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| 1. Introduction

Polyurethane (PUR) foam is a synthetic polymer . PUR can provide protection and insulation of materials against
temperature, moisture, abrasion, or impact. In 2016, PUR foams constituted 67% of global PUR consumption 2, pUR
foams are commonly formed by the reaction of diisocyanate or polyisocyanate with polyol. These foams may occur in
several forms, e.g., flexible or rigid foams and in a spray. The global PUR market was characterized by moderate growth
during 2015-2020 B!, According to the Global Polyurethane Foam Market Report, published on January 2020 by BCC
Publishing, the global PUR foam market may increase by USD 9.8 billion between 2019 and 2024 4.

PUR foams for oil sorption are known in the literature EISIZ These foams have also been modified by natural
components, for example, acerola and bagasse malt residues [, Australian palm residues (PR) €, or chitosan (Ch) from
northern prawn shrimp waste [,

| 2. Chemical Structure

The chemical structure of Ch, PUR and PUR+Ch foams were evaluated on the basis of the ATR-FTIR analysis. The
spectrum of Ch was consistent with the literature [AEIE], |t was possible to observe a broad band in the range of 3600—
3100 cm™! wavenumbers, which is characteristic of the stretching vibrations of the N-H and O-H bonds. Moreover, the
bands visible at the wavenumbers 1652.6, 1582.2, and 1315.8 cm™1, were assigned to the amide |, amide II, and amide I
bands, respectively. This confirmed that Ch was the only product of partial deacetylation of chitin 19,

Since the bands characteristic for Ch were overlapping bands of urethane groups, it cannot be determined whether the
chitosan was present on the foam surface or was stuck to the polyurethane chains. The FTIR spectra of all tested
polyurethanes are almost identical (Figure 1). No bands were found to develop or disappear after the addition of Ch, nor
were large differences found in the intensity of the bands and their wavelengths.
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Figure 1. ATR-FTIR spectra.



The absence of the band corresponding to the -NCO groups (2237 cm™) in the polyurethane’s spectrum indicated the
complete reaction (Figure 1). The presence of bands confirming the formation of the urethane group (-NHCOO-) was
found in the ATR-FTIR spectra of all tested materials. The additional oxygen in the structure of the urethane group
compared to amides causes different wavenumber values of the amide bands compared to those of the chitosan-
containing acetamide groups . For PUR foams, the bands of amide Il (53 NH, v CN) and amide Ill (v CN, 3 CO, & NH)
were 1526 cm™t and 1223 cm™2, respectively, whereas the stretching vibration of the C=0 group (amide |) was at 1722.3
cm™, and the N-H group was at 3303.3 cm™. The spectra show that the characteristics of the chemical structure of PUR
foams were preserved after the addition of Ch particles. Only a discrete shift of -N-H bands of PUR+Ch foams towards
lower wavenumber values in comparison to neat PUR (up to 3289.4 cm™1) may indicate engaging of the -OH groups of Ch
in the formation of hydrogen bonds with the urethane group of the hard segments of PUR+Ch foams. The bands
corresponding to the urethane carbonyl groups practically did not shift after the addition of chitosan. It is known that amide
band Il shifts towards higher frequencies when a hydrogen bond is formed between the urethane and ether oxygen (from
the soft segments) 2. Thus, the reduction in the wavenumber of this band after the introduction of Ch into the PUR
structure (from 1526 to 1514 cm™ for PUR+Ch1l and PUR+Ch2 or to 1511 cm™! for PUR+Ch3) indicated that the Ch
particles influenced the interaction of PUR chains.

| 3. Structure Morphology and Characterization of Pore Structure

SEM images in Figure 2 show the structure of PUR and the exemplary PUR+Ch foam. Pore size in the neat PUR foam
varied widely, and their diameters ranged from 0.09 to 0.76 mm. The introduction of Ch resulted in a decrease in the
uniformity of the pore diameter (ranged from 0.01 to 0.92 mm). On the contrary, the shape of the pores was slightly more
regular. The shape of PUR+Ch2 foam was the most homogenous. The PUR+Ch3 foam was characterized by a greater
pore size dispersion. The presence of a larger amount of Ch particles resulted in a less uniform pore formation in the
foaming process and a more compact structure of the foam structure.

Figure 2. SEM images of PUR ((a,b), where (b) shows the fragment from the red selection of image (a)) and PUR+Ch2
foam ((c,d), where (d) shows the fragment from the red selection of image (c)).

The observation of the images shows that there were small holes in the pore walls of the PUR+Ch. Thus, the surface of
interaction of the foam was increased, which might improve its sorption capacity.

The tested foams had high open cell content, which is known in the literature 1314115 Taple 1 presents values of the
open cell content in the tested materials. Incorporation of Ch into the PUR matrix influenced the content of open cells in
the synthesized foams. Incorporation of Ch (1-3 wt%) into the PUR resulted in a noticeable increase in open cell content
(from 84.3% to 93.4-95.8%), which was associated with differences in density between the matrix of PUR and Ch as filler.
Furthermore, Husainie et al. stated that the adding of Ch filler resulted in an increase in the number of open pores 8. The
slight decrease in the open cell content after increasing the amount of filler was probably due to some agglomeration of
the patrticles.



Table 1. Open cell content (with standard deviation SD) of PUR and PUR+Ch foams.

Foam Open Cell Content  SD (%)
PUR 84.3 +158
PUR+Ch1 95.8 +0.82
PUR+Ch2 04.9 + 042
PUR+Ch3 03.4 + 034
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