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Fig. 1 Production process diagram of resin product
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Tab. 1 Preparation of standard solution concentration

Standard name

Mother liquor concentration/(mg-kg™)

Standard solution series concentration /(mg-kg")

Undecane 644

Ethyl octanoate 3.7
Octanal 1.13
Linalool 38.33

161.0, 32.20, 10.77, 3.58, 0.89
1.85,0.767, 0.383, 0.192
0.57,0.28, 0.14, 0.07

19.165, 9.583, 4.14, 0.958

L 10 °C/min F+ 3 % 80 °C, £ #F 10 min; £ LA 10 °C/
min FHiff £ 240 °C, £ 10 min; 2 FBEFE 10:1; 30
NS (AE=99.999%) , it iE 4 0.8 mL/min.

MS A B FURELE, FETRER 70 eV, 5 T U4

T EE N 200 °C, it & 43550 [l (m/z) 4 33~400, KA TT
7 Scan.
133 & =% &% GCxGC-TOF/MS 2 #1 & 4+: 5%
SCHERUINA 25 A . GC 2% A - — 4E 4 K Fl DB-WAX
(30 mx0.25 mmx0.25 um) , — 4E = % /il DB-17MS
(1.195 mx0.25 mmx0.15 pm) ; &< N E LA <, I
TN 1 mL/min; 3 FE TR B 250 °C, A 70 i ik Ff
FE IR A6 0 TH R FE 7 A AT 40 °C 5 £ 4F 10 min, DA
3 °C/min F} £ 230 °C, 3£ 73.33 min. il £~ HV
(C5-C30), 1.1 mo. SSM i il #% : 2F & & i B N
30 °CCHEXT T GCHAFIRE) , H R FE 2N 120 °CH
XF T GC A A IR 2D, f e il B 320 °C, ¥ X IR
H—51°C, KA 6 s.

MS A L HE R, R N —T70 V, 51
PR B O 220 °C, AR T 2R IR 5 D 230 °C 5 K 4434
77 2 R A TG Fl (m/z) N 40~500; 1345 HE F N5
100 %, AIEEHE N —1750 V.
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Fig. 2 Standard curves of standard solution concentration: (a) standard curve of octanal; (b) standard
curve of undecane; (c¢) standard curve of linalool; (d) standard curve of ethyl octanoate
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Fig. 3 Total ion flow diagram of 5 samples: (A) total ion flow diagram of resin raw material; (B) total ion flow diagram of
additives I; (C) total ion flow diagram of additives II; (D) total ion flow diagram of resin I; (E) total ion flow
diagram of resin II; (F) total ion flow diagram of 5 samples
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Fig. 4 GCxGC-TOF/MS results of resin I and resin II: (a) GCxGC-TOF/MS chromatogram of resin I;
(b) GCxGC-TOF/MS chromatogram in 3D version of resin I;
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Fig. 5 Volatile compounds in resin 1 and resin 2 by GC x GC-TOF/MS: (a) number of volatile compounds of
volatile compounds; (b) relative content of volatile compounds
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FH N 422.75 mg/kg, HHUEW S EN 87.73%. BE
KRB B EEIRZ 73781712 mg/
kg, 11.67 mg/kg 1 15.33 mg/kg, % b5 1L & W w & 1)
3.39%,2.31%M13.04%. HRJLFLEMEERD,
BIA 2 5.0 mg/kg, B 2 HABKAL G 2B E
Wi & BB, A 2.49 mg/kg, 54k & W R 1)
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Fig. 6 Wayne diagram of the detection results of volatile compound
of resin I and resin II by GC/MS and GCxGC-TOF/MS: (A)
GCxGC-TOF/MS test results of resin I; (B) GCxGC-TOF/
MS test results of resin II; (C) GC/MS test result of resin I;
(D) GC/MS test result of resin II
numbers in the intersection position indicate the intersection
between samples, and not in the intersection position indicates
that the sample itself is unique
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Tab. 2 Comparison of volatile compounds in the resins detected by GC/MS and GCxGC-TOF/MS

