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ABSTRACT 
 
The on-going efforts to offer more than a mere barrier solution have led to a number of developments and 
subsequent product commercialisations. This paper briefly reviews how non-barrier features of EVOH and 
PA materials can be improved by the use of ionomer and amorphous polyamide while maintaining good 
oxygen barrier properties. 

 

 
 
1. Introduction 
 
Plastic barrier materials are increasingly 
used today in packaging to replace metal or 
glass. The last two decades have overseen 
strong growth of the flexible barrier 
packaging film market to meet customer 
requirements for longer shelf life, in 
addition to improved conservation of food 
odour and colour. Enhanced barrier 
properties are not expected to be obtained 
at the expense of packaging quality, 
processability and standard film mechanical 
properties such as stiffness and puncture 
resistance. Moreover, integrity of the seal is 
just as equally important as the barrier 
material type to guarantee optimal food 
preservation. 
 
Ethylene vinyl alcohol (EVOH) and 
polyamide (PA) – sometimes referred to as 
nylon – are widely used as the barrier 
material in multilayer structures. EVOH 
copolymers have a well-deserved 
reputation for excellent oxygen barrier. At 
low ethylene content typically 27-32 mol% 
EVOH offers very good oxygen barrier but 
generally exhibit poor pinhole flex 
resistance and limited formability. In high 
humidity environments, these lose much of 

their oxygen barrier unless protected from 
moisture by a polyolefin layer. In contrast, 
EVOH copolymers containing relatively high 
ethylene content, in the 38-44 mol% range, 
provide good thermoformability and pinhole 
flex resistance, but only moderate oxygen 
barrier. PA grades employed as barrier 
materials are usually aliphatic semi-crystalline 
PA-6 or PA-6,6 polymers. Despite having a 
lower oxygen barrier performance compared 
to EVOH, they are widely used for flexible 
packaging due to its unique combination of 
properties like mechanical strength, 
transparency, thermoformability and barrier. 
As a barrier material, PA does much more 
than prevent oxygen migration into the 
package, it also provides a barrier to water 
vapor, aroma chemicals and some of the 
ultraviolet light. 
 
The on-going efforts to offer more than a 
mere barrier solution have led to a number of 
developments and subsequent product 
commercialisations. This paper briefly reviews 
how non-barrier features of EVOH and PA 
materials can be improved by the use of 
ionomer and amorphous polyamide while 
maintaining good oxygen barrier properties. 
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2. Concept – study of the EVOH case 
 
It is well known that polymers such as PA-
6,6 and high density polyethylene (HDPE) 
with inherently fast crystallization, are more 
difficult to orient than slower crystallising 
polymers like polypropylene (PP). Like PA, 
the EVOH copolymers crystallise quickly 
(Figure 1) due allegedly to the strong inter- 
and intramolecular hydrogen bonding[1] A 
fast crystallisation rate narrows not only the 
temperature window at which orientation or 
forming can be carried out, it also reduces 
the flexibility in film processing. 
 
Unmodified EVOH can only be oriented at 
temperatures where the rate of 
crystallisation, especially stress-induced 
crystallisation, remains low. It has been 
demonstrated that strechability of EVOH is 
confined to a very narrow temperature 
window, about 10-30 ºC above the glass 
transition temperature, where lack of 
mobility prohibits significant crystallisation. 

An additional window opens up in the range of 
10-20 ºC below the peak temperature of the 
melt endotherm of EVOH, where partial 
melting of the less perfect crystallites and 
improved chain mobility in the amorphous 
portion of the copolymer allows the polymer to 
orient more easily (Figure 2). In monolayer 
orientation this temperature window is difficult 
to identify because the stretched films tear 
before uniform stretching can be established 

[2]. 
 
When an amorphous polymer is blended into a 
semi-crystalline polymer as a minor 
component, the blend can demonstrate 
improved orientability. Some EVOH modifiers 
provide a robust system for different forming 
processes: they may widely open the EVOH 
forming temperature window, achieve deep 
draw and stretch ratios, minimise barrier 
reduction at formed corners and can be used 
in multilayer structures with many packaging 
polymers while reducing the barrier layer cost. 
 

 

 
Figure 1. Crystallisation half-time as a function of temperature. 
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Figure 2. Forming temperature windows of some polymers. 

 
3. Modification of EVOH 
 
Two different products may be used for 
EVOH property enhancements: 
 

 An amorphous nylon Selar® PA 
2072, designed for sheet 
thermoforming showing better 
barrier at very high humidity, also 
minimising retort shock(2)  

 
A nylon-containing ionomer Surlyn® AM 
7927, allowing excellent clarity for film 
thermoforming and improved barrier 
protection for flexible films [3, 4]. 
 
Selar® PA 2072 is an amorphous 
polyamide obtained by step-growth 
polymerisation of 1,6-
hexamethylenediamine and both isophthalic 
and terephthalic acid isomers. When it is 
present in EVOH as a minor phase, the 
blend becomes a highly robust composition.  
 
