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Abstract. Poly lactic acid (PLA) and High density polyethylene (HDPE) have been blended
in a Brabender plastograph in the molten state. The melt die swell of the blends has been
studied by using a capillary rheometer. Effects of the capillary dimensions, shear stress, shear
rate, temperature and blending ratio on die swell of PLA/HDPE blend melts were investigated.
The results showed that die swell ratio decreased with increasing of capillary length
and temperature while it increased with increasing of shear stress, shear rate and capillary
diameter. It was also found that the plots of die swell versus blending ratio go through
a maximum for blending ratio PLA/HDPE (60/40).
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1. Introduction

Swelling characteristics of a polymer melt is an important parameter for characterization of elastic
properties in an extrusion process [1]. When the polymer melt flows through capillary or forming
mold, the particles are released from the stresses affecting them which leads to the occurrence
of the phenomenon of die swell or Barus effect [1]. Die swell must be controlled because
the extruded polymer product must have specific dimensions that are compatible with the applications
[2]. many studies utilized capillary rheometry to investigate effects of extrusion conditions on the die
swell behavior of polymer blend melts [3-7]. Polylactic acid (PLA), as a biodegradable polymer has
received particular attention due to the high impact of plastic daily waste on environment [8]. PLA is
a linear aliphatic thermoplastic polyester and it has prospects to replace petroleum-based polymers [8].
Since PLA is biodegradable, biocompatible and nontoxic to the human body and the environment
it has been widely used in biomedical, agricultural and industrial fields, but a few drawbacks such
as high brittleness, low strength, low toughness and poor heat resistance limit the expansion
and diversification of PLA’s application [9]. In order to encounter this problem, PLA is blended
with many thermoplastic polymers to obtain a biodegradable material, good performance
in processing, improve the mechanical properties and reduce cost [9]. High density polyethylene is one
of the cheaper synthetic polymers with a combination of outstanding physical, chemical, mechanical
and thermal properties [10]. PLA was blended with High density polyethylene (HDPE) [11-15]
to balance the cost effective issue of PLA and enhance the degradability of HDPE. however, no
studies had been published about factors which effect die swell behavior of PLA/HDPE blend melts.
The objectives in this work are to investigate the effects of the capillary dimensions, shear stress, shear
rate, temperature and blending ratio on die swell of blends PLA/HDPE via capillary rheometry.
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2. Materials and methods

2.1. Materials

Poly(lactic acid) (PLA) (ESUN™ A-1001) [density = 1.25 g/em’ (21.5°C), MFI = 12.5 g/10 min
(190°C/2.16 Kg)] was supplied by Bright China Industrial Company. Ltd (Shenzhen, China). High
density polyethylene (HDPE) (SABIC*HDPEMS80064) [density = 0.964 g/cm’, MFI = 8 g/10 min
(190°C/2.16 Kg)] was supplied by Sabic (KSA).

2.2. Blends Preparation

The PLA/HDPE blends were prepared with weight blending ratio of 0/100, 10/90, 20/80, 30/70, 40/60,
50/50, 60/40, 70/30, 80/20, 90/10 to 100/0. The PLA/HDPE blends were mixed in the molten state
using Brabender plastograph. The blending time was 15 min at 190 °C and screw speeds of 30 rpm.

2.3 Methods

Elastic properties of the blends were studied in term of die swell ratio using capillary rheometer. Part
of experiments were carried out at 180°C and using capillaries with constant diameters (2 cm)
and different lengths where Length/Radius L/R = 8, 15, 25 and 36, where another part were carried out
at 170°C, 180°C and 190°C and using capillaries with constant lengths (15 cm) and different
diameters (1, 1.5, 2 and 3 cm). Apparent shear rate (y,)was determined by the following

equation [7]:

= ﬂ (1)

a T[R3

where Q- volumetric flow (cm?/s), R- radius of the used capillary die (cm).
Apparent shear stress (T, ) was determined by the following equation [7]:

P.R (@

where P is the pressure at the capillary entrance (Pa), L is the capillary length (cm).
After measuring The extrudate diameter D (mm), the die swell ratio (B) was determined
by the following equation [7]:

Where, D,- die diameter (mm).
3. Results and Discussion
3.1. Torque curves

Figures (1 to 3) show the torque curves as a function of blending time for some polymer blends
obtained during processing in the Brabender mixer.
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Figure 1. Torque curve of PLA/HDPE (20/80)
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Figure 2. Torque curve of PLA/HDPE (50/50)
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Figure 3. Torque curve of PLA/HDPE (80/20)

When placing PLA/HDPE blends into the blending chamber, the components are gradually aggravated
by the heating temperature and the rotation of the screw, accompanied by an increase in torque,
and then decrease and stability due to the homogeneity of the temperature and the polymer blend.
Torque observation during the melt blending and homogenization of polymer blends allows
continuous monitoring of the torque change in the blending system. It can be seen that all curves
have nearly a similar profile. Increasing the torque at the beginning of the blending process indicates
an increase in the viscosity of the polymer blend and the difficulty of the blending process and then
the decrease and stability of the torque after a short time of 2-3 min, where the viscosity decreases
with the continuity of the blending and homogenization process.
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3.2. Relationship between B and L/R
Figures 4 and 5 show the relationship between B and L/R for PLA/HDPE blend melts at constant load
(3 Kg) and when test temperature is 180 °C.
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Figure 4. Relationship between B and L/R of (PLA, HDPE, PLA20%, PLA40%, PLA60%, PLA&O0)
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Figure 5. Relationship between B and /R of (PLA10%, PLA30%, PLA50%, PLA70%, PLA90%)

