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ABSTRACT

O0TA detects temperature contact-less, hence, it expands the upper
ugable temperature timit of DTA up to 3600°C accordingly suitable for
studies of systems where enthalpic changes occur at high temperatures.

Application of the computer graphics for the evaluation of the ODTA
curves is demonstrated on malting of Y203.Ala0s and YAlO03-GdAl0s
systems. Measurement errors occurring at temperatures above 1900°C are
pointed out and possibilities for their elimination or at least
diminution are discussed.

INTRODUCTION

The Optical Differential Thermal Analysis (ODTA) '+ 2. detects
infrared radiation (IR) emitted by & sample heated inside the Black-Body
Cavity (BBC). The BBC fulfills & dual function, it is the temperature
source and the temperature referance standard.

BBC is & perfect radiator which emissivity is unity. The sample
emissivity on the other hand, is a function of sample thermophysical and
thermochemical properties, i.e., thermoradiative properties of the
sample vary with the enthalpic changes taking place in the sample. In
the great majority of cases changes of enthalpy and emissivity are in
concert thereby enhancing the resolution of the inset of ATmax.
and/or ATman. peaks. This cooperation leads to a high sensitivity of
the ODTA which allows AT/t rates to be as low as 0.1°C/min.
Consequently, phase relations can be studied at almost equilibrium
conditions.

ODTA APPARATUS

The ODTA apparatus consists of several parts: furnace with a power
supply, furnace temperature control and & program syatem, two infrared
pyrometers and a data acquisition system. With the exception of the
furnace, most of the ODTA componants are commarcially available
ingtruments. (The pyrometers are MAXLINE-SYSTEM M204, the furnace
control and progrem system is MICRICON #82-300, manufactured by IRCON
Inc. and RESEARCH Inc., respectively. The signal acquisition system
consiste of IBM-PC and IBM-AT.) For operation of the ODTA apparatus five
independent microprocessors are required. Each has different digital
characteristice, therefore, digital signals are converted to analog
signals. To eliminate "cross talks”, the D/A convertors are mutually
optically insulated. Numerous sources of such instruments are available,
hence, the selection of particular instrumentation depends on the
operational range of the ODTA, and, on individual preference. The
furnace is the critical part of the ODTA apparatus. The furnace design
will be briefly discussed next.
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The crosa-saction of the 00TA furnace, capable to operate in the
700 to 2200°C range in & vacuum or an inert gas, is shown in fig. 1.
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Fig. 1. Left: Crosa-section of the ODTA furnace; right: The graphite
Black-Body Cavity.

A Black-Body Cavity b is designed as a hollow cylindar positioned
by the heat sink ¢, concentrically with the heating element e. The heat
aink is water-cooled as to provide sufficient heat removal from the BBC,
especiaslly at cooling rstes higher than t.0°C/min. The sample a is
placed inside the BBC at such a height that it does not interfere with
the optical path of the radiometer d.. The maximum wavelength varies
over the ODTA tempersture rangs. The wavelength of the IA radiation is a
nonlinear function of the temperature. Thus the IR radiation te
converted to the temperature by a digital linearization using the
Planck’s law.

Only few materials do not undergo enthalpic changes in the
1500-2200 °C temperature range. Among such materials are graphite and
molybdenum, which both ware found suitable for manufacturing of the BAEC.
A graphite BBC is shown in Fig. 1 right. It is a hollow cylinder, which
walls are corrugated to snhance the absorption of IR radiation. In the
center of the bottom 1s a sample holder, now replaced with the
calibration reflector f. During measurements, the top of BBC is closed
with a 1id. The lid has a circular opening for measuring the sample
tamperature with the pyrometar de. Pyrometer d, measures BBC temperature
through an orifice in the side of the BBC (obscured in this view).
Diameters of both orifices are calculated not to interfere with the
optical path of sither radiometer.

CALIBRATION

Two characteristics of optical pyrometers,the resolution power and



the repeatabflity, will ultimataly determine the accuracy of the QDTA.
Optical pyrometers with the (2°'C resolution power and the t1°C
repeatability are commercially availsble. Yet, even such a good
quality instrument will produce a low frequency noise in the ODTA. An
attempt to filter such a noise by a common type of a filter will
nacessarily diminish the accuracy and the sensitivity of the 0DTA
measurements. The measurements are complicated by the impossibility to
apply the Lambert’s law accurately, .and, to determine precisely the
value of the shape factor A. Hence, these factors must be treated
separately,and all such corrections included in a single correction
factor.