No sacrifice in barrier is seen. Such blends 
exhibit a much wider forming window than 
EVOH alone in terms of temperature range 
and draw ratios over which they can be 
uniformly formed. This allows low ethylene 
barrier EVOH (such as the 27 and 32 mol% 

ethylene EVOH) that cannot routinely be solid 
phase formed to be thermoformed easily. 
Consequently it is possible to manufacture 
multilayer containers with improved gas 
barrier in solid phase forming operations [5]. 
 
EVOH blends containing 10.25 wt% of 
Surlyn® AM 7927 may produce film and sheet 
with better pinhole flex resistance, reduced 
stiffness, excellent thermoformability and 
superior oxygen barrier at high humidity, 
compared to EVOH alone.(4) These features 
may allow film producers and users to: 
 

 Reduce the EVOH content of their 
multilayer structures by up to 25%. 

 
 Achieve comparable or superior “wet” 

oxygen barrier with thinner barrier 
layers. 

 
 Improve the formability of low ethylene 

grades of EVOH while preserving 
excellent oxygen barrier. 

 
 Place the barrier layer at the product 

contact surface and take advantage of 
the blends’ reduced moisture 
sensitivity. 
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4. Modification of PA 
 
Amorphous polyamide Selar® PA 3426R 
has been shown to provide synergistic 
effects when blended with crystalline PA to 
improve oxygen barrier at cold/wet 
conditions, moisture barrier, optical 
properties, toughness, impact strength, and 
film thermoformability. Blending even low 
percentages (from 20%) of Selar® PA 
3426R with PA-6, PA-66, and other nylon 
copolymers will result in a product that 
behaves like an amorphous polymer. These 
blends retain all of the advantages of the 
Selar® PA resin with some of the 
mechanical property advantages of semi-
crystalline nylon. Selar® PA is suitable for a 
variety of packaging applications that 
require clarity, barrier, and processing 
flexibility. Because of the excellent barrier 
at refrigerated conditions, Selar® PA 3426R 
and Selar® PA 3426R blends have benefits 
in meat and cheese packages, replacing PA-
6, PVDC or EVOH barrier materials. The 
amorphous nature of Selar® PA 3426R 

makes this resin easy to extrude. Processing 
conditions ranging from 221 - 327°C make it 
an attractive choice for co-extruded structures 
in film (blown and cast), extrusion coating, 
and sheet lines. Its thermoforming 
characteristics – good drawability and uniform 
thickness in corners – are excellent for both 
film and sheet. Selar® PA 3426R / PA-6 
blends can be made by dry blending. 
 
Selar® PA film made by either a cast or a 
blown process is transparent, with haze below 
2% (Table 1). Differences stem from the 
process: PA-6 blown films tend be hazier than 
cast films. Blending Selar® PA 3426R to a PA-
6 will improve the optical properties. 
 
At wet conditions 95-100% RH, Selar® PA 
3426R is an excellent barrier to oxygen (Table 
2). At dry conditions 0-5% RH, Selar® PA 
3426R provides a relatively good barrier. The 
barrier properties of nylon 6 blends fall 
between the performance of Selar® PA 3426 
and nylon 6.  
 

 
 

Table 1. Optical properties of PA-6 / Selar® PA 3426R 25 µm films. 

Property Method Process 0 20 30 50 80 100

Gloss (20°) D2457 Cast 110 30 115 163 133 90

Blown 20 160 150 150 130 130

Haze (%) D1003 Cast 1.2 <1.0 <1.0 <1.0 <1.0 <1.0

Blown 14 1.2 <1.0 <1.0 <1.0 <1.0

Transparency (%) D1746 Cast 55 60 60 70 50 70

Blown 10 75 70 80 80 70

wt% Selar® PA 3426R in blends
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Table 2. Oxygen barrier properties (cm3/100 in2/day/atm) of PA-6 / Selar® PA 3426R 25 µm films. 

Property Method Process 0 20 30 50 80 100

0 ºC 0‐5% RH Cast 0.9 0.9 0.9 0.9 0.9 0.8

0 ºC 95‐100% RH Blown 3.7 2.0 1.3 0.5 0.4 0.3

30 ºC 0‐5% RH Cast 4.0 3.9 3.9 3.9 3.9 3.8

30 ºC 95‐100% RH Blown 15.04 14.0 12.0 9.1 5.6 1.5

wt% Selar® PA 3426R in blends

 
 
 
5. Conclusions 
 
Barrier polymeric materials providing 
superior oxygen barrier performance 
generally suffer from poor 
thermoformability and mechanical 
properties such as impact resistance. 
Improvement of these features can be 
achieved by blending with an amorphous 
polymer provided it also meets some 
requirements for morphology, interfacial 
adhesion and rheology. Polyamide-based 
polymers have shown to be suitable blend 
partners, increasing thermoformability 
along with mechanical properties. Blend 
compatibility, if further improved like in 
EVOH / Surlyn® AM 7927 or PA-6 / Selar® 

PA 3426R blends, usually results in higher 
transparencies and lower haze values. 
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