the type MgO-Al,0,-Si0O, were investi-
gated namely by Frans [9], phase changes in ternary
glass systems were studied by Milanova [10], who in
his work published designs of 3-D ternary phase dia-
grams. These authors have used experimental approach
at the research of structural changes of materials. Dif-
ferent method for study of mineralogical composition is
the method “ab-initio” based on mathematical model-
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ling of structures, used for example by the team of au-
thors Kana et al [11].

This work focuses exclusively on the experimental
study of selected oxide systems because of their consid-
erable complexity and poly-component nature that pre-
cludes effective mathematical modelling. Phase trans-
formations have been studied in terms of changes in
temperature of the melt and its chemical composition.

Knowledge of phase transformations serves also as
an additional input for the study of anomalies of tem-
perature dependences of viscosities, surface and interfa-
cial properties of oxide systems, and it thus contributes
to the overall understanding of the structural regulari-
ties of oxide melts.

EXPERIMENT

At our working site we have developed our own
methodology for study of phase transformations. In this
context, the equipment (Fig. 1) was designed and manu-
factured, which enables very rapid cooling of the inves-
tigated system at certain stage of melting. The sample
then preserves even at normal temperature the same
phase composition as in the molten state. It is then pos-
sible to apply the X-ray diffraction phase spectral analy-
sis, on the basis of which it is possible to obtain a notion
of the phase composition of the melt, already at ambient
temperature. In this way, the inaccuracies caused by
phase shifts at X-ray diffraction analysis at high tem-
perature are eliminated.

The basic structural unit of the equipment is the resis-
tive Tamman’s furnace, in the working space of which
the swivel system is located with graphite crucibles con-
taining the investigated melt. It is basically a turret sys-
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Figure 1 Diagram of equipment designated for shock cooling
of the melt

tem, the rotation of which makes the crucible with the
melt fall into liquid nitrogen placed under the working
space of the furnace, which causes almost immediate
freezing of the melt and thus fixation of phases corre-
sponding to the temperature before the fall of the sample.
The temperature during the experiment was measured by
thermocouple of the type B (Pt-Rh) and the working
space of the furnace was filled with argon. The rate of
temperature rise was chosen to be 5 °C / min.

The sample obtained by shock cooling was then me-
chanically homogenised and submitted to a X-ray dif-
fraction phase analysis performed already at ambient
temperature on refurbished, fully automated diffractom-
eter URD-6 (Rich. Seifert-FPM, SRN) under the follow-
ing conditions:

Radiation CoKo/Ni filter, voltage 40kV, current 35
mA, step mode with a step of 0,05° 20 with time of the
step of 3s and with digital processing of the resulting data.
A proprietary program RayfleX (RayfleX ScanX and
RayfleX Analyze, version 2,289) was used both for meas-
urement and for evaluation.

For qualitative assessment the database of diffraction
data PDF-2, version 2001 (International Centre for Dif-
fraction Data, Pennsylvania, USA) was furthermore
used.

For semi-quantitative analysis the program RayfleX
Autoquan version 2,6 was used.

For the presentation of the obtained results a charac-
teristic oxide system was chosen serving as the basis for
casting powders, hereinafter referred to for simplifica-
tion as the system A. Its dominant components are
AlO,, Ca0 and SiO,. It contains also a number of ac-
companying admixtures and has relatively high carbon
content (7,6 wt.% C). The exact chemical composition
was obtained by the X-ray fluorescence spectrometry
(Table 1). Carbon was before the experiment calcined at
850 °C for 12 h. Removal of carbon was necessary in
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order ensure the non-wettability with the graphite parts
of the equipment, as well as running of parallel experi-
ments performed on this system. These, together with
the knowledge of phase transformations provide more
comprehensive information on the physico-chemical
properties of oxide melts [2, 13-15]

Table 1 Chemical composition of investigated system

component wt% component wt.%
Sio, 36,0 MnO, 0,1
CaO 32,0 Na,O 49
MgO 1,3 K,0 0,4
ALO, 12,1 PO, 0,1
Tio, 0,5 F- 39
Fe,0, 0,64 C 7,6

Influence of CaO contents on phase transformations
was investigated with use of additions of CaO of 3 wt.
% and 6 wt. %.

