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ABSTRACT 
High temperature superconducting ceramics are 
acquiring a significant place in research field recently 
and GdBa2Ca3Cu4O10.5 is one among them. 
GdBa2Ca3Cu4O10.5 Synthesised by following the 
conventional steps of solid state reaction method such 
as mechanical mixing of weighed raw materials in 
powder form, milling (ball milling and attrition milling) 
and calcination in ambient air and optimum 
temperature to ensure homogeneity, it is a new 
superconducting perovskite structured ceramic. This 
paper is about the thermal properties of  
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GdBa2Ca3Cu4O10.5 based on of TGA, DTG, DSC and IR 
spectroscopy techniques. 
 
KEYWORDS 

High temperature superconductor, 
GdBa2Ca3Cu4O10.5, perovskite, TGA, DTG, DSC, IR 
spectroscopy 

 

1. INTRODUCTION 
       Ceramics are inorganic non-metallic solids with 
metal, non-metal or metalloid atoms which are held 
together in ionic or covalent bonds. Conventional solid 
state reaction method is a common and effective way 
to fabricate modern ceramics [1]. The most important 
properties of ceramics are brittleness, hardness, 
mechanical strength, weakness in shearing and tension 
and the ability   to withstand chemical erosion and very 
high temperatures. 

         High Tc superconductors show superconductivity at 
very high temperatures. In 1986 Georg Bednorz and K. 
Alex Müller discovered the first high-Tc ceramic 
superconductor. They got Nobel Prize in Physics in 
1987 "for their important break-through in the 
discovery of superconductivity in ceramic materials". 
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GdBa2Ca3Cu4O10.5 is a cuprate ceramic superconductor. 
Cuprate superconductors are quasi-two-dimensional 
materials. They share a two-dimensional layered 
(perovskite) structure with superconductivity taking 
place in a copper-oxide plane [2]. Since the discovery 
of meta stable superconductors stabilized at high 
pressure by Takano, numerous new series of 
superconductive cuprates have been confirmed by the 
high-pressure method and one of them is  
oxycarbonate cuprates (Sr/Ba) CaCuO (C03)[3].   
Ba2Ca(n-1)CunO(2n+4-δ) where n=2,3,4,… is an eminent 
superconducting phase in the high temperature super 
conducting family [4]. GdBa2Ca3Cu4O10.5 with n = 4 
belongs to Ba2Ca(n-1)CunO(2n+4-δ) family. 

       In this work the authors are presenting the thermal 
behaviour of GdBa2Ca3Cu4O10.5 calcined at 9000C. TGA, 
DTG, DSC and IR spectroscopy are used to analyse 
thermal behaviour of nanoparticles at a high 
temperature [5-7]. Defects in the crystal structure such 
as grain boundaries trap much amount of energy. 
Materials in nanocrystalline phase usually exist in the 
meta stable state of thermal inequilibrium. Hence one 
can get information regarding the long-term thermal 
stability of such systems by studying the transition 
from nanophase-state to thermal equilibrium state [8]. 
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The phase transformations in nano materials due to 
temperature change is much different from that of 
bulk crystals and such phase transformations in nano 
structured materials are reported [9]. The free energy 
of nano particles is always higher than that of its 
conventional counterpart [10]. 

 

2. MATERIALS AND EXPERIMENTAL METHODS 

2.1. Preparation of the sample 

       Solid state reaction route is used for the 
preparation of GdBa2Ca3Cu4O10.5 ceramics having 
orthorhombic crystal system with perovskite crystal 
structure. Raw materials used are reagent grade 
chemicals of high purity (>99.99%) - Gadolinium oxide  
(Gd2O3),  Barium  carbonate  (BaCO3), Calcium  Oxide  
(CaO)  and  Cupric  Oxide  (CuO). They are weighed 
according to the stoichiometric formula given by 
 
