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Thermal analysis of a sodium salt of the maleic acid-acrylic acid

copolymer used as a polymeric binder

RAPID COMMUNICATION

Summary — Samples of sodium salt of the maleic acid-acrylic acid copolymer used as a binding
agent in molding sands were investigated. Methods of thermal analysis (DTG, TG, DSC) were ap-
plied to assess the thermal stability of the investigated polymer sample by estimation of tempera-
ture and thermal effects of transformations occurring during its heating. Examinations were per-
formed at the temperature range -100—1000 °C. It was found that the total degradation process
starts at the temperature about 400 °C. In addition, the analysis of volatile decomposition products
was carried out by means of the Fourier transform infrared spectroscopy (FT-IR) and the
thermogravimetric (TG) method coupled „on-line” with the mass spectrometry (MS) method. At
the temperature range 300—400 °C the signals for small molecular masses were found, which indi-
cates that the degradation process and the fragmentation of polymer chains occurred as well as
small particles were formed (molecular weight: 15—55), including, first of all, H2O and CO2. Prob-
ably during the degradation radicals are also formed, which is indicated by the MS signals.
Keywords: polymer binders, molding sands, thermal analysis, degradation.

ANALIZA TERMICZNA SOLI SODOWEJ KOPOLIMERU KWAS MALEINOWY-KWAS AKRY-
LOWY STOSOWANEJ JAKO SPOIWO POLIMEROWE
Streszczenie — Analizie termicznej poddano próbki soli sodowej kopolimeru kwas malei-
nowy-kwas akrylowy stosowanej jako spoiwa w masach odlewniczych. W celu okreœlenia stabil-
noœci termicznej badanej próbki polimeru zastosowano metody analizy termicznej (DTG, TG,
DSC) i wyznaczono wartoœci temperatury i efekty cieplne przemian zachodz¹cych podczas ogrze-
wania. Badania prowadzono w zakresie temperatury -100—1000 °C. Stwierdzono, ¿e pe³ny proces
degradacji rozpoczyna siê od temperatury ok. 400 °C. Dodatkowo za pomoc¹ spektroskopii w
podczerwieni z transformacj¹ Fouriera (FT-IR) oraz metody termograwimetrycznej (TG) sprzê-
¿onej „on-line” ze spektrometri¹ masow¹ (MS) przeprowadzono analizê lotnych produktów roz-
k³adu. W temperaturze z zakresu 300—400 °C zaobserwowano sygna³y odpowiadaj¹ce ma³ym
ciê¿arom cz¹steczkowym, co œwiadczy o zachodzeniu procesu degradacji, fragmentaryzacji ³añ-
cuchów polimerowych i tworzeniu siê ma³ocz¹steczkowych zwi¹zków (ciê¿ary cz¹steczkowe
15—55), w tym przede wszystkim H2O i CO2. Podczas degradacji prawdopodobnie powstaj¹ rów-
nie¿ rodniki alkilowe, na co wskazuj¹ sygna³y MS.
S³owa kluczowe: spoiwa polimerowe, masy odlewnicze, analiza termiczna, degradacja.

Investigations related to utilizing water soluble poly-
mers as binding agents and to the development of their
crosslinking method have been carried out in the Labora-

tory of Environmental Protection (AGH University of
Science and Technology), for many years already [1—4].
The applied polymer material is a sodium salt of maleic
acid-acrylic acid copolymer. Methods of crosslinking and
hardening of this polymer in molding sands are already
developed [5]. A certain fragment of the performed stu-
dies related to the determination of the thermal stability
of the investigated polymer is presented in this paper.
Such determination is essential to the behavior of the
binding agent at increased temperatures during liquid
metal pouring into the casting mould. Information con-
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cerning the formation of gaseous decomposition pro-
ducts of this polymer, which can enter the atmosphere
during the technological process, are essential from the
point of view of the environmental protection.

EXPERIMENTAL

Materials

40 wt. % water solution of the sodium salt of maleic
acid-acrylic acid copolymer [formula (I)] of a brand name

Sokalan CP 5, produced by the BASF Company, charac-
terized by: pH = 8, viscosity according to Brookfield 2800
mPa · s and average molecular weight 70 000.

Methods of testing

The Thermo-Microbalance NETZSCH TG 209 F1 Iris®

with the effective resolution of 0.1 µg enables highly pre-
cise measurements under pure gas atmospheres from the
ambient temperature up to 1000 °C. Internal mass flow
controllers (MFC) guarantee a highly precise gas flow ad-
justment of three different gases.

