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In the European Union, the potential for recycling technological and post-consumer polymeric
waste is untapped. Their recycling and reuse are very low, compared to other types of waste such
as glass, paper, etc., and the rates of storage, even of incineration, is very high in terms of
percentage. Therefore, by reusing them, but also making use of new advanced technologies, we
can contribute to improving the quality of products, and to environmental protection by recycling
waste, protecting human health by eliminating toxins during their incineration, but also increasing
turnover for global economic agents. Thus, this paper presents the obtaining and characterization
of an antibacterial compound based on EPDM elastomer and wood waste (sawdust). The
antibacterial compound is characterized from a physical-mechanical and structural point of view
(FT-IR), all according to standards in force.
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INTRODUCTION

Worldwide, and in Europe especially, millions of tons of waste are generated every
year from the textile industry, from the wood processing industry and not only. Reuse
and recycling of waste are real options to reduce the amount of waste and thus their
impact on the environment, as provided by Directive 2008/98/EC (Plastics, The Facts,
2017). About 30% of this waste, even less, is collected for recycling. A large part of this
is stored in improper conditions, and incineration has seen an alarming increase in the
last decade. Thus, it has been globally estimated that by generating and burning only
plastic waste and those from the wood industry, approximately 600 million tons of CO;
are generated (Plastics, The Facts, 2017). Wood waste is classified by European
standards as common waste, not hazardous or toxic to the environment. The
transformation of waste (cryogenically ground and functionalized) into new value-
added products will lead to remarkable improvements in the life cycle of raw materials
and sustainable use of this waste, contributing to increasing sustainability, improving
eco-efficiency and economic efficiency and reducing the “pressure” of environmental
waste (Alexandrescu et al., 2019; Zhu et al., 2017; Fan et al., 2019).

The compounding of elastomers and wastes, in the presence of vulcanization systems,
led to biodegradable mixtures with good properties for the footwear industry and for
elastomeric parts without special characteristics (Nituica et al., 2018). Vulcanization of
compounds has a major impact on the final properties of products, representing an
important property, and in order to obtain biodegradable composites, current trends are the
use of natural materials (wood, protein fibers, etc.) and vulcanized rubber as a reinforcing
material (Roucoules et al., 2007; Stelescu, 2011; Stelescu et al., 2020).
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EXPERIMENTAL PROCEDURE

Materials

The following materials were used: (1) ethylene-propylene-diene (EPDM),
terpolymer rubber, specific gravity — 0.872, Mooney viscosity — 60 MU, ethylene
content — 67.5 wt%, ethylidene norbornene (EBN) contents — 5.0 wt%,; (2) Stearin
(ST), granules, white color, molecular weight 284,48 g/mol, dynamic viscosity 9,87
mPa.s at 70°C, volumetric weight approx. 400 - 500 kg/m?; (3) Zinc oxide (ZnO),
microparticles: white powder, precipitate 93-95%, density — 5.5 g/cm, specific surface —
45-55 m?/g); (4) chalk (CaCOs precipitate) — white powder, molecular weight 100.09);
(5) wood waste (sawdust), obtained by cryogenic grinding at 10000 rpm for 15 s and
screened through a 1 mm mesh screen; (6) silicon dioxide (SiOz), molecular mass 60,08
g/mol, white color, volumetric weight approx. 200 - 1.430 kg/m?, particle size < 0,5
mm; (7) Polyethylene Glycol (PEG 4000), slightly yellow or white flakes, pH: 5-7(1%
APA), density: 1.080 g/cm?, dynamic viscosity: 310 mPa.s; (8) Dioctylphthalate (DOF),
colorless liquid, density: 0.982 g/cm?; (9) N-lIsopropyl-N'-phenyl-1,4-phenylenediamine
(IPPD), brown flat granules, molar mass: 226,317 g/mol, density: 1.04 g/cm?; (10)
sulphur (S), vulcanization agent (fine yellow powder, insoluble in water, melting point:
115°C, faint odor); (11) tetramethylthiuram disulfide (TH) — curing agent (density 1.40
g/cm, melting point <146°C, an ultrafast curing accelerator); (12) 2-
mercaptobenzothiazole (M) — curing agent (slow curing accelerator, molar mass:
167.25 g/mol, assay 97%, density 1.19 g/cm.

Procedure

The biodegradable compounds based on EPDM elastomer, wood waste (sawdust),
CaCOs, SiO2, ZnO, antioxidants, sulfur, Th, M and plasticizers were made on a Plasti-
Corder Brabender Mixer, in strict compliance with the order of introduction of the
ingredients, Table 2. After the mixing process, the recipes were completed with
accelerators on a laboratory roller, 1 kg capacity, water cooling. The making of the
mixtures on the Plasti-Corder Brabender mixer is presented in Table 1.

