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POLYMERIC BLENDS DESIGNED FOR SURFACE
DECONTAMINATION

Gabriela TOADER?, Traian ROTARIU?", Daniela PULPEA3*, Andreea
MOLDOVAN?, Alice PODARU®, Ana Mihaela GAVRILA®, Mioara
ALEXANDRU’, Aurel DIACON?, Raluca GINGHINA?®, Ovidiu IORGA?,
Ciprian SAU®

This paper proposes a novel approach towards obtaining biodegradable polymeric
nanocomposites for the removal of contaminants. The present work describes the preparation
and characterization of a set of polymeric blends suitable for surface decontamination. These
solutions have been engineered to entrap the contaminant into the nanocomposite matrix and
to form peelable films that can be easily removed. Thus, the contaminant is sealed into the
polymeric film and can be safely removed and disposed. The purpose of this study consisted
in the investigation of the relationship between the composition of the polymeric blends and
their properties. Nanocomposite films were prepared by casting from aqueous solutions.
Viscosity and evaporation rate measurements were performed for the optimization of the
decontamination solution composition and the compatibility among components was
investigated through FT-IR technique and thermal analyse. The decontamination efficiency
was evaluated through antimicrobial tests.
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1. Introduction

Nowadays, more than ever, the chemical, biological, radiological and nuclear
(CBRN) threats prove us that they can become pandemic and can endanger the global
population. Decontamination plays an essential role in the defence against CBRN
hazards. A decontamination process is undertaken towards the removal or neutralization
of the contaminant. For military purposes, decontamination actions are crucial because
they allow us to restore the combat effectiveness of equipment and personnel. [1]

Most of the existing decontamination methods are not considered
environmentally safe because they require excessive amounts of reactants, solvents or
water and they are corrosive and/or toxic [1-3]. Chemical decontamination is the most
common technique involved in the removal of the contaminants and it can be performed
by applying the active ingredients in a variety of forms: solutions, steam, foams, gels,
powders, chemical fog, aerosols etc. [3-7]. After the 1950s, decontamination systems like
DS2 (Decontamination Solution 2) or PDK (Personal decontamination Kkit) were
extensively used [4] for decontamination. This type of solutions cannot be considered
environmentally safe due to their composition which consists in mixtures of corrosive or
toxic reactants like: sodium hydroxide, diethylene triamine, phenol, ammonia, peroxides
or detergents. The decontamination systems that require large amounts of water do not
represent a feasible solution because water can be often difficult to find on the battlefield
and the disposal of this contaminated water will further represent an important issue [1].
In this context, recent studies focus on developing decontamination solutions that would
overpass these problems [8-11]. Contemporary decontamination systems should be based
on biodegradable components while, at the same time, should ensure an efficient removal
of the contaminant. Multiple attempts of developing this type of materials can be found in
literature, but each method has its own limitations (solvents, toxicity of components,
decontamination efficiency) [4, 6].

Polymeric peelable films represent a modern and versatile method for surface
decontamination [12]. Various polymers can be listed as film-forming polymers:
acrylates [13], silicones [13], vinyl polymers [3, 5, 13], polyurea [14], cellulose derivates
[13], alginate derivates [15], gelatine derivates [16]. Film forming polymeric solutions are
extensively used in obtaining polymeric films with decorative, protective or functional
purposes [5, 17, 18] for ordinary applications like cosmetics industry, food industry, or
special purposes like drug delivery, ballistic protection or decontamination.

According to literature, poly(vinyl alcohol) (PVA) is one of the few
biodegradable synthetic polymers which is also water-soluble, non-toxic and has the
ability to form peelable films [19, 20]. Since complete biodegradability of PVA can be
achieved only in the presence of appropriately acclimated microorganisms [20], we
decided to improve our decontamination solutions recipe by partially replacing PVA with
a natural polymer - sodium alginate (SA), due to its faster biodegradability [21]. Sodium
alginate is a natural hydrophilic polysaccharide obtained from marine brown algae [22],
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which possesses high hydrophilicity, fast biodegradability, and antibacterial activity [21].
Hence, the decontamination peelable films benefit from the advantages of both polymeric
components: PVA ensures film forming, mechanical resistance while SA enhances their
biological features. The composition of these polymeric blends can be customised
depending on the targeted CBRN agent.