For control of the measurements as well as for data ac-
quisition, modern digital electronics and the well estab-
lished NETZSCH Proteus® 32-bit Software are employed.
Several Advanced Software packages like c-DTA® [calcu-
lated differential thermal analysis signal (DTA-signal)],
Super-Res® (rate-controlled mass change) or Thermo-
kinetics® are available. Combining both thermogravi-
metric (TG) and spectroscopic methods such as Fourier
transform infrared spectroscopy (FT-IR) and/or mass
spectroscopy (MS), enables further identification of the
evolved gases.

Data exchange between NETZSCH Proteus® software
and Bruker OPUSTM software is done online during the
measurement. This guarantees simultaneous start and
stop of the measurement as well as the data exchange
during the measurement.

The basic parameters of thermal analysis of Sokalan
CP 5 are collected in Table 1.

T a b l e 1. Basic parameters of thermal analysis carried out for

Sokalan CP 5

Parameters Sokalan CP 5

temperature range ambient temperature — 500 °C

heating rate 10 K/min

atmosphere nitrogen

flow rate 40 cm3/min

crucible Al2O3

sample mass about 45 mg

RESULTS AND DISCUSSIONS

The results of thermal analysis of the Sokalan CP 5
sample are presented in Figure 1.

The TG and DTG curves showed four mass loss steps
of 9.0 %, 6.9 %, 8.9 % and 18.5 % below ~390 °C and two
further steps of 1.6 % and 14.9 % above this temperature.
In the temperature range: -100—0 °C polymorphous
transformations were not seen. The DSC curve showed
several endothermic effects which correlate well with the
observed mass loss steps. The thermal curves indicate
that the degradation process starts at the temperature
400 °C.

Figure 2 shows the 3D view of FT-IR spectra versus the
temperature registered for Sokalan CP 5. Three tempera-
ture values, 121, 400 and 461 °C, at which essential struc-
tural changes occur (mass changes and thermal effects),
were marked out on the basis of the thermal spectra. Then
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the analysis of the FT-IR spectra was performed for these
temperatures.

The extracted FT-IR spectra of the Sokalan CP 5 sam-
ple are shown in Figure 3. At 121 °C water is released
from the sample. At the temperature 400 °C the band
2400 cm-1 characteristic to the formation of CO2 occurs.
However, it can be noticed that at the temperature 461 °C
the intensity of the band originating from CO2 decreases.
In addition the new band characteristic to the methane
formation occurs at the wave number 3000 cm-1. The
band characteristic to the formation of CO was not seen.

In order to confirm the proper interpretation of the
FT-IR spectra the spectrum library was used and the ob-
tained spectra were compared with the standard ones for
CH4, CO2 and CO (Fig. 4 and 5).

The water vibrations are negative at 400 °C (Fig. 4) be-
cause water was released from the beginning of the mea-
surement and therefore was detected during the back-
ground measurement of the IR.

At 461 °C (Fig. 5) methane can be detected. Addition-
ally, saturated C-H stretching vibrations at about
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Fig. 3. FT-IR spectra of the spe-
cimen at 121 °C (blue), 400 °C
(red) and 461 °C (green)
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Fig. 2. 3D view of all registered FT-IR spectra versus tempera-
ture including the TG results at the side face



2970 cm-1 are shown, and other vibrations at about
1740 cm-1, 1360 cm-1 and 1214 cm-1 which should provide
an indication of C=O and C-O stretching vibrations.

Figure 6 contains the mass changes and some of the
strongest MS signals of Sokalan CP 5. The mass spectro-
meter signals shown indicate that the mass loss steps are
predominantly due to the release of H2O and CO2 with
mass numbers 18 and 44. The remaining signals for mass
numbers 15, 22, 37, 38, 39, 41, 43, 45, 46, 51 and 55 origi-
nate probably from alkyl radicals being formed during
the degradation process, but carbonyl compounds of
short chains can also be formed. However, the obtained
results require further studies.

A complete identification of the formed decomposi-
tion products on the basis of their molar mass is only pos-

sible when supplementary testing with gas chromatogra-
phy is performed.

CONCLUSIONS

The FT-IR investigations performed at increased tem-
peratures confirmed the thermal analysis results (DSC,
TG, DTG) related to the polymer thermostability. In the
temperature range -100—0 °C the polymorphous trans-
formations were not found. It was established that the
degradation process starts at the temperature approxi-
mately 400 °C. On the basis of the performed analysis of
volatile products of the polymer decomposition carried
out with the FT-IR method and the TG method coupled
„on-line” with the MS the signals of small molecular
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masses were found, which indicates that the degradation
process and the fragmentation of polymer chains oc-
curred as well as small particles and alkyl radicals were
formed (molecular weights 15—55), including, first of all
H2O and CO2.

The obtained molar masses indicate no formation of
aromatic compounds, which is essential from the point of
view of harmfulness when the polymer tested is used as a
binder for molding sands.

To fully identify the maleic acid-acrylic acid copoly-
mer sodium salt decomposition products, examination
with the gas chromatography method will be continued.
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