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Abstract 
 

The organo-inorganic commercial binder Albertine F/1 (Hüttenes-Albertus) constituting the starch-aluminosilicate mixture was directed to 

structural studies. The paper presents a detailed structural analysis of the binder before and after exposure to physical curing agents 

(microwaves, high temperature) based on the results of infrared spectroscopy studies (FTIR). An analysis of structural changes taking 

place in the binder system with the quartz matrix was also carried out. Based on the course of the obtained IR spectra, it was found that 

during the exposure on physical agents there are structural changes within the hydroxyl groups in the polymeric starch chains and silanol 

groups derived from aluminosilicate as well as in the quartz matrix (SiO2). The curing of the molding sand takes place due to the 

evaporation of the solvent water and the formation of intramolecular and intermolecular cross-linking hydrogen bonds. Type and amount 

of hydrogen bonds presence in cured molding sand have an impact on selected properties of molding sand. Results indicates that for 

molding sand with Albertine F/1 during conventional heating a more extensive network of hydrogen bonds is created. 
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1. Introduction 
 

In technology of molding sands, the selection of materials and 

choice of curing methods are two important aspects of the 

production of proper molds and cores. However, in order to meet 

the demands of industry, not only the quality of materials, but also 

economic and environmental aspects of technology should be 

taken into account while preparing forms [1, 2]. Therefore, the 

method of microwave curing of molding and core sands seems to 

be an interesting alternative to energy-consuming and time-

consuming conventional curing (drying). Interest in the method of 

microwave hardening of molding, core and ceramic coatings dates 

back to the 60's and 70's of the last century [3–5]. Over the years, 

justifiability of the use of the microwave curing of molding sands 

with furfuryl resins [6, 7] and furfuryl-urea resins [8], liquid 

molding sands with organic binders [9], core molding sands with 

thermosetting binders [10]. The vast majority of research works in 

recent years related to the microwave curing of molds and cores 

with the use of inorganic binder concerns molding sands with 

water glass. The results of these tests confirm not only the 

legitimacy of using microwave radiation for technological but 

also economic reasons [11–14]. However, in the field of 

microwave curing of molding sands with organic binders at the 

Faculty of Foundry Engineering UST AGH a number of research 

works were carried out related to the assessment of the effect of 

radiation on the properties of molding sands containing the 

composition of polymer binders, among others BioCo type 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 8 ,  I s s u e  3 / 2 0 1 8 ,  1 3 8 - 1 4 3   139 

binders and starch binder based on sodium carboxymethyl starch. 

As part of the work carried out, it was proved that by using 

microwave radiation as a curing agent, the highest strength 

properties of the molding sands were obtained in comparison to 

other curing methods [15–19].  

Considering the fact that in the research works the most 

effective application of the microwave radiation in the molding 

sand technology with the use of organic or inorganic binders was 

confirmed in the aforementioned research work, action was taken 

to evaluate the possibility of binding the molding sands with an 

organic-inorganic binder on the example of Albertine F/1 

(Hüttenes-Albertus). This commercial binder (in form of extra-

fine powder) is a mixture of starch with aluminosilicates used 

commonly for modification of green sands with bentonite. 

However - according to the manufacturer - it can also be used as 

a main binder in presence of water for thermosetting molding 

sands [20]. The technological tests were conducted and its results 

were compared to the effects of curing the same molding sand 

through conventional heating (drying) [21]. Also in this case, the 

tests of selected molding sand properties confirmed that it is 

possible to microwave-curing the composition of quartz sand with 

the Albertine F/1 binder, however, compared to the conventional 

heating method, much lower values, e.g. tensile and bending 

strength, were achieved - the results are shown in the Fig. 1. After 

1 and 4 hours of storage, the microwave-cured molding sand was 

characterized by significantly lower tensile strength (4-7 times 

lower) and bending strength (4-6 times lower) in comparison to 

conventionally cured molding sand. After 24 hours of storing the 

strength of a conventional and microwave cured molding sands 

reached a similar level – Rm
u ~1.2 MPa and Rg

u ~2.5 MPa [21].  
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Fig. 1. The bending and tensile strength of cured molding sands 

with the participation of Albertine F/1 depending on the storage 

time: A - conventionally cured, B - microwave cured 

 

