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Abstract

The contributions of BaTiO3 as the filler and 3-glycidoxypropyltrimethoxysilane as the
binder in the matrices of styrene–ethylene–butylene–styrene are evaluated for extended
applications in medicine and dentistry. The determinations of stability are achieved by
chemiluminescence (CL) under isothermal and nonisothermal modes, measuring the values
of oxidation induction time (OIT) and onset oxidation temperature (OOT), respectively,
which characterize the progress of material oxidation. The calculation of activation energies
for the progress of oxidation from isothermal CL measurements based on OIT values
provides proof of the modification of interaction activity on the polymer/barium titanate
interface. The increases in the activation energy values from 80 kJ mol−1 for neat polymer
to 83 kJ mol−1 for SEBS/BaTiO3 1 wt% and 109 kJ mol−1 for SEBS/BaTiO3 1 wt%/GPTMS
1 wt% is evidence of the contribution of silane to the structuration of the polymer surface.
The influence of the two compounds, filler and additive, makes possible the extension of
oxidation induction temperatures measured at 170 ◦C from 36 min, displayed by pristine
polymer, to 245 min and 278 min for the titanate composites free of silane and in the
presence of GPTMS 1 wt%, respectively.

Keywords: styrene–ethylene–butylene–styrene; barium titanate; 3-glycidoxypropyltrime
thoxysilane; thermal stability

1. Introduction
The wear evaluation of polymer materials or their composites is a necessity to be

investigated for the correct assessment of product durability [1,2]. The contribution of
each component influencing interface conditioning and structural surface modifications [3]
has to be depicted for the prediction of material lifetime by the detailed characterization
of thermal behavior. Based on the previous studies describing the integrity of composite
matrices, the interactions between the attending compounds explain the insight of acting
factors related to the molecular structures and the significance of energetic barriers for
reaching certain performances [4]. The stabilization effect of graphene in the matrix of
styrene–butylene–styrene confirms the barrier role of the inorganic structure to delay the
progress of degradation during material oxidative aging by specific interphase correla-
tion [5]. The material performances are improved by the rigorous selection of constitutive
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phases, whose interactions ensure the preservation of primary oxidation state. This stabi-
lization effect is compulsory when the accelerated degradation is envisaged for material
processing [6]. Usually, researchers conduct their studies on the essential improvement
of the functional characteristics by discarding the analysis of the produced effects on the
material strength over time. These holes may be filled by understanding the contributions
of the surface and interfaces in all the polymer composites, which characterize the intimate
modifications and lifespan [7]. The key of the interaction between various blending com-
ponents of polymer composites is the energetic involvement that controls the method of
modification [8]. The interfacial interaction of BaTiO3 with host polymers, like low-density
polyethylene, shapes material properties, including thermal strength [9].

The concept of polymer composites is tightly related to material stability and inter-
phase coexistence, which influence the main features characterizing long-term durability,
especially for applications in the nuclear range [10,11]. The filler is always carefully se-
lected due to the bridges established between components [12]. The variety of inorganic
fillers that endow high functional characteristics includes oxides, salts, or metallic particles,
whose several industrial and household applications are based on electronic coupling at
the surface of particles [13]. Building up new connections between the basic components
achieved through treatments defines the dependence of material stability on external action
stress. The adjustment of new structures that preserve the properties for a longer period is
tailored by favorable embedding conditions [14]. Accordingly, well-conducted processing
provides high-performance products [15,16], which ensure long-term employment due to
the strengthening of the material structure.

