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ABSTRACT 
 
Polypropylene nanocomposites with two types of Bentonite as clay were prepared and evaluated as an 
alternative in food packaging applications. The manufacturing was carried out according to a proprietary 
method developed by Repsol. Mechanical, thermal and barrier properties were evaluated. Migration tests 
and analysis of residues were performed for safety assessment of nanocomposites to be used in articles 
intended to come into contact with food. The nature of migrants, using multiple analytical techniques, was 
determined to stablish if clay nanolayers migrate, in which case toxicological tests will have to be 
performed. 
 
 
 
 

 
 
1. Introduction 
 
Conventional materials such as metal and 
glass in food packaging are being replaced 
by plastics due to their intrinsic advantage 
regarding weight. Polyolefins play a key 
role in this transition because of their good 
mechanical properties and low cost. 
However, permeability to oxygen makes 
them not suitable for gas barrier 
applications to food packaging. Hence 
multilayer structures containing a layer of 
EVOH or polyamides as barrier polymers 
are used. The outside layers often comprise 
polyolefins to provide mechanical properties 
and barrier to vapor which is needed to 
protect the barrier polymer. 
 
In addition to the active barrier of EVOH, it 
is very common to use oxygen scavengers 
as a passive barrier based on an 
irreversible reaction- oxidation- with 
oxygen. Coatings are often used for the 
same purpose, providing a great barrier to 
gases.  

Multilayer structures can be replaced by a 
monolayer structure employing 
nanocomposites based on dispersion and 
exfoliation of a clay within a polyolefin matrix. 
When clay layers are properly dispersed and 
oriented into the matrix, the oxygen barrier of 
the package will be increased due to a 
tortuous or zig-zag path formation (Figure 1). 
Nanocomposites enable the use of polyolefins 
in a monolayer structure as oxygen barrier for 
food packaging. 
 

 
 

Figure 1. Zig-zag mechanism of gases through a 
nanocomposite based on polymers and clays[1]. 
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Then, if polyolefin nanocomposites are a 
global solution because of good mechanical 
and thermal properties and also because of 
barrier performance, why are not still 
present in the market? Monolayer 
structures based on nanocomposites are in 
direct contact with food. Nanomaterials are 
not included in the European Commission 
Regulation 10/2011 on plastic materials 
and articles intended to come into contact 
with food. 
 
In 2009 the European Food Safety 
Authority, EFSA, adopted a scientific 
opinion [2] on nanotechnologies in food and 
feed, entitled “the potential risks arising 
from nanoscience and nanotechnologies on 
food and feed safety”. One of the 
conclusions was that risk assessment of 
nanomaterials need to be performed on a 
case-by-case basis. In 2011 they published 
a new scientific opinion [3] presented as a 
guide to provide risk assessors, regulators 
and other stakeholders. The guide consists 
of practical advices on risk assessment 
methodology for engineered nanomaterials 
used in food and feed (physico-chemical 
characterization requirements and testing 
approaches to identify and characterize 
hazards arising from nanoproperties). 
 
To ensure safety of the final material or 
item, verification of meeting overall and 
specific migration limits must be performed. 
It is also necessary to determine if there is 
migration of nanolayers into food. In that 
case toxicological test must be performed. 
The different physical-chemical properties 
of nanomaterials compared to conventional 
micro-sized counterparts imply that 
toxicokinetic and toxicity profiles cannot be 
totally inferred. Special properties of 
nanomaterials make them suitable and 
great candidates for new applications but 
also modify potential risk for health. 
Therefore, commercialization of these 
materials in food packaging depends not 
only on improving technological properties 
but proving safety and providing confidence 
to the consumer. 
 
 
 
 

2. Experimental 
 
In this chapter, results from the evaluation of 
some polypropylene nanocomposites as an 
alternative in food packaging will be shown 
and discussed. Nanocomposites were prepared 
with a proprietary method in a twin screw 
extruder ZSK-25. 
 
Two types of clays organically modified, 
Bentonite 1B and 2B, were used for 
preparation of nanocomposites. Common clays 
are naturally occurring minerals that are 
approved for food contact. However, they are 
generally hydrophilic species and therefore 
incompatible with a wide range of polymers. 
Pre-treatment to increase their hydrophobity 
is needed (i.e ion exchange with an organic 
cation such as an alkylammonium ion). These 
modified clays are not approved for food 
contact even when organic modifier itself is 
approved. This is the case of Bentonite 2B.  
 
A maleic anhydride grafted polypropylene (PP-
g-MA), approved for food contact with a 
specific migration limit for maleic anhydride of 
30 mg/kg food, was used as a compatibiliser. 
 
Polypropylene nanocomposites were injected 
on a Sandretto 6GV-50 injection moulding 
machine to evaluate the following properties: 
 

• Density • ISO-1183 
• Hardness (Shore D) • ISO-868 
• Flexural Modulus of 

elasticity 
• ISO-178 

• Tensile Strenght • ISO-527 
• Izod impact strength • ISO-180 
• Heat Deflection 

Temperature (HDT) 
(0,45 MPa) 

• ISO-75 

 

Oxygen permeability was measured on a 
Mocon Oxtran 2/21 in accordance with ASTM 
D-3985. Samples were tested as injected 
plaques of 0.5mm of thickness and cast film of 
50 microns, to evaluate both injection and 
extrusion applications of the nanocomposite. 
 
