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Photonic Efficiency of Ethyl Acetate Photolysis in Gas Phase: Dependence on

Wavelength and Catalyst

FANG Xue-hui'*, ZHAO Jie', SHU Li', GAO Yong', YE Zhao-lian'"*"

(1. College of Chemistry and Environmental Engineering, Jiangsu University of Technology, Changzhou 213001, China; 2. Jiangsu
Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, School of Environmental Sciences and Engineering,
Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Four kinds of excilamps with different wavelengths (XeCl®, KrCl*, XeBr® and KrBr* ) were used for removing ethyl
acetate in gas phase. The removal efficiencies of ethyl acetate by three loaded catalysts ( TiO, loaded on organic film, graphene loaded
on organic film, and TiO, loaded on mesh) were compared, and the effects of lamp sources, irradiation power and initial concentration
on the removal efficiency were also investigated. Moreover, irradiation spectra and power of light sources were determined, and
photonic efficiencies under different reaction conditions were calculated. The experimental results showed that the removal efficiency of
ethyl acetate decreased in the order of KrBr® > KrCl"™ > XeCl™ > XeBr" , while the photonic efficiency seemed to be relatively high
with both XeCl” and KrBr” excilamps. In the presence of the catalyst of TiO, loaded on organic film, both the removal efficiency and
the photonic efficiency were higher than those without catalyst, but the increment was not significant. The photonic efficiency increased
with increasing initial concentration and gas flow rate. With KiBr™ excilamp, a photonic efficiency of 5. 63% was obtained when the
experimental conditions were set as: irradiation power of 0. 76 W, initial concentration of 946 mg-m >, and gas flow rate of 600
ml,-min~".

Key words ; photonic efficiency; ethyl acetate; irradiation spectrum; XeCl*/KrCl"/XeBr* /KrBr” ; catalyst
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Fig. 2 Schematic diagram of photolysis of ethyl acetate gas
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Fig. 6 Removal efficiency of ethyl acetate under photolysis with different lamps and photolytic degradation conditions

AR EAT S B S R4 T 55 96 0 {1 B4 41, 3R 25 2kl
MR AR 2SS,

B 7 X T 200 mL-min ™' A [A] %) 46 e B2 R
XeCl™ F1 KeBr ™ P Fft 1 43 - &7 6 i R A5 BIL B £ 2%,
TiO, Yol fL B i £ 12 £ TR B R0 (LA 20 B FR hy
XeCl™ | KiBr™ | XeCl™ +TiO, ., KrBr™ +TiO,). MH
AL WA B T, LR OB E R R TR T
K, TCHEAL ) XeCl™ St Mt KGR S TR, W1 bR Mk
JE 946 mg-m B RBR R A S, SRS YR,
1352 mg-m B} LB, e 3 F&AMET, W
UAUE N 946 mg-m [ LR LB LR R e i, U
4 FhfE 5> TR IRXT 2R T8 W i A i e B Y
FEl 4 :900 ~ 1 500 mg+m ~* Z[f].

SRR T O IRER S YR —E AR
T8, T BURN B AR 15 21 6 4L
TR, RBRREEAL; aARARI IR IR BT Ak 5 2
BEN BT, T SR 3 e AR 1 s X
s A TG MR T O RE L2508 D | PR R .
2.4 VARG RCRSH
2.4.1 DG FIXHETRCR

F 14 FPARFEDCIR T, A A6 b R A

SV B i 2L TR TR B G TR0, SR T
200 mL-min ", Z TR L BEPI UG VR E N 946 mg-m .
NHRT L B 32 A FR S DR A I DT ROR B A
SRR SR, BT AR S R BT
SRR S R AR A, D3R AR R AN | RO FA%
RBHTIR AAAAS R A G

X ARG & B, XeCl ™ 1 KeBr * B FIGIER 5%
T, REEUS 55 i 06 73508, HA PLIR 67 2% Tio,
FUEPOCTRCRN T IR &R, Blan 0. 76
W B, 207 nm KeBr® T )6 i L B 06 7 20 % H
3.19% , TCARALFII Ky 2. 06% , #2755 T 1.13 N E 4>