The mitigation of degradation by the addition of appropriate compounds is achieved
by the presence of a binder, which may connect the filler molecules on polymer chains
by suitable interphase connections. While the filler protects the polymer matrix by their
involvement in the progress of degradation [17], the added binder increases the mate-
rial stability by new intermolecular bridging [18,19]. The presence of silane, for example
3-glycidoxypropyltrimethoxysilane (GPTMS) and methacryloxymethyltrimethoxysilane
(MAMTMS), accomplishes efficient surface integration by improving the process of silaniza-
tion [20]. The modification of polyethylene vinyl alcohol (PVA) by the interfacial matching
of filler (natural bentonite) increases the thermal stability of the host polymer (PVA). Con-
sequently, the specific surface energies that govern the intensities of interactions adjust
the foreseen characteristics of structural transformation [20]. The incorporation of this
kind of binder into any macromolecular matrix is a pertinent option because the adjust-
ment of material strengths is based on the strong new connections between polymer (for
example—PVC) and filler (for example—sawdust) [21]. The addition of silane structures
in the composition of EPDM/lead oxide radiation shielding material makes possible the
homogenization of filler dispersion and the amelioration of thermal stability [22]. The
application of energetic processing for the improvement of mechanical properties is an
appropriate method by which product storage and operation lives are significantly ex-
tended [23]. Similarly, the bonding of Al2O3 nanoparticles on PP samples is identified,
where the reactive radicals formed during the radiolysis of components are involved in
the attachment of alumina particles on the PP skeleton through the electronic effect [24].
The structural consequences caused by the presence of silane in the compositions of colloid
silica ensure that the particles surround the inorganic filler [25] followed by the electronic
coupling of SiO2 on the molecules of polymer substrates. The reactive treatment of various
silane structures is one of the promising accelerated procedures of material reinforcement
by which radical intermediates act as the crosslinking component [26]. Various radicals
are generated by splitting silane molecules. They initiate the attachment onto polymer
structures, the homopolymerization of the silane fraction [27], or condensation, including
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radiolytic radicals [28]. These steps are possible because the energetic constraints limit the
progress of decay.

The preparation of every composite introduces new applicative directions based on
the type and strength of the interaction, which may satisfy the foreseen goals of a wide
spectrum of needs. In the case of BaTiO3, the structural nature of perovskite allows it to be
compatibilized in polymer materials by its coupling with silane structures as an appropriate
filler for piezoelectric materials [29]. The barium titanate/polymer composites are suitable
raw materials for the production of performant radiation shielings [30] or biomedical
appliances [31]. The choice of SEBS for the major phase in this investigation is legitimized
by its superior thermal strength and its structural peculiarities regarding the versatility of
materials due to the presence of a hydrocarbon backbone, benzene nuclei, tertiary carbon
atoms, and unsaturation [32]. The present paper investigates the contributions of the
blending components (SEBS, BaTiO3, and GPTMS) under the improvement of polymer
stability by thermal exposure. The experimental procedure involving CL accurately reveals
the participative implication of the binder in the delay of oxidation by the integration of
inorganic particles into the polymer matrix.

2. Materials and Methods
The examination of the thermal effects on the prepared composites is accomplished

by taking into consideration the stability behavior of BaTiO3 in different styrene block
copolymers (SIS, SBS and SEBS), which were previously tested by γ-irradiation [33]. The
basic material, SEBS, was provided by KRATON (Houston, TX, USA), as G1633 E contain-
ing 29.5 wt% bonded styrene. It was manufactured by the condensation of two fractions:
styrene–butylene and styrene–ethylene. The silane binder, 3-glycidoxypropyltrimethoxysilane
(GPTMS), was purchased from Dow (Midland, MI, USA) as XIAMETER™ OFS-6040 Silane
product with a purity > 98.5 wt% evaluated by chromatography. BaTiO3 was manufactured
by Thermo Fisher Scientific (Waltham, MA, USA) with 99 wt% purity. None of these
products have undergone any modification processes.

The samples were prepared using a primary chloroform solution of SEBS. A certain
amount of polymer balls (5 g) was added to a 100 mL glass vial. The mother solution of
1 wt% was prepared. The appropriate amounts of each component were separately added:
1 and 3 wt% BaTiO3 and 1 wt% silane for the preparation of planned samples by mechanical
shaking. The granulometric measurements indicate that the maximum size of particles is
120 nm. The specimens were obtained in round aluminum caps (diameter 6 mm), where the
solvent was removed by gentle evaporation at room temperature, providing thin polymer
films. The mass of samples was around 4 mg. The mass of each specimen was used for
the calculation of specific CL intensities expressed in Hz g−1. The average thickness of
dry pellicles was 50 mm. This sheet does not act as a photon absorber. Thermal aging was
accomplished in a thermally controlled electrical oven provided with circulating air. Three
different cycles (8 h, 16 h and 32 h) were carried out at 80 ◦C.