½ Gd2O3  + 2 BaCo3 + 3 CaO + 4 CuO = GdBa2Ca3Cu4O10.5  + 2CO2 
 

The powders are mixed manually in an agate mortar 
for a couple of weeks. The thermal optical mechanical 
dielectric and superconducting properties of ceramics 
are greatly influenced by the initial processing 
conditions and hence each step has to be optimised 
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and done with utmost care and has to be scrutinised 
and controlled to obtain finest product. After hand 
mixing, the mixture is ball milled with zirconium beads 
for three months along with daily sieving and mixing to 
ensure homogeneity. Ball milling is followed by 
attrition milling. After that the mixture is calcined at 
different temperatures, 30˚C, 500˚C, 850˚C and 900˚C 
in a specially designed furnace. Calcination is done in 
steps. After each calcination, ceramic is cooled and 
reground. On cooling oxygen flow is allowed in to the 
furnace (oxygen annealing). The final calcining 
temperature is very significant because it strongly 
affects the density, homogeneity, structure and hence 
the quality of the final ceramic product. So  final 
calcination temperature is optimised as 900 degree 
Celsius by trial and error method. Grinding of the 
ceramics is difficult at a temperature higher than this 
temperature because the ceramic get harden. The 
structure of the crystal is found to be destroyed at 
temperatures above 1030˚C. After final calcination, 
thermal behaviour of the superconducting ceramic is 
investigated with TGA, DTG, DSC and IR analyses. 

2.2. TGA analysis 

Thermogravimetric Analysis is a technique in 
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which the mass of a substance is monitored as a 
function of temperature or time as the sample 
specimen is subjected to a controlled temperature 
program in a controlled atmosphere [11]. With TGA 
apparatus(Fig.1) we can measure the weight of a 
ceramic sample while undergoing heating process or 
cooling process in a furnace. Figure 2 shows Schematic 
TGA instrumentation. The weight of the sample is 
documented as a function of temperature in scanning 
mode or as a function of time in isothermal mode. 
Initial weight of the sample is measured. Then the 
temperature is increased at a constant rate and the 
change from initial weight is noted. A graph is plotted 
with percentage of change in weight against 
temperature T or time t and such graphs are called 
thermogravimetric curves or thermograms. 

Some significant factors influencing a thermogram are  

 mass, volume and form of the prepared sample 

 shape and nature of the sample holder 

 nature and pressure of the air in the sample 
chamber and 

 rate of scanning 
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where the rate of reaction is characterized by two 
temperatures, Ti and Tf, which are called the 
procedural decomposition temperature and the final 
temperature[12]. Ti stands for the onset temperature 
at which the degradation starts while Tf represents the 
temperature after degradation process and both Ti and 
Tf are influenced by the experimental conditions [13]. 

 

                   Figure 1. A modern TGA apparatus 
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              Figure 2. Schematic TGA instrumentation 

               Thermograms help to determine the purity 
and thermal stability of the material and give 
information about the way of thermal decomposition 
of the material, whether it is single stage or multistage. 
Kinetics of the rate of reaction and changes in the 
chemical states of a catalyst can be extracted using this 
method. For this study TGA analysis is done in Perkin 
Elmer PYRIS.  
 

2.3. DTA Analysis 

           Differential thermal analysis measures the 
temperature difference (∆T) between a sample and a 
reference and is documented continuously as a 
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function of temperature T or time t. Reference must be 
a thermally inert material. Both the sample and the 
reference are kept at controlled and identical 
conditions of heating or cooling. DTA determines 
whether heat is absorbed or emitted by the system. 
DTA helps in scanning any transformation of different 
categories of materials. The temperature difference 
between reference and sample is studied as a function 
of temperature. Figure 3 shows Schematic 
representation of DTA System. 

 

          ∆T (Temperature of the sample- Temperature of 
the reference) indicates chemical reaction taking place 
within the sample. If ∆T is negative, then endothermic 
process is taking place and if ∆T is positive, then 
exothermic process is taking place. Melting, 
dehydration etc. are endothermic processes whereas 
solidification and icing are examples of exothermic 
processes. Generally physical changes are indicated by 
endothermic peaks and chemical changes like oxidative 
reactions are indicated by exothermic peaks. Sharp 
endothermic peaks represent phase transitions such as 
melting and crystalline form transitions (change from 
one crystalline form to another crystalline form). Broad 
endothermic peaks denote dehydration processes. The 
temperature dependence of DTA technique is applied 
to determine the characteristic temperatures like 
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transition temperature, melting temperature and the 
crystallization temperature of the material [14]. Figure 
4 shows schematic diagram showing the different 
temperatures in the DTA system. 