This paper attempts to explain the observed phenomenon and 

answer the question: why the microwave-cured samples of 

molding sands bonded with a starch-aluminosilicate binder 

initially exhibit lower values of technological properties (eg. Rm
u, 

Rg
u) than cured by conventional drying? In order to explain this 

question, structural studies were carried out by infrared 

spectrometry (IR) with the aim the formation of a network of 

bonds in the starch-silicate binder alone, as well as in the binder-

matrix system before and immediately after the curing agent, 

when the differences of molding sand properties are the most 

visible. The efforts have been made to complete the knowledge in 

the field of application of binders based on starch and 

aluminosilicates, through a structural tests aimed at clarifying the 

dependence of selected properties of molding sands on the curing 

method.   

 

 

2. Methodology 
 

2.1. Materials 
 

The binder applied in research was commercial product 

Albertine F/1 (Hüttenes-Albertus). The composition of the 

commercial binder is described in the Table 1.  

 
Table 1.  

The composition of Albertine F/1 [20]  

Composition 
Content, 

% 

content of starch derivatives with different 

swelling capacities (insoluble polymer) 
75–79 

heat-resistant materials; aluminosilicates 

(bentonite) 
8–14 

water content 10–12 

ash content <1.0 

 

The matrix of molding sand was extra-fine quartz sand 

Sibelco Europe. Distilled water (Avantor Performance Materials 

Poland S. A) was also used to plasticize the binding material. 

 

 

2.2. Preparation of samples  
 

Albertine F/1 binder was tested as a starting material 

(uncured), a mixture with water (2.0 parts by weight of water per 

1.0 parts by weight of binder) and cured physically. Samples of 

model molding sand (~10 g for each test) were prepared with the 

proportion of molding sand components: 1.0 pbw binder, 1.0 pbw 

water, 3.0 pbw matrix. The term "model molding sand" was used 

in the paper to emphasize the difference between the molding 

sand subjected to structural and technological tests. In the model 

molding sand compounds, the proportion of the binder in relation 

to the sand matrix was deliberately overestimated in order to be 

able to record on the IR spectra absorption bands coming from all 

components present in the mixture. 

The prepared binder samples and model molding sands were 

cured under the following conditions:   

‒ microwave curing process was carried out in the microwave 

device INOTEC MD 10940; microwave power of 800 W, 

frequency 2.45 GHz, sample irradiation time binder and 

molding was set at 120 s, and the temperature in the 

microwave was approx. 100°C; samples subjected to 
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microwave curing were placed in a 21-liter chamber on  

a rotating plate activated after switching on the microwave 

device. The nominal output power of the device used was 

1200 W; 

‒ conventional drying at 100°C. The curing process was 

carried out in a SUP-65 laboratory dryer for 15 min; 

samples directed for drying by the conventional method in a 

laboratory dryer were placed in a 75-liter chamber with 

gravitational air circulation. The rated power of the device 

was 1500 W. 

The conventional drying and microwave cured conditions 

were proposed based on the results of preliminary structural 

research of binder and molding sands with other starch-based 

binders [15, 16, 19]. After exposure to physical agents, the 

samples were allowed to cool. Cooled samples of Albertine F/1 

and samples of model molding sand were gentle ground in  

a mortar. The spectra for the samples were recorded no later than 

1 hour after the curing agent stopped. 