According to the European Commission 
Regulation 10/2011, plastic materials and 
articles intended to come into contact with 
food should not be releasing more than 10 mg 
of substances per 1 dm2 of surface area of the 
plastic material. Therefore migration testing at 
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worst foreseeable conditions of use of the 
plastic material has been performed (4h at 
60ºC with iso-octane as simulant). In 
addition, residues from the migration tests 
were analyzed to determine the nature of 
the migrants using multiple analytical 
techniques such as GC-MS (gas 
chromatography-mass spectrometry), IR 
(infrared spectroscopy) and SEM (scanning 
electron microscopy). 
 
A non-commercial virgin polypropylene with 
a melt index of 40 dg/min (230ºC y 2,16 
kg) was used as a reference for the 
evaluation of the polypropylene 
nanocomposites.  
 

3. Results and discussion 
 
Table 1 and Figure 2 show results from 
evaluation of polypropylene nanocomposite 

WLE-330 prepared with bentonite 1B and the 
virgin homopolymer PP-IF40. 
 
As Figure 2 shows, nanocomposite WLE-330 
had higher flexural modulus, tensile strength 
and heat deflection temperature (HDT) than 
the virgin homopolymer. Being accurate, the 
value was increased around 31, 16 and 28% 
respectively. Therefore, packages made of this 
nanocomposite would be lighter and have 
larger thermal resistance. In addition, the 
oxygen permeability of 50 μm films was 
reduced around 21% respect to the virgin 
homopolymer. However, the barrier capability 
to oxygen of 0,5 mm injected plaques did not 
increase. The reason is that the flow of 
nanocomposite through the nozzle in cast-film 
extruder orientates nanolayers perpendicularly 
to the pass-through of gas while proper 
orientation is not managed in an injection 
molding machine. 
 

 
Table 1. Results from evaluation of polypropylene nanocomposite WLE-330 compared to the non-commercial virgin 

polypropylene PP-IF40. 
 

Sample PP-IF40 WLE-330 

Bentonite 

MFR, g/10min (230ºC, 2,16 kg) 

- 

39,4 

1B 

34,0 

Density, g/cm3 0,9013 0,9096 

Properties:     

Flexural Modulus of elasticity, MPa 1435 1885 
(+31%) 

Tensile Strength at break , MPa 25 29 
(+16%) 

Strain to failure, % 23 18 

Izod unnotched impact strength 23ºC, 
kJ/m2 

56 C 34 C 
(-39%) 

Izod notched impact strength (23ºC), kJ/m2 1,3 C 1,3 C 

Izod notched impact strength (0ºC), kJ/m2 1,5 C 1,3 C 

Heat Deflection Temperature (0,45 MPa), ºC  72,1 92,3 
(+28%) 

Hardness (Shore D) 72,3 73,5 

Barrier properties     

Film 50μm: PO2 (cm3·mil/m2·d·atm) 2768 2173  
(-21%) 

Plaques 0,5 mm: PO2 (cm3·mil/m2·d·atm) 2406 2458 
(2%) 
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Figure 2. Properties of WLE-330 (Bentonite 1B) nanocomposite compared to those of the virgin homopolymer PP-IF40 
(non-commercial). 

 
In conclusion, results show that 
improvement of gas barrier capability in 
nanocomposites depends not only on the 
compatibility between matrix and clay and 
exfoliation of nanolayers from the laminar 
structure but also on orientation of 
nanolayers to hinder the pass-through of 
gases. Proper orientation is achieved in a 
cast-film extruder, however, it is needed a 
specific design for nozzles and gate feed 
points in an injection moulding machine. 
Two nanocomposites, WLE-426 and WLE-
478, were selected for studying migration 
of substances in case of direct food contact. 
Both nanocomposites were prepared from a 
non-commercial virgin homopolymer, PP-
IF40, and the Bentonites 1B and 2B 
respectively. 
 
Firstly, thermal and mechanical properties 
and gas barrier capability were tested for 
both nanocomposites and the virgin 
homopolymer. Results are shown in Table 2 
along with those of PP-IF40 as reference. 
 
As Figure 3 shows, WLE-426 nanocomposite 
specially highlighted because of its 
improvement in flexural modulus, tensile 
strength, HDT and gas barrier capability 
(oxygen permeability decreased around 
19% compared to homopolymer as 

reference). However, Izod impact strength 
(unnotched) decreased more than a half. A 
priori this nanocomposite was chosen for its 
overall performance. 
 
Regarding safety assessment to be used in 
food contact materials, the first stage was to 
perform the overall migration test from 
nanocomposites, WLE-426 and WLE-478. 
Results are compared with those from the 
virgin homopolymer in Table 3. 
 
Results obtained for all tested samples showed 
overall migration values below the limit 
required by the European Commission 
Regulation 10/2011, 10 mg/dm2. Moreover, 
values from both nanocomposites were even 
below those measured from the virgin 
homopolymer. The reason for that is the effect 
of nanolayers as a barrier to avoid migration 
of substances from the material into food 
simulant. 
 