Optical pyrometers are relative instruments and as such, they have
to be calibrated. This is done by using materisls with well known
melting points. Two calibrated pyrometers are mounted on the ODTA
furnace. Both are focused on the singular spot of reflector bloc f Fig.
1 right. The difference in temperature readings between pyrometers d,
and de, can be explained by the Lambert law. The difference is
eliminated by setting the temperature reading of pyrometer dg equal to
that of pyrometer d, stepwise over the entire temperature range.

A new temperature difference will occur when the calibration
reflector f is replaced by the sample holder. This time, the difference
in the pyromster readings is caused by a change of the shape factor A.
Tha temperature difference caused by the shape factor and by other
incalculable arrars is called the integrated furnace background. It’s
value is determined experimentally and ugsed for calculation of
differential (D7) curves from the (T) curves.

INTEGRATED FURNACE BACKGROUND.

The heat transfer at temperatures over 1000°C occurs predominantly
by rad*ation. If both, the heater and the sample are at thermal
equilibrium, there is no heat transfer either way. During thermal
analyais, the sample temperature has to be increased or decreased. In
both the cases, a thermal gradient between the heatar and the sample
must be establishad. The degree of the gradient is determined by
the AT/t rate and the shape factor A. The degree of the gradient
varies with temperature mainly due to the differsnce between the BBC
and the sample emissivity. It is also effected by tha furnace
atmosphere. Values of these factors are particular to the furnace, the
BBC and the sample materials i.e. to the setup of the entire ODTA
apparatus. How these factors affect a (DT) curve is shown on the (DT)
curve of melting of YAlO3 in Fig. 2.
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FIGURE 2.
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For this resson, all the effectors are summarily determined and
handled as an intagrated furnacs background (IFB). Dua to the
variability of these factors, the IFB has to be determined
simultaneously with each individual measurement. For example, the (DT)
curve shown in Fig. 2., now modified by the differentiation of the (T)
curva with respect to the IfFB, is shown in Fig.3.
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FIGURE 3.

SENSITIVITY AND REPRODUCIBILITY.

Yttrium and gadolinium aluminates form solid solutions over a large
compositional range. Melting points of individual single phagses differ
only slightly. This makes it difficult to determine & phase diagrém by
the conventional methods. Dependence of the melting points of individual
mambers on composition, f{.s., a) YAlOs; b) 90M% YAlOs 10M%X GdAlOs and c)
75M% YAlOy 25M% GdA105 , 1s shown in Fig. 4.
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The lower e&nd of the ODTA meaaurement range was calibrated an the
melting point of copper,while the upper end an the melting point of a
gingle crystel of sapphire. The accuracy of the ODTA msasurement was
found to be t2°C up to about 1700°C. Abaove this temperature, tha error
is larger. This is attributed to a particular malting behavior of
sapphire'. The raproducibility of the measurements as detarmined from
several hundred axperiments is *1°C; and is depicted in Fig. S.
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FIGURE 5.

Curve a) in Fig. 5 is the same as in Fig. 3. Curve b) is from a
ginterad mixture of the powdera. The apparent absence of an indication
of an incangruent melting on curve b) is not attributed to. the method,
rather it shows that pre-melted samples give more detailed information.

CONCLUSIONS

Previously, Rupert®: used optical measurements to determine (DT)
and (dT) curves, but his approach was different from the ODTA, aa he
used non-black body conditicns and extremely high AT/t rates. In any
case, tha choice in methods is commanded by the specificity of needs.

Materials fmportant for ceramists and crystal growers are studied
at temparaturss not reachable by conventional OTA instruments.
Therafore, at the present time, there is a lack of date for comparison
with the data obtained by the DDTA. Distinct advantags of ths DDTA is in
the fact thet it is not necessary to amplify the sensors’ signels, i.e.
,the signals are not treated alactronically. The only refinement of the
ODTA data is mathematical. This approach allows to analyze the results
using various aspects of mathematical evaluation and, in case of
uncertainty, it ia again simple mathematically to modify the process .

The ODTA zero line or background is effected by numerous factors.
Neverthaless, csrtain characteristics of the zeroc line contain a
significant diagnostic information; hence, before any evaluation of the
date is done, a careful study of the background data has to be made.
Because the ODTA is a new technique, used in only one laboratory so far,
there are no text books on its use and just few publications with which
to confront the resulta. However, wa beliave that the ODTA is quite a
potent technique, opening new approach for studying materials at high
tamperatures.
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APPENDIX

An attempt is made here to refina the 0DTA curves by & digital
filter in order to view the AT peaks in a grater detail. The digital
filter does not cause any shift along the abscissa. This approach is
aimed to the ODTA application to discern invariant and univariant
points, i.e., to distinct a solid solution from an incongruently melting
compound. At this time, howaver, there is an insufficient experimental
support for & positive proof.

CURVES FROH FIGURE 4 AFTER A DIGITAL FILTER TREATHMENT
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