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Abstract

In this work, polypropylene (PP) films with varying percentages of dibutyrylchitin (DBC)
and stearic acid (SA) were prepared. In the first stage, the PP film was treated with
diisopropyl ether to extract stearic acid, resulting in a porous structure of the PP film
containing the DBC additive. Only stearic acid was washed out, as the diisopropyl ether
is not a DBC solvent. In the next stage, the film was treated with a 5% potassium hydroxide
solution to convert DBC into chitin and to convert any remaining SA into potassium
stearate (SP). Washing out the resulting SP with distilled water yielded porous PP film
with chitin and its derivative of DBC. Chemical changes occurring during processing
were examined using Fourier Transform Infrared Spectroscopy (FTIR). The morphology
of the film surface at consecutive processing stages was imaged using microscopic
methods: scanning electron microscopy (SEM) and optical microscopy (OM). After
solidification of the PP polymer matrix, the applied SA crystallises on the surface of the
PP film. As a result of the applied procedure, the PP film with the addition of DBC and
chitin was obtained. It is anticipated that this bioactive material can be used in medicine,
e.g., as a wound dressing, hernia mesh, or scaffolds.
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1. Introduction

Polypropylene (PP) is a semi-crystalline polymer of the polyolefin group. The properties
of PP depend on the molecular weight and its distribution and on the degree of
crystallinity [1, 2]. It is a light polymer with a density of 0.90 g/cm? suitable for many
industrial applications, as it has good chemical resistance, good mechanical, thermal, and
optical properties, as well as a long service life in electrical applications [3, 4]. PP is
a thermoplastic polymer; thus, it can be easily processed into fibre, film, membrane, or
a composite. The PP products are used in environmental protection and engineering as
filters, in the food industry as packaging, in construction as insulating materials, and in
medicine as dressings, surgical materials (such as filling materials including hernia meshes
[5-9]), or in tissue engineering (TE) as scaffolds or drug carriers.

In the case of tissue engineering (TE), where the primary goal is to replace organs or
restore specific cellular functions, natural materials, such as polysaccharides and
polypeptides, are used to obtain functional materials [10].

The antibacterial activity of materials is usually obtained by physical or chemical
treatment with appropriate compounds having adequate bioactive properties. One of the
compounds with very good bioactive properties is chitin and its derivative, chitosan.
Chitin exhibits high antimicrobial activity, biocompatibility, biodegradability, and low
immunogenicity. The presence of chitin in a dressing accelerates wound healing, reduces
scars, prevents inflammation and osteoporosis, and strengthens the body's immunity
without any side reactions [11-14].

Chitin, second only to cellulose, is the most common polysaccharide on Earth. Due to
its compact structure, chitin is insoluble in common organic solvents, which radically
limits its direct use. The improvement of chitin solubility can be achieved by chemical
modification, which leads to the formation of various derivatives. Dibutyrylchitin (DBC)
is an ester derivative that can be obtained by esterification of natural chitin with butyric
anhydride in the presence of perchloric acid [15—17]. DBC is readily soluble in commonly
used organic solvents and, therefore, can be used to obtain biomaterials [18-21]. DBC
exhibits biological properties such as biocompatibility, lipid solubility, biodegradability,
and chitin regeneration; therefore, its use in wound dressings or as scaffolds for cartilage
and bone repair has been investigated [22—-24]. DBC can also be used as an additive to
other polymers to render them bioactive properties. Examples are electrospun
poly(lactic acid) (PLA) and DBC [25, 26].

This article presents a method of obtaining PP films with the addition of a chitin
derivative that has not been described in the literature. The obtained PP-DBC material can
be used in medicine as a dressing and surgical material, and in tissue engineering as
scaffolds.

The aim of the research was to obtain microporous PP films with the addition of DBC
and to perform alkaline treatment for the regeneration of the DBC component to chitin.
Fourier transform infrared spectroscopy (FTIR) was used to examine chemical changes
occurring during the treatment, and optical microscopy (OM) and scanning electron
microscopy (SEM) were used to examine the surface morphology of the obtained films.

