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Real-Time Analysis of Polyvinyl Chloride Thermal Decomposition/Combustion
Products with Single Photon lonization/Photoelectron Ionization Online Mass

Spectrometer

CHEN Wen-dong'*, HOU Ke-yong', CHEN Ping'?, LI Fang-long’, ZHAO Wu-duo'?, CUI Hua-peng'*, HUA
Lei'? ,XIE Yuan-yuan'”,LI Hai-yang'

(1. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China; 3. Department of Chemistry, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: With the features of a broad range of ionizable compounds, reduced fragments and simple mass spectrum, a homemade
magnetic field enhanced photoelectron ionization (MEPEI) source combined with single photon ionization ( SPI) for time-of-flight mass
spectrometer was built and applied to analyze thermal decomposition/combustion products of polyvinyl chloride (PVC). The combined
ion source can be switched very fast between SPI mode and SPI-MEPEI mode for detecting different targeted compounds, and only
adjusting the voltage of the electrode in the ionization region to trigger the switch. Among the PVC thermal decomposition/combustion
products, HCI and CO, ,which ionization energies (12.74 eV, 13.77 eV respectively) were higher than the energy of photon (10. 60
eV), were ionized by MEPEI, while alkenes, dichloroethylene, benzene and its homologs, monochlorobenzene, styrene, indane,
naphthalene and its homologs were ionized by SPI and MEPEI simultaneously. Spectra of interested products as a function of
temperatures indicated that products are formed via two main mechanisms: (1) dechlorination and intramolecular cyclization can lead
to the formation of HCI, benzene and naphthalene at 250-370°C; (2) intermolecular crosslinking leads to the formation of alkyl
aromatics such as toluene and xylene/ethylbenzene at 380-510°C. The experimental results show that the combined ion source of SP1/
SPI-MEPEI for TOF-MS has broad application prospects in the online analysis field.
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thermal decomposition/combustion products

BB IEIRRLE S Y 0 FEEAL PRk 2 — A BABHH HCL, H R, |58, 2 ki
Bt B A AT A F RS IR IR eyt ) Hi HCL 238 i AE b i 4 s %
Gt YRHE S, B L (polyvinyl chloride,
PVC) s RKAY L. LA, R PVC ™5 wmEm. 2012-03-10, 89T B#A: 2012-05-02
SENEKC 2011 AR EIKEIN 295,207 | PVC g EETE: R R et (2011AA060602)
WY T A T AR UG L B 7oy YA BESCHCI87 - ) 8 BRI, 01 ) 2

. L JFTE A IR S LR FH , E-mail ; wendongchen@ dicp. ac. cn
%iﬁﬁ’f—f IE] W N iﬁﬁ%ﬁé PVC E"J fﬁ&ﬁ%/&%ﬁéj; # G HIE R A, E-mail : houky@ dicp. ac. cn; hli@ dicp. ac. cn



134 WRISCRAE . BT/ JGH RSOSSN 7 SR S8 s A ik b= 35

2 BEARZ AR | {2 i e e 1) A SOY B RR TR
T HET, CALLAMERS | AR R B |
L I A 45 8 T e T A AR R PVC
(A3 i/ R A8 7 W AT ARG DN L 200 52 346 00 28 43
AT TR AR A B B A BRI

