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ABSTRACT 

 
Transparent barrier films based on vacuum deposited aluminum oxide (AlOₓ ) layers are continuing to 
create large interest in the market with regards to their use as food and healthcare packaging materials. 

Nevertheless, their post-metalliser conversion to the final package still presents challenges to current AlOₓ  
producers and the wider converting industry. In this work, AlOₓ  coated PET films have been converted in 
long-duration industrial-scale trials via topcoating, printing, lamination and finally pouch making and filling. 
Throughout this process, each conversion step has been extensively investigated, especially for its effects 
on the barrier performance.   
 

 

 

1. Introduction 

 

Inorganic transparent barrier layers such as 

AlOₓ  or silicon oxide (SiOₓ ) are still in 

demand for clear barrier packaging 

materials, with applications ranging from 

food stuffs, which have rather moderate 

barrier requirements, to electronic products 

such as displays, where ultra-high barrier 

levels are essential. A number of different 

techniques are available to deposit such 

inorganic layers including atomic layer 

deposition (ALD), plasma enhanced chemical 

vapor deposition (PECVD), sputtering and 

thermal evaporation processes (electron 

beam and boat evaporation) [1-3]. Whilst 

sputtering and ALD are mainly of importance 

for high-end applications, PECVD and 

thermal evaporation techniques are the 

processes of interest with regards to the 

cost-sensitive food packaging market. 

Reactive evaporation using resistively heated 

boats represents an especially promising 

candidate with great market potential due to 

the low associated capital investment, the 

use of inexpensive raw materials and the 

high process speeds that can be achieved, 

without disadvantageous effects to the 

barrier performance in comparison to the 

other deposition techniques. 

 

However, in order to obtain a fully viable 

commercial AlOₓ  product, the successful 

conversion of the coated film also has to be 

taken into account. Thereby, it is essential 

that barrier loss upon conversion (coating, 

slitting, printing & lamination) is avoided or 

at least minimized to achieve the barrier 

requirements of the target packaging 

application. In our case, it has been found 

that the printing step, especially rotogravure 

printing, is the most damaging conversion 

process with regards to the AlOₓ  barrier 

performance. This paper therefore focusses 

on developing a suitable offline topcoat 

solution, which is not only capable of 

protecting the AlOₓ  barrier layer through all 

conversion steps, but also offers additional 

barrier functionality. Once this topcoat is 

successfully applied using an 

optimized/modified platform to prevent 

barrier loss upon web conveying and coating 
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application, the topcoated AlOₓ  PET films 

can be converted on standard industrial 

equipment, without the need for changes and 

without any subsequent barrier deterioration. 

Being able to directly print onto the 

topcoated AlOₓ  PET material and hence 

achieve a two-ply laminate structure instead 

of a three-ply structure (which was the aim 

of the work presented here) also helps to 

fulfill the growing demand for cost reduction 

and down gauging. 

 

 

2. Experimental 

 

A standard low-cost commodity grade 12 μm 

PET film was chosen for this investigation 

and AlOₓ coating was conducted via reactive 

thermal evaporation using a Bobst 

Manchester Ltd (Heywood, United Kingdom) 

K5000 vacuum metallizers (Figure 1) with an 

optional AlOₓ coating system.  

 

 
Figure 1 – Bobst K5000 vacuum metalliser 

 

Topcoating of the produced AlOₓ PET reels 

was performed on an AlOₓ optimized Bobst 

CL 850D coater/laminator at Bobst Italia SpA 

(San Giorgio Monferrato, Italy) by means of 

a gravure coating system. The rotogravure 

printing was also conducted at Bobst Italia 

using a standard Bobst RS 4003MP 8 color 

rotogravure printing press, whilst the flexo 

printing was carried out on a standard Bobst 

20SIX 8 color CI flexo printing press at Bobst 

Bielefeld GmbH (Bielefeld, Germany). Finally, 

solvent-based adhesive lamination took place 

at Bobst Italia on a Bobst CL 850D 

coater/laminator, using a 32 μm corona 

treated PE sealant film as secondary web. All 

further conversion steps (slitting, pouch 

making via HFFS (horizontal form fill & seal) 

and pouch filling) were arranged and 

managed by the project partner Printpack 

Inc. (Atlanta, GA, United States). 

