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There are many thermoanalytical techniques but only several of them such as thermogravimetric analysis (TG), high resolution
thermogravimetric analysis (Hi-Res™ TG), derivative thermogravimetry (DTG), differential thermal analysis (DTA), calorimetry,
differential scanning calorimetry (DSC), modulated differential scanning calorimetry (MDSC), evolved gas analysis (EGA), tran-
sient thermal analysis (TTA) and thermal conductivity (k) have selected to be discussed in this paper. Simultaneous thermal analysis
(STA) is ideal for investigating issues such as the glass transition of modified glasses, binder burnout, dehydration of ceramic mate-
rials or decomposition behaviour of inorganic building materials, also with gas analysis. Selected applications of various

thermoanalytical techniques from medicine to construction have also been discussed in this paper.
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Introduction

Thermal Analysis (TA) is a well-established set of
techniques for obtaining qualitative and quantitative
information about the effects of various heat treat-
ments on materials of all kinds, including new chemi-
cal compounds, plastics, ceramics, alloys, construc-
tion materials, minerals, foods and medicines.
Heating is performed under strictly controlled condi-
tions and can reveal changes in structure and other
important properties of the material being studied.
Such studies are of great practical importance in the
use of materials [1]. TA determines transformations
in a subject under study by noting the temperatures at
which thermal arrests occur. These arrests are mani-
fested by changes in slope of the plotted of mechani-
cally traced heating and cooling curves. When such
data are secured under nearly equilibrium conditions
of heating and cooling, the method is commonly used
for determining certain critical temperatures required
for the construction of equilibrium diagrams.

The structures of the various materials as well as
the study of the influence of their compositions on the
process of thermal decomposition are of great inter-
ests. Therefore, it is not surprising that many authors
have investigated numerous materials with different
origins and compositions and also studied their ther-

mal, structural, spectral, microscopic and many other
properties [3—64].

Selected thermo-analytical techniques
Thermal conductivity (k) and thermal diffusivity (o)

Thermal conductivity is the property of matter by
which heat energy is transmitted through particles in
contact (ST units: W m ' K™') [2]. Thermal diffusivity
(o) is the ratio of thermal conductivity to volumetric
heat capacity. The SI unit for thermal diffusivity is
m’ s~'. Both k and a are the most important thermo-
physical parameters for characterizing the thermal
transport properties of a material or component [2].

Laser flash technique (LFA) over the broadest
temperature range

The LFA is currently the most widely accepted method
for precise measurement of the thermal diffusivity and
the LFA 427 (NETZSCH) is one of the most useful in-
struments on the world market at present. High preci-
sion and reproducibility, short measurement times,
variable sample holders and defined atmospheres are
outstanding features of LFA measurements over the
entire application temperature range from —70 to
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2000°C. The laser power, pulse width, gas and vacuum
are variable over a wide range, making it possible to set
the optimum measurement conditions for the very dif-
ferent sample properties. The LFA 427 is the most
powerful and versatile LFA system for research and
development as well as all applications involving char-
acterization of standard and high-performance materi-
als in automobile manufacturing, aeronautics, astro-
nautics and energy technology.

Significance of thermal conductivity measurement

Accurate and reliable thermal conductivity data of
fluids are essential to evaluate convective heat trans-
fer coefficient for safe and economical design of heat
exchangers involving heat transfer across a
fluid-solid interface. In such heat transfer processes,
convective heat transfer coefficient is a very impor-
tant parameter and can be evaluated from the follow-
ing dimensionless equation [65a]:

Nu=CRe™ Pr" (1)

where C, m and n are empirical parameters. For heat
transfer in a tubular geometry, these parameters, C
and the exponent m and n, are either constant or ex-
pressed by empirical relations [65b]. In Eq. (1), the
dimensionless quantities Nusselt number (Nu),
Reynolds number (Re) and Prandtl number (Pr) are
defined by:

NuzhCD; Rezﬁ; r=ﬁ 2)

i) k

where Nu, Re and Pr are expressed in terms of the
fluid properties and fluid flow and the geometrical
characteristics of the physical system. Accurate
thermal conductivity measurements can also be
utilized for other applications such as detection of
impurities and quality control in mixtures as well as
to develop and verify theoretical models for
thermophysical properties of dense fluids. However,
in the absence of any accurate theoretical model for
dense fluids, experimental measurement is the only
reliable method for determination of the thermal
conductivity of fluids. In addition, one of the experi-
mental techniques provides simultaneous measure-
ment of the thermal diffusivity and determination of
the specific heat of fluids.

