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A Method for the Estimation of the 
Efficiency of Antioxidants in 
Secon da ry Po I yo I ef i n es Sta bi I ized 
According to the Defects Dilution 
Process 
DOINA STAICU, STELA STOICA, ALEXANDRA ClUPlTOlU and 
ELENA TOPCIU 
Chemical Research Institute ICECHIM, Bucharest, Spl. lndependentei, 202,77208, Romania 

The defects dilution principle was checked for secondary polypropylene from used electric 
accumulators. According to this principle, after a determined number of reprocessings, through 
modification with the same quantity of raw material, the active species resulted from ageing, 
uniformly distributed in the polymer mass, occur in such a quantity which determines a constant level 
of thermooxidative stability. The estimation of fenolic antioxidants efficiency from the difference 
between the melting point of regenerated polymer and his oxidation temperature, determined by 
using differential thermal analysis is an adequate method for secondary polypropylene from used 
electric accumulators, stabilized according to the defects dilution process. 

KEYWORDS: Efficiency, antioxidants, method, polyolefines, stabilization, defects 

1. INTRODUCTION 

The degradation and stabilization of secondary polymers have particular charac- 
teristics different from those specific of raw polymers because of the chemical 
active species resulted through the ageing of polymer during his life and of the 
impossibility to completely eliminate the residual impurities content. 

The opinions about secondary polymer stabilization differ, most of them being 
actually impossible. 
In equal measure, the idea of supplementary stabilization of raw material at 

processing is accepted, to ensure the additive for inhibiting the destructive active 
species.’ 

According to the dilution principle3 the mentioned difficulties of secondary 
polymers stabilizations can be overpassed, because after 4,5 reprocessing, 
through modification with the same quantity of raw material, the fraction from 
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FIGURE 1 The effects dilution process when it is used a blend with 50% recovered material and 
50% raw material. 

the product unity supported the maximum number of reprocessings become 
negligible and uniformly distributed in the polymer mass (Figure 1). As a result of 
the defects dilution process, after a number of processing-using cycles, there is 
the possibility to reach a constant level of the product properties (Figure 2). 

The practical importance of thermal analysis at linear heating rates for the 
study of the influence of additives on polymer degradation has been 
demon~trated.~ Knowledge of the mechanism of oxidation reactions at higher 
temperatures is important for the technology of polymer processing, even though 
these processes occur in the presence of low concentrations of oxygen. 
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Thermogravimetric analysis of stabilized polymeric system gives a more 
accurate assessment of the effects of stabilizer volatility on polymer degradat i~n.~ 

The purpose of this essay is to verify the defect dilution process for degradation 
products appeared after thermooxidation, at constant impurities content, for 
secondary polypropylene from used electrical accumulators, using the thermo- 
gravimetric analysis for the estimation of the fenolic antioxidant stabilization 
efficiency. 

2. EXPERIMENTAL 

The secondary polypropylene, from used electrical accumulators, after washing 
(the residual impurities content 8%) and grinding, was regenerated, according to 
the dilution process of the defect, through modification with 50% raw material 
and thermooxidative aged, 3 h at 150 "C, even in air after each regeneration cycle 
(Figure 3). 

The mixing of the secondary with raw polymer was made in a laboratory mixer, 
with 700 rot./min speed, during 5 min. 

After granulation (200°C on nozzle), the regenerated polymer was injected (T 
nozzle: 200"C, f injection: 13 sec., pressure injection: 700 atm) in samples that 
were aged by thermooxidation. 

Raw and secondary polymers were subjected to a similar reprocessing-ageing 
sequence, without being modified with raw material, both of them supporting 
only three cycles. 

The value of regenerated (R), secondary (S) and raw (P) polymer degradation 

FIGURE 3 The regeneration process and artificial ageing condition. 
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was estimated through determination of the: 

- molecular weights-viscozimetric measurements, in heptan at 60°C 
- carbonyl groups-referring to the IR absorption from 1790 cm-' at those from 

1310cm-'. The IR spectra were registered red on a Perkin Elmer spectrophoto- 
meter, on 0.1 mm films, hot pressed, 5 min. at 198"C, at 11 atm. and cooled, 
10 min. at 150 atm. 

-thennooxidative stability-through Brabender (T  = 200°C speed = 
60 rot/min. .tank = 30 cm3), oxygen absorbtion (at 170°C) and thermogravimetric 
(DTA: 50V, TGA: 100mm, at a heating rate of 6min-', from ambient 
temperature to 500°C) methods. 