Resin 1 Resin II
Type of GCxGC-TOF/MS GC/MS GCxGC-TOF/MS GC/MS
compounds  Number Content/(mg-kg') Number Content/(mg-kg') Number Content/(mg-kg') Number Content/(mg-kg")
Alkanes 51 420.864 31 429.019 58 442.751 42 585.346
Alcohols 8 10.095 16 5.294 8 17.119 12 5.85
Aldehydes 10 8.367 — — 10 11.673 1 0.076
Esters 9 5.958 2 0.335 5 4.496 1 0.298
Ketones 5 2.27 — — 10 3.127 — —
Benzene rings 8 1.392 3 14.586 6 3.073 4 7.419
Acids 5 5.456 — — 4 15.332 — —
Ethers 7 8.649 1 0.218 2 2.944 1 2.612
Alkene 3 2.924 4 12.252 2 2.296 3 0.472
Others 7 10.754 1 0.259 4 1.846 1 0.117
Total 113 476.729 58 461.963 109 504.657 65 602.19

note: "—" indicates that no such compound was detected in this sample



Tab. 3 Odor characteristics and OAV of odorants

Number Compound Odor Threshold value ~ Resinraw ma  Additive I Additive I ResinI  Resin II
P characteristic /(mg-kg") terials(OAV) (OAV) (OAV) (OAV) (OAV)
Ketones
Milky, soapy, _ _ _ —
1 2-Nonanone grassy 0.025 2.75
2 2-decenone Orange, greasy 0.009 — — 11.75 — —
3 2-Tridecone one Waxy, soapy, 0.5 — — 0.15 — —
grassy ) :
Benzene
rings
4 Toluene Smell of paint 0.14 — 274.37 — 1.1 —
5 Ethylbenzene Aromatic, 0.072 — 1.71 26.39 — —
gasoline
6 Paraxylene Kerosene smell 8.7 — 0.013 0.33 — —
7 M-xylene Plastic smell 5.0 — 0.058 0.96 — 0.006
Pungent
8 O-xylene geranium flavor 33 0.073 1.59 3.54 1.02 1.16
9 styrene _ Balsamic 0.022 — — 3.64 — —
vinegar, gasoline
Aldehydes
10 Myristical Floral, waxy 0.06 — — 1.06 — —
11 Tridecaldehyde Musty odor 0.045 — — 1.82 — —
12 Pentadecadehyde Flavor 0.06 — — 1.02 — —
13 n-Octanaldehyde Greasy, 0.0001 — — 723.65 — —
soapy, grassy
Greasy, _ _ . .
14 Nonanal citrus, grassy 0.045 5.51
15 decanal Soapy flavor, orange peel 0.005 — — - 876 4638
flavor, tallow flavor
Alcohols
16 Ethanol Medicinal taste, 90 — — 0.002 — —
alcohol smell
17 n-Hexanol Food packaging material 02 — 15 4.65 — —
taste, grass smell
18 trans-2-Octen-1-ol Soapy, plastic NG — — — — —
19 n-Octanol Chemical reagents, 0.054 — 330 26.85 - —
metallic smell, burnt smell
20 2-Ethyl-1-hexanol Rose, grass 0.054 — 1.19 1.15 98.61 157.15
21 Dipropylene glycol Slight smell of alcohol 1600 — — 1.9x10° — —
22 Nonanol Greasy, grassy 0.002 — — 73 — —
23 n-Heptanol Smell of chemical 0.2 — — 5.25 — —
reagents, grass
24 n-Decanol Greasy taste 0.18 — 0.77 5.56 — —
25 Undecaloalcohol Citrus flavor 0.5 — — 0.112 — —
26 4-Undecanool Greasy, fatty 0.07 8.76 — — — 5.79
27 Dodecanool Greasy, waxy 0.066 0.59 — — 0.2 —




Alkanes
28 n-Hexane Special pungent odor 0.5 0.648 0.666 0.92 0.27 0.34
29 4-Methyloctane Smoky, alkane 0.94 6.03 0.34 0.27 2.34 5.22
30 Tetradecane Alkane smell 300 0.0014 — 0.0021 0.0005 0.0004
31 Cetane Alkane smell 300 0.37 0.0015 0.0044 0.351 0.355
Ethers
32 Die%‘g;’f’:tﬁgc"I Butanol odor 0.22 — - 0.01 0.12
Acids
33 Lauric acid Metallic taste 0.5 — 0.366 — — —
Esters
34 Methyl acetate Greasy, aromatic 0.05 — 77.78 2.72 — —
5 e ol - - - -
Others
36 2-Amylfuran M‘gﬁi:r‘;agrzﬁf:a’ 0.0048 — — 11.34 — —
note: "—" indicates that no such compound was detected in this sample