 

 

2.3. Structural studies 
 

Infrared structural studies were carried out using  

a transmission technique (FTIR) using the calibrated instrument: 

Digilab Excalibur FTS 3000 Mx FT-IR Spectrometer with  

a DTGS detector. The selected range of wavenumbers was 4000-

600 cm-1, the resolution was set at 4 cm-1 for 32 scans of the 

sample. Uncured samples were applied with a thin layer on the 

surface of the pellet. The solid samples were measured in the form 

of KBr pellets with a sample/KBr ratio 1/200 mg.  

 

 

3. Results and analysis 
 

 

3.1. Structural analysis of Albertine F/1 binder 
 

Figure 2 shows the IR spectra of the Albertine F/1 binder 

before and after exposure to physical agents. 

In the IR spectrum for the initial sample in the region of 3415 

cm-1 the maximum associated with the presence of hydrogen 

bonds within the binder was observed. The addition of water to 

the binder causes a significant intensification of the band in this 

range, its maximum being slightly shifted to higher wavenumbers. 

In the range 3800-3000 cm-1, the wide band corresponding to the 

vibrations of the free O-H (H2O) group and hydrogen bonds does 

not disappear after crosslinking. The use of curing physical agents 

on the moistened binder causes changes in the shape and shifting 

of the bands towards the higher wavenumbers (spectrum 3: 3433 

cm-1, spectrum 4: 3445 cm-1). This indicates changes occurring in 

the area of hydrogen bonds, also those occurring in the starch-

water and aluminosilicate-water interaction, and the presence of 

this band and the shift of maxima result from the vibration of 

hydrogen bonds in the cured sample and the presence of water 

bound in the binder. The fact that this band is very wide may 

result from overlapping bands coming not only from the starch, 

but also from the aluminosilicate in the system. Namely, in the IR 

spectra at higher wavenumbers, the "broadening" of the band arm 

towards 3500 cm-1 may be due to the presence of the water-

stretching group -OH located between the aluminosilicate layers 

[22]. Thus, in the case of a conventionally cured sample, a more 

intense band was noticed in comparison to the sample spectrum at 

higher wavenumbers, which may be related to the more efficient 

formation of hydrogen bonds between the hydroxyl groups 

present in the starch and silanol groups derived from 

aluminosilicates. So that bonds can affect the strength properties 

of the molding sand after curing. 
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Fig. 2. IR spectra of the Albertine F/1: 1 binder - starting form, 

and the system with water: 2 - uncured, 3 - after microwave 

curing, 4 - after conventional curing 

 

An intense and wide band with a maximum at ~1650 cm-1 on 

the spectrum 1 was assigned to water adsorbed in the binder. This 

band in the moistened sample is shifted to ~1630 cm-1 (spectrum 

2), which was associated with the intensification of the band of 

water introduced into the binder [23]. The band in this region does 

not disappear after exposure of the moisten binder to physical 

factors, but its maximum shifts slightly to higher wavenumbers, 

so there is no complete evaporation of water from the system. It 

was noted that the intensity and bandwidth is comparable for both 

cured binder samples. 

When comparing the shape of the IR spectra of the binder sample 

in the initial form (spectrum 1) and after exposure to physical 

factors (spectra 3 and 4), there are marked differences in the 

intensity of the bands in the range of 1200-950 cm-1. This fact can 

be assigned to the irreversible changes occurring in the starch 

structure due to the physical impact on the moisten binder 

Albertine F/1. On the IR spectra 1-4, the presence of bands with 

maxima at wavenumbers ~1020 cm-1, ~1080 cm-1 and 1150 cm-1 

were observed, which are associated with vibrations characteristic 

of natural starch (vibrations: C-O stretching, C-H bending, and C-

C stretching) and concern the ordering of the structure of this 

polymer in its natural form. The predominant share of starch in 

the Albertine F/1 binder is also confirmed by bands with maxima 

at ~760 cm-1, ~851 cm-1 and ~920 cm-1 attributed to the presence 

of α-1,4-glycosidic bonds (C-O-C) typical of native starch [23]. 
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The bands at wave numbers ~920 cm-1 after curing did not 

undergo significant changes, which may indicate that due to the 

chosen crosslinking agents, the binder was not degraded and the 

α-1,4-glycosidic bonds were broken.  

