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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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Virgin high-density polyethylene pellet (HDPE, FX201A) was obtained from Keiyo
Polyethylene Co., Ltd. and use as received. HDPE thin film with thickness of 100 um was
fabricated by pressed molding at 180 °C, 25 MPa, 2 min and slowly cooled down to room
temperature (25 °C). The obtained thin film was named as VPE.

The mechanical recycling of HDPE was performed by shear treatment using a cone and plate
rheometer. Three different types of shear treatment conditions were conducted;

1) Steady (i€ % ); Steady shear treatment at 180 °C, 100/s, 10 min
2) Dynamic (##9); Dynamic shear treatment at 180 °C, 10 rad/s, 100% of strain, 10 min
3) Steady+Dynamic (& 7 + B1H9); 1)+2)

Then, the shear-treated samples were remolded as thin film (thickness of 100 um) with the
same molding condition as VPE.

VPE and shear-treated thin films were characterized the mechanical properties by tensile
test. In addition, the thickness of mesoscale lamellar structure was 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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Fig.1 showed the elongation at break of VPE and shear-treated samples with different shear
treatment conditions. The elongation at break of the steady shear (1) was significantly
decreased from VPE around 40%. HDPE treated with dynamic shear (2) showed similar
elongation at break with VPE. It is worth noting that the addition of dynamic shear after steady
shear (Steady+Dynamic; (3)) affected the recovery of elongation at break as similar as VPE.
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Fig. 1 Elongation at break of VPE and shear-treated samples with different shear treatment
conditions; Steady (1), Dynamic (2), Steady+Dynamic (3).

Thickness of mesoscale lamellar structure of VPE and shear-treated samples with different
shear treatment conditions was characterized by SAXS and evaluated by electron density
correlation function method. Table 1 showed the thickness of long period, intermediate layer,
core amorphous layer, and core crystalline layer of samples. One can see that dynamic shear
(2&3) affected the increasing of thickness of intermediate layer with the decreasing of
core-crystalline layer as compared to VPE and steady shear sample (1). As a result, the

difference of shear treatment condition affected the changes of thickness of mesoscale lamellar
structure in HDPE.

Table 1 Thickness of mesoscale lamellar structure (nm) of VPE and shear-treated samples.

Long period (Lo) Intermediate (dy) Core-Crystalline (dc)
VPE 20.80 1.48 244 15.40
Steady 20.80 1.48 2.50 15.34
Dynamic 20.50 1.52 247 14.99
Steady + Dynamic 20.50 1.52 2.45 15.01

The relationship between thickness of core amorphous layer and elongation at break was
shown in Fig.2. It can be found that the negative correlation was detected with the strong
correlation coefficient. In addition, the steady shear (1) showed the stretching of thickness of
core amorphous which related to the decreasing of elongation at break as compared to VPE. In
other way, dynamic shear (2&3) regenerated the thickness of amorphous layer as similar to
VPE. As a result, the elongation at break of HDPE treated with dynamic shear was also
regenerated as similar to VPE.

3000
% @ ©®
= 2500 | .,
= L
8 )
2
% 2000 }
=
2 ®VPE
S e
£ 1500 | ® oER
i 0% ;5]
o EE + B
1000 : '
24 2.45 25 255

Thickness of amorphous layer [nm]

Fig. 2 Correlation of thickness of core amorphous layer and elongation at break of VPE
and shear-treated samples with different shear treatment conditions.

In conclusion, dynamic shear treatment affected the regeneration of elongation at break in
mechanical recycling HDPE. In addition, the regeneration of elongation at break was also
related to the regeneration of the thickness of core-amorphous layer and the stretching of
intermediate layer in HDPE. Furthermore, the relationship between elongation at break and
thickness of amorphous layer of HDPE was detected in a strong negative correlation.

Based on this study, the optimized condition of dynamic shear treatment will be studied for




further development of other mechanical properties of HDPE in order to prolong the lifetime
used and decrease the amount of waste plastic in environment.
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* To investigate the optimized condition of dynamic shear treatment which can be further
recovered the mechanical properties of HDPE.

6. &M

7. WXER BT G ABRBEICHEET S 2 E TORENRKE)
* "Investigation of Degradation Mechamsm from Shear Deformation and the Relationship with
Mechanical Properties, Lamellar Size, and Morphology of High-Density Polyethylene", Haruka
Kaneyasu, Patchiya Phanthong, Hikaru Okubo, Shigeru Yao, Appl. Sci., 11, 8436 (2021).
*"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 AL « IR AL O IS B KOV R, Bk Wk, BA s, P KR
+, NE ¥, @waﬂ 5y - am SCHE, 74(3), 225-232 (2017)

8. ¥F—U—F (E: ABEROERFIEZHEETL2HEL2~3)
High-density polyethylene, Plastic mechanical recycling, Shear deformation

9. MERBABRIZOWVWT (H: ¥ 2@ B LEMEREDOABRICOVWTDEQD S LY L
WHEWELTLLEE W, F, M (EHFM) BEEFREEL ¥ —~OWE, F 72 LW R E AR
~OFEFEREENZERA LT EE 0, BRI R A EEL T % 2EN T, Bl 213 2018 4
ERREETHIIE, 2020 FFE K (2021 3 A 31 H) 20 ET,
B2 4 7B, CHHORKHOMAREEIC DAL Z S,

O WmX (&ERft) BROBE (BERH : 2024 £ 3 A)
@ HF AR 2 B O R 1R H (R HFH - £ A)




