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Abstract:

Reel to reel vacuum deposition, also known as thin-film deposition, is a process where thin layers of material, 
typically metals or metal oxides are deposited onto a passing substrate in a vacuum environment. This 
technique is used to create a wide & diverse range of functional benefits including optical, electrical, thermal, 
tribological, security, hydrophobicity and barrier protection. For flexible packaging applications the main 
functional benefits needed are barrier protection to light or UV exposure, gas and water as this enables 
extended product shelf life.

When looking at the global market trends for flexible packaging, by far the most significant & current market 
trend & change in our flexible packaging industry is the topic of sustainability, and the global push and 
ambition to develop & offer more sustainable packaging solutions to support a more circular economy. The 
market interest in high barrier fibre-based flexible packaging (‘barrier paper’) continues to increase, but 
growth is limited by the more changing characteristics and inherent physical properties associated with the 
fibre-based packaging structures from both a processability and performance perspective. Typically, to reach 
the required barrier levels to ensure good material performance, optimized dry vacuum deposited barrier 
layers are combined with optimized wet dispersion coatings, either pre, or pre and post vacuum deposition to 
help achieve these demanding market performance targets.
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Lecture Overview

This lecture will include an overview of the following topics: -

•	 Functional benefits and application fields for reel-to-reel vacuum deposition 

•	 Explanation of the importance of a vacuum environment for the creation of vacuum deposition

•	 A summary of the main industrial reel-to-reel vacuum deposition process methods for flexible packaging 
applications together with the advantages and disadvantages of the different technologies
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•	 Detailed overview of the PVD (physical vapour deposition) thermal evaporation via resistively heated evaporator 
boat technology       

•	 Vacuum deposited barrier coatings and the associated impact on their properties

•	 The challenges, requirements and solutions for metallizing paper/ fibre-based substrates for high barrier flexible 
packaging applications 

•	 Analysis of vacuum coated paper quality and its impact on the creation of functional barrier properties

INTRODUCTION

The vacuum roll coating industry has come a long way since its conception in the early 1930’s. The progress driving 
its advancements came from many different areas. These include advances made in equipment design, material 
developments, process monitoring and control designs and market demands. Some of the other dynamics driving 
this market were lower cost, flexibility of the final product, performance properties of bulk materials at tremendous 
weight savings and the ability to create materials with unique properties that could not be reproduced in the bulk 
state [1].

Vacuum deposition or coating, also known as thin-film deposition, is a process where thin layers of material, typically 
metals or metal oxides are deposited onto a passing substrate in a vacuum environment. This technique is used 
to create a wide & diverse range of functional benefits including optical, electrical, thermal, tribological, security, 
hydrophobicity and barrier protection. For flexible packaging applications the main functional benefits needed are 
barrier protection to light or UV exposure, gas and water as this enables extended product shelf life.

In recent years, sustainability, reduction of plastic waste and development of more environmentally friendly 
packaging solutions have been key objectives for the packaging industry to move closer towards a circular economy. 
According to WRAP (Waste & Resources Action Programme), nearly 70 % of plastic waste in the UK originates from 
plastic packaging and around 25 % of consumer plastic packaging is flexible packaging; nevertheless, recycling of 
film and flexible packaging is estimated to lie at only around 4 %. With this mind, many sustainability initiatives 
and consortia have been established, not only in the UK, but globally, and companies involved in the value chain 
of packaging materials are working together in collaboration in order to develop solutions that satisfy the market 
needs and the ambitious sustainability agendas of leading brand owners and retailers, who have committed to 
using 100 % recyclable, reusable or compostable packaging materials by 2030 or earlier. 

Flexible packaging materials currently are either simple monolayer, mono-materials (which are ‘recycling-ready’) 
or complex multilayer structures (typically non-recyclable) for more demanding packaging needs, with each layer 
conferring certain functionalities to the final package. These layers can be polymeric, e.g. film layers and wet-
applied coatings/adhesives, or inorganic materials like vacuum deposited barrier layers or aluminium foil. However, 
replacing individual layers for more environmentally friendly alternatives is not easy since properties critical to 
mechanical or barrier functionalities (which govern shelf life), may be compromised. 

