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MICRO-DIFFERENTIAL THERMAL ANALYSIS TECHNIQUE
WITH THE HOT-STAGE MICROSCOPE '
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Glass and Ceramic Research Division, P.C.S.1.R. Laboratories, Dacca

(Received May 10, 1969)

The construction and operation of a micro-differential thermal analyser in corporation with the hot-stage micro-

scope are described.

Based upon the use of two opposed, viewable thermocouple microfurnaces, the instrument

provides a sensitive means of detecting heat effects with accompanying reactions which may occur when small
quantities ( <1 mg) of materials are rapidly quenched or undergoing programmed temperature change.

The differential thermal analysis technique is
widely used as means of detecting thermal effects
associated with chemical and structural changes
in materials. For most application every analyser
so far described! is based on a conventional furnace
which is used to heat or cool a suitable container
for both specimen and thermally inert substance,
called the standard and when a reaction tem-
perature is reached, the accompanying heat change
in the material is registered as a temperature
difference between the opposed thermocouples
whose measuring junctions are embedded in the
two materials. The majority of such instruments
require microscopic quantities of materials and the
total thermal capacities of these assemblies limit
the rate of temperature change that can be im-
posed. It is unusual for heating or cooling rates
higher than 20°Ci/min to be used; a generally
accepted standard rate being 10°C/min.

There has recently been some development of
micro-differential thermal analysis apparatus in
order to improve the temperature definition by
the removal of thermal gradients between the
reacting materials and the thermocouples. A
successful design is that of Maziers?2 who achieved
both  sensitivity and higher resolution. An
arrangement that permits visual observation
during thermal analysis has also been described by
Hogan and Gordon.3 Mercer and Miller 4.5
made considerable advances by combining high
temperature microscopy with thermal analysis
and by modifying the hot-stage microscope de-
veloped by Welch.%7 These modification pro-
vided a means for continuously monitoring and
recording the cooling curves of microscopic quan-
tities of materials, which are supported in the
viewable thermocouple microfurnace of the hot
stage microscope. In this form the apparatus has
been used for high temperature phase studies in
oxides and mineral systems, 458910 where
emphasis has been put on determining both

*R eader, Metallurgy Department. University of Strathclyde,
Glasgow, U.K.

equilibrium and non equilibrium behaviour in
terms of variable thermal history.

The detail of the high speed thermal analysis
has been published.5:**  The introduction of two
channel heating and oscilloscope monitoring of
cooling curves extended the application of the
technique to include microscopic thermal analysis
between two pre-selected temperatures. The
present high temperature microscope was also
successfully used to study the effects of varying
the cooling rate on the crystallization of beryllia
containing melts.45S These experiments were
successful because beryl melts display large exo-
thermic heat effects during rapid cooling and can
be observed on curve of temperature versus time.
But titanium containing slag exhibited no such
large exothermic effects on the cooling curve
although they did crystallise. An obvious re-
finement, therefore, would be the conversion of
the high temperature microscope to differential
thermal analysis with corresponding enhanced
sensitivity. In order to incorporate the principle
of differential thermal analysis into the high
temperature microscope the following require-
ments had to be met.

(i) Retention of the facility for continuously
observing the specimen.

(ii) The ability to control separately the
upper and lower temperature of both
thermocouples. This is necessary to
annul temperature differences that
would result if there is unequal thermal
capacity; for example from difference
in size and loading.

(iii) Simultaneous heating of sample and
the standard and the measurement of
sample temperature and differential
temperature between the sample junc-
tion and inert junction.
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(iv) Common switching or programming
of both couples between the selected
limiting temperatures.

(v) Means of simultaneously recording the
cooling curve and the differential curve,
considering the desirability of more
sensitive mV scale for latter curve.

Description of the Electric Circuit of the Micro-
Differential  Thermal Analyser.—Before the publi-
cations of Sommers and Co-workers, 11>12:13>14
there was not available any circuitry for such
an instrument. All these circuits are based
on the use of silicon rectifiers and synchronous
converters. A micro-differential thermal analysis
apparatus based on silicon rectifiers was con-
structed  (Fig. 1). If the reference is made
to the earlier circuit (Fig. 2) which permits
only cooling curves to be registered, it will
be seen that this micro-differential thermal
analyser’s circuit requires only the duplication of
diode and synchronous converter arrangement.
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Fig. 1.— Block circuit diagram of the micro-differential
analyser.
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The variable dual track auto-transformer TR;
and TR, (Fig. 1) separately controls the respective
inputs to the primary windings of the transformer
TR; and TR, between o and 220 volt A.C. at
50 cycles. The outputs of these last two trans-
formers are controlled between o and 12 mV.
The output of TRj3 is fed into two silicon rectifiers
D; and D, wired in parallel. Identical con-
siderations apply to the corresponding other half
of the circuit involving the transformer TR, and
silicon rectifiers Dy and D,. The function of the
silicon rectifiers is to switch the output of the
transformers TR3; and TR, from A.C. voltage to
half cycle D.C. voltage. Effectively continuous
heating of the thermo couples takes place in the
positive phase of the cycle, the negative phase
being blocked by the rectifiers.