 

The samples were examined in terms of 

barrier properties (oxygen and water vapor 

transmission rate (OTR/WVTR)) after each 

conversion step (test conditions: OTR 23 °C 

& 50 % RH, WVTR 37.8 °C & 90 % RH) and, 

moreover, the laminate was investigated for 

its flex- and stretch-durability (Gelbo-Flex 

[4] and barrier retention on elongation [5]) 

and laminate bond strength. Additionally, 

microtome cross-sections of the laminate 

were analyzed via scanning electron 

microscopy (SEM).  

 

3. Results and discussion 

 

Before conducting industrial long-duration 

topcoating and conversion trials, material 

screening trials were performed in order to 

find a suitable coating material and assess 

the material properties required. These 

investigations were conducted on a 

laboratory-scale as well as pilot-scale prior to 

moving onto industrial-scale. Thereby, the 

coating application technique, adhesion, 

coating laydown, coating optics and coating 

thickness had to be assessed and optimized. 

An effective laboratory-scale conversion 

simulation technique was developed in order 

to subject the topcoated AlOₓ PET samples to 

the levels of damage and stress that they 

would generally endure during conversion 

processes such as gravure printing. Once 

refined to match the effects of conversion, 

this method was then be used to examine 

and test topcoated samples for the protective 

properties of the applied topcoat without the 

need of having to conduct actual printing 

trials. After successful completion of these 

initial laboratory- and pilot-scale coating 

trials as well as successful short-run 

industrial topcoating trials, the next step was 

to conduct long-duration conversion trials, 

whereby the full downstream conversion 

chain was investigated, from topcoating, via 

printing, lamination and slitting to the final 

packaging structure including the filling of 

this packaging material with actual food 

stuffs. Thereby two topcoats were chosen for 

this investigation: 
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1. A protective topcoat: offering protection 

through conversion only 

 

2. A barrier topcoat: offering protection 

through conversion and additional 

barrier functionality 

 

Appropriate inks were selected based on 

printability and ink adhesion studies. 

Furthermore, compatibility tests were 

conducted with the inks selected in order to 

avoid any negative effects on the barrier 

performance due to a potential 

incompatibility between topcoats and inks. A 

schematic of the final material structure 

produced during the conversion trials is 

shown in Figure 2, whilst an actual SEM 

image of a cross section is displayed in 

Figure 3.  

 

 

 
 
 

Figure 2 – Two-ply laminate structure of final pouch 
material 

 

 

The latter picture clearly shows the individual 

layers added in each conversion step. For the 

printing process, one can also distinguish 

between the different colored inks, based on 

the larger pigments (TiO2) in the white ink. 

Finally, even the thin AlOₓ  layer can be 

made out as lighter colored line. This is 

thought to be caused by electrons 

backscattered from the aluminum (higher 

atomic number of aluminum compared to 

atoms in the surrounding PET film and 

polymer topcoat) in the AlOₓ  barrier layer. 

 

 
Figure 3 – SEM cross-sectional image of final laminate 

structure 

 

 

The oxygen and water barrier was assessed 

after each individual conversion process step 

and results are summarized in Table 1 for 

the protective topcoat and the barrier 

topcoat (note: the values stated are average 

values obtained from measurements 

conducted on samples taken across the film 

width). These results are in agreement with 

the barrier performance found during the 

topcoat development stages and show the 

topcoat conversion solutions are robust and 

reproducible. 

 

 
Table 1 – Barrier performance through conversion – 

Gravure printing 

Conversion process Structure 
OTR WVTR 

cm³/(m² d) g/(m² d) 

Protective topcoat 

AlOₓ coating PET/AlOₓ 1.0 – 1.5 < 1.0 
Topcoating PET/AlOₓ/topcoat 0.65 ± 0.09 0.56 ± 0.10 

Printing PET/AlOₓ/topcoat/ink 0.78 ± 0.10 0.70 ± 0.05 

Lamination PET/AlOₓ/topcoat/ink/ad/PE 0.77 ± 0.10 0.69 ± 0.06 

Slitting PET/AlOₓ/topcoat/ink/ad/PE 0.59 ± 0.02 0.69 ± 0.01 

Barrier topcoat 

AlOₓ coating PET/AlOₓ 1.0 – 1.5 < 1.0 
Topcoating PET/AlOₓ/topcoat 0.09 ± 0.04 0.42 ± 0.03 

