Fa1E F2W
2020 4F 4 H

AR ® # X 2 2 #
JOURNAL OF TAIYUAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Vol.41 No.2
Apr. 2020

XEHS:1673 -2057(2020)02 - 0094 - 06

ETREAMEKYNEK HBX TZ R HERHHE

|

mER  EAER . F B HAA IRE FER THW
(1 RRAH KRS IR 5 & o5 1, KR 03002452, b B 5 12 1 M BBIRAL 557 52 41
HARHFALFBAREEELEHE, M 510630)

H E.BS AR RAE-GC-MS/FID 547, AR T 4N BARR T LIRY (b B IR KA otk
FY ) VOCs $HEAAFAE 25 R A . & 15 TVOCs AT 3R E (12 531.81 +6 318.20 wg/m’) > K%
(5 882.49 +2 850.80 wg/m’) > ¥k & 4 (2 193.43 +1 030. 18 pg/m’) > # £ (789. 66 +175.93 ug/
m'), KL 1 -THh ECRAHEBANEIREY;| - THAERLZERRAILEIRBATEA
FR GGGV ORAHFAEEZARLER 1 -THAE, BE BERRABWA T B/T(1.35~3.12)
LR E— % R FH Y B B/T A 0.47, HRHAZILTE O, A RN RABRAEY (TKFH A
51.23% ~95.14% ) , P 1| — T o O AR A

KGR BT AN R RS R A RS R

fE 45 2S5 X511 XEARERS: A

FERAEA N (VOCs) 15 5 2k H AT ek 28
MR BB, 72 VOCs AMUA F #HER
5, 17 LIRS XM R A5 (L 0, L PM, o
FHAE ) B SCSERT A X 2 531 R IR HE
BB AT, 1995 4E VOCs 1Y A K TR HE ik
oM 13,1 Tg 2005 44 20. 1 Tg i3] 2020 4F 1]
WK ZE25.9 Tg

TR R 5315 AT A S 45 HEIOUR Ak 0 1Y) 20 B
SFAE R AT HE IR TR ) | HE O B S A R
Tk YRR VOCs HERC R ZR IR, o Ah TR HE
H—F B O RE T HERCE VOCs 11k 2#
B W 22 ), BRREFR 2552 VOCs fh2E
B BRI R A ) B R - T
M O IECORERUR 0 B R AR B s T B
FEHEL C2 - C4 LAY LA RCE R,
R be T 2N SRR S 2552 VOCs T8 4 1E
R SHOR R e, CM SBe TNTEE | PY ER

8 HE9:2019-11-01

doi;10.3969/j. issn. 1673 —2057.2020. 02. 003

MG, RAA Y R B LA | 2, | P s
RRETBERNFEA ST . T M0 2
Ji% VOCs HEBURRAE Y 22 5, WU ATl (1 R AE 49 o 2
FOR  CORA R AR AT Mk (B | ik
)R NER TR, 2R RS OVOCs i bb R ik
80% ", LRGBS TR A, — T4 LY T
BRRE R BRAE R AR 225 5 — T, Y
AT AER ) b2 B i A R 55 K e T 3 45 T, 1
AR A S R I 3k s 1) 4 Sk K iz HLAS [R]AF 5
H VOCs WAL 2 IR A7 e 22 5 0 g R ar
A AR AR 48 T UR R o3 o T R L T2
EEYIFN VOCs BTG Yedas il T2

ARBFFEET Xt AN R T A R Ah | BR AR Bk
FT A AV HEBOR A, B T 45 )% VOCs 1 HE
JCREAE , ) $5e K0 it s 7 1 R B0 (MIR) Al 3 T
& T2 R B A A B 35 (OFP) |, LU 58 35 3K ]
AHAL VOCs WF 51, A i o T g 428 ] B3 4 it