The stability evaluation was obtained by the chemiluminescence method, a very ac-
curate thermal procedure, which counts the number of emitted photons by the carbonyl
intermediates formed during the progress of degradation chains. The chemiluminescence
unit is LUMIPOL 3 provided by Institute of Polymers (Slovak Academy of Sciences, SAS),
Bratislava, Slovak Republic. The measurements were accomplished in stationary air. The
temperatures for the performed isothermal determinations were chosen based on when
the oxidation rate is conveniently measured. The values of heating rates were established
according to thermal regimes that decrease the range of small measurement errors. The
proportionality between the peroxyl number and the counted photons ensures the proper
evolutive studying of the degradation of the polymer phase [34]. The isothermal measure-
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ments were carried out at 170 ◦C, 180 ◦C, and 190 ◦C, while the nonisothermal determi-
nations were accomplished at four heating rates (5 ◦C min−1, 10 ◦C min−1, 15 ◦C min−1,
and 20 ◦C min−1). For the evaluation of the activation energies required for thermal degra-
dation, the Arrhenius relationship was applied using the OIT values characterizing each
composition and thermal measurement condition:

(OIT)T = (OIT)0e−
Ea
RT

where the indices T and 0 denote the values of absolute temperatures of measurement and
reference, respectively; Ea is activation energy; R is the gas constant (8.314 J mol−1 K−1).
The Ea values are calculated from the ratio Ea/R obtained from the slope of the line ln(OIT)
vs. 103/T.

3. Results
The improvement of stability for special applications may be achieved by the addi-

tion of proper compounds, which ensure the reinforcement of polymer material by the
optimization of interfacial coexistence [35]. Under our circumstances, the increase in homo-
geneity in gel fractions is attained by the addition of crosslinkers [36]. The augmentation
of the insoluble fraction demonstrates the efficient mitigation of degradation due to the
augmentation of product stability and the minimization of oxygen diffusivity [37]. The rise
in gelation degree determines the higher thermal stability (Figure 1).
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Figure 1. Nonisothermal chemiluminescence spectra recorded on unaged SEBS/Ba TiO3 1 wt%
(1) and SEBS/Ba TiO3 3 wt% (2) at the heating rate of 5 ◦C min−1.

Figure 1 demonstrates the filler activity of the oxidation delay in the polymer for the
manifold of polymer/BaTiO3 composites implemented in several applications like the
preparation of flexible piezoelectric materials [38] or radiation shielding protection [30].
Titanates are able to scavenge radiolysis free radicals in ethylene–propylene elastomers
(EPDM and EPR), where the slowing of degradation is assisted by superficial interac-
tions [39]. The participating organic components (SEBS and GPTMS) are defined by the
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reactions of intermediates, which appear due to different breaking susceptibilities, indi-
cated in Figure 2 by individual arrows. The sequence of bond dissociation energy [40]
dictates the order of the increasing probability of scission:

Si–C (348 kJ mol−1)~C–C (348 kJ mol−1) < C–O (359 kJ mol−1) < C–H (415 kJ mol−1) <

< Si–O (462 kJ mol−1) < H–O (487 kJ mol−1)

CH3

CH2     CH CH2     CH2 CH2     CH CH2     CH

CH2
nm pr

Figure 2. Molecular structures of organic components in the investigated composite samples.

However, the protons bonded to the multiple-substituted carbon atoms require only
370 kJ mol−1. Accordingly, the protons joined to the same tertiary carbon atoms as benzene
rings will be more easily removed. This feature characterizes the thermal stability of un-
modified SEBS. Starting from these considerations, Figure 3 points out the characterization
of thermal strength for inspected composites by isothermal chemiluminescence. The largest
differences between the thermal behavior of materials are noticed, when the measurements
are carried out at 160 ◦C. The large extensions of OIT explain the real contributions of
titanate particles during the early stages of measurements (Figure 3b) and the association
of the titanate phase with the presence of the silane additive. The combination of these
three components may be successfully applied to the preparation of materials for medical
applications, where drastic energetic conditions are implemented as well as the recycling
of several polymer wastes. The double-step shape of the isothermal CL spectrum recorded
at 170 ◦C (Figure 3c) proves that the sequence of the stabilization partition between the
two compositional fractions exists in the studied polymer substrate. The extrapolation of
the thermal behavior of SEBS/BaTiO3/GPTMS samples at low temperatures around room
values would suggest the appropriate reparation of a large variety of materials for special
safety applications over long life periods. The calculated activation energies support the
favorable picture of the acquired stabilization, where the synergistic effects of titanate and
GPTMS act efficiently to decay free radicals.

