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In this paper, the effects of the examination of the structure of calcium bentonites, activated by sodium carbonate, 

applied in the foundry industry as a binding agent for moulding sands, subjected to the effects of high temperature, were 

presented. The examination was conducted with the use of the infrared spectroscopy (FTIR) and X-ray analysis (XRD). 

In addition, the montmorillonite contents in the bentonite sample was determined with the use of the modern,  

Cu(II)-TET complex method and the technological properties of moulding sands containing the examined bentonites, 

such as: compactability, permeability, compression strength were examined.   
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1. INTRODUCTION
∗

 

Bentonite is one of the main binding materials used in  
a metal foundry practice for making moulds. In addition, 
bentonites are applied in other fields such as: drilling, food 
industry, crude oil processing. One of the most important 
parameters of foundry bentonites is their thermal resistance 
and strength at elevated temperatures [1 – 5]. A casting 
mould made of moulding sands with bentonite is poured 
with liquid metal alloy of a temperature approaching 
1550 °C. The main component, which decides on the 
binding properties and thereby on the bentonite thermal 
resistance, is montmorillonite. 

Montmorillonite belongs to the mineral group called 
smectites. These are laminar hydroxyaluminosilicates of 
aluminium, iron and magnesium, which are marked by 
packets 2 : 1 (two tetrahedrite silica-oxygen layers, and the 
oktahedrite metal-oxygen layer between them – Fig. 1)  
[6 – 9]. Exchangeable cations: Na+, K+, Ca2+, NH4+ and 
others, as well as water particles are between the packets. 
A distance between packets in the montmorillonite 
structure depends on the exchangeable cation and increases 
along with a water saturation. Water stored in interpacket 
spaces causes montmorillonite swelling. Due to this, 
bentonites obtain colloidal and mechanical properties, 
allowing to make casting moulds. The bentonite ability to 
cations exchanges is being used for a sodium activation of 
calcium bentonites for foundry needs. A calcium bentonite 
activation is performed by means of sodium carbonate 
according to the following reaction: 

Na2CO3 + Ca2+ → 2Na+ + CaCO3. 

The effect of this reaction is a significant increase of 
water absorption and an improvement of mechanical 
properties by the so-called activated bentonite. Calcium 
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carbonate presence is characteristic for the activated 
bentonite. Under an influence of a temperature 
montmorillonite undergoes various transformations, which 
are the reasons of the loss of its binding properties. 

 
Fig. 1. Structure of bentonite [13] 

Thus, the following processes can occur: dehydration, 
dehydroxylation, decomposition (transformation of a 
crystal structure into an amorphous form), recrystallization 
(once more formation of a crystal structure) [1, 3, 14, 15, 
17, 19]. In the case of the activated bentonite an effect 
related to the CaCO3 decomposition can occur [7, 10]. 

The purpose of this research was the determination of 
the influence of the temperature on structural changes 
occurring in two foundry bentonites: Special from 
company: ZGM “Zębiec” and S-Bentonite from company: 
S&B Industrial Minerals GmbH, activated with sodium 
carbonate, on the binding properties of the bentonite by 
determining the montmorillonite contents in the samples, 
using the copper complex adsorption method Cu(II)-TET. 
The structural analyses were conducted with the use of 
infrared spectroscopy (FTIR) and X-ray analysis (XRD).  
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2. THE RESEARCH METHODOLOGY 

In addition, the compactability, permeability and com-
pression strength in the moulding sands, conducted with 
the use of the examined bentonites (bentonite contents – 
8 %, compactability – around 45 %, water contents – 
around 2.5 %) were determined.  

FTIR studies were carried out using Excalibur 
spectrometer equipped with a standard  DTGS detector. All 
standards and technological samples were prepared using 
KBr technique. The spectra were collected with 4 cm–1 
resolution in transmission mode and were taken in the 
frequency region from 4000 cm–1 to 400 cm–1. The FTIR 
spectra were recorded for bentonite samples hold at 
temperatures 500, 550, 700, 900, 1000, 1100 and 1200 °C 
for 1 hour [5]. 

The X-ray analysis of the samples was conducted with 
the use of the Kristalloflex 4H type diffractometer, manu-
factured by Siemens, for the following conditions: anode 
voltage – 35 kV, beam current – 20 mA, anode – CuKα = 
1.54 Å. Database: ICDD PDF-2. The X-ray diffractograms 
were recorded for bentonite samples hold at temperatures 
500, 700, 900, 1000, 1100 and 1200 °C for 1 hour. 

