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ABSTRACT 
 
Optum® is a new material designed to replace polystyrene for packaging of food products which are 
sensitive to moisture loss, and is also suitable for microwave heating. It can be used in conventional 
processing equipment designed for polystyrene, improving its limitations in barrier properties (moisture and 
oxygen), mechanical properties and heat resistance. 

 

 
 
1. Object and purpose of the material 
developed 
 
 
The main aim of this development has been 
to provide a new material based on a 
polymer alloy and designed for sheet 
extrusion, which can be used in 
conventional processing equipment 
designed for polystyrene, as an alternative 
to it, improving the limitations it presents in 
terms of barrier properties (moisture and 
oxygen), mechanical properties and heat 
resistance. 
 
The advantages of polyolefins, such as 
water vapour barrier, low organoleptic level 
and its ability to resist heat in a microwave 
oven, make them ideal for current 
packaging requirements. However, normal 
polyolefins have some disadvantages which 
limit its use in the extrusion and 
thermoforming processes: long cycle times, 
deformation, low melt strength, very 
narrow processing window and 

incompatibility with molds designed for 
polystyrene. 
 
So far, most efforts to overcome these 
constraints have had limited success. The 
addition of fillers such as talc or calcium 
carbonate has provided some improvements. 
However, these filled polyolefins do not reach 
the processability of styrenic polymers. 
 
The presented solution provides all the 
benefits of the polyolefins as well as additional 
advantages. 
 
This new material has been devised in order to 
become an efficient solution for the 
development of thermoformed packaging for 
foods susceptible to moisture loss, and 
suitable for microwave heating, responding to 
the needs of the market trends. 
 
Optum® is a substitute material for the usual 
mixtures of crystal and high impact 
polystyrene (GPPS / HIPS) which can be 
processed by extrusion and subsequent sheet 
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thermoforming to obtain containers. The 
new material also has a higher heat 
stability than GPPS / HIPS blends and can 
be used for packaging convenience foods 
and subsequently be introduced in domestic 
microwave equipment. Moreover, its good 
barrier to water vapour will help extend the 
life of packaged foods. This property also 
allows its use to protect the EVOH used in 
some of these containers to provide oxygen 
barrier, which can be degraded when the 
containers are sterilized by autoclaving. 
 

 
Figure 1 

 
 
2. Applications selection  
 
Ready meals are one of the fastest growing 
sectors of the food industry in recent years. 
One explanation of this fact is in the ever 
increasing consumer demand towards these 
foods. Driven by todays accelerated pace, 
consumers increasingly opt for ready meals 
with long shelf life and speed of preparation 
and consumption. 
 
Data regarding the consumption of 
prepared meals in Spain during 2003, 
according to consultancy DBK, estimate this 
increase at around 7.5% (reaching 1.08 
billion euros), with the most dynamic 
segment of prepared dishes, frozen and 
refrigerated foods, which recorded an 
increase of 9% to 694 million euros. This 

was the segment that introduced most of the 
new products, especially based on fish and 
vegetables. 
 
Overall, the prepared foods sector is 
recording, since 2002, an increase in market 
value due, first to the higher quality of the 
dishes and equally higher unit price, and on 
the other to the evident acceptance of final 
consumers and of catering establishments. 
However, given the nature of these products 
and the constant emergence of new market 
introductions, innovations in materials and 
packaging systems are limited. These 
innovations are mainly focused on new 
formats and designs, more attractive and 
practical for the consumer, with less emphasis 
on the need to incorporate innovative 
production processes of packaging systems 
that allow obtaining products of longer life, 
higher quality and greater value. 
 
Microwave heating speed depends on the 
electrical and physical properties of the food, 
as well as the shape, size and material of the 
container. While microwaves heat food by 
direct absorption of energy by water 
molecules, food components also influence the 
absorption of microwaves, eg. Carbohydrates 
and proteins tend to retain some water, 
thereby reducing the heating effect. Fats are 
heated more quickly in the microwave. The 
dissolved ions (typically sodium ions) 
contribute to the microwave heating 
mechanism. Thus, water and salt content are 
very important. 
 
The following table shows an overview of the 
requirements of three kinds of products in 
relation to the features provided by the 
formulations developed: 
The typical packaging items used are 
thermoformed plastic trays, most often based 
on polystyrene. 
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Figure 2 

 

In summary, the main advantages of 
polystyrene are the following: 
 

 Ease of use. 
 Relatively low cost. 
 At 140 °C the molten material shows 

a low viscosity, which makes it 
particularly suitable for the injection 
molding process, to obtain without 
difficulty very thin wall objects. 

