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Abstract

The process for petrochemical refining

Nz

N

and the application of fossil fuel were the
one of the main sources of air pollution. The
N-species and S-species, for example, H,S,
SO,, NOx, HNO,, HNO; and NHj were
brought into the atmosphere directly and
indirectly. It was found that a SOR (sulfur
oxidation ratio) value of >0.4 and a NOR
(nitrogen oxidation ratio) value of >0.15
strong photo-

represented a relatively

strong wind speeds led to a high SOR value,
but weak wind speeds led to a high NOR
value. This demonstrates that the gaseous S
species (SO,) that form sulfate aerosols are
transported from far away, whereas the N
NO, and

subsequently NO;™ are of local origin (due to

species that form gaseous
local traffic pollution emissions leading by
the application and combustion of fossil
fuel).

Keywords: petrochemical refining industry;
atmospheric environment; sulfur oxidation
oxidation ratio;

ratio; nitrogen

meteorological parameter.
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Figure 1. Mean chemical composition (%) of PM; s aerosols in Tainan urban area. (a) Daytime

in winter; (b) Nighttime in winter; (c¢) Daytime in spring; (d)nighttime in spring.
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Table 1. Comparison of SOR and NOR values which is more than 0.4 or less than 0.15 in various meteorological condition, O3 concentration, NSS-SO42'/

PM,; 5 mass ratio and NOs’/ PM; s mass ratio in Tainan urban area in winter and spring.

T (°C) RH (%) Ws(@ms')  Wp Os (ppb) NSS SO,%/PM, s mass

SOR>0.4(N=8) 17.7+2.4 70.3 £8.3 43+£1.5 N 33.9+18.1 0.23 +£0.05
Urban-winter

SOR<0.15(N=1) 23.8 90.9 1.8 ES 21.3 0.22

SOR>0.4(N=1) 29.2 64.3 4.0 NNW 48.3 0.13
Urban-spring

SOR<0.15(N=8) 26.8+£2.1 742 +£5.3 34+£21 S 15.7+£9.0 0.11+£0.03

T (°C) RH (%) Ws(ms") Wp O; (ppb) NO;3;/PM; s mass

NOR>0.15(N=10) 195+35 769+107 32+1.3 N 28.0£20.3 0.21+0.10
Urban-winter

NOR<0.05(N=2) 192+4.0 78.4+2.5 53+7.1 N 23.5+£9.1 0.04 +0.00

NOR>0.15(N=2) 27.1+£0.8 723+49 2.6£0.5 W 498 +233 0.07 £0.01
Urban-spring

NOR<0.05(N=10) 27.0+£2.5 753 £5.8 42+1.5 W 22.5+12.8 0.03 £0.01




Table 2. Comparison of sulfur and nitrogen oxidation ratios in various areas, Taiwan.

Location SOR/NOR
Taichung urban area PM;o SOR/NOR 0.14/0.04
Taichung coastal area PM;o SOR/NOR 0.18/0.06
(Tsai and Cheng, 1999)
Kaohsiung urban area (Lin, 2002) PM,, SOR/NOR 0.29/0.12
PM, 5 SOR/NOR 0.18/0.06
Winter, Tainan urban area PM, 5 SOR/NOR 0.36%+0.12/0.13£0.08
(this work)
Spring, Tainan urban area PM, s SOR/NOR 0.25+0.10/ 0.08+£0.04
(this work)
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The objective of this study is to use the RF
plasma to decompose H,S into hydrogen and
elemental sulfur for recovery. Experimental
results indicated that my,s increased from
90% to 100% under 2500 ppm of H,S and
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Conc. Average Gas Phase
PAHs Range Conc. RSD(%) | Distribution
(ng/m’) | (ng/m’) (%)
Nap 19.5-235 133 81.2 97.9
AcPy | 1.06-2.29 1.55 41.9 72.7
Acp 1.05-1.66 1.41 22.7 61.4
Flu 1.31-2.35 1.86 28.0 67.1
PA 1.71-4.59 3.19 45.1 76.7
Ant 1.52-1.99 1.81 13.8 55.3
FL 1.48-2.61 2.07 27.5 62.8
Pyr 1.37-2.25 1.85 23.8 61.8
CYC | 0.43-7.16 291 127 80.5
BaA ND-2.28 1.40 72.9 50.1
CHR | 1.27-1.63 1.51 13.9 52.3
BbF 1.58-1.93 1.81 11.0 50.3
BKF 1.30-1.51 1.43 7.69 49.5
BeP 1.16-1.36 1.26 7.94 46.4
BaP 1.79-2.16 2.02 9.90 49.5
PER 1.95-5.29 3.20 56.9 62.6
IND 1.03-2.32 1.52 46.1 25.2
DBA | 2.30-2.75 2.57 9.34 49.7
BbC | 0.25-0.51 0.36 389 26.9
Bghi
0.70-1.49 1.00 43.0 24.5
P
COR | 0.08-0.54 0.28 85.7 10.7
Total | 45.1-272 168 68.5 89.5
Total
4.79-6.42 5.70 14.6
BaPeg