In this context, the aim of this study consisted in the optimisation of the
composition of an eco-friendly decontamination solution. The polymeric blends were
especially designed to be biodegradable, non-toxic, easy to apply, easy to remove while
ensuring a high decontamination efficiency. Therefore, we report here a novel approach
for obtaining improved polymeric blends employed in surface decontamination, which
aims to reveal the influence of the biodegradable components on the final properties of
these nanocomposite materials. This work also comprises the investigations performed
for the evaluation of the decontamination efficiency through antimicrobial tests.

2. Experimental

2.1. Materials
Polymeric matrix: Poly(vinyl alcohol) (with 98-99% hydrolysis degree, DP ~
1700-1800, Mw = 115000 Da, Loba Chemie, PVA), sodium alginate

(Speciallngredients®, SA); Nanoclays: hydrophilic bentonite (nanoclay, Sigma-Aldrich,
BT), saponite (clay nanoparticles, Nanoshel®, SP); Complexing agents:
ethylenediaminetetraacetic acid (tetrasodium salt dihydrate, Sigma—Aldrich, EDTA),
iminodisuccinic acid (Tetrasodium Iminodisuccinate, BAYPURE® CX 100 solid G,
Lanxess, IDS); Plasticiser: anhydrous glycerol (Sigma-Aldrich, GLY); Commercial
disinfectants: Keradet-aktiv (Kiehl, KRD), IsoRapid® (Oro Clean Chemie AG, IRPD).

2.2. Methods

The composition of each decontamination solution is illustrated in Table 1. All
the polymeric blends were prepared, according to the concentrations indicated in Table 1

in conjunction with the specific recipe described below.
Table 1
Composition of the decontamination solutions

sample | PVA | SA BT SP | EDTA| IDS | IRPD | KRD | GLY
%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]

PBO 5 0 1 0 0 01 0 0 25
PB1 5 05 1 0 0 01 0 0 25
PB2 5 1 1 0 0 01 0 0 25
PB3 5 15 1 0 0 01 0 0 25
PB4 5 2 1 0 0 01 0 0 25
PB5 10 0 1 0 01 0 0 0 5
PB6 10 0 0 1 01 0 0 0 5
PB7 10 0 1 0 01 0 1 0 5
PB8 10 0 1 0 01 0 0 0.03 5
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PB9 10 0 0 1 01 0 1 0 5
PB10 10 0 0 1 01 0 0 0.03 5
DS1 0 0 0 0 0 0 1 0 0
DS2 0 0 0 0 0 0 0 0.03 0

2.2.1 Preparation of the neat decontamination solutions

The first step in obtaining the neat decontamination solutions (PBO, PB5 and
PB6) consisted in the solubilisation of the chelating agent (EDTA or IDS) in distilled
water. After the complete solubilisation of the chelating agent, the nanosized clay
(bentonite or saponite) was dispersed by ultrasonication. The next step consisted in the
addition of PVA, under vigorous stirring at 90-95°C, until complete dissolution of the
polymer. The last step was the addition of glycerol.

2.2.2 Preparation of the polymeric blends with sodium alginate

Polymeric blends containing SA (PB1, PB2, PB3, PB4) were prepared for the
investigation of the influence of sodium alginate on the final properties of the
decontamination solutions and peelable films, respectively. For this purpose, sodium
alginate water solution (which was previously prepared separately using the appropriate
amount of distilled water) was added to neat decontamination solutions (after bentonite
dispersion and prior to PVA dissolution).

2.2.3 Film casting

Polymeric nanocomposite peelable films of about 0.2 mm (£0.05 mm) were
obtained via solvent casting technique, in less than 24 h (depending on the composition).
For this purpose, 15 mL of each decontamination solution was transferred in polystyrene
Petri-dishes (of 90 mm diameter) and allowed to dry at 25 °C and 50-55% relative
humidity.