An interesting feature depicted by this Table 1 is the sharp increase in the values of
oxidation induction time that reveals the noticeable contributions of the filler and silane.
Additionally, the jump observed in the modified polymer with silane is connected to the
coupling effect of the additive in relation to the surface of the titanate particle. The achieved
strength is assisted by radical reactions, where silane molecules are shared between their
condensation and integration in the polymer structure [41], engaging the embedment
of neighbor inorganic particles. It is possible that silane couples with the intermediate
radicals of the polymer by siloxane bonds [22] or the opening of structures [26,42]. These
considerations are evidenced by the structural configuration (Figure 2), where the bond
scissions provide reactive entities for emphasizing improved functional characteristics.
The superior level of performance is reached due to the sharp consumption rates of local
radical accumulation, where the added components are supplied after the start of heating.
The intimate involvement of the silane component was previously described [43], where
UHMWPE, a very stable polymer, was processed in the presence of VTES. This silane
has an available vinyl moiety, which is preferentially split. However, the contribution
of ethoxysilane was demonstrated by the labialization of the double bond. Accordingly,
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the methoxysilane fragments may contribute to the intermolecular bridge formation of
homolinking [44]. The stable perovskite nature of barium titanate allows for the formation
of hydrogen bonds between the studied components [45], which enhances the stability of
the composite.
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Figure 3. Isothermal chemiluminescence spectra of various SEBS-based specimens. Composition:
(a) neat SEBS; (b) SEBS/BaTiO3 1 wt%; (c) SEBS/BaTiO3 1 wt%/GPTMS 1 wt%. Testing temperatures:
(1) 170 ◦C, (2) 180 ◦C, (3) 190 ◦C.

Table 1. The calculated values of required activation energy during thermal oxidation.

Sample

Oxidation Induction Time (OIT)
(min) Correlation Factor

(R2)
Activation Energy

(kJ mol−1)
170 ◦C 180 ◦C 190 ◦C

neat SEBS 21 15 10 0.99778 80

SEBS/BaTiO3 1 wt% 180 97 77 0.97026 83

SEBS/BaTiO3 1
wt%/GPTMS 1 wt% 270 135 99 0.97929 109

The results of this study afford the validation of the mechanistic approach through
which the synergic stabilization effect of BaTiO3 and GPTMS is suitably supported by the
two complementary contributions: the permeation of free radicals in the empty holes of
the lattice inside the barium titanate particles [46] and the minimization of intermolecu-
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lar distance in the polymer phase due to the crosslinking and bonding between organic
polymers and inorganic materials like glass and minerals initiated by silane [47]. The char-
acterization of the stability of SEBS [48] and SEBS/BaTiO3 composites [49] was previously
accomplished based on OIT values. Despite their strength against oxidation being satisfac-
tory, the addition of GPTMS offers the possibility of its improvement for the optimization
of the operation modes in various energetic circumstances. While the activation energy
for the oxidative degradation of neat SEBS is 76 kJ mol−1, the presence of barium titanate
particles and silane promotes the protection of the polymer substrate. As the final result, the
activation energy becomes 101 kJ mol−1 (Figure 3). A similar effect occurs in PMMA [48]; a
higher amount of filler ensures a rising degree of durability (Figure 4). The participation of
silane, with its reactive positions, in completing the upgraded thermal performance of the
composite, meets the requirements of long-term durability. The attendance of the higher
loading of the minor component is sustained by the larger contribution of the filler to the
delay of oxidation. In Figure 4, the protection activity of barium titanate increases propor-
tionally with the compound loadings. This trend is valid not only for the extension of the
product durability but also for the augmentation of functional properties such as dielectric
properties [50], biomedical applications [51], and radiation technology in medicine and
pharmacy [52].
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Figure 4. Nonisothermal chemiluminescence spectra recorded on pristine SEBS-based samples.
Heating rate: β = 5 ◦C min−1. (1) pristine SEBS, (2) SEBS/BaTiO3 1 wt%, (3) SEBS/BaTiO3 3 wt%.