2.  Materials and Methods

2.1. Materials

The commercial isotactic polypropylene PP, Moplen HP 462R, produced by Lyondell
Basell Industries Holdings (The Netherlands), characterised by a melt flow index of
25 g/10 min, was used. Stearic acid (SA, CisH3602) and diisopropyl ether (CsH140) were

98 Progress on Chemistry and Application of Chitin and its Derivatives, Volume XXX, 2025,
https://doi.org/10.15259/PCACD.30.005



Forming of polypropylene film with addition of dibutyrylchitin and stearic acid

supplied by POL-AURA (Zabrze, Poland), potassium hydroxide and acetone by Chempur
(Piekary Slaskie, Poland). Dibutyrylchitin, DBC (C14H»07N), of Mw = 160 kDa, was
synthesised at the Department of Mechanical Engineering, Informatics and Chemistry of
Polymer Materials, £.60dZz University of Technology. It was synthesised from chitin
originating from shrimp shells (practical grade powder, Sigma-Aldrich Co. LLC., US)
through esterification with butyric anhydride. DBC was characterised by 97.8% of
acetylation and an intrinsic viscosity of 1.35 dl/g determined for its solution in acetone at
25°C. The chemical structures of the components are shown in Figure 1.
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Figure 1. The chemical structure of reactants and the product: (a) PP, (b) SA, (c) DBC.

2.2. Methods

2.2.1. Preparation of Films and Alkaline Treatment

DBC and SA were dissolved in acetone. An appropriate amount of PP granulate was added
to the solution. The solution was mixed with a mechanical stirrer at 60°C (Figure 2) until
the solution-derived DBC and SA became evenly distributed on the surface of the
PP granulate and the acetone evaporated. In this way, PP granulate coated with SA and
DBC was obtained, which was then melted in an extruder (PROMA, Poland) at 170°C.
As a result, homogeneous blends of PP and SA with the addition of DBC were obtained
(Table 1), which served as the basis for forming the film.
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Figure 2. Schematic diagram of the preparation of PP granulate with additives for
extrusion compounding and film manufacturing.
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Table 1. Composition of DBC/SA/PP blends.

Sample DBC [%] SA [%] PP [%]
1 0.0 10.0 90.0
2 5.0 10.0 85.0
3 5.0 20.0 75.0
4 7.5 10.0 82.5
5 10.0 20.0 70.0

The blends were pressed into film in laboratory conditions using a moulding press,
Elcometer K 8400 (SciTeeX, Poland). All foils of 0.15 to 0.25 mm thickness were
obtained using the same technological parameters: a pressure of 500 kG at a temperature
of 165°C for 2 min. The films obtained with different contents of the additives were treated
in diisopropyl ether to selectively remove SA, whereas DBC remained intact.
Subsequently, the films were subjected to alkaline treatment in a 5% KOH solution and
rinsed several times with water. The alkaline treatment aimed to convert DBC in the
polymer matrix to chitin.

2.3. Analytical Methods

2.3.1. FTIR Spectroscopic Measurements

The spectroscopic investigations were carried out using a Nicolet 6700 Fourier Transform
Infrared spectrophotometer (Thermo Scientific, Waltham, MA, USA) equipped with
a photoacoustic MTEC model 300 accessory (Thermo Scientific, Waltham, MA, USA).
OMNIC 9.0 software was applied to analyse the raw data. For photoacoustic testing,
samples were placed in a dedicated snap holder. The spectral region was 4000 - 500 cm™,
with a resolution of 4 cm™!, 64 scans were done for the solid samples. Each spectrum was
analysed using a linear baseline and pre-processed by means of Fourier smoothing.

The distribution of the applied additives inside and on the surface of the film was
studied using a Nicolet 6700 Fourier Transform spectrophotometer (Thermo Scientific,
Waltham, MA, USA) with an IR CONTINUUM microscope (Thermo Scientific,
Waltham, MA, USA) employing the spectral map method. The band intensity distribution
at the maximum position of 1740 cm™' is characteristic of ester groups occurring only
in DBC.

2.3.2. Morphology Analysis
The morphology analysis was performed using scanning electron microscopy (SEM, JSM
5500 LV, JEOL, Tokyo, Japan). The microscope was operating in back-scattered electron
mode, using an accelerating voltage of 10 kV. The samples were gold-coated in a JEOL
JFC 1200 (Tokyo, Japan) ion sputter coater.

