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Abstract 

The Archaeological pottery sherds excavated in Alagankulam, an ancient port city of Tamilnadu, India, have historical significance 

owing to the heritage and trade link possessed with the Roman Empire. They were examined by employing the analytical 

techniques Fourier Transform Infra Red (FTIR) and Thermogravimetry – Differential Thermal Analysis (TGA-DTA) with an objective 

to identify the mineralogical characteristics of the raw materials used for their production. Based on the mineralogical assemblages 

observed in FTIR, the nature of the clay used, the textural and vitrification structures were inferred.   The reactions associated with 

the mineral compositions present in the potsherds on controlled heating over the linear temperature ramp from room temperature 

to 1200C in an inert atmosphere were realized by TGA-DTA results. The characterization studies were able to indicate the 

conditions of firing process adopted and firing temperature attained by the artisans at the time of manufacture of the artifacts of the 

present investigation. 
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Introduction 

Pottery is the most stable and abundant material in 
archaeological and historical contexts. The different 
cultural aspects can also be derived from them. 
Therefore a complete characterization of pottery is 
considered as important for identifying the archaeological 
and historical aspects (1). The study of pottery can yield 
information concerning past cultural and technological 
evidences on the type of products that people cooked, 
stored or prepared for the living in their daily life (2). 

 
The pottery artifacts were selected for the reason as 

they are resistant to time and their maintenance of 
aesthetic characteristics with respect to time. These 
types of artifacts can be considered as a very specific 
trace of every civilization. The clay mineral commonly 
found in the samples and their phase transformations 
during firing process have been studied by using various 
well known method of analysis. For the present 
investigation, FT-IR is utilized to identify the mineralogical 
compositions of the pottery shreds both in the received 

state and refired states from the characteristic 
transmission peaks.  

 
The characterization of archaeological pottery 

shards can also be supplemented by thermal analysis, 
especially in the estimation of firing temperature 
concerned. Thermal modifications of minerals in respect 
of their crystalline structure during firing of clay artifacts 
are important for appreciating and understanding their 
manufacturing processes. Clay mineral compositions are 
the main pertinent factor for pottery production. Some 
characteristic reactions occurring (dehydroxylation, 
decomposition, transformation) during the course of firing 
(heating effects) and several thermo analytical criteria 
can be used for reconstruction of former production 
conditions. It is well known that thermal analysis (TGA-
DTA) is a relevant characterization method to understand 
the reaction process and properties of the raw materials 
used in manufacture of pottery.  

Thermo gravimetric analysis reveals changes in the 
samples weight as well as in thermodynamic properties. 
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TGA is commonly employed in research to determine 
characteristics of investigated materials, degradation 
temperatures and absorbed moisture content of materials 
(3). DTA curves enable to detect the Exo – Endo thermic 
peaks (effects due to gain/ loss of enthalpy) occurring in 
the samples when undergoing controlled heating and 
relative to an inert reference material. Therefore, in the 
present study attention has been focused on the 
characterization of ancient pottery sherds by thermal 
(TGA - DTA) analysis. The analysis of the data obtained 
in the thermograph were utilized for the estimation of the 
firing temperature of artifacts concerned. The geological 
site map of Alagankulam is given in Fig. 1. 

 
Fig.1 Geographical map of the excavation site, Alagankulam 
(Tamilnadu) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Archaeological pottery sherds 

 
The three representative pottery shreds of the 

shreds found in Alagankulam have been coded by the 
authors as AKM1, AKM2, and AKM 3 respectively for the 
present studies.. They were procured with the courtesy of 
State Archaeology Department, Government of 
Tamilnadu, Chennai, India from the excavation 
conducted at Alagankulam recently. The pottery shreds 
were collected from layers of different depth. It is stated 
by the archaeological department that the variation in 
depth of the layers at the excavation can also represent 
the age of the shred buried chronologically in the past. 
The nature of the faces of the shreds is distinct one from 
the other in appearance. The faces of the shreds AKM1 
and AKM3 are glazed whereas the AKM2 is line 
embossed. The physical attributes of pottery shreds are 
given in Table. 1.  

Fig.2 Pottery sherds of Alagankulam (AKM 1, AKM 2 and AKM 3) 
 
                                                                     
 
 
 
 
 
 
Table 1.1 Physical attributes of pottery shreds 

 
 

 

Experimental Details 

Fourier Transform Infrared Spectro metry (FT-IR)                        
      The pottery samples were analyzed from the FT-IR 
absorption spectra in transmittance mode to characterize 
their mineralogical composition from the specific 
transmittance peak observed. The samples were 
powdered, pelletized with spectra grade KBr in the ratio 
of 1:20. The spectra were recorded in the region 4000 – 
400cm-1 at room temperature using  Perkin Elmer FTIR 
Spectrometer with precision of  +4 cm-1 in 4000-2000cm-1 
region and +2 cm-1 from  2000 - 400cm-1 region. 
 
