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Structural analysis of recycled plastics and virgin plastics by small-angle X-ray scattering
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(English)

The main obstruction in material recycling process is the poor mechanical properties in
recycled products. Conventionally, chemical degradation was considered as the main cause.
However, based on our previous studies, it can be found that plastics are not degraded by
chemical. In other way, physical degradation is the main cause for the poor mechanical
properties in recycled plastics.

The purpose of this study is to investigate the relationship between the changes of inner
structures and mechanical properties of virgin and recycled plastics after annealed by various
treatments and molding conditions. SAXS is the main instruments which can be used for
characterization of inner structure such as long period, thickness of crystalline layer, and
amorphous layer of plastics products. The results can be shown that the different of inner
structures related to the degradation of mechanical properties in plastics.
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Shear deformed LDPE Thin film (SC or Q)
Fig. 1 Fabrication of thin film (100 pum of thickness) by hot compression
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Fig. 2 shows the SAXS scattering curve of original LDPE film grade (Org), shear deformed LDPE with
different shear treatment time (5 or 10 min) and cooling condition (SC or Q). Peak position of scattering curve
can be revealed as gmax Value which can be further calculated to long period. Moreover, the long period can be
further calculated to crystalline and amorphous thickness. gmax Of original LDPE can be evaluated at 0.38 nm™
which is similar to the shear deformed LDPE with SC. However, the shear deformed LDPE with quench
cooling (Q) shows the shift of peak position to higher value of Qax.
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Fig. 2 SAXS profile of LDPE original film grade (Org), and shear deformed LDPE with different shear
treatment time (5 or 10 min) and cooling conditions (SC or Q).

The relationship of crystallinity and inner structure can be explained in Table 1. Even all shear deformed
samples contain lower crystallinity than original LDPE, it is not much significant difference. Moreover, SC
shows gmax and long period as similar as original LDPE. However, quench cooling (Q) show higher of Qmax
than original LDPE and SC which can be related to the lower of long period, crystalline thickness and
amorphous thickness. From these results, it can be implied that the cooling condition on film fabrication affects
to the change of inner structures of LDPE.

Table 1 Comparison between crystallinity and inner structure of original LDPE film grade and shear deformed
LDPE with different shear treatment time and cooling conditions.

ltem LDPE original 5 min 10 min
(film grade) SC Q SC Q
Crystallinity (%) 52.9 52.7 50.2 50.0 49.7
Omax (NM™) 0.38 0.39 0.45 0.38 0.47
Long period (nm) 16.65 16.05 14.03 16.34 13.39
Crystalline thickness (nm) 8.81 8.46 7.04 8.17 6.66
Amorphous thickness (nm) 7.84 7.59 6.98 8.17 6.74

The results of other kinds of plastics with different shear deformation conditions are under investigation.
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« To explain the relationship between the modification of inner structure in virgin plastics and the degradation
of mechanical properties from various treatments such as temperature, shear, or mixing process.

 To investigate the regeneration of mechanical properties in deformed plastics with the change of inner
structures.

+ To further characterize and compare the results with other different kinds of virgin plastics and recycled
materials.
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"Relationship between the long period and the mechanical properties of recycled polypropylene”, Aya
Tominaga, Hiroshi Sekiguchi, Ryoko Nakano, Shigeru Yao, and Eiichi Takatori, Nihon Reoroji Gakkaishi,
45(5), 287-290 (2017)




*"Creation of Advanced Recycle Process to Waste Container and Packaging Plastic - Polypropylene Sorted
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Material recycling, Physical degradation, Inner structure
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