In regard to addressing the needs for sustainable flexible barrier packaging, there are three different approaches that 
can be applied to develop material solutions: Firstly mono-material polyolefin based flexible packaging, which is 
compatible with the current mechanical recycling stream; Secondly compostable/biodegradable flexible packaging, 
which decomposes under industrial or home-composting conditions or is even marine-degradable; and finally, 
paper/fibre-based packaging which is suitable to be processed in the existing paper recycling stream. 

Typically to reach the required barrier levels and ensure good material performance, vacuum deposited barrier 
layers are combined with wet dispersion coatings, either pre or post vacuum deposition.

In terms of barrier requirements for higher barrier applications, the market requirements fall into two main barrier 
levels. The first one is metallized polyester replacement where the market requirement is to achieve an oxygen and 
water permeation rate of less than 1 cc/m2/day (typically measured at 23 °C & 50% RH) and 1 gm/m2/day (typically 
measured at 37.8 °C & 90% RH) respectively. The second target is aluminium foil replacement where the requirement 
is to achieve an oxygen and water permeation rate of less than 0.1 cc/m2/day and 0.1 respectively g/m2/day
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Why use a vacuum environment for the creation of vacuum deposition?

Simply put, the word ‘vacuum’ is defined as a space devoid of matter or ‘empty’ – Or more specific, it’s any space, 
volume or environment which has a pressure considerably lower than ‘atmospheric pressure’. So, we can now 
consider the advantages of reducing the pressure/ or increasing the vacuum level on the deposition process – Or to 
answer the question ‘why is having less gas species/ particles between the deposition source and the substrate we 
want to vacuum coat beneficial?’

1) 	The first benefit is that we can reduce the reactivity of the evaporant material such as Al (reducing agent) which 
is very reactive in the presence of oxidizing agents like O2 or H2O and makes the aluminium ‘thin film’ lose its 
shine or reflective properties and can also impact properties like coating adhesion and barrier performance.

2) 	Any gas species present and creating a partial pressure in the vacuum environment is a source of contamination 
and therefore the higher the vacuum level the less contamination is present, and a cleaner deposition material 
will arrive at the substrate to be coated.

3) 	An important benefit of a vacuum environment  from a barrier perspective is the higher energy of deposition, For 
improved barrier (particularly water barrier) we need a higher ‘thin film’ density, and removing the amount of 
background gas species contamination between the evaporation source and the substrate to be coated reduces 
the likelihood of gas particle collision which increases the energy of deposition and provides an improved density 
of the growing thin film.

4) 	And finally, with less ‘gas collisions’ we can increase the deposition or collection efficiency and therefore reduce 
what needs to be cleaned from the shields and walls of the vacuum coater. Typical collection efficiencies are 
between 40-70% therefore meaning 30-60% needs to be cleaned from the vacuum chamber.   

We introduced the concept of ‘Gas particle collision’ above and when trying to reduce these gas collisions between 
the evaporation source where we feed, melt and evaporate the evaporant material and the substrate where the 
evaporant material then condenses, nucleates and grows into what is known in the industry as a vacuum deposited 
thin film.

The likelihood of gas particle collisions is based on two main factors: -  

1) 	 The pressure/ vacuum level inside the vacuum chamber 

2) 	 The distance between the evaporation source and substrate to be coated 

If we reduce the pressure or increase the vacuum level in the vacuum chamber, we increase something called the 
‘mean free path’ which is defined as the ‘average distance the particle travels between collisions with other moving 
particles. 

For typical vacuum coaters that are used for food packaging application the level of vacuum in the evaporation zone 
is typically in the 10-4 mbar range where the vacuum range is defined as HIGH Vacuum, and at this vacuum level 
the mean free path would be around 500 mm. Typically, vacuum roll coaters are designed with a ‘source to drum’ 
distance of round 150-280 mm so there is reduced probability that the  vapour species would collide and lose energy 
or collection efficiency/ rate.

If the evaporation pressure rises due to poor maintenance or a system leak (internal or external) by only one decade 
to 10-3 mbar, the mean free path reduces by a factor of 10 down to 50 mm and the likelihood of particle collision is 
certain. This can affect the barrier performance and collection efficiency of the system requiring more cleaning of 
the vacuum roll coater or tool.