The spectrophotometric method of the Cu(II)-
triethylentetraamine complex (Cu-TET) was used to 
determine the montmorillonite contents in bentonites. The 
bentonite samples were heated to temperatures 500, 600 
and 700 °C (heating rate – around 20 °C/min) respectively 
and were kept at the applied temperature for the period of  
1 hour [6].  

The technological analysis was conducted on the 
standard, cylinder shaped, ∅ 50 mm × 50 mm blocks, with 
the use of the LRuE-2e moulding sands analysing 
apparatus, manufactured by Multiserw Morek. The 
prepared blocks were heated in the furnace until they 
reached the specified temperature (300, 550, 700 °C) and 
then they were heated for the period of 1 hour; the heating 
rate was similar to the heating rate of pure bentonites. The 
samples were cooled down together with the furnace. 

3. RESULTS AND DISCUSSION 

3.1. XRD analysis 

From the conducted phase analysis it emerged, that the 
analysed smectite collapsed at the temperature of 700 °C 
(the disappearance of the diffraction peaks (001) was 
observed) and its structure was totally destroyed at the 
temperature of 900 °C; that was proven by the 
disappearance of the remaining reflexes coming from the 
montmorillonite/beidellite phase (the graphic mark on the 
diffractogram).  

The phase composition of the initial sample of the  
S-Bentonite comprised of: diocathedric sodium smectite 
(montmorillonite, beidellite), quartz and cristobalite SiO2, 
calcite CaCO3, as well as the (Na, Ca)(Si, Al)4O8 phases 
plagioclase (most likely albite). The phase composition of 
the initial sample of the Special bentonite was similar and  
comprised of sodium smectite (montmorillonite, 
beidellite), quartz SiO2 and (Na, Ca)(Si, Al)4O8 
plagioclase. 

At the temperature of 900 °C, as a result of the 
smectite decomposition, the SiO2⋅H2O phase, also called 

the cristobalite opal appeared. In the sample of the  
S-Bentonite, at the temperature of 900 °C, the cristobalite 
disappeared. Above 1000 °C – three phases are present in 
both samples: quartz, cristobalite opal and albite. The 
diffractograms for both analysed bentonites are presented 
in Figs. 2 and 3.  

The interplanar distances dhkl for the examined casting 
bentonites are presented in Table 1. Within the limits of the 
basic temperature up to 700 °C, the values, which are 
characteristic for the montmorillonite structure were 
present; whereas beginning from 900 °C, the values for 
cristobalite opal, which appeared as a result of the 
montmorillonite decomposition, were present [10]. 

Table 1. Typical peaks and interplanar distances of two analysed 

bentonites 

Temperature 

[°C] 

S-Bentonite Special 

2Θ [º] dhkl [nm] 2Θ [º] dhkl [nm] 

room 7.036 1.256 6.876 1.285 

500 8.794 1.005 8.794 1.005 

700 8.794 1.005 8.794 1.005 

900 21.738 0.408 21.738 0.408 

1200 21.738 0.408 21.738 0.408 
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Fig. 2. X-ray diffractograms for S-Bentonite 

3.2. FTIR analysis 

In the analysed bentonites, two ranges of wavelengths, 
characteristic for those materials, can be seen in the 
spectrum obtained with the use of the FTIR method: 
400 cm–1

 – 1800 cm–1 and 3000 cm–1

 – 4000 cm–1.  
The FTIR spectrum, obtained for the S-Bentonite is 

presented in Fig. 4 and the FTIR spectrum, for the Special 
bentonite, for the wavelength range 400 cm–1

 – 1800 cm–1 
is presented in Fig. 5. The identified, characteristic peaks 
for all bentonites, within the analysed range of 
wavelengths, are presented in Table 2.  
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Fig. 3. X-ray diffractograms for Special bentonite. Phases:  

• – montmorillonite, baidellite; ■ – cristobalite opal 

[SiO2xH2O]; ▲ – albite [(Na, Ca)(Si, Al)4O8]; ∆ – albite 

[NaAlSi3O8]; ◊ – cristobalite 
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Fig. 4. IR spectrum of S-Bentonite in the wave numbers range: 

