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Comparison of evaluation methods for antioxidant systems in glass fiber reinforced PBT composites
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Abstract : To establish an efficient and reliable screening and evaluation methodology for antioxidant systems applicable to
glass fiber-reinforced polybutylene terephthalate (PBT) composites, five primary antioxidants and five secondary antioxidants were
selected to fabricate a series of antioxidant-modified PBT composites via individual application or synergistic blending of these anti-
oxidants. The thermo-oxidative stability of the PBT composites was assessed through torque variation analysis, oxidation induction
time (OIT) measurement, melt flow rate (MFR) testing, and short-term high-temperature aging experiments, with the results of long-
term thermal aging relative temperature index (RTI) tests serving as the validation benchmark. The findings revealed that no signifi-
cant cross-linking occurred during the thermo-oxidative process of PBT, and torque exhibited low sensitivity to oxidative degrada-
tion. Thus, torque variations measured by a torque rheometer are not suitable for evaluating the thermo-oxidative aging resistance of
PBT composites. OIT can be employed to assess the initial oxidation-inhibiting capacity of antioxidants and is the preferred method
for evaluating primary antioxidants. However, because OIT does not directly respond to peroxide decomposition reactions, it is
necessary to integrate other analytical approaches when evaluating synergistic antioxidant systems to comprehensively assess the
thermo-oxidative stability of materials. MFR can be served as a static indicator for evaluating the antioxidant capacity of materials,
applicable to both single-component and synergistic systems, which not only shows a high correlation with RTI results but also
significantly shortens the experimental cycle for antioxidant screening. It has been established an antioxidant system evaluation
method that primary and secondary antioxidants are initially screened via the combination of OIT and MFR measurements, followed

by validation of the performance of synergistic systems through short-term high-temperature aging and long-term thermal aging RTI
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experiments. Verification results demonstrated that the glass fiber-reinforced PBT composite incorporating the synergistic antioxi-

dant system of 245 and 4128 exhibited the optimal long-term thermo-oxidative resistance, with an RTI of 125 °C. This methodology

provides a feasible pathway for the efficient and reliable development of antioxidant systems for PBT composites.

Keywords : polybutylene terephthalate ; antioxidant ; thermo-oxidative resistance ; evaluation method ; melt flow rate ; oxida-

tion induction time
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Tab.1 Formulation of blank sample and PBT composites with single antioxidant

phr

Samples PBT iﬁf: 1010 1330 S80 1098 245 168 626 4128 1412 DLTP

BO 100 36

Bl 100 36 0.5

B2 100 36 0.5

B3 100 36 0.5

B4 100 36

B5 100 36 0.5

B6 100 36 0.5

B7 100 36 0.5

B8 100 36 0.5

B9 100 36 0.5

B10 100 36 0.5
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Tab.2 Formulation of PBT composites with composite antioxidant

phr
ADP/

Samples  PBT MPP 245 1098 168 4128 501
Al 100 36 0.5 1 0.3
A2 100 36 0.5 1 0.3
A3 100 36 0.5 1 0.3
A4 100 36 0.5 1 0.3
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Fig. 1 Torque-time diagrams of PBT composites before and after

adding antioxidants
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Tab. 3 Initial performances of PBT composites with compound antioxidant

Notched impact strength/ Non-notched impact

Samples UL 94 Tensile strength/MPa Bending strength/MPa (kJm ) strength/(kJ*m ?)
Al V-0 104 157 8.1 33.1
A2 V-0 107 157 7.8 31.9
A3 V-0 113 166 9.2 333
A4 V-0 103 155 8.5 30.5
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