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ABSTRACT
DIFFERENTTAL, THERMAL ANALYSIS
INSTRUMENT: DESIGN

OZKAN R. Giiler
M.S. in Engineering of Physics
Supervisor: Assoc. Prof.Dr.Ata SELCUK
February, 1991 42 pages

In this work, thermal analysis methods are introduced and
differential thermal analysis (DTA) is briefly investigated, designed
and constructed.

The instrument then checked with native sulphates which are
CaSOA.ZHZO, Mg804.7HzO, MgSOL}.HZO, CuS04.5H20, Fe504.7H20, NiSOA.7H20
and ZnSOh.7H20. Analysis have been carried out in the temperature range
of (room temperature - 350 9C) and the exponential heating rate is used.
The obtained DTA curves are compared with literature. As seen that, the

resultant curves which are obtained as same as the available documents.
The minimum detectable sample is found as 20 mg.

Keywords: Thermal analysis, DTA,
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OZET

DIFERANSIYEL TERMAL ANALiZ
CIHAZININ TASARTMI

OZKAN R.Gliler
Yiiksek Lisans Tezi, Fizik Miihendisligi Boliimii
Tez Yoneticisi: Do¢.Dr.Ata SELGUK
Subat 1991, 42 sahife

Bu ¢alisma, Diferansiyel Termal Analiz (DTA) cihazinin tasarim: ve
yvapim1 ile ilgilidir.

Yapilan bu cihazla dogal (native) siilfatlar [CaSOA.ZH.ZO,MgSOAJHzO,
MgSo,, .H,0, CuS%A.SHZO, FeS0,, . 7H,0,NiS0, .7H,0 ve ZnSO,.7H,0]1 oda sicak-
ligindan, 350 “C sicaklik aralifinda exponensiyel (iissel) 1isitma hizi

ile analiz edildiklerinde, elde edilen DTA egrileri literatiirlerle kar-
gilastirildiklarinda ayni sonuglar elde edildi.

Cihazin duyarli oldugu en diglik madde miktari 20 mg olarak bulundu.

Anahtar kelimeler: Termal analiz, DTA.
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CHAPTER 1
THERMAL ANALYSIS
1.1 THERMAL ANALYSIS

Thermal analysis may be considered to be an analytical technique
in which some physico-chemical parameter is measured as a function of
temperature, or as a function of time at constant temperature or heating
rate. Thus measuring the change in heat capacity of a speciman at
constant heating rate, the change in mass with respect to time at
constant temperature, or the change in mass with respect to time at
constant heating rate are all thermal analysis methods.

Every system has a tendency to attain a state in which the free
energy is at a minimum at a given temperature. The formation of a more
stable crystalline structure, or of another state with a lower free
energy (minimum free energy) may take place on heating the sample, or
via intermediary steps. For example, melting, boiling, sublimation,
change of crystalline structure, chemical reaction, etc. may represent
such a transformation. The transformation is characterized by the
temperature at which it occurs and by a change in heat content,
manifested by an increase or decrease in the temperature, depending on
whether the reaction is exothermic or endothermic. This is the basis of
differential thermal analysis (DTA).

The change in weight can also be influence the change in heat
content, that is, during a chemical degradation,dehydration, sublimation
or oxidation. The method is concerned with the change in weight named

as thermogravimetry (TG).

When a substance is heated or cooled, some changing occurs in its
dimensions. They are depending on initial dimensions of substance and
on the temperature. The observation of the change in dimensions during



heating is the basis of dilatometry and has great importance in
metallurgy, physics and in glass and ceramic technology [11]. Some

thermal analysis methods are given in Table 1.
1.2 CLASSIFICATION OF THERMAL ANALYSIS METHODS

Thermal analysis covers a group of mutually related instrumental
techniques for measuring the parameters of any physical property or
chemical stability depending on temperature [ 2].

Thermal analysis methods can be classify into four groups:

a) Methods associated with a change in mass

b) Methods associted with change of energy

c) Methods associted with the evolution of volatile products
d) Methods associted with dimensional changes

Methods associated with a change in mass can be divided into two
methods which are static and dynamic methods.

i) Static methods

Isobaric weight-change determination: A technique which the mass of the
substance is recorded as a function of the temperature T, at a constant
partial pressure of the volatile products. The record is the isobaric
weight change curve, it is normal to plot weight as the ordinate with
weight decreasing downwards and temperature T, on the abcissa increasing
from left to right.