 The material is transparent, which 
can be an advantage depending on 
the type of application. 

  
As for the main limitations of polystyrene, 
the following can be mentioned: 
 

 It softens below 100°C, with a 
maximum service temperature of 
60-80°C. 

 Modest mechanical resistance. 
 Low barrier against water vapour 

and oxygen. 
 Does not seal with PE. 
 It is not very resistant to aging 

under ambient conditions. 
 Is attacked by many solvents. 

 
Therefore, polystyrene is not suitable for 
pasteurization or sterilization, or microwave 
heating. In water-rich foods, temperature 
will rarely go over 100°C, but HIPS begins 
to soften between 90 and 100°C, so it is 
not suitable for this use. Nor is it suitable 
for frozen products. 
 

For foods requiring a high barrier, multilayer 
EVOH is used, which has excellent oxygen 
barrier properties. However, in high humidity 
environments (pasteurization, sterilization) 
EVOH is degraded, and loses much of its 
barrier capacity. 
 
Pasteurization conditions require a high 
temperature and constant humidity, which 
affect the packaging material. EVOH barrier 
properties depend largely on the degree of 
humidity to which it is subjected. Therefore, it 
is important to verify the gas permeability of 
the container both before and after the 
process. 
 
As an example, for a 100 micron film of EVOH, 
permeability increases from 0.067 cm3/m2· 
day·atm at 0% RH, to 12.16 cm3/m2·day·atm 
at 95% relative humidity, which implies a loss 
of 99% of its oxygen barrier capacity. 
 
With this study we have obtained the technical 
and experimental data which establish the 
viability of the material for this project in 
terms of its use as a packaging material 
specific to the application described, assessing 
the advantages and limitations with respect to 
the materials in the market and verifying 
compliance with the current legislation on food 
contact materials. 
 
 
3. Characterization of properties 
 
The selection of the formulation components 
was made with the goal of achieving an alloy 
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that provides good rigidity and 
thermoforming, as well as improved water 
vapour barrier, greater ductility and better 
temperature resistance. 
 
A variety of polymer blends have been 
tested, in order to find a solution that 
provides optimum properties in terms of 
barrier, while maintaining good mechanical 
properties. 
 
Starting from the material in pellet form, 
600 micron thick sheets were obtained on 
which to perform subsequent 

characterization assays. Sheet extrusion was 
carried out in an industrial facility which 
currently works with polystyrene. 
 
Several characterization tests were performed 
on the extruded sheets. The permeability and 
migration assays were performed in the 
facilities of ainia. 
 
As shown, Optum® is 10 times better barrier 
to water and 3 times better oxygen barrier 
than polystyrene. 

 
 

Table 1: Barrier properties of 600 micron extruded sheets. 

  
Units GPPS/HIPS 

(50:50) 
OPTUM 

DPP20WM19W 
     

Water vapour transmission rate g/m2/day 6,6 0,55 

Oxygen transmission rate cc/m2/day 344 131 

 
 

Table 2: Migration of 600 micron extruded sheets. 

  
Units GPPS/HIPS 

(50:50) 
OPTUM 

DPP20WM19W 
     

30min./100ºC <1 <1 

10days/20ºC <1 <1 
Global migration in 
distilled water 

30min./100ºC 

mg/dm2 

<1 <1 

150min./60ºC <1 <1 

10 days/20ºC <1 <1 
Global migration in 95% 
ethanol 

210min./60ºC 

mg/dm2 

<1 <1 

Overall migration in olive 
oil 

  mg/dm2 <1 16 

 
 
For the determination of the conditions for 
migration testing, we considered the 
different conditions of time and 
temperature at which the whole package-
product would be exposed. 
 

The following conditions of actual processing 
and storage were considered: 
 

1. Pasteurization: 93 ° C/10 minutes. 
2. Chilled Storage C/5-8:4-8 days. 
3. Microwave heating: less than 5 minutes 

at full power (800W). 
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The global migration values obtained are 
within the limits permitted by law. 
Consequently, Optum® can be used for 
packaging all kinds of food, apart from pure 
oil or other types of food that are 
completely surrounded by oil. It is perfectly 
valid for prepared meals or sauces. 
 