WL ZEAH IR LR RFCTRCR 4 FOGIE T KeBr ™

HF&%ZJ%Z)E SARPERE AT
2.4.2 ﬂdimu_xﬂaﬁﬁxﬁziﬂﬁﬁf

it — 2 BT RORIN W % I‘é‘ls%’é
T WA A R A AR R (200 mLemin ™" F1 600
)R KeBr " KT B £ R BRI T RCR AN
FBRA. LI 4r BIAE AR AUA ML 67 3% Tio, Yefi

mL -+ min

M‘*% ST AT, SR LRI G M EE 946
mg-m . U\'*‘T%ﬂ,% %Jlﬂﬁ@l_ 'ﬁ{ﬁ’ﬂﬁl‘k%,
e I SR R AR AR B O FRCE . R T



6 T B ST CRR ORI T R0R . PR AL R A 52 ) 2015
50 50
(a) XeCl* —=— 338 mg:m™ (b) KrBr* —8— 554 mg-m™
o 946 mg:m™ 4l o— 946 mg-m™
—a— 1352 mgm™ —a— 1352 mgm™ )
40 —»— 2217 mg-m™ —v— 2416 mg:m™ /,/9
s B
B 30 3
& &
ks H
20
25t
1n 1 1 1 1 L 1 'l 20 ' ' ' 1
0.10 0,15 020 025 030 035 040 0.3 0.4 0.5 0.6 0.7 0.8
70
0T () XeCI* +Tio;  —o— 496 mg:m™ 6L @KBr*+TiO;  —o— 554 mgm™ 3
45 o— 946 mg-m™ ;é —o— 946 mg-m? ;’/
—a— 1420 mg:m™ / 60 + —&— 1352mgm>  /
40 —o— 1960 mg:m™ ss| o 2416 mg-mﬁ/.f’
= £
s 3 s i
g 5 ; 50
b 30 % 45 -
25 40 -
20 Br
30+
15 -
1 1 L 1 1 1 1 25 1 1 1
0.10 015 020 025 030 0.35 040 0.3 0.5 0.6 0.7 0.8
AT RW AT ThRwW
7 FIARERT XeCl™ /KrBr ™ SRR N L FEME 2B Z BRI
Fig. 7 Effect of initial concentration of ethyl acetate on the removal efficiency under XeCl* and KrBr* excilamp with/without catalyst
F1 FEESFRERMBEZBEIEBNLTFRE"
Table 1 ~ Photonic efficiency of ethyl acetate degradation with different excilamps
; SEFRE %
S ST/ W AR/ W Ty - Ty
’ T fe ] HOURRR TIO,  AHBEGEA SRS DRARTO,
13.2 0.10 3.72 +£0.23 4.26 +0.17 3.77 +0. 11 3.58 £0. 15
XeCl* (308 nm) 47.4 0.34 1.32 +0. 06 1.59 0. 06 1.31 £0.07 1.50 +0. 06
110.9 0.37 1.29 +0. 04 1.65 0. 04 1.33 +£0.04 1.33 £0.04
153.8 0. 40 1.58 £0.05 1.91 £0.04 1.54 £0.03 1.56 £0.05
28.5 0.75 0.93 +0.07 1.06 £0. 04 0.79 £0.05 0.94 +£0.05
KeCl* (222 nm) 42.7 0.97 0.76 +0.03 0.97 +0.04 0.70 £0. 04 0.85 +0.03
72.5 1.34 0.54 +0.04 0.68 +0.03 0.50 +0. 03 0.67 £0. 04
84.0 1.52 0.67 +0. 04 0.95 +0.05 0.63 +0.03 0.67 £0.03
28.7 0.34 3.88 0. 15 3.93 +0.09 3.02 +0. 15 3.63 +0. 10
KeBr* (207 nm) 42.7 0.45 3.08 +0. 11 3.26 £0.05 2.89 +0.08 3.09 +0.08
65.1 0.63 2.07 £0. 09 2.33 +0.06 1.95 +0. 06 2.20 +£0.08
79.8 0.76 2.06 +0. 04 3.19 0. 06 1.97 £0. 04 2.06 +0.03
27.6 0.32 1.27 0. 08 1.58 0. 09 1. 10 0. 06 1.15 £0.05
XeBr* (282 nm) 59.0 0.62 0.80 +0.03 0.97 +0. 04 0.84 +0.05 0.78 £0. 04
89.8 0.79 0.63 +0.04 0.78 +0.03 0.61 +0.03 0.60 +£0. 04
119.7 0.94 0.59 +0.03 0.72 +0.04 0.59 +0.04 0.58 £0.03

1)Q =200 mL-min ~

' ¢=946 mg-m 3

LR G EBRSHA I B R B T REIREEA K, 3305
T TR R FROR IR S5 2. SRR
9600 mL-min ", 207 nm &5 550 0. 34 W
F10.63 W B, S AE AR TG+ 2R 00k