A detailed study concerning the effects of polysilane prepared by sonification [53]
reveals that the mechanical inspection as well as the FTIR analysis are proof of the modi-
fications induced by intense transferred energy. This affirmation leads us to believe that
thermal exposure also causes the splitting of GPTMS. Consequently, the silane additive
becomes a real source of radicals, which sustains the improvement of polymer stability by
silyl bridges amidst the detriment of Si–Si moieties. On the other hand, the integration of
GPTMS in PEO has achieved coalescence [54]. Therefore, the participation of GPTMS in the
amelioration of the degree of stability of PLA takes place in two ways: the involvement of
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silyl in the bonding of radical intermediates and the reaction of double bonds with various
molecules, including fillers, by covalent bridges.

Another proper alternative to the addition of GPTMS for the increase in molecular
cohesion in the manufacture of several SEBS-based products is the presence of maleic
anhydride in modified polymers [55]. This solution solves the problem of compatibility
as it occurs in the blends consisting of SEBS and PP [56]. This presence brings about good
mechanical characteristics. Unfortunately, this does not promote an appropriate delay of
oxidation, which is obtained in the case of the composite formulation including BaTiO3

and GPTMS.
The general scheme describing the ways through which a silane compound contributes

to the structuration of polymer has been previously reported [57]. Thus, chemical grafting
and self-condensation prevail over other routes like adsorption. These suggested trans-
formations have strong effects on the thermal strength of processed fiber composites that
are accompanied by interphase assembling [58]. Similar conclusions were drawn for the
processing of PLA wasted in the presence of some coupling agents—silanes [59].

Various investigations into the modifications of polymer properties in polymer com-
posites characterize the amplitudes of changes [60], but a few of them indicate the com-
patibilization of phases by their interaction, as chemiluminescence allows [39]. Figure 5
illustrates the influence of oxidation rates, where the competition between scission and
crosslinking influences sample stability.
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Figure 5. Nonisothermal comparative view of the nonisothermal chemiluminescence spectra recorded
for several aged SEBS composite samples at 80 ◦C over 32 h. Heating rate: (a) 5 ◦C min−1,
(b) 10 ◦C min−1; (1) neat polymer, (2) polymer + titanate (1 wt%), (3) polymer + titanate (1 wt%) +
silane (1 wt%).

When advanced heating for 32 h is applied, the differences between the neat polymer
and the composite in the presence of silane become significant, demonstrating the involve-
ment of this compound in the polymer-strengthening phase. It may be easily noticed that
the higher oxidation rate causes the diminution of the OOT, causing faster aging. This
means that the diffusion of oxygen is conditioned by the structuration degree of SEBS. The
detailed CL investigation may also reveal the capacity of SEBS to resist greater oxidation
(β = 15 ◦C min−1). The higher the content of titanate, the greater the stability obtained.
The accelerated degradation of SEBS composites with various loadings of titanate after
their conditioning stage for 16 h at 80 ◦C (Figure 6) is preferential compared to the rates
without. The steric considerations, higher specific surface area, and larger intermolecular
distances allow for modifications to the kinetics of oxidation (Figure 7). Although degrada-
tion attains a significant degree of oxidation, and the minor composite components justify
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their stabilization potentials, protection remains dependent on the concentration of the
titanate filler.
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Figure 6. (a) The nonisothermal chemiluminescence spectra; (b) corresponding OOT values of
thermal stability of SEBS composites after their aging at 80 ◦C for 16 h. Heating rate: β = 15 ◦C min−1.
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Figure 7. (a) Nonisothermal chemiluminescence spectra (β = 20 ◦C min−1) recorded on neat SEBS/Ba
TiO3 1 wt% (1) and SEBS/Ba TiO3 3 wt% (2) aged for 16 h at 80 ◦C. (b) Histogram of the corresponding
OIT values. Heating rate: β = 20 ◦C min−1.

The comparison of degradation results between the samples with similar compositions
subjected to different heating rates revealed the importance of practical conditions. The
higher the OOT values, the greater the material stability (Figure 8). The extension of
interphase boundary surface plays an important role defined by the higher loading of
titanate; the inhibition of oxidation is assured by the cooperation of silane with inorganic
compounds, which participates in its ability to scavenge free radicals before their initiation
of delayed oxidation.
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The efficiency of heat strengthening is achieved by the coupling of BaTiO3/GPTMS
due to complementary activities that withdraw reactive radicals from the oxidation chain.

