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 Several challenges remain in the processing of liquid crystalline polymers (LCP), partially due to a poor 

understanding of their transient flow characteristics. While certain of these characteristics exhibit some similarity to 

those of flexible polymer melts, there are also significant differences. For instance, under fast start-up shear flow, 

flexible polymer melts exhibit a stress overshoot at a shear strain (γ) in the range 1 < γ < 10, followed by a steady 

state. Thermotropic liquid crystalline polymers (TLCP) also exhibit a stress overshoot for similar γ. In addition, 

TLCP exhibit a second stress overshoot at γ ≈ 100 before approaching a steady state. The molecular origin of this 

behavior and its relation to changes in the underlying morphology remain unclear. In this work, we have investigated 

the start-up shear flow of p‐hydroxybenzoate/2‐hydroxy‐6‐naphthoic acid (HBA/HNA) random copolyester. 

 Similarly to other TLCPs [1], the shear rate (γ̇) dependence of the shear viscosity seen in Fig. 1 can be roughly 

divided into three regions. Fig. 2 exhibits the shear stress, normalized using the height of the first peak, against the γ, 

for γ̇ in regions I and II. The first stress overshoots for the investigated γ̇ superimpose at γ ≈ 3. This is in contrast 

to flexible polymers, where the stress overshoot shifts to larger γ upon increasing the γ̇. This suggests that the 

molecular origin of the first stress overshoot in TLCP is likely to be different from that in flexible polymers. The 

investigated TLCP also exhibits a second stress overshoot at γ ≈ 200 for the γ̇ = 3.0, 10 𝑠−1 (region II). This peak 

is at significantly lower γ for γ̇ = 0.1 𝑠−1 (region I) and at an intermediate γ for γ̇ = 1.0 𝑠−1 (transition region). 

The presentation will focus on a molecular understanding of the observed stress overshoot phenomena. 
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Fig. 2 Dependence of shear stress, normalized 

with the first peak height, on γ for several γ̇ 

under start-up shear flow at 310 ºC. 

 

Fig. 1 Dependence of shear viscosity on γ̇ at 310 ºC. 

[1] Guo, et al. Polym. Eng. sci. 45, 187 (2005). 
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