Transient thermal analysis (TTA)

TTA takes one-tenth the time using a simplified
h-model rather than running a full CFD (computa-
tional-fluid-dynamics) analysis which significantly
reduces computation effort with no loss in accuracy.
TTA determines the heat-transfer coefficient (4). The
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main applications of TTA are in architecture, automo-
tive, defence and in electronics.

Determination of heat-transfer coefficient (h)

Convection heat transfer occurs between a fluid in
motion, in this case air, and a boundary surface, when
the two are at different temperature. For natural or
free convection, two values are typically used to
calculate the /: the Rayleigh number (Ra) and the
Nusselt number (Nu). The Ra is used to choose the
flow regime — either turbulent or laminar. The flow is
laminar if Ra<1-10°. Ra is a function of the temper-
ature difference between the fluid and the solid-model
surface. The Nu is a function of the Ra. The / can be
calculated from the Nu as follows: ~=Nu*k/L, where k
is the thermal conductivity of air, and L is the length
of the plate.

The experimental techniques for accurate measure-
ment of thermal conductivity of fluids fall into the
following two broad categories, steady-state method
and transient technique which are described below.

Steady-State Method: This method employs a
thin layer of fluid between two smooth isothermal
surfaces maintained at two different temperatures.
Guarded hot-plate apparatus, concentric cylinder ap-
paratus and concentric shell apparatus fall in this cate-
gory. Guard heaters are used in the first two methods
to maintain the desired direction of heat flow. The
heat flux and temperature difference across the fluid
layer is accurately measured and the thermal conduc-
tivity (k) of the fluid is calculated from the Fourier’s
heat conduction relation [65¢]:

g=—kaS" ()

dx

where ¢ is the heat transferred by conduction through
area 4 and d77dx is the temperature gradient in the di-
rection (x) of heat transfer and normal to the surface
area 4. Steady-state methods are inherently time con-
suming and slow as thermal systems take long time to
reach steady-state conditions. The influence of para-
sitic heat losses and the radiation effects, if present,
can significantly influence the measurements [66].

Transient Method: The most widely used tran-
sient technique utilizes a very fine wire stretched ver-
tically and surrounded by the test fluid. A constant
current through the wire results heat dissipation from
the wire into the surrounding fluid. As a result of this
process, the fine wire undergoes a transient tempera-
ture rise which depends on the thermal conductivity
of the surrounding fluid. The thermal conductivity of
the fluid is, therefore, obtained from the transient
temperature response (AT,~time) of the wire. This
technique was first proposed by Stalhane and
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Pyk [67]. A complete solution by van der Held
[68, 69] led to a mathematical formulation of an ideal
model of the transient line-source technique and an
absolute measurement of the thermal conductivity (k)
of the fluid from the following equation:

h{ZZJ )
tl

where AT, is the temperature rise of the wire during
the time period ¢, to £, and ¢, the heat dissipation rate
per unit length of the wire. There are two variations of
this apparatus — potential-lead type [70-72] and com-
pensated-wire type [73—75] which have been used to
closely model the ideal line-source. Figures 1 and 2
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shows the schematic diagram of these hot-wire cells
[72, 74].

The ideal line source model employs a fine wire
of infinitely small radius ¢—0 and infinite length
f—o0. In the actual model, however, the wire has a
finite diameter and a finite length which is attached to
thick wires at the ends in a hot-wire cell. The use of
potential leads as well as the compensating wire
allows the ideal line source to be realized in a
hot-wire cell. At small radial distance r=a, the
temperature rise at time ¢ is approximated by [76].

