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Abstract. Polymeric materials have been extensively used in food packaging. The main problem
associated to plastics is the migration of low molecular substances from the material to the food,
which may be potentially dangerous for the consumers’ health. The key parameters of the migration
are the partition and diffusion coefficients. The development of polymer nanocomposites is expected
to provide new materials with enhanced properties and safer food packaging. This work describes a
procedure to determine the partition coefficients of selected model substances between low-density
polyethylene (LDPE) and polyamide (PA) and, between LDPE and nanocomposite polyamide
(naPA). The assays were conducted at different time-temperature conditions. The model migrants
were extracted from the polymeric materials with ethanol and analyzed by RP-HPLC-DAD-FLD.
The values of the partition coefficients obtained ranged from 0.01 to >1000. The results obtained
suggest that the incorporation of nanocomposites could affect the solubility of certain compounds
into the polymeric matrix.
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1 Introduction

From the technological point of view, nanocomposites have attracted great attention from scientists
because they have characteristics and properties different to micromaterials. Organic-inorganic
nanocomposites have hybrid properties derived from synergistic reactions of the two components. The
most promising composite systems are nanocomposites based on organic polymers and inorganic clay
minerals [1-5].

Exfoliation of nanoparticles in polymers confers considerable improvements in the properties of the
polymer compared with conventionally used additives (microparticles). The improved mechanical,
fireproofing and barrier properties conferred by the nanocompounds are of special interest in the food
packaging industry [5-8] without any significant reduction in other relevant properties, including
toughness [9-11]. In addition, another advantage is the transparency of the material due to their low
filler loading, because the clay content is below a critical loading level [12] and besides, natural silicates
are included in the positive list of substances which are allowed to be used in plastic materials and
articles intended to come into contact with foodstuffs [13].

The transfer of substances across a polymeric matrix involves three stages: dissolution of the
substance in the polymeric matrix; diffusion across the polymeric matrix, and posterior release of the
substance at another part of the polymeric matrix.

In the food industry, the packages could prevent or delay one or all the stages involved in this process
to increase the shelf life of the food and to increase the safety of the food to consumers. Nanocompounds
act as a physical barrier that delays the passage of oxygen across the polymeric matrix containing the
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nanocompounds [14, 15]. Food packaging contains additives like antioxidants, dyes, pigments,
antifogging agents, stabilizers and plasticizers. These substances are used to minimize degradation
during processing, to facilitate processing and to increase stability during storage [16, 17]. The
contamination of foodstuffs with substances from the packaging material could occur during the
packaging process itself, for example via overprinting labels [18]. Migration includes partition and
diffusion phenomena. These phenomena are important in determining the concentration of contaminants
in a food system at any time and temperature. The main factors that control the migration process are
partition coefficient between packaging materials, packaging composition, migrant concentration, time,
temperature, molecular weight, solubility, diffusivity and, structures [19-21].

In the migration process, the kinetic (diffusion) and thermodynamic equilibrium (partition) can be
defined as an exchange of mass and energy between the packaging and food [21, 22].

The key parameters of the migration are the diffusion and partition coefficients.

The diffusion coefficients (D) express the rate at which a substance diffuses into the material. The
migration, generally obeys Fick's Second Law.

oCp 02Cp

ot 0z2
where Cp is the concentration of the migrant in the polymer at time t (s) and position x and D is the
diffusion coefficient in P (cm?/s). An analytical solution of this differential equation was proposed by
Crank in 1975 [21, 23].

A partition coefficient is defined as the ratio of migrant equilibrium concentration in the packaging
material, Cpl, to its equilibrium concentration, in another packaging material phase, Cp2. K is defined
as: K = Cpl/Cp2. When K = 1, the migrant concentration in each packaging material is equal, at
equilibrium. K is higher when more migrant is absorbed into the packaging material 1 than in the
packaging material 2. Molecular size and chemical structure of migrant and temperature are the main
factors that affect the partition coefficient [21].

The aim of this paper was to determine the partition coefficients of different model migrants,
including trans, trans-1,4-diphenyl-1,3-butadiene (DPBD), 5-Chloro-2-(2,4-dichlorophenoxy)phenol
(triclosan), Benzophenone, 25-bis (5-tert-butyl-2- benzoxazolyl) thiophene (Uvitex 0B®), Diphenyl
phthalate (DPP), lsopropyi-9Hthioxanthen- 9-one (ITX), Butylated hydroxyl toluene (BHT) and
Bisphenol A (BPA) between the LDPE and polyamide (PA) and, between LDPE and nanocomposite
polyamide (naPA).