HEEWB . FR A RES (41172316) ;G50 S H2E 3 S AEMF 5T 3L 42 (41728008 ) 5 LI PG 4 W55 AL A 5 A B 00 H (2019SY498)
EEB N S FE(1992-) , Lo WA, R 7 7 A L WA WU HERC S ) AR VE S ARk AE 2047 , E-mail ; heqs@

tyust. edu. cn,



541 B2 A LT R A RTIRY AR A OC T2 B HEBUCRRAE 95
B X PR RR AR P F2(5)
. Fs wEY Fe wEY
1 SEIeFFE 7 SR 36 E¥k
8 S -2- 1% 37 WETHE
1.1 HRXE 9 215 ) 38 E Sk
BIFGERTSEAR BT th e sl BRI AR Bk o Lod 2 e
AR RS BT T IR, T A5 A SR 0 7k i %ﬁ
154, BARFE S S BOLER 1, TEBDREENLE, R 3 ik ) FES
4 BT TR S W B ARG ) AT i 14 STk 43 xS
i F 26 T 17 Tedlar RAESEHEFT VOCs BEHH R 15 ETH i Il = i
g o\ . 16 e 45 Nt — F 2
KR4S =N )
%fgfﬁwﬁéﬁfﬁ‘ﬁu,%ﬁﬁﬁm i Nj(?9 231%7) = R i 0
l;:_l:’foI%‘ﬁEo E?ﬁﬁﬁ*ﬁ*,ﬁ:%%%ﬁé#*ﬁﬁuﬂﬁﬁm 18 2’2_:[5‘3%]"‘}:;6 47 QB:EF!K
B ES AT A YR £ DL R AR P R, R 19 ok 48 CASES
BRI ACKAE O G, B e BUR A 3 ~5 20 2,3- BT ke 49 IENZE
min FHERAS R 925 A, SRORE N 3 R = ?iigﬁ g? 1-2’;@;
i RE SP AR 92 EL 4o . - VS - -3-
%Jﬂﬁﬁlﬁgl,fﬁﬂi%{ﬁgﬁﬂiﬂﬁ 203 mL/min /245, >3 ok 5 L35 =%
KAEE RS IR BB O AT, REEJ5 — N i2E 24 F LR o 53 it 2, e 4
17507, 25 2, 4- T HUE b 54 1,2,4-—HiZE
F1 ERRRHEEOEMES 26 Ho ki 55 1,2,3-=H%
Tab. 1 Detailed information of sampling 27 2-IPEC b 56 1,3- 25
points in this study 28 2,3- IR 57 POV 3
TR AT | X W A | REA 29 3-HRC b
AR s [REE C | /% | TRV | B o
g 13.1 50.2 3.8 12.3 3 2 HR5ITRR
besh 18.4 49.0 10.8 28.3 4
BRI 3.1 45.6 10 28.3 5 2.1 VOCs k¥
Prikmyr| 16.2 63.0 4.8 12.6 3 Bl AT AR IX (A Begh BRI,
1.2 #H@mHH KRR ) T HERE & VA HLAD 0 Sk B K S B 4% 21

il IR T4 e 45 4% ( Entech 7100 ) X BT R
FEM AT IAL B, SR J5 R ASOM €535 BT 1% (MSD ) /
SKMAE T (FID) (Agilent 7890A/5975C, USA) %}
FEM AT 3 B R

TR AR 2 850 M 52 35 40 DG 1% o7 o 3 il 5 o i
TRAIEDL He 0 (05T . ASWFGE 4G Hh 57 &
PRV (3R 2) 456 10 PGS, 1 Fhbiekz 29
Fhels 17 M5 s

