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Conclusions

Introduction

 Bisphenol-A Polycarbonate (BPA PC) is a glass-forming
polymer widely used in industry.1 Importantly PC is
malleable at room temperature while still within the
glassy-state.

 PC shows a range of relaxations related to the glassy-state
in mechanical and dielectric spectroscopy1

• Primary α-relaxation related to the glass transition.
• Secondary β-relaxation.
• γ-relaxations often subdivided into γI, γII, γIII related to

local molecular motions2.

 We have been able to alter the strength of mechanical and
dielectric relaxations by utilising processing techniques,
including deformation, temperature or annealing history.
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Fig 1. Bisphenol-A Polycarbonate repeating unit
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 Lexan industrial polycarbonate was used in the
study. Sample rods were adapted into dog-bone
samples of 8mm diameter by 60mm length for
testing. Fig.2 Illustrates the different thermal and
deformation histories of the samples tested,
including annealing and mechanical rejuvenation.

 Polycarbonate samples were subject to two forms
of thermal history:
• As Received – samples directly from Goodfellow

without further ageing. (1)
• Annealed – samples subject to thermal

annealing at 423K for 24Hrs. (3)

 A technique previously shown by Leon Govaert4

utilising a shear strain of 720o (two full rotations) at
300K and returning the sample to original position
(fig. 2) was used to ‘rejuvenate’ samples (2 & 4).
This allows for mechanical and dynamical changes
to be observed without inducing molecular
orientation.

Mechanical Testing
Yield testing

 Rejuvenation shows significant decrease in yield stress.
 The rejuvenated samples show reduction in localised

defects (e.g. necking effects) in comparison to aged
samples.

Dynamic Mechanical Analysis

 As Received samples indicate clear secondary β-
relaxation, whereas Annealed samples strongly
suppress the observed β-relaxation.

Fig. 8 Dielectric loss, tan(δ), against temperature for As Received,
Annealed and Rejuvenated samples measured at 103Hz

 This will allow us to study the link between
orientation, ageing, and secondary relaxations1,3 and
offer control of a variety of physical properties, e.g.
diffusion, ductility, and optical properties.

Fig. 2 glassy-state stress induced rejuvenation method
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Broadband Dielectric Spectroscopy

 Broadband dielectric loss tangent vs frequency from low to
high temperature shows secondary γ-relaxations (220K-
300K), β-relaxation in the sub-Tg region (300K-400K) and α-
relaxation at Tg (420K-500K).

 Broadband dielectric loss tangent vs temperature for
samples with varying thermal and mechanical history
show a strong effect of rejuvenation restoring the
secondary β-relaxation, while thermal annealing strongly
suppresses the observed β-relaxation.

Fig. 4 tan(δ) against temperature for As Received and
Annealed samples measured at 1Hz.

Fig. 5 Specific heat capacity, cp, against temperature
for As Received, Annealed and Rejuvenated samples.

 The strength of mechanical and dielectric relaxations can
be controlled by processing techniques.

 Deformation and thermal history are shown to
significantly affect both mechanical and dielectric
secondary relaxations.

 A combination of deformation and thermal ageing can
produce a shift in Tg as observed by DSC.

 Further work is to be undertaken decoupling the ageing
processes from deformation processes which appear to
have different timescales.

Fig. 3 Engineering Stress against Engineering Strain
for As Received, Annealed and Rejuvenated PC
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Differential Scanning Calorimetry

• A Shift in Tg is observed for As Received and
Rejuvenated samples of order ~4K compared with
Annealed results.

• A Minor suppression of enthalpy relaxation is observed
for Rejuvenated samples.