Benzophenone and ITX are widely used as photoinitiators for UV-cured inks, DPBD belongs to
fluorescent whitening agents; Triclosan is a broad-spectrum antimicrobial compound; DPP is a
plasticizer, Bisphenol A is the starting material to produce polycarbonate; BHT is a synthetic
antioxidant and Uvitex 0B® is an optical brightening agent [3,7,13, 19-22].

The model migrants selected are widely used in food contact materials, they have different physico-
chemical properties and different chemical behavior. The results are commented on concerning the
parameters that may affect the migration.

2 Materials and Methods

2.1 Materials

The nanocomposites used are natural montmorillonite, modified with a quaternary ammonium salt to
facilitate dispersal in the polymeric matrix. Cloisite 308 nanoparticles (provided by Southern Clay
Product, Texas, USA; www.scprod.com) were used. The cationic exchange capacity is 90 meq/100 g of
clay. This montmorillonite is suitable for incorporation in polar polymeric matrix as polyamide.
Polyamide 6 (PA) of density 1.17 g/cm?® was used.

2.2 Chemicals and Standards

All chemicals were of analytical grade. Ethanol, acetonitrile and tetrahydrofuran were from Merck
(Darmstadt, Germany). Ultrapure water was obtained from a Milli-Q water purification system
(Millipore, Bedford, MA, USA).

AFSE Copyright © 2017 Isaac Scientific Publishing



Advances in Food Science and Engineering, Vol. 1, No. 2, June 2017 61

Standards of Benzophenone CAS 119-61-9; (MW 182.22) and DPBD (98%) CAS 538-81-8, (MW
206.28) were from Sigma-Aldrich (Steinheim, Germany).

Triclosan (97%) CAS 3380-34-5; (MW 289.54), 25-bis (5-tert-butyl-2-benzoxazolyl) thiophene
(Uvitex® OB) (=99%) CAS 7128-64-5; (MW 430.56) (SML 0.6 mg/kg) and Butylated hydroxytoluene
(BHT) (=99.0%) CAS no. 128-37-0) (MW 220.35) (SML 3 mg/kg) were obtained from Fluka
(Steinheim, Germany). Bisphenol A (BPA) (=99%) CAS 80-05-7; (MW 228.29) (SML 0.6 mg/kg);
Diphenyl phthalate (DPP) (=99.0%) CAS 84-62-8; (MW 318.32) and lsopropyi-9H-thioxanthen-9-one,
mixture of 2- and 4-isomers (ITX) (97%) CAS 75081-21-9; (MW 254.35) were purchased from Aldrich-
Chemie (Steinheim, Germany).

2.3 Standard Solutions

A primary stock solution for each one of those migrants was prepared in ethanol (500 pg ml!). Three
intermediate standard solutions containing benzophenone, DPBD and Uvitex; DPP, ITX and BHT and
BPA and Triclosan of a concentration of 50 ug ml! were prepared in ethanol. Solutions were stored in
amber bottles at 4°C in the refrigerator.

2.4 Films

The model migrants were added to the LDPE films during the extrusion process:
- LDPE film (thickness: 397.74+13.9 um; Cgenophenone= 417.72+£67.4 pg g'; Cpppp=755.0.64+31.6 png g';
Cuvitex=900.3+55.2 ug g') with Benzophenone, DPBD and UvitexOB.
-LDPE film (Thickness: 410.6+16.7 pm; Cppp= 457.3+113.2 pg.g’; Cirx= 1138.0+206.9 pg g
Cpur= 839.8+£170.3 pg ¢*') with DPP, ITX and BHT.
- LDPE film (Thickness: 394.8+17.6 um; Cppa=933.7£57.5 1ug g5 Criicosan=1233.1£85.1 ng g') with
BPA and Triclosan.

Films were made by cast extrusion technique. Prior to the extrusion process the Polyamide 6 was
dried at 80 °C for 24 hours. The composites were prepared by melt compounding using a co-rotating
twin screw extruder (Micro 27 GL-36 D Leistritz). The screw diameter was 27 mm, screw length, 36 X
D, and screw speed range, 10-400 rpm.