2.2.4 Preparation of the antimicrobial decontamination solutions

As mentioned in the Introduction section, the composition of these polymeric
blends can be customised depending on the targeted CBRN agent. For this purpose, two
commercial disinfectant solutions (IsoRapid® and Keradet-Aktiv) were added to the
recipe of our decontamination solutions (the neat decontamination solutions PB5 and
PB6, utilised as reference samples in the present study, were developed and optimised in
our previous studies [2, 12]), in order to evaluate the antimicrobial activity of this new
decontamination systems (PB7, PB8, PB9, PB10). Standard disinfectant solutions, DS1
and DS2 were prepared according to the specifications of IsoRapid® and Keradet-Aktiv
producers, in order to compare their efficiency with the one of our decontamination
solutions.
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2.2.5 Antimicrobial testing

For the determination of the antimicrobial activity, the agar disk-diffusion
method was used. According to this well-known procedure, agar plates were inoculated
with a standardized inoculum of the test microorganism. Then, filter paper discs (about 6
mm in diameter) were placed on the agar surface. These paper discs were inoculated with
active substances. The Petri dishes were incubated under suitable conditions. Generally,
antimicrobial agent diffuses into the agar and inhibits germination and growth of the test
microorganism, therefore we measured the diameters of inhibition growth zones.

2.2.6 Bacteria Strains Preparation

The antimicrobial activity of polymeric solutions was tested against
Staphylococcus aureus, ATCC 6538 (as a model of Gram-positive non-sporing bacteria),
Bacillus subtilis (as a model of Gram-positive bacteria spore-forming), ATCC 6633,
Escherichia coli, ATCC 8739 and Pseudomonas aeruginosa, ATCC 9027 (as a model
for Gram-negative bacteria). Being considered standard microorganisms for testing the
antimicrobial properties [23], these bacteria (listed above) were chosen for the evaluation
of the antimicrobial activity of the polymeric blends. The bacterial strains were harvested
in mid-log phase, after cultivation on tryptic soy agar (TSA) (Merck) and kept overnight
at 36 °C. Portions of suspension were harvested by centrifugation and resuspended in
deionized water. The suspensions were adjusted to approximately 10° CFU / mL. The
concentration of suspension was verified by decimal dilution and cultivation on Tryptic
Soy agar.

2.2.7 Disk diffusion test

The bacteria strains were spread on the Mueller-Hinton agar (MHA) (Merck) using
sterile cotton swab. The disks were placed on agar surface and loaded with 10 pL of test
solutions. The Petri dishes were incubated at 36 °C. The inhibition zone was observed
after 24 h of incubation. Sterile blank (BK) antimicrobial disk was used in the test.

2.3. Characterization

Rheological behavior of polymeric blend solutions was studied on Rheotest 2.1
(Germany) device with coaxial cylinders at room temperature 25 °C, being the most
adequate working temperature [24-26]. The dependency of dynamic viscosity of the
polymeric solutions upon the shear gradient was investigated in both the presence and the
absence of sodium alginate, to establish a model flow profile of solutions with the most
filmogen characteristics. For the investigation of the solvent casting process, ATS 120
Axis Thermobalance was used to measure the evaporation rate of the solvent (ammount
of water evaporated in time, from each decontamination solution). For this test, 4 grams
of solution was transferred in a Petri dish with a diameter of 55 mm, and the evaporation
rate was recorded at 25 °C, 30 °C and 35 °C. The termobalance is equipped with Promas
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software which calculates the evaporation rate by weighting the sample at every 150 s for
2 h. The FT-IR spectra were collected at 4 cm resolution, from 550 to 4000 cm?, using a
Perkin Elmer Spectrum Two with a Pike MiracleTM ATR modulus. The thermal
properties of the polymeric blends were investigated with a DTA OZM 551 Ex
Differential Thermal Analysis System equipped with Meavy dedicated software. The
measurements were performed on samples weighing approximately 25-30 mg which
were heated from 30 °C to 450 °C with a constant heating rate of 5 °C/min.

3. Results and discussions

The first step of this work consisted in obtaining different types of
decontamination solutions by employing four different concentrations of sodium alginate,
to establish the influence of this component on the final properties of the material. The
composition of these polymeric blends can be customised depending on the targeted
CBRN agent. Therefore, the next step consisted in the incorporation of two commercial
disinfectants into the previously developed decontamination solutions to evaluate their
antimicrobial activity.