Thermogravimetric Analysis 
      Thermo Gravimetric Analysis (TGA) and Differential 
Thermal Analysis (DTA) were carried out in SDT Q 600 
V.8.3 thermal analyzer in Central Electrochemical 
Research Laboratory (CECRI), Karaikudi, Tamilnadu, 
India. The experiment was carried out by heating the 

samples from room temperature to 1200

C in step of 

20

C min-1 in a static nitrogen atmosphere. 

Results and discussion  

The mineralogical compositions of the 
archaeological potteries are mainly depending on the 
nature of the relevant raw material, firing atmosphere, the 
process of firing and the depositional changes (4).  The 
minerals present in the shreds can be identified by the 
FT-IR analysis and thereby the range of firing 
temperature can also be estimated. The FT-IR spectrum 
of the shreds AKM1, AKM2 and AKM3 respectively are 
shown in figure 3. The tentative vibrational assignments 
of IR peak in the as- received state of the samples are 
given in the table 1.2.  
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Fig.3 FT-IR spectrum of pottery shreds AKM 1, AKM 2 and AKM 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1.2 FT – IR peak assignments of coded pottery sherds 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Vs-very strong, s-strong, m-medium, vw-very weak, w-weak 

 
     According to Bikiars et al (5) the broad absorption 
band around 3423cm-1 is an indicative of crystalline 
hydroxyl group and is always accompanied by a band 
around   1628cm-1  which is assigned to H-O-H bending 
of adsorbed water molecules.  From the FT-IR Spectra, 
the absorption band around 3414, 3421 and 3419cm-1 of 
AKM 1, AKM 2 and AKM 3 respectively are associated 
with the band at 1635, 1628 and 1636 reveals that the 
hydroxyl group and H-O-H bending of water molecules 
are present in the sample (6).  
       Dowty, Russtien and white have stated that the 
absorption band at 1085cm-1 is due to wollasonite (7, 8). 
The mineral wollasonite is present only in AKM 2 as 

evidenced by the very strong intensity band at 1083 cm-1 
which is in agreement with the reference cited. The other 
samples AKM 1 and AKM 3 have no corresponding peak 
at 1085 cm-1. So it can be inferred that the samples are 
not having wollasonite in their composition.  
      Farmer had suggested in the study of IR spectra of 
clay minerals that the absorption band at 1034cm-1 is due 
to the red clay origin of the kaolinite (9). Therefore the 
strong intensity band observed at 1032 and 1035 cm-1  for 
the sample AKM 1 and AKM 3 respectively have been 
assigned to red clay orgin of kaolinite and the 
corresponding peak which does not present in AKM 2 
indicates the absence of kaolinite.  
   According to Russel` (6) a medium intensity band 
appearing around 778cm-1 and 795cm-1 are due to Si-O-
Si silicates. All the three pottery samples in the present 
study, have exhibited the medium intensity doublet bands 
at 778 and 796cm-1. So they can be assigned to Si-O-Si 
of silicates. The reports from the earlier study revealed 
that the presence of absorption band around 692cm-1 is 
due to Si-O mode of quartz (10). Hence the samples 
AKM1, AKM2 and AKM3 showing a band around 694 cm-

1 are attributed to Si-O mode of quartz.  
      Sevim Akyuz et al avowed that the band at 647cm-1 
indicates the presence of Gehelanite in the clay samples 
(11). From the observation, it is evident that the band 
around 645cm-1 present in all the pottery samples might 
be due to Gehelanite.  According to Velraj et al, it is 
reported that the absorption band around 535 cm-1 is due 
to hematite present in the sherd (12). Therefore the band 
observed at 539 and 536cm-1 in the present samples 
AKM 2 and AKM 3 shows presence of hematite and this 
band does not appear in AKM 1 indicates the absence of 
hematite in the sample. The IR spectra of the all the 
samples shows a medium band around 466 cm-1 which 
indicates the presence of microcline as stated  by (4& 13).                                       
 
The firing temperature of the pottery shred 
         The compositions in the ceramic materials are the 
“fingerprint” of the stable or meta stable solid phase 
formed during firing, the production processes of 
ceramics and pottery can be derived from their 
assemblage (14,15). The recognizable phases of 
minerals and of  their association are  dependent more  
on the chemistry, raw materials, maximum heating 
temperatures, heating ratio, firing and kiln atmosphere. 
These factors would help in understanding the course of 
reactions.  

Mendelovici et al (16) reported that the IR band 
around 3630cm-1 is due to crystalline hydroxyl group 

which will continue to persist up to 800C. The FT-IR 

spectra of the shred AKM 1 and AKM 3 shows the 
absorption band around 3622 and 3628cm-1 respectively. 
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Thus the samples AKM 1 and AKM 3 would be fired 

around 800C. Conversely, AKM 2 does not show the 

absorption band at 3630 cm-1 in the received state which 
indicates that the sample might have been fired at a  

temperatures higher than  800 C.  

