% 42 5% 10 49 FRKFFR Vol. 42 No. 10
2019 4 10 A Journal of Chongqing University Oct. 2019

doi:10.11835/j.issn.1000-582X.2019.10.003

TR GOR WAL e B
&J@ﬁﬁa)ﬂ%ﬂyﬁli ﬁﬂj

X AL EEEl sk, Rt x| B, Rgksr®
(ILEMBILFER MAERFIRFR FEFTLEGELSAEASELTEHE MR H P, #M 450001;
2P RIRARA KL v K S5/ 8 ,F M 450001;3. 45 S F .7 éH F 8 461000)

HEATARAAR AR BERNE R SR A A AR T LY, H CREF
%%%ﬁié‘]ﬁi‘ﬂhétijﬁ%%ﬁ?fﬁﬂ%fiéﬁ&ﬁl% FE 450 C TR RT3 7% Ak & e sk 7 & =
AR R AR AR T LR EE VOB HF LT RO 5o g3 %, 17 3)
BRAEARBEATSMN., EREAN. TN % fﬂ%xﬁzﬁ": 54 ATLZ N MEAAR . EEAAEHN
0.3 L/min i EH 45% O, R AR 53 A 3000t , CABEMAFERE,; CRBHRMAFER LT E
o9¥ R ik s LI, X R B R RE F EE R A T Wem® B LA E S BB R TER
o, BEZEFMXMSI LN, CARBFBHARTRE RREE A CRBEEMA RN 22 E EM
XXR . BAARELUABGEBAEZRNEIZEZAMXLRZ,

KR LALEE AR ZRALAK A R

HE £ S X701 MR ERD A X EHS:1000-582X(2019)10-022-09

Study on the treatment of ethyl mercaptan in exhaust

gas by coated nano-tiO, photocatalytic technology
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Abstract; With refractory ethanethiol being the target pollutant, the photocatalytic oxidation of the
supported nano titanium dioxide is introduced as the treatment technology. Aanatase-type titanium dioxide

catalyst with high activity was obtained by calcination at 450 °C. The degradation efficiency was
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investigated under different gas flow rate, light energy density, humidity and oxygen concentration to get
the best operating condition of the system. The results showed that the degradation effect of ethylene thiol
was negative correlated with the discharge of waste gas. When exhaust gas flow was 0.3 L/min, humidity
was 45% and oxygen concentration was 30%, ethyl mercaptan has the best degradation effect. The
degradation rate of ethylthiol increases gradually with the increase of light energy density. Taking energy
consumption into consideration, the best degradation effect of ethyl mercaptan was achieved when the light
energy density was controlled at 7 W/cm?. Through significant correlation analysis, we found that there
was a significant positive correlation between the concentration of ethyl mercaptan, the density of light
energy and the degradation efficiency of ethanethiol, while there was a significant negative correlation
between the flow rate of exhaust gas and the degradation efficiency of ethanethiol.
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Fig. 1 Experimental device diagram

1.4 HESHHZE
ByE b 3% ] Origin 9.0 F1 SPSS Statistics 24.0 #4743 #7 .

2 H#RE5HMHm

2.1 XRD ##7

K X SR AT SR AR B 5 402k TiO, . XRD i% W E 2 Fis .,

TiO, EEA 3 Fhah RIS R 50 0 4 20 40 A Bk ™ A Rn Al gk AL, o BEER T ALY TiO, G fi# L T
e, NI 2 th Al LUE L 3% 8 20 20 9 25.375°, 37.903°, 48.099°, 53.984°, 55.272°, 62.835°,
68.190°,70.203°F1 75.344°, 5hRiE K A 21 —1272 — " L IA Bl A5 0 49K TiO, 4 Ak 590 &b AR A AL 76 1 4
i B B A



% 10 % X A B R S R SOR AL R AR S LR R AL T LR .