Main industrial reel-to-reel vacuum deposition process methods for flexible packaging

The main deposition methods typically used for flexible packaging applications can be split into two different 
‘vapour deposition’ categories, namely ‘physical’ and ‘chemical’ vapour deposition.

For physical vapour deposition, we can also further split the methods up into ‘non-reactive’ and ‘reactive’ 
evaporation. Reactive evaporation includes the introduction of additional reactive gas (normally oxygen) to react 
and oxidise the evaporant material used. This is generally applied where transparency/ product visibility is needed 
or for microwavable flexible packing application. 

Principles of vacuum deposition for creation of ...
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For the physical vapour deposition, there are three main types of evaporation methods used, namely: -

1.	 Thermal evaporation via resistively heated ‘boat’ technology – This technology involves passing a high electrical 
current (typically up to 1000 A) through an intermetallic compound evaporator, known more commonly in the 
industry as a ‘boat’. The current heats up the boat and subsequently aluminium wire is fed or delivered onto the 
boat, where it melts and forms a pool of molten aluminium which then is steadily evaporated. A series of these 
boats are positioned across the width of the metallizer to improve the uniformity of the metal layer thickness 
across the width of the substrate to be coated.  If we assume aluminium as the evaporant, then this is by far 
globally the most widely used type of deposition technology and accounts for more than 80% of the vacuum 
coated flex. pack. products placed on the market today. Coating widths are up to 4850 mm with line speeds up 
to 1200 m/min and with dynamic deposition rates of up to 40,000 nm m/min. 

2.	 Thermal evaporation via inductively heated crucible technology – This technology is where the material to 
evaporate is typically pre-loaded or charged into a series of ceramic crucible sources or pots located across the 
width of the machine, whereby each crucible is located concentrically in the centre of a water-cooled circular 
induction coil. Induction heating is created via heating the crucible and evaporant material via electromagnetic 
radiation/ induction which generates eddy currents and heats the crucible and evaporant material to create 
evaporant melting and subsequent evaporation.

3.	 Thermal evaporation via electron beam (EB) evaporation – A high current is passed through a wire filament and 
heats up the filament to a very high temperature. At this high temperature, a stream of electrons is emitted from 
the filament surface. These electrons are accelerated, directed and focused to hit the source evaporant material. 
This high energy bombardment heats up the source to the point where it melts and subsequently evaporates.     

For chemical vapour deposition (CVD) or plasma enhanced chemical vapour deposition (PECVD) technology for SiOx 
deposition, a silicon containing precursor or monomer (typically hexamethyldisiloxane (HMDSO) is used which is 
vapourised and delivered into the vacuum chamber and deposition area where it is dissociated and deposited onto 
a passing substrate using a low temperature plasma environment. 

Typically, further process ingredients such as He & O2 are brought into the medium vacuum level (~10-2 mbar) 
environment (together with the silicon containing precursor in its gas phase), electrical power is applied between 
two electrodes (one being the process drum) to create the electrical circuit and a plasma is generated. The ionised 
gas including the fragments of HMDSO are deposited on the film as an amorphous deposit of SiOx with some carbon 
inclusions.

PVD thermal evaporation via resistively heated evaporator boat technology
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Fig 1.0 – Typical industrial PVD roll to roll vacuum metallizer 

 

 
Fig 2.0 – PVD resistive evaporator source located in an industrial roll to roll vacuum metallizer 
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In a typical high speed industrial reel to reel resistively heated vacuum metallizer used for flexible packaging 
applications, the metallizing process is a batch process, with all elements associated with the metallizing process 
located inside a closed sealed vacuum system/ environment, which needs to be stopped and vented to enable roll 
change and cleaning between batch cycles. 

The main elements of an industrial reel to reel vacuum metallizer are: -

1) 	 The Vacuum chamber & Pumping system is needed to provide the correct pressure/ vacuum regime when 
dynamically metallizing. Typically, the vacuum metallizer is divided into two different zones, namely the 
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evaporation zone and the winding zone. The higher vacuum/ lower pressure level is created in the evaporation 
zone, which typically occupies a volume of approx. 25% of the vacuum chamber with 75% being populated by 
the winding zone. Typical vacuum levels in the evaporation zone are 10-4 mbar and in the winding zone 10-2 
mbar. 