Isothermal weight—change determination: A technique in which the mass
of the substance is recorded at the time t,at a constant temperature.
The record is the isothermal weight change curve, it is normal to plot
weight on the ordinate, with weight decreasing downwards and t on the

abscissa increasing from left to right.



TABLE 1 Thermal Analysis Methods [1]

Technique Quantity Determined Apparatus
1.Thermogravimetry Weight change Thermobalance
(TG)

2.Derivative thermo-
gravimetry (DIG)

3.Differential
thermal analysis
(DTA)

4 ,Derivative DTA

5.Differential
scanning
calorimetry (DSC)
6.Measurement of
specific heat
7.Evolved gas
analysis
8.Pyrolysis

9.Thermal Jumi-

nescence analysis

10.Dilatometry

11.Electric conduc-
tivity analysis

12 .High-temperature
x-ray diffraction

13.Thermometry

Rate of change of
weight

Temperature difference
between the sample and
thermally inert
substance ‘
Derivative of the
temperature difference
Amount of heat trans-—
mitted to the sample

Specific heat

Amount of gas
liberated
Product of pyrolysis

Light emission

Change in volume

Change in electric
resistance

Change in lattice
dimensions

Temperature change as a
function of time or
volume of the titration

reagent

Thermobalance or
derivative thermo-

balance
DTA apparatus

DTA apparatus

Differential

Calorimeter

Calorimeter

Gas analyser

Gas chromatograph,
mass spectrometer,
IR spectrometer,etc
Photomultiplier
thermoluminescence
apparatus
Dilatometer
Resistance bridge

X-ray diffractometer

Thermometric titrator



TABLE 1 Thermal Analysis Methods

Technique Quantity Determined Apparatus
14 .Enthalpimetry Enthalpy change as a Thermometric
function of amount of titrator

reagent added
15.Classical Temperature as a func- Calorimeter
calorimetry tion of time. Heat
content as a function

of temperature

ii) Dynamic methods

Thermogravimetry (TG): A technique where the mass of a substance in
given surroundings, heated or cooled under controlled conditions at a
constant rate, is recorded as a function of time or of temperature
m=f (t or T).

Derivative thermogravimetry (DTG): This techniques indicate the first
derivative of TG curve with respect to either time or temperature
dm/dT = £ (t or T).

Methods associated with change of energy includes two type
instrumental techniques which are differential thermal analysis (DTA)
and differential enthalpic analysis (DEA).

Diffrential thermal amalysis: DTA is a technique of recording the
difference in temperature between substances and a reference material
against either time or temperature as. the two specimens are subjected
to identical temperature regimes in an enviroment heated or cooled at a
controlled rate. The record is DTA curve, the temperature difference
(AT) should be plotted on the ordinate with endothermal processes
downward and exothermal ones upward and time (t) or temperature (T) on

4



the absicsca increasing from left to right. Some applications of DTA is
/given in Table 2.

Differential enthalpic analysis: DEA is a techniques for recording the
energy required to study difference of temperature between a substance
and a material releated either to time or to temperature as the two
substances are subject to identical amounts of temperature in
surroundings heated or cooled at controlled rates.

Methods associated with the evolution of volatile products include
instrumental techniques for determining the nature of the source of
volatile products formed during the thermal process.

Methods associated with dimensional changes include dilatometry
and differential dilatometry. These methods include instrumental
techniques for measuring the changes in size of a substance depending

on temperature.



TABLE 2 Some Application of DTA and TG [1]

Methods Process investigated Substances
TG, DTA Dehydration-determination Organic and inorganic
of free and bound water compounds (precipitates,
minerals,combustibles,
coordination compound,
etc.)

TG, DIA Thermal decomposition Organic and inorgonic
substances (precipitates,
catalysts,minerals,
polymers etc.)

TG, DTA Roasting and calcination Minerals

TG, DTA Distillation and evapora- Inorganic and organic

tion substances

TG, DTA Thermal oxidation- Inorganic and organic

corrision substances (metals etc.)

TG, DTA Solid phase reaction Inorganic and organic
substances

TG, DTA Gas, solid reactions Inorganic and organic

(oxidation,reduction, substances
corriosion)

TG, DTA Study of new chemical Inorganic and organic
substances

TG, DTA Catalysis Inorganic and organic
substances

TG, DTA Study of reaction Inorganic and organic

kinetics and reaction substances
- mechanism

Calorimetry,DTA Study of heats of reaction Inorganic and organic
substances

TG, DTA Thermal stability and purity Analytical reagents

DTA Phase changes Organic and inorganic

compounds (glasses,
liquid crystals,ceramics,
minerals, etc.)