The mechanical properties of these 
extruded sheets are shown in the following 
table  (see table 3) 

 
It can be seen that Optum® has an elongation 
at break substantially higher than a blend of 
GPPS / HIPS and is anisotropic, being 
somewhat larger in the extrusion direction. 
 
In Table 4 we summarize the properties 
obtained by injection in laboratory equipment. 
 
 

 
Table 3: Properties of 600 micron extruded sheets. 

 
Units GPPS/HIPS 

(50:50) 
OPTUM 

DPP20WM19W 
    

Longitudinal tensile strength MPa 23 22 

Elongation at break, longitudinal % 4,8 30 

Transverse tensile strength MPa 23 20,7 

Elongation at break, transverse % 2,5 14 

 
Table 4: Properties of standard specimens 

  
Units GPPS/HIPS 

(50:50) 
OPTUM 

DPP20WM19W 
     

Vicat ( 1Kg ) ºC 99,5 133 

DSC melting peak temp.  ºC 98,2 165,8 

Flexural Modulus MPa 2599 1931 

Flexural Strength MPa 45,8 29,2 

Izod Impact J/m2 4,6 9,4 

Yield strength MPa 33,9 26,2 

Yield elongation% % 4,7 8 

 
 
Optum® has a VICAT softening 
temperature and a melting range which are 
substantially higher than a mixture of GPPS 
/ HIPS, and this makes it particularly 
suitable for use in a microwave. 
Furthermore, it is a more flexible material 
with a greater resistance to impact. 
 
 

4. Rheological behaviour 
 
As discussed above, Optum® can be 
processed perfectly in extrusion equipment 
designed to work with polystyrene. In the 
following flow curves, relative to a mixture PS: 
HIPS, it can be seen that the viscosity is very 
similar to shear rate levels of 10 to 100 rpm, 
typical of extrusion processes (Figure 4). 
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Figure 3 

 

 
Figure 4 

 
5. Recyclability 

 
An additional important feature is that 
Optum® can be recycled. To demonstrate 
this feature, the following graphs show the 
effect of multiple extrusions on two 
important physical properties: melt index 
and flexural modulus (Figure 5). 
 
 
 

6. Package Thermoforming 
 
Packages were subsequently obtained from 
the processed and characterized sheets by 
thermoforming technology. For this purpose 
we first selected the type of mold used, in this 
case, a mold that generates a tray type 
container. The following picture shows the 
type of mold used (Figure5). 
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Figure 5 

 
 
The thermoforming equipment that has 
been used to manufacture the containers 
can accept 423 mm wide sheets. The 
equipment used was a Multivac R230 
thermoformer, available at the laboratories 
of Ainia. The following image (Figure 6) 
shows the equipment mentioned. 
 

 
Figure 6 

 
 
7. Summary of features 
 
The main advantages of Optum® are: 
 

 Ease of processing: 
o Cycle time reduction. 
o Can be processed on the 

same equipment and molds 
designed for styrenics. 

 
 High melt strength: 

o Very low sagging during 
thermoforming. 

o Wide range of thermoforming 
conditions. 

 
 Excellent balance of mechanical 

properties: 
o Good toughness / stiffness 

balance. 
o High stiffness at elevated 

temperatures (higher HDT). 
o Greater impact resistance at 

freezing temperatures. 
 

 Microwave-safe: 
o Reduced risk of spills and burns 

when removing the container 
from the microwave. 

 
 Barrier properties: 

o 10 times higher water barrier 
than polystyrene. 

o 3 times higher oxygen barrier 
than polystyrene. 

o Protection of EVOH in multilayer 
structures. 

 
 Recyclable: 

o Can be reprocessed without loss 
of mechanical or rheological 
properties. 

o Compatible with polypropylene. 
 

 Approved for food contact. 
 

 
Figure 7: Examples of containers obtained with Optum®. 
 
 
8. Final conclusions 
 
Optum® is a material designed for packaging 
of food products with higher added value 
(ready meals, precooked, etc.), which 
provides a higher quality and longer life. It is 
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focused on packaging of foodstuffs which 
are sensitive to moisture loss, and is also 
suitable for microwave heating. 
 
Optum® can be used in monolayer and 
multilayer structures, for example in 
combination with polystyrene, 

polypropylene or EVOH. Because of its good 
water vapour barrier, it can be used to protect 
inner layers of EVOH. 
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