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ABSTRACT
The effectiveness of different phenoiic antioxidants on high density
polyetylene (HDPE} and jow density polyetylene (LDPE) has been studied
by the Isothermal chemiluminescence method. The decreasing order of the
antioxidant efficlency for these polymers is as follows .
irganox 1010 >» Etanox 330 > irganox 1076 (Hostanox 018) > Tapanol OC

RESUMO

Foi estudada a eficiencia de varios antioxzidantes
Ffenblicos sobre polietileno de alta densidade (PEAD) e poli-
etileno de baixa denszdade (PEBD) usando téenicas de quimi-
luminescéneiq isetérmica. A ordem decrescente de efieiencia
anttoxidante para os dois polimeros foi a seguinte:

Irganox L0L0> Etanox 330> Ivganox 1076 (Hostanox 016)>
Topanol 0C.
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INTRODUCTION

The study of heat stabilization of polyethyiene fims by commoercial
antioxidarts is not merely of great practical importance but it is alsa of
sclentific interest. Extrusion and blowing of polyethylene fims expose them
o severe degradative conditions, and the need for effactive stabilization
is therefore an absolute necessity. Stabilizers for this purpose must
themselves be heat-resistant and shoukd not sublime or decompose below
processing temperature. Approximately €0 anfioxidants are marketed In
the worid for the manufacturing and polyethylene - using industries’. The
choice of stabilizer for a particular type of polysethylene Is govermed by
the specific nature of the changes which occur In R during the primary
working up stage and in storage.

The chemliuminescence (CL) method has be recognised as a useful
tool for the evaluation of stabilizers®®. In this work, the CL method was
applisd fo evajuate the thermal oxidative stabllity of low density

polyethylene (LDPE) and high density polyethyiene (HDPE), contalning
certain phenolic antioxidants,

EXPERIMENTAL

Both polyethylene types (fims of 0.1 mm thickness} with the

characteristics specified in Table 1, were kindly supplied by ARPECHIM
Pitesti, Romania.

Table 1. Some characteristics of the polymers studied

Type Sort Branching Crystallinity MF Stabilizer
(CH3/ 1000 C) {%) {g/10 min} concentration
%
LDPE A-2-2-FMA /002 20 52 0.33 éo%
HOPE A-§5-3-MB /084 05 72 5.08 0.03

The compounds chosen for study were tetrakis (methylene -3,5-~dcli-
tert - butyl - 4 - hydroxyphenyl) methane propionate (lrganox 1010), 13,5 -
trimethyl - 2,4,6 - tris (3,5 - di - tert - butyl - 4 - hydroxy benayl) benzene (Etanox
330}, octadecyl - 3 - (3', 5'- di - tert - hulyl - 4 hydroxyphenyl) propionate
(irganox 1076 or Mostanox 016) and 2,6 - di - tert - butyl - 4 - methyl phenol
(Topanol OC).

Chemilurninescence spectra of the films samples were recorded
on a OL - 894 chamiluminescence apparatus manufacturad by ICPE, Romania.

Chemliuminescence intensity versus time was recorded at constant
temperature (190°C) under air flow (1.121/ min).
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RESULTS AND DISCUSSION

Figures 1 and 2 show the chemiiuminescence of LDPE and HDPE
respectively, both unstabilized and stabilized with the above mentioned
antioxidants. As can be seen, some & -shaped CL curves present small
shoulders that denote ftwo consaecutive antioxidation processes. This
observation is In a good agreement with Chien's conclusions’ about two
stages of the decomposition of hydroperoxides in polyethylene.
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Fig.1. Chemiluminescence intensity as a function of time for oxidation
(180°C.air) of LDPE unstabilizerd (1) and stabilized with Topanol OC

(2}, irganox 1076 (3), Etanox 330 (4) and irganox 1010 (5)
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Fig. 2. Chemiluminescence intensity as a function of time for oxidation
(190°C, air) of HDPE unstabiiized (1) and stabilized with Topanol OC
(2}, Hostanox 01 (3) »and Etanox 330 (4)

Table 2. Values of the kinetic CL. parameters (180°C, alr) for LDPE and HOPE

LDPE HDPE
Antioxiiant b Vo ™ e Lmax 5 Vor™ fmas tinax
{min) (rujmn)  {ru) (min}  (min) (ru./min)  (4)  {min)

none 19 226 37768 258 28 338 42008 210

Iganox 1010 528 171 30458 765 704 165 28327 900

Etanox 330 185 354 40505 345 162 477 48039 340
inganox 1076

or Hogtanox 016 s 31 44238 315 155 370 43443 330

Topanc! OC 52 30255008 28 43 384 37801 268

w———
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The kinelic analysis of chemiluminescence data was made using the
following parameters (Table 2). the induction period (t), the maximum
oxidation rate (Vo™), the CL ermission maximum intensity (ims) and the
time for reaching the CL maximum emisgion vaiue (tnax).

Tabie 3. The antioxidant effectiveness parameters for LDPE and HDPE

(180°C,alr)
Antioxidant LDPE HDPE
A 8 A 8
Irganox 1010 154 0.78 45.1 0.48
Etanox 330 50 1.57 10.8 1.41
irganox 1078 or

Hostanox 018 1.8 1,38 8BS 1.08
Topanol OC 1.0 1.34 1.0 1.14

Table 3 shows the antioxidant actvity (A) expressed by the

refation®®;

A=(t-t0)/ (& -t)
where ftg, & and t; are, respectively, the induction periods graphically
deduced from chemiluminograms for pure polymer, for polymer with the
particular antioxidant and with Topamol ©C, which was taken as a
standard.

The relative stabilty (S) was calculated using the following relation®:

8 = Vo / (Voo

where (Voo and (Vo) are the maximum oxidation rate for pure and
anfioxidant - protected polymer, respectively. Thie parameter is aiso given In
Table 3. :
As can be seen, all stabilizers studied inhibited LDPE and NDPE
degradation in alr at 180°C by trapping the radicals formed in the
mabix. This is confimed by the increased values of the time parameters
t and tua in comparison fo the blank sample. The Vo™ parameter
decreased only slightly , due tfo the high temperature of the oxidation
reaction, when the most analysed antioxitants cannot be active after the
induction pericd has ceased. A simlilar trend was observed for Imex
paramefer,

The product Irganox 1010 exhibits the highest protection capability
among the antioxidant studied. For this antioxidant the highest increase in
the length of the induction period was obtained and the lowest Vo™
parameter was recorded. This means that the oxidation products of Irganox
1010 are stil able to participate as protecting agents in the propagation
period. This iz also proved by the lowest ine value recorded in the case
of this stabilizer (i.e. minimum guantities of hydroperoxide are formed).
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On the other hand, as can be seen in Table 3, the antioxidant
afficiencies for HOPE samples were much higher than that for LDPE
ones. Judging from the time chemiluminescence parameters the decreasing
order of the antioxidant efficiency in both polymers is as follows:

Irganox 1010 >> Etanox 330 > lrganox 1076 {(Hostanox 018) » Topanol OC

This antioxidant ranking is in @ good agreemert with the order
obtained by the other maethods’®'2. This fact apparerfly indicates that the
Isothermal chemiluminescence method can be used for evaiuating of
thermal oxidative stablity of the polyolefinic fims. One of the advantages
is that only a very small amourt {ca. 36 mg) Is required for the
measurement of the chemiluminescernce,
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