CHAPTER 2
DIFFERENTIAL THERMAI, ANALYSIS

2.1 INTRODUCTION

Differential thermal analysis (DTA) is a thermal technique in
which the temperature of a sample, compared with the temperature of a
thermally inert material, is recorded as a function of the, inert
material, or furnace temperature as the sample is heated or cooled at a
uniform rate. Temperature changes in the sample are due to endothermic
or exothermic enthalpic transitlons or reactions such as those caused
by phase changes, fusion, boiling, sublimation, crystalline structure
inversions and vaporization, dehydration reactions, dissociation or
decomposition reactions, oxidation and reduction reactions, destruction
of crystalline lattice structure, and other chemical reaction [3].
Endothermic effects are produced by phase transitions, dehydration,
reduction and some decomposition whereas exothermic effects are
produced by cyrstallization, oxidation,and some decomposition reactions.
The technique although comparable with dynamic thermogravimetry is
complementery to it.However it yields no information directly about the
chemistry of any reactions. [ 41

A typical DTA curve is shown in Figure 2.1. Four types of
transitions are illustrated as follow,

a) Second-order transition in which a change in the horizantal base line
is detected,

b) An endothermic curve peak, due to a fusion or melting transition,

c) An' endothermic curve peak which is due to a decomposition or
dissociation reaction,

d) An exothermic curve peak caused by a crystalline phase change.

The number, shape, and position of the wvarious endothermic and

7



T

Figure 2.1 Typical DTA curve.

exothermic peaks may be used as a means of qualitalive analysis and
because the area under the curve is proportional to the enthalpy change,
the technique is useful as semiquantitalively if the heat of reaction

is known [2] . The block diagram of DITA is given in Figure 2.2.

2.2  HISTORICAL ASPECTS

The differential thermal analysis methods may be begining with
same period with thermogravimetric method. In 1887 Le Chateller used
this method for the first time for the study of calcite and later for
the study of clay materials. At its beginings, this method consisted of
a direct determination of the rate of change in temperature of the
sample during regular heating. The reactions followed in this way gave
a series of plateaux on temperature versus time plots, and their

determination was rather inaccurate [1] .

le Chatelier and other investigators, Ashley, Wholin, Rieke,
Wallach and Mellar and Holderoft studied the thermal changes which took
place in a substance as it was heated by recording its temperature as

8
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measured with a thermocouple, as a function of time. This heating curve
method was not very sensitive to small heat effects and was adversely
affected by changes in heating rate, recording equipment, and other
factors [ 31 .

In 1899, Robert-Austen who improved Le Chételier's method. They
suggested that a two-thermocouple system be employed. One of the
thermocouples was placed in the sample and the other one in a reference
block in a furnace [ 3,1,21. The differential temperature reading which
was more sensitive to small temperature changes in the sample than the
single-thermocouple method, was recorded or plotted as a function of
time or temperature [3]. Wallach (1913) and Femer (1913) were the
first to use DTA in investigation of argillaceous minerals and
silicates. De Keyser (1938-1939), Norton (1939),Hendriks and Alexander's
(1939) papers have resulted in rapid development and generalization of
these methods for the study of minerals. Since 1940 the technique has
been improved appreciably and the fields of use have been extended[2].

2.3 THE COMPONENIS OF DTA INSTRUMENT

A differential thermal analyzer includes seven basic components
a) a furnace or heating device, b) a sample holder, c) a low-level dc
amplifier, d) a differential temperature. detector, e) a furnace
. temperature programmer, f) a recorder, and, g) control equipment for
maintaining a suitable atmosphere in the furnace and sample holder.

2.3.1 SAMLE HOLDER

Sample holder is one of the most important parts of the DIA
apparatus. The type of sample holder used depends on the nature and
quantity of the sample and also on the maximum temperature to be
investigated [5] .

The materials used in the construction of the sample holders are

10
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of two kinds; metals or ceramics. Metal materials used in the construc-
tion of sample holders include nickel, high temperature stainless
stell, alumirmm, platinum or platimum alloys, silver, copper; tungsten,
noble and half-noble (plain or alloyed) metals. Ceramic materials used
in the construction of sample holder include alumina with silica
admixtures, burnt clays, high temperature resistant glass and graphite.

Advantage of metallic sample holders can much more easily be
processed, they are not porous and give only small deviations of the
heat flux and hence of the basic line of DTA curve. Their disadvantage,
however, is that the intensity of the thermal effects tends to be small
because the heat transfer takes place rapidly through their walls and
between these walls and the sample mass.