The exfoliated film was developed following the methodology described by Pereira et al. [15]. The
barrel was set at 220 — 240 °C; Zone 1 and 11 at 220 °C, Zone 111 at 225 °C, Zone IV and V at 230 °C,
Zone VI and VII at 235°C and Zone VIII and IX at 240 °C. The inorganic contents of the samples were
calculated by measuring the weight before and after burning the organic component. The concentration
of Cloisite 308 in the nanocomposites was 5% (w/w) in all cases. For reference purposes, neat polyamide
without nanoparticles was also extruded.

2.5 Experimental Procedure

Films (LDPE, Polyamide and nanocomposite polyamide) were cut in pieces of 4x4 cm?® The thickness
along each side of the film was measured by triplicate, and the average value was calculated. LDPE film
was put in contact with one of the faces of polyamide or nanocomposite polyamide. Samples were then
wrapped with aluminium foil to protect them from the light, then were placed inside a transparent
plastic bag, and incubated in the oven at 60 and 80 °C. The incubation times used were 40, 55, and 70
days for 60 °C and 25, 40 and 60 days for 80 °C, respectively. Then, at selected times, the set was
retired of the oven and removed the additivated LDPE film and the other plastic (polyamide or
nanocomposite polyamide). After this, the extraction from additivated LDPE, polyamide and
nanocomposite polyamide films was carried out.

The films were put in a 60 ml amber flask, 50 ml of ethanol was added with a volumetric pipette and
incubated for 6 hours at 70 °C. After this time, the flask was retired of the oven and separated the
plastic from the liquid phase. An aliquot of the liquid phase was filtered by a 0.50 um filter and
analyzed by HPLC.
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2.6 Chromatography

The model migrants were analysed by using a chromatographic system (Hewlett-Packard, Waldbronn,
Germany) consisted of an HP1100 quaternary pump, a degassing device, an autosampler, a column
therrnostatting system, a diode-array detector (DAD), and fluorescence detector. HP ChemStation
chromatographic software was used for data acquisition. A reversed-phase Kromasil 100 C18 column (25
x 0.36 cm 1.D., 5 um particle size) thermostated at 30 °C was used. The flow-rate was 0.5 ml min™! and
the injection volume was 20 pl for benzophenone, DPBD and Uvitex and 10ul for the other analytes.

Three gradient elution systems were used for the determination of the model migrants. The mobile
phases used for the analysis of benzophenone, DPBD and Uvitex consisted of A (Milli-Q water) and B
(THF 30% methanolic solution v/v). The gradient elution conditions were as follows: 0 min (30%A
70%B); 4 min (30%A 70%B); 10 min (0%A 100%B); 17 min (0%A 100%B). Post-time: 3 min.

For the analysis of DPP, ITX and BHT the elution system was composed by A (Milli-Q water) and B
(acetonitrile). The gradient elution programme was as follows: 0 min (40%A 60%B); 1 min (40%A
60%B); 17 min (0%A 100%B); 20 min (0%A 100%B). Post-time: 5 min. In the case of BPA and
triclosan, the mobile phase also consisted of A (Milli-Q water) and B (acetonitrile) and the gradient
elution was as following: 0 min (40%A 60%B); 3 min (40%A 60%B); 9 min (0%A 100%B); 17 min (0%A
100%B). Post-time: 5 min. DPP, BHT and triclosan were detected at 205 nm, benzophenone at 256 nm,
DPBD at 330 nm, and Uvitex at 372 nm. The FLD detector was set at Aem 410 nm and Aex 250 nm for
ITX and at Aem 305 nm and Aex 225 nm for BPA.

3 Results and Discussion

The partition coefficients of low-density polyethylene/polyamide (Kippgpa) and low-density
polyethylene/nanocomposite polyamide (Kippemra), i.e., the relative solubility of the migrant at
equilibrium between the polyethylene and the polyamide or nanocomposite polyamide are shown in
Tables 1 and 2, respectively. It is interesting to note that some substances have not reached the
equilibrium at the end of experiment. Partition coefficient of LDPE/polyamide or nanocomposite
polyamide for each model substance was calculated using the following equation:

Crore., CrpPE.,
Kippe / nara =
CPAf'q Cn,aPAeq

Kippe / pa =

where: Kippg/pa is the partition coefficient between LDPE and polyamide;