20.0 2T=25.375
150
# 2T=48.099
K100
% 2T=37.903
£ 2T7=53.984
= 2T=55.272
27=62.835
s0l 2T=5_344
0.0 ' . 1 [ Vo N H N H s
10 20 30 40 50 60 71 80
20/(°)

2 MARZEMEK XRD EE

Fig. 2 XRD spectrum of nano titanium dioxide
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Fig. 3 Effect of exhaust gas flow rate on the degradation of ethanethiol
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Fig. 4 Effect of light energy density on the degradation of ethanethiol
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Fig. 5 Effect of humidity on the degradation of ethanethiol
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Fig. 6 Effect of O, concentration on the degradation of ethanethiol
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Table 1 Correlation analysis between process parameters and degradation efficiency

T35
AH — : - :
T T i o R A St e % T O, &R 43 %1
Pearson #H X% 0.901 —0.909 0.920 0.120 —0.425
B3 UMD 0.043" 0.033" 0.027" 0.847 0.476
BT . FRIRALE 0.05 K ORI | 5 3 A0 G,

Eaﬁ@ﬁ%ﬁ%mgﬁ 6.56 mg/m3 \J%/_:(J 100 - P
WA 0.7 L/min JERERE 4 13 W/ em® M JE %!
454 B O, RBUT K 3026 %4 R L B Horh — 4> U . - y.d
BRUAE  HUE LR SRR A L L2 SR el 7 0} ST DI

P 7 T A AR IR A O, B KLY § o W e -
e N N s SN 40 m e
AP T B A RS £ B T R 0 i L TR R “

BHROCRERE — S50, B MRS Lk 2 [ y
SEMEIEM I SHIE s A~ B | 7
TE SR BEHE ST LW B 6.56 mg/m’ | i it ol
0.7 L/min. JYCBESEE K 13.0 W/em? . 18 N S, S, S5 S, e # .E.‘ ....................... Sis Sis
o
459 B O AR T4 B R 30 %6 451 T, Jr il 4% 456 Bk
\ . o N Z54% I8
AR TiO, i L) 6 2, T B0 8 2 2 3 |7 TZSHMXERE
81.2% Fig. 7 Verification of the process parameters
3 &

1) Y T 4R IE A B A £ B Ak 0] 32 2 AN ) 30K 2% 0 T 19 4 J 1 38080 T2 490K NHO 45, 3 S ik 7] B
SR A B (R AR A R AE — 8 S5 T 8 T AR 5 o il 28 i A 3R) A LIS A7 25 07 220 L 38 0l i 48 T2 5 2% s AR ¢
i BN AR NiO (il & A2 40Kk TO, 19 6 fi5 2247, BLZE il & R vh B p= AE s s . i AS S50 BT il 4 490 4k
W IR TiO, AT X 2B BE Y e K R A 350 3k 81.20 Y0 » AT A S RFAAI TR AR , B — 8 i 5t .

)M ARG LA RN 6.56 mg/m’ JES N 0.7 L/min JGREBE N 13.0 W/ em® B JE K
45 % Fe O, R FU KR 30 Yo A4 28 X 2, T I A A8 fige 3ok SR I fig o R FHRSCR e 1

3038 3 i AR SR ST R L £ I A B VR DG BE B N 2B I A AR 2 ) R R IE A e R R
RS OB AR Z R B E TR . U CRBEE R R IRE R R AR E 3 AT S
BT 2 B 11 o e EL T L e R T 3 R O, IR B A3 B0 R X6 2 T T o gt AE — 5 Y L A I R L R
TR BE =30 % » O, PR TR 435> 35 6 il T £ %o 316 77 2 IR T

SE K

[1] 324, XN, Iy, % AAMPME Hed FARGATE Awl6 B E L ED IR AR LR CHRBER ] MR
i, 2003, 13(1): 85-88.
JIANG Anxi, LIU Bo, CHENG Yangxue, et al. Use of xanthomonas sp He4 and thiobacillus thioparus Au16 immobilized
in the trickle-bed biofilter to remove ethanethiol[ J]. High Technology Letters, 2003, 13(1): 85-88. (in Chinese)

[2]AnTC, Wan S G, Li G Y, et al. Comparison of the removal of ethanethiol in twin-biotrickling filters inoculated with
strain RG-1 and Bs;, mixed microorganisms[ J]. Journal of Hazardous Materials, 2010, 183(1/2/3): 372-380.

[ 3] X0, 7, Riakd, 5. IREFBEMPEL A B Cens Zro, O, BRI X 2 6 B AL 40 i i W52 LT ). b A %3, 2018,



% 10 % X A B R S R SOR AL R AR S LR R AL T LR ”

36(1): 53-60.