A recent paper describes the contribution of the silane fraction to the improvement
of polymer properties in the presence of BaTiO3 [29]. It is reported that the achieved
performances are supported by the grafting of silane molecules onto ceramic particles. In
spite of the simplicity of assumption, we believe in the contribution of silane via its coupling
with polymer composite after the splitting of silane molecules. The scission investigations
of silane by FTIR and NMR spectroscopy [61] demonstrate the breaking susceptibility of
silane (GPTMS). The main degradation product is SiCH3 (methyl groups bonded to silicon),
accompanied by several radicals: CH2 (methylene groups), OCH3 (methoxy groups), and
CO (epoxide carbons). Their decay rate depends on the thermal regime that influences the
CL profiles.

Starting from the primary radiation effects consisting of the scission of organic molecules
and crosslinking of free radicals in both blended components on the one hand, and the
mitigation of oxidative degradation by the electronic interaction between the structural gaps
existing on the particle surface and the unpaired electrons of generated radicals on the other
hand, Figure 9 illustrates how the oxidation is delayed in the degrading polymer.

Figure 9. The bonding illustration of SEBS and silane binder molecules on the surface of inor-
ganic particles.

4. Discussion and Perspectives
The diminution of material life span dominates the approval mechanism for ther-

mally processed materials, which becomes a barrier for certain applications, especially in
medicine and nuclear fields. The control of the stability degree defines the material quality,
whereas the incorporated phases determines the product functionality. The trapping of
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radicals by the present inorganic fraction may change the kinetics of degradation [39]. The
oxidation-prone polymer substrate induces the evolution of the degradation state by the
energetic barrier, and material performances become worse (Figure 3). The enhancement of
durability by the addition of silane ensures protection against aging, whereby the cohabi-
tation filler/additive limits the progress of quality decay by further structuration [18,22].
The involvement of the silane fraction is conditioned by interface activity, which introduces
new intermolecular bridges constraining the extension of oxidation sensitivity and the
migration of reactive radicals (Figure 5). The studied systems demonstrate the positive
interaction between blending components, which optimizes the material performances of
degrading polymer composites subjected to special conditions of operation [59].

The coupling of a suitable inorganic compound with silanes guarantees safe opera-
tion during rapid damage. The simultaneous incorporation of the appropriate inorganic
particles into the structure of polymer composites and the addition of silanes ensures the
preservation of the quality of materials by chemical interaction, and the contributions of
both phases prevent the dropping down of oxidizing substrates [62].

The application of this stabilization protocol is valid for any polymer that may be
subjected to molecular scission, and the intermediate radicals are able to be joined to the
inorganic particle surface by the silane additive [63]. The development of high-performance
composites based on the specificity of silanes to prepare compatibilized polymer composites
is the unique interfacial functionalization by which the migration barrier reduces the
amount of diffused oxygen and increases the material durability by the mitigation of the
degradation progress. The silane-assisted fabrication of composites containing nanofillers
is possible due to the inorganic phase.

5. Conclusions
The improvement of the thermal strength of SEBS/BaTiO3/GPTMS composites be-

comes an important sequence in the preparation of composites as demonstrated by the
measurements of chemiluminescence emissions of aged samples. The progress of oxidative
aging is slowed down by the ability to immobilize radicals, which involves an increase in
the activation energy of oxidative degradation. The deactivation of radicals with respect to
the oxidation reaction is explained by the superficial electronic interaction between barium
titanate particles and the radicals that are formed during thermolysis. The simultaneous
action of titanate and silane extends the inertness of SEBS on its oxidation by withdrawing
radicals from the developing degradation chains in the particle outer boundary zone. The
activation energies required for the thermal aging of pristine composites maintain higher
values in the presence of BaTiO3, silane, and GPTMS due to the formation of stable states
of molecular fragments by scavenging on the filler particle surface and the bridging of
polymer chains by means of silane moieties. The addition of higher loadings of barium
titanate enlarges the temperature range where the polymer remains somewhat unchanged.
The covalent coupling of silane molecules is proved by enlarging the period of inertness by
five when titanate is present and six when coupled titanate/silane acts efficiently. These
studied formulations define a preparative procedure for recycling polymer wastes, where
the peroxidized fraction may be efficiently blocked by the cooperation of these two com-
pounds. The chemiluminescence measurements provide reliable information, which is in
good agreement with other complementary studies. The presented results may be taken
into consideration for the evaluation of environmental consequences of PLA products
operating under varying conditions.
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PEO poly(ethylene oxide)
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