2
4qf [m Aot )+"+... (5)

AT, (a,t)=
nk\  a’C ) 4dat

If the wire radius is very small, the above solu-
tion (Eq. (5)) can be further simplified to [75]:

q, 4ot
AT, (a,t)=—+ In—— |=GIn(¢)+A4 6a
W (a,) 4nk[ aij (7) (6a)

where

G=2" and A:ﬂlnﬂ
a’C

6b
Ank 4nk (6)

Equation (6a) shows a straight line relationship
of ATy, (a, t)~In(¢) with slope G and intercept A. The
slope G and the intercept 4 both can be determined
experimentally from accurate and precise measure-
ment of the transient temperature response of the
wire. The transient hot-wire technique, therefore, pro-
vides an experimental method of simultaneous mea-
surement of the thermal conductivity and the thermal
diffusivity of fluids from the following equations ob-
tained from Eq. (6b):

k=2 anda=2"¢ @)
4nG 41,

In addition, the specific heat of fluids can also be
determined from the following equation:

o=— ®)
pe,

if the density (p) of the fluid is known either directly
or from its Equation of State.

The hot-wire instrument, measurement tech-
nique and data processing have to be ensured to ac-
count for various deviations of the actual line-source
model from the ideal model. Convection and radiation
heat transfer, if present, can result in significant error.
Proper experimental procedure [74—79] has to be fol-
lowed in order to avoid convection effects and correct
for radiation effects.

The transient line source technique provides an
absolute, rapid, accurate and reliable measurement of
the thermal conductivity of fluids. It also provides a
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simultaneous measurement of the thermal diffusivity
of fluids and specific heat determination. This tech-
nique permits convection-free measurements. In addi-
tion, the influence of radiation effect, if present, is
less pronounced in comparison to the steady-state
methods as the surface area of the hot wire is very
small compared to the isothermal surfaces in the
steady-state techniques.

TG, DTG and DSC measurements

Thermogravimetric analysis (TG) and derivative
thermogravimetry (DTG) on powder samples
(~20 mg) were carried out using a TG Q500 T.A.I. in-
strument at 10°C min' from room temperature (+7) to
700°C under nitrogen atmosphere using a flowing
rate 60 mL min ™"

Differential scanning calorimetry (DSC) experi-
ments were conducted in sealed aluminum pans on
powder samples (5—10 mg) using a simultaneous DSC
Q1000 T.A.I. instrument at 5°C min ' from room tem-
perature (#7T) to 250°C under nitrogen atmosphere us-
ing a flowing rate 60 mL min ",

Thermogravimetric analysis (TG)

In thermogravimetry, the sample mass is monitored as it
is subjected to a temperature programme. The
atmosphere is controlled, and includes either oxidising
(oxygen/air) or inert conditions (argon, nitrogen,
helium, etc.). To measure mass loss or gain, TG uses
heat to force reactions and physical changes in
materials. It provides quantitative measurement of mass
change in materials associated with transition and
thermal degradation. It records change in mass from
dehydration, decomposition, and oxidation of a sample
with time and temperature. Characteristic thermo-
gravimetric curves are given for specific materials and
chemical compounds due to unique sequence from
physicochemical reactions occuring over specific
temperature ranges and heating rates. These unique
characteristics are related to the molecular structure of
the sample. A schematic diagram of a thermogravi-
metric analyzer can be found in [80]. The TG curve of
wheat straw is given in Fig. 3 as an example. The TG
curve exhibits two mass loss steps between r7-250°C
and 250-600°C. The first step between 7 and 250°C is
accompanied by 5.17% mass loss (measured from the
TG curve by TA instrument software). The second step
(main decomposition step) took place between 250 and
600°C and is accompanied by 80.84% mass loss. It is
attributed to the decomposition of wheat straw. The
decomposition temperature may also vary on experi-
mental conditions.
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Fig. 3 The TG curve of wheat straw

High Resolution TG (Hi-Res™ TG)

Hi-Res™ TG is a novel TG mode, introduced by TA
Instruments. It increases the resolution while often
decreasing the time required for experiments.
Hi-Res™ TG has two novel non-isothermal modes of
operation

* Variable heating rate mode: the heating rate is
dynamically and continuously varied to maximize
resolution.

» Constant reacting rate mode: an attempt is made to
keep the reaction at a specific constant value by
changing the heating rate.

Hi-Res™ TG allows the determination of kinetic
parameters such as E,, reaction order of each step in
multiple component materials using 4 different TG
approaches: constant heating rate, constant reacting
rate, dynamic heating rate, and stepwise isothermal.

Evolved gas analysis (EGA)

EGA is a technique in which the nature and/or amount
of volatile product(s) released by a substance subjected
to a controlled temperature program is (are)
determined. The method of analysis should always be
clearly stated. To obtain more information, the evolved
gases can be analysed using a FTIR, MS and/or
GC/MS coupled to the thermal analysis apparatus.