It can be seen that, the values of B decrease with increasing L/R ratio of the capillary. It can also be
seen that the sensitivity of the die swell to L/R for HDPE is much more obvious than that for PLA.
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Increasing the die length/diameter ratio reducing the remaining stresses in the melts when they leave
from the channel which leads to a decrease in the rate of melt swelling [4]. J.Z.Liang et al. [4] studied
the elastic properties of LDPE/LLDPE blends in the molten state. The results showed that the swelling
ratio (B) of these blends decreased with increasing capillary die length/diameter ratio.

M. Kaseem et al. [7] also studied the elastic properties of the PVDF/LDPE blends in the molten state.
The results showed that (B) of these blends decreased with increasing L/R.

3.3. Relationship between B and die diameter
Figure 6 shows the relationship between B and capillary diameter for PLA, HDPE and PLA/HDPE
(50/50) blend at constant load (3 Kg) and when temperature is 180 °C and capillary length is 15 cm.
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Figure 6. Relationship between B and capillary diameter

It can be seen that, the swelling ratio of PLA, HDPE and the PLA/HDPE (50/50) blend increases
with increasing capillary diameter. This phenomenon is due to decreasing the time that the polymer
melt resides inside the capillary channel with the increase in capillary diameter and that cause
reducing the time of stress relaxation of the melt when leaving the capillary channel, which leads

to an increase in the rate of swelling [6]. This result is similar to that has been reported
by J.Z.Liang et al [6].

3.4. Dependence of B on shear stress and shear rate
Figures 7 and 8 display the relationship between B and both shear stress and shear rate respectively
for PLA/HDPE blend melts when test temperature is 180 °C.
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Figure 7. Relationship between B and shear stress of (PLA, HDPE, PLA20%, PLA50%, PLA80%)

(PLA/HDPE)
—m-(0/100)
—@— (20/80)
2.0 —A— (50/50)
| —w— (80/20)
1.9 “—(100/0)
1.8 1
J v
1.7 1
1.6 - o /
) A
om "o /. //
4 Py .
1.4 - -./ P
1.3 1
1.2 1
1.1 5
1.0 T Y T ' T v T ' T v T y T ' 1
0 5 10 15 20 25 30 35 40

Apparent shear rate (s”)

Figure 8. Relationship between B and shear rate of (PLA, HDPE, PLA20%, PLA50%, PLA80%)

It can be seen that die swell ratio increases with increasing both shear stress and shear rate.
Deformational energy stored in the melts increases by increasing shear stress or shear rate which leads

39



=\ TECHNIUM TechniumVol. 2, Issue 3 pp.34-42 (2020)
\\g ISSN: 2668-778X

WWW.techni umsci ence.com

to a increase in the rate of melt swelling. W. Sinthavathavorn et al. [5], studied the elastic properties
of the PA6 / LDPE blends in the molten state, and it was found in this study that the rate of swelling
(B) of these blends increased with both shear stress and shear rate.

3.5. Dependence of B on temperature
Figure 9 shows the plots of die swell versus temperature for PLA, HDPE and PLA/HDPE (50/50)
blend at constant load (3 Kg) and using capillary with dimension Length/Radius L/R = 15/1.
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Figure 9. Relationship between B and temperature

It can be seen that, the swelling ratio of PLA, HDPE and the PLA/HDPE (50/50) blend decreases with
increasing temperature. when the temperature increases the melt free volume increases which
reduction interactions and friction force between polymer chains [16], which may leading to a
decrease the remaining stresses in the melts and this leads to decreased swelling ratio. The same
behavior was noted in LDPE/PP blend [3].

3.6. Effect of Composition on B

Figure 10 displays the effect of the blend composition on the melt die swell at constant shear stress
when test temperature and L/R are 180 °C and 15, respectively. It can be seen that the curves of B
versus blending ratio go through a maximum for blending ratio PLA/HDPE (60/40) and it may be due
to the viscoelasticity difference between the two phases and a maximum value of dispersive phase
in blending ratio PLA/HDPE (60/40) which be able to recover a larger fraction of the energy than
the other blends.
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Figure 10. Effect of blending ratio on B (L/R =15, t =180°C)

4. Conclusion

The present study has investigated the effect of many factors on melt die swell ratio of PLA/HDPE
blends using a capillary rheometer. The die swell was found to decrease with an increase
in the capillary length and with a rise of temperature. With increasing capillary diameter, shear stress
and shear rate that die swell ratio increases. It was also found that the die swell of PLA/HDPE blends
reaches a maximum at PLA = 60%.
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