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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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180 °C, 26 MPa, -
2 min, SCor Q s

Shear deformed HDPE Thin film (SC or Q)
Fig. 1 Remolding of shear-deformed HDPE to thin film (100 um of thickness) by hot
compression at 180 °C, 26 MPa, 2 min with two different cooling condition (SC: slow-cooling,
and Q: quench)
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From the results of SAXS profile of virgin and shear-treated HDPE with different shear
treatment rate (0-100/s) and remolding condition (SC or Q), the value of scattering peak
position (gmax, NM™') can be tabulated in Table 1. It can be found that the qmax of HDPE are
different with remolding condition. For example, HDPE with remolding by SC shows the value
of gmax at 0.29 nm-L. In other way, HDPE with remolding by Q shows the value of Qmax at




0.31-0.36 nm! which are higher than remolding by SC. In the comparison with long period
which can be calculated based on gmax, it can be found that virgin HDPE with molding by SC
shows long period at 21.9 nm. Shear-treated HDPE with various shear treatment rate and
remolding by SC shows the similar of long period with virgin HDPE-SC. In other way, long
period of virgin and shear-treated HDPE with remolding by Q show the shorter of long period
(around 17.5-20.2 nm) than remolding by SC.

Table 1. The value of gmax, long period, and elongation at break of virgin and shear-treated
HDPE with different shear treatment rate (0-100/s) and remolding condition (SC or Q)

s Qmax Long period | Elongation at
Sample Type Condition (nm-) (nm) break (%)
o V-HDPE-SC 0.29 21.9 2289.0
Virgin
V-HDPE-Q 0.36 17.5 29271
0/s-SC 0.29 219 2015.6
0/s-Q 0.34 18.6 2894.5
25/s-SC 0.29 21.9 2150.5
25/s-Q 0.35 17.9 2686.5
50/s-SC 0.29 214 2014.3
Shear-treated
50/s-Q 0.32 19.5 2885.6
75/s-SC 0.29 219 1221.0
75/s-Q 0.34 18.6 2890.8
100/s-SC 0.25 252 1213.3
100/s-Q 0.31 20.2 2829.7

Fig.2 shows the relationship between long period and elongation at break of virgin and
shear-treated HDPE with different shear rate and remolding condition. Negative correlation is
detected in this relationship which can be implied that the higher of elongation at break related
with the shorter of long period. In addition, remolding by Q after treating by different shear
rate (0-100/s) shows high elongation at break around 2900% (Table 1) with the short of long
period around 17-20 nm. On the other hand, remolding by SC after treating by various shear
rate shows the lower of elongation at break around 1200-2200% with the longer of long period
around 22 nm.
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Fig. 2 Relationship between long period and elongation at break of V-HDPE-SC (A),
V-HDPE-Q (O), shear-treated HDPE with remolding by SC (A), and shear-treated HDPE with
remolding by Q (@).

From these results, it can be concluded that the long period of virgin HDPE after treating by
shear treatment can be changed with remolding condition. In addition, the shorter of long
period in shear-treated HDPE with remolding by quench is corresponded to the higher of
elongation at break compared to SC. Moreover, remolding by quench can recover the
elongation at break of shear-treated HDPE after treating with different shear treatment rate.
This can be the guideline for further explanation about the changes of inner structure and
mechanical properties of virgin HDPE and other kinds of virgin or recycled plastics.
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* To explain the relationship between the changes of inner structure and the degradation of
mechanical properties of virgin plastics from other physical treatment and remolding process.
« To investigate the regeneration of mechanical properties in deformed plastics which can be
improved all tensile properties after physical treatment.

+ To compare the results of inner structure transition from physical treatment in virgin and
recycled plastics.
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