The sample surface was also examined by an optical microscope (OM) (Reichert,
Vienna, Austria) equipped with an ARTCAM CCD camera (Olympus, Tokyo, Japan),
controlled by the Motic Images Plus 2.0 computer program.

3.  Results and Discussion

The interactions of the PP, SA, and DBC components in DBC/SA/PP films were
investigated using FTIR spectroscopy. Wavenumbers characteristic of PP, SA, and DBC
are labelled in Table 2. Figure 3 shows the individual spectra of PP, SA, DBC, and the
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spectrum of an exemplary film with the composition of 10% DBC, 20% SA, 70% PP
(Table 1, sample 5), with the characteristic oscillation bands indicated.

Table 2. Wavenumbers of the bands in the FTIR spectra of PP, SA, DBC, chitin, and

SP [27-31].
Sample Wavenumber from FTIR [cm™] Oscillation bands
PP 1454 CH3s asym.
1410 CHjs asym.
1378 CH3 sym.
1302 CHj3 sym.
1166 C—C str.; C—C in CHj3 rock.
998 CH; rock.
972 CHjrock.; C—C str.
900 CHsrock.; C—C str.
842 C—H rock
807 C—C str. CH; rock.
SA 1699 Cc=0
1463 CH; asym.
1430 CH; asym.
1296 CH, sym.
1240 Cc-0
1220 Cc-0
1200 Cc-0
943 CH;rock.; C—C str
807 C—C str. CH; rock.
723 C-H
688 C-H
DBC 1740 Cc=0
1668 Amide I (C=0)
1540 Amide IT (C—-N)
1459 C-H
Chitin 1660 Amide I (C=0)
1625 Amide I (C=0)
1558 Amide II (C-N)
1380 C—H sym.
1314 Amide IIT (C—N)
1260 CH: sym.
1204 c-0
1157 Cc-0
1116 Cc-0
1074 Cc-0
953 CHzrock.; C—C str
897 C—H rock
718 Cc-C
SP 2930 CH; str. asym.
2851 CH; str. sym.
1576 Cc=0
1465 CH; sc.
1417 CHs sc.
1003 C—Csk.
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Figure 3. FTIR spectra of DBC, SA, PP, and the sample 5 film (F; 10% DBC, 20% SA,
70% PP).

The PP spectrum is characterised by peaks at the maximum band positions of 1454, 1410,
1302, 1166, 998, 972, 900, 842, and 807 cm!, consistent with the oscillation descriptions
in Table 2. The SA spectrum is characterised by peaks at the maximum band positions of
1699, 1463, 1296, 1240, 1220, 1200, 943, 807, 723, and 688 cm’!, consistent with the
oscillation descriptions in Table 2. In the spectrum of the film, in addition to the major
bands originating from the PP at maximum positions of 1410, 1376, 1297, 1167, 998, 972,
900, 842, and 807 cm!, bands characteristic of SA are visible at 1698, 1461, 1240, 1220,
1200, 723, and 688 cm'. During the film formation, the mixture phases separate. Firstly,
as PP solidifies, SA, together with DBC, is separated in the form of flakes on the surface
of PP spheres or is occluded within them. In the FTIR spectra for DBC/SA/PP films, the
bands corresponding to DBC are not visible. At this stage, DBC is dispersed in PP and
SA, and its bands are superimposed by the stronger bands of SA and PP. DBC bands
become visible after the film is treated in diisopropyl ether and the SA is partially extracted
(Figure 4).

Removing stearic acid crystals from the film's surface is clearly visible in SEM
photographs. Figure 5 shows the film before and after stearic acid extraction, respectively.
The SA flakes precipitated on the film surface are dissolved during the extraction process
from the film with diisopropyl ether. SEM photograph of the film after extraction
(Figure 5b) shows free spaces and microinclusions of DBC.

102  Progress on Chemistry and Application of Chitin and its Derivatives, Volume XXX, 2025,
https://doi.org/10.15259/PCACD.30.005



Forming of polypropylene film with addition of dibutyrylchitin and stearic acid

1698

1460 1376

Absorbance, au.

1600 1400 1200 1000 800

Wavenumbers, cm?

Figure 4. FTIR spectra of the sample 5 films (10% DBC, 20% SA, 70% PP) before (F)
and after (FE) stearic acid extraction.

