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Abstract

Poly (butylene adipate-co-terephthalate) - PBAT is a synthetic biodegradable polymer commonly used for plastic film
production from neat polymer or nanocomposites. The PBAT is submitted to high temperatures and shear rate during its
processing. In the present study, the thermo stabilisation of PBAT by the addition of two types of stabilisers was studied
using a torque rheometer at 60 rpm and two levels of temperature. The stabilisers were used as master batches with a
percentage of 10% by weight of additive in the PBAT. Molecular weight, torque values after 10 minutes of mixing, and
absorbance at 400 nm were used to evaluate the process of stabilisation. The primary and secondary antioxidant used
here had a positive effect on both processing temperatures, 180 and 200 °C. The best results indicate that the primary
antioxidant could be used alone to protect PBAT against thermodegradation reactions.

Keywords: biodegradable polymer, poly (butylene adipate-co-terephthalate), thermo stabilisation.

1. Introduction

The main applications of biodegradable polymers
do not require high mechanical strength like packaging,
disposable non-woven, sanitary products, consumables and
agricultural tools!!). Biodegradable polymers still face some
problems in their use due to their low performance when
subjected to applications that need high strength, whether
chemical, physico-chemical and/or mechanical. However,
advancements in research for better mechanical properties in
biodegradable polymers>*! and environmental problems like
pollution, largely influenced by conventional polymerst ! led
to the enhancement of biodegradable polymer production.
The greatest concern about biodegradable polymers is the
time of the biodegradation and bioassimilation of them
during the degradation process induced by microorganisms.
(671 The biodegradation of some polymers is governed by the
attack of the micro-organisms at ester linkage that enables
arapid fragmentation. This same linkage is very sensitive
to the degradative process caused by high temperature
and shear rates as well as hydrolysis due to the presence
of moisture. The exposure to these degradation conditions
could occur mainly during processing (extrusion and injection
moulding). Few researchers have presented studies about
thermostabilisation of the biodegradable polymers!®.. Poly
(butylene adipate-co-terephthalate) - PBAT is a synthetic
biodegradable copolymer, specifically a copolyester of
adipic acid, 1, 4-butanediol and dimethyl terephthalate. It is
commonly used for plastic film production®. The polymer
processing to produce films or to obtain nanocomposites
based on PBAT is carried out at high temperatures and
shear rate during its processing. Al-Itry et al.' proposed
the degradation mechanism of PBAT during processing
based on hydrolysis of ester linkage, main-chain scissions
and B-C-H hydrogen transfer. The choice of stabilisers is

102

very important to keep the physical properties of PBAT after
processing and it is dependent of action mechanism of the
stabilisers. Here, the objective of this study is to evaluate
the thermo-mechanical stabilisation of PBAT through
the use of antioxidants (primary and secondary), using a
torque rheometer as a processing and analysis tool. Torque
monitoring after 10 minutes, analysis of molecular weight
measurements by size exclusion chromatography (SEC) and
UV/Vis were used to assess degradation and stabilisation
of PBAT. The idea includes not only the evaluation of
thermostabilisation of PBAT but also simplifies the method
of this analysis.

2. Experimental

In this work, commercial PBAT was used. The stabilisers
used in this work were Irganox 1010 (primary antioxidant
- P, 0.4 w/w%) and Irgafos 168 (secondary antioxidant - S,
0.5 w/w%). As the concentrations of additives are very low,
it was preferred to prepare master batches with a percentage
of 10% by weight of additive in the PBAT. After that, a
fresh mixture with pure PBAT and master batch was made
to achieve the desired concentrations. The preparation of
the concentrates was carried out in a mechanical mixer
and then they were cut in a knife mill to obtain smaller
sizes. The thermo-mechanical degradation was performed
on a torque rtheometer at 60 rpm for 10 min. Two levels of
temperature inside the rheometer were used, 180 and 200 °C.
PBAT and PBAT/master batch were dried in an oven for
1 hour at 70 °C before processing. The evaluation of the
stabilisation process was done by analysing the torque value
after 10 minutes, Size Exclusion Chromatography (SEC)
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and UV/Vis spectroscopy. SEC analyses were conducted
in a Viscoteck with a series of columns at 40 °C and with
a refractive index detector. Specimens were dissolved
in THF and the filtered solution was injected into the
equipment. The solvent flow rate (THF) was 1 mL/ min
and the columns were calibrated with narrow molecular
weight PS. The UV-visible spectroscopy analysis was done
with the samples in chloroform solution (0.01 g/cm?) using
a Shimadzu 1501 equipment.