Thermogravimetric analysis — FTIR spectroscopy
(TG-FTIR)

When used in combination with FTIR, TG-FTIR is
capable of detailed FTIR analysis of evolved gases
produced from the TG. An example of the typical
EGA result using MS and FTIR coupled to the TA ap-
paratus can be found in [81].

Thermogravimetric analysis — Mass Spectrometry
(TG-MS)

To obtain more information, the evolved gases can be
analysed using a mass spectrometer coupled to the TA
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apparatus. The molecular mass of the gases can either
be scanned over a particular range, or the analyser set
to look for specific fragments such as water (18) and
carbon dioxide (44).

Derivative thermogravimetry (DTG)

Derivative thermogravimetry (DTG) is a method of
expressing the results of TG by giving the first deriva-
tive curve as a function of temperature. The use of
DTG curves to characterize calcium silicate hydrate
(C—=S-H), poly(vinyl alcohol) (PVA), calcium silicate
hydrate (C—S-H)-polymer nanocomposite
(C—S—HPN) materials with different polymer con-
tents has been discussed in [82]. The DTG curve of
wheat straw is presented in Fig. 4. The DTG curve ex-
hibits an intensive peak at 369.56°C corresponding to
the decomposition of wheat straw.

Calorimetry

One method of determining the energy exchange be-
tween the reaction system and its environment is to
conduct a calorimetric analysis. A calorimeter is a
thermally insulated container where a reaction system
can be performed and the energy exchange between
the system and its environment can be measured. The
calorimeter and its contents are considered the envi-
ronment. The reaction system is a chemical or physi-
cal process that occurs within the confines of the calo-
rimeter.

qurT:Qcal+Qcontents
Oca=Heat Capacity (Ttina—Tinitial)

Differential thermal analysis (DTA) and differential
scanning calorvimetry (DSC)

DTA measures temperature difference (A7) between a
sample and reference material. DTA shares much in
common with DSC. In this technique it is the heat
flow to the sample and reference that remains the
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Fig. 4 DTG curves of wheat straw
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same rather than the temperature. When the sample
and reference are heated identically phase changes
and other thermal processes cause a difference in tem-
perature between the sample and reference. Both DSC
and DTA provide similar information; DSC is the
more widely used of the two techniques [83-85].
DTA studies of basic Li,O-SiO, glass, heating rate
10°C min ", for studying the surface and voluminous
crystallization in observed systems of crystallizing
glasses are discussed in [86]. The DTA curve of
[Cu(CH;COO0), mpc],2H,0 together with TG curve
are presented in Fig. 5. There are two endothermic
and an exothermic peaks on DTA curve, correspond-
ing to the respective decomposition steps of
[Cu(CH3COO),'mpc],-2H,0.

DSC measures the differential heat flow between
a sample and reference material. The degree of purity
of pharmaceutical active ingredients derived from
melting behaviour, the oxidation of fats and oils, or the
curing of adhesives and powder paints are only some
of the many topics that can be studied with DSC. DSC
monitors the thermal response of a sample to
temperature changes, or isothermally. The same tem-
perature program is applied to a sample and a reference
pan, and the difference in heat flow to each pan is
measured. The transitions appear as endothermic peaks
if heat is absorbed or as exothermic peaks if heat is
given out. Examples of both types of transition are
shown in the Fig. 7. Both the sample and reference are
maintained at very nearly the same temperature
throughout the experiment. Generally, the temperature
program for a DSC analysis is designed such that the
sample holder temperature increases linearly as a
function of time. The reference sample should have a
well-defined heat capacity over the range of tempera-
tures to be scanned. The basic principle underlying this
technique is that, when the sample undergoes a
physical transformation such as phase transitions, more
(or less) heat will need to flow to it than the reference
to maintain both at the same temperature. Whether
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Fig. 5 TG and DTA curves of [Cu(CH;COO), mpc],2H,0,
reproduced with permission from [87]
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more or less heat must flow to the sample depends on
whether the process is exothermic or endothermic. For
example, as a solid sample melts to a liquid it will
require more heat flowing to the sample to increase its
temperature at the same rate as the reference. This is
due to the absorption of heat by the sample as it
undergoes the endothermic phase transition from solid
to liquid. Likewise, as the sample undergoes exo-
thermic processes (such as crystallization) less heat is
required to raise the sample temperature. By observing
the difference in heat flow between the sample and
reference, differential scanning calorimeters are able to
measure the amount of energy absorbed or released
during such transitions. DSC may also be used to
observe more subtle phase changes, such as glass
transitions. DSC is widely used in industrial settings as
a quality control instrument due to its applicability in
evaluating sample purity and for studying polymer
curing [83—85]. There are two main types of differ-
ential scanning calorimeters: power compensation
DSC and heat flux DSC.