The contact of the synchronous converter SC;
and SC, are so arranged that 3 and 7 are closed
for 3319, of the total cycle and 4 and 7 closed
for the remaining 6639, of the cycle. Contacts
g and 7 are, therefore, used to switch in the measur-
ing circuit during the period when the negative
half cycles have been blocked from the heating
circuit (Fig. 3). The convention adapted in
opposing the polarities of the thermocouples is to

A= CONSTANT VOLTAGE TRANSFORMER
8= DUAL TRAC VARIAC

D= RECTIFIER

E= CYNCHRONOUS CONVERTER

F= THERMOCOUPLE

G= SOCKETS TO OSCILLOSCOPE

Fig. 2.— Modified circuit diagram for cooling curve only
after Mercer and Miller.
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make the positive limbs the common junctions.
The output generated across the ends of the ther-
mocouple TC; is passed through a low pass filter
consisting of condenser C3; and C4 and resistors
R; and R,. E.MLF. measurements were made
across the terminals T and Tg.  Similar connec-
tions were made across the other part of the circuit
containing the thermocouple TC, with condenser
C; and Cg and resistors R and Rg.

Mode of Measurement and Recording of Thermoelectric
e.m.f., Cooling and Differential Curves.— In earlier
work on the microscopic thermal analysis 475815
accurate thermoelectric e.m.f. measurements
were made with a potentiometer capable
of recording to 0.005 mV. The cooling curves
are photographically recorded from a cathode ray
oscilloscope connected in parallel with the potentio-
meter. This system of measurement has the dis-
advantage of pickup of stray signals by the oscillo-
scope. This draw back is overcome by the use of a
high speed dual input chart recorder with pen
speed of 0.4 sec over 10 inch deflection. There
are two independent measuring circuits, one range
(channel 1) being 12 mV. full scale deflection
whilst the other (channel 2) can be altered either
—1.0;0; - 1 mV. full scale deflection or—o.5;
0;40.5 mV. full scale deflection. This channel
is used to register the differential curve of the
sample. The chart speed can be varied between
1”7, 237, 17, 2” and 4” per sec. The chart recorder
can also function as millivolt recorder.

Mode of Temperature Programming.—To widen
the versatility of the micro-differential thermal
analyser, programmed temperature control is also
introduced. This is effected by the introduction
of a motor driven auto-transformer TR (Fig. 1)
which controls the voltage across TR; and TR..
With motor speed of 1 rev/hr and 1 rev/min
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Fig. 3.— Diagramatic representation of heating tempera-
ture measurement principle.
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respectively and gear system of 1:3, 1:1 and 3:1
it is possible to programme temperature over a
wide range of rates.

The Description of the Modified Thermo-couple
Cell for the Micro-differential Thermal ~Analyser.—
The standard cell which has been adapted for
general use in hot stage microscope? was not large
enough to accommodate the differential thermo-
couple assembly. In modifying the cell, two cells
are made for housing the two thermo couples
separately. This permits better observation by
reducing the thickness of cell wall and also reduces
the thermal interference which arises when heating
two thermocouples placed in the same cell.
Arrangements are also made for applying water
cooling to the thermo couple supports, so that the
sensitivity with which the differential temperature
is recorded may not be affected by the cold junction
error. This also permits the use of various thermo
couples in the apparatus irrespective of cold junc-
tion characteristics. The cell also allows the use
of any desired atmosphere by providing with a gas
inlet and outlet. Standard microscopic slide cover
glass §” diameter is used as observation windows,
sealed to the window openings by a thin polyethene
washer. The details of the cell assembly are given
in figure 4.

Thermocouples of the Micro-differential ~ Thermal
Analysis.—In differential thermal analysis, chrome-
alumel wires are very satisfactory when used at
temperatures below 1000°C, Grieg!6 found that a
thermocouple of Au--40% Pd—Pt+10% Rh
was five times as sensitive as Pt—Pt-+109, Rh
alloy but could not be used above 1400°C. But in
micro-differential analysis, the most commonly

Fig. 4.— Photograph of the micro-D.T.A. cell with wate®
cooled system.
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used thermocouple has been 5% Rh-+Pt—209,
Rh-+Pt alloy of 0.2 mm. diameter as a heating
element which has been supported on 0.5 mm.
diameter legs of the same alloys. The use of this
couple is wide spread because of the almost neg-
ligible cold junction error. For temperature upto
1000°C, a high output couple which is a gold
palladium alloy, known as ‘pallaplat” may be
used. For higher temperatures the 69, Rh-Pt—
30%, Rh--Pt thermocouple was also used.

Reference Materials (standard).—The choice of
reference materials is arbitrary and will depend
largely upon the temperature regions over which
the study is to be made. In conventional dif-
ferential thermal analysis alumina is the usual
choice being thermally inert at all temperatures
but in the micro-differential thermal analyser,
however, it is not possible to ensure that suitable
amounts adhere firmly and uniformly in the loop
at the junctions. If the heat effects of the sample
are of sufficient magnitude, and only very small
amount of test substance need to be taken, a satis-
factory base line may be produced with an empty
reference couple. This arrangement is most
desirable, being independent of other materials.
Alternatively, any materials which can be melted
on to the junction and cooled without manifesting
a heat effect can be used as reference substance.
Where swift rates of cooling are involved, borax
has been proved effective upto 1000°Ct at which
temperature it begins to volatilise rapidly. At
higher temperature albite feldspar is found most
suitable since this mineral is well known for the
difficulty with which it crystallises from its melt
and glass.