3. Results and Discussion

Table 1 presents values of M », M v, polydispersity (PD),
torque after 10 minutes, and absorbance at 400 nm for neat
PBAT and PBAT + additives processed at the rheometer
for 10 minutes under 180 and 200 °C. Molecular weight
data in Table 1 indicates that temperature has a great
influence on the thermodegradation of PBAT since there
is a higher drop of molecular weight values for samples
without stabilisers processed at 200 °C when compared
with those processed at 180 °C. At the same time, the value
of polydispersity has increased. These results indicated
that the process involved in the thermodegradation of
PBAT is governed by the scission chain reactions!' 2,
This hypothesis is confirmed by the rheometric data since
the values of torque at 10 min has decreased significantly
at 200 °C. In the case of the additives at 180 °C, there is
no significant difference between the action of primary
and secondary antioxidants taking into account only
molecular weight and torque data. Values of molecular
weight remained almost unchanged for 180 °C compared
with neat PBAT and torque values at 10 min were quite
similar for the three compositions. It is a good indication
of thermostabilisation of PBAT by the two additives used
here. However, the expected synergetic effect between
primary and secondary antioxidant did not occur clearly.
Molecular weight data for samples with additives processed
at 200 °C under process conditions used here show that
the additives also have a positive effect. There is no
trend with regard to polydispersity; it is probable that
scissions and crosslinking reactions competed during the
thermodegradation process of PBAT. Torque values at
10 minutes are lower than samples processed at 180 °C,
therefore, higher than samples without additives. Higher

temperatures led to a strong thermodegradation of PBAT
even in a presence of additives. Absorbance at 400nm of
the polymer solutions are used to describe two types of
phenomena, an increase of chromophore groups or high
dispersion of the light due to insoluble fragments of polymer
from crosslinking reactions!"?. In both temperatures, the
presence of additives decreased the absorbance at 400 nm
indicating the positive action of the stabilisers against of
thermodegradation reactions. The highest decrease of Abs,,
is for the sample processing at 180 °C in the presence of
secondary stabiliser. Probably, the additives could prevent
the crosslinking reactions at this temperature but not the
chain scissions since the drop of molecular weight is
quite the same for the samples processing with primary
stabiliser alone or in combination with secondary one.

Figure 1 shows rheometer torque curves of PBAT
processed at 180 and 200 °C without and in the presence
of stabilisers. As can be seen, all compositions with
stabilisers at both temperatures led to torque values above
PBAT without stabilisers. The action of stabilisers was
stronger for lower temperature (180 °C) and the primary
oxidant alone was more efficient than the secondary one
and the combination of primary and secondary. The primary
stabilisers act directly on the deactivation of free radicals and
the secondary ones act on the deactivation of free radicals
or hydroperoxide decomposition!'¥. It is an indication
that thermostabilisation of PBAT is strongly driven by
the deactivation of the free radicals when compared with
the decomposition of hydroperoxides.

Figure 2 shows molecular weight distribution curves
of neat PBAT and PBAT processed at 180 and 200 °C
without stabilisers and with stabilisers. In the case of PBAT
processed at both temperatures, clearly, it is verified that
the molecular weight curve is displaced strongest to lower
molecular weight when the polymer is processed with no
stabiliser. However, the best stabiliser effect is obtained
by the presence of the primary antioxidant alone for both
temperature conditions. These results are in agreement with
torque and UV/Vis results. It could be an indication that
deactivation of free radicals reactions are more important
to PBAT than hydroperoxide decomposition ones or the
mechanism of degradation of PBAT is not governed by
generation of hydroperoxides groups.

Table 1. Molecular weight, torque and UV/Vis data of PBAT samples processed without and with stabilisers at two different temperatures.

Sample/Temperature Mn M PD Tiomi ADS
(g/mol) (g/mol) (N.m) (u.a.)

Neat PBAT 40.600 84.400 2.08 - 0.00829
PBAT/180 °C 36.450 76.950 2.11 1.8 0.03297
PBAT/200 °C 33.250 70.200 2.11 1.5 0.03928
PBAT + P/180 °C 40.500 80.000 1.97 4.5 0.02516
PBAT + S/180 °C 39.750 80.900 2.03 4.1 0.01699
PBAT + PS/180 °C 39.700 79.100 1.99 4.0 0.02539
PBAT + P/200 °C 40.100 78.300 1.95 2.6 0.02216
PBAT + S/200 °C 36.850 74.000 2.01 2.5 0.02516
PBAT + PS/200 °C 38.300 74.700 1.95 2.0 0.02321
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Figure 1. Rheometer torque curves of PBAT processed at 180 (a) and 200 °C (b) without stabilisers and with stabilisers P = primary
antioxidant S = secondary oxidant, PS = P+S. Detailed curves around 10 minutes for 180 (c¢) and 200 °C (d).
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Figure 2. Molecular weight distribution curves of neat PBAT and PBAT processed at 180 (a) and 200 °C (b) without stabilisers and with
stabilisers P = primary antioxidant S = secondary oxidant, PS = P+S.

4. Conclusions used to evaluate the process of stabilisation. The results
show that these two types of stabilisers worked very well,

In this work, the thermo stabilisation of PBAT was studied  both alone and together, however, with the concentrations
using atorque rheometer and two types of stabilisers (pr imary used here the primary antioxidant is the best choice to
and secondary antioxidant). Molecular weight, torque values stabilise PBAT during processing. However, a better control
after 10 minutes of mixing, and absorbance at 400 nm were of the drying of the samples must be performed to avoid
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the hydrolysis reactions which can not be prevented by the
action of stabilisers. Here, it is very important to highlight
that nothing could be predicted concerning prolonged use of
the stabilisers since the data were acquired on a ten-minute
range. The torque rheometer technique proved to be able
to generate results in a simple way and with indicators for
the best choice of stabiliser.
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