Kipre/mara is the partition coefficient between LDPE and nanocomposite polyamide;

Cpaeq 18 the concentration of substance in polyamide at equilibrium, in ug g*;

Chapaeq 18 the concentration of substance in nanocomposite polyamide at equilibrium, in pg g
Clppreq 18 the concentration of substance in the LDPE at equilibrium, in ug g*;

Physico-chemical features of the model migrants such as polarity, solubility and hydrogen-bonding as
well as the material used in the manufacture of the packaging are factors that influence the partition
coefficient. Due to the large sizes of the polymer molecules, the secondary bond forces (van der Waals
forces and hydrogen bonding) assume much greater roles in influencing physical properties than they do
in small organic molecules [24].

Low molecular weight molecules compared with those with high molecular weight are absorbed more
rapidly due to the greater diffusivity. Indeed, the partition coefficient of a series of compounds with the
same functional group (i.e. esters or aldehydes) increased with increasing carbon chain length [21, 25-30].
The alcohols in aqueous solutions increase its partition coefficients to increasing its molecular weight.

This could be the result of decreased solubility of alcohols when the chain of alcohols is increased due
to increased repulsive forces between water and alcohol molecules [31].

In effect, larger molecules are absorbed to a larger extent than the smaller ones and highly branched
molecules are absorbed to a greater extent than linear molecule into non-polar polyolefins [29]. The
differences between the polarity of migrant and polymer are key parameters in the absorption process
[21]. Alcohols and short-chained esters (polar substances) have higher partition coefficients in the
oil/polymer system than in the water/polymer system. Whereas, aldehydes (long carbon non-polar
chains) have lower partition coefficients in the oil/polymer, than in the water/polymer [29]. In mixtures,
some compounds exhibit a lower absorption rate that systems containing the individual compounds.
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This effect could be explained due to the absorbed components changing the properties of polymer
and/or the compounds competing for a limited number of active sorption sites [29, 30]. When more than
one type of solids are present, alcohols preferentially are adsorbed to the solid with higher affinity for
alcohols, until all binding sites on the solid have been occupied. Silica and soy protein increases
solubility of alcohols in water by adsorbing them through hydrophobic association and/or hydrogen
bonds [31]. Uvitex, ITX, DPBD, DPP, Benzophenone and BHT show a Kippr/pa and Kippe/mara far-off
and higher than 1. Triclosan (80 °C) and BPA show the smallest partition coefficient of low-density
polyethylene/polyamide (Kipperpa) and low-density polyethylene/nanocomposite polyamide (Kippe/mara)-
Cloisite 30 B and polyamide have polar groups. These areas could attract and form hydrogen bonds and
van der Waals forces bonds with migrants from the polyethylene. Owing the composition of
polyethylene -[-CH,-CHdn-. polyamide -[NH-(CH,)s-CO]n- and, cloisite 308 these results were expected.
Polymer /silicate nanocomposites have better properties such as high barrier properties, improved tensile
characteristics, higher heat deflection temperature, better scratch resistance, and increased flame
retardancy [14, 15, 32, 33]. BPA is a molecule that has two polar groups in its structure that provides a
polar surface area of 40.46A2 The polar surface area of a molecule is defined as the area of its van der
Waals surface that arises from oxygen or nitrogen atoms or hydrogen atoms attached to oxygen or
nitrogen atoms. As such, it is clearly related to the capacity of a compound to form hydrogen bonds [34].
The presence of polar groups, their size, their ability to form hydrogen bonds and van der Waals bonds
could explain why the solubility of BPA into the polyamide was favored. On the other hand, in the case
of Uvitex, the amount migrated at 80 °C (60 days) from the LDPE to the polyamide was negligible
although the Uvitex has polar groups and can form secondary bonds. In this case, the great partition
coefficient could be due to the large size of Uvitex.

Tables 1 and 2 show the Partition coefficients of polyethylene/polyamide (Kippgwpa) and
polyethylene/nanocomposite polyamide (Kippgmra) at 60 °C and 80 °C for all substances studied,
respectively.

Rpamara is a relative measure of the times that a substance is soluble in PA instead of naPA at
equilibrium. Relation (Rpp/marr) between Kipperpa and Kippemera at 60 °C and 80 °C for all substances
studied is shown in Table 3.