Table 1. Working method using Brabender mixer

The order of introduction Mixing time Mixing speed Temperature,
of the ingredients (minutes) °C
EPDM rubber 1’ 307 40 rpm 45°C
Ingredients (without 4’ 30” 20 rpm
vulcanizing agents)
Homogenization time 2 60 rpm 60-145°C
TOTAL 8’ 20-60 rpm 45°C-145°C

Vulcanizing agents are added on the laboratory electric roller, at temperatures of 23-
30°C, 50 rpm, and the working method is as follows: dosing of raw materials; the
mixture is plasticized between the rollers; the vulcanizing agents are introduced
according to the recipe, Table 1; addition and mixing time 5-10 minutes; after adding
the vulcanization accelerators, mixing is continued for 1-2 minutes for a good
homogenization. The mixture is then removed in the form of a 2-3 mm thick sheet.
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For the characterization the obtained polymer composite is added in the molds,
using the electrically heated press, TP 600, by means of compression method, between
its platters, at a temperature of 165°C and 300 KN pressure for 6 to 13 minutes actual
forming in the press and 10 minutes cooling with water.

Table 2. Formulation of biodegradable compounds based on EPDM rubber and wood

waste

Symbol MU SO SLi SL2 SLs SLy
EPDM g 190 190 190 190 190
Stearin g 285 285 285 285 285
ZnO g 9.5 9.5 9.5 9.5 9.5
SiO2 g 19 38 19 0 0

CaCOs g 76 475 475 475 9.5
Wood Waste g - 19 38 57 95

PEG4000 g 7.6 7.6 7.6 7.6 7.6
DOF g 19 19 19 19 19

IPPD g 5.7 5.7 5.7 5.7 5.7
Sulphur g 1.9 19 19 19 19
M g 228 228 228 228 228
Th g 114 114 1.14 114 114

Characterization of Biodegradable Compounds

The testing of biodegradable polymeric compounds based on EPDM rubber and
wood waste was performed in terms of physical-mechanical and structural
characterization (FT-IR) by appropriate techniques.

The biodegradable compounds were tested in compliance with the physical-
mechanical standards in effect: °ShA hardness — 1SO 48-4:2018; elasticity %, 1SO
4662:2017; tensile strength, modulus, N/mm?— SR ISO 37-2020; tear strength, N/mm —
ISO 34-1:2015; elongation at break, N/mm?— SR 1SO 37-2020; Abrasion, mm3, SR 1SO
4649/2010, normal condition.

FT-IR spectral determinations were performed with a double beam IR molecular
absorption spectrometer, in the range 4000-400 cm™, using the FT-IR Thermo Nicolet
iS 50, equipped with ATR with diamond crystal.

RESULTS AND DISCUSSION

The obtained biodegradable compounds were physically-mechanically and
structurally characterized according to the standards in force.

Physical-Mechanical Characterization of Biodegradable Compounds

After stabilization at room temperature for 24 hours, the biodegradable compound
specimens based on EPDM rubber and sawdust (wood waste) are subjected to physical-
mechanical determinations, Table 3.
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Table 3. Physical-mechanical characterization of biodegradable compounds based on
EPDM rubber and wood waste

Symbol SO SL1 SL2 SLs SL4
Physical-mechanical characterization: normal condition
Hardness, °Sh A 50 61 62 63 61
Elasticity, % 32 34 36 34 32
Modulus 100, % 0.89 1.2 1.03 0.89 0,75
Modulus 300, % 1.47 1.8 - - -
Tensile strength, N/mm? 2.06 2.62 15 1.04 0.90
Elongation at break, % 420 440 300 180 240
Tear strength, N/mm? 10.37 18.05 12.76 7.76 12
Abrasion resistance, mm3 121.14 14478  282.13 3954 431.38

As the amount of SiO2 in the mixtures is replaced, it is observed that the hardness of the
compounds increases from 61-63°ShA. The increase is determined by the hardness of the
sawdust, as well as by the bonds that are formed during processing between the EPDM
elastomer and the filler. Elasticity presents a small and non-uniform variation. The values of
tensile strength, tear strength, elongation at break and modulus increase as the active filler is
replaced with wood waste, reach a maximum point for the SL; sample, and then decrease;
this phenomenon may be due to larger particle sizes of wood and powder, respectively,
compared to those of the active filler of silicon dioxide. The abrasion resistance in the case
of these mixtures made with wood waste increases by approximately 9%.

Comparing the 2 specimens that do not contain silicon dioxide, SL3 and SL., it is
observed that by replacing 20 phr (parts) of calcium carbonate (inactive filler) with
wood waste, there is a decrease of hardness by approximately 2°ShA,; also the values of
tensile strength increase by 13% and of course in the case of the abrasion resistance an
increase of 9% is observed. Elongation at break and tear strength also increase. The
changes in characteristics are not significant, compared to the changes observed by
replacing the silicon dioxide active filler.

