
W
H

ITE PA
PER

NON-FICKIAN BEHAVIORS 
OF METALIZED FILMS 
AT HIGHER RELATIVE  
HUMIDITY LEVELS

Content:

Issues with Metalized Films    2
What is Non-Fickian Behavior    2
Review of Historical Study of Metalized Film   3
Our Recent Studies on Two Types of Metalized Films    3-4
Conclusions and Recommendations    4

AMETEK MOCON
May 2021



WHAT IS NON-FICKIAN BEHAVIOR
AND WHY IS IT A PROBLEM?

WHITE PAPER

Abstract
Due to their high barrier properties, mono-polymer metalized 
films are often used for traditional as well as sustainable packaging 
materials. Based on polyolefin substrates, they are considered 
recyclable when the thin layer of coating contains very little 
amount of metalization. For various applications, the metalized 
films should be examined for their barrier properties such as water 
vapor transmission rate (WVTR). However, whether historically or 
today, measuring WVTR of metalized films has proved challenging 
to obtain repeatable values due to its mysterious Non-Fickian  
behavior (i.e. the material changes with increasing humidity  
exposure.)  So what you should know about metalized films and 
what are the best laboratory practices to obtain more accurate 
results?

Issues When Testing Metalized Films
Measuring the water vapor transmission rate (WVTR) of metalized 
films can be challenging. Even for the same material, different 
WVTR results were reported by different labs when extreme 
relative humidity (RH) such as 90% RH was used, since different labs 
may have their own criteria to terminate a test. Some tests may be 
prematurely stopped before reaching final equilibrium status.

Fig 1. Shows how the WVTR can continue to change even close 
to 100 hours of testing when challenging the film at 38°C, 90% 
RH.  Therefore, various test durations may produce quite different 
WVTR data.  It is suggested that these types of materials exhibited 
Non-Fickian behavior. 

Fig 1. Typical Non-Fickian material WVTR test data curve at high RH

What is Non-Fickian Behavior
According to Fick’s Law of Diffusion, a diffusion process that obeys 
Fick’s laws is called normal or Fickian diffusion; otherwise, it is called 
non-Fickian diffusion. Similarly, For Fickian materials (or those that 
obey Fick’s Law), permeation is linear with concentration for all 
concentration ranges.  Some materials are adversely affected by 
moisture absorption and thus barrier is reduced, they are called 
Non-Fickian materials. (Fig 2.).

Fig 2. Illustration of Fickian and Non-Fickian Behavior

Most common knowledge tells us that Water, which is highly polar, 
will only react this way with polar polymer groups that depend 
upon hydrogen bonds. Some famous examples of Non-Fickian 
Material are Nylon and EVOH. Other polar groups such as PET, 
although they do absorb water, are not affected since their barrier 
properties do not depend upon hydrogen bonds. 

However, the following studies will tell us metalized films can have 
Non-Fickian behaviors, too.

Recap of Historical AMETEK MOCON Study on  
Metalized PET Film 
In earlier 2000, AMETEK MOCON conducted a WVTR profile study 
on one type of PET based metalized film (75 gauge OPP/Print & 
Adhesive/48 gauge met-PET) at different RH levels, and with 
different types of water vapor permeation analyzers.  

The purpose of this study was to reveal the true cause of the 
reported data inconsistencies and find out whether this was due 
to the test method, instrument or the test conditions.. 

The first test was on a MOCON PERMATRAN-W 3/31 (ASTM F-1249) 
(Fig 3).  The tests were conducted for 48 hours at each level in 
sequence from the lower RH to higher RH conditions. According 
to this method, one side of the sample was challenged with a 
constant, specific RH while the flux on the other side was swept 
past a modulated infrared detector and quantified. The study 
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was conducted at 37.8°C with 50%, 75%, 90% and 100% RH.  
For comparison, a calculated Fickian behavior curve (based on  
50% RH tested value) is also included in the graph. (Fig 3.)

When compared with the predicted Fickian response as shown  
in Fig. 3, the material clearly acted in a non-Fickian manner. The 
WVTR value almost doubled from 90% RH to 100% RH. The WVTR 
test result at 100% RH was nearly 10 times of the calculated data  
if the material would be Fickian. This means that higher RH 
conditions had a greater impact on the barrier quality of the 
material than lower RH conditions. 

A second test (at 50% RH) was conducted on the same exact 
sample after the 100% RH analysis. The results indicated that 
the previous barrier at 50% RH was not recoverable after being 
exposed to 100% RH.  