Power Compensated DSC: In power compen-
sated calorimeters, separate heaters are used for the
sample and reference [80]. This is the classic DSC de-
sign pioneered by the PerkinElmer® company. Both
the sample and reference are maintained at the same
temperature while monitoring the electrical power
used by their heaters. The heating elements are kept
very small (weighing about 1 gram) in order to ensure
that heating, cooling, and thermal equilibration can
occur as quickly as possible. The sample and refer-
ence are located above their respective heaters, and
the temperatures are monitored using electronic tem-
perature sensors located just beneath the samples.
Generally platinum resistance thermometers are used
due to the high melting point of platinum.

Heat Flux DSC: In a heat flux DSC, heat is trans-
ferred to the sample and reference through a disk
made of the alloy constantan [80]. The heat trans-
ported to the sample and reference is controlled while
the instrument monitors the temperature difference
between the two. In addition to its function in the heat
transfer, this disk serves as part of the tempera-
ture-sensing unit. The sample and reference reside on
raised platforms on the disk. Under each of these plat-
forms there is a chromel (chromel is an alloy contain-
ing chromium, nickel and sometimes iron) wafer. The
junction between these two alloys forms a chromel-
constantan thermocouple. The signal from these sen-
sors is then used to measure the differential heat flow.
The temperature is typically monitored by chromel-
alumel thermocouples attached beneath the chromel
wafers [83, 85].
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DSC curves

The result of a DSC experiment is a heating or cool-
ing curve. This curve can be used to calculate
enthalpies of transitions. This is done by integrating
the peak corresponding to a given transition. It can be
shown that the enthalpy of transition can be expressed
using the following equation: AH=KA, where AH is
the enthalpy of transition, K is the calorimetric con-
stant, and 4 is the area under the curve. The calori-
metric constant will vary instrument to instrument,
and can be determined by analyzing a well-character-
ized sample with known enthalpies of transition [84].
DSC can be used to measure a number of characteris-
tic parameters of a sample. Using this technique it is
possible to observe fusion and crystallization events
as well as glass transition temperatures (7). In addi-
tion to these applications, DSC can also be used to
study oxidation as well as other chemical reactions
[83-85].

Glass transitions occur as the temperature of an
amorphous solid is increased. A glass transition is
characterized by a decrease in viscosity. These transi-
tions appear as a step in the baseline of the recorded
DSC signal. This is due to the sample undergoing a
change in heat capacity, but no formal phase change
occurs [83, 85]. As the temperature increases, an
amorphous solid will become less viscous. At some
points the molecules will obtain enough freedom of
motion to spontancously arrange themselves into a
crystalline form. This is known as the crystallization
temperature (7). This transition from amorphous
solid to crystalline solid is an exothermic process, and
results in a peak in the DSC signal. As the tempera-
ture increases the sample eventually reaches its melt-
ing temperature (7). The melting process results in
an endothermic peak in the DSC curve. The ability to
ascertain transition temperatures and enthalpies
makes DSC an invaluable tool in producing phase di-
agrams for various chemical systems [83].

DSC may also be used in the study of liquid crys-
tals. As matter transitions between solid and liquid it
often goes through a third state, which displays prop-
erties of both phases. This anisotropic liquid is known
as a liquid crystalline or mesomorphous state. Using
DSC, it is possible to observe the small energy
changes that occur as matter transitions from a solid
to a liquid crystal and from a liquid crystal to an
isotropic liquid [84].

The study of the oxidative stability of samples
using DSC generally requires an airtight sample
chamber. Usually, such tests are done isothermally (at
constant temperature) by changing the atmosphere of
the sample. First, the sample is brought to the desired
test temperature under an inert atmosphere, usually
nitrogen. Then, oxygen is added to the system. Any
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oxidation that occurs is observed as a deviation in the
baseline. Such analyses can be used to determine the
stability and optimum storage conditions for a
compound [83].

