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Traceability and control of phenolic odorants in production process of recycled polypropylene
PANG Chenghuan', ZENG Keni', XIE Xiaogiong', LIU Yanwei’
(1. National High Material Innovation Center Co., Ltd., Guangzhou 510663, China; 2. Kingfa Sci.&Tech. Co., Ltd., Guangzhou 510663, China)

Abstract : Headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry/olfactometry (HS-
SPME-GC-MS/0) was employed to systematically analyze volatile compounds in recycled polypropylene(PP) production process.
High-resolution gas chromatographic separation was combined with mass spectrometric identification, and a synchronous sniffing
port was utilized to record sensory responses in real time. This approach established direct correlations between chemical composi-
tions and odor characteristics. By semi-quantitative analysis, dynamic changes of target substances were further tracked to evaluate
their contribution to the overall odor intensity using odor activity values (OAV). Results demonstrate that the characteristic burnt
odor mainly originates from 2, 4-di-tert-butylphenol. This compound is not detected in raw materials, but its concentration increases
sharply to 64.7 pg/kg during the pelletization stage and accumulate to 72.5 pg/kg in the modified product. A strong odor is
perceived at the retention time of 23.3 min through GC-MS/O analysis, and is identified as 2, 4-di-tert-butylphenol, with a matching
rate of over 85%. This compound show an OAV of 145 (threshold: 0.5 pwg/L) in the modified product, confirming it as a key odor-
causing compound. Mechanistic investigation reveals that it primarily derives from thermal degradation of antioxidants butyl
hydroxytoluene and antioxidants 168 under conditions of a temperature higher than 200 °C and a shear rate greater than 300 r/min.
The study established traceability methods from chemical identification to sensory verification, and identified 2, 4-di-tert-
butylphenol as a key odor indicators in recycled PP. These findings provide a theoretical foundation for recycled plastic manufactur-
ing enterprises to optimize process parameters and develop efficient odor control technologies, facilitating the transition from
experience-oriented to scientifically-regulated production in plastic recycling.

Keywords : recycled polypropylene ; odor traceability ; GC-MS/O ; odor activity value ; quality control

BIEVEE G e, i1, R TR i A A T A

Wofs B #7:2025-10-27

S| A& PRI, W AT W e, A5 L A B DN AR e R v 2 S R B S s (0], TR L 2026, 54(1):170-175.
PANG Chenghuan, ZENG Keni, XIE Xiaogiong, et al. Traceability and control of phenolic odorants in production process of recycled poly-
propylene[J]. Engineering Plastics Application,2026,54(1):170-175.



VETFt , S « FIAE ST e e A T B S e DR ) ) U 542 ) 171

i 75 SR MO B FH AR ) Pk % e, AR SR
i () e (L AR FH 2k S8R 3540015 Y iR B T
BEJ7I]o SRT, FEAE R AR B SR (Rl ™ E R 29 T
LA v g S0 P I, G v I 2 T 5 kT R R
DRGSR o FEAE RS RS B I v 2 PR AR
P, HL o B A%, O A R a7 ) RN N )
BT LR HE R MR 43 oy B MERE R AL T 7 ik
MELLSEBLA 8000 B 5 B BB AR R
FEAEAE L HE ST B OCHK , 3 3505 A IR PRI X

13 2 ) o P 3 DN P B DR DR B AL FE T
D5 T s — 2 i Tk A b A R [ an T SR R S R
(BHT) FI1 1681 A AR fiff 7= ), — 2 R R T 1% TH 38 %}
TR PSSR SR P B A AR . T AR RN
JECRER IR 4 N TR 2R, B 2 R A T
BCHIL , Xof S A ol EL AT B8 3 S WD R o i A
P A A BE S e B4 R AT 28 7 A B S R TR e
PR ST ST W A e S R SR B ]
(hres o E NIRRT S i f S (N
AR FE bR . XN PR AR SR A P R ) T2
b 557 S T A AR TR AR

BE TP AR SRMA 2R 52 4% ME DL A3 B I )8, 28
B R R 8 A3 PR 635 - BT (GC-MS) 5
ML EK FH (GC-MS/O)HE AR |, 245 4 T 255 - [ AH ol 26 B
(HS-SPME)HijAb B 7 , S T SR AE AEHL MR 4R 1Y)
AR, AR TR R R R
LR, ZFR G R 5 HE GC-MS ¢ L 4% 5k
JoT o o 20 B 1) R o R T v, A B [ 2P
B 7 ity 11 2 A9l K €203 30 10 00 P SRR BT W ., i g
b2 055 R ATE AR (A B R IR ) HE B DB, 28 1
T AR SRR T o 5 4y B R -
JEMEAVC L (ARSI . SEF 1, 7 T e -

