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Basic research of the relationship between mechanical properties
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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 polypropylene (VPP, J700GP) was obtained from Prime Polymer Co., Ltd. and used as
received. VPP thin film with thickness of 100 um was fabricated by pressed molding at 210 °C,
25 MPa, 2 min and slowly cooled down to room temperature (25 °C).

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

1) Steady shear (SS): Steady shear treatment at 180 °C, 100/s, 10 min

2) Steady shear following by Dynamic shear (D): Steady shear treatment at 180 °C, 100/s,
10 min, then dynamic shear was performed at 210 °C, 5 min, 10% of strain with various angular
velocity at 1.3, 6.3, and 18.8 rad/s. The products were defined as D1.3, D6.3, and D18.8 with
different of angular velocity.

Then, the shear-treated PP samples were remolded as thin film with thickness of 100 pm at
the same molding condition as VPP thin film. The schematic diagram of shear treatment and
thin film fabrication was showed in Fig. 1.
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Fig. 1 Schematic diagram of shear treatment process and thin film fabrication.

VPP and shear-treated PP thin films were characterized 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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Based on our previous works, dynamic shear affected the regeneration of elongation at break
and toughness of high-density polyethylene (HDPE). This regeneration of mechanical
properties related to the increasing of intermediate layer thickness which can be implied to the
increasing of entanglement from the effect of dynamic shear.

In this study, dynamic shear treatment was applied on virgin polypropylene (PP). The
mechanical properties and the relationship with thickness of mesoscale lamellar was studied.

Fig. 2 showed the elongation at break (a) and Young’s modulus (b) of virgin PP thin film
(VPP), PP treated by only steady shear (SS), and PP treated by steady shear following by
dynamic shear at various angular velocity (D1.3, D6.3, D18.8). It can be found that steady
shear affected the degradation of elongation at break and Young’s modulus as compared to its
virgin sample (VPP). This is because the mechanical treatment by heat and steady shear
affected the physical degradation of PP.

Interestingly, the addition of dynamic shear affected the regeneration of elongation at break.
As a result, the elongation at break of dynamic shear was regenerated and higher than the only
steady shear (SS). Especially at 18.8 rad/s of angular velocity (D18.8), the elongation at break
and Young’s modulus was recovered and similar to its VPP. This can be confirmed that the
addition of dynamic shear with the suitable of angular velocity and strain affected on the
regeneration of elongation at break and Young’s modulus in PP.
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Fig. 2 (a) Elongation at break, and (b) Young'’s modulus of VPP, steady shear treated sample
(SS), and steady+dynamic shear treated samples (D) with different angular velocity (1.3, 6.3,
18.8 rad/s).

Due to the regeneration of elongation at break and Young’s modulus, the detailed
characterization of mesoscale lamellar structure and the relationship with mechanical
properties were discussed. The thickness of mesoscale lamellar structure was characterized by
SAXS at BL11 of SAGA-LS and the results were analyzed by using the electron density
correlation method. Then, the relationship with tensile properties was evaluated. Fig. 3(a)
showed the correlation between elongation at break and long period which was the combination
between the thickness of crystalline, amorphous, and intermediate layer. One can see that the
moderate negative correlation with 0.77 of correlation factor (R?) was detected. SS which
consisted of the degradation of elongation at break showed the increasing of long period as
compared to VPP. However, the addition of dynamic shear affected the increasing of elongation
at break with the decreasing of long period. Especially at 18.8 rad/s (D18.8), the elongation at
break was regenerated to be similar to VPP. In addition, the long period of D18.8 was also
decreased from SS and similar to VPP.

Fig. 3(b) showed the correlation between elongation at break and thickness of amorphous




layer. The weak negative correlation was detected with 0.45 of correlation factor (R?). The
correlation trend was similar to long period. SS showed the longest of amorphous layer;
however, D18.8 showed the regeneration of elongation at break and thickness of amorphous

layer as similar to VPP.
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Fig. 3 Correlation between elongation at break with long period (a) and thickness of
amorphous layer (b) of VPP, SS, and D with various angular velocity.

In conclusion, steady shear treatment affected the degradation of elongation at break and
Young’s modulus of PP. This reduction of mechanical properties was strongly related to the
increasing of long period and thickness of amorphous layer. In other way, the addition of
dynamic shear treatment related to the regeneration of elongation at break and Young’s
modulus of PP. The optimized dynamic shear condition at 210 °C, 5 min, 10% of strain, 18.8
rad/s of angular velocity affected the recovery of elongation at break and Young’s modulus of
PP as similar as its VPP. In addition, this recovery of mechanical properties was related to the
regeneration of long period and thickness of amorphous layer as similar to its VPP. From this
study, it can be concluded that the addition of dynamic shear at suitable angular velocity
affected the regeneration of mechanical properties and thickness of mesoscale lamellar
structure in mechanical-recycled PP.
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*+ To optimize the %strain of dynamic shear condition in order to recover the mechanical
properties higher than its VPP.

* To apply the optimized dynamic shear condition to the practical mechanical recycling
process for the development of mechanical properties of recycled PP.
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