TELR T DA HAG I S PP | B 0 B A0 e P T
W i AR be s B A RIS PYVC
R ARG itk AR 77 W) 52 2 A% 8 1 H 15 i H S R
(electron ionization, EI) /170 eV BYH T 55T
Tl P, 2 257 A KR IR R B, U S S BB
WIS 2, s it R e M D) Y DA T - 8000 i 45 SR 43
ARUERG L D34 AR A o i R T R
R AL £ O B S R 5 o SRS L P Rl
( single photon ionization, SPI) J&4§ ¥ i/ F W —
AT IREE, H WY AE & X T H R B RR M 2k 25
— T PER R, ERAW R BT G
FAE R H, FEAE R TG b Tz T Adam
SFUTUR O O T R B R L PR R 2ok T AL R
(resonance enhanced multiphoton ionization, REMPI)
AT ] TSRS PVC B/ SR e v ) M
ke ik ANGTRE . 207 [H HCL A
CO, INHLBJRE(12. 74 eV | 13.77 V) KT T g
(10.49 eV ) i AHHK H. Li S 5% 0T 818 7 4
RS E AR AN G BRAE 13,00 eV L TFRER T
K] PVC FAIM A £ 27 HCL e ),
ZHUB IR BE T T B . B  H 0T L B R
RIPNETREEMALS W IO L B, SCHk[19,20 ] BF
il 7 BOG 7 LB RO B HL B ( photoelectron
ionization , PEI)E{é§qig%ﬂﬁ. PEI ) F ' |, %% vy 7=
A R L e F 3 I A AT LR A X
TAESGE EI L B IR A IR T 55, PET B8 1 1 5
FVFIZ L B IR R i 1SR T s AT, AT AT LA i
FERHERE R e e i A B R, IR HL R T
RSTREIN EALTEIL W, 5E Ik VARG BT Bk &2
A RUES IR T AR, B B AE R TOE T BEE (10. 60 V)
Mtk a it PEL IR RS LB RE/ N TOL TRER
ALE ), it SPI-PEL 2 A B By, I d & T
L BRSSO . PET = 2241 X 25 R
TOLT RS,y 1T S5 hRME E1 & E 2EAT
PERELLXT , B4 & 1Y PEL HLBIRZ R 70 eV (1)
JEHLT TS E AR R B, S R ARIR G o b
AN

S8 EE A AT IR A9 AR RE DG HEL 1 37 1 5 H S
( MEPEL) % ¥ B (SP) & A M B iEY (K fg

(16.40 eV) 1Y PEI RERED™ J FL 55 U 1) H B i il ,
AP R E IR R 81 RGO 7 ief iz
Bl AR HLRRAR T O Tt A4 5 T H
BRI B R LA S A RS Y R AU

5T R SPI-MEPEL & £ HL 25 5K A7 B[]
i FELR M PVC It/ SR Be =1, B T =9
(A T B I 8 1) A8 AR ST T 7= W A T 1
B, LA RS (BRI 0, & 4 ) X PVC #4441
it/ WA BE T 5 ).

1 #R5EFEE

1.1 AXEREs S B

SCERAEEANE 1 Fias, PVC BE S e I 3
B HEATINER ]SSR R TR IR R
R S FH R R . R B AN S AR
] 3 1, U A SR A TS T AT, B
A AT LRI, B 15 B v Bk B0 AR 1d 12
RN, 5700 3 A 245

BES ﬁﬂ‘ﬁﬁ"ﬁi‘%\%ﬂ

G\ MR r—
= Ll S S

L
—»

PR T
® PEIF= B 1
B PEIJSPIE A HLE X

1 XBRETE
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Fig. 2 Mass spectra of PVC combustion products
in air at 280°C and 430C

Table 1 ~ Combustion products of PVC in air
m/z L&Y TR/ C
36, 38 H3Cl, H¥Cl 300
42 [ 460
44 Co, 600
56 Th 460
70 K 460
78 FS 300
84 [=p 460
92 FHoR 430
96, 98, 100 TR 460
104 L 460
106 THZ, R 460
112, 114 EF S 310
118 Ef1 1 460
120 PEER = HISEOR B R 470
128 ES 310
132 25 460
142 F 28 480
154 LIEZE 460
156 CIEEE, THIFEZE 480
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B8, A3 56 B TRLEE 250 ~ 370°C F1 380 ~ 510°C , % 45
SRR X PVC A 4 T T 5 00 45 SR A —
B R 250 ~370°C 1, EEEYEHICL, K
25, HAS S 5mBEAE 300°C I ik B ek, bt PVC 1%
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Fig. 5 Ion intensities of HCI, dichloroethylene, dichlorobenzene, methylnaphthalene and CO, in different carrier gases as a function of temperature
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