Printing PET/AlOₓ/topcoat/ink 0.12 ± 0.08 0.45 ± 0.06 

Lamination PET/AlOₓ/topcoat/ink/ad/PE 0.11 ± 0.07 0.44 ± 0.13 

Slitting PET/AlOₓ/topcoat/ink/ad/PE 0.11 ± 0.09 0.41 ± 0.01 

Pouch making PET/AlOₓ/topcoat/ink/ad/PE 0.11 ± 0.09 0.44 ± 0.01 

 

 
 

Furthermore, if one compares the barrier 

properties measured after each individual 

conversion step, it is clear that no oxygen or 

water vapor barrier deterioration took place 

through the conversion exercise, including 

the pouch making (see Table 1). This is the 

case for both, the protective and the barrier 

topcoat. Some fluctuations in the barrier 

data are noticeable, which are, however, put 

down to typical fluctuations within the large 

film reels converted and the samples being 

http://www.guiaenvase.com/


 
Barrier Packaging and Packaging Systems 

 

   

 
© ainia centro tecnológico | guiaenvase.com. All rights reserved 4 

 

taken at different positions (lengthwise). In 

the manner of a round robin test, barrier 

evaluations were also conducted by two 

other collaborators whose measurements 

were in-line with the data presented here 

and hence confirmed and validated the work 

conducted. 

 

For the flexo printing, results are presented 

in Table 2. Also here, the topcoated barrier 

performance is of the same order as seen 

before and no barrier deterioration after 

printing is visible. This was to be expected, 

since the flexo printing is by far a less 

aggressive and damaging printing technique 

compared to gravure printing. Unfortunately, 

further conversion with the flexo printed 

material has not yet been conducted. 

However, comparable results to the gravure 

printing are expected, with no barrier 

deterioration during further conversion 

 

 
Table 2 – Barrier performance through conversion 
– Flexo printing 

Conversion process Structure 
OTR WVTR 

cm³/(m² d) g/(m² d) 

Protective topcoat 

AlOₓ coating PET/AlOₓ 1.0 – 1.5 < 1.0 
Topcoating PET/AlOₓ/topcoat 0.67 ± 0.01 0.64 ± 0.01 

Printing PET/AlOₓ/topcoat/ink 0.72 ± 0.06 0.67 ± 0.17 

Barrier topcoat 

AlOₓ coating PET/AlOₓ 1.0 – 1.5 < 1.0 
Topcoating PET/AlOₓ/topcoat 0.12 ± 0.03 0.39 ± 0.05 

Printing PET/AlOₓ/topcoat/ink 0.12 ± 0.03 0.39 ± 0.03 

 

 

 

3.1 GELBO-FLEX TESTING AND BARRIER 

RETENTION ON ELONGATION 

 
Laminated samples of the conversion trials 

with gravure printing have been further 

investigated for their flex-durability (Gelbo-

Flex). During this test, the laminate is 

repeatedly twisted and crushed, which serves 

the purpose of simulating the strain that the 

laminated material may be subjected during 

further conversion (i.e. folding and forming 

into packaging structures) and whilst 

handled in the typical transport, storage and 

retail environments as finished packages of 

food products. Results of this investigation 

are shown in Figure 4. 

 

 
Figure 4 – Barrier performance of printed (top) and 

laminated (bottom) AlOₓ  PET material after Gelbo-Flex 
testing 

 

As can be seen from Figure 4, the laminate 

with the barrier topcoat reveals very good 

barrier performance. The OTR is 

predominantly unaffected, even after 20 

Gelbo-Flex cycles, whilst WVTR is slightly 

increased after 20 cycles from values around 

0.4 g/(m² d) for the unflexed laminate to 

values around 0.7 g/(m² d). This flex-

durability performance is comparable to or 

even outperforms data published by some of 

the large and more established transparent 

barrier film producers [6-8]. In the case of 

the protective topcoat, the effect of the 

Gelbo-Flex test is more pronounced. OTR 

increases from 0.77 cm³/(m² d) for the 

unflexed sample to an average of 3.87 

cm³/(m² d) after 20 cycles, whilst WVTR 

rises from 0.68 g/(m² d) to 1.44 g/(m² d). 