F2 AWMRAEEN VOCs L&Y
Tab.2 VOCs detected in this study

75 &Y 5 &Y
1 YR 30 | 2,2,4-= Wk
2 W 31 1E Pk
3 1-T I 32 F 3L 2 o
4 J-2- T H 33 |2,3,4-=H b
5 -2-T H 34 2-H LB
6 -1 35 3-F L BEbE

it AR BREh BRIEIML SRk 0 i S B 4y
14 789.66 +175.93 wg/m’,5 882.49 =2 850. 80
pg/m’,12 531.81 +6 318.20 pg/m’ Fl1 2 193.43 =+
1 030. 18 pg/m’, EREIMHS TVOCs 1k B 7K - fie
151, AT RE T BR AT 2R PEAR 0 B 10 - R0 25 ik 4
AR B il T RSB T iL, T2 VOCs AR i, H
U BRASHLHE RO A, G R b VOCs 2 i 5 il Y
AR K LR E o 55 v 43 R M) O G, e 28 L,
SMIEHE R bRl R R e | Bl 7
BRAT A 7 e P XU R R A A e il R K Y 2ok
T Z TP HE TVOCs B¥E B K3 /INF Bk I 1 e
S AR g A S ) I 5 e 4l A R gk ack AR Al 2 3
PIHECRAE , & IR 72 OC HERU L 28 K T 8k
AR MR TR R R RA R R4 s
SRR B W S A R, R AR
HE AR LA TVOCs YR BE /K15 f] 214 fiy



96 PN S S N - 2020 4
E}%*H \i/[ ° 5 T e ek R 0]
0{
100 8 A 27 B B deke E5 35 &% % TVOC . H
5
1 20000 42 —‘ El 10 —“_“—‘EHH 20 H 25 30 35 I—Lllﬂmm'—‘-’li 50 55 o)
80 L Q\N 40
S
. {15000 7 e H
g E ] cmn o ol [l
J_ié[()() 3 1.81 g ﬁ gg EI ]UI‘I n %0 75 30 35 40 45 50 £
) S} m
& ’ 410000 fé =3 :; T
Hao} f = }
) N 3
S » HHHH 45000 53 = 5 10 15 zon 25 30 35 n4u 45“ ; 55 @
20 o Dl )
72966 2 M
' ‘ 3| P 5 I Jb ne
0 - L - L === 0 5 10 15 20 25 30 35 40 45 50 55
Ay ] Bk PREk (1) HifE (2) Begs (3) BRI (4) FRekep

1 {BIZHE VOCs BIREKERZHN G
Fig. 1 Mass concentration and group weight percentages

of TVOCs in each emission process
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Fig.2 VOCs source profiles of the emissions from
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Tab.4 BTEX ratios from different VOCs sources.

HERCR B T E X it
JRHRE 0.2 10.2|1.0|1.7

M. | BAMEEFA 0.3 1 0.4 | 1.0 | 1.7 | [5]
RAEYF | 9.4 | 3.6 | 1.0 | 1.9

YR | BRFER | 9.5 | 6.6 | 1.0 | 4.0 | [18]

Mizhsd | KERS | 2.4 | 4.2 1.0 5.2 (17]
K | EahZER | 3.5 110.0] 1.0 | 3.1

TR 03 e 10| v0]

TolkFEX | gl | 1.0 [14.9] 1.0 | 1.3 | [9]
e 1.5 0.9 1.0 1.3

sk 1.1 | 0.4 |1.0]1.2 .

e BR A 0.6 0.4 | 1.0 1.1 BRI
PRk 0.2 0.4 |1.01.1

2.4 REEMEZ(OFP)

Cheng 25" 5 #F 57 B8 Je Howi 4R 9 it % B1L
VOCs BB 251 0, 9 K . Geng &2V BEST K
B, O, B9k 2A A iz VOCs MR BE 520, HAS RG24
X O B TTERAS [R], SEAF T VOCs 1 HE

JCRIE SR A S O, I HZ R, AHFFE A %
KA WM R B (MIR) v 43 #7754 A s 5, i
LR 0 L A RS, BRSO
.
OFP, = MIR. x C, (1)
OFP, = MIR, x f (2)

K. OFP, MALE Y i 19 5L A OIS # (png/
m’) , OFP, FHERCIE j HE AL BT i 19 VOCs Hifk
EY TR O/ (g/g) , MIR, NALEW) | H
RIGE S RNE R (g 0,/ gVOCs) (i Carter2010
BIEME) , C ARG Y i B9 B (ng/m?) , £, 10K
JHEBCIE i AL E P B A SR

