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Abstract

The service life of ABS polymer, stabilized by 2-(3,5-di-tert-butyl-4-hydroxyanilino)-4,6-
bis(octylthio)-1,3,5-triazine and containing 50% of a modifying rubber component, was esti-
mated from oxidative induction times measured by DSC in isothermal mode in the temperature
interval 140—170°C. The lifetime of ABS powder at the actual temperature of drying was pre-
dicted by linear extrapolation according to Arrhenius. However, the extrapolated value was much
longer than the real lifetime determined from the long-term oven aging tests at 70 and 90°C,
simulating the industrial drying process. The effect of changes in the apparent activation energy
of oxidation due to antioxidant consumption during polymer aging is discussed.
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Introduction

Diene polymers and copolymers are highly sensitive towards oxygen, even
at ambient temperatures [1]. This feature is present also in rubber-modified
styrenics containing the unsaturated rubber component dispersed in the form of
small discrete particles within the polystyrene or SAN copolymer matrix (in
high-impact polystyrene or ABS polymer, respectively). As for ABS polymer,
containing as a rule 10-25% and in special cases up to around 50% of the rub-
ber component (while part of SAN is grafted on the rubber particles), the reac-
tion of polybutadiene with air oxygen is clearly seen in thermoanalytical
evaluation as a pronounced exotherm on the DTA or DSC curves [2, 3]. Ther-
moanalytical measurement of ABS polymers can be used for thermo-oxidation
studies and antioxidant efficiency evaluation, as well as for the prediction of
service life [2-5].

Emulsion technology [6] in ABS usually produces the polymer in the form
of a fine powder, the sensitivity of which towards oxygen is even more pro-
nounced. In this respect, reliable lifetime predictions become essential e.g. for
the determination of safe residence times of polymer powder in the drying
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equipment at various temperatures, for the estimation of the risk inherent in
longer remaining deposits in dead spaces of the equipment, and for proper
specification of shelf-life conditions.

Some types of ABS, manufactured specifically as intermediates for the pro-
duction technology of blending either with SAN copolymer [6] or with PVC,
may have an exceptionally high content of the polybutadiene component (up to
50%). For these types of ABS, there is obviously a much higher risk of sponta-
neous exothermal reaction of the powder polymer with air oxygen [7],
representing in extreme cases a real danger for the production process.

Experimental

Long-term oven aging experiments at temperatures of 100, 90 and 70°C
were performed with ABS in powder form containing 50% of the polybutadiene
component and stabilized by 0.81% of 2-(3,5-ditert-butyl-4-hydroxyanilino)-
4,6-bis(octylthio)-1,3,5-triazine (Irganox 565, Ciba Geigy). The test layer of
ABS powder was about 1 cm thick, and was regularly homogenized during
long-term experiments (1300 days). The extent of polymer degradation in rela-
tion to exposure time was evaluated using changes in the DSC curves (in both
the isothermal and dynamic modes) supplemented by other types of analysis
(evaluation of hydroperoxide and carbonyl group content and antioxidant con-
sumption). The methods applied have been described in detail elsewhere [4, 5].

Results and discussion

Exploitation of thermoanalytical methods for aging studies of ABS powders
is very straightforward applicable due to obvious heat evolution accompanying
the thermo-oxidation of the polybutadiene component of ABS. Samples oven-
aged at isothermal conditions and analysed after regular exposure time intervals
typically show a gradual increase in the area and height of the exotherm
(Fig. 1). It is essentially a manifestation of the observed consumption of the an-
tioxidant as well as to the accumulation of polymer hydroperoxides [8, 9]
(Fig. 2).

The exothermal effect reaches a maximum, in terms of time, when the anti-
oxidant content in the polymer approaches zero, and the inhibited oxidation
gives way to the autocatalytic process. This time is to be considered, from the
practical point of view, as the end of polymer lifetime (approx. 500 days at
90°C, and approx. 1000 days at 70°C). Further continuation of isothermal aging
leads to vigorous oxidation accompanied by accumulation of carbonyl groups in
the polymer [8, 9] (Fig. 2). The thermoanalytical evaluation of these samples is
characterized by a shift in the onset (7;) of the residual exotherm to lower tem-
peratures. At the same time, the magnitude of the exotherm (An) gradually
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Fig. 1 Changes in thermoanalytical characteristics of ABS polymer in the course of oven ag-
ing. Thermooxidation (aging) at isothermal conditions of 100°C (curves a,A), 90°C
(b,B) and 70°C (c,C) respectively. DSC measurements of oven aged samples performed
on DuPont 900TA, sample weight 3 mg, heating rate 5°C min"" in a static air atmos-
phere. T; (°C) represents the onset temperature of exotherm peak (curves a, b, ¢). An
characterises the amount of heat evolved in the exothermal process via the maximum
height of the peak (the sensitivity. of the recording: 1 unit of scale =0.002 mV)

