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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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Two grades of virgin low-density polyethylene pellet (LDPE) were obtained from
UBE-Maruzen Polyethylene Co., Ltd., Japan. The basic properties of these virgin LDPE pellets
were tabulated in Table 1. LDPE pellets were pressed molding to be a thin film with the
thickness of 100 pm. The standard pressed molding condition was performed at 180 °C, 26

MPa, 2 min and slowly cooled down to room temperature (25 °C). This obtained thin film was
namely as V-LDPE.

Table 1 Basic properties of virgin LDPE used in this study

Properties Virgin LDPE

Grade no. J2522 F522N
Application Injection molding Film
Melt flow rate (g/10 min) 20 5
Density (kg/m?) 919 922
Melting point (°C) 106.6 107.7

Heat treatment was conducted by placing of V-LDPE thin film in vacuum oven with various
heating temperature (50, 75, or 100 °C) and time (3 or 24 h). The heat-treated LDPE thin films
were evaluated the mechanical properties by tensile test. The changes of lamellar structure of
virgin and heat-treated LDPE were characterized by a small-angle X-ray scattering (SAXS) at
BL11 of SAGA-LS. The characterization conditions were performed as follows;
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4. ERFERLEE
SAXS profile of virgin LDPE thin film (V-LDPE) and heat-treated LDPE for 24 h at 100 °C




(24h-100C) was shown in Fig. 1. The peak shape and the peak position (qmax) of 24h-100C was
absolutely different from V-LDPE. This can be implied to the changes of long period which can
be determined from the qmax of these SAXS profiles.
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Fig. 1 SAXS profile of V-LDPE (Black line) and 24h-100C (Red line) compared between two
grades of LDPE thin film (J2522; left-side graph, and F522N; right-side graph).

From SAXS profile, the thickness of lamellar structure can be calculated by the electron
density calculation method and the results were tabulated in Table 2. One can seen that
heat-treated LDPE showed the longer of long period (Lo) and thickness of crystalline layer
(Lc). However, the thickness of amorphous (La) and interface layer (di) was not much
significantly different from V-LDPE. In the comparison between grade of LDPE, F522N
showed the longer of long period and thickness of crystalline layer which affected to the higher
of Young’s modulus and toughness as compared to the low molecular weight of J2522.

Table 2 Thickness of lamellar structures and tensile properties of virgin LDPE thin film
(V-LDPE) and heat-treated LDPE (24h-100C).

Thickness and J2522 F522N
properties V-LDPE 24h-100C V-LDPE 24h-100C
LO 10.2 12.8 12.2 12.7
Lc 7.1 9.4 9.0 9.4
La 3.1 34 3.2 3.3
dtr 1.4 1.4 1.8 1.4
Young’s modulus
(MPa) 57.4 73.5 65.6 99.5
Toughness
(MJim3) 98.6 78.9 133.2 109.9

For the comparison between the relationship of tensile properties and the thickness of
lamellar structure, heat treatment at 100 °C for 24 h affected the increasing of long period and
thickness of crystalline layer which related to the increasing of Young’s modulus as compared
to the virgin LDPE thin film. However, the toughness of heat-treated LDPE was decreased.
These changes of properties and structures can be found in both two different grades of LDPE.

From this study, heat treatment affected mechanical properties and thickness of lamellar
structures of LDPE. This changing of behavior can be found in both grade of LDPE with
different melt flow rate and molecular weight; however, the changed value was different. This
finding can be applied to the using of plastic bag which mostly produced from LDPE in daily
life. It can be confirmed that the using or storing of plastic bag (LDPE thin film) under high
temperature affected to the changes of properties and lamellar structures of plastics. This study
can be further improved about the storage method of plastic bag for prolonging of lifetime used
and decreasing the amount of waste plastic in environment.
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+ To investigate the regeneration of mechanical properties and the changes of lamellar




structure of heat-treated LDPE to be the same as its virgin LDPE.
* To find the limitation of the physical degradation of LDPE thin film under heat treatment.

6. &M

7. WMXER BT (F: ARBECHETL A ETORENRKR)
*"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 Recycle Plastic Case-", Nozomi Takenaka, Aya Tominaga, Hiroshi
Sekiguchi, Ryoko Nakano, Eiichi Takatori, Shigeru Yao, Nihon Reoroji Gakkaishi, 45(3),
139-143 (2017)
rﬂ~9yﬁ%%iwfv:yy;~vU%%&wﬁ%fvyF%K%Hé%mm%
i DN AERAL « IR AL Of ISR KOV R, Bk Wk, BA s, PO
+, NRB ¥, nﬂﬁi K—, @y Fam L, 74(3), 225-232 (2017)

8. F—U—F (F: ABAOCERFELZHETLHEL 2~ 3)
Low-density polyethylene, Heat treatment, Physical degradation

9_H%W%¢$m:owf(& M2 WMLEMEREOABICOVTDEDD I LY LA
WHEWLTLEE W, 72, fa (BEHFM) RELHEEL ¥ —~OHE, E 7 LR REAHR
A®E%%ﬁ%%%%ﬁbf<téwo%m%@uﬂmﬁE%T%ZEMWTTOWiﬁmmﬁﬁ
ERERE CTHINIE, 2020 F LK (2021 FE 3 H 31 H) &b ET,
By 4 7T, CHHORKHORMAHREREIC DAL ES Y,

O WwmX (ERift) BROBRE (&R . 2024 42 3 H)
(DH%%%Aﬁwﬁﬁ%m (R HFH - £ A)




