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Fundamental research on relationship between mechanical properties and mesoscale
lamellar structures of polyolefin
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(English)

Main obstruction of plastic mechanical recycling process is poor mechanical properties
of the recycled plastic products. Conventionally, chemical degradation was considered as the
main cause of this problem. Based on our previous studies, plastics were not degraded by
chemical process; however, physical degradation is the main cause of the reduction of
mechanical properties in recycled plastics.

The main goal of this study is to investigate the relationship between the changes of
mesoscale lamellar structures, mechanical properties of virgin and/or recycled plastics after
treating with various treatments and molding conditions. Small-angle X-ray scattering (SAXS)
is the main characterization instrument in order to characterize the thickness of mesoscale
lamellar structure of plastic products such as long period, thickness of crystalline layer,
amorphous layer, intermediate layer, and degree of crystallinity. It is expected that the
regeneration of thickness of lamellar structures is related to the development of mechanical
properties of mechanical recycled plastics as similar as its original plastic.
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In this study, low-density polyethylene (LDPE) grade F522N (MFR = 5 g/10 min) which was obtained
from UBE-Maruzen Polyethylene Co., Ltd. was used as a target material. The original thin film (Org) was
fabricated by hot compression at 180 °C, 2 min, 26 MPa, slow cooling (SC). Thin film with 0.1 mm of
thickness was obtained. Shear treatment was performed by cone and plate rtheometer at 180 °C for 10 min.
Steady shear (S) was operated at 100 s™'. Dynamic shear (D) was operated at 10 rad/s, 50% of strain. Steady
shear following by Dynamic shear (S+D) was also performed in order to investigate the effect of dynamic
shear on steady-shear treated LDPE. The effect of molding pressure was studied by the re-pressing of
shear-treated LDPE with pressure at 26 MPa for 20 min with slow cooling (P-SC) and quench cooling (P-Q).
The sample list was tabulated in Table 1.

Table 1. LDPE sample list with shear treatment condition.

s Steady shear Dynamic shear Effect of molding
P (180 °C, 10 min) (180 °C, 10 min) pressure
S 100 s
D 10 rad/s,
50% of strain
10 rad/s :
- -1 ’
S+D_P-SC 100 s 50% of strain 26 MPa, 20 min, SC
10 rad/s .
- -1 ’
S+D_P-Q 100 s 50% of strain 26 MPa, 20 min, Q

Shear-treated LDPE samples were also fabricated as thin film (0.1 mm of thickness) by hot compression.
Then, all samples were evaluated the mechanical properties by tensile test. Mesoscale lamellar structures were
evaluated by SAXS. SAXS at BL-11 of SAGA-LS was used for characterization of thickness of lamellar
structures of virgin and shear-treated LDPEs. The characterization condition of SAXS was performed as
follows;
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The analysis of thickness of lamellar structures was calculated based on the electron density correlation
function [1-2].

4. EBRERLEBER

Based on the characterization of mechanical properties by tensile test, Figure 1 showed the comparison
of elongation at break and yield stress of LDPE original film (Org), shear-treated LDPE (S, D, S+D), and




addition of repressing with pressure (S+D_P-SC, S+D_P-Q). Generally, steady shear (S) affected the reduction
of elongation at break of LDPE. Interestingly, the elongation at break of dynamic shear (D) was higher than S.
In order to investigate the effect of additional pressure, P-SC with slow-cooling condition was further degraded
the elongation at break of LDPE. As a result, the elongation at break was obviously reduced from only treated
by steady shear (S). On the other hand, repressing with pressure following by cooling with quench (S+D_P-Q)
affected the regeneration of elongation at break. It was slightly higher than S+D without any additional
molding pressure. For the comparison of yield stress, shear-treated LDPE (S, D, S+D) was slightly higher than
Org which was implied to the increasing of brittleness of LDPE from shear treatment. Interestingly, yield stress
of treating with addition pressure had no significant effects on yield stress and it was similar to LDPE Org.
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Figure 1. Elongation at break and Yield stress of Org, shear-treated and re-pressed LDPE

samples.

Figure 2 exhibited the correlation between thickness of lamellar structures and tensile properties of
LDPE Org, shear-treated, and re-pressing with pressure. Medium positive correlation was detected between
toughness and thickness of amorphous layer. Interestingly, strong negative correlation was observed between
yield stress and thickness of core crystalline layer. This can be implied to the changes of thickness of
mesoscale lamellar structure of LDPE shear treated samples by dynamic shear following with repressing with
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Figure 2. Correlation between thickness of lamellar structures and tensile properties of Org, shear-treated
and re-vressed LDPE samples.

pressure at 20 min and cooling by quench. Especially in S+D_P-Q, the thickness of crystalline and amorphous
layer was similar to LDPE original film (Org).

In conclusion, dynamic shear and repressing with pressure at 20 min with quench cooling affected the
regeneration of mesoscale lamellar structure of LDPE. S+D_P-Q also showed the regeneration of yield stress,
thickness of amorphous and crystalline layer as similar as LDPE original film (Org). Even the elongation at
break has still been not reached to the level of original LDPE, it can be confirmed that dynamic shear and
addition of molding pressure affected the regeneration of lamellar structure of shear-treated LDPE. Detailed
investigation for the regeneration of elongation at break until reaching the level of original LDPE will be
continued to study in order to development LDPE mechanical recycling technique. This is for prolonging of
lifetime used of plastics and decreasing the amount of the single-used waste LDPE in environment.
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* To investigate the optimized molding condition in order to regenerate the elongation at break of mechanical
recycled LDPE.
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* Plastic mechanical recycling

» Low-density polyethylene

* Shear deformation
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