2) 	 The web transport system system is used to transport the substrate to be coated through the vacuum roll 
coater from the unwind (UW) station to the rewind (RW) station. Cooled rollers are needed to provide the correct 
thermal management for the substrate to prevent thermal damage and blocking/ sticking of the material at the 
RW roll. Tension control and suitable isolation through the web transport system are needed. Spreader rollers 
are also employed to create a flat/ crease free during vacuum coating/ plasma treatment and through the 
general web transport system.  

3) 	 The evaporation source consists of an array of intermetallic compound boats pitched across the width of the 
vacuum metallizer, typically between 75 mm to 150 mm pitching dependent on evaporation rate and thickness 
uniformity level needed.  The boats are heated using either power, voltage or current control (low voltage (6-15 
V/ high current (500-1200 A)) with a typical boat temperature in the region of 1400-1500 °C.Wire is fed onto the 
evaporator boats form an aluminium wire spool using individual wire feeders at rates of approx.  5-15 g/min per 
evaporator boat. The aluminium melts on contact with the hot evaporator boat to form an aluminium pool and 
evaporation takes place from the evaporator boat before the aluminium condenses on the substrate that passes 
over the main cooled/ chilled process drum.

4) 	 Coating thickness and automatic regulation are performed via the use of a non-contact in-vacuum monitor 
system which can be an optical transmission monitor or a surface resistivity monitor; the latter use induced 
eddy currents to measure the conductivity of the conductive metal layer. Measurement position is typically 
every 25 to 100 mm across the width of the machine and feedback is then sent to either increase or decrease the 
wire federate to maintain a coating thickness uniformity of typically 3-10% across the width, dependent upon 
machine and associated geometry.        

Vacuum deposited barrier coatings – Typical ‘thin film’ thicknesses  

Vacuum deposition, particularly roll to roll vacuum deposition, is often referred to as ‘thin film’ deposition where the 
coating thickness is defined as having a thickness of 1 micron (10-6 meters) or less; for flexible packaging functional 
barrier applications, deposition thicknesses are typically in the nm range (10-9 meters).

To help illustrate the typical thickness ranges produced in industrial scale vacuum roll coaters for both aluminium 
based (metal and oxide) and silicon based (SiOx) inorganic barrier layers, Fig 3.0 summarises both thickness levels 
and typical associated barrier levels of conventional aluminium, aluminium oxide (AlOx) and silicon oxide (SiOx) 
layers on a 12 µm BOPET (biaxially oriented polyethylene terephthalate) substrate.

Metallizing paper for barrier applications - Challenges, solution & requirements

Fig 4.0 helps to illustrate the difference between a typical polymer based high barrier laminate structure and a fibre-
based paper solution for flexible packaging applications.

2) The web transport system – Which is used to transport the substrate to be coated through the vacuum roll coater from the Unwind station 
to the Rewind Station. Cooled rollers are needed to provide the correct thermal management for the substrate to prevent thermal damage 
and blocking/ sticking of the material at the RW roll. Tension control and suitable isolation through the web transport system is needed. 
Spreader rollers are also employed to create a flat/ crease free web when being vacuum coated, plasma treated and through the general 
web transport system    
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Metallizing paper for barrier applications - Challenges, solution & requirements 
 
Fig 4 helps to illustrate the difference between a typical polymer based high barrier laminate structure and a fibre-based paper solution for 
flexible packaging applications. 
 

Fig 3.0 - Typical thicknesses of different vacuum deposited vacuum layers  
Fig 4.0 – Typical polymer based, and paper based flexible packaging structures 

 
The polymer-based structure is a typical high barrier triplex laminate structure consisting of three different substrates offered different 
functions, namely: -  
 

 A sealant layer typically in the range of 25-100 µm  
 A barrier web typically in the range of 9-25 µm  
 A printed web typically in the range of 9-25 µm  

 
To laminate the three film substrates together we then need two layers of adhesive. 
 
For the fibre-based solution the general approach is to use a single ‘mono web’ of paper instead of the three different optimized substrates 
used in the polymer triplex example. Because we now have only a single substrate, the packaging functions of barrier, print and sealing all 
have to be included into the single fibre-based structure which brings some additional challenges to the development of a solution. 