 

   Figure 3. Schematic representation of DTA System 

 

Figure 4. Schematic diagram showing the different 
temperatures in the DTA system 
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2.4. DTG analysis 

DTG or Differential Thermo Gravimetry is very similar 
to TGA. In TGA change in mass is documented as a 
function of temperature. DTG provides a first 
derivative curve for mass change with respect to time. 
In the DTG curve output obtained is (-dm/dt). It gives 
the temperature at which weight loss or weight gain is 
maximum. That temperature is called inflection point. 
Inflection point is indicated by the peak with maximum 
height or maximum depth in the DTG curve. DTG is 
more precise and accurate. Peaks will be clearly visible.  

 

2.5. DSC analysis 

        Differential scanning calorimetry (DSC) calculates 
how much heat energy is absorbed or released by a 
sample, when it is heated, chilled or maintained at a 
constant temperature. It can measure heat capacities 
of condensed phases and enthalpy changes for phase 
transitions. It can also be used to calculate the degree 
of crystallinity (part of the composite which is 
crystalline) of a ceramic polymer composite specimen.  

DSC is very popular in thermal studies because of its 
speed and simplicity. DSC measures, the difference in 
the quantity of heat energy, required for the sample 
and a thermally inert reference, in rising the 
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temperature. The energy difference of the sample and 
the reference is studied as a function of temperature.    
Figure 5shows schematic representation of DSC Curve. 
DSC analyses heat effects during phase transitions as a 
function of temperature. In DSC method the heat flow 
difference between the sample and the reference at an 
identical temperature, is detailed as a function of 
temperature. The temperature of both the sample and 
reference are increased at a constant rate. Because the 
pressure is stable heat flow equals change in enthalpy. 
If the differences in heat flow between the sample and 
the reference, i. e., dh/dT is positive, then heat is 
absorbed by the system and the process is 
endothermic such as melting. For exothermic 
processes like crystallization, dH/dt is negative.  

The most significant application of DSC is while 
studying phase transitions. A DSC curve contains so 
much information. Very sharp well defined 
endothermic DSC peaks indicates well defined crystal 
structure. Hence purity of the material can be 
analysed. Total heat flow dH/dt is calculated from 
equation (1) as 

ௗு

ௗ௧ 
ௗ்

ௗ௧
 --------------- (1) where 
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H = enthalpy in J mol-1 

Cp=specific heat capacity in JK -1 mol-1        and 

f (T,t )= kinetic response of the sample in J mol-1 

 

    Figure 5. Schematic representation of DSC Curve 

DSC studies are done in Mettler Toledo DSC 822e 
Model apparatus.  

2.6. IR Spectroscopy 

Infrared spectroscopy is a popular technique of 
thermal analysis based on the changes in the 
vibrational energy levels of molecular bonds present in 
the material under the influence of IR radiation. It 
helps in identifying the elemental constitution of solids 
and in testifying their purity and quality. IR radiation 
within a wavelength ranging from 2.5 μm to 25 μm is 
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usually used for infrared spectroscopy. 

               When a material is exposed to IR radiation, it 
absorbs some frequencies and transmits some other 
frequencies. Each frequency corresponds to a 
particular energy. The absorption of a particular 
frequency by the material suggests that its 
corresponding energy is used by the material for 
increasing the vibrational energy levels of certain 
molecular bonds. Molecular bonds captivate IR 
radiation which is in resonance with them and jumps to 
higher energy levels of vibrations. Thus frequency of 
vibrations increases. The vibrations may be bond 
stretching vibrations or bond bending vibrations. 

IR spectrums are constructed with percentage of 
transmittance of radiation taken on y axis and wave 
number taken on x axis. Each band in the IR spectrum 
corresponds to the utilization of energy by a particular 
molecular bond for increasing its bending or stretching 
vibrational energy. Hence each solid has a particular 
and unique IR spectrum. In any IR spectrum, region 
falling within the wavenumber limit 1500cm-1- 500cm-1 
is called fingerprint region because this region usually 
contains the characteristic and unique peaks of solids.  
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Block diagram of an IR spectrometer is given below 
(figure 6). In this work an FTIR spectrometer is used 
(Perkin - Elmer– Thermo Nicolet, Avatar 370) for 
constructing the IR spectrum. 

