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Abstract
Polyethylene terephthalate (PET) is widely used in food packaging, but the processing aids that include materials such as 
plasticizers and antioxidants may migrate to food, thereby harming the food quality and human health. To develop packaging 
materials with lesser plasticizer migration and to understand the anti-migration mechanism, a  SiOx layer was deposited by 
plasma-enhanced chemical vapor deposition (PECVD) on a PET substrate to prepare a composite film. The effects of  SiOx 
layers with different thicknesses on blocking the migration of dioctyl phthalate (DEHP, a plasticizer) and Irganox 1010 (an 
antioxidant) from the PET substrate into the food simulant were investigated at three temperatures. The migration of additives 
from both pristine and  SiOx-coated films increased with an increase in the contact time and temperature. However, compared 
with the pristine film, the specific migration rates of DEHP can be reduced by up to 88.57% in the 320-nm  SiOx/PET com-
posite film, while that of Irganox 1010 can reach 82.61%. For a fixed  SiOx layer thickness, the DEHP migration is not greatly 
affected by temperature, while that of Irganox 1010 migration decreased at higher temperatures. In addition, a 320-nm  SiOx 
layer effectively retarded the transmission of water vapor and oxygen through the composite film to 77.3% and 79.3% lesser 
than those of the pristine PET film, respectively. The SEM image showed that the surface of the composite film was denser 
and more uniform than a pristine PET film, which also confirmed that the  SiOx layer can block the migration of additives.
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Introduction

Polyethylene terephthalate (PET) is one of the most tradi-
tional packaging materials for foods such as drinking water, 
edible oil, carbonated beverages, ketchup, peanut butter, 
and some seasonings [1–4]. However, plastic packaging 
is known to be inherently permeable to gases and vapors, 
and it is often difficult for a single plastic to function as 
an adequate barrier for multiple applications [5]. With the 

advent of microwave heating technology, the demand for 
food packaging materials with higher strength, high barrier 
properties, and microwave permeability is increasing.

PET is not a completely inert packaging material. Dur-
ing use, additives present in it could contaminate the food 
kept in the container by infiltration, migration, and diffu-
sion, thereby threatening the health of the consumers [6–9]. 
For example, dioctyl phthalate (DEHP)—a phthalate plasti-
cizer—is easily released, because it has weak bonding with 
the polymer mainly through molecular interactions [10]. 
These compounds, once ingested, can interfere with the 
endocrine system and show pro-estrogen or anti-androgen 
properties [11]. In addition, it is a growing practice in the 
food industry to add antioxidants such as Irganox to PET 
packaging materials [1], especially for the storage of fatty 
foods [12]. However, Irganox-type molecules can migrate 
easily because of their low molecular weights [13, 14]. Some 
of these molecules can cause liver, lung, and blood abnor-
malities, and a few even have mutagenic activity or carcino-
genicity [15–17]. In brief, the potential health hazards from 
these additives cannot be ignored. Therefore, it is necessary 
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