1800 – 400 cm–1 before (a) and after heating to the follow-

ing temperatures: b – 500 °C, c – 550 °C, d – 700 °C,  

e – 900 °C, f – 1000 °C, g – 1100 °C, h – 1200 °C 

Bentonite held at temperatures 500 °C – 550 °C loses 
the adsorbed water both from the surface (dehydration) and 
from the interpacked spaces (Ist stage of dehydroxylation), 
which causes either a decreased intensity or a complete 
disappearance of bands at wave numbers of app. 3450 cm–1 
and 1640 cm–1 [1, 14]. Such changes are visible in each 
investigated bentonite. Vibrations originated from OH 
group, at the wave number app. 3630 cm–1 are still visible.  

Further temperature increase causes numerous 
changes in bentonites. At the temperature of 700 °C the 
band at a wave number of 3630 cm–1 (OH group) decays. 
This is related to the total (IInd stage) dehydroxylation of 
bentonite, i. e. the interpacked water loss [1, 14]. The Si-O 
band at the wave number 1114 cm–1 is shifted to 1140 cm–1 
with a simultaneous intensity increase. 

At temperature of 700 °C the band characteristic for 
carbonate ions decays. The band 915 cm–1 originated from 
the Al-Al-OH bond – is not seen any more in the spectrum 
of bentonite heated to this temperature. At temperature of 
500 °C the band in the vicinity of 843 cm–1 (Al-Mg-OH) 
disappears also. 
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Fig. 5. IR spectrum of Special bentonite in the wave numbers 

range: 1800 – 400 cm–1 before (a) and after heating to the 

following temperatures: b – 500 °C, c – 550 °C, d – 

700 °C, e – 900 °C, f – 1000 °C, g – 1100 °C,  h – 1200 °C 

Instead the band at the wave number 738 cm–1 
appears, which can be related to the polymorphic change 
of quartz occurring at a temperature of 573 °C (low-
temperature β-quartz turns into high-temperature α-quartz) 
[20]. It can be assumed that shifting of the band from the 
wave number 520 cm–1 to 573 cm–1 at the temperature of 
700 °C is related to dehydroxylation [11, 12, 18]. Each 
temperature increase results in changing of bandwidth of 
the main Si-O band at the wave number app. 1040 cm–1. 

At temperature of 900 °C structural changes occur in 
bentonite samples. The intensity maximum of the band 
1040 cm–1 corresponding to the Si-O vibrations shifts to-
wards a higher wave number (1095 cm–1) and its character 
indicates that it is more complex. These changes can indi-
cate that the successive polymorphic quartz transformation 
occurs, (since at a temperature above 870 °C a high-
temperature quartz turns into trydymite), but also can point 
out the degradation of the bentonite structure (montmoril-
lonite) of laminar silicate into simple silicate and then into 
an amorphous form [20]. At the wave number of 680 cm–1 

a new band appears and a further temperature increase 
from 900 °C to 1200 °C increases its intensity (probably a 
new crystal structure is being formed) [7, 8]. 
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At the temperature of 900 °C the both bentonites 
structure were totally destroyed (disappearance of the 
remaining reflexes coming from the montmorillonite or 
beidellite phase on X-ray diffractogram and changes in IR 
spectrum) [10]. 

3.3. Analysis of the montmorillonite contents 

Structural changes occurring in the montmorillonite 
under the influence of temperature lead to the loss of 
binding properties of the bentonite [1, 2]. The results of the 
analysis of montmorillonite contents in the examined 
bentonites, depending on the heating temperature, is 
presented in Fig. 6. After heating the bentonite at 500 °C, 
the montmorillonite in all analysed samples was practically 
unchanged. The differences between the bentonites begun 
to appear only after heating the samples to the temperature 
of 600 °C. 
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Fig. 6. Dependency of the montmorillonite contents in the 

examined bentonites on the heating temperature 

The S-Bentonite proved to be more resistive to the 
temperature. After 1 hour at 700 °C, in all analysed 

bentonites, the montmorillonite contents fell practically to 
zero, and they lost their binding properties.   