AXAE GC/MS B A I 3] ()45 R AP A 14 F, AX
£ GCxGC-TOF/MS H a2 1) #5 K S WA 34
i, b GC/MS R0l HE AL &4 2 20 Fi o

¥ GCxGC-TOF/MS 5 GC/MS Fa i &5 B 324k &
YIRS K &8I0 R, W Tab.2, 2 FhEOR Fiks Ak &4
PR EAEER, RRNRBENZER SR —
BEAR A T B R R Y T A Be i GC/MS KL 2

B 77 ST, GCxGC-TOF/MS E GC/MS £ 4
T H 7 R P 5T 6 PRSI 10 FREE R0 L5
FRERIR W 0T 5 P R P A0 S TR R P T . 1 I
R W) B AE GC/MS H AR RIS I
H, GCxGC-TOF/MS £t th 9 P 4 Fi i 10 Fe i |
AFPRIAE AP M BRI A . GCxGC-
TOF/MS ZE 8 g 7= it LU Aar il 1) GC/MS A H £ i
FAFRIEA AN -

ZRE AT, 2 PR AE AT A e R o 2504 H
HE R A YA LR ik R IA 2 B2 R 2SR
B R A, HR AT — i iR, 4 4
T AR I I PSS R 2R SR A A1) , T 36 S T
AV EA BN SREFAE . 752 P g 7= it
GCxGC-TOF/MS Lt GC/MS il i 111k & ¥ % 43
B, B UE NN TS T — 4E B ARG DU 25 IR, B0 R 0,
K H GC/MS 454 GCxGC-TOF/MS + A ] LA HE 4= [
b g AT SR 05 A R I () R DA il o

[

4 DTFRERAERREREMENSEERIRLE
AR
MR M H (1) 278 P R & &, TH R S R
VIR (1 OAV 18 . 4% OAV {1 1 W7 5 RE L B 7 K W i
HH R ASBR DT R BT 5 4 5 R ) SRR A BT OAV E
FSREF AR B, B0 Tab.3 s

WRAE BALA YD B SRAFAE & OAV {H , £ 57 )
W SRR (53 M 7792, 1 Tab.3 A& H, B
H R BN A B R SRR R % . TEBD
FUTHFAS HH 2R3 B e fa BRIV S SRR ol , Horp
R AR VAR 2R IE OB IEE I 2- 43 1-0
BE AN 2R H G 7 Fh Ak & 701K OAV > 1, 4 B AT A Bk
TTHRAI TR, [F) )t 3R B BT LA A 4 LA YRR L7
R R B R S5 SRR AT

B 7R L0 G 00 4 P S A0 O A D L 2R T R
Bl TR B A IR RA AW 79 AR OAV 18 H 5 Bh 7
I SR TR 5T, OAV=1 AL &6 17 B, &
SR 2- T 2- 28T L LR VAT R R LR VR
SEME T =T B LR ECRE. B
fi , LRE . IE Bl | 1E 5« 2018 HF A 2- T FE R I

W IE SR ARSI HE ) LA R R (R A B PR 2R ER
IR R AR 4 25, b OAV > 1 b &4
HILERE St )8 2 KA WA L 23 50l R 4-+— b BE A 4-
FH O S e, 4- FF R 2 Joe EL A 0 T TR A o A ) R
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SR 4= — e BE B RV IS 7 R B SRR AE
WK 4- F S B A 4 — e B 8 9 JEURE R IR Aok
SRR &4 . Fuller % F HS-SPME-GC/MS £
ARG P A B T o AR A, S e 2, 4- T H
BB (4L S e AL\ SR DU RE U 3 Bl &4
ST P AR I Y 32 AR IR, 4- R R S e A 2, 4-
HH R P e HL A B 2l B ) SRRSO . AR SCHE W IR
JEARE AR JIE 7= ot RS I 72 i T [ 5 A A 0 1) 4- F
B Lt

BRI 72 i H S AR A o PR R 0 & SR 5 R g TR A
oL, EEA KA B ke R A Y. K
OAV =1 B H| 58 26 A% , % 5 7= i TR SR ST iR o3
1. AN B =y s B N s ey QN Y e
I 2- 2 K -1- L, A% IR 72 TR Ak BT R4 Jo 9 40
THIK A b 4 F R b T VR 2- 2
FHo1-OUEE.