DSC is widely used in the pharmaceutical and
polymer industries. For the polymer chemists, DSC is
a handy tool for studying curing processes, which al-
lows the fine tuning of polymer properties. The
cross-linking of polymer molecules that occurs in the
curing process is exothermic, resulting in a positive
peak in the DSC curve that usually appears soon after
the glass transition [83—85]. In the pharmaceutical in-
dustry it is very important to have well-characterized
drug compounds in order to define processing param-
eters. For instance, if it is necessary to deliver a drug
in the amorphous form, it is desirable to process the
drug at temperatures below those at which crystalliza-
tion can occur [84]. DSC curves may also be used to
evaluate drug and polymer purities. This is possible
because the temperature range over which a mixture
of compounds melts is dependent on their relative
amounts. This effect is due to a phenomenon known
as freezing point depression, which occurs when a
foreign solute is added to a solution. (Freezing point
depression is what allows salt to de-ice sidewalks and
antifreeze to keep our car running in the winter.)
Consequently, less pure compounds will exhibit a
broadened melting peak that begins at lower
temperature than a pure compound [83, 85].

Modulated differential scanning calorimetry (MDSC)

The principle of MDSC is determination of the
enthalpy of caloric processes by measuring the heat
flow between sample and reference with temperature
modulated heating (cooling). Using modulation spec-
tra, high sensitivity and resolution can be obtained,
and reversible and irreversible processes can be sepa-
rated. The main applications of MDSC are determina-
tion of phase transitions, glass transitions and reaction
enthalpies [88].

Pressure differential scanning calorimeter (PDSC)

PDSC is a kind of differential scanning calorimetry
under either high- or low-pressure conditions. Raw
materials and finished products are often processed or
intended for use at conditions other than ambient tem-
perature and pressure. Conventional calorimetry char-
acterizes well the physical and chemical properties of
materials.

DSC studies of polylactic acid (PLA)

Figure 6 shows a DSC curve for polylactic acid (PLA)
sample following heating up to 250°C. It has been
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Fig. 6 DSC curve for polylactic acid (PLA)

noted that PLA is characterized by a glass transition
temperature (7}), crystallization peak (7,) and melting
peak (T},), typical of semi-crystalline polymers at 59,
88 and 164°C, respectively.

Selected thermal analysis applications
overview

Applications of TA in determination of composition
and/or structure

Many of us may think that the applications of TA are
limited to gaining the information on thermal proper-
ties of materials. However, thermal analysis in combi-
nation of other analytical techniques such as elemen-
tal, spectral and complexometric titration can also be
used to determine the compositions and/or structures
of many chemical compounds and materials. Here is a
great example of that. We have successfully used the
thermal decomposition information in determining
the structure of [Cu(CH3COO), mpc],-2H,0 without
getting suitable single crystals in the following way:

At the beginning we were not able to get the suit-
able single crystal to solve the crystal structure but the
compound exhibited unique antimicrobial activities
and many other important properties which had
prompted us to determine the composition/structure
of the compound. But the elemental, complexometric
titration and spectral analysis are not sufficient
enough to conclude the structure of the compound.
Therefore, we also applied the results of TG-DTG-
DTA analysis. From the TG curve (Fig. 6), we can see
that there are solvent molecules and according to the
mass loss we were able to easily conclude that there
were two water molecules.

We also used the % of the residue (CuO) and in-
dividual intermediate products. After careful consid-
eration of the % of all mass loss steps together with
the elemental, complexometric titration and spectral
analysis, we were able to easily conclude the structure
of the compound [Cu(CH3COO), mpc],-2H,0. Ap-
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proximately, one year latter, we were lucky enough to
get the suitable single crystal to solve the crystal
structure. We were very happy to see that the crystal
structure [87]. confirmed the composition/structure of
the compound we predicted one year earlier using
TA, elemental, complexometric titration and spectral
analysis. This gave us enough confidence and a useful
way to determine the composition/structure of the
hundreds of compounds even without having crystal
structure. Since it is very difficult to gain suitable sin-
gle crystal to solve crystal structure, TA can also be
used in combination with other techniques to deter-
mine the composition/structure of many very im-
portant compounds.