 
Fig 5.0 – Challenges associated with paper-based substrates for barrier applications 

 
In addition to the challenging mono web approach of a fibre-based structure, fibre-based structure also exhibits some additional challenges 
compared to polymer-based substrates when metallizing, summarised in Fig 5.0.  

Fig 4.0 – Typical polymer based, and paper based flexible packaging structures
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Fig 6.0 – Important features in an industrial vacuum metallizer for paper-based substrates 

 
Specific to vacuum metallizing paper-based substrates there are some important considerations needed on the vacuum metallizer which 
include: -  
 

1. Vacuum level and moisture management  
moisture content associated with the hygroscopic nature of fibre-based substrates makes the vacuum management more difficult to achieve 
dependant on the rate of release from the paper. Additional special cryogenic pumping system are needed to capture the moisture content 
being evaporated off the paper during pumping down the vacuum system, when the roll is unwound as it is processed and during the 
deposition phase 
Barrier performance and collection efficiency can be impacted when the vacuum environment or level is compromised. 
 

2. Web handling and tension management 
The tension range needed in the winders & general web transport system is considerably higher with thicker fibre-based substrates compared 
to thinner more extensible polymeric equivalents. Typically for metallizing on polymer film we are metallizing 9-20 µm films and roll lengths 
of 50,000-70,000 m are not uncommon. As fibre-based substrates are typically thicker at levels of 45-100 micron the amount of material you 
can fit into the batch metallization process is limited and this makes has an impact on the production yield from the machine 
  

3. Deposition source and the deposition control 
For the measurement and control of the vacuum deposited layer most industrial metallizers for flexible packaging barrier applications use 
transmission monitors measuring light transmission through the transparent base film to determine and control coating thickness via 
automatic wire feed regulation. As paper has higher base opacity transmission measurement is not generally possible, so non-contact 
electrical methods based on eddy current methods are needed – Based on the variation of surface roughness the electrical sheet resistance 
can vary so unique calibration curves need to be set up for each paper substrate 
Based on the increased roughness of the fibre-based substrates we need a higher deposition rate to create a full coverage film based online 
of site deposition making the process less efficient   
 
Primer Coating Requirements  
Prior to metallization of paper-based substrates it is very important to create the right surface characteristics in which to nucleate and grow 
the vacuum deposited thin film in order to achieve a high functional barrier performance. This is typically achieved with an optimized metal 
receptive primer coating and Fig 7.0 summarise the characteristics and requirements needed from the primer, typically dispersion applied 
coating. In summary a smooth, pin hole free coating that has optimized chemical synergy to accept and grow dense vacuum deposited thin 
film is needed.     
 

Fig 6.0 – Important features in an industrial vacuum metallizer for paper-based substrates

The polymer-based structure is a typical high barrier triplex laminate structure, consisting of three different substrate 
materials offering different functions, namely: -

•	 A sealant layer typically in the range of 25-100 µm 

•	 A barrier web typically in the range of 9-25 µm 

•	 A printed web typically in the range of 9-25 µm 

To laminate the three film substrates together, two layers of adhesive are needed.

For the fibre-based solution, the general approach is to use a single ‘mono web’ of paper instead of the three 
different optimized substrates used in the polymer triplex example. Because we now have only a single substrate, 
the packaging functions of barrier, print and sealing all must be included into the single fibre-based structure, which 
brings some additional challenges to the development of a solution.

In addition to the challenging mono web approach of a fibre-based solution, a fibre-based structure also exhibits 
some additional challenges compared to polymer-based substrates when metallizing, which is summarised in  
Fig 5.0. 

Specific to vacuum metallizing paper-based substrates, there are some important considerations needed on the 
vacuum metallizer which include: - 

1.  Vacuum level and moisture management 

The moisture content associated with the hygroscopic nature of fibre-based substrates makes the vacuum 
management more difficult to handle dependent on the rate of moisture release from the paper. Additional special 
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Fig 7.0 – Primer coating requirements for optimized vacuum deposition  

 
Topcoat requirements  
Following metallization or vacuum deposition of paper-based structures it is typically needed to protect the sensitive vacuum deposited thin 
film layer, and for non-laminated mono-web applications typically the structure would need the functionality of seal ability to help to create 
the sealed packaging format. Fig 8.0 summarise the characteristics and requirements needed from the post or topcoat, typically dispersion 
applied coating.  