This performance is, however, still 

remarkable in regards to the destructiveness 

of this test. Finally, it should also be noted 

here that, as stated previously [9], the 

specific effects of the Gelbo-Flex test are 

influenced by many factors, such as the 
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type/chemistry of the inorganic barrier layer 

[10] and its thickness, the deposition process 

[11], the substrate used and the 

characteristics of the lamination process [12] 

(type of adhesive, secondary material, 

duplex/triplex laminate etc.). 

 

The laminates were additionally tested for 

their barrier retention on elongation 

behavior, whereby the samples are subjected 

to uniaxial deformation in the machine 

direction.  This test has been previously used 

in our research in order to assess how the 

AlOₓ  coated film can withstand downstream 

processing in terms of web tension [9, 13]. 

In the case of conducting this test with 

laminates, the objective is similar, as also 

the laminate is further converted to a 

packaging structure (pouch) via HFFS. On 

these types of machinery, the laminate may 

be subjected to stretching due to high web 

tensions and it is important to exclude any 

barrier deterioration based on this process 

step. 

 

 

 

 
Figure 5 – Barrier retention on elongation behavior for 
printed (top) and laminated (bottom) AlOₓ PET material 

The barrier results from this test, presented 

in Figure 5, indicate that oxygen barrier 

remains unchanged for both topcoats up to 2 

% elongation. After this, the OTR rises for 

the barrier topcoat to an average value of 

only 0.65 cm³/(m² d) at 5 % elongation. As 

observed for the flex-tests, this again shows 

the durability of the barrier topcoat laminate 

when subjected to different forms of stress 

and tensile strain. In the case of the 

protective topcoat, however, the increase in 

OTR for 3 % elongation onwards is drastic. 

When investigating the water barrier 

retention for both topcoats, it was found that 

water barrier properties are maintained up to 

1.5 % elongation. For elongation values of 2 

% and onwards, the WVTR increases; 

although, the barrier topcoat performs 

significantly better than the protective 

topcoat. Looking back at the barrier 

performance obtained for the structure with 

the barrier topcoat post pouch-making (see 

Table 1), one can see that neither OTR nor 

WVTR is deteriorated after this conversion 

step, hence indicating that no stretching 

beyond 1.5 % elongation occurs due to the 

web tensions on the pouch making 

equipment.  

 

 

3.2 LAMINATE BOND STRENGTH 

 

Results of the laminate bond strength 

analysis are summarized in Table 3. The 

bond strengths obtained for both topcoat 

laminates are good and fulfill requirements 

for most general food packaging applications. 

In the case of the protective topcoat, the 

bond strength measured even exceeds 

necessary levels by far.  
 
 
Table 3 – Laminate bond strength (analysis conducted 

by Printpack) 

Sample description 
Laminate bond strength 

g/inch N/(15 mm) 

Protective topcoat laminate  741 ± 84 

589 ± 169 

4.3 ± 0.5 

3.4 ± 1.0 
Barrier topcoat laminate 261 ± 13 

245 ± 8  

1.5 ± 0.1 

1.4 ± 0.1   
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4. Conclusions 

 
The work presented here shows that AlOₓ  coated 
PET films can be converted without barrier 
deterioration using standard equipment once a 
protective offline topcoat has been applied. 
Extensive research has been conducted in 
developing and characterizing optimized topcoats 
as well as optimizing coating machinery and 
application method. Thereby a step-by-step 

approach was taken, going from laboratory and 
pilot coating to industrial-scale coating trials and 
lastly running longer campaigns. Two different 
topcoat variations have finally been established 
and investigated, with one topcoat giving 

protection through conversion only, and the other 
topcoat offering additional and significant barrier 
enhancement. 

 
Using the Bobst integrated approach and 
synergies within the product lines vacuum, flexo, 
gravure and coating, further work is currently 
conducted in order to optimize the associated 
platforms to minimize conversion damage without 
the aid of an offline protective topcoat. This will 
reduce process steps and, hence, cost implications 

in order to target more cost sensitive volume 
applications, which previously were unable to be 
serviced with the existing products on the market. 
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