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Appendix I
Peter Mercea

This section reviews most of the literature on the kinetics of small organic com-
pounds (migrants) in polyethylenes (PEs) and polypropylenes (PPs) samples. An
attempt was made to avoid a selection of data based on subjective criteria as to the
quality of the experimental methods and/or model used to describe the diffusion
process. However, in cases where a larger number of data were available for one and
the same migrant, only the more recent experiments were cited. Then data was
collected from experimental reports, which can be considered to be relevant to the
topic of migration from polymeric packaging into foods and/or food simulants. In
this respect the tables given below do not report diffusion data in swollen polymers
because such situations are not suitable for food packaging.
There are a series of problems involved in an attempt to compare and interpret

experimentally determined diffusion coefficients, Dp, in polymers.
First, problems result from the complex physical and chemical interactions

between the migrants and the host polymer matrix. It is well documented that these
interactions have a significant influence on the magnitude of Dp.
Then, problems are generated by the dependence of themorphological character of

the polymer matrix upon its physical and chemical as well as manufacturing history.
The Dp of a given migrant also depends on the molecular type and morphology/
structure, density, and crystallinity of the polymer.
Dp depend on the temperature, T, too. The rate of this dependence often changes

when the polymer undergoes a transition from a rubbery to a glassy state.
It is well known that the magnitude ofDp are also influenced by the initial amount

of the migrant, cp,0, formulated into the polymeric sample. High cp,0 may have a
plasticizing effect, which strongly influences the properties of a polymer matrix.
At last but not at least the Dp of a certain migrant may be influenced by the

experimental setup used. There are numerous reports of migration experiments in
which the polymeric sample is immersed into a liquid/solvent. It is logical to assume
that such a liquid/solvent –whichusually has relatively smallmolecules –diffuses into
the polymer during themigration experiment. This processmay influence to a certain
degree not only the free volume available for thediffusionalmotion of themigrant, but
even influence the interactions between the migrants and the host polymer matrix.
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Thus, taking into account those mentioned above, the sometimes large spread of
Dp values reported in this appendix for one and the same migrant should not be
considered as unusual or incorrect.
The rationale for the format of the tables given in the Appendix is the following.
The first column of the tables lists the chemical name of the migrant, as given in

the publication cited. Because of that sometimes for one and the same organic
migrant more than one chemical name appears in the tables. In column two the
molecular weight, Mw, of the migrant is given.
Columns three and four give information about the polymer; namely about its

density, crystallinity and/ormorphology. In the case of polypropylenes, PPs, there are
a series of abbreviations for the type of polymer, namely:

aT – atactic PP,
iT – isotactic PP,
HO – homo polymer,
CO – copolymer,
BO – biaxially oriented PP
UO – uniaxially oriented PP and
SB – stereo block polymer,

Diffusion of a noninteractingmigrant through an isotropic polymermatrix due to its
randommotion canbe described byFick�sfirst law (Eq. 7.5) inwhich the rate constant
D is defined as the diffusion coefficient. In the fifth column of the tables the diffusion
coefficients, as reported in the cited publications, are given. There are several types of
Dp, namely:

D – concentration independent average diffusion coefficient,
Dc!0 – diffusion coefficient at �zero� diffusant concentration,
Dg.c. – diffusion coefficient determined from inverse gas chromatography, and
Ds – diffusion coefficient in a polymeric sample in contact with a solvent or food

simulant.

The sixth column gives information about the single temperature, T (�C), at or
temperature range in which the migration experiments were performed.
Columns 7 to 9 summarize the diffusion parameters for each migrant. In the

seventh column the diffusion coefficients, units cm2/s, are given. In order to make a
comparison of the reportedD values as easy as possible an attempt was made to give
as many as possible D�s for T¼ 23 �C (room temperature). In some cases this was
possible only by extrapolating D�s from measurements made at lower or higher
temperatures. These situations are marked with (*. In those cases where a citation at
23 �C was not possible D�s at other T�s were given and marked with (** – T
corresponding to the temperature given in column 6 or at another temperature
given in the superscript – (70 for example.
In most cases the dependence of the diffusion in polymers on temperature is of

Arrhenius type and described by the equation

D ¼ D0expð�Ed=RTÞ
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whereD0 – cm
2/s – is a pre-exponential factor,Ed – kJ/mol – the energy of activation,R

– 8.31 J/mol grd. – the gas constant, and T – K – the absolute temperature.
In the eigth and ninth columnsD0 and Ed are summarized for the experiments in

which diffusion data were collected at different temperatures. Using these para-
meters with the above equation allows one to calculate the diffusion coefficient at any
T point within the corresponding T range given in column 6. Moreover, one can
calculate by extrapolationD�s even beyond such a Trange. However when doing so it
is recommended not to exceed the extrapolation to far from the T range in which the
experimental data were collected – column 6. Extrapolations up toþ/� 25% of the T
range given in column 6wouldmost likely be on the safe side. Even when doing such
a conservative extrapolation one should take care that for the new T the polymer did
not change from rubbery to glassy or vice versa. It is known that for most of the
polymers D0 and Ed are usually differing in these two phases.
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