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Abstract

The polyurethane (PU) elastomers based on hydroxy-terminated hyperbranched
polyester (BH-20) and 4,4’-methylenediphenyl diisocyanate (MDI) as hard
segments and hydroxyl-terminated ethylene oxide-poly(dimethylsiloxane)-
ethylene oxide (PDMS-EQ) as soft segment, were synthesized and examined in
this work. The obtained results show that sol fraction decreases and thermal
stability increases with increase of the hard segment content.

Introduction

Crosslinked polyurethanes (PUs) have numerous applications such as coatings,
elastomers, sealants, foams and adhesives due to their unique properties and great
efforts have been made in chemistry and physics of PUs. PU elastomers showed
excellent mechanical and elastic properties, but lower thermal stability. Their
thermal stability can be improved by introduction of PDMS segments in PU
backbone. The properties of PU elastomers are depending on the molecular
weight of the soft segment as well as on the chemical structure of all components.
The use of hyperbranched (HB) polymers as crosslinker of PUs has attracted
large scientific attention over the last years, because of their unique structure and
properties and simple synthetic procedure [1-3].

In this work, the influence of the content of macrodiol on the structure,
swelling and thermal properties of crosslinked PUs based on ethylene oxide-
poly(dimethylsiloxane)-ethylene oxide, was investigated. Crosslinking agent was
hydroxy-functional aliphatic HB polyester of the second pseudo generation (BH-
20, Boltorn®).

Experimental

The PU networks were synthesized by catalyzed two-step polymerization in
solution (NMP/THF) using PDMS-EO (M,= 1200 g mol'), 44'-
methylenediphenyl diisocyanate (MDI) as monomers and BH-20 (M, = 1340
g/mol, functionality f, = 12) as crosslinking agent. The molar NCO/OH ratio was
1.05. The PU prepolymer was synthesized in an argon atmosphere by reacting
PDMS-EO with excess MDI. Then the prepolymer was reacted with BH-20.

521



Reaction was carried out in reaction vessel at 40 °C for 1 h. The obtained mixture
was then cast in Teflon® dish and heated in oven at 80 °C for 50 hand 1 h at 110
°C. The crosslinked samples were obtained as brown films.

IR spectra of the crosslinked PUs were recorded on ATR NICOLET 380
FTIR spectrometer. Swelling behavior of square samples was investigated in
toluene at room temperature. The thermal stability of samples was determined by
thermogravimetric (TG) analysis, using TGA Q500 V6.3 Build 189 instrument in
nitrogen atmosphere, at heating rate of 10 °C/min.

Results and Discussion

Some important properties of the synthesized PU networks are listed in Table 1.
The soft segments content, SSC, was varied in the range from 30 to 50 wt. %.
The chemical structure of PUs was determined by IR spectroscopy. The
characteristic stretching frequencies for PUs appear at 3310 cm™ (vap), 1533 cm’
" (Ve + S, amide IID), 1259 em™ (ve + Sn, amide 1), 1733 em™ (Vecoester),
1710 ecm™ (Ve-ourethane)s 1598 ¢m™ (Veoc arom), 1015 and 1080 cm™ (ve.otvsiosi). In
the IR spectra of PU samples the isocyanate -N=C=0 band (2260 cm™) and
hydroxyl group (3000 cm™) from BH-20, were not detected.

Table 1. The soft segments content, SSC, maximum swelling degree, ¢, and
characteristic temperatures of thermal degradation of crosslinked PUs.

Sol
Sample SSC, wt.% Gmax fraction, T1o, °C Tso, °C T, °C
%
PU1-30 30 0.3 4.5 287 356 302/415/563
PU1-40 40 0.5 8.3 278 341 299/336/406/560
PU1-50 50 0.4 10.3 283 335 292/324/423/554
PUI-50 0,5-
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Fig.2. The change of the swelling degree, ¢,
Fig.1. IR spectra of crosslinked PUs. with time for crosslinked PUs.

The results obtained by investigation of swelling behavior of the

synthesized crosslinked PUs in toluene at room temperature are presented in
Table 1 and Fig. 2. Values of the swelling degree, g, were calculated using
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conventional gravimetric method, equation g = (m-mg)/my and values of the
sample weights before, m,, and after swelling, m. The sample weight was
measured periodically, and the change with time was recorded. After reaching the
maximum weight, the samples started loosing weight because of the extraction of
the sol fraction until constant values were obtained. The obtained sol fraction
increases from 4.5 to 10.3 % with increasing soft segment content.

1004

Fig.3. TG curves of investigated
crosslinked PUs, determined in nitrogen
atmosphere, at heating rate of 10°C/min.

From the results presented in Fig. 3 it
can be observed that the thermal
degradation of these crosslinked PUs is a
three-step process in nitrogen. This is
Y Y clearly = demonstrated  from  the

0,500 600  characteristic temperatures obtained
’ from thermogram derivative curves
(Table 1.). The thermal degradation of polyurethanes first goes via decomposition
of urethane bonds, followed by breakage of the soft segment. Further
decomposition in the region between 500 and 600 °C correlates with the aromatic
content in polyurethanes [4]. The T}, value is considered to represent the beginning
of degradation. The degradation of the PUs commences between 278 and 287 °C.
Also, the temperature of 50 weight % loss (750) of the PUs increases with
increasing content of hard segments.

Weight loss, %

O T T T
100 200 300 400

Conclusions

The results presented in this work show that content of macrodiol have significant
influence on the properties of PU networks. Thermal stability decreased with
increase of macrodiol content. At the same time, as the content of PDMS-EO
increase the determined sol fraction of these samples also increased.
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