Pharmaceutical

Potential applications of TA in the pharmaceutical in-
dustry are numerous. Amongst others these include
method development, characterization and specifica-
tion of active and inactive ingredients, safety analysis
or routine analysis in quality control and stability
studies. TA can also be used in pharmaceutical indus-
try for studying the decomposition at the melting
point, melting behaviour and decomposition, poly-
morphic modifications by annealing, DSC ‘Finger-
print’, magnesium stearate, purity using DSC and
HPLC, solvent detection by TG-MS and pharmaceu-
tically active substance quantification.

Applications of TA in biomaterials

Traditionally, materials used in medicine and den-
tistry have been achieved entirely by trial and error.
One type of materials is being used regardless of the
age of the patient, or the quality of the bone or con-
nective tissue of the patient. We have never known
enough to think about solving the problem at a pa-
tient-by-patient level. We now have a starting point
for doing that. Bio-glass was the first man-made ma-
terial to bond living tissue. Thus, the idea of a “bionic
person’ in which living organs, such as lungs, can be
manufactured using biomaterials is becoming very re-
alistic. Composites including glass ceramics contain-
ing dispersed biocompatible hydroxyapatite or fluo-
roapatite phases are very important in medicine and
TA is very useful to characterize various biomaterials
and thus can play key roles in biomaterials develop-
ment [87, 89, 90].

Inorganics

With DSC and STA, the primary areas of investiga-
tion include melting, crystallization, phase transi-
tions, specific heat, oxidation, and thermal stability of
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non-metallic, inorganic compounds and elements.
Desorption and adsorption behaviour of minerals and
catalyzers also are important application areas for TG
or STA. The coefficient of thermal expansion and the
expansion rate as well as phase transitions are mea-
sured with dilatometry. Knowledge of the thermal
diffusivity and conductivity of geological layers is
becoming increasingly important for studies regard-
ing global warming. The expansion and shrinkage be-
haviour of technical ceramics during sintering can be
measured with dilatometry.

TG-DTA methods is also of great importance for
the estimation of hydrate phase quality formed in con-
crete [91]. The ratio between gel-like hydration prod-
ucts having the fine and non-permeable pore structure
and crystal Ca(OH), creating the coarse pore structure
rich in capillary pores with increased permeability is
primary determined from the TA studies. Hence the
dependence between the formed hydrate phase (given
as percentage of water bound in gel-like hydration
products) and the concrete permeability on water
(given as permeability coefficient calculated from the
results of mercury intrusion porosimetry) is derived.
It is clear that the concrete with lower permeability
has the higher strength. This is important from the
viewpoint of the concrete service-ability expecta-
tions, which are nowadays planned over 100 years
even up to 500 years. The figure shows the mutual de-
pendencies between bound water content and perme-
ability coefficients of different types of the concrete
exposed to 20°C/60%, 80% and 100% — R.H. — cure.
As well, the mutual dependence between TG-DTA re-
sults on the one hand, strength, Young’s modulus of
elasticity and carrying capacity of the concrete that
are typical construction properties can be determined
on the other hand [91].

Conclusions

Thermal analysis has numerous applications almost in
all areas from medicine to construction. TA belongs
to an evolving technology that has the potential to
have an impact on an incredibly wide number of in-
dustries and markets. More new TA techniques, com-
bined with other techniques will become more famil-
iar and the applications of TA will increase signi-
ficantly in future. Consequently, more researchers
will use various TA techniques. It is not possible to
make a complete conclusion of any research work
without knowing its thermal properties in the most of
the research fields starting from medicine to construc-
tion. Only selected TA techniques and applications
are discussed in this paper; however, more thermo-
analytical methods and more applications of TA will
be discussed in a future paper.
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Nomenclature

radius of the wire

parameter in Eq. (6)

a constant (exponential of Euler’s constant)
specific heat of fluid

characteristic dimension of the pipe/tube
parameter in Eq. (6)

convective heat transfer coefficient
thermal conductivity of fluid

Nusselt number

Prandtl number

heat dissipation rate per unit length of wire
Reynolds number

velocity of fluid

time

reference time (=1 s)

temperature

thermal diffusivity of fluid

temperature difference

viscosity of fluid

density of fluid

ubscripts:

per unit length

wire

reference

initial

final
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