LIU Feng. HE Dedong. LU Jichang, et al. Ceyg Zro, O, solid solution rapidly synthesized by urea grind combustion
method with ethylmercaptan(CH; CH, SH) catalytic decomposition[ J]. Journal of the Chinese Society of Rare Earths,
2018, 36(1): 53-60. (in Chinese)

[ 4 ] Kasakura T, Tatsukawa K. On the scent of a good idea for odour removal [J]. Water Quality International, 1995, 2(2);
24-217.

[5]MaY X, Shi L K, Liu Y L, et al. Effects of neutralization, decoloration, and deodorization on polycyclic aromatic
hydrocarbons during laboratory-scale oil refining process[J]. Journal of Chemistry, 2017, 2017 1-9.

[ 6 ] Bahri M, Haghighat F, Rohani S, et al. Metal organic frameworks for gas-phase VOCs removal in a NTP-catalytic
reactor[ J]. Chemical Engineering Journal, 2017, 320 308-318.

[ 7] Jantschak A, Daniels M, Paschold R. Biofilter technology: an innovative and cost-effective system to remove
VOC[J]. IEEE Transactions on Semiconductor Manufacturing, 2004, 17(3): 255-260.

[ 8 ] Montebello A M, Fernandez M, Almenglo F, et al. Simultaneous methylmercaptan and hydrogen sulfide removal in the
desulfurization of biogas in aerobic and anoxic biotrickling filters[J]. Chemical Engineering Journal, 2012, 200/201/202:
237-246.

[ 9] Jasim A M, Hoff S E, Xing Y C. Enhancing methanol electrooxidation activity using double oxide catalyst support of tin
oxide clusters on doped titanium dioxides[]]. Electrochimica Acta, 2018, 261: 221-226.

[10] Demeestere K, Dewulf J, Ohno T, et al. Visible light mediated photocatalytic degradation of gaseous trichloroethylene and
dimethyl sulfide on modified titanium dioxide[ J]. Applied Catalysis B: Environmental, 2005, 61(1/2): 140-149.

(1170 A, REA, E/N, 55 FHROCMA RN a8 Bt S S AW ROCR 797 [T, EPOR %4, 2016, 39(2): 146-152.
ZHENG Jie, WU Siqi, WANG Xiaoyan, et al. The design of a tubular photocatalytic reactor and its purification effect
analysis[ J]. Journal of Chongqing University, 2016, 39(2): 146-152. (in Chinese)

[12] Daghrir R, Drogui P, Robert D. Modified TiO,For environmental photocatalytic applications: A review[]]. Industrial &
Engineering Chemistry Research, 2013, 52(10): 3581-3599.

(137 xikeg, Mg fe, Fidi, 5. Sufifb — ok b M Z B 28 i3 [T ], Wil K222 M (T2 0D, 2017, 51(2) .
393-398.

LIU Nan, TENG Fuhua, LU Jianhai, et al. Treatment of exhaust gas from spray paint process using photocatalytic-
absorption method[ J]. Journal of Zhejiang University(Engineering Science). 2017, 51(2): 393-398. (in Chinese)

(147 RABEL, 20, fEorF, 2. AR TiO, /MCM-41 AL 7RG fEAL-IE 2 s Al & T 2 b iy dE e [T ], R8T R 240,
2017, 11(3): 1533-15309.

ZHANG Weihong, LI Miaomiao, XIE Liping, et al. Performance of load type TiO,/MCM-41 catalyst in coupling process

of photocatalytic-membrane separation[ ] ]. Chinese Journal of Environmental Engineering, 2017, 11(3): 1533-1539. (in

Chinese)
[15] PREEZE, PRIES . ZEIRA. 5%, Sol-Gel il 4 41k — S AL AR BE M T 200840 1], h EA 6 & J& 2# 4, 2000, 10(SD):
84-87.

CHEN Jianjun, CHEN Xiaochun, LI Qingyu, et al. Optimization of nano-meter TiO,; powders preparation by
Sol-gel[J]. The Chinese Journal of Nonferrous Metals, 2000, 10(S1) . 84-87. (in Chinese)

[16] SAMN Y. 4055 & fE A0 i F4 g Ko A HLAR TS Je 0 0 B R P X (D], e rg . L8O TR 4%, 2017.