RESULTS

The investigated sample was at the beginning of the
experiment tested from the viewpoint of its phase com-
position at ambient temperature (25 °C). This was fol-
lowed by an analysis of the melt at 1 050 °C, which
represents the softening point of the oxide system, and
then always at an increase of temperature by 50 °C up to
1 600 °C. At 1 300 °C all the systems were already
amorphous and the outputs of the phase analyses there-
fore do not contain the temperatures above 1 250°C.
The results of the analyses are presented in Figures 2, 3
and 4. The system was at higher temperatures already
completely amorphous.

For clarity, the individual outputs are presented in
the form of lines, which present the identified minera-
logical phases at given temperatures, or at temperature
intervals, in which they were detected (Figures 2-4). In
this way it is possible to make an easy comparison of
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Figure 2 Dependence of phase composition on temperature
of the initial system A
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Figure 3 Dependence of phase composition on temperature
of the system A with addition of 3 wt.% of CaO

25°C 1080°C  1100°C 1150°C 1200°C 1250°C
i I | } : | GEHLENITE
19743 % 43_51«» % iz,im % ia::s % ozéma 100?%
i : : ; { WOLLASTONIT
3620 % 1487 % 914 % 241% l,lbn?a
| : : { CUSPIDINE
3927 % 3769% 4230 %

IS % :
#————= FLUORITE! i
3168 % 102 %
fe— NEPHELINE

3550%
=— CORUNDUM

—* CRISTOBALITE I ! |
138 %

Figure 4 Dependence of phase composition on temperature
of the system A with addition of 6 wt.% of CaO

the presence of individual phases at different tempera-
tures and with different chemical composition. The per-
centage proportion of the phases is related to the ratio to
other phases and it does not include the amorphous
share. Its representation was not analysed due to the
small volume of the samples obtained and the possibil-
ity of subsequent error occurred at additions of internal
standards.

DISCUSSION AND CONCLUSIONS

The presented experiments confirmed the gradual
extinction of individual phases in the initial system A in
the temperature range from 1 100 °C to 1 300 °C, while
at the temperature of 1 200 °C the sample was already
completely amorphous and it preserves its character up
to the temperature of 1 600 °C, when the experiment
was terminated.

It is thus possible to reflect the area of melt forma-
tion and transformation from the solid state via plastic
area to the liquid phase, and to define thus more pre-
cisely its lubrication function in the mould at various
temperatures. Wollastonite, gehlenite and cuspidine,
which were detected in the initial state of the sample
were the longest present phases of all the phases, as they
were detected during temperature loading even at the
temperature of 1 150 °C. At the same time, during the
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temperature loading individual phases not only disap-
pear (fluorite and nepheline), but also new phase pre-
cipitate. This concerns the phases of cuspidine at the
temperature of 1 050 °C and cristobalite, which after-
wards disappear again.

Again, similarly as in the initial system, Wollastonite
was detected in both systems with an increased contents
of CaO by 3 and 6 wt.% in the broad temperature inter-
val. Gehlenite behaved differently, as it disappeared
only at higher temperatures. Similarly Nepheline and
Corundum disappear again at the temperature of
1 050 °C with simultaneous precipitation of cristobalite
in all the systems of the concentration series. The in-
creasing content of CaO in the system A causes gener-
ally a shift of extinction of some phases to higher tem-
peratures. This concerns namely the phases Wollas-
tonite, Gehlenite and Cuspidine. The lower temperature
limit of extinction and precipitation of individual phases
remains, however, preserved and the region of transi-
tion of the system from solidus to liquidus is thus ex-
panded.

From the previous experiments it is therefore possi-
ble to make the following conclusions:

— The original method of shock cooling of melts al-
lowing investigation of their phase transforma-
tions at selected temperatures was successfully
tested.

— In this way, the selected oxide system was investi-
gated, which forms a basis for casting powders.
Especially the temperature ranges of precipitations
and extinction of individual phases were identi-
fied.

— A concentration series was formed by successive
additions of CaO to the initial system A. In this
way the influence of chemical composition on the
changes of phase transformations was tested. It
was found that increase of the of CaO content led
to an enlargement of the area of softening of cast-
ing powders and to shifting of extinction of some
phases shift to higher temperatures.

The work was created under support of the project

CZ.1.05/2.1.00/01.0040 (Regional materials science
and technology centre).
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