The polymeric decontamination solutions can be applied on various types of
surfaces (metal, glass, plastic, wood, ceramics, concrete) by pouring, brushing, rolling, or
spraying technique. Once applied on the targeted surface, the active ingredients from the
decontamination solution will begin to interact with the contaminants, entrapping them
into the polymeric nanocomposite matrix. The curing process of the aqueous polymeric
film occurs as the solvent evaporates. When this process ends, the nanocomposite film
containing the contaminant agent can be easily and safely removed by exfoliation, thus
the surface will be decontaminated. All the steps described above are illustrated in Fig.1.
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Fig. 1. Curing process of the aqueous polymeric blends
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Since the aim of this study was the optimisation of the composition of the
polymeric blends designed for decontamination, we investigated the most relevant
specific characteristics of the decontamination solutions (rheological properties,
evaporation rate) and peelable films (interactions between components via FT-IR
spectroscopy, thermal properties via DTA analysis) obtained from them, respectively.

Studying the rheology of the decontamination solution it is very important when
choosing the optimal match between the application technique and the type of surface
targeted for decontamination. The rheologic profiles of all decontamination polymeric
blend (noted hereafter PB) solutions are given in Fig. 2 which depicts the rheological
behaviour of PBO, PB1, PB2, PB3 and PB4 at 25°C, in the absence or presence of sodium
alginate. It can be observed that the solutions are characterized by a pseudo-plastic flow
(described by a decrease of viscosity with the shear rate) and that the pseudo- plastic
behaviour is less obvious at higher extents of sodium alginate. Hence, the blank solution
PB 0 showed the lowest dynamic viscosity, while in the case of PB1, PB2, PB3 and PB4
the dynamic viscosity increased gradually, due to the higher content of sodium alginate.
The pseudo-plastic behaviour of the polymeric blends has a clear tendency of shifting
towards Newtonian (quasi-Newtonian) behaviour at higher shear rates. Upon sodium
alginate addition, it was noticed a similar pattern of the flow behaviour as in the case of
the blank solution PBO. It is also worth mentioning that the most filmogen polymeric
solution should present a Newtonian or quasi-Newtonian flow profile in order to generate
thin high-quality films suitable for surface decontamination.
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Fig. 2. Rheological behavior of the polymeric blends solutions at 25 °C
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The evaporation rate of the polymeric blends represents an important
characteristic for the decontamination process because it influences the duration of the
interaction between the active ingredients and the contaminants and also conditions the
time elapsed until the exfoliation of the strippable film is possible. Table 2 summarises
the evaporation rates obtained for each polymeric blend. Unsurprisingly, evaporation rate
increases with temperature. The evaporation rate of the polymeric blends containing SA,
decreased with the addition of SA, probably due to the following considerations: the
polymeric blends containing higher concentrations of SA possess a higher viscosity
which slows down the evaporation process; the hydrophilicity of SA together with the
supplementary intermolecular hydrogen bonds established by SA lead to a longer
retention of the water molecules into the polymeric system, thus delaying the evaporation.

The mechanism of film formation from the polymeric dispersions also depends
on the composition of the polymeric blends and, at the same time, on the interactions
established among the components. Thus, FT-IR analysis was performed in order to
investigate the interactions established between the components of the polymeric blends.
FT-IR spectra of the peelable films are displayed in Fig. 3. The broad band at 3275 cm*
assigned to hydrogen bonded O—H stretching vibrations was shifted towards 3285 cm*
with the addition of SA, indicating the formation of new hydrogen bonds between the
components of the polymeric blends. The C—H stretching at 2930 cm™ was shifted to
2940 cm™. The two peaks from 1620 cm™ and 1582 cm™ turned into one sharp peak at
1605 cm? associated with carboxylate O—C—O asymmetric stretching vibrations, while its
intensity increased with SA concentration. The absorption bands at 996 cm™tand
1030 cm ™ can be assigned to the Si-O stretching vibration from the clay which are

slightly shifted due to the Si-OH interactions with SA additive.
Table 2
Evaporation rates of the decontamination solutions

Evaporation | Evaporation | Evaporation

Sample rate at 25°C rate at 30°C rate at 35°C
[mg/min] [mg/min] [mg/min]
PBO 258405 5.16+0.8 10.16+0.9
PB1 3.10+0.8 6.41+0.6 10.66+0.5
PB2 3.00+0.9 6.25+0.4 10.08+0.9
PB3 291+0.7 6.08+0.6 9.92+0.5
PB4 2.69+0.9 5.91+0.5 9.66+0.7
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Fig. 3. FT-IR spectra of the polymeric blends peelable films

