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Abstract 

Polymer films coated in oxides (such as aluminium oxide or silicon oxide) 

are used for transparent high performance barrier materials in 

packaging.  It has long been established that the rate of gas 

permeation, and hence performance of the gas barrier layer, depends 

upon the population of defects in the coating.  The nature and 

population of the defects in the glassy oxide depend on deposition 

parameters and chemistry of the ceramic, but also depend heavily on 

the nature of the substrate, and any undercoating or overcoating 

polymer layers applied immediately adjacent to the glass. 

Two techniques for characterizing these defects in barrier films will be 

explored.  The first used conventional permeation measurements, taken 

at a range of temperatures.  A plot of log(gas permeation rate) against 

1/T has gradient proportional to the activation energy of gas 

permeation, and thus the nature of defects through which the gas 

permeates.  We class the defects into two groups: those which give rise 

to an activation energy the same as the base polymer (macrodefects) as 

they are sufficiently large that the permeant can pass through without 

interaction with the coating material, and those that are small 

(nanodefects) such that there is significant interaction with the coating 

material and hence show a greater activation energy.  From this, we can 

model the populations of each defect class for different barrier 

materials.  In production of packaging films, the macrodefect density can 

be controlled by limiting substrate protrusions and scratches, as well as 

by careful material cleaning and handling, but the permeation due to 

nanodefects would need to be minimized by control of the nature of the 

substrate/coating interface, the chemistry of the coating, and the 

parameters of vapour deposition.  Thus, it of significant value to be able 

to determine the contributions from each class. 

A complimentary technique is a form of ‘calcuim test’ in which the Ca 

directly contacts the barrier, so that degradation of the Ca occurs locally 

in areas in which the permeant (in this case water vapour) passes through.  

By image analysis of the resulting micrographs we are able to quantify 

the relative contributions of the different defect types, and the spatial 

distribution of the defects observed, illustrating their origin. 

 

 

 

 
Figure 1 Ca test morphologies showing (upper) uniform permeation 
from a barrier on highly rough substrate and (lower) separate point-
permeation from a barrier with a low density of defects.  The graph 
illustrates how permeation measured as a function of temperature 
can be used to determine the contributions from different defect 
types. 
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