On the other hand, ceramic sample holders, yield thermal effects
large intensities for the same amount of reacting material as in
metallic one, because the heat transfer proceeds slowly through their
walls [5] . The ceramic holders also have certain disadvantages, they
have porous structures, they may affect the shape of the thermal effects
or they may get contaminated in the case when the sample contains a
compound which melts. Generally, in such sample holders the base line
of the DTA curve is very difficult to obtain, because of the low and
nonuniform heat transfer rate from the exterior towards the interior of
the groove.

Two type sample holders are used. One of block-shaped holders,
the other one is crucible-shaped holders. Block-shaped holder are
provided with two or more than two orifices, one of them is used for
the substance to be analysed, one of them is used for the thermally
inert substance, and if there are third one is used for measuring the
temperature of furnace. Block-shaped holder are most indicated for
investigating the heat exchange that is, for differential thermal
analysis. The crucible-shaped holders are made of metals. These holders
use in complex thermal analysis, satisfying the requirements imposed

1T



both upon heat exchange and mass exchange measurements. [1,3,2]
Figure 2.3

Wendlandt [7] compares the relative performance of the two types
of sample holder, block and isolated container types and quotes the
work of Sarasohn, and reproduces the table also reproduced as Table 3

below.

TABLE 3
Advantages Disadvantages
Block type
1. Good temperature uniformity 1. Poor exchange with atmosphere
2. Good thermal equilibration 2. Poor calorimetric precision
3. Good resolution 3. Difficult sample manipulation
4. Good for b.p. determination 4, Sensitive to sample density

change
Isolated container type

=

1. Good exchange with atmosphere . Poor resolution
2. Good .calorimetric precision

3. Good for high temperature use

2.3.2 FURNACES AND FURNACE TEMPERATURE PROGRAMMERS

The choice of furnace heating element and type of furnace depends
on the temperature range under investigation. The operating range of
DTA furnaces have been described from -190 to 2800°C. The furnace may
be located vertically or horizontaly, it may be heated by resistance
element, by a coil of tubing through, which a heated or cooled liquid
or gas is circulated [61] .



Resistance elements are used in construction of furnace. The
temperature limits of these resistance elements depend upon the furnace
desing and insulation. Some resistance element and their approximation
temperature limits are given Table 4 [3] .

TABLE 4 Maximm Temperature Limits For Furnace Resistance Elements [3] .

Element Approximate Temperature %
Nichrome 1000
Kanthal 1350
Platinum 1400
Platimm -10 % Rhodium 1500
Rhodium 1800
Tantalum 1330
Globar 1500
Kanthal Super 1600
Molybdemm 2200
Platinum - 20 % Rhodium 1500
Chromel A 1100
Tungsten 2800

The requirements for a good DTA furnace must have a symmetry in
heating and the ability of the heater elements to heat uniformly. The
furnace temperature distribution must be uwniform in the area of the
sample holder for good results.

For the operation at low temperature, the furnace may be
surrounded by a Dewar flask and precooled with liquid nitrogen. The
furnace is then heated by the furnace element using a heating ~ mode

program.
The rate of temperature increase of the furnace is controlled by

13



--——_’-.-——__—'

\

. - e > em e am - i

W |

=4 £zz1 23

‘Ll\

[

Figure 2.3. Some Sample Holders For DIA 1

1% ’



a temperature programmer. This programmer should be capable of linear
temperature programming over a number of different temperature ranges
and also must be compatible with several different thermocouple types.

The type of temperature programmers [3] are thé simple variable-
voltage transformer coupled, a synchronous motor, the more sophisticated
feedback and proportional-type programmer. On - off - type programmers
can not be used because of the fluctuating power outputs which give
rise to severe thermal gradients in the furnace and sample holder
system.

The heating rates of most DTA furnaces can be varied from 0,5 to
200°C/min. But most DTA curves are recorded at heating rates of 10 to
20°C /min.

In conclusion, the heating rate affects the height and width of
thermal effects recorded by DITA and DIG curves while the TG curve is
substantially changed at various heating rates. High heating rates
produce narrow peaks with sharp points whilst low heating rates produce
broad superficial peaks. The optimum heating rate must be a compromise
depend upon the nature of sample under investigation, upon the technical
potentialities of the analytical instrumental device, upon the reference
inert material and also upon the furnace.