9.53% M 7.11%.
2.4.3  WIHRWRBEX L TR R

B 7 DGR R R A B, 90 i ok R R R
WG RRMEENRZ—. K9 FEE T ARG



2016 E7

i

B 306

N g KrBr¥, 200 mL-min™  PE: 5 KrBr*, 200 mL-min™

§ KrBr*, 600 mL-min™ & KrBr*, 600 mL-min™
70 10
60
50
=< 40
= 30
20
10
0

PE/%

[T 5 R S - S - ]

0.63

10 KrBr* + TiO, 200 mL-min™  PE:.e- KrBr* + TiO,, 200 mL-min™!
ﬂ_}ﬂKrBr‘ + Ti0,, 600 mL-min™! -o— KrBr#* + Ti0Os, 600 mL-min™
10

T T T 1T 11
PE

[ S =

B8 KrBr" kTR Z B Z BRAIE FRURINERRE
Fig. 8 Photonic efficiency and removal efficiency of ethyl

acetate degradation with KrBr* lamp

WE T, SARFE M 200 mL-min ™", XeCl® | KiBr* |
XeCl™ +TiO, F1 KiBr* + Ti0, 3% 4 f &+ F 2 &
T & gk 1Y 3008 MR AT 8 w0 s vk B b s, 6
SRR, B9 (b) SR KeBr* #E4>F AT 6%, 207
nm FAHFIH 0. 89 W B, R L FR W R vk M 554
mgem T EE2416mg-m 7 I FROR ML 12%

9
8 (a) XeCl* —=— 338 mg:m™
—e— 946 mg:m™
7F —— 1352 mgm™
6| —v— 2217 mgm™
2 a4t
3k
2 b
T .—_-_-___-_________‘_‘—-———Q__.._—l
0 L L L 1 1 Il L
0.10 0.15 0.20 025 030 035 040
7
(c) XeCI* + TiO2 —o— 496 mg.m_3
6 —o— 946 mg-m™
—— 1 420 mg:m™
5+ —— 1960 mg-m™
=
5 o4
ay
3tk
2L
Lr \_Q/
0

010 015 020 025 030 035 040
PIwW

THEE 4.36% . ARYE HLIR-BIHE A, 2 —E R
T HEA BN a4 B ER 20 7 W O 5 K
A E R, KAR GG T 28 38 B O a0 e BE . H
BRis B B8 8 B 10 D1 1 5 O B 4 BE T B
THFE, 26T T SO, S 20t 7808
HEIN. Zhang %R HIGAR AR K i SOH R i SR
WAt — B 458, RIR) 46 W B2 B O 880R
.
2.4.4 SHECHOL TR L

H I, TG YO i i 1) 06 73808 1) SCRik a8
R, RKEAFWRFET 2020 H ARG YWl i 3 %
[mol«(L-s) ~ JBR AR & B F IR R ROLT
%[ Einstein- (L-s) - ] ,%IE%:SL%MK%HF 1 mol
(06 7 43 il 3 19 B bR 15 G W 00 BE R B, B R
mol - Einstein ~' | 5AWF5E 1) 278 5 145 2 A BUEY)
PSR —3. K2 50 T ARRA R A F B
YroGfg 1 Horh 1, FRoROBIRMSREE. T LA
B ARMF5ER A 207 nm KrBr ™ #1308 nm XeCl ™ ¥
O3 FHTRESR £ R £l SRS 3 106+ 280% 5 S0k
(23] % 254 nm REAR KT B S A A2 1O0
FRORIEAR B, R A KeCL™ A XeBr ™ B 644
A i

8
(b) KrBr* —— 554 mg:m™
Tr —e— 946 mg-m™
P —+— 1352 mg:m™
i ——2416 mg-m™>
5k

PE/%
[E I
T T T

/

0 L 1 L 1
03 04 0.5 0.6 0.7 0.8
9
e (d) KrBr*+TiO, —o— 554 mgm”
—o— 946 mg:m™
ran —— 1352 mgm™
——2 416 mgm™
6+
=
2 st
4
3 I L\\/
2+ N
1+
0 L 1 1 1
03 04 0.5 0.6 0.7 0.8
PIW

9 ZBZEMBRRESEFHENXER

Fig. 9 Photonic efficiency as a function of initial concentration of ethyl acetate
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