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It was considered as contamination, the carbonyl growing in the primary and secondary polyolefins
blends and as effects of contamination, the degradation rate increasing, the induction period and the service
life diminishing of the products molded from these blends. Using the carbonyl time variation during the first
life, it is possible to estimate, for a given contamination, the degradation rate, the induction period and the
product service life molded from polyolefins post consumers goods and so the optimal solution for the
polyolefins mechanical recycling.
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It is well known that the polymer degradation is a natural
or/and an accelerated process, that in the most case, takes
place in oxygen atmosphere during synthesis, processing
and / or service life, under the action of the ageing factors
(temperature, UV radiations, γ-irradiation, atmospheric
pollutants, stress or strain, transitional metals and so) [138].
Because of degradation, the polymer chemical and
morphological structure and so its physical and mechanical
properties are changed [3, 4, 6, 8, 11, 12, 17, 18, 30, 37]. For
this reason, the degradation can be also used for tailoring
the polymer chemical structure, and so the obtaining of
goods with desired utilization properties.
The degradation occurs by free radicals and implies a
chemical reaction sequences with initiation, propagation,
and interruption stages [11 – 15].
Considering the process rate, the polyolefins
degradation has the following steps [1, 2, 5, 11, 12]: the
induction, the auto – acceleration with an increasing rate,
the stage with a constant rate and the stage with decreasing
or constant rate. It is well known also the polyolefins
degradation without induction (fig.1).
The time evaluation of the polyolefins degradation can
be based on the analysis of the carbonyl index time variation. In the auto-accelerated stage, the carbonyl has an auto
– catalytic effect [5, 15, 16, 18-27]. A new mathematical
model for polyolefins degradation, with practical importance for polyolefins mechanical recycling, is proposed.
Poliolefins Degradation
Mathematical expression of the carbonyl variation during
degradation
The polymer degradations mechanism occurs based on
the following reaction sequence:
PH + energy → P. + H.
P. + O2 → POO .
POO . + PH → POOH + P .
POOH → PO. + .OH
where:
PH is the macromolecule;
P. is a macroalkyl radical;
POO . correspond to a macroperoxyl radical;
PO. is a macroalcoxy radical;

(1)
(2)
(3)
(4)

Fig. 1. Typical curve for degradation without induction (unstabilized
polypropylene) [1]
.

OH signify a hydroxyl radical and H. stand for hydrogen
radical.

(5)

(6)
(7)
(8)

Considering the auto-catalytic effect of the carbonyl,
based on the following prerequisites, a mathematical
model for polyolefins degradation is proposed:
-the rate of the carbonyl functions content formation, at
a given moment, is in proportion with the un – degradated
polymer concentration:
d[C] / dt = k [P - C]

(9)

-The constant of the degradation has a breeder value.
As we have already shown, the constant rate of the
macromolecular radical formation, in the neighborhood
of a carbonyl function (k2), is much greater than in the
absence of a such vicinity (k1):
k2 >> k1

(10)
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For this reason the process is auto-accelerated and the
k constant has a continuous growing:
k=K*[C]α

(11)

where:
K is the degradation rate of the polymer without
carbonyl content and α is a constant, which can be > 0 or,
for the most simple case, equal with 1.
Because of the polymer solid state, for describing the
whole degradation process, it was considered that, only a
restricted quantity of polymer can be degraded. If [P] is
the maximum concentration of the polymer that can be
oxidized, the carbonyl formation rate can be expressed by
the following formulas:

As consequence, in this situation, the time origin, on
the time scale is the moment when the degradation
becomes autoaccelerated.
The mathematical model was verified with literature
and own degradation data. As it can be seen from figure 2,
that represent the data from figure 1 worked out with the
mathematical model, the equation 16 very well verifies
the experimental data. In figure 3 it is presented a typical
rate curve (d (I.C)/dt) for polyolefins degradation.

(12)

After integration it was obtained:
(13)

And after some simple transformations:

(14)

Where:
[C] is the carbonyl concentration, at a given time;
[C0] is the carbonyl concentration before the auto–
acceleration stage;
[P] is the maximum quantity of the polymer that can be
oxidized;
K is the global constant reaction rate that depends on
factors like chemical structural defects that promote the
degradation (carbonyl groups, double bonds and so.),
concentration and the nature of the non-polymeric
impurities that catalyzed the degradation, physical factors
(the crystalline content so.).
For these reasons, for the same polyolefin, in different
degradation conditions, the K values can oscillate in huge
limits.
(15)

After constants group it can be obtained:
(16)

Where:
(17);

(18);

(19)

where m, n and p represent the mathematical model
parameters and have no physical meaning.
The verification of the mathematical model was made
based on the fitting method. For fitting with experimental
data it was used the carbonyl index, as an expression of
the intensity of the carbonyl formation during degradation.
It was considered that the dimensionless carbonyl index
is in proportion to carbonyl functions concentration
(expressed in concentration unities). The carbonyl index
can be relatively easy measured [13, 30, 32 - 37].
The equation number (16) describes the autoacceleration stage of the degradation. It can be fitted with
experimental data.
Is case of a degradation with induction period the
calculated data based on the equation 16 can be obtained
only after the elimination of the induction period.
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Fig.2. Typical curve for a degradation process without induction
period, processed with the mathematical model (Calculus
parameters: m=0.0303; n=0.047; p=0.0344

Fig.3 Typical rate curve (d (I.C)/DT) for polyolefins degradation
obtained with the mathematical model

Verification of the proposed mathematical model
Natural photo-agening of low density polyetilene
In figure 4 is presented the dependence of the carbonyl
index by the degradation time for low-density polyethylene
photo–aged in natural maritime condition, at the Black Sea
Shore (Constanta platform - Romania). It can be observed
the very well concordance between the experimental and
calculated data that was obtained based on the
mathematical working out of the experimental data with
the equation 16.