RSB T s T2 AT 10 F
VOCs ) OFP, 5 & OFP 1) 87.04 ~96.14% , 45T
il R OB RS TVOCs 1Y ¥k (H
AHAL, 3K M0 A< (104 362. 04 pg/m’) > BE4EHL
(37 614.13 pg/m’) >HKE D (7 199. 83 pg/m’)
> £ (3 389.52 pg/m’)

AWFFEERT 4 A L2 A B HE VOCs 7Y
B U A BURR A 3 #OR JA J ( TTHR IR 51, 23
~95.14% ) , H4 T 203 A8 O, 4= i B e RS AT
S - TR AR AR BRAh RIAFI R B = b ) DTk
I3 1.81 4.23.7.35.1.23 g 0,/g VOCs, & 1-
TSN, AR T 5 (0.62 ¢ 0,/g VOCs) |
A (0.40 g 0,/g VOCs) . L4 (0.36 g 0,/¢g
VOCs) FllE] (0. 14 g 0,/g VOCs) X} OFP Ay
WA B K TTHR (5 OFP 4 35.42% ) ; K& 400
P T s A E] — F 28X OFP A — % BT ik
(17.68% ) ; £ PR s R T 45 %5 33K A1 41 <. 0O,
B9 A= A BTHR (5. 819% ) ; 2K 2. M55 (0. 86 g 0,/g
VOCs) I TH#5(0.19 g 0,/g VOCs) . L% (0. 18
g 0,/gVOCs) | [H] ZH Z£ (0. 12 g 0,/g VOCs) FIH
M (0. 11 g 0,/g VOCs ) X H 8k i 1 < rb &L OFP
TR 35 44.43% .

%5 £IF VOCs IREEKGHE

Tab. 5 Ozone formation potential of VOCs emitted from different process
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98 PN S S5 2 N S (14 2020 4F
F5(4k)
Ap:s Badk ERHA] oIl
W-2-T %5 | 489.36 | 14.44 | 0.62 | 1749.64 | 4.65 | 0.30 | 1163.96 | 1.12 | 0.09 | 412.01 | 5.72 | 0.19
S 64.02 1.89 | 0.08 115.61 0.31 | 0.02 163.80 | 0.16 | 0.01 | 99.64 | 1.38 | 0.05
IECkE | 77.66 | 2.29 | 0.10 99.73 0.27 | 0.02 | 116.59 | 0.11 | 0.01 | 93.23 | 1.29 | 0.04
R 58. 14 1.72 | 0.07 320.10 | 0.85 | 0.05 | 134.28 | 0.13 | 0.01 | 76.69 | 1.07 | 0.03
4% S 49.08 1.45 | 0.06 | 666.74 | 1.77 | 0.11 | 250.19 | 0.24 | 0.02 | 142.71 | 1.98 | 0.07
B —H 2 | 107.06 | 3.16 | 0.14 | 1628.78 | 4.33 | 0.28 | 448.27 | 0.43 | 0.04 | 265.51 | 3.69 | 0.12
W2 | 319.79 | 9.43 | 0.40 | 551.70 | 1.47 | 0.09 | 1010.55 | 0.97 | 0.08 | 1876.01 | 26.06 | 0.86
ke 2390.75 | 70.53 | 3.03 | 31255.42 |83.09 | 5.31 | 99292.26 |95.14 | 7.92 |3950.74 | 54.87 | 1.80
Po 2.53 0.07 | 0.00 131.70 | 0.35 | 0.02 92.93 0.09 | 0.01 | 30.69 | 0.43 | 0.0l
Stk 209.23 | 8.83 | 0.38 | 1142.30 | 3.04 | 0.19 | 1286.64 | 1.23 | 0.10 | 540.50 | 7.51 | 0.25
FEK | 697.01 | 20.56 | 0.88 | 5084.72 |13.52 | 0.86 | 3690.20 | 3.54 | 0.29 |2677.90 | 37.19 | 1.22
TVOCs | 3389.52 [100.00 | 4.29 | 37614.13 |100.00| 6.39 | 104362.04 [100.00| 8.33 | 7199.83 | 100.00 | 3.28

