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Abstract

The fragment of investigations related to the thermal stability of new foundry polymer binders with biopolymer fractions is hereby
presented. A sample of the foundry binding agent BioCol, in a form of two-component polymer composition consisting of a modified
biopolymer (polysaccharide) and a synthetic polymer (acrylic polymer), was subjected to the thermal analysis. Methods of thermal analyses
(TG/DTG/DSC) were applied in investigations in order to perform the thermal degradation process of the tested BioCol binder sample by
establishing thermal effects of transformations, structural changes and masses - occurring during its heating. Examinations were performed
in the temperature range: -100 — 600 °C. It was found that the degradation process starts at a temperature app. 130 °C. The binding agent
behaviour at increased temperatures is important in relation to the process of the moulding sand mould (with BioCol fraction) pouring with

liquid metal.
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1. Introduction

Heating polymer materials leads to their degradation, which
consists in the macromolecule chains disintegrating into fragments.
If the temperature is high enough, the intensive bond breaking
process snowballs and causes the polymer to be destroyed. When
macromolecules are heated, both reversible and irreversible
changes can occur in their structure. Reversible changes result from
phase transitions, the disaggregation of supra-molecular structures
and the polymer transitioning into the plastic state.

At a temperature greater than the flow temperature (for
amorphous polymers) or the melting point (for crystalline
polymers), irreversible changes take place, and the majority of
polymers are thermally degraded. The mechanism of the

degradation process depends on the structure of the
macromolecule, the rate at which the sample is heated as well as
exothermic and endothermic transformations [1-4].

The thermal analysis methods were applied for the
determination of the (bio)polymer binder thermal stability,
encompassing the determination of the destruction temperature and
heat effects of transformations occurring during heating. The
mechanism of thermal degradation process depends on the
structure of the macromolecule, the rate at which the sample is
heated as well as exothermic and endothermic transformations
[1-7]. This publication presents the results of thermal examinations
conducted to determine the course of the thermal degradation of a
water-based (bio)polymer composition of synthetic polymer/
modified biopolymer with a view to its use as a foundry binder for
moulding and core sands (BioCol). Thermal decomposition of the
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BioCol binder is of essential meaning in relation to this binder
behaviour at increased temperatures during the mould pouring with
liquid metal as well as in relation to this used sand reclaimability.
From the environmental point of view and work conditions,
information  concerning gaseous products of  polymer
decomposition, which can evolve into the atmosphere during the
technological process, seems also important [8-13].

2. Experimental

2.1. Materials

New polymer binding agent BioCol in a form of two-
component polymer composition formed by mixing in water
a synthetic polymer (Fig.la, poly(acrylic acid) of the BASF
Company) and a modified biopolymer (Fig. 1b, modified starch of
the Xenon Company) in the weight ratio 1:1 was used in the
performed investigations.
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Fig. 1. Structure of: a) poly(acrylic acid), b) modified starch

Cross-linking of sample of the prepared composition was
performed by means of Ca(OH). and COx.
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2.2. Thermal analysis methods

The thermal examinations were carried out by using
a NETZSCH STA 449 F3 Jupiter® thermal analyser, which
supports simultaneous TG and DSC measurements, thus providing
two independent signals recorded in the same measurement
conditions, namely at the same rate of temperature increase
(10 K/min), atmosphere and gas flow rate (40 ml/min). The
measurements for the sample were taken in an anaerobic
atmosphere.

The basic measurement parameters are collected in Table 1.

Table 1. Measurement parameters

Parameters BioCol
temperature range RT —500 °C
heating rate 10 K/min
atmosphere nitrogen
flow rate 40 ml/min
crucible AlO3
sample mass about 45 mg

3. Results and discussion

Figure 2 depicts the TG-DSC results for the sample BioCol
(after cross-linking). At sub-ambient temperatures, no effects were
observed. Three mass loss steps 8.1%, 25.5% and 41.7% were
noticed, which were accompanied by endothermic effects visible in
the DSC signal. Maxima in the rate of mass change occurred at
133 °C, 276 °C and 422 °C. In the temperature range -100-0 °C the
polymorphous transformations were not found.

The pathway of thermal curves is complex since the
degradation process occurs by stages, which results from the
structure and physical and chemical properties of the two-
component (bio)polymer composition. On the grounds of the
thermal curves it can be stated that the degradation process starts at
a temperature of app. 132 °C [9].
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Fig. 2. Temperature-dependent mass change (TG), rate of mass change (DTG, dashed line)
and heat flow rate (DSC) of the sample BioCol
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At the first stage in bio-polymer binder pyrolysis, the weak
C-O-C and C-C bonds in the glycoside bond are decomposed.
At the temperature range of 133-324 °C, two exothermal effects
due to the destruction of the organic part of the material are
observed in sequence. Enthalpy value is estimated on 880 J/g.
At 422 °C, the TG/DSC curve shows the last mass loss (42%) was
accompanied by an exothermal effect (36 J/g). The remainder of
the sample mass (approx. 24.7%) which has not decomposed up to
the temperature of 600 °C probably contains organics and
inorganics (eg. carbonised carbon) found in the binder cross-
linking by means of Ca(OH). and COx.

The results for investigated binder are summarized in Table 2.

Table 2. The characteristics of thermal derivatives

Nitrogen atmosphere

Am, Temperature Maximum DSC  effect
% % range, °C mass change temperature,
& speedat°C  °C
| -8,1 22-133 145 €gzo-132
1 -25,5 133-177 218 €gzo-276
" -41,7 177-324 443 €gzo-422

The remaining sample mass 24.7 %

4. Conclusions

The fragment of investigations related to the thermal stability
of new foundry polymer binders with biopolymer fractions is
hereby presented. A sample of the foundry binding agent BioCo1l,
in a form of two-component polymer composition consisting of
a modified biopolymer (modified starch) and a synthetic polymer
(acrylic polymer), was subjected to the thermal analysis. The
binding agent behaviour at increased temperatures is important in
relation to the process of the sand mould (with BioCol fraction)
pouring with liquid metal. Methods of thermal analyses
(TG/DTG/DSC) were applied in investigations in order
to perform the thermal degradation process of the tested BioCol
binder sample by establishing thermal effects of transformations,
structural and masses changes - occurring during its heating.
Examinations were performed in the temperature range: -100 —
600 °C. It was found that the degradation process starts at
a temperature app. 130 °C.
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Analiza termiczna (TG/DTG/DSC)

w badaniach stabilnosci spoiw
(bio)polimerowych

Streszczenie

Przedstawiono wycinek badan zwigzanych z okre$leniem termicznej stabilno$ci nowych odlewniczych spoiw polimerowych
z udziatem biopolimeréw. Poddano analizie termicznej probke spoiwa odlewniczego BioCol w postaci dwuskladnikowej kompozycji
polimerowej ztozonej z modyfikowanego biopolimeru (polisacharydu) i polimeru syntetycznego (polimeru akrylowego). W badaniach
wykorzystano metody analizy termicznej (TG/DTG/DSC) w celu przeprowadzenia procesu degradacji termicznej badanej probki spoiwa
BioCol poprzez ustalenie efektéw cieplnych przemian zachodzacych podczas jego ogrzewania, zmian strukturalnych oraz masy. Badania
prowadzono w zakresie temperatury -100 — 600 °C. Ustalono, ze proces degradacji rozpoczyna si¢ od temperatury 130 °C. Przeprowadzona
analiza termiczna spoiwa ma istotne znaczenie w odniesieniu do procesu zalewania ciektym metalem formy z masy odlewniczej wiazanej
spoiwem BioCol.
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