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material. In foundries, they are primarily used as additives for the 
green sands (with bentonite), to reduce their friability and as a 
bonding or stabilizing material for protective coatings. In recent 
years, a starch binder has been developed in Dalian University of 
Technology, China, which is a multi-constituent mixture of 
starch, kaolin, sodium silicate, dextrin, sodium hydrogen 
phosphate and water. The curing of the moulds is carried out 
thermally (heating at a temperature of 160-200°C) and the 
bonding process in the sand with bonding system takes place at 
elevated temperature. In addition, the ability to modify starch 
leads to new materials being used in many industries [10, 11], 
including in the foundry industry [12–14]. The carboxymethyl 
starch modified by the chemical modification is characterized by 
better solubility in cold water and better adhesion properties. This 
fact fosters the expansion of starch derivatives applications, 
including as binder for moulding and core moulds. In his work, X. 
Zhou and J. Yang have shown that thermally cured starch-based 
binders can replace furfuryl-based binders and that the quality of 
the inner surfaces of castings is very good at significantly reduced 
production costs. In addition, there are conducted tests to use 
polymers as auxiliary materials for use in the construction of 
foundry tools for drying and/or hardening of sand moulds and 
cores in the microwave field [15]. 

At the Faculty of Foundry Engineering AGH is also 
conducting the research on the use polymer in the foundry 
technology, including biopolymers and their derivatives [16, 17]. 
The attention was focused on aqueous polymer compositions with 
acrylic polymers (Fig. 1a) and modified biopolymer obtained 
from native starch (SN) as dextrin (Fig. 1b) or carboxymethyl 
starch (CMS-Na) with a degree of substitution (DS) in the range 
of 0.20-0.87 (a group of aqueous polymer binders BioCo). 
 

 

 
Fig.1. Structure: a) poly(sodium acrylate), b) dextrin [18] 

 
BioCo polymer binders containing modified polysaccharides may 
be cured physically by microwave irradiation or chemically by 
calcium cations or glutaraldehyde (Fig. 2) [18].  
 

 
Fig. 2. BioCo binder cross-linking methods [18] 

 
Microwave radiation is a physical factor leading to the activation 
of silanol groups (Si-OH) present on the surface of the mineral 
matrix (quartz sand). In the case of BioCo polymer binders, the 
formation of inter- and intramolecular cross-linking hydrogen 

bonds, mainly Si-OH...OH and Si-OH...O=C in the quartz -binder 
system (Fig. 3), is an effect of microwave radiation. These further 
results in the creation of a hydrogen bonding network in the 
considered system. Cross-linking bonds are formed within the 
active moieties between the adjacent polymer chains and between 
the polymer chains and the mineral matrix surface [19–22].  

 

 
Fig. 3. Cross-linking bonds in the quartz matrix system-BioCo 

polymer binder formed in the microwave field [20] 
 
Chemical bonding results in the formation of cross-linking 
chemical bonds (calcium or ether cationic bonds) between 
polymeric chains. The results of the studies have also proved that 
CMS-Na can be used as an main binder, and the essence of the 
modification is the introduction of the hydrophilic group (-
CH2COONa) into the ring of SN by its etherification. This 
process is carried out to stabilize the aqueous solutions of the 
starch and to reduce the tendency to retrogradation it at low 
temperature [23, 24]. Technological researches of moulding sand 
bonded with BioCo binders have shown their applicability. The 
obtained results of technological tests are on the similar level 
obtained for moulding sands with water-glass. In addition, it has 
been proven during the work carried out that, as the increases of 
degree of substitution of the CMS-Na, the higher strength and 
friability resistance of the cured moulding sands can be observed. 
From an environmental point of view, the advantage of BioCo 
binders is their total biodegradability in the aqueous environment 
and in the soil, and its biodegradation products do not pose a 
threat to the environment. However, environmental planning 
should not be omitted from the thermal analysis of binders, 
including the determination of the level of gaseous emissions 
generated during the process of pouring liquid metal in moulds 
[25, 26]. In this field, extensive research is carried out to 
quantitatively and qualitatively analyse of the volatile products 
released under the conditions of high temperatures from moulding 
sand with organic binders [27–31]. In addition, the knowledge of 
the thermal stability of the binder is also important in terms of the 
possibility of thermal regeneration of the spent sands [32, 33].  
In this work, results of TG-DTG, DRIFT and Py-GC/MS 
investigations for microwave cross-linked BioCo3 polymer 
binder, aqueous acrylic acid and dextrin (PAANa/D) with silica 
materials are presented. In addition, bonded silica-bonded BioCo3 
was prepared, followed by a strength test for microwave-cured 
normative specimens. This work was aimed at determining the 
effect of silicate additive on the thermal properties of BioCo3 
binder, including on the course of thermal destruction, and 
identification of degradation products. It was also important in the 
work to determine the effect of silica additive on the bonding 
ability of BioCo3 to the selected technological properties. 
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