Further tests with the same material on various MOCON Legacy 
instruments indicated that results are similar as those obtained 
from PERMATRAN-W 3/31 and showed Non-Fickian behaviors. 

AMETEK MOCON’s Recent Study on a New Generation of  
Metalized Film
Fast forward to 2021, more metalized films have been invented 
and manufactured. Are they getting any better and free of  
Non-Fickian behaviors?  AMETEK MOCON tested the WVTR of some 
new metalized films utilizing our new generation of permeation 
analyzers.  This time there were two types of metalized films with 
OPET and BOPP as substrates, respectively.  

The studies were conducted on one MOCON Legacy permeation 
analyzer PERMATRAN-W 3/33, and two Next Generation analyzers 
PERMATRAN-W 3/34, and AQUATRAN 3/38 (Fig 4.)

The WVTR studies were conducted at the following test conditions: 
37.8°C, with RH levels of 50%, 75%, 85%, 90% and 100%.

Test Results
The following data tables (Table 1 and 2) and graph (Fig. 5) 
demonstrate the trend of the WVTR profile challenged by different 
RH levels for both OPET based and BOPP based metalized films. 
Three results from each of three different WVTR permeation 
analyzers (9 data points in total) were averaged to generate each 
data point on the graph.  The utilized permeation analyzers 
were the PERMATRAN-W 3/33, THE PERMATRAN-W 3/34, and the 
AQUATRAN 3/38. 

Fig. 3  WVTR tested results vs calculated Fickian behavior values

Fig. 4. MOCON Permeation Instruments

Substrate %RH
Average WVTR 

g/(m2 • day)
Std. Dev.

OPET 50 0.111 0.085

OPET  75 0.322 0.121

OPET  85 0.518 0.189

OPET  90 0.609 0.203

OPET  100 1.291 0.359

Table 1. OPET-based Metalized Film Average WVTR Results (from 9 separate tests)

Substrate %RH
Average WVTR 

g/(m2 • day)
Std. Dev.

BOPP 50 0.052 0.016

BOPP  75 0.087 0.015

BOPP  85 0.117 0.016

BOPP  90 0.149 0.030

BOPP  100 0.243 0.074

Table 2. BOPP-based Metalized Film WVTR Results(from nine separate tests)
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Fig 5. WVTR Comparison for OPET-based and BOPP-based metalized films

First, it seems both OPET and BOPP based metalized films exhibited 
Non-Fickian behaviors to certain extents, with the OPET-based 
material showing a relatively more severe barrier breakdown at 
higher RH levels.  

Secondly, the standard deviation of the test results showed a wider 
spread in the values for the OPET-based metalized film. The OPET-
based film also showed increased deviation with the increase of 
the RH% levels. While the WVTR of BOPP-based metalized film 
showed better consistency, this structure started showing Non-
Fickian behavior after 85% RH. 

To explain the more severe barrier breakdowns of OPET-based film, 
it could start with PET being a polar polymer, thus more likely to 
bond to water molecules. Therefore, the metalized layer on PET 
substrates could be more easily compromised due to substrate 
expansion under high moisture environment.

NEW METALIZED FILMS STUDY
TELLS MORE STORIES

BOPP, on the other hand, is non-polar and hydrophobic, making it 
more stable under moderate levels of moisture. This film started 
showing Non-Fickian behavior at higher RH challenges, which may 
be due to some unrecognized synergy between the metalized 
layer and higher moisture.  

Due to the above reasons and observations, it is critical to 
analyze WVTR at the actual RH for metalized films.  It is not 
encouraged to test WVTR at one level and then extrapolate WVTR 
to other RH levels. For comparison testing of these metalized films, 
a more moderate RH as a test gas challenge (or reference %RH 
amongst metalized film manufacturers and their customers) is 
encouraged (e.g., 70-75% RH).

Conclusion
• Metalized films exhibit Non-Fickian behavior at higher 

humidity levels so extrapolating WVTR results to other RH 
conditions is not recommended. 

• Substrates with slightly hydrophilic or polar nature show 
more severe Non-Fickian behaviors

• To avoid higher RH impact on the barrier of this type of 
metalized film, relative humidity should be controlled at 
moderate levels.

• If high RH such as 90% RH is needed for testing, longer testing 
time may be needed for Non-Fickian material to reach final 
equilibrium and reveal its true barrier level.

Questions?
Call MOCON to speak with a certified technical support specialist. 
Tel: +1 763.493.6370 or Email: info.mocon@ametek.com