3 ! N.A. % not available -




% 2. HEEB2Z %A+ 5 ¢ PAHs 2 kR A #

43 HFHZC2 % h <77 PAHs Z kR A *

i B(? Z R )(0=3)

1 2 CGY E B/ )(n=3)

Conc. Average Gas Phase Conc. Average Gas Phase
PAHs Range Conc. RSD(%) | Distribution PAHs Range Conc. RSD(%) | Distribution
(ng/m’) | (ng/m’) (%) (ng/m’) | (ng/m’) (%)
Nap 21.4-306 186 79.0 98.6 Nap 21.4-70.6 42.5 59.5 95.2
AcPy | 1.34-1.85 1.64 16.5 67.1 AcPy | 0.57-2.58 1.53 66.0 75.7
Acp 1.00-1.54 1.21 24.0 62.4 Acp 1.05-1.32 1.21 11.6 63.6
Flu 1.29-2.32 1.94 29.4 73.4 Flu 1.54-2.00 1.71 14.6 70.9
PA 1.65-4.31 3.40 44.7 81.6 PA 2.00-5.03 3.13 53.0 80.8
Ant 1.47-1.79 1.60 10.6 57.5 Ant 1.20-1.98 1.60 244 58.8
FL 1.47-2.50 2.05 254 68.2 FL 1.37-1.88 1.63 16.0 61.5
Pyr 1.34-2.82 2.03 36.9 70.6 Pyr 1.19-1.73 1.48 18.2 61.3
CYC | 0.68-1.67 1.05 514 77.2 CYC | 0.61-4.53 1.93 117 87.4
BaA 1.65-1.98 1.86 9.68 51.0 BaA 0.98-1.82 1.45 29.7 39.0
CHR 1.18-1.61 1.35 17.0 55.9 CHR 1.04-1.30 1.20 11.7 52.1
BbF 1.41-1.63 1.56 8.33 51.4 BbF 1.28-1.66 1.49 12.8 50.8
BKF 1.11-1.28 1.21 7.44 50.5 BKF 0.99-1.24 1.15 12.2 51.0
BeP 1.01-1.07 1.04 2.88 48.8 BeP 0.85-1.10 0.96 13.5 49.7
BaP 1.55-1.82 1.71 8.19 50.2 BaP 1.45-1.83 1.66 11.4 50.1
PER 1.66-2.48 2.07 19.8 56.2 PER 1.59-3.84 2.65 42.6 67.7
IND 0.88-1.86 1.24 43.5 24.8 IND 0.81-1.97 1.52 414 41.1
DBA | 1.94-2.33 2.15 9.30 50.2 DBA | 0.92-2.33 1.79 42.5 41.7
BbC 0.12-0.45 0.30 56.7 55.9 BbC ND-0.65 0.33 69.7 70.3
BghiP | 0.61-1.26 1.03 35.0 39.7 BghiP | 0.53-1.26 0.99 40.4 40.9
COR | 0.08-0.48 0.22 105 13.0 COR | 0.10-0.20 0.13 46.2 20.8
Total 48.0-342 216 70.4 93.1 Total 42.2-104 72.1 43.0 81.0
Total Total
4.35-5.16 4.80 8.54 --- 2.96-5.29 4.31 28.1 ---
BaPeq BaPeq

2t ¢ N.A. % not available °

3 ! N.A. % not available -




CYC 0.53-4.49 1.89 120 27.4
BaA ND-2.02 0.95 88.4 35.7
CHR 1.11-1.38 1.20 12.5 50.6
BbF 1.38-1.69 1.50 11.3 49.8
#4 HEMDLYR G PAHs L kAR~ # BKF | 1.04-134 | 1.14 14.9 50.1
P8 D( o TR P T )(0=3) BeP | 0.50-1.07 | 0.84 35.7 39.5
Conc. Average Gas Phase BaP 1.55-1.86 1.65 10.9 49.8
PAHs Range Conc. RSD(%) | Distribution PER 1.62-3.71 2.49 43.8 43.6
(gm’) | (ng/m’) (%) IND | 0.862.01 | 1.1 39.1 40.5
Nap 24.8-54.4 42.9 37.1 74.8 DBA 0.98-2.38 1.78 40.4 40.9
AcPy 1.07-1.64 1.37 21.2 56.2 BbC 0.14-0.63 0.42 595 57.8
Acp 0.99-1.84 1.41 30.5 61.8 BghiP | 1.07-1.29 1.15 104 495
Flu 1.20-3.10 2.01 48.8 68.1 COR 0.07-0.23 0.13 69.2 21.2
PA | 1.83-345 | 2.60 31.2 65.3 Total | 45.7-85.6 | 716 31.4 65.1
Ant 1.27-1.75 1.49 16.1 52.6 Total
3.07-5.13 4.24 25.0 -
FL | 1.40-2.00 1.65 18.8 56.5 BaP,,
Pyr | 1.25-1.81 1.50 193 56.1 :r D N.A. % notavailable -
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ng/m3 T iaiE L 72.1 ng/m3’ M 3% BaPeq
2 kR FF S 2.96~529 ng/m’ > Lo
B 5 431 ng/m3 o IR EE D(P b &
o)z ZTRlE%E s Rk 4
45.7~85.6 ng/m » T3 E s 716
ng/m’ o 4% BaPe B A 3t 3.07~5.13
ng/m’ > L% 424 ng/m’ (4vd 1~
4)0)7&% 22 BuERZ TimEeH R
L85%4cR 1 7 o v BT RIS S
Bw PAH#2 Nap 2. kR BB » H 4
2 u PAHs 9% AP 2 BB & F o d