 
Fig 8.0 – Topcoat requirements for optimized paper-based structure performance 

 
Analysis of vacuum coated paper quality 
 
In summary many methods can be used to assess the quality and performance of vacuum coated barrier paper, both as a final packaging 
structure, and through each manufacturing stage during the creation of the different barrier paper layers including primer coating/ 
application, vacuum metallization, application of a protective or heat seal coating and during printing of the barrier paper structure.  
Analysis methods can include: - 

- Dye penetrant tests to look for presence of pin holes in the structure (typically the primer layer). Which has a direct correlation 
to the barrier performance (particularly oxygen barrier) 

- Barrier measurement where sample orientation needs to be considered to reflect the target application and testing properties 
(temperature and humidity) which is more important for fibre-based packaging due to the hydroscopic nature of the structure.  

- Quantitative coating adhesion is a key measurement to ensure the high barrier structure satisfies the requirement application 
and an understanding of the failure mode (interfacial or cohesive and where in the structure) can be important to help understand 
what needs to be improved if the level is below the target together to confirm seal strength.  

- Specific to the metallizing process/ layer optical measurements (online & offline), sheet resistance measurements (online & 
offline) and X-ray fluorescence (Xrf) calibrated with samples of known metal thickness via Transmission electron microscopy (TEM) 
determination are useful measurements to characterise and ensure consistency in the process of producing high barrier paper. 

- Moisture management & optimization through each conversion stage of the production of barrier paper is a key factor, 
particularly for vacuum metallization as this can directly affect the vacuum level insider the vacuum roll coater, collection 
efficiency, coating quality and layer density, coating colour and barrier performance and different paper grades and primer coating 
chemistries can affect the rate of release of moisture inside the vacuum roll coater and more importantly during the metallizing 
process . 
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cryogenic pumping systems are needed to capture the moisture content evaporated off the paper during pumping 
down the vacuum system, when the roll is unwound as it is processed and during the deposition phase.

Barrier performance and collection efficiency can be impacted when the vacuum environment or level is compromised.

2.  Web handling and tension management

The tension range needed in the winders & general web transport system is considerably higher with thicker fibre-
based substrates, compared to thinner more extensible polymeric equivalents. Typically for metallizing on polymer 
film, we are metallizing 9-20 µm thick films and roll lengths of 50,000-70,000 m are not uncommon. As fibre-
based substrates are typically thicker at levels of 45-100 micron, the amount of material you can fit into the batch 
metallization process is limited and this has an impact on the production yield from the machine.

3. Deposition source and the deposition control

For the measurement and control of the vacuum deposited layer, most industrial metallizers for flexible packaging 
barrier applications use transmission monitors, measuring light transmission through the transparent base film 
to determine and control coating thickness via automatic wire feed regulation. As paper has higher base opacity, 
transmission measurement is not generally possible, so non-contact electrical methods based on eddy current 
technology are needed. Based on the variation of surface roughness, the electrical sheet resistance can vary; hence, 
unique calibration curves need to be set up for each paper substrate.

Additionally, due to the increased roughness of the fibre-based substrates, we need a higher deposition rate to 
create a full coverage film as line of site deposition makes the process less efficient.  

Primer coating requirements 

Prior to metallization of paper-based substrates, it is very important to create the right surface characteristics on 
which to nucleate and grow the vacuum deposited thin film to achieve a high functional barrier performance. This 
is typically achieved with an optimized metal receptive primer coating and Fig 7.0 summarises the characteristics 
and requirements needed from the primer, typically a dispersion applied coating. In summary, a smooth, pin hole 
free coating that has optimized chemical synergy to accept and grow dense vacuum deposited thin films is needed.

Topcoat requirements 

Following metallization or vacuum deposition of paper-based structures, it is typically needed to protect the 
sensitive vacuum deposited thin film layer; for non-laminated mono-web applications, typically the structure would 
need the functionality of sealability to help to create the sealed/closed packaging format. Fig 8.0 summarises the 
characteristics and requirements needed from the post or topcoat, typically also a dispersion applied coating.
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Fig 7.0 – Primer coating requirements for optimized vacuum deposition  
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Analysis of vacuum coated paper quality 
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to the barrier performance (particularly oxygen barrier) 
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what needs to be improved if the level is below the target together to confirm seal strength.  