HU Lifang. Construction of Nb-based composite catalysts and their applications on organic sulfur pollutants
removal[D]. Huainan, China: Anhui University of Science &. Technology, 2017. (in Chinese)

[171 Min Q H, Li S Y, Chen X Q. et al. Magnetite/ceria-codecorated titanoniobate nanosheet; A 2D catalytic nanoprobe for
elficient enrichment and programmed dephosphorylation of phosphopeptides[J]. ACS Applied Materials & Interfaces,
2015, 7(18): 9563-9572.

[18] Kim J R, Kan E. Heterogeneous photocatalytic degradation of sulfamethoxazole in water using a biochar-supported TiO,
photocatalyst[]J]. Journal of Environmental Management, 2016, 180: 94-101.

[19] BAEAR, RN, ZNF. M8 ILB J 910Kk TiO, W R s K& HOG e rErg [J]. F| R K% M. 2008, 31(9):



30

TRKF ¥R % 42 A

1018-1022.
HUANG Jiamu, ZHU Xiaohong, CAI Xiaoping. Preparation and photocatalytic properties of Pt and Cr co-doped Nano-
TiO, films[ J]. Journal of Chongqing Universit, 2008, 31(9): 1018-1022. (in Chinese)

[20] XU, (s, REakic, 5. RZEWPEIRBEIE G R Ceos Zro, O B R X £ i BEHE AL 2 ik O BFSELT 1. AR 2440 2018,

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

36(1): 53-60.

LIU Feng, HE Dedong, LU Jichang, et al. Ceys Zr,, O, solid solution rapidly synthesized by urea grind combustion
method with ethylmercaptan(CH; CH, SH) catalytic decomposition[ ]J]. Journal of the Chinese Society of Rare Earths,
2018, 36(1): 53-60. (in Chinese)

T RAR A SRR IEIMI. dbat: b Tkt kitkd, 2001,

TANG Zhenning. Production and environmental control of titanium dioxide [ M]. Beijing: Chemical Industry Press,
2001. (in Chinese)

Kamat P V. Photochemistry on nonreactive and reactive (semiconductor) surfaces[ J]. Chemical Reviews, 1993, 93(1):
267-300.

XU, A TP AL 15 & 185 nm 2R AN ERE % £ i B AN A0 BB S LD]. A8 . AR LAl K4, 2015,

LIU Ying. Decomposition of ethanethiol and N2O using dielectric barrier discharge combined with 185 nm
uv-light[D]. Hefei: Hefei University of Technology, 2015. (in Chinese)

SIS, ZREE S ACF-O, WM AL AR B T2 W58 D]. AT . ¥ K%, 2007

ZHANG Lina. Study on adsorption and oxidation process of ACF-QO; for ethyl mercaptan waste gas[ D]. Hangzhou:
Zhejiang University, 2007. (in Chinese)

Hisanaga T, Tanaka K. Photocatalytic degradation of benzene on zeolite-incorporated TiO, film[]J]. Journal of Hazardous
Materials, 2002, 93(3): 331-337.

F W, RSB TR L R AL AL SR R AR B T D], R REERE, 2008,

WANG Mengmeng. Catalytic oxidation of ethanethiol using nonthermal plasma [ D]. Tianjin: Tianjin University,
2008. (in Chinese)

Kim J S, Lee T K. Effect of humidity on the photocatalytic degradation of trichloroethylene in gas Phase over TiO, thin
films treated by different conditions[J]. Korean Journal of Chemical Engineering, 2001, 18(6): 935-940.

Subramanian M, Kannan A. Effect of dissolved oxygen concentration and light intensity on photocatalytic degradation of

phenol[J]. Korean Journal of Chemical Engineering. 2008, 25(6): 1300-1308.

[29] Wang K H, Hsieh Y H, Lin C H, et al. The study of the photocatalytic degradation kinetics for dichloroethylene in vapor

[30]

[31]

phase[ J]. Chemosphere, 1999, 39(9): 1371-1384.

RS, W1, AT TO, ek R B HLE K sl Iy =g it e b e L) ], A dEfg . 2002, 14(3): 192-195.

TANG Yuchao, HU Chun, WANG Yizhong. Recent Advances in Mechanisms and Kinetics of TiO, Photocatalysis[ ] ]. Progress
in Chemistry, 2002, 14(3): 192-195.

ERE. RS T R AL AR PR (D], Al . WL TR R4, 2018.

MAO Ling’ ai. Study on plasma-catalytic oxidation of benzene[ D]. Hangzhou: Zhejiang Gongshang University, 2018.

(in Chinese)

(i R P



