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Introduction
High Density Polyethylene (HDPE) is a common polymer with good mechanical properties, 

chemical stability and electrical insulation [1]. However, HDPE performs poorly in thermal 
molding, blow molding and foaming for its low melt strength in the processing process 
resulted by linear molecular chain structure. The blending is simply and directly applied to 
improve the melt strength based on its good thermoplasticity and compatibility with gutta-
percha (EUG) [2], the effects of temperature and blending ratio on the shear viscosity and 
extrusion swell ratio of HDPE/EUG blends were investigated.

Experiment
Experimental materials

HDPE: high-density polyethylene, DMDA8007, density 0.963g/cm3, Shenhua Baotou Coal 
Chemical Co., Ltd. EUG: gutta-percha F21061301-1, Qingdao Dipai New Material Co., Ltd.

Sample preparation
HDPE and EUG were weighed at mass ratio of 9:1, 8:2, 7:3, 8:4, 5;5 with a balance. They 

are extruded, blended through a single-screw extruder at a melting temperature of 170 °C 
after they are manually premixed uniformly, and then pelletized.

Test
A capillary rheometer (LW-400, Changchun intelligent instrument equipment) is used to 

conduct extrusion tests on HDPE/EUG blends. The step shear rate viscosity measurement 
mode is used. The length-diameter ratio of the die is 20:2, the shear rate is 20, 50, 100, 200 
and 500s-1, and the extrusion temperature is 150 °C or 170 °C. The extrudate at 50s-1 and 
500s-1 is used to measure the extrusion swell ratio.

Results and Discussion
The shear viscosity curve of HDPE/EUG blends are shown in Figure 1. When other 

conditions are the same, the shear viscosity of HDPE/EUG blends decreases with the increase 
of shear rate, which is the phenomenon of shear thining [3]. There is a certain velocity gradient 
in the vertical flow direction of the polymer in flowing. When the slender macromolecules 
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pass in parallel distribution flow layers with different flow rates 
at the same time, the interaction between the molecular chains 
will always make the long-chain molecules tend to enter the flow 
layer with the same flow rate. This leads to the orientation of the 
molecular chain in the flow direction, and the molecular chain 
can slip, causing the viscosity of the polymer to decrease as the 
shear rate increases during the flow process. The addition of EUG 
increases the viscosity of HDPE, which is beneficial to improve 

the melt strength. This is due to the higher molecular weight of 
EUG and the difficulty of molecular chain orientation. The shear 
thinning flow indicates that the viscosity can be fitted by the power 
law. Double logarithmic coordinate form is easy to get the values of 
parameters as Eq.1. 

( )lg lg 1 lgk nη γ= + −       (1)

Figure 1: Shear viscosity curve of HDPE/EUG blend at 140 °C (a) or 150 °C (b).

Where η is viscosity in Pa·s. γ is shear rate in s-1. k is consistency 
coefficient while n is Non-Newtonian index.

As shown in Table 1, the fitting data of non-Newtonian index n 
and the consistency coefficient k of HDPE/EUG blend are found to 
be less than 1 indicating the blend is a pseudoplastic fluid [4]. With 
increase of EUG content, the n value of HDPE/EUG tends to decrease 
in general, which shows that the increase of EUG content makes the 
viscosity of blends more affected by shear rate. In addition, with the 
increase of EUG content, lgk increases, indicating that the viscosity 
increases. lgk decreases after increasing the temperature, which 
indicates that the temperature will reduce the viscosity of the blend 
and improve the fluidity.

Table 1: The values of n and lgk are fitted from 
experimental data.

Materials and 
Parameters

n lgk

150 °C 170 °C 150 °C 170 °C

HDPE 0.521 0.506 4.02 3.97

9:1 HDPE:EUG 0.498 0.517 4.09 3.99

8:2 HDPE:EUG 0.495 0.497 4.12 4.07

7:3 HDPE:EUG 0.457 0.466 4.23 4.16

6:4 HDPE:EUG 0.469 0.439 4.29 4.28

5:5 HDPE:EUG 0.406 0.417 4.48 4.40

Figure 2: Extrusion swell ratio of HDPE/EUG blends and HDPE at 150 °C (a) and 170 °C (b).

Extrusion swell is caused by the residual high elastic 
deformation of the melt in the entrance effect. As shown in Figure 
2, the extrusion swell ratio of HDPE/EUG blends increases with the 
increase of EUG content, the extrusion swell ratio of HDPE/EUG 

blends gradually increases, and the elasticity of the melt increases, 
while the extrusion swell ratio at high shear rate (500s-1) is higher 
than that at low shear rate (50s-1), which is because the melt flow 
rate in the capillary is faster, and the relaxation time of the oriented 
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and deformed molecular chain is shorter. When the temperature 
rises, the extrusion swell ratio of the blends decreases, because the 
movement ability of the polymer molecular chain increases with 
the temperature, and the viscosity dissipation of the deformation 
energy stored in the melt in the flow increases, resulting in the 
weakening of its elastic properties, so the extrusion swell ratio 
decreases.

Conclusion
The extrusion process of HDPE/EUG blends exhibits shear 

thinning, which is caused by the orientation of polymer chain. 
The addition of EUG with large molecular weight will increase the 
viscosity of HDPE/EUG and increase the effect of shear rate on 
the viscosity of the blend. Increasing the extrusion temperature 
will reduce the shear viscosity. With the increase of EUG content, 

the extrusion swell ratio of HDPE/EUG blends increases, the melt 
resilience increases, and the melt strength increases. Increasing the 
extrusion temperature will reduce the extrusion swell ratio.
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