) 71.'}'I'I~>ﬁ ~70A bngi’éiﬁ%t‘/a

E-L71 FHESEE
B

L% 11

qin

MEEE - 2006073R

(B 5 5)
INE X BEEIC LDV I A I NVBLOR—=D T T 2AF v 7 OEEMRT

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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Virgin high-density polyethylene (HDPE) pellet (J320, Asahi Kasei Corp.) was used in this
study. HDPE pellet was compressed to be in a tablet (2 cm of diameter with 2 mm of thickness)
by hot compression at 180 °C, 26 MPa, 2 min. Then, HDPE tablet was treated by shear
treatment via rheometer with various conditions which were tabulated in Table 1.

Table 1 Shear treatment conditions of virgin HDPE tablet in this study

Sample code Steady shear* Dynamic shear”
1. VPE -
2.0/s 0/s -
3.100/s 100/s -
4. 0/s+3 Hz, 10 deg 0/s 3 Hz, 10 deg
5. 100/s+3 Hz, 10 deg 100/s 3 Hz, 10 deg

*All shear treatment conditions were controlled at 180 °C for 10 min.

Then, the shear-treated HDPE were cut to small pieces prior to remold as thin film (100 um)
by hot compression at 180 °C, 26 MPa, 2 min with slow cooling condition. Mechanical
properties of each thin film products were evaluated by tensile properties. The changes of inner
structures were characterized by using a small-angle X-ray scattering (SAXS) at BL11 of
SAGA-LS. The characterization conditions were performed as follows;
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Table 2 shows the inner structures and degree of crystallinity of virgin and shear-treated
HDPE thin films which were analyzed by SAXS. One can see that long period (Lo) which was
the combination of crystalline and amorphous layer was decreased with the high steady shear
treatment at 100/s. It is worth noting that the long period (Lo) and the thickness of crystalline
layer (Lc) was increased after treating by dynamic shear treatment (0/s+3 Hz, 10 deg and
100/s+3 Hz, 10 deg).

However, thickness of amorphous layer (La), thickness of transition layer (di), and degree
of crystallinity (X¢) was not much significant difference in these shear treatment conditions.

Table 2 Thickness of inner structures and degree of crystallinity of virgin HDPE and
shear-treated HDPE thin films

Sample code Lo (hm) Lc (nm) La (nm) di (nm) Xc (%)
1. VPE 19.40 15.43 3.97 1.88 78.37
2. 0/s 19.40 15.41 3.99 1.90 78.36
3.100/s 19.20 15.24 3.96 1.72 77.96
4. 0/s+3 Hz, 10 deg 19.50 15.49 4.01 1.90 78.28
5.100/s+3 Hz, 10 deg 19.30 15.74 3.56 1.70 79.46

The relationship between thickness of crystalline layer (Lc) and yield stress is shown in
Fig. 1. The positive correlation was occurred which can be implied to the direct variation
between yield stress and Lc. It is interesting that the combination between steady and dynamic
shear treatment (0/s+3 Hz, 10 deg and 100/s+3 Hz, 10 deg) showed higher of yield stress with
the longer of thickness of crystalline layer (Lc¢) than their steady shear treatment (0/s and
100/s). Especially in 100/s which is the high rate of steady shear treatment, the difference of
yield stress and Lc can be obviously detected.
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Fig. 1 Relationship between thickness of crystalline layer (Lc) and yield stress of virgin
HDPE thin film (VPE-SC) and shear-treated HDPE with various shear treatment conditions.

In conclusion, the characterization by SAXS can obtain further information of inner
structures of shear-treated HDPE with various conditions as compared to its virgin material.
This can be also observed the relationship between the changes of inner structure thickness and
mechanical properties. This study can be found that dynamic shear treatment affected to the
regeneration of yield stress which was related to the longer of long period and thickness of
crystalline layer. The detailed study of dynamic shear treatment condition is worth for the
improvement of mechanical properties in virgin and recycled plastics.
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» To optimize the conditions of dynamic shear treatment which can improve the mechanical
properties of plastics.

» To study the effect of dynamic shear treatment on other kinds of virgin and recycled plastics




such as low-density polyethylene (LDPE), linear low-density polyethylene (L-LDPE), and
polypropylene (PP).
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