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Abstract: Migration of components from plastic packaging  Migration is mass transfer from the packaging iftod

into foodstuffs or into medicines is a very impaottéissue, or medicine(F/M) by sub-microscopic processes caused by
concerning public health. Using experimental teghes, a concentration gradient different from zero. Agalos
like gas chromatography-mass spectrometry, thesayss diffusive systems could use the same procedureribedc
measure total migration and specific migration ofhere. As any differential equation, for its soluatiat is
components from plastic packaging. This work presam necessary theénitial condition, which is C, = C(x,t=0),
explanation and applications of a numerical tectmitpol called hereinitial concentration profile and thecontour

for this measurement, allowing the comprehensionthef conditions Starting fromC,, C evolves in time, changing its
diffusion process and the estimate of componentatimn  profile, or mathematical form, as function of An

in difficult or impractical measurements. As an lggggion  illustration of this behavior is shown in Figure 1.

example, the non-uniform influence of initial cont@tion
profile on the migration is presented, demonsttatthe
necessity of this profile determination for high atjty
considerations on involved metrology.
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1. INTRODUCTION — +——Plastic packaging wall
{ralti-layered)

) ) o | | | 1
Mathematical models are essential for the . : i
comprehension of an uncounted number of phenonTére. (1 A1 R — s | : Co
execution of the model calculus procedure, cadietllation - s R
of the real experiment, at many different phenomeno ¢ |- e
conditions, could be considered as an experimesitlén u’ﬂ’ffzt:j
computer and, generally, is far less expensive tthen
experiment itself. Diffusion models for migration
measurements fit in this case. Description of thacgss is &
made by the Fick’s second law which, in one dinmmss: Fig.1: above: sketch of a plastic packaging multiayer system of
three wafers: |, Il and Ill. Below: migration occur s into food at both
0 P P outside layers as in a typical total immersion migation essay. The
—C==|D=C 1) initial concentration, C,, is in red and the concentration profile after a
ot oX 0X time tx, C(X,k), is in blue. It was not a calculation, it is onlyillustrative.
The area (integrated function) indicated as “migraed into food” is
. . . . measured in typical migration tests using, as an exnple, gas
C is the concentration of the migrant, generallyugimL, chromatography.
and is a mathematical function which depends ocespad
on time & andt), or it is saidC = C(x,t). Dis the diffusion Mathematical defined integration Gf(x,k) in x variable

coefficient. It isx dependent for many systems. Its quantityat F/M domain results in the quantity or amounttloé
is [distance}[time]. migrant which passed to the F/M up to the timé&his total



amount of migrant as a function of time is the datian of
experimental migration essay, call@igration kinetic
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When physical medium where migration took plage ( ‘— POLIMER

domain) are non-homogeneous, for the precise résolaf
(eq.[1]), D must not be considered constant and can not beg
putted out of the laplacian (second derivative)isTih the
case when interface(s) is(are) present, as in gaud/M
systems. For multi-layered plastic packaging this
consideration is even more important. Generallfanst use 02+
the partition coefficientconcept [1] to get round this fact,
but the theoretical support for this use is nairaic

n

0,4

Food/Medicine
Food/Medicine
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Many important models had been proposed and used in .
migration studies, examples are [2-4]. These methwle 1900 2000 2100 2200 2300 2400 2500 2600
analytical or numerical solutions, and consideras a Domain
con_stant aver_aged value, which is pUtted_ outsidesétond Fig.2: Changes in concentration profiles, due to fusion, at 0 (black),
derivative. This work presents the numerical metfwdhe 0.3 (red), 0.6 (green), 0.9 (blue), 1.2 (cyan) afds (magenta) [ut]. In
solution of (eq.[1]) and the simulation of systewisereC, this simulation: for polymer, D is 1.1 [us]?/[ut], and for
and D can not be homogeneus nor constant in the plastic food/medicine, D is 1.10[us]/[ut].
packaging-F/M system. Here it is presented thei@rfte of
this initial concentration profile,Cy(x), on the amount
migrated and measured into F/M.
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2. METHODOLOGY