 

       Figure 6. Block diagram of an FTIR spectrometer 

 

3. RESULTS AND DISCUSSIONS                    

3.1. TGA analysis 

TGA curves are constructed with weight of the sample 
(y axis) against temperature of the sample (x axis) as 
given in figure 7 and percentage of weight of the 
sample (y axis) against temperature of the sample (x 
axis) as given in figure 8. Temperature is increased 
from 40 to 750 degree Celsius at a rate of 10 degree 
Celsius per minute. 
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            Figure 7. TGA Curve (Weight vs. Temperature ) 

 

 

 

 Figure 8. TGA Curve (Weight percentage vs. 
Temperature) 
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The material GdBa2Ca3Cu4O10.5 initially has a weight of 
6.046 mg at 400C. As temperature increases weight 
gradually decreases almost linearly and attains a value 
of 5.28 mg at 750°C. So as temperature increases from 
40°C to 750°C the loss in weight is 0.766 mg. From the 
weight percentage vs. temperature graph, we can see 
that the loss of weight in percentage is 12.6 %. 

Endothermic peak obtained at 79 degree Celsius 
indicate dehydration of absorbed moisture when in 
contact with surroundings. At 79 degree Celsius weight 
is 6.038 mg. Lost water content is 0.008 mg which is 
insignificantly small. So there is 0.13 % weight loss 
from the initial weight. There is an endothermic peak 
below 400°C corresponding to the process of 
incomplete crystallization to full crystallization. 
Endothermic peak obtained at 600°C denotes loss of 
loosely bound molecules. Below 750°C there is an 
endothermic peak which relates to the re-allocation 
and re-arrangement of stray atoms into lattice voids. 
Some small variations from linear curve are observable 
which signify minute lattice distortions. 

       Weight loss obtained from TGA profile shows that 
the sample is a good ceramic which can withstand high 
temperatures. Much weight loss is not observed. 
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Sample contains no organic groups. Even though trace 
of water is detected, water content is negligibly small. 
So our ceramic sample is of high purity and quality. 

3.2. DTG analysis 

DTG plot obtained for GdBa2Ca3Cu4O10.5  is given in 
figure 9. 

 

 Figure 9. DTG curve of the sample GdBa2Ca3Cu4O10.5  

 

DTG curve confirms the peaks obtained in TGA curve. It 
is explicit from the DTG curve that phase transition of 
GdBa2Ca3Cu4O10.5 is taking place at a high temperature.  
So much energy is trapped within the crystal defects 
such as grain boundaries and grain interfaces. These 
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defects clearly influence the phase transitions taking 
place during the formation of ceramic.  

               Endothermic peak obtained at 79 degree 
Celsius indicating dehydration of absorbed moisture 
when in contact with surroundings, endothermic peak 
below 400°C corresponding to the process of 
incomplete crystallization to full crystallization, 
endothermic peak obtained at 600°C denoting loss of 
loosely bound molecules and the endothermic peak 
below 750°C relating to the re-allocation and re-
arrangement of stray atoms into lattice voids are 
clearly visible in the DTG curve. So DTG profile is in 
agreement with TGA profile. Most commonly DTG 
curve is more adaptable than TGA graph.  

        The maximum degradation temperature is taken 
as the temperature corresponding to the maximum of 
the peak obtained by the first order derivative and the 
degradation peak values give the maximum 
degradation temperature [15]. Maximum degradation 
temperature, otherwise known as inflection point is at 
79 degree Celsius. At 79 degree Celsius weight is 6.038 
mg. Lost water content is 0.008 mg which is 
insignificantly small. So there is 0.13 % weight loss 
from the initial weight. Both TGA and DTG curves 
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illuminate the thermal stability and purity of 
GdBa2Ca3Cu4O10.5. 