becomes smaller because a substantial part of exothermal oxidation reaction has
already taken place during the isothermal oven-aging. Eventually, the oxidation
exotherm completely disappears and the polymer is totally destroyed. This state
was reached after 300 days at 100°C, after 900 to 1300 days at 90°C, respec-
tively. At 70°C, however, the time needed for complete destruction of the
sample was much longer than the duration of the aging experiment, and thus
only the extrapolated estimate of about 1800 days is given here.

We attempted to estimate lifetime of the ABS powder under the conditions
simulating industrial drying (temp. interval 70-90°C). Linear extrapolation ac-
cording to Arrhenius (using the OIT data from isothermal high-temperature
DSC experiments, line A, Fig. 3) gave unrealistically optimistic data, substan-
tially exceeding the real lifetime as ascertained in long-term drying test (line B,
Fig. 3).

Generally, the reliability of lifetime prediction is the more limited the more
distant is the temperature range of the actual measurement from the temperature
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Fig. 2 Oxidation characteristics of ABS polymer in the course of oven aging at 90°C. An is
the same as in Fig. 1., Cao (%) represents the residual content of applied antioxidant
Irganox 565, Croowu -10° (mol kg™) =concentration of hydroperoxides and Ac-o =
Ay731 [Azz38 (carbonyl groups by IR spectroscopy)

of extrapolation. It has been stated [10, 11] that extrapolation should not exceed
an interval of 20 to 25°C beyond the most extreme experimental point. For a va-
riety of reasons it is not always possible to meet this demand [3, 4].

The linearity of the Arrhenius plot may not be fulfilled in cases when the ex-
trapolation is made through the glass transition or polymer melting region [12],
or when a change occurs in the mechanism of the oxidation or inhibition reac-
tion. Previous model tests have revealed [5, 9] that a change in oxidation mecha-
nism may be caused even by a low the antioxidant content in the polymer.

Table 1 E, changes in the thermo-oxidative aging of ABS polymer at 90°C

Sample Expogure tirrf at Residual content of R‘esi(c)iual Ti fllt E\AJ mol™
90°C days Irganox 565/% 140°C min
1 0 0 (unstab.) 1 (110)°
2 0 0.81 1280 193
3 300 0.22 330 197
4 670 0 65 123

°..Fig.3,line D
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Fig. 3 Lifetime estimate of ABS polymer; A — extrapolation according to Arrhenius from in-
hibition periods of oxidation (OIT) measured by isothermal DSC in the temperature
interval 140-170°C; B — real lifetime from long-term drying experiments (oven ag-

ing) at 90 or 70°C, respectively; D — lifetime of unstabilized ABS polymer from dry-
ing at 90 or 100°C, respectively
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Fig. 4 Dependence of the apparent activation energy Ea/k] mol™ on the concentration of
the applied antioxidant in ABS polymer
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Comparing ABS powders containing decreasing concentration levels of Ir-
ganox 565, it was evident that at a certain critical concentration (cca 0.1%) the
apparent activation energy of oxidation Ea suddenly dropped from around
200 kJ mol™ to only 120~130 kJ mol™ (Fig. 4). A similar drop in Ex was ob-
served in the case of long-term isothermally aged samples where the decrease
in antioxidant level was due to its natural consumption in the aging experiment
(Table 1).

Obviously, the change in the apparent activation energy of oxidation Ea is to
be connected here with the change in the mechanism of oxidation reactions tak-
ing place after the antioxidant level drops below the critical concentration. This
fact has to be taken into account when extrapolating across a wider temperature
interval, otherwise unacceptable error in the lifetime prediction is to be ex-
pected.
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