(b)

Figure 5. SEM photographs of the sample 5 films (10% DBC, 20% SA, 70% PP)
(a) before and (b) after SA extraction.

The surface morphology of the films was also examined using optical microscopy
(Figure 6). Significant difference in the appearance of the films results from the specific
optical properties of the free space within the PP matrix. Depending on the microstructure
of the micropore surface, they interact specifically with visible radiation. The fundamental
differences in the observed samples are caused by the extraction of SA (Figure 6b), which
crystallises in the form of flakes (Figure 6a) and scatters light in a specific direction, that
can be observed under the optical microscope.
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(b)
Figure 6. The optical microscopy images of sample 5 films (10% DBC, 20% SA, 70%
PP) (a) before and (b) after SA extraction.

The distribution of DBC on the surface of the obtained film was studied using FTIR
microscopy in the mid-infrared range. Spectroscopic maps were analysed for the intensity
of the band at the maximum position of 1740 cm’!, characteristic solely for DBC.
An example result of the measurement of spectroscopic maps is presented in Figure 7.

040 050 060 0.70 0,80 0.90 100 110 1120 1)30 140 150 160 170 180 1.00 200 2.10 220 2,30 240

(a) (b)
Figure 7. Spectrum map for the 1740 cm-1 band of the sample 5 film surface (10%
DBC, 20% SA, 70% PP) (a) before and (b) after SA extraction.

The analysis of the spectroscopic map of the film with the addition of DBC indicates the
appearance of the absorption band of carbonyl oscillators of butyric ester groups in the
form of weak scattered signals. This is probably related to the blocking of DBC signals by
SA (Figure 7a). After the extraction of SA with diisopropyl ether, the signal from DBC
increases significantly (Figure 7b). Its distribution indicates DBS presence on the surface
of pores formed in the PP films.

Figure 8 presents FTIR spectra of the film treated in 5% KOH and rinsed with water.
After the alkaline treatment, the spectra show trace bands at the maximum position of
1100 and 718 cm™!, characteristic of SP, which is formed as a result of the reaction of the
hydroxide with the SA remaining in the film.
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Figure 8. FTIR spectra of chitin, potassium stearate (SP), sample 5 film after SA
extraction (FE), and after alkali treatment (FA).

SP is a water-soluble compound, therefore, during rinsing, most of the SP is removed from
the film, resulting in a porous structure. Only residues of SP, more strongly bound to the
PP matrix, remain in the film. Simultaneously with the transformation of SA during the
alkaline treatment, DBC is transformed into chitin, which is evidenced in the FTIR spectra
(Figure 8). This is confirmed by the absence of the ester group characteristic band with
the maximum position of ca. 1740 cm™! characteristic of DBC. During rinsing with water,
DBC and chitin are not removed from the film. Chitin remains in the polypropylene films
as demonstrated by the presence of the bands with maximum at ca. 1660, 1074, and
898 cml.

Figure 9 shows an example SEM photograph of a film treated with 5% KOH and rinsed
with water. The sample 5 film (10% DBC, 20% SA, 70% PP) after alkaline treatment has
voids and micro-inclusions of the chitin formed.

Figure 9. SEM photograph of sample 5 film (10% DBC, 20% SA, 70% PP) after alkali

treatment.
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4.  Conclusions

As a result of the employed procedure, PP films with the addition of DBC and SA were
obtained. SA solidifies on the surface of PP in the form of flakes during film formation.
As a result of SA extraction in a selective solvent of diisopropyl ether, the flakes were
washed out from the surface of the film and partially from its internal part; thus, the film
reveals a porous structure. Usage of diisopropyl ether prevents DBC removal from the
film, as DBS is not soluble in this solvent. In the next stage, as a result of alkaline
treatment, any remaining SA residues react to form SP. At the same time, alkaline
treatment causes de-esterification of DBC to regenerate chitin. Finally, rinsing with water
causes SP removal, whereas chitin remains untreated.

The obtained results confirm the possibility of production of porous polypropylene
film containing chitin and its derivative of DBC, which is foreseen to be used in medicine
as a dressing material, a drug carrier, or surgically as a hernia mesh and as a scaffold in
tissue engineering.
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