2.3.3 AMPLIFIER AND RECORDING SYSTEM

The output of the thermocouple is the order of 0.1 to 100 uV,
depending on the type of thermocouples used and the temperature
difference between them. Some typical thermocouples characteristics are
given Table 5. )

The differential temperature (AT) signal must be amplified by a
low-level microvolt dc amplifier which must have low noise, low drift,
and high stability to be useful for DTA instrumentation.

15



TABLE 5 Some Typical Thermocouples Characteristics at 25°C

Metal No.l Metal No.2 Maximum E.M.F at maximum
(Positive) (Negative) temp.°C temp. mV
Platinum Platium~- +20 to 1700 17,96
10 % Rhodium ,
Copper Constantan -200 to 600 32,04
Iron Constantan +20 ‘to 800 45.0
Chromel Constantan +20 to 800 60.0
Platinum Platinum~ +20 to 1300 60.38
8 % Rhenium
Tungsten Tungsten - + 2700 6.0

25 % Molybdenum

A two - channel recorder is using to record both the differential
temperature and reference material temperature as a function of time.
The modern X-Y recorder in which the differential temperature is plotted
directly as a function of reference material temperature.

2.4  TEMPERATURE MEASUREMENTS

It is now generally agreed that temperature may be considered to
be basic parameter in the same way as mass, length and time, and it is
quite interesting to view the steady development of the liquid in glass
thermometer and the scales of temperature. However, expanding liquid
thermometers are not useful for measuring furnace temperature. WEDGWOOD
in 1782 attempted to use a pyrometer based upon the shrinkage an firing
of standart clay pieces, unfortunately this had a non - linear scale.
It was the discovery by SEEBECK in 1822 of the thermoelectric effect
which paved the way for the development of the thermocouple as a
temperature measuring device. Although BEQUEREL employed platinum and
palladium thermocouples for the measurement of high temperatures, it

16



was not until metals and alloys of high purity were developed. It was
LE CHATELIER who finally developed the thermocouple into an accurate
temperature measuring device. The optical pyrometer and resistance
thermometer were both developed in later half nineteenth century, but
for most thermal analysis work the thermocouple is the first choice

temperature probe.
2.5 THERMOCOUPLE

In thermal analysis the most commonly wused the method of
temperature measurement is the thermocouple. Materials wused for
thermocouples should display as large a thermal electromotive = force
(emf) as possible with increasing temperature and these emf's  should
be constant even on prolonged heating. The materials should also be
very resistant to physical and chemical influences and they must be
available in wire from. The thermoelectric potential depends on their
degree of purity. The thermocouple wires should be as thin as possible
to minimize loss of heat. In the case of precious metals the diameters
are usually 0.35 - 0,5 mm, in other cases 0.5 - 3.0 mm. To obtain a
constant thermoelectric potential the wires should be artificially
aged by annealing. The welding is usually done with an electric arec or
or an oxygen-hydrogen flame. In arc welding a mercury or graphite are
is suitable. For thermocouples made from platinum metals, the most
common in thermal analysis, graphite arc welding is suitable. The
graphite rod is comeeted one electrode (pole) and thermocouple is
comnected another electrode of current source for welding of
thermocouples. Thermocouples are useful in thermal analysis because
they are small and avoid heat loss for the rate of temperature change
used. The size of weld and diameter of the thermocouple wire are

important for respense to temperature changing.

There are a lot of thermocouples but its range are different due
to dits making materials. Some of these are,
Copper - Constantan [(Cu 100 %)-(Cu 55%, Ni 45 %)] which can be used

17



from -200 to + 600 °C.

Chromel - Nickel [(Ni 87,5 , Cr 12,5 %) - Ni 100 %)] which can be
used from + 200 to 1200 °c.

Nickel Iron -Nickel [ (Ni 66 %, Fe 34 %), (Ni 100 %) 1 At temperatures
over 800°C it should be protected against air oxidation. It becomes
brittle between 600 and 800°C and it can be usedfrom +200'to +1000 °C .

Platinum — Platinum Rhenium [ (Pt 100 %)-(Pt 92 %,Re 8 %) 1 1is very
sensitive to reducing gases and gases containing S, C0,Si and P. In an
oxidative atmosphere it is stable up to 1200 °%. 1t displays a high emf
value (apporox.60.0 mv at 1300 ©C) as does the AuPd-PtRh (Gold palladium
- Platinum rhodium) thermocouples.

Platinum - Platirmum Rhodium ([(Pt 100 %)-(Pt 90 %, Rh 10 %)1 is called
Le Chitelier's thermocouple. It is employed for measurements + 20 to
1700 °C. It is sensitive to a reducing atmosphere in the presence of
Si.