Arrangement of Thermocouples in the Cell.—One
cell which contains the thermocouples for measur-
ing micro-differential thermal analysis of the
sample is attached to the stage of the hot stage
microscope. The cell bearing the standard couple
is clamped near the microscope on a stand. The
thermocouples are usually placed up-right to
counter the tendency of the wire to slag. This
arrangement, however, is only applicable where
the slag is not too fluid. For fluid slags it is found
desirable to insert the thermocouple loop down-
ward which helps prevent the slag flowing away
along the limbs of the thermocouple.

Operation and Testing of the Micro-differential Ther-
mal analyser.—The micro-differential  thermal
analyser was tested in a similar manner to that
employed for high temperature microscope.
Generally upto 400°C the micro-differential
thermal analyser has a sensitivity precision com-
parable claimed by Maziers?2 for his micro-
differential thermal analyser, this was also con-
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firmed by Sommers et al'™4 when investigating the -
solid state changes in the sodium sulphate system.

However, at higher temperatures (above 1000°Cl),

there appears to be a loss of sensitivity in the

micro-D.T.A. at the normal rates of cooling

(10°C. per min) probably due to the increasing

radiation losses. This loss in sensitivity at high

te nperature can, to some extent be alleviated by

passing through two thermocouples cells a gas of
low thermal conductivity such as Argon, Xenon

and Krypton.

For checking the sensitivity of the micro-
differential thermal analyser more studies were
made of the solid state changes of potassium sul-
phate and lithium sulphate ie. their « and ¢
transitions. The results obtained are in good
agreement with previous results.

The material to be examined is made to adhere
in the loop at the thermocouple junction. It is
usual to melt specimens on to the thermojunction
but if irreversible changes during heating are
suspected transference as slurry is effective.

It has been experienced while working with the
apparatus that a spurious differential heating
effect can arise if the thermal capacities of the
sample and the reference thermocouples differ.
This spurious effect is easily recognised since it
invariably takes the form of an immediate devia-
tion from a straight base line when the system is
being switched or driven between the operating
temperatures. In cases where there was mis-
matching the genuine heat effects arising from
reactions in the sample were clearly superimposed
on the drifting base line, and visual examination
safeguards against serious misinterpretation.
However, it is clearly desirable to have a linear
base line. Base line drift can be minimized by
ensuring that the two thermocouples are of equal
dimensions, have the same geometry and contain
balanced quantities of sample and reference
materials. Some adjustment of the relative
quantities of sample or reference material may be
necessary after exploratory observation.

In practice both the loaded thermocouples are
balanced at the upper and lower temperatures
before programming or quenching. When the
heat effects in the material under investigation are
of sufficient magnitude, only very small quantities
(20ug) of the substance should be taken. In
these circumstances a drift free base line can be
produced with an empty reference thermocouple.

Examples of Application.—The following micro-
D.T.A. curves will show the sensitivity and ver-
satility of the apparatus. These curves are taken
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Fig. 5.— Isothern. M the system ‘CT—MT—TiO,’.
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Fig. 6.— D.T.A. curves of slags in the
triangle ‘CT—MT—TiO,’.

composition

from the micro-differential thermal analysis of
composition on the termary phase diagram of the
system ‘CaO. TiO,—MgO.Ti0,—TiO,’ (Fig. 5).
From the position of the thermal arrests, the
liquidus, binary phase separation, ternary eutectic
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Fig. 7.— Micro-D.T.A. curve of slag in the composition
triangle ‘CT—MT,—TiO,’.
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and solid state transition temperatures were

determined.

(a) Figure 6 shows the micro-D.T.A. curve of
the melt having composition CaO—z25, MgO—j,
and TiO,—70 mole percent. The above com-
position is on the primary phase field of CaO.
TiO,. The differential curve shows the changes
at liquidus temperature at 1470°C, binary separa-
tion of phase C'T (Ca0O.TiO,) and TiO, at 1400°Ci
and a large thermal arrest at 1350°Ci showing
the ternary solidification. The solid state change
of «CT (CaO.TiO;) to pCT (CaO.TiOy) is
distinctly shown in the differential curve at 1270°C.

(b) Figure 7 shows a micro-D.T.A. curve
obtained from the composition CaO—15, MgO —
10, and TiO>—75 mole percent. This composi-
tion is on the primary phase field of TiO,. This
curve shows the liquidus temperature at 1480°C,
binary separation of TiO, and MT, (MgO.
2 TiO,) at 1420°C and large thermal arrest at the
eutectic temperature at 1350°C. There is also
a weak indication of the solid state change of C'T
(Ca0. TiO,) in the differential curve at 1270°C.
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