Rpa/mara is defined as:

Kipre J pa
Rpa j napsa = —————

KLDPE | napa

Table 1. Partition coefficients of polyethylene/polyamide (KLDPE/PA) at 60 °C and 80 °C for all substances
studied.

Model migrant KLDPE/PA Model migrant KLDPE/PA
Benzophenone 60 °C and 40 days 8.30 DPP 60 °C and 40 days 44.20
Benzophenone 60 °C and 55 days 9.25 DPP 60 °C and 55 days 45.65
Benzophenone 60 °C and 70 days 8.12 DPP 60 °C and 70 days 42.73
Benzophenone 80 °C and 25 days 6.84 DPP 80 °C and 25 days 26.68
Benzophenone 80 °C and 40 days 4.26 DPP 80 °C and 40 days 31.80
Benzophenone 80 °C and 60 days 2.99 DPP 80 °C and 60 days 10.71
DPBD 60 °C and 40 days 41.66 BHT 60 °C and 40 days 4.46
DPBD 60 °C and 55 days 51.40 BHT 60 °C and 55 days 6.90
DPBD 60 °C and 70 days 41.62 BHT 60 °C and 70 days 10.24
DPBD 80 °C and 25 days 33.40 BHT 80 °C and 25 days 5.83
DPBD 80 °C and 40 days 24.00 BHT 80 °C and 40 days -
DPBD 80 °C and 60 days 18.53 BHT 80 °C and 60 days 2.69
Uvitex 60 °C and 40 days >1000 Bisphenol A 60 °C and 40 days 0.31
Uvitex 60 °C and 55 days >1000 Bisphenol A 60 °C and 55 days 0.25
Uvitex 60 °C and 70 days >1000 Bisphenol A 60 °C and 70 days 0.25
Uvitex 80 °C and 25 days >1000 Bisphenol A 80 °C and 25 days 0.13
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Uvitex 80 °C and 40 days >1000 Bisphenol A 80 °C and 40 days 0.03
Uvitex 80 °C and 60 days >1000 Bisphenol A 80 °C and 60 days 0.04
ITX 60 °C and 40 days 98.71 Triclosan 60 °C and 40 days 2.07
ITX 60 °C and 55 days 85.29 Triclosan 60 °C and 55 days 1.64
ITX 60 °C and 70 days 81.10 Triclosan 60 °C and 70 days 1.66
ITX 80 °C and 25 days 56.72 Triclosan 80 °C and 25 days 0.92
ITX 80 °C and 40 days 38.02 Triclosan 80 °C and 40 days 0.66
ITX 80 °C and 60 days 26.43 Triclosan 80 °C and 60 days 0.65

Table 2. Partition coefficients of polyethylene/nanocomposite polyamide (KLDPE/naPA) at 60 °C and 80 °C for

all substances studied.

Model migrant KLDPE /naPA Model migrant KLDPE /naPA
Benzophenone 60 °C and 40 days 9.24 DPP 60 °C and 40 days 53.76
Benzophenone 60 °C and 55 days 9.76 DPP 60 °C and 55 days 74.30
Benzophenone 60 °C and 70 days 8.29 DPP 60 °C and 70 days 78.40
Benzophenone 80 °C and 25 days - DPP 80 °C and 25 days 47.23
Benzophenone 80 °C and 40 days - DPP 80 °C and 40 days 50.61
Benzophenone 80 °C and 60 days 10.19 DPP 80 °C and 60 days 31.19
DPBD 60 °C and 40 days 48.66 BHT 60 °C and 40 days 4.88
DPBD 60 °C and 55 days 55.17 BHT 60 °C and 55 days -
DPBD 60 °C and 70 days 38.14 BHT 60 °C and 70 days 39.70
DPBD 80 °C and 25 days - BHT 80 °C and 25 days 26.32
DPBD 80 °C and 40 days 26.20 BHT 80 °C and 40 days -
DPBD 80 °C and 60 days 36.92 BHT 80 °C and 60 days 9.60
Uvitex 60 °C and 40 days >1000 Bisphenol A 60 °C and 40 days 0.60
Uvitex 60 °C and 55 days >1000 Bisphenol A 60 °C and 55 days 0.52
Uvitex 60 °C and 70 days >1000 Bisphenol A 60 °C and 70 days 0.56
Uvitex 80 °C and 25 days >1000 Bisphenol A 80 °C and 25 days 0.05
Uvitex 80 °C and 40 days >1000 Bisphenol A 80 °C and 40 days 0.03
Uvitex 80 °C and 60 days >1000 Bisphenol A 80 °C and 60 days 0.01
ITX 60 °C and 40 days 73.59 Triclosan 60 °C and 40 days 2.62
ITX 60 °C and 55 days 75.94 Triclosan 60 °C and 55 days 2.58
ITX 60 °C and 70 days 94.12 Triclosan 60 °C and 70 days 2.60
ITX 80 °C and 25 days 53.01 Triclosan 80 °C and 25 days 1.13
ITX 80 °C and 40 days 54.76 Triclosan 80 °C and 40 days 0.76
ITX 80 °C and 60 days 27.33 Triclosan 80 °C and 60 days 0.40

