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Physical Characterization and Volatile Organic Compound Monitoring of Recycled Polyethylene Terephthalate under
Mechanical Recycling
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Abstract: In this study, physical characterization and monitoring of volatile organic compounds (VOCs) were investigated
on recycled polyethylene terephthalate (rPET) from a mechanical recycling process and rPET bottles made with different
rPET contents, with the aim of tracing the source of rPET and assessing its safety when use as a food contact material. It
was found that rPET had a similar thermal stability to that of virgin PET (VPET). rPET bottles did not show any significant
changes in groups or structure and exhibit similar crystallization and melting behaviors to VPET. However, there were minor
mechanical scratches in the surface micromorphology of rPET bottles, and the color of rPET bottles became darker, greener
and yellower as the content of recycled material increased. The solid-state polycondensation process was found to play an
important role in the removal of VOCs, as detected by headspace gas chromatography-mass spectrometry (HS-GC-MS),
resulting in a very small amount of residual VOCs in rPET. Four VOCs (acetaldehyde, glycol and nonanal at levels less than
1.00 mg/kg; 2-methyl-1,3 dioxolane at levels of 1.72-5.76 mg/kg) were detected in the rPET bottles. This study shows that

Wes H#A: 2022-10-11
RETH: EFRARFEREEE X)) AESTRIE (32061160474) ;
L3R BRI SR H -HHEEEEH (BK20201109)

BE—EE R 8™ (1997—)  (ORCID: 0000-0002-3262-5633) , %, #i-twised:, W m et s.

E-mail: zy34301025@stu2020.jnu.edu.cn
SEEEFE R X (1983—)  (ORCID: 0009-0007-8959-2872) , 4, midk LEEIW, 4, BFEI7 Mo i bkl

GRS AT A AR ) =@ =T A . E-mail: liugh@dpte.org

K% (1968—) (ORCID: 0000-0001-7184-6167) , &, #¥%Z, 4+, W T FNEMEERRYE @4,

Dife . E-mail: hucy0000@sina.com



Al

E6mill=

2023, Vol.44, No.24 307

rPET bottles are qualified for reuse in food contact in terms of thermal properties, structure, morphology and VOC residues,

although there is variability in color.
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Table1 Information about the materials investigated in this study
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Fig.1 TG and DTG curves of S1 series of rPET
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Fig.2 TG and DTG curves of S2 series of rPET bottles
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Fig.3  DSC curves of S1 series of samples
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rPETH I 45 & B2 5200 I AN 2.3
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Table 2  DSC properties of S2 series of vVPET and rPET bottles
FEfh T,/°C TJC T,/°C 4 5% %
S2-1 77.3340.67°  134.17+0.51" 247.834+0.16" 23.6740.19"
S2-2 77.50%£0.17° 136.50£0.17° 247.00%£0.00° 22.85+1.47"
S2-3  77.50+0.24° 135.834+0.50° 247.50+£0.50" 22.62+1.42°
S2-4  77.3340.33"  136.334+0.00° 247.33+0.33" 22.55+0.12°
S2-5  77.67+£047" 135.67+£0.67" 247.00+0.00° 24.68+0.59°
S2-6  77.83+£0.50° 135.67+0.33" 247.17+0.17° 24.524+0.63"

e FSIAE TR R, P<0.05. &3,

23 A EHARR LA AT

ZLANI RO TE A B T4 W vPET A PE TR (1) 22 4] )¢
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CH,HL 4R 3 . Wik 8k b 427 — H ¥ (diethylene
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F12 854 cm ™' 4", AT F1 750~1 700 om b 1 L
(C=0) Wy Wi Ide 2 57 [ A 5 i ) = 0552, Bt 25 [l W)
RMIIN, WeEA TR, BRI R A
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U F5 55 o
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C—HTH P 25 #REN""; 870 em ™' A EC—HE T 415 Hh
Wz, FTLLRIL, rPETHAZAESE SvPETH—FE AL 4
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CH, c=0 (c=0)ic do-c
4 OIOO 3 SIOO 3 600 2 SIOO 2 600 1 SIOO 1000
P/ em™!
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Fig. 4 Infrared spectra of S2 series of vVPET and rPET bottles
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Fig. 5  Surface morphology of S2 series of VPET and rPET bottles
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Fig. 6  Cross-sectional morphology of S2 series vPET and rPET bottles
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L*, a*, bMEMFEEEZER (P<0.05) . FEFERORE
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fka%, KUPENCE S EBEMPETRY, HEOER
() . EEFE . PETHE S0 5 K 7] RE 52 72 [B] Ui
RS R T g O WO A, 1502k
H R A rPETIR (B a* 8 AR . rPETI 5 3 (1 JR K] 5 $
il 9%, TR RISCR AR T 20 b IR I v T A A e B
rPET 9 (1) 1 B £ R 2B SR T j 8 28 i 1 2 0 2k g
i, MR SRR PETINE L. B, 245
i [ T E PETHIX TVPETAEAE % £ (iR 3, Jf
HAEAREE T K, M 5EPETHK A . A [H] [
BHE EFPETI S vPET It 2 (E (AE) {E£1.0~3.22
], fAEHEBEZES, HXARBORE EIAR] 7 100%H 1)
PETHHAE(E iR, 16— @R L4 izmi b,

#*%3  S2&MIVPET/rPETHE I B fa s b

Table 3  Color parameters of S2 series of VPET and rPET bottles
B L* a* b* AE
$2-1  96.20740.193"  —0.095+0.005"  0.002+0.032°  0.00040.000°
$2-2 9539740.023"  —0.1254+0.008"  0.658+0.031"  1.04740.022°
$2-3 94.28840.430"  —0.24540.005  0.720+0.079"  2.05940.427°

1.37340.060%
1.66140.464%
3.16740.579"

S2-4  95.08740.052  —0.385+0.019"  0.737£0.035°
$2-5  94.813+0.496  —0.528+0.018  0.768+0.101°
$2-6  93.308+0.582°  —0.765+£0.008"  1.072+0.133"

2.6 ERMYIF T
2.6.1  RUALEE R TS AR AL
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