PG SRR I 7= i mp R DU H ) SR R
4-FRBE S B, MR 0 L 2, B S SO R B AT, 2
TR ity P G A HH SRR I R R OR VAT R
PR 2- £ - 1- U s BRI 77 i TORE 2 B FIL, 2 Fh A i
SRS H TR SR A SO AT — RO R T . X
W BT R AR AE N sk R e R BB 7R SN T
i, S ECL A R

3 g

A SCH ] GC/MS .GCxGC-TOF/MS H R R A
W5 1 B i S EL n T JEURERD B SR A B R AL S
Fah G0 TREEHAR, X H A SR R AT T
TEH MR, ZELE BT,

2 PR TERE S b LA I B 278 FlE R AL &
W1, GC/MS HARTERE S Hr R B Be ke I Jes B2 | T
PRI R R EY T . GCxGC-TOF/MS i
P 77 AR DN 25 SR 5 — o €035 S50 T AR oAb 7, I
G W) 380 — o 23 A HH 1 AT e B SRR AIE (1)
ENEN S el

MR & A VDI SRRRE & OAV A, HE W7 tH 4%
Jig JEORE B 700 B A I 7= i R ) 3 EEARRR ST R O -
MG>F TR R T I AR i 7 WK T sk A7 ot P4 2%
A, e R SR I SR AR i e T ek A A 5 S, FH DA
it 5 0 S R SR A i o T 2 St
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Combining SPME-GC/MS and SPME-GCxGC-TOF/MS Techniques
to Resolve Volatile Organic Compounds in Polyolefin Resins

Changxing Zhu', Dongbo Zhao’, Guangquan Li’, Yucheng He?, Xue Han', Xintao Hu? Zhaolin Li"*
(1. College of Biological Science and Technology, Beijing Forestry University, Beijing 100083, China;
2. Lanzhou Petrochemical Company, PetroChina Company Limited, Lanzhou 730060, China,
3. Lanzhou Chemical Research Center, China Petroleum and Petrochemical Research Institute, Beijing 100083,
China, 4. Beijing Key Laboratory of Forestry Food Safety and Processing, Beijing 100083, China)

ABSTRACT: Polyolefin resin is affected by raw materials, processing technology and various auxiliaries in
processing process, and the produced polyolefin resins will release volatile organic compounds to different
degrees, causing pollution to the environment and harm to human health. In this study, the polyolefin resin
products, resin raw materials and additives used in processing were used as experimental materials, and one-
dimensional chromatography technology (GC/MS combined with gas chromatography and mass spectrometry) and
full two-dimensional chromatography technology (two-dimensional gas chromatography and time- of-flight mass
spectrometry GC x GC- TOF/MS) were used to systematically characterize volatile organic compounds of
polyolefin resin. The molecular sensory evaluation technique was used to screen odor-contributing compounds and
reveal their chemical nature. The results show that 123 volatile compounds in 2 kinds of resin products, 109
volatile compounds in 2 kinds of auxiliaries, 57 volatile compounds in 1 kind of raw material were detected by GC/
MS, a total of 159 volatile organic compounds. A total of 222 volatile compounds were detected by GCxGC-TOF/
MS technology, which could be divided into 149 kinds. Compared with one- dimensional chromatography
technology, the number of compounds is 99 more and the types of compounds are 43 more. A total of 278 volatile
compounds were detected by the two techniques, and 36 odor compounds were screened by molecular sensory
evaluation. The main odor contributing substances are 4-methyloctane, toluene, o-xylene, nonylaldehyde, capric
aldehyde and 2-ethyl-1-hexanol.

Keywords: GC/MS; GCxGC-TOF/MS ; polyolefin resin; volatile compounds; odor substances