Table 2 summarizes the details of the specific identification of 

characteristic absorption bands for the obtained IR spectra of the 

Albertine F/1 binder samples based on Figure 2. 

 

Table 2. 

Characteristic bands in the IR spectra of starch-aluminosilicate 

binder. Analysis based on literature data [23–29] 

No. spectrum/ 

Wavenumber, cm-1 Bands assignment 

1 2 3 4 

3415 3422 3433 3445 S/A: O-H stretching 

2926 2937 2926 2926 S: CH2 deformation 

1651 1631 1656 1642 S/A: deformation H2O 

1458 1459 1461 1461 S: CH2 bending 

1418 1414 1407 1421 
S: CH2 bending; 

C-O-O symmetrically stretching 

1339 - - - S: C-O-H bending, C-O-O twisting 

1153 1146 1156 1154 S: C-O, C-C stretching 

1080 1072 1079 1081 
S: C-H bending 

A: Si–OH lattice 

1018 1019 1016 1019 S: C-O stretching, CH2 

924 923 918 923 
S: skeletal vibrations of 

glucopyranose ring (C-O-C) 

854 851 846 842 
S: C-H, CH2 deformation 

A: Si-OH 

760 - 764 760 S: C-C stretching 

S – bands derived from a starch derivative; A - bands derived from 

aluminosilicate; S/A- overlapping bands 

 

 

3.2. Structural analysis of molding sand with 

Albertine F/1 binder 
 

The second measurement series (Figure 3) included the 

analysis of IR spectra recorded for model molding sand before 

and after curing. 

From the point of view of the application of quartz matrix 

molding (SiO2) in molding sand production technology, the quartz 

grain surface quality is important due to the presence of Si-O-Si 

siloxane groups (on the 1-4 spectra, the band with the maximum 

at ~1080 cm-1 and the doublet of bands at 798-776 cm-1) and 

single terminal silanol Si-OH and twin silanols Si(OH)2 (on the IR 

spectra 3800-3000 cm-1 and 960-920 cm-1) [30–32]. Silanol 

groups on the SiO2 surface are important centers conducive to the 

binding effects of the polar groups present in the binder. 

However, the SiO2 surface activity from the point of view of 

chemical and adsorption processes is greater when adsorbed water 

is eliminated at elevated temperature (100-150°C). Above 150ºC, 

in the case of SiO2, hydroxyl groups may be removed from its 

surface (derived from silanol groups - Si-OH - which may affect 

the less efficient effect of molding sand curing [31, 33–36]. 

Analysing the IR spectra of model molding sands with an 

organic-inorganic binder, attention has been paid to the bands that 

may indicate the interaction of the mineral matrix, aluminosilicate 

and starch derivative as a result of their exposure on a physical 

curing agent. 
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Fig. 3. IR spectra od molding sands with Albertine F/1:  

1 - uncured, 2 - microwave cured, 3- conventionally cured and 

4 - quartz sand 

 

The band on the IR spectrum for the uncured molding sand 

sample (spectrum 1) at 3434 cm-1 is associated with the stretch 

vibration of H2O molecules. In turn, the band at a maximum of 

1636 cm-1 corresponds to the bending vibration of H2O molecules. 

However, on the spectra of the cured molding sands (spectra 2 

and 3) the band changed shape and maxima shifts were observed. 