-

W lﬂ;%kﬁ%“f iR R R
RpIELYE BT T2 G

= - WP EEE ST

E ?ET/I%E I LA
32 7 TAARERAET S

VRN S AN }?&

1. US-EPA, Method TO-13, The
Determination of Bezo(a)pyrene
[B(a)P]
Aromatic Hydrocarbons (PAHs) in
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Analysis", (1988).

2. Mi, H. H,, Lee, W. J,, Lin, T. C.,

Wu, T. L., Chao, H. R., Wang, L.

C., ”PAH Emission from a
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Catalytic incineration of aromatic VOCs by the nano-size CeO, catalyst

T E R
HEPT 93 E |

BAFA D ER
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SRS BERT MR A
L3 AlEmiv & 0 2 AFRE K KCeO,

LI TEr 7 &P B e e
CeOrff4-> =23 i*7 ¥R AR T E 1240
Co ML H-2 7 T 5 fphig s
L R R R AIRE - LR CeOL 4t
bodu BA Rt o B9 uiEF 4
B Rz W H SR EE TEEE
T I E R LI VOCsH i F 7P > 4x
BT F100%F (0 R b el g B 5
(weight hourly space velocity, WHSV)% 3

FERPF > FRERTFRF - CeO
ﬁﬂ&*’mff’* ]%LH‘F' & 25 SOyF w0 ¢33
S ELER

Mg%:@,wp P EAERE & B
i mCeOy: FE ZF#F 5 VOCs kR 5
r}’n.‘j”}”:rio

We tested the efficacy of a set of seven

metal oxide catalysts in the catalytic
incineration of aromatic hydrocarbons and
found nano-size CeO; to be the most active
of the Using CeO»,
oxidation of toluene was achieved at 240

in the

incineration of p-xylene, whereas benzene

seven. complete

similar outcome

There was a

was more refractory. In preparation of the

CeO; catalyst, four different methods were

CNEE93-04 3 z2+4 (5)
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evaluated and a redox reaction in hydrogen
peroxide was found to produce the most
active catalyst. Hence the most active CeO,
catalyst was used for the following tests. In
the reaction, a higher reaction temperature
was necessary for 100% conversion of
toluene at higher values of weight hourly
space velocity (WHSV) and higher toluene
concentrations. The stability of CeO, was
excellent, although the presence of SO,
caused an irrecoverable decline in activity.
Keywords: Catalytic incineration; nano-size
CeO,; weight hourly space velocity; VOCs
concentration; durability.
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Table 1. BET surface area and activity of

the metal oxide catalysts

Catalyst  Tso(°C)*  Too(°C)°
CeO, 212 224
CuO 305 342
Fe,0; 320 345
V,0s5 350 391
710, 381 410

v-ALO; 398 432

TiOy(rutil 415 >440

* The reaction temperature for 50%
conversion of toluene (T'sp).

® The reaction temperature for
90% conversion of toluene (Ty).
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Figure 1. Stability tests of CeO,-A catalyst

for the incineration of toluene at
various temperatures.

Toluene concentration=4000ppm;
O, concentration=18.5%;

WHSV=3600 mL/he g.
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Figure 2. Effect of WHSV on the conversion
of toluene using CeO,-A catalyst.
Toluene concentration=4000 ppm;
O, concentration=18.5%;
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Figure 3. Effect of toluene concentration on
the conversion of toluene using
CeO,-A catalyst. O,
concentration=18.5 % ;
WHSV=3600 mL/he g.
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Figure 4. Comparison of performance for the
incineration of various aromatics
using CeO;-A catalyst.

Aromatic concentration=4000ppm;
O, concentration=18.5%;

WHSV=3600 mL/he g.
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Figure 5. Effect of addition of SO, on the
activity of CeO;-A catalyst for the
incineration of toluene.

Toluene concentration=4000 ppm;
SO, concentration=1500ppm;

O, concentration=18.5%;
WHSV=3600 mL/he g
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