Tungsten - Tungsten Molybdenum (W-WMo) and special combinations
of graphite and carbides are used higher temperatures as a thermo-

couples.

A special thermocouples which are not made by a simple welding of
wires but by direct welding between crucible and its carrier. Yamamoto
et al. used a dumbbell-shaped piece of chromel which consisted of two
circular discs connected by a narrow strip. Alumel wire, welded to the
center of each disc, served as the other thermocouple junction.

2,6 THE POSITION OF THE THERMOCOUPLE

The position of the thermocouple with respect to the sample is
most important for DTA curve. The importance has been investigated by

18



SMYTH [8] who show that considerable differences in the differential
temperature occured according to where the thermocouple was located
within the sample. In particular he demostrated that the placing of the
sample and reference thermocouples asymmetrically within their
respective chambers resulted in distinct distortion of the peak maxima.
Assymetric location was also shown to give rise to significant base
line drift particularly if the reference and sample materials are not

uniformly packed.

When thermocouples immersed in the sample, getting a very
sensitive emf, because there is no doubt, thermocouples are placed

bottom of crucibles or not.
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CHAPTER 3
DESIGN OF DTA INSTRUMENT

3.1 INIRODUCTION

DTA is a useful technique, that able to detect changes in enthalpy
of the sample under study. In this ﬁork,low temperature DITA, ranged.
from room temperature to 350 O is designed. For the enviromental
conditions as atmosphere inert gas or air also provided. A cylindrical
graphite block are used as a furnace body with conjuction with 150
watts heater in the center, Figure3.l.Then the furnace is fixed on a
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Figure 3.1 Graphite block and heater
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box as a support is made of steel all the comnections are fixed inside

the box.

3.2 SUPPORT

1

The dimensions of the box which is used as support for the furnace
and for the external supplies is 7,5 x 15 x 19,8 cm. A glass flask is
used to protect the furnace and sample system from the air contact in
case when the inert gas is used. Two metallic pipes with adjustable
taps are incontact with flask volume, one provides controlled gas while
the other used as gas exit. All the comnections sealed by the vacuum
adhessive to protect air pass into the flask, Figure 3.2.

3.3 FURNACE

Commercial DTA instruments have furnaces operating in (-190°C to
2800°C) temperature range depending on the purpose of experiment.

The instrument designed in this work uses room temperature to 350
°c range. For uniform heating block-type of furnace is preferred. The
block has symmetrical holes, first three holes for thermocouples and in
the centre the fourth hole for heater which is insulated from the block
which is made of graphite. Dimensions of this cylindrical graphite
block are r = 2,5 cm and h = 7 cm. This block mounted in vertical

position and supported by the metallic box.
3.4 HEATER

220 Volt, 150 Watt heater is used for the furnace. When this voltage is
supplied, the furnace temperature increases depending on the furnace
body and conditions. This temperature increase shown in Figure 3.3. As
seen from the Figure 3.3, Temperature - Time curve is exponential.
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Figure 3.2 The support and glass flask
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3.5 SAMPLE HOLDER

0,4 cm diameter pyrex glass tube is used for sample holder,
sealed from one end and placed on thermocouple as the open end up. The
sample and reference materials placed in these glass cups that their
positions are symmetrical to the heater while the third cup placed on
the third equivalent position to measure the furnace temperature during
the experiment. To prepare these cups a mould of metal is used Figure
3.4, after sealing one end of the glass which is pushed into the mould
to give the convenient shape to the sample holder to be able to fit the
thermocouple head.

3.6 THERMOCOUPLES

In this work, the copper - constantan thermocouple which can
usually operates at (-200 °%¢ to 600 °C) range is used. Thermocouple is
produced by using electrical welding method improved in laboratory.
Before welding copper and constantan wires are separated from each
other by the using of capillary glass tubes in convenient length and
then welded from one end. The two equal thermocouples are comnected by
their constantan ends, leaving the copper ends to measure the
temperature difference of the sample and the reference. Figure 3.5
shows the system used in the experiment.

For sensitivity the thermocouple tips are immersed in the
materials are tested, instead touching to the sample holder. So two

thermocouple systems can be used in the same time to compare the
results. The emf's of Cu-constantan thermocouple is given in Appendix I.