a: REAERBHYE ug/m’ ;b

3 &g

(1) MRS i A Begs BRI S 4 TVOCs
PR35 0 789. 66 +175.93 wg/m’ 5 882. 49
+2 850.80 pg/m’ 12 531.81 +6 318.20 wg/m’ fll
2193.43 +1 030.18 wg/m’,

(2) I R A& A b AR Y, Kb 2R O
(23.41% ) 1-THi(18.61 %) IECKE(7.93% )l
FEAAY) A BRI T 2 PR VOCs ¥ LA
Ik (52.90 £9.06) % . (80.81 +12.03)% J FH

S

:%iiﬁ%%%ﬁﬁ%;mﬁﬁvmxiﬁ%i%%gogwm

g3, o 2 VOCs BRI R 1- T4 s Bk b HE
ﬁﬂlﬂ’]llm*ﬁ%‘kz(% 35 £15.58) % & ke, K
I 20 (49. 44 % ) R EE Y,

(3) thfE  Besh BRI A B/T (1. 35 -
3.12) SHERAE W) BT RR B AR AR — B, Rk R
B/T {H Shi SF836 Frad PR AR

(4) RWFFTANE T 4 A T80k 7= ok 2 HE ik
VOCs 5 AU AE BT S B0 A 4 41 02 M I ( Bk s
iK51.23 ~95.14) % , H4 T2 O, 4 il i) fe il
JREAARHR R 1- T H

(1]

AN T,HUANG Y,LI G,et al. Pollution profiles and health risk assessment of VOCs emitted during e-waste dismantling proces-

ses associated with different dismantling methods[ J|. Environment International ,2014 ,73(4) :186-194.

[2] ATKINSON R. Atmospheric chemistry of VOCs and NOx[ J ]. Atmospheric Environment,2000,34(12) ;2063-2101.

[3] KROLLJH,NG N L,MURPHY S M, et al. Secondary organic aerosol formation from isoprene photooxidation[ J]. Environmental
Science & Technology,2006,40(6) ;1869-1877.

[4] WEI W,WANG S,HAO J,et al. Projection of anthropogenic volatile organic compounds ( VOCs) emissions in China for the pe-
riod 2010-2020[ J]. Atmospheric Environment,2011,45(38) :6863-6871.

[5] YAN Y,CHAO Y,LIN P,et al. Emission characteristics of volatile organic compounds from coal-, coal gangue-,and biomass-
fired power plants in China[ J]. Atmospheric Environment,2016,143.:261-269.

[6] WANG H,LOU S,HUANG C,et al. Source profiles of volatile organic compounds from hiomass burning in Yangtze River Delta,
China[ J]. Aerosol and Air Quality Research,2014,14(13) :818-828.

[7] WANG S,WEI W,LI D, et al. Characteristics of gaseous pollutants from biofuel-stoves in rural China[ J]. Atmospheric Environ-
ment 2009 ,43(27) :4148-4154.

(8] ZEZLWH, A%, s Be . 1020 b R U R 00 4o I R 4 R PR DL HE O 3 S R R SR [ 1], SRR 22,2017, 38
2617-2628.

[9] SHIJ,DENG H ,BAI Z ,et al. Emission and profile characteristic of volatile organic compounds emitted from coke production,iron

[10]

smelt , heating station and power plant in Liaoning Province, China[ J]. Science of the Total Environment,2015,515-516;101-108.

EHE B0, 250, 25 AR T B4t i A VOCs WHERT IR gk e[ T 1. 4%k ,2018,53.1-7.