3.4. Technological analyses of moulding sands 

with bentonite   

The results of compression strength analysis of the 
examined samples of moulding sands, heated at different 
temperatures are presented in Fig. 7.  
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Fig. 7. Dependency of the compression strength of analysed 

moulding sands containing bentonites on the heating 

temperature 

The relative changes in strength, determined in percent 
(%), are marked on the figure. It was assumed, that 100 % 
is the compression strength of the wet sample (green sam-
ple at ambient temperature). The analysis were conducted 
for the compactability equal around 45 %. The test results 
showed that the maximum compression strength was 
achieved for the temperature of around 300 °C. The  
S-Bentonite  showed  higher  compression  strength to high 
temperatures – the fall of the sample strength at 700 °C is 
lower  than  50 %,  as compared  to the initial strength. The 

 
Table 2. Listing of bands in the temperature range: 20 °C – 1200 °C for individual bentonites 

T 

[°C] 
20 °C 500 °C 550 °C 700 °C 900 °C 1000 °C 1100 °C 1200 °C 

Bond 

W
av

en
u
m

b
er

 [
cm

–
1
] 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

3632 3633 3632 3633 3632 3633           -OH 

3455 3450 3455 3450 3455 3450           H-OH 

1642 1642 1642 1642 1642 1642 1642 1642         -H-OH 

1461 1461 1461 1461 1461 1461           CO3

2- 

 1114     1135 1140         Si-O 

        1095 1086 1095 1086 1095 1086 1095 1086 Si-O 

1039 1040 1039 1040 1039 1040 1033 1040         Si-O 

914 915 914 915 914 915           Al-O-H 

876  876  876  876          AlFeOH 

840 843               Al-Mg-OH 

790 795 790 795 790 795 792 793 786 787 786 787 786 787 786 787 Si-O 

      730 730         Si-O 

        675 686 675 686 675 686 675 686 Si-O-Si 

                Si-O-Si 

 623  623  623           Si-O-Al 

      565 573 565 570 565 570 565 570 565 570 unknown

521 521 521 521 521 521           Si-O-Al 

      481 481         unknown

 466  466  466   459 462 466 462 466 462 466 462 O-Si-O 

1 – S-Bentonite, 2 – Special.  
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permeability of both moulding sands containing bentonites 
was similar. 

The result of the dehydration and dehydroxylation 
processes was visible decrease in the strength properties of 
moulding sands (at the temperature above 600 °C). This is 
consistent with previous studies about of thermal analysis 
of the bentonites [14, 16]. 

4. CONCLUSIONS 

The conducted analysis of the influence of temperature 
on the properties and structure of bentonites used in the 
foundry industry as moulding sands binding materials con-
firmed that in all samples, the endothermic dehydratation 
and dehydroxylation processes occurred. The above 
mentioned processes were reflected in both, the results of 
the FTIR analyses (changes of the spectrum) and in the  
X-ray analysis (XRD) and in the thermal analysis [14]. 

The conducted technological examination of the 
moulding sands prepared with the use of bentonite showed 
the general characteristics of the influence of temperature 
on the compression strength. At the temperature of 700 °C 
moulding sands retained around 50 % of their original 
strength. When analysing the montmorillonite contents in 
pure bentonite for the same temperature it can be said that 
the bentonite should not retain any binding properties. The 
moulding sands contain also – apart from the bentonite – 
the quartz sand, working as base. In this case, the sand can 
work as an insulation for the binding material, ensuring 
that the bentonite was less exposed to the high 
temperatures during the heating process, thus, as a result, 
the heated moulding sands retained a significant 
percentage of strength.   

The structural analysis were confirmed by the analysis 
of the binding properties of the bentonites, subjected to the 
effects of high temperature, what corresponds to the 
second stage of dehydroxylation (in the FTIR spectra, the 
disappearance of the bands from the OH groups can be 
observed). In the X-ray analysis, the disappearance of the 
diffraction peaks from the surfaces corresponding to the 
montmorillonite can be observed.  

Acknowledgments 

The study was performed within the Research Project 
National Science Centre No. N N507320440 (2011-2012). 

REFERENCES 

1. Jelinek, P., et al. Termostabilita bentonitu a rozpadavost 

bentonitowych smiesi  Slevarenstvi   43 (5 – 6)  2011: p. 178. 

2. Hofmann, F. Investigation on the Effect of Heat of the 

Bonding Properties of Various Bentonites   AFS 

Transactions  93   1985: pp. 377 – 384. 

3. Wolters, F., Emmerich, K. Thermal Reactions of Smectites  

– Relation of Dehydoxylation  Temperature to Octahedral 

Structure   Thermochimica Acta   462   2007: pp. 80 – 88. 

