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

Ny N TFR
Patchiya Phanthong

@] R P TR ey 2T LT3R
Department of Chemical Engineering, Faculty of Technology, Fukuoka University

1 JemAlAERMA (RMZ A7) L, EREAORRBICHZES (1), (I), () 2B
LT EEn,

X2 FIAEHOARSSERRE L ARG S &SRR EERK T ® 2 FLURNICHFTERRA
B {fm3C (EHM) OREXXIINREE S Z—DMEERIBFTRE) PELEBETT (FTF7A4 TV
MM ZER<),

%3 FERIIZMsnHBEzeETIR#BIZE N,

¥4 HEFBHIZEIEBRSZMEZ CRHRBLSLES Y (BFERSMEBE LI 1 AL L),

1. B8 (& FazavTTFEn)

TIAF I DT VTN A 7N ERLZENVKRERERE LT, HEMEDOIK
TR EFons, HEZOFRRNIFILFELHIETHLIEEZONTEE, L2 LA LIKRIT
ODFx2DOHEICELY, ALFEHIL LTV RIS A I NTTAF v 72BN TH DFEYME
NDIETFTLTWAZERPALLE o, ST VARESLEHBICLID., Z0HFEHHENK
SLLUEBTETDLELHAONE R ST, TRHLORRIZ, VIAINVTTAF I DN
FYEORK T IR EFELSIETIE R EEN LI THDL ZEERL T WD,

KR IF A 72T VARTEEZIT TR —V T TRTF v 7 BILIRV YA 7 VT TR
F v ONEEEEZ XB/NABIELICE VAN, WL oBEKREMRFIT 52 HB 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 original LDPE, heat-treated LDPE at 50 °C for 24 h (Heat-treated), remolding
LDPE after heat treatment with slow cooling condition (Remold-SC), and remolding LDPE after heat
treatment with quench cooling condition (Remold-Q). Peak position of scattering curve can be revealed as (max
value which can be further calculated to long period, crystalline and amorphous thickness of LDPE inner
structures. The gmax Of original LDPE can be evaluated at 0.38 nm™* which is similar to the heat-treated and




remold-SC. However, the remold-Q shows the shift of peak position to higher value of qmax.

Qmax (Org) = 0.38 nm-*
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Fig. 2 SAXS profile of LDPE original, LDPE after heat treatment (Heat-treated), Remolding LDPE with slow
cooling (Remold-SC), and Remolding LDPE with quench cooling (Remold-Q).

The relationship of crystallinity and inner structure can be tabulated in Table 1. Even all heat-treated and
remolding samples show lower crystallinity compared to the original LDPE, but the value is not much
significant difference. It can be found that the inner structures of heat-treated sample are decreased from the
original LDPE. The remolding-SC after heat treatment shows the decreasing of crystalline thickness with the
increasing of amorphous thickness. Moreover, the remolding with quench cooling (Remold-Q) shows the
significantly decreased of long period compared to the original LDPE with the almost similar values between
crystalline and amorphous thickness. From these results, it can be implied that the transition of inner structure
of virgin LDPE can be caused from the effect of heat treatment, remolding and cooling condition.

Table 1 Comparison between crystallinity and inner structures of original LDPE, LDPE after heat treatment,
and LDPE after remolding with different cooling condition.

Items Original LDPE Heat-treated Remold-SC Remold-Q
Crystallinity (%) 52.9 514 48.2 50.8
Omax (NM™) 0.38 0.40 0.38 0.48
Long period (nm) 16.65 15.74 16.62 13.05
Crystalline thickness

8.81 8.09 8.01 6.63
(nm)
Amorphous thickness

7.84 7.65 8.61 6.42

(nm)

The results of other kinds of plastic with different physical treatment and remolding conditions are under
investigation.
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« To explain the relationship between the modification of inner structure 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 with the change of inner
structures.

+ To further characterize and compare the results with other different kinds of virgin plastics and recycled
materials.
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