5541 5 2 W A A ST AT IR AR R DG T B HE AR 99

[11] TSAIJ H,LIN K H,CHEN C Y,et al. Volatile organic compound constituents from an integrated iron and steel facility[J].
Journal of Hazardous Materials,2008,157(2) :569-578.
[12] HE Q,YAN Y,LI H,et al. Characteristics and reactivity of volatile organic compounds from non-coal emission sources in China

[J]. Atmospheric Environment,2015,115,153-162.

[13]  kakA:, Rass BhJal, 46 ARk T HERUBORL Y H Bk 2 73 A RRAE[ T ] . BR45RL% 2017 ,38 :3102-3109.

[14]  frdkAdz, TRl S E S 55, AR P RIS R HEORRRE )] . PRERF#,2005,26 :17-21.

(157 WS okl 28 SOMORL A BT L3RR LA 1 F5E [ D] F K%, 2006.

[16] WANG X ,SHENG G ,FU J ,et al. Urban roadside aromatic hydrocarbons in three cities of the Pearl River Delta, People’s Re-

public of China[ J]. Atmospheric Environment,2002,36(33) :5141-5148.

[17] GENTNER D R, WORTON D R,ISAACMAN G, et al. Chemical Composition of Gas-Phase Organic Carbon Emissions from
Motor Vehicles and Implications for Ozone Production[ J]. Environmental Science & Technology,2013,47(20) :11837-11848.

[18] LI X ,WANG S ,DUAN L ,et al. Characterization of non-methane hydrocarbons emitted from open burning of wheat straw and
corn stover in China[ J]. Environmental Research Letters,2009 ,4(4) ;:044015.

[19] CHOI SW ,PARKS W ,LEE C S ,et al. Patterns of VOC and BTEX concentration in ambient air around industrial sources in
Daegu,Korea[ J]. Journal of Environmental Science and Health,Part A,2009,44 (1) :99-107.

[20] CHENG H,GUO H,WANG X, et al. Erratum to:On the relationship between ozone and its precursors in the Pearl River Delta:
application of an observation-based model ( OBM) [ J]. Environmental Science and Pollution Research,2010,17 (8):
1491-1492.

[21] GENG F ,CAI C ,TIE X ,et al. Analysis of VOC emissions using PCA/APCS receptor model at city of Shanghai,China[ J].
Journal of Atmospheric Chemistry,2009,62(3) :229-247.

[22] LIG,CHENG S,LI J,et al. Characterization of ambient ozone and its precursors around a coking plant [ J]. Environmental Mo-
nitoring and Assessment,2014,186:3165-3179.

Emission Characteristics of Ozone Precursors from Steel
Plants on Coal-related Processes

GAO Xue-ying', YAN Yu-cheng' ,LI Jie' ,GUO Li-li' ,HE Qiu-sheng',
LI Hong-yan' ,WANG Xin-ming’
(1. College of Environment and Safety, Taiyuan University of Science and Technology , Taiyuan 030024 , China;

2. State Key Laboratory of Organic Geochemistry , Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences, Guangzhou 510630, China)

Abstract: VOCs source characteristics from Coal related processes ( coking, sintering, pelletizing and iron smel-
ting) in steel plant were studied using Tedlar bag sampling -GC-MS/FID analysis system. The results showed that
the concentration of TVOCs in each process was as follows ; pelletizing (12 531.81 +6 318.20 pg/m’) > sintering
(5 882.49 +2 850.80 wg/m’) > iron smelting (2 193.43 +1 030. 18 pg/m’) > coking (789.66 +175.93 pg/
m’ ). The most abundant compounds were styrene, 1-butene and n-hexane during coking. 1-butene was the most a-
bundant compounds in the flue gases of sintering and pelletizing processes,and the main species from iron smelting
were styrene and 1-butene. The ratios of B/T during coking, sintering and pelletizing was 1.35-3. 21, which could
be considered as the characteristics of coal combustion. The ratio of B/T during iron smelting was 0. 47. Alkenes
was the most sensitive component ( contributing up to 51.23% ~95.14% ) in the process for O, formation,and 1-
butene was the most sensitive monomer compound.
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