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Structural analysis of recycled plastics and virgin plastics by small-angle X-ray scattering

N Ry NTF Y
Patchiya Phanthong

@ R P TR ey 2T A TR
Department of Chemical Engineering, Faculty of Technology, Fukuoka University

X1 JemAlAEMA (RMZ 7)) BB, ERREAORBICHEZRYS (1), (), () ZiEFL
LTL7ZEn,

X2 FIAEHRO NP HERRB AR ABEF LIRS HAEERT® 2FLLNICHZERRA
Bl {Fm 30 (EHM) ORBREXITIMEL X —DOMEARLBTAR PLBETT (M4 T
MM ZEER<),

X3 FERICZMshHBEzETIRRHILEE N,

4 HFHFCEEBRZNEZ LWL (FERSMEE LD 1 ALE),

1. BIE (. fErzavTTFawn)

TIAF I DT IVTNAI AT ANRERLZVRKRERERE LT, HEHEDOK
TR EFOND, ERZOFERIFIELFHILTHDIEEZOLNTE T, L2 LR LRI
DA DFRIZED, ALFZLIL L TR WI AL TNV T TRAF v 72BN TH Yt
NIEKTLTWDZERHLMNE o, T VARELRMEICEID ., ZONFEWERK
SLLEEBTZDZE VAL ER ST, TRODOFREF, VA I NVTTAF v 7 DT
FYEOK T IR FELIETIE RS EEN e ELILTHDL ZEERL TV D,

RKWFRITIHEAX R T VAR 2T oA —=D 0 T T AF v 7 BL VA7 VT T R
F v 7 ONEHEEEZ XB/NABIELICE VN, WFEMEEOBBRERFI T2 B TIT-
oo TORR., NFYMHEICLIVABEEICENRSDL I ERHLNE R T,

(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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Fig. 1 Fabrication of thin film (100 um of thickness) by hot compression
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Fig. 2 shows SAXS profile of LDPE grade J2522 original thin film and mix-treated samples
with different mixing rate (15 or 30 rpm) and remolding condition (slow-cooling (SC) or
guench cooling (Q)). Peak position of scattering curve can be revealed as qmax value which can




be further calculated to long period of LDPE inner structures. The qmax Of original LDPE thin
film which fabricated by slow-cooling (Org-SC) can be evaluated at 0.39 nm-t. However, the
original LDPE thin film which fabricated by quench cooling (Org-Q) shows higher of gqmax at
around 0.50 nm-! which can be implied to the difference of inner structures from remolding
condition. For mix-treated LDPE, it can be found that the significant differences of SAXS
profiles based on the effect from remolding over the effect from mixing treatment at 15-30
rpm. The 15 rpm-SC and 30 rpm-SC shows the similar position of gmax around 0.38 nm-%. In
other way, gmax position of 15 rpm-Q and 30 rpm-Q are around 0.49 nml. Moreover, the
averaged values of qmax Of original and mix-treated samples which remolding by slow-cooling
(gsc) are 0.38 nm™, however; 0.49 nm-! is the averaged value of gmax of LDPE samples after
remolding by quench cooling (qo).
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Fig. 2 SAXS profile of LDPE original samples (Org) and LDPE after mixing treatment with
different mixing rate (15 or 30 rpm) and remolding condition (SC; showed in blue color curve,
or Q; showed in red color curve).

The relationship between qmax, long period, and toughness of original and mix-treated LDPE
are tabulated in Table 1. It can be found that the higher of qmax in mix-treated 15 rpm-Q and 30
rom-Q leads to the shorter of long period as compared to the mix-treated LDPE which remolded
by slow-cooling (SC). However, these shorter of long period are affected to the increasing of
toughness. From these results, it can be implied that the transition of inner structures of virgin
LDPE grade J2522 and the regeneration of mechanical properties can be caused from the
suitable remolding condition. Based on this study, it can be found that the suitable molding
condition can be further applied for increasing the physical properties in virgin and recycled
plastics.

Table 1 Comparison between gmax, long period, and toughness of original and mix-treated
LDPE grade J2522 with different mixing rate and cooling condition

Materials Omax Long period | Toughness
(nm-1) (nm) (MJ/m?3)
Org-SC 0.39 16.2 99.1
Org-Q 0.50 12.5 79.2
Mix-treated 15 rpm-SC 0.38 16.6 62.7
Mix-treated 15 rpm-Q 0.49 12.9 81.5
Mix-treated 30 rpm-SC 0.38 16.3 62.4
Mix-treated 30 rpm-Q 0.49 12.8 69.6

The results of other kinds of plastics with different physical treatment and remolding
conditions are under analyzation.




5. SBROBME

+ To explain the relationship between inner structure transition in virgin plastics and the
degradation of mechanical properties from various kinds of physical treatment.

« To investigate the regeneration of mechanical properties in deformed plastics.

« To further characterize and compare the results with other types of virgin and recycled
plastics.
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