The second stage was to identify the migrating 
substances from nanocomposites into food 
simulant. The residues of the overall migration 
test were analyzed by techniques such as gas 
chromatography-mass spectroscopy (GC-MS), 
infrared spectroscopy (IR) and scanning 
electron microscopy (SEM). The substances 
that were detected are shown in Table 4. 
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Table 2. Properties of WLE-426 and WLE-478 nanocomposites and the virgin homopolymer PP-IF40 (non-commercial) as 

reference 
Sample PP-IF40 WLE-426 WLE-478 

Bentonite - 1B 2B 

MFR, g/10min (230ºC, 2,16 kg) 45,2 35,4 41,9 

Density, g/cm3 0,9013 0,9094 - 

Properties       

Flexural Modulus, MPa 1454 1838 
(+26%) 

1642 
(+13%) 

Tensile strength, MPa 23 34 
(+48%) 

28 
(+22%) 

Strain to failure, % 33 13 29 

Izod impact strength (unnotched) at 23ºC, kJ/m2 54 (C) 17 (C) 
(-69%) 

42 (C) 
(-22%) 

Izod impact strength (notched) at 23ºC, kJ/m2 1,6 2,6 1,8 

Izod impact strength (notched) 0ºC, kJ/m2 1,3 1,5 1,1 

Heat deflection temperature (HDT) at 0,45 MPa, ºC  81 92 
(+14%) 

94 
(+16%) 

Hardness (Shore D) 71,8 73 73,2 

Gas barrier capability:       

50 μm film: Oxygen permeability (cm3·mil/m2·d·atm) 2611 2125 
(0%) 

2633 
(-19%) 
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Figure 3. Properties of WLE-426 (Bentonite 1B) and WLE-478 (Bentonite 2B) nanocomposites along with those of the 

virgin homopolymer PP-IF40 (non-commercial). 
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Table 3. Overall migration values from WLE-426 and WLE-478 nanocomposites and virgin homopolymer into iso-octane 
(over 4h at 60ºC).  

 

Sample Overall migration (mg/dm2) 

WLE-426 4,8 

WLE-478 4,3 

PP-IF40 6,5 

 
 

Table 4. Substances detected in the residue of the overall migration test. 
 

Sample WLE-426 WLE-478 

Migrating 
substances 

 Polypropylene oligomers 

 Antioxidants 

 Quaternary ammonium salt 

 Polypropylene oligomers 

 Antioxidants 

 Anhydride maleic 

 
 
In the case of WLE-426, nanocomposite 
with Bentonite 1B, silicates were not 
detected on the residue. Hence clay 
nanolayers did not migrate into food 
simulant toxicological tests were not 
required. However, a quaternary 
ammonium salt coming from the organic 
modifier, which does not appear in the 
positive list in EC Regulation, was detected. 
Therefore, this nanocomposite was 
discarded for food contact applications.  
On sample WLE-478, nanocomposite with 
Bentonite 2B, all substances detected on 
the residue are included on the positive list. 
Anhydride maleic traces were below specific 
migration limit for this substance. 
 
In conclusion, nanocomposite WLE-426 
cannot be used in food packaging despite of 
its performance showed to be the best 
based on stiffness and gas barrier 
capability. The reason for that is organic 
modifier for Bentonite 1B does not appear 
in the positive list of additives intended to 
come into food contact. 
 
 
3. Conclusions 
 
Polypropylene nanocomposites with 
Bentonite 1B show substantially enhanced 
properties compared to the virgin 
homopolymer. Therefore, this 
nanocomposite would allow manufacturing 
lighter packages, with higher thermal 

resistance and gas barrier capability for 
oxygen-sensitive food. 
 
It has been proved that the overall migration 
value does not exceed the limit required by 
European Commission Regulation 10/2011. 
Moreover, values from both nanocomposites 
are even below those measured from the 
virgin homopolymer. The reason for that is the 
effect of nanolayers as a barrier to avoid 
migration of substances from the material into 
food simulant. 
 
Nevertheless, this nanocomposite has to be 
discarded due to migration of the organic 
modifier in Bentonite 1B which is not allowed 
to come into food contact. 
 
In this particular case migration of nanolayers 
from bentonite was not detected and hence 
toxicological test were not required. However 
nanocomposites need to be studied case by 
case. If nanolayers migrate, toxicological test 
will have to be perfomed. 
 
In conclusion, polypropylene nanocomposite 
with Bentonite 1B is discarded for food contact 
application despite of its enhanced properties. 
To implement nanocomposites in food contact 
applications it is essential to ensure consumer 
safety. Collaboration between clays producers, 
nanocomposites manufacturers and EFSA is 
indispensable for achieving the goal. Clay 
producers should encourage authorization of 
clays and organic modifiers for food contact 
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materials. Manufactures should perform 
migration and toxicological tests for specific 
nanocomposite to be used in food contact. 
Finally, EFSA should follow ensuring 
consumer safety and solve pending 
applications for safety assessment. 
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