Table 3. Relation KLDPE/PA/ KLDPE/naPA at 60 °C and 80 °C.

Model migrant EEBEE/:?P/ A Model migrant Eigig/ iﬁP/ A
Bisphenol A 60 °C and 40 days 0.52 Triclosan 60 °C and 40 days 0.79
Bisphenol A 60 °C and 55 days 0.48 Triclosan 60 °C and 55 days 0.64
Bisphenol A 60 °C and 70 days 0.45 Triclosan 60 °C and 70 days 0.64
Bisphenol A 80 °C and 25 days 2.60 Triclosan 80 °C and 25 days 0.81
Bisphenol A 80 °C and 40 days 1.00 Triclosan 80 °C and 40 days 0.87
Bisphenol A 80 °C and 60 days 4.00 Triclosan 80 °C and 60 days 1.63
BHT 60 °C and 40 days 0.91 DPP 60 °C and 40 days 0.82
BHT 60 °C and 55 days - DPP 60 °C and 55 days 0.61
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BHT 60 °C and 70 days 0.26 DPP 60 °C and 70 days 0.55
BHT 80 °C and 25 days 0.22 DPP 80 °C and 25 days 0.56
BHT 80 °C and 40 days - DPP 80 °C and 40 days 0.63
BHT 80 °C and 60 days 0.28 DPP 80 °C and 60 days 0.34
Benzophenone 60 °C and 40 days 0.90 DPBD 60 °C and 40 days 0.86
Benzophenone 60 °C and 55 days 0.95 DPBD 60 °C and 55 days 0.93
Benzophenone 60 °C and 70 days 0.98 DPBD 60 °C and 70 days 1.09
Benzophenone 80 °C and 25 days - DPBD 80 °C and 25 days -

Benzophenone 80 °C and 40 days - DPBD 80 °C and 40 days 0.92
Benzophenone 80 °C and 60 days 0.29 DPBD 80 °C and 60 days 0.50
ITX 60 °C and 40 days 1.34 ITX 80 °C and 25 days 1.07
ITX 60 °C and 55 days 1.12 ITX 80 °C and 40 days 0.69
ITX 60 °C and 70 days 0.86 ITX 80 °C and 60 days 0.97

When R = 1, the migrant absorbed in naPA at equilibrium equals to that absorbed in PA at
equilibrium. R is higher than 1 when more migrant is absorbed into the naPA than in the PA. In
general, BHT and DPP presented the lowest values, while ITX, BPA and triclosan exhibited the higher
values. The incorporation of cloisite to PA increased the affinity of BHT, DPP and benzophenone more
than the PA.

It is interesting to remark, the similar behavior of the two type of plastics used in the experiment. In
some cases of the selected model substances, the equilibrium was not reached, but nevertheless the trend
in these cases is that the solubilities of these compounds are similar (K close to 1). Bisphenol A and
Triclosan show slightly higher solubility in the PA than in the naPA. They are the two unique
molecules with its ~OH groups with no steric impediments and it is possible that they have more
affinity with chains of PA that included polar groups themselves. Heavy molecular weight substances, as
Uvitex, DPP and ITX, have very limited solubility in both plastics.

4  Conclusion

Briefly, in the present study the partition coefficients of selected model migrants between the LDPE and
polyamide (PA) and, between LDPE and nanocomposite polyamide (naPA) at different time-
temperature conditions were determined. The results obtained suggest a similar solubility in both
polymers with a high capacity of avoid diffusion of high molecular weight substances as Uvitex, DPP
and ITX.
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