3,7 MILLIVOLTMETER AMPLIFIER

In this work, the measuring microamplifier (Unilab) is used. A
versatile measuring amplifier, mains driven, to convert any 1 mA meter

to the following ranges:
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Millivolts : 0,1,1, 10, 100, 1000
Microampers: 0,1, 1, 10, 100, 1000
Microcoulombs: 1 (only)

, Brass
i

pipe

Glass pipe |

BRASS

>> |

Sl TR

Figure 3.4 Brass Mould

Cu

Constantan

Figure 3.5 Thermocouple comnections
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The function is selected by plug-in modules, available separately. This
instrument can also used as an oscilloscope preamplifier, having
accurate gains of 1000, 100, 10, 1, and O.1.

Millivolts dc module is used and provides full-scale deflection

(onl mA meter) of 0.1, 1, 10, 100 or 1000 mV at 10 M o V L.

3.8 X-Y RECORDER

X-Y recorder used in this experiment which is fed by AT from its
Y- probe and T from X- probe and it draws AT versus T curve. Where AT
is the temperature difference between the sample and reference material
and T is the furnace temperature which fixes the reaction temperatures.

The ranges of the recorder are 0,25 mV/ecm 1 mV/em, 2,5 mV/cm,
10 mV/em, 25 mV/cm, 100 mV/cm, 0,25 V/em, 1 V/em, 2,5 V/em, 10 V/cm,
and the time ranges of the recorder are 0,1 sec/cm, 0,2 sec/cm,
0,5 sec/cm, 1 sec/em, 2 sec/cm, 5 sec/cm, 10 sec/cm, 20 sec/cm,

50 sec/cm.
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CHAPTER 4
PERFORMANCE OF THE DESIGNED INSTRUMENT

4.1  INTRODUCTION

The samples are already investigated are used to show the
performance of the instrument designed. The samples are compared with
Alumina (A1203) as a reference material. The native sulphates are
choosed as testing materials. Their specifications and DTA curves are
already investigated using commercial instruments.

These materials are gypsum (CaSOh.ZHZO), epsomite (MgSOh . 7}120),
kieserite (MgSO4 . HZO)’ chalcantite (CuSOA:; 5H20) melantherite
(FeSOA . 7H20), morenosite (NiSO4. 7H20), goslarite (ZnSOA. 7H20) are
analyzed with designed DTA instrument.

4.2 GYPSUM (CaSOZ*.ZHZO)

Native was studied by Mitsuki (1952) Yamanchi and Togai (1953)
West and Sutton (1954) and Sudhir (1958) using DTA methods, Duval
(1963) made a comparative study by thermal gravity between data obtained

an artifical and native samples.

Thermal curves of gypsum show only two effects determined by the
removal of the water of crystallization, Figure 4.1 comparatively by
the results given by TODOR [2] , Figure 4.2,

4.3 EPSOMITE (MgSO,.7H,0)

Lorant (1966) [9] , showing the way in which water of crystalliza-
tion is removed at two heating rates, namely at 5°C/min and 10°C/min.
In both cases, epsomite expels water of crystallization in two clearly
distinct stages. In the first stage six molecule are expelled up to a
temperature of 290°C when the heating rate was 59C/min or 305°C when

27



AT 100 300 50p Foo 900 °C

208

178

0 100 200 300 T (°C)

Figure 4.1 DTA curve of CaSOA.ZHQO is obtained from designed instrument.

Figure 4.2 DTA curve of CaSOA.ZHiO is taken from reference.
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the heating rate was 10 OC/min. The removal of the last molecule of
water crystallization requires high temperatures namely 400 °%c
Figure 4.3.

The DTA curve is obtained from designed instrument, is shown in

Figure 4.4,
4.4 KIESERITE (MgSOA.HZO)

Cocco (1952) [10] employing the method of DTA. Popa and Todor
(1969) show that the kieserite expels its water molucele crystallization
in the temperature range 300-400 .

The curve which is obtained from designed instrument is shown in
Figure 4.5 and the another curve which is taken from reference [2] , in

Figure 4.6.
4.5 CHALCANTITE (011504.5}120)

Todor, examine the behaviour on heating of crystallized copper
sulphate. The first four weter molecules are removed quite readily in
two clearly distinct stage, two molecules at a time. The last of water

molecule is expelled at higher temperature.

Vanhellemont [ 11] , shows the various phase transitions taking
place on heating CuSOA.SHZO.

90°C 110°C 240°¢
CuS0, .5H,0 =%  CuS0,.3H,0 —=——% CuS0,.1H,0 —=——» CuSO,

The curve which obtained from designed DTA instrument is given

Figure 4.7 and the reference curve is shown in Figure 4.8.
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Figure 4.3 DTA curve of MgSOA.7HéO is taken from reference.