The thermograms (Fig.4.) of the strippable polymeric films contain two visible
sharp endothermic peaks (between 100-150°C and 250-300°C) and one broad
endothermic peak (between 170-220°C). The first sharp endothermic peak can be
associated with the rearrangement of the crystalline segments of the polymeric chains
during the heating process but also to the dehydration of the material. The addition of SA
shifted this peak to lower values; therefore, we can say that the mobility of the polymeric
chains inside these blends increased with the augmentation of SA content. The broad
peak situated between 170-220°C can be assigned to the melting temperature of the
crystalline domains of polyvinyl alcohol. The second sharp peak can be attributed to the
decomposition process of the polymeric blends, which started earlier for the polymeric
blends containing SA.
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Fig. 4. DTA thermogram of the polymeric blends peelable films
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The antimicrobial activity of polymeric solutions was tested against bacteria, as
listed in Fig. 5., according to the procedure described in Methods Section. The diameters
of zone inhibition (including the diameter of the 6 mm discs) measured after 24 h
are presented in Table 3. The presence of a clear zone around the disks containing the
samples PB7, PB9 and DS1 suggests that these solutions possess antibacterial activity
which is able to inhibit the growth of the Gram-negative and Gram-positive bacteria. This
visible clear zone produced by bentonite and saponite decontamination solutions
containing IsoRapid® disinfectant can be observed in Fig.5. The polymeric solutions
PB5 and PB6 did not inhibit the microbial growth evaluated by this method.

. B.subtilis

S. aureus 2

Fig. 5. Antimicrobial activity test by disc diffusion method of decontamination solutions based on bentonite
(a<d) and saponite (e<—h) against bacteria: E. coli (a,e); Ps. aeruginosa (b,f); S. aureus (c,g); B. subtilis (d,h)

The solutions (PB8 and PB10) containing Keradet-Aktiv disinfectant solution
(DS2) did not show antimicrobial activity at all, even if DS2 was prepared according to
the specifications of their manufacturer. On the other hand, IsoRapid® disinfectant (DS1)
exhibited antimicrobial activity. It is very important to mention that the antimicrobial
activity of IsoRapid® disinfectant is augmented by our polymeric decontamination
solutions, the inhibition zone being larger for PB7 and PB9 solutions in comparison with
the inhibition zone of neat disinfectant solution DS1. A further evaluation in determining
the antibacterial activity of polymeric solutions, using MIC value, is required to establish
the lowest concentration of decontamination solution necessary for the inhibition of the
growth of bacteria.
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Table 3
Antimicrobial activity of the decontamination solutions
Microorganism | Tested | . D!ameter of Microorganism | Tested . D'.""T“_e‘er of
test solutions inhibition zone test solutions inhibition zone
(mm) (mm)
PB5 0 PB6 0
PB7 14.3 PB9 13.4
. PB8 0 . PB10 0
E. coli DS1 8.6 E. coli DS1 10.4
DS2 0 DS2 0
BK 0 BK 0
PB5 0 PB6 0
PB7 14.5 PB9 17.6
Ps. aeruginosa PB8 0 Ps. Aeruginosa PB10 0
DS1 10 DS1 8.5
DS2 0 DS2 0
BK 0 BK 0
PB5 0 PB6 0
PB7 15.8 PB9 24
Bacillus PB8 0 Bacillus PB10 0
subtilis DS1 13.7 subtilis DS1 16.3
DS2 0 DS2 0
BK 0 BK 0
PB5 0 PB6 0
PB7 16.2 PB9 16
S. aureus PB8 0 S. aureus PB10 0
DS1 14 DS1 15
DS2 0 DS2 0
BK 0 BK 0

4. Conclusions

The results of this study showed that our eco-friendly polymeric nanocomposite
strippable films can be successfully employed for surface decontamination. Various
decontamination solutions were prepared and characterised in order to obtain an optimal
combination between the components, while ensuring a high decontamination efficiency.
The introduction of sodium alginate into the polymeric blends ensures a faster
biodegradability of these materials while keeping the same performances of the strippable
coatings. The incorporation of disinfectants into the polymeric dispersions targeted
the biological contaminants. Disk diffusion method showed that the efficacy of
the commercial disinfectant solutions was improved by our polymeric blends.
These peelable polymeric films can be successfully used on microbial
contaminated surfaces, reducing the risk of spreading bio-contaminants by
entrapping the contaminants into the nanocomposite matrix.
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This work represents a promising start for future research that can be conducted
towards designing and optimising new recipes for all the types of CBRN contaminants.
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