H-E T IR IR R R S SR AR B AR
() 2 LA B A 7 el R R T AL 3R T mT S 1
SrHTHCHE 5 A R
1 SKIEE4S
1.1 EZRAMA

JF A= B s - PPH-Y 26, S5 AR Ui 8 3Rl 25 g/
10 min, PR ZR)RACA FRA R

[l Ar 3R P9 s [ 4 RS JFURH(RPP-Raw) 5 B e
i F (RPP-Wash) 5% H i ki b+ (RPP-Pel) FI A 1 7
I3 A A P %) e PSS AL AL i (RPP-Mod)] : 4 & SR FH
FABRAT

WA PEDRLAR (D) B 55 12,53 wm (43931
XF W 1250.3 000.5 000 H), 5 4% % (I8 W) A R
NCIE
eS80 1
FRATE]
PUAA N 2 I BERR BRSPS ], P VR (b D)
AR
1.2 EEMNEREEL

XZ A5 HH AL - SHI-30, R 58 Hi . i S W% &
AR

GC-MS 1% : Orbitrap Exploris GC, 282k K {H/R B}

p|

K

BH B 28 AR I A (P DA

F(hENA R
EF I 7B I 39E A . GERSTEL ODP4, £ [ 47 17 %%
NI

1.3 XA &

TV RHHAERNGE T . #3R 1 A LL AR HUR
B, L RIRALIR AT, A8 BUEAFEE LB 1, 1R
FF 315 R 550 r/min, B 1 XR 65 °CL,2 Xy
160 °C,3 X} 190 °C,4~12 X}y 210 °C., B £H i,
PTG 1 SPER 2 o 101,

*1 BERAKER
Tab.1 Formulation of recycled polypropylene

Ttem RPP-Raw RPP-Wash RPP-Pel RPP-Mod
PP content/% 100(RPP-Raw) 100(RPP-Raw) 99.5(RPP-Wash) 75(RPP-Pel)
Additive content/% 0 0 0.5 0.5
Talc content/% 0 0 0 24.5

Processing method -

Heated abrasive washing

Twin-screw extrusion Twin-screw extrusion

1.4 MX5 R4

HS-SPME/GC-MS i 254 : FREX 1.0 g B
T 20 mL TiZs i, T 80 °C F FA4 5 min, K JH 50/
30 pm DVB/CAR/PDMS #£ B3k W [t 30 min, f# A1

3 min 5 #EFE . GC-MS 4 #r i I TG-5SIL MS A 3%
FE (60 mx0.25 mmx0.25 wm), FEFE 1R B % E N
230 °C, 5 M 4151 K(99.999%) , i # 1.0 mL/
min. F# ¥ S+ ) 4G U EE 40 °CAR % 1 min, LA
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Tab.2 Odor intensity rating scale

Level Intensity description Sensory definition
1 No odor Completely undetectable ;no odor perceived.
2 Faint/Slight Perceptible but without distinct characteristics ; requires careful sniffing to detect.
3 Noticeable Clearly noticeable with a defined character, but with weak intensity.
4 Pronounced Distinct and persistent odor; perceived immediately upon entering environment.
5 Strong Intense, offensive, and irritating odor.
6 Overpowering Extremely aggressive and intolerable stench.

2 ZER5itie
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Fig. 1 GC-MS total ion chromatograms of recycled polypropylene at

various production stages
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Tab.3 Content variation of phenolic substances in recycled poly-

propylene during each production stages

Content/(pg-kg™")

Name CASNO. RPP- RPP- RPP- RPP-
Raw Wash  Pel Mod
BHT 128-37-0  N.D. 1.0 589 63.1

98-54-4 N.D. N.D. 42 3.3
96-76-4 N.D. 33 64.7 725
128-39-2 N.D. N.D. 1.8 3.1

P-tert-butylphenol
2, 4-di-tert-butylphenol
2, 6-di-tert-butylphenol

Notes : N.D.represents not detected.

FLIE SCHE AR A Kk A= TE st BB B, 13 28 o 1Y)
PS5 & WERT . 2,4- T80T B8 & e 2R
Thim 2 64.7 pg/kg, iz B BOE & MM 28 W) B i
[ 50% , A i EE A M 2R 3 o A REY],
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Tab.4 Variation in odor intensity and odor type of recycled poly-

propylene across production stages

Item RPP-Raw  “''" Rpp.Pel RPP-Mod
Wash
Odor intensity score 6 6 5.5 5.8
Odor description Oily Oily Burnt Burnt

KA I A e HE A 3 R (RPP-Pel) 5 201 (RPP-
Mod)Fr B IGHT, SUARAR IR DL THAR IR WA 5% A5y
PRI, 5 Z R R R Y Bk A T
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Fig. 2 Changes in OAV of key odorants of recycled polypropylene

across production stages
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