Figure 4.4 DTA curve of MgSOA.7H20 is obtained from the designed

instrument.
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Figure 4.5 DTA curve of MgS0,.H,0 is obtained from the designed
instrument.

Figure 4.6 DTA curve of MgSO4.H20 is taken from the reference.
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Figure 4.7 DTA curve of CuSOh.SHéo is obtained from designed instrument.

Figure 4.8 DTA curve of“CuSO4.5HéO is taken from reference.
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4.6 MELANTHERITE (FeSOA.7H20)

Tvetkon and Voliashikina (1953) and Ivanova (1961) study on the
ferrous sulphate crystallized with seven water molecules [12] . Todor
(1971), more conclusive analytical results are obtained when the
analysis of this compound is performed at a heating rate of 5 °C/min.
In this case oxidation is completed in the temperature range at which
dehydration occurs, the endothermic effect caused by the expulsion of
the last molecule of water is completely missing, its place begin taken

by the exothermic effect due to oxidation.

The DTA curve of melantherite which is obtained from the designed
instrument as shown in Figure 4.9 and the reference one is shown in

Figure 4.10.
4.7 MORENOSITE (N1504.7H20)

A study employing DTA is mentioned in a paper signed by Berg and
co-workers (1944) [13 1.

The water of crystallization of morenosite is removed in five
stages when heating rate is 5°C/min. The first six water molecules are
expelled in a narrow temperature range, and the last molecule is driven
off at high temperature when the heating rate is 10°C/min, dehydration
occurs in only three steps, Figure 4.11. The DTA curve of morenosite is

obtained from designed instrument, Figure 4.12.

4.8 GOSLARITE (ZnSOh.7H20)

The goslarite behaves similarly to epsomite when heated and it is
in fact, isomorphous with this sulphate. The DTA curve of goslarite is
obtained from designed instrument is shown in Figure 4.13 and the

another one which is taken from reference is shown in Figure 4.14.
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Figure 4.10 a) DTA curve of FeS0,.7H,0 is taken from reference with

heating rate is 5°C/min.
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Figure 4.10 b) DTA curve of FeSO47HZO is taken from reference with

heating rate is 10 ©°C/min.
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Figure 4.11 DTA curve of NiSOd7H20 is taken from reference.

Figure 4.12 DTA curve of NiS0,.7H,0 is obtained from designed instrument.
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Figure 4.13 DTA curve of ZnS0,,.7H,0 is obtained from designed instrument.

Figure 4.1% DTA curve of ZnS0,, . TH,0 is taken from reference.
37



CHAPTER 5
RESULTS

As seen from the previous chapter that the obtained DTA curves
were very acceptable, because of the curves were obtained without using
linear heating temperature controller-programmer. The exponential
temperature-time heating rate was used. In this experiment, 220 ac
voltage was applied to the heater of furnace which has 150 watts.

In order to detect the temperature~time curve, the third thermo-
couple was used to indicate the oven temperature. The output of the
third thermocouple was comnected to Y-probe of X-Y recorder while the

X- probe was used to sweep axis.

It is known that, the reaction temperature and the shape of the
analyzed curve affected by the heating rate, the amount of sample, the
grain size of sample, the surrounding atmosphere, the geometry of sample
holder and the system parameters in thermal analysis techniques. The
reaction temperature which is represented by the maximum peak varies
with the heating rate. When the heating rates were supplied by furnace,
the reaction temperature will increase. The reaction temperature obtained
from our measurements are fomd to be slightly different from these
reported by TODOR [2 ] . This difference is appearantly due to ‘the
different heating rates used in the two studies.

Copper-Constantan type thermocouple was wused throughout the
measurements. The thermocouple was inserted into the sample holder in

order to measure the sample temperature more accurately.

In order to find the sensitivity of the instrument, the minimum
amount of detectable sample was investigated. As a result, the
sensitivity of the instrument was found to be about 20 mg. This was
considered to be a significant result when compared to the instruments
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commercially available.

In this study, temperature range of 20°C to 350 °C was used with
the heating rate of 25 OC/min. When the DTA method was applied to the
seven native sulphates sample, the removal of water of crystallization
peaks were observed. These peaks also reported by other authers [2,9,10,
11,12,13] and they found to be in reasonably good agreement.

The design and the construction of the instrument for the
measurement of DTA was found to be highly satisfactory for the required
study. This instrument can be succesifully used in future work, providing
that the, temperature range is extended to higher temperatures.
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