According to Velraj et al the firing temperature of 
archaeological potteries during manufacturing is referred 

as 800 C from the band occurs at 1030 cm-1 which is 

due to Si-O stretching of kaolinite minerals (12). For the 
present samples, the strong intensity band observed 
around 1032 cm-1 in AKM 1and AKM 3 shows the Si-O 
stretching of kaolinite and also indicates that the samples 

were subjected to the firing temperature of 800 C during 

manufacturing. The absence of the band at 1030 cm-1 in 

AKM 2 indicates that it has been fired above 800C. The 

strong intensity band at 1082 cm-1 for the sample AKM2 
reveals the presence C-O stretching of wollastonite. 

Hence it might have been fired at 1000 C as suggested 

by Chiristina Rathossi et al (17). From the analaysis it is 
concluded that the sherds AKM 1and AKM 3 have been 

fired not above 800C and AKM 2 fired around 1000 C. 

 
Thermogravimetric Analysis 
Fig. 4 TGA –DTA curves of Alagankulam pottery samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The TGA-DTA curves of pottery samples AKM 1, 
AKM 2 and AKM 3 are shown in Fig.4. According to 
Moropoulou et al and Franquelo et al the endothermic 

peak around 100 to 200C is due to the adsorbed water 

(18, 19). An endothermic peak appeared in the range of 

temperature 100 to 200C in DTA curves of the samples        

AKM 1, AKM 2 and AKM 3 are ascribed to adsorbed 
water. The appearance of exothermic peak from 250 - 

500C is due to combustion of organic material in the 

pottery shreds as reported by Clerk et al (20). The 

exothermic peak in the temperature region 250 – 500 C 
are due to combustion of organic material in all the 
samples. 
Table 1.3 Thermal data in TGA – DTA of pottery samples 

 
 
 
 
 
 
 
Mackenzie has stated that the endothermic peak 

appearing from 550 – 650 C is due to the decomposition 

of kaolinite (21). In the present investigation, the 
decomposition of kaolinite evidenced by the endothermic 

peak in the range 575 -665C in AKM 1 and 500 – 675C 

in AKM 3. According to Moropoulou et al the 
decomposition of kaolinite peak is the indication that the 

pottery is not fired above 800C (18).  So it is concluded 

that the pottery sherds AKM 1 and AKM 3 might have 

been fired around 800C. The absence of the 

endothermic peak in the sample AKM 2 indicates that it 

was fired above 800C as evidenced in the IR spectral 
characterization. 

Clerk et al have reported in the study of fired clay 
products that the absence of exothermic peak in the 

range 900 - 1000C in pottery samples is the indication 

that the products were not fired above 900 - 1000C (20). 

The sample AKM 2 has exothermic peak in between 900 

- 1000C reveals that they were fired around or below 

this region of temperature as estimated in FT – IR study.  
Data on the thermal decomposition of three 

archaeological pottery samples are summarized in Table 
1.2.  In the thermo gravimetric analysis, the heating of 
pottery shreds show significant mass loss due to (I) the 

dehydration from room temperature (30C) to 200C, (II) 

decomposition of hydroxyls 400-650C and (III) 

decomposition of carbonates, mainly calcite 700 - 800C.  
The mass loss on the temperature intervals change 
irregularly, indicating that the changes occurred in 
mineral composition of the pottery sherds.  

In TGA curves the mass loss between room 

temperature (30C) to 200C due to dehydration of water. 

The mass losses between room temperature to 200C 
attributed to dehydration of water the weight loss due to 
dehydration are 2.9 %, 2.3% and 6.5% for the samples 
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AKM1, AKM2 and AKM3 respectively. The weight loss 

occurred in the region of temperature 400 – 650C are 

attributed to decomposition of hydroxyls or 
dehydroxylation. The three samples showed less than 
2% of weight loss due to dehydroxylation.  

According to Drebushckak et al reported that the 

weight loss between 700 - 800C is due to decomposition 

of calcite (22). The pottery samples of the present study 
AKM 1, AKM 2 and AKM 3 showed no mass loss in 

between 700 - 800C indicating the absence of calcite in 

its mineral composition. Clerk et al have  stated that a 

broad exothermic peak in the range 250 - 500C is due to 

the combustion of organic material in the pottery sample 
and also the weight loss occurred in this region is 
attributed to the combustion of organic material (20). The 
weight loss corresponding to organic material are (3.5%), 
(3.0%) and (0.9%) in AKM 1, AKM 2 and AKM 3 
respectively. 

Conclusions 

The pottery sherds excavated from Alagankulam, 
were characterized by FT –IR and TGA – DTA 
techniques. The components of pottery ceramic material 
are the solid phase formed during firing of antique pottery. 
From the assignments of minerals present in the IR 
vibration of the sherds and TGA – DTA data, under 
nitrogen atmosphere in the temperature range 30 – 
1200 °C, the range of firing temperature from the exo 
therm and endo therm peaks were identified. So it is 
inferred that the sherds AKM 1and AKM 3 were fired at 
800°C, whereas AKM 2 was fired around 1000 °C by the 
artisans at the time of manufacture. Thus the results 
obtained from TGA – DTA techniques are in agreement 
with FT – IR results. 
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