- Specific to the metallizing process/ layer optical measurements (online & offline), sheet resistance measurements (online & 
offline) and X-ray fluorescence (Xrf) calibrated with samples of known metal thickness via Transmission electron microscopy (TEM) 
determination are useful measurements to characterise and ensure consistency in the process of producing high barrier paper. 

- Moisture management & optimization through each conversion stage of the production of barrier paper is a key factor, 
particularly for vacuum metallization as this can directly affect the vacuum level insider the vacuum roll coater, collection 
efficiency, coating quality and layer density, coating colour and barrier performance and different paper grades and primer coating 
chemistries can affect the rate of release of moisture inside the vacuum roll coater and more importantly during the metallizing 
process . 
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Analysis of vacuum coated paper quality

In summary, many methods can be used to assess the quality and performance of vacuum coated barrier paper, 
both as a final packaging structure and through each manufacturing stage during the creation of the different 
barrier paper layers. This includes primer coating/ application, vacuum metallization, application of a protective or 
heat seal coating and printing of the barrier paper structure. 

Analysis methods can include: -

-	 Dye penetrant tests are used to look for presence of pin holes in the structure (typically the primer layer). This 
has a direct correlation to the barrier performance (particularly oxygen barrier).

-	 During barrier measurements, sample orientation needs to be considered to reflect the target application. 
Furthermore, correct testing conditions (temperature and humidity) are more important for fibre-based packaging 
due to the hydroscopic nature of the structure.

-	 Quantitative coating adhesion is a key measurement to ensure the high barrier structure satisfies the packaging 
application requirements. An understanding of the failure mode (interfacial or cohesive; location within the 
structure) can be important to help identify what needs to be improved if the level is below the target together 
to confirm seal strength. 

-	 Specific to the metallizing process, layer optical measurements (online & offline), sheet resistance measurements 
(online & offline) and X-ray fluorescence (Xrf) analysis, calibrated with samples of known metal thickness via 
transmission electron microscopy (TEM), are useful measurements to characterise and ensure consistency in the 
process of producing high barrier paper.

-	 Moisture management & optimization through each conversion stage of the production of barrier paper is a 
key factor, particularly for vacuum metallization as this can directly affect the vacuum level inside the vacuum 
roll coater, collection efficiency, coating quality and layer density, coating colour and barrier performance. 
Furthermore, different paper grades and primer coating chemistries can affect the rate of release of moisture 
inside the vacuum roll coater and, more importantly, during the metallizing process .

-	 For barrier resilience/ durability of the barrier paper structure, typically a fold test is performed using a 2 kg 
applied rolling weight as shown in Fig 9.0. This test is to simulate the production of packaging formats such as a 
three-side sealed pouch with a bottom fold. Typically for metallized barrier paper structures without a protective 
topcoat/ heat seal, the oxygen transmission rate (OTR) can be drastically impacted by the fold test; the WVTR, 
which is mainly associated with the metallization layer, is less impacted by folding. Once a protective topcoat/ 
heat seal is applied, OTR and WVTR are maintained after folding which demonstrates that the heat seal coating 
enhances fold resistance of the metallized paper structure.

Nick Copeland 
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CONCLUSION

In conclusion with the right selection of base paper, optimized primer chemistry and application method, vacuum 
metallization process and protective topcoat/ heat seal coating application, it has been demonstrated on industrial 
scale production equipment, it is possible to produce a mono-material paper-based packaging structure alternative 
to a mixed polymer multi-layer flexible packaging structure. That delivers both the barrier performance to satisfy the 
high (metallized polyester replacement) and ultra-high barrier (Al foil replacement) market requirements. 

The lecture material that would be presented at the IPPTA barrier coating course will provide a technical and 
practical summary on the benefits of vacuum metallization in general, typical applications where vacuum deposition 
is currently employed and the importance of industrial reel to reel vacuum coating in supporting the creation of high 
barrier paper based recyclable flexible packaging structures.
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