And so, in spectrum 2 the maximum in the area of 3398 cm-1 was 

interpreted as the effect of overlapping bands coming from 

hydrogen bonds in the area of the binder and the matrix. In 

contrast, the course of the band on the spectrum 3 showed two 

maxima at 3532 cm-1 and 3299 cm-1, respectively. The first of 

them can be interpreted as intense tensile vibrations of silanol 

groups in the amorphous SiO2 structure, while the second one is 

attributed to the formation of intermolecular hydrogen bonding 

networks between polar groups present in the starch molecule 

(hydroxyl groups -OH and carbonyl >C=O) during physical 

curing. In both cases the presence of bands in the 3800-3000 cm-1 

range was also associated with a marked change in the position 

and intensity of the band around 1000-850 cm-1 interpreted as the 

vibrations of free silanol groups. It is noted that the band on the 

IR spectrum of the conventionally cured sample is more intense in 

the region of the maximum at ~984 cm-1 than the band 

corresponding to it in the spectrum of the microwave-cured 

sample (compare spectrum 3→2). Therefore, in selected 

conditions of thermal impact on the system containing SiO2 in the 

presence of water, silanol groups could be activated on the surface 

of the grains of the matrix. It could also result in the formation of 

a number of new silanol groups (Si-OH), which attached polymer 

chains of starch and aluminosilicates dispersed in the system at 

the surface of grains of sand with the formation of hydrogen 

bonds of the type Si-O-H⋅⋅⋅O-H. Comparing the IR spectra of 
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both cured model molding sands, it can be assumed that it is the 

hydrogen bond network that determines the bond strength of the 

matrix with the Albertine F/1 organic-inorganic binder. 

Conventional heating of the samples proceeds slowly and 

gently, therefore the formation of a hydrogen bond network 

between the starch molecules, aluminosilicates and the surface of 

the grains of the matrix proceeds smoothly. This is evidenced by 

wide and intense bands in the region of wavenumbers assigned to 

vibrations derived from hydroxyl and silanol groups as compared 

to samples irradiated with microwave. On the other hand, the 

rapid heating of the sample during exposure of the molding sand 

sample to microwave radiation probably caused fast water 

evaporation form aluminosilicate and weakening of 

intermolecular bonds between molding sand ingredients therefore 

the less successful effect of binding capacity in microwave field 

was observed.  

Table 3 details the identification of characteristic absorption 

bands for the obtained IR spectra of the model molding sand 

samples with the participation of Albertine F/1 in uncured and 

cured form based on Figure 3. 

 

Table 3.  

Characteristic bands in the IR spectra of model molding sand. 

Analysis based on literature data [23–29, 33, 34] 

No. spectrum/ 

Wavenumber, cm-1 Bands assignment 

1 2 3 4 

- - 3532 - A: inter layer h-bonds 

3434 3398 3299 - 
S: OH stretching (intermolecular) 

M: OH stretching 

2937 2932 2932 - S: CH2 deformation 

1636 1652 1654 - S/A: deformation H2O 

1147 1156 1160 1167 
S: C-O, C-C stretching 

M: Si-O-Si asymmetric stretching 

1074 1077 1081 1075 
S: C-H bending 

M: Si-O stretching 

- 986 984 - 
A/M: Si-OH stretching 

928 930 930 - 

- 797 795 791 
M: Si-O-Si 

774 774 774 772 

S - bands derived from a starch derivative; A - bands derived from 
aluminosilicate; S/A- overlapping bands, M- bands derived from 
the matrix 

 

 

4. Summary 
 

Based on the analysis of structural changes recorded on IR 

spectra, it can be noticed that in the curing process of molding 

sand with an organic-inorganic binder Albertine F/1 the key role 

is played by the presence of hydroxyl groups derived from binder 

material components and activated silanol groups on the surface 

of the quartz sand matrix.  

Applied methods of the curing of the molding sand caused not 

only evaporation of plasticizer (water), but the formation of 

intramolecular and intermolecular cross-linking hydrogen bonds. 

The amount and type of hydrogen bond network determines the 

bond strength of the quartz sand matrix with the Albertine F/1 

binder. In the freshly microwave-cured molding sand, the number 

of intermolecular hydrogen bonds within the all components is 

lower as evidenced by the IR spectra (region of 4000-3000 cm-1), 

which results in lower values of strength properties of the molding 

sand. 
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