FT-IR Spectrometric Analysis

The spectra for biodegradable compounds based on EPDM elastomer and wood
waste are shown in Figures 1 and 2. The bands related to the stretching vibrations are a
function of those obtained in the reference spectra for EPDM rubber and those of simple
wood waste treated with potassium oleate. The vibration attributes obtained for the non-
vulcanized EPDM elastomer are shown in Table 4.

Table 4. Vibration assignments and IR frequencies of unvulcanized EPDM

Sample code  Frequency Intensity Vibration assignment

EPDM 1463,71 0,1755108 (CH2) CH3z asymmetric
1375,96 0,0827913 CHs symmetric
721,247 0,0512599 (CH2) crystallinity

The FTIR spectrum of untreated wood waste (Figure 1) shows the adsorption bands
in the region 3339.55, 2901.48 and 1735.06 cm™* due to the stretching vibrations of the
O-H, C-H and C=0 bonds. These adsorption bands are due to the hydroxyl groups in
cellulose, the carbonyl group of acetyl ester in hemicellulose and the -CHO groups in
lignin. The bands from 1601.17 cm™ and 1508.58 cm™* are due to C=C bonds in the
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aromatic skeleton of lignin. The band corresponding to the peak at 1422.04 cm is due
to the deformation of lignin C-H bonds and the band from 1263.31 cm™ represents the
stretching vibration of C-O bonds from lignin, while the one from 1027.01 cm™ is due
to the stretching of C-O and C-C bonds of the ring from cellulose and hemicellulose.

£Wood waste

7 Wood waste functionalized with potassium oleate

Figure 1. FTIR spectra of untreated wood waste and wood waste treated with potassium
oleate

In the case of wood waste treated with potassium oleate, Figure 1, the band
associated with -OH groups moved to the value of 3341.76 cm, and the band
corresponding to C-H groups moved to 2918.61 cm™ compared to the values obtained
for the untreated wood waste. Moreover, the peak corresponding to the carbonyl groups
C=0 moved to the value of 1722.9 cm™ in the case of treated wood waste, because the
ester bonds in hemicellulose were broken following the chemical treatment. The band
from 1560.39 cm™* comes from the -COO- group from oleate, which demonstrates that
the process of modifying wood waste has taken place.

Hbsotance

Figure 2. FTIR spectra of biodegradable compounds based on EPDM rubber and wood
waste treated with potassium oleate, SO, SL1, SL,, SL3, SL4

In the case of EPDM potassium oleate-treated wood waste samples, Figure 2, the
bands from silica, calcium carbonate, wood waste (sawdust) and EPDM rubber can
be identified; their relative intensities vary depending on the percentage existing in
mixtures. Thus, for a better identification of the presence of wood, the three spectra
related to SO mixtures (control sample with the highest percentage of CaCOs - 40%,
10% SiO,, but without treated wood waste), the SL, mixture containing 20% SiO»,
20% treated wood waste and 25% CaCQs, and SL4 mixture containing 50% treated
wood waste, 5% CaCOs and 0% SiO, were overlapped. Thus, in SL, one can easily
see the SiO; peak centered at about 1107 cm™, and calcium carbonate at about 1427,
874 and 713 cm™. For the SL, sample, the 1107 cm™ band characteristic of silica
disappears, and the band characteristic of calcium carbonate decreases significantly,
due to the considerable reduction of the percentage of CaCQOs. The wood waste, due
to the low intensity peaks can be highlighted at about 1030 cm? as peaks
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superimposed over the peaks characteristic of the basic compositions. The band from
approximately 1730 cm™ can be assigned to C=0 groups from the plasticizer used
and DOF, its relative intensity being similar in all mixtures, because the amount
introduced in all mixtures remained constant at 10%.

CONCLUSIONS

The testing of biodegradable polymeric compounds based on EPDM rubber and
wood waste was performed in terms of physical-mechanical and FT-IR characterization
according to the standards in force after stabilization of room temperature for 24h.

From the comparison of the specimens that do not contain silicon dioxide, SL3 and
SL, it is observed that by replacing 20 phr of calcium carbonate with wood waste, there
is a decrease of hardness and an increase in tensile strength and abrasion. The changes
in characteristics are not significant, compared to the changes observed by replacing the
silicon dioxide active filler.

From the FT-IR spectra of the EPDM/potassium oleate-treated wood waste samples,
the bands from silica, calcium carbonate, wood waste and EPDM rubber can be identified,
their relative intensities varying depending on the percentage present in the mixtures.

The biodegradable compounds obtained are used in the processing of general-
purpose footwear and elastomeric parts without special characteristics.
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