Fig.4. Experimental and calculated data for carbonyl index variation
of un-stabilized low-density polyethylene by the photo - aging time
in a typical degradation process with induction period (Calculus
parameters: m = 0.0031; n=0.006; p=0.002)
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Fig.5. The photo-resistance of the polypropylene stabilized with
different stabilizers [39]

Stabilizers influence on the polypropylene photo-oxidative
resistance
In [33] it was studied the photo – resistance of
polypropylene stabilized with 3 . 10-4mol/100g 2 hydroxi 4
octilbenzofenona (HOBP), Irganox 1076, dietilditiocarbamat de zinc (ZnDec) and dietilditiocarbamat de
nickel (NiDec). The dependence of the carbonyl index by
the photo-degradation time are presented in figure 5.
In this case, the degradation has a very well defined
induction period as comparing with the situation 2.2.1. For
the beginning, it was eliminated the induction period and
the time origin was considered the moment when the
degradation became auto-accelerated.Then the
experimental data were mathematical processed using the

Fig.6. Experimental and calculated data for photo-stabilized
polypropylene stabilized with different stabilizers (Calculus
parameters: PP un-stabilized m=0.0511; n=0.0653;
p=0.0366; PP stabilized with HOBP m=0.0409; n=0.0135; p=0.0128;
PP stabilized with NiDec m=0.0129;n=0.0163,p=0.0414; PP
stabilized with ZnDec m=0.0123;n=0.0157;p=0.0491)

Fig.7. The dependence of the carbonyl index of the low density
polyethylene by the photo-ageing time and the cold drawn ratio [40]

Fig.8. Experimental and calculated data for de dependence of the
carbonyl index of low- density polyethylene by the photo-aging time
and cold drawn (Calculus parameters: un-drawn m=0,0112;
n=0,0275; p=0,0404; 6 cold draw ratio m=0,0447; n=0,0433;
p=0,004; 12 cold draw ratio m=0,0213; n=0,0196,p=0,0038)

Fig.9. The polypropylene concentration influence on the
dependence of the carbonyl index of the photo-aged PP/PE blends
by the degradation time [35]

equation 16. The experimental and calculated data are
presented in figure 6 It can be observed the very well
concordance between the experimental and calculated
data.
Photo-degradation of the cold drawn polyethylene
In [34] it was followed the influence of the cold draw
ration on the photo-degradation behaviour of low-density
polyethylene. The dependence of the carbonyl index by
the photo-aging time is presented in figure 7 and the
relation between the experimental data and the calculated
those obtained by using the mathematical model (the
equation 16) is presented in figure 8.
It can be observed the very well concordance between
the experimental and calculated data.
Photo degradation of polyethylene - polypropylene blends
In [35] was studied the influence of the polypropylene
content on the photo-degradation behaviour of the
polypropylene-polyethylene blends (fig.9). Because of the
high polypropylene degradability, the blend degradation
depends by its composition.
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Fig.10.Experimental and calculated data for the PP concentration
influence on the dependence of carbonyl index of photodegradated PP/PE blends by the degradation time

The results of the mathematical processing of the
experimental data with the equation 16 presented in figure
10 that shows once again the very good concordance
between the experimental and calculated data.
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Results and discussions
The very well concordance between the experimental
and calculated data shows that the theoretical premises
of the mathematical model are correct. Because of the
carbonyl content and many another chemical defects, the
secondary polymers will be much more susceptible to
degradation.
The carbonyl content determines the ”contaminant”
effect of the degradated polyolefins upon the primary
polyolefins with which it is blended in view of mechanical
recycling.
Even if after blending of the degradated polymer with
primary those, the physique and mechanical properties of
the obtained blends are acceptable and sometimes
comparable with the properties of the primary polymers,
the degradation induction time of the resulted blend
(which, after blending and granulation, is named
regenerated polymer) will be smaller than that of primary
polyolefins. Also the degradation rate and the service life
of the product molded from regenerated polyolefins will
be smaller than that of the primary polyolefins.
The “contamination” effect of the degradated polymer
on the degradation behavior of the regenerated polymers
determines huge differences between the recycling of
polymers and the recycling of other materials (glass, metals
a.s.o). The glass and metals can be infinitely recycled
without loosing their utilization properties.
Taking into consideration the equation 20 it can be
observed that by blending the primary with secondary
polymers, inevitable the carbonyl concentration of the
blend ([C0]) will be greater than the carbonyl content of
the primary polymer. This equation is the mathematical
expressions of the “contamination” effect of the degradated
polymers up on the primary ones.

(20)

Regarding the things in this way, it can be understood
why the mechanical recycling, which present at a first sight,
a great advantage as a new source of raw material is used
only in a very small ratio as a method for polyolefins
mechanical recycling [38].
Conclusions
The polymer degradation is a natural or an accelerated
process, that generally takes place in oxygen atmosphere
during synthesis, processing and / or service life, under
the ageing factors action (temperature, UV radiations, γirradiation, atmospheric pollutants, stress or strain,
transitional metals a.s.o;
The mathematical model gives the possibility of
calculation of the “contamination” of the regenerated
polyolefins and, for a given “contamination”, of the
estimation of the degradated rate, degradation induction
period and of the service life of the product molded from
regenerated polyolefins;
The measurement of degradation rate increasing as a
function of the carbonyl content, and the induction period
diminishing as a function of the carbonyl content will be
presented in a future paper in which the polyolefins
mechanical recycling based on the carbonyl variation
during the first life will be studied.
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