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

N by NTF Y
Patchiya Phanthong

@] RF TR Ry 2T A TR
Department of Chemical Engineering, Faculty of Engineering, Fukuoka University

X1 EmAIAEFME (R#&Z A7) BB, ERAEAORRICHERS (1), (II), () 2B
LTL7ZEn,

X2 FIEHRO NP HELRE T AR ABE S LIRS HAEERT® 2FLINICHFERRA
Bl {Fm 30 (EHM) ORBREXITIMEL X —DOMEARLBTAR PLBETT (M4 T
MM ZEBR<),

X3 FERICZMshHBEzETIRRHIEZES W,

4 HEFHFCEEBRZNEZ LWL (FERSMEE LD 1 ALE),

BE (k. fmzadv T Fawn)
772?/7®77)7»)%47»ﬁ@@bﬁwk%ﬁ%ﬁ&LT\ﬁ?%ﬁ@ﬁ
THnkEFonsd, HRKZOFRKNBFILELZELSIETHIEEZONTEE, L LN LRIT
OFx2DOMBIZELY, ALFELIL LTV RISV A I NTTAF v 7280 TH NEYMHE
NDETFTLTWADAZERHAL N E o2, ST VAREBSLSHBICLY., 20 MR K
ELHUBEBTEDLHZ LN E R ST, TNHO/REIEZ, VA INAVTTAF v D)
%%ﬁﬁﬂ&?ik?%ﬂb(i@<ﬁﬁjﬁ@%ﬁ!{bt%é LERLTWVWD,

K FRII LR T VAR EIT o TER— 0 T RAF v 7 BLRI S A 7 LT T R
F v 7 ONEHEEE X/ ABIELICE VRN, hFEDELE oK EMRFIT 5 BB TIT-
oo TORER, NFEWHEICIVNIMEITENDRHDLZ ENHLNER ST,

(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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Recycled polypropylene (RPP) was re-extruded by using a twin-screw extruder with the
additional of molten resin reservoir in various conditions. The obtained pellet products were
injection-molded as the test pieces namely as RPP-Extrusion. The samples were characterized
and comparing of their mechanical properties and inner structures between virgin
polypropylene (VPP), RPP without any extrusion (RPP-Original), and RPP-extrusion. Then,
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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Based on the characterization by SAXS, Figure 1 showed the Lorentz-corrected SAXS
profile of VPP, RPP-Original and RPP-Extrusion. It can be found that VPP showed the peak at
0.47 nm-! of gmax; however, RPP-original and RPP-Extrusion showed the similar peak position
at 0.43 nm-%. This can be implied to the difference of inner structure length between the virgin
and recycled PP. The recycled PP showed the lower of gmax than virgin PP which can be implied
to the longer of long period and the poor mechanical properties of RPP. In addition, the
re-extrusion of RPP was not much affected to the changes of inner structure length as compared
to RPP-Original even the mechanical properties were significantly improved. From the peak of
gmax, it can be further calculated to the length of long period which was the combination of the
length of crystalline and amorphous layer. In addition, the degree of crystallinity was
calculated from the X-ray diffractometer (XRD) and the results were tabulated in Table 1.
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Figure 1 SAXS profile of VPP, RPP-Original, and RPP-Extrusion.

From Table 1, it can be found that the degree of crystallinity (%Crl) of VPP was higher
around 83.6%; however, RPP-Original was slightly decreased to 77.0% which can be implied to
the difference of inner structures between virgin and recycled PP. It is worth noting that
RPP-Extrusion showed the increasing of crystallinity from its original RPP at 78.4%. This can
be implied to the moderately improved of inner structure due to the re-extrusion process. For
the length of inner structures which were calculated from SAXS and XRD, RPP showed the
longer of long period (Lo) than VPP. Interestingly, the thickness of crystalline layer (Lc) of
RPP samples were similar VPP at around 11 nm; however, the thickness of amorphous layer
(La) of RPP was longer than VPP. In other way, the thickness of amorphous layer of
RPP-Extrusion was decreased from RPP-Original which may affect to the improvement of
tensile properties from the re-extrusion by a twin-screw extruder with an additional of molten
resin reservoir unit.

In conclusion, the characterization by SAXS can be obtained the further information of the
changes of inner structures of plastics as compared to mechanical properties. This study can be
found that the changes of mechanical properties of plastics were related to the changes of inner
structure lengths and degree of crystallinity. This study can be further applied for the findings
of relationship between mechanical properties and inner structure of virgin and recycled
plastics in order to develop the effective mechanical recycling process.

Table 1 Degree of crystallinity (%Crl), the length of long period (Lo), crystalline layer (Lc),
and amorphous laver (La) of VPP, RPP-Oriainal, and RPP-Extrusion

Sample %Crl Lo(nm) Lc{(nm) La(nm)

RPP-Extrusion 78.4 14.7 11.5 3.2

RPP-Original 77.0 14.7 1.3 34

VPP 83.6 13.3 11.2 2.1
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* To evaluate the changes of inner structure of recycled plastics after re-extrusion with
various extrusion condition.

« To find the relationship between mechanical properties and the characteristics of inner
structure of virgin and recycled plastics in order to improve the properties of plastic recycled
by mechanical process.
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