The regenerated polymers resulted from the cycles that ensure a constant level 
of thermooxidative stability were stabilized with calcium stearat 0.1% at 100% 
polymer and different fenolic antioxidants (Hostanox 03, Irganox 1010, 1076 and 
1425) added to the same number of functional groups (0.125 g.f./mol). The 
inclusion of the stabilizers into polymer was made through mixing 7 min. at 200°C 
in a Brabender plastometer. 

3. RESULTS AND DISCUSSIONS 

The Table I shows that if the average molecular weight for raw and secondary 
polymer decreases with the growth of the reprocessing number, for regenerated 
polymer is roughly constant and equal with those calculated additive considering 
the average molecular weight of the constituents polymeric types (Table I) 

The reprocessings is determined the growing of the carbonyl content for raw 
and secondary polymers and reaching a constant value, proper to the raw 
material for regenerated polymer (Figure 4). 

The variation of the Brabender mixing torque, with the destruction time 
decreases for P and S samples series and growing till the comparable value of the 
raw polymer for R sample series (Figures 5-7) 

The oxygen absorbtion method shows a decrease of the thermostability in Ps3 
(Figure 8) and S,, (Figure 9) series and a growing for R samples (Figure 10) 

The analysis of the variation of the thermostability of regenerated samples with 
the number of reprocessing determined through those methods shows the 
reaching of a constant level for thermostability after four cycles, similar in value 
with those of the polymer which was used for modification (Figures 11, 12). 

The differential thermal analysis of the regenerated polymer that has a constant 
level of the thermostability (resulted after 4 and 5 reprocessings) shows that these 
have similar melting point (152°C). The temperature intervals in which occurs the 
oxygen uptakes reaction are the same (152-250°C). The degradation reaction 
with loss of mass begins at the same temperature (25OoC), (Figure 13). 

As we demonstrated before, it follows that, according to the defects dilution 
principle, the active species resulted from thermooxidative ageing are diluted with 
reprocessing, the constant level of the thermostability reached through regenera- 
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FIGURE 4 Variation of the CO content for raw secondary and regenerated polymer with the 
number of processing. 
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FIGURE 5 Variation of kneading torque for regenerated polymer as a function of time. 
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FIGURE 6 Variation of kneading torque for reprocessed secondary polymer as a function of time. 
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FIGURE 7 Variation of kneading torque for reprocessed raw polymer as a function of time. 

tion, being a function of type of raw material, the modification percent and the 
nature of the ageing process. 

Figures 14 and 15 compare the thermal degradation of regenerated 
polypropylene according to the defects dilution process with constant level of the 
thermooxidative stability with those of the same polymers thermooxidative 
stabilized with formulae in which different fenolic antioxidants were used. 

All the cases show anendothermal peak at 162°C due to the melting of the 
polypropylene, there after, differences in behaviour are observed, the oxygen 
absorption reaction being delayed for polymers with antioxidants, with a 
temperature interval pending to the stabilizers efficiency. 

50 100 150 

tlmin I ___. 

FIGURE 8 Variation of oxygen absorbtion for reprocessed raw polymer as a function of time. 
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tlminl 
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> 

FIGURE 9 Variation of oxygen absorbtion for reprocessed secondary polymer as a function of time. 

thin1 

50 100 150 

FIGURE 10 Variation of oxygen absorbtion for regenerate polymer as a function of time. 
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I 

o t 2 3 4 5 c -  

NUMBER OF P.ROCESSlNG 

FIGURE 11 Variation of kneading torque after 100 min, for regenerated polymer as a function of 
the number of processing. 

L 

FIGURE 12 Variation of oxygen absorbtion for regenerated polymes, after 50 min. As a function of 
the number of proassings. 
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FIGURE 13 DTA, TG and DTG diagrams for regenerated polymers (R.,s) which reached constant 
level of themooxidative stability. 

Because of the constant level of the thermooxidative stability reached through 
regenerations, the thermooxidative behaviour of the two polymers, & and R5, is 
similar and the conclusions about the efficiency of stabilizers are the same. 

4. CONCLUSIONS 

1. The defects dilution principle, according to which after a determined number 
of reprocessing through modifications with the same quantity of raw material, the 
active species resulted from ageing, uniformly distributed in the polymer mass, 
there are in such a quantity that determines a constant level of thermooxidative 
stability, was checked for secondary popypropylene from used electric 
accumulators. 

2. The estimation of the fenolic antioxidants efficiency from the difference 
between the melting point of regenerated polymer and his oxidation temperature, 
determined using differential thermal analysis is an adequate method for 
secondary polypropylene from used electric accumulators, stabilized according to 
the defects dilution process. 

3. It is necessary to verify these conclusions for the case of the influence of the 
deluted impurities of the secondary polymer on the level of thermal stability of 
the regenerated polymer. 
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