 

3.3. DSC analysis 

 

 

Figure 10.  DSC curve of GdBa2Ca3Cu4O10.5  

               DSC curve of GdBa2Ca3Cu4O10.5 is given in figure 
10. The result obtained from DSC is plotted as a graph 
of heat flux versus temperature. From the DSC curve 
we can clearly see all endothermic peaks as observed 
from TGA and DTG profiles. From the figure, heat 
reaction is initiated by endothermic reaction at 79 
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degree Celsius and then followed by endothermic 
reactions below 400°C, at 600°C and ends in 
endothermic reaction below 750°C. Moisture content 
is insignificantly small. DSC results approve TGA and 
DTA profiles. Purity, quality and thermal stability of the 
sample are confirmed. 

3.4. IR analysis 

            Fourier Transform Infrared Spectrum or FTIR of 
GdBa2Ca3Cu4O10.5 is given below in figure 11. 
Absorption peaks denoting the bending and stretching 
of molecular bonds are obtained.  

 

 Figure 11. FTIR spectrum of GdBa2Ca3Cu4O10.5  
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Depending upon the chemical composition, different 
bands are obtained with strong bands in the region 
within the wavenumber limit 1500cm-1 - 500cm-1 
(fingerprint region).The strong peak appearing at 
498.63 cm-1 and the weak peak appearing at  
681.95cm-1 in the FTIR spectrum of GdBa2Ca3Cu4O10.5 

are caused by the bending and stretching vibrations of 
Cu-O bonds respectively [16, 17]. The peak obtained at 
860. 07cm-1 denotes the bending vibrations of Ca-O 
bond. The peak obtained at 973. 80 cm-1 is caused by 
the bending of Gd-O bond. A very strong peak is 
obtained at 1424.11cm-1. This peak is due to the 
stretching of Gd-Cu-O bond. The absorption peak at 
1745.31cm-1 denotes Ba-OH stretching [18]. The bond 
at 3636.32cm-1  is attributed to the O-H stretching [19, 
20]. This indicates moisture content. Water absorbed 
by the ceramic is negligibly small. FTIR is in total 
agreement with TGA, DTG and DSC results. The 
absence of bands at 1450 cm-1 (C=O) and 1240 cm-1   
(C-O) shows that the sample is carbon free [21]. The 
bands appearing in the low wavenumber regions 
signify the stretching band which is distinctive in 
ceramic perovskites [22].    

               FTIR spectrum with its characteristic peaks 
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confirms the elemental composition of 
GdBa2Ca3Cu4O10.5. A less moisture content and absence 
of carbon indicate the purity of the ceramic. 

4. CONCLUSIONS 

        Thermal behaviour ofGdBa2Ca3Cu4O10.5 is 
investigated in this paper on the basis of TGA, DTG, 
DSC and IR analyses. In TGA analysis we observe that as 
temperature increases from 40 °C to 750 °C there is a 
minute loss in the weight of the ceramic. Total loss is 
0.766 mg. Absence of any significant weight loss 
implies the thermal stability of the sample. So we can 
conclude that the sample is a good ceramic which can 
withstand high temperatures. Much weight loss is not 
expected. 

               Endothermic peaks are observed at 79°C which 
is the inflection point, below 400°C, at 600°C and 
below 750°C.  These points to the water evaporation 
(0.008 mg), full crystallization processes, escape of 
freely bound atoms and re-allocation and re-
arrangement of stray atoms into lattice voids. Moisture 
content is negligible. Some small variations from linear 
curve are observable which signify minute lattice 
distortions. 
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DTG curve confirms the TGA profile obtained. The 
analysis of DTG curve of the prepared polycrystalline 
ceramic sample clearly indicates the presence of high 
temperature phase transition in the ceramic. High 
thermal stability of the ceramic sample is confirmed by 
DTG analysis. The DSC curve confirms the exothermic 
processes taking place within the sample. Purity and 
thermal stability of the samples are again confirmed. 

               FTIR spectrum with its characteristic peaks of 
Cu-O, Ca-O, Gd-O, Gd-Cu-O, Ba-OH and OH molecular 
bonds confirm the elemental composition of 
GdBa2Ca3Cu4O10.5. A little moisture content and 
absence of carbon indicate the purity of the ceramic. 
So from TGA, DTG, DSC and IR analyses we can 
conclude that the prepared ceramic is formed, is 
thermally stable and has high purity and good quality. 
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