4. Holtzer, M., Paluszkiewicz, Cz., Bobrowski, A. FTIR 

Analysis of Bentonite in Moulding Sands   Journal of 

Molecural Structure   880 (1 – 3)   2008: pp. 109 – 114. 

5. Holtzer, M., Grabowska, B., Bobrowski, A., 
Żymankowska-Kumon, S. Methods of the Montmorillonite 

Content Determination in Foundry Bentonites   Archives of 

Foundry Engineering   9 (4)   2009: pp. 69 – 72. 

6. Holtzer, M., Grabowska, B., Bobrowski, A. Comparison 

of the Determination Methods of the Montmorillonite 

Content in Foundry Bentonites   Przegląd Odlewnictwa   

60 (3 – 4)   2010: pp. 128 – 135. 

7. Holtzer, M., Bobrowski, A., Żymankowska-Kumon, S. 
Temperature Influence on Structural Changes of Foundry 

Bentonites   Journal of Molecular Structure   1004   2011:  

pp. 102 – 108. 

8. Abo-Naf, S. M., El Batal, F. H., Azooz, M. A. 
Characterization of Some Glasses in the System SiO2, 

Na2O·RO by Infrared Spectroscopy   Materials Chemistry 

and Physics   77   2002: pp. 846 – 852. 

9. Grefhorst, C. Prőfung von Bentoniten   Giesserei – Praxis  

4   2006: pp. 90 – 91. 

10. Pingxiao, W., Honghai, W., Rong, L. The Microstructural 

Study of Thermal Treatment Montmorillonite from Heping, 

China   Spectrochimica Acta  A   61   2005: pp. 3020 – 3025.  

http://dx.doi.org/10.1016/j.saa.2004.11.021 

11. Calarge, L. M., Meunier, A., Formoso, M. L. A Bentonite 

Bed in the Aceguá (RS, Brasil) and Melo (Uruguay) Areas: 

A Highly Crystallized Montmorillonite   Journal of South 

American Earth Sciences   16   2003: pp. 187 – 198.  

http://dx.doi.org/10.1016/S0895-9811(03)00029-4 

12. Shimoda, S., Brydon, J. E. I.R. Studies of Some 

Interstratified Minerals of Mica and Montmorillonite   Clays 

And Clay Minerals   19   1971: pp. 61 – 66. 

13. http://pubs.usgs.gov/of/2001/of01-

041/htmldocs/clays/smc.htm (20.06.2011). 

14. Żymankowska-Kumon, S., Holtzer, M., Grabowski, G. 
Thermal Analysis of Foundry Bentonites   Archives of 

Foundry Engineering   9 (1)   2011: pp. 209 – 213. 

15. Drits, V. A., Besson, G., Muller, F. An Improved Model 

for Structural Transformations of Heat-treated Aluminous 

Dioctahedral 2:1 Layer Silicates   Clays And Clay Minerals 

43   1995: pp. 718 – 731. 

http://dx.doi.org/10.1346/CCMN.1995.0430608 

16. Drits, V. A., Lindgreen, H., Salyn, A. L., Ylagan, R. 
Semiquantitative Determination of Trans-vacant and Cis-

vacant 2:1 Layers in Illites and Illite-smectites by Thermal 

Analysis and X-ray Diffraction  American Mineralogist   83   

1998: pp. 1188 – 1198. 

17. Niederbudde, E.-A., Stanjek, H., Emmerick, K. Handbuch 

der Bodenkunde, 2002. 

18. Oinuma, K., Hayashii, H. Infrared Study of Mixed-layer 

Clay Minerals. Thermal   American Mineralogist   50   1965: 

pp. 1213 – 1227. 

19. Pingxiao, W., Caibing, M. The Relationship between 

Acidic Activation and Microstructural Changes in 

Montmorillonite from Heping, China   The Spectrochimica 

Acta   A   63   2006: pp. 85 – 90. 

http://dx.doi.org/10.1016/j.saa.2005.04.050 

20. Holmquist, S. B. Conversion of Quartz to Trydymite   

Journal of The American Ceramic Society   44/2   1961:  

pp. 82 – 86. 

 
Presented at the 20th International Baltic Conference  

"Materials Engineering 2011"  
(Kaunas, Lithuania, October 27–28, 2011) 
 

 