The numerical solution uses a non-uniform mesh of
points for the discretization of domain. The point density 60
is higher close to interfaces. In order to numélsicsolve
Fick’s equation, it was discretized (eq.[1]) byngsa three-
point finite difference scheme, which is:

c —CHJ 2 2) 0 2 4 6

d d C..-C
—D(x)—C(x) =| Dy, —+—-D,_
dX ( )dx ( ) [ i+1/2 Ai i-1/2 A Ai,1+A‘

i-1
A is the non-constant distance between successiuespo

Numerically, (eq.[1]) is changed by a trigonal systof
n linear equations like (eq.[2]), where n is th&@atmumber
of points, solved by the Thomas algorithm [5].

migrated (C.us)

3. RESULTS/DISCUSSION

Here it was used generic units for time, [ut], fFength -
(or domain), [us], and for concentration, [C]. Mitgd has 0 1 2 3 4 5 & 7 8 9 10

unit [C].[us]. Typically, [ut] is hour and [us] isicrometer, _ S time (ut) .

but it depends on the system. Fig.3: Migration kinetic simulations. Above, quantty migrated as
function of time when G, is a constant mathematical function (not

) . shown) equal to 1.0 [C] only inside de polymer andero in F/M. Below,

For a system of monolayer polymer (film of sintglger) result for system of Figure 2. Note the differencin shapes above and

inside F/M, Figure 2 shows concentration profiléssi below.

different moments from 0 to 1.5 [ut]. At O [ut], &h

concentration profile,C,, is a sum of three gaussian Another simulated systems, whose initial conceiatna
functions (triple gaussian). This profile could megent a Profiles are presented in Figure 4, were made thighsame
dispersion of some additive caused by package gsowg amount of migrant inside polymer, for the five diéntC,
where near outside face of the film it had stoothviess functions shown. We see their very different migration

migrant than central portion of the film. FiguresBows its ~kinetics in Figure 5. It was expected that if a eeeperiment
migration kinetics was conducted in order to quantify the amount oframit

present inside polymer before migration, the resulbuld
be the same for all profiles. The total amountrofirant



inside the polymer (TAMP) and the migration kingfi¢K)

essays could be measured by gas or liquid chromagiby.
But it would be very difficult to measuig, profiles. So, it is
quite straightforward to understand the relevantehs
simulation if only one of these essays, TAMP or MK,

available.
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Fig.4: Initial concentration profiles with the same area or integral
value. This integral corresponds to total amount ofmigrant inside the

polymer. Interfaces between polymer (2000-2500 [ysind F/M are
indicated. Triple gaussian is a profile where the atside gaussians are

smaller than the central one.
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Fig.5: Migration kinetic simulations for each G, function shown in
Figure 4. Graphics above and below differ only incale.

into n-heptane, a food simulant [6]. The agreemaint
simulation with experiment is very good, and no
mathematical model using a constant initial conediain
profile could explain the "bump" measured.
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Fig. 6: Experimental results for migration of Tinuvin P into n-heptane
and migration kinetic simulation curve (solid) usirg a triple gaussian
C, profile. Diffusion coefficient of Tinuvin P inside PET was calculated
as 4.3 16um?day and inside n-heptane was 5 2m?day.

4. CONCLUSION

It was demonstrated that titial concentration profile if
not constant, even in homogeneous monolayer stagtu
changes the measurement of migrated components from
plastic packaging into F/M. The mathematical shape
values of its migration kinetic curve is affectedthis initial
profile. If it is not possible to measure this pl@frecisely,
it is important at least to evaluate this profilariation
influence and to insert it as a source of uncetaim the
migration measurement method. This simulation nebtan
be used in this determination of uncertainty congmnlt
can be also used for measurements of diffusionficaeedft,
limit of shelf life, changes due to temperature, et
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