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E Ol B BERR IR/ AR (MWNTs/TiO, ) 52 5 S HEAR T, BF 50 HORS S AR SRR 24 11 R A 3003 R
HLER, S S BRR AR AR 25 3 A R R PR K AR SRR o G VA IR — BE i # MWNTs/TiO, S5 LAEAH], Horp
BRAR T R S NRE KR HEO 12 25 © 3 MWNTSs 5 0.5 ¢ MWNTSs 5 TiO, Jiite Hoy 100 = 1.5 SR S5
FEE T AR (200,400 600,800 1 000 mg/L) ¥ pH {H (3.5.7.9.11) AR R E (20,75,
150 mg/L) JRAE(15°C 25°C 35°C) JEHHGR A (385,560 W) 45 K Z X AR ACR AR, X L T MWNTSs/TiO, 1
TiO, WAL 0 B AR , 7 3d i SEM Al EDS 2 - Boxh MWNTs/Ti0, 2 &AL R 2E47 3R AE . 45 R K0,
TiO, #2)BL s fE MWNTs |, Horp TiO, (552 3BT SR 20 500 59. 59% s MWNTs/TiO, B4 ek 4 4
IR IR SR Z S A ARSI A pH (B SRR R IR VR L Il BE Ol JE iR 32 25 D SR R R R, T S8R AR
UAUSE 75 mg/L MWNTs/TiO, Bt 600 mg/L pH {H% 3 i & 35°C KO MR B 560 W e A2 £ T, MWNTs/
Ti0, X AR RADCMEIREMRFR N 60.T1% o WA J1 2750 b7 Ao DU ffp i FRAT & — R L3l J1 24T e, WA o o5
HACK 0.0033 h' o FERFEA AT, MWNTs/TiO, A BT L TiO, FEMFSCRIER T 8.45% .

KA ZREMANRA s A O R s IO B g2

RESES: X592  XEREG:A
FIE AR AN, F3 4 K AR g T T FR 2 Sy
4 4¢ hm® |53 o P A 24 A T 0 B R A B AR R
#) 800 127G ( Pathak et al ,2013) ;4R1m, T4 7= .ia
S AN AE I AR P ) 2R R B AR A A Ak 2 45
JEA L, BT —RINKR A b SRR BT e
SRR, f A2 2 R GE 5 AR BRAG LE REU. 42
B2 275 Y+ HE FR LY 1 600 J7 hm?* | 3235 Yy
Ui i A ARG /Y 70. 6% (KA1 45,2016) 5 42 Bk
A MLBE T AT 2 1 b 8 A a7, b 20
30 J7 NFET: (GRRBEDG, 2011 ) o AALBER 245 KK HA
AR R : OF UL & i AL B K @15 4
P2 UG 0% s O& TR FE Y BT MELE MR ; @K
Ji7K S AR Ak HLAT ROk (S8HE5% ,2016) .
ABFFEFRIT, AR TiO, Xb7K i A HLBEAR 25 K fig
HABR KA H (Huang et al,2010; Chen et al,2011;
F 45,2013 ; Wang et al 2015 ; Wk 04455 ,2016) ;{H
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TESEBRN I AF TR - R B R SR
(e ST A 28 ) 1 RAT B DR o BRAAOKAE A B 10
MR PERE AL Ao A R T i P AR . 2
K TiO, SRR E A, nl 33 X {5 G (14 % bt -5
JEAEACRCR , TRl — € R B g e 1 Bl 40 K A A1 2R
AN RE (R, AR, P bR R] E 0 328 i R A 4
FEEEA . KA AE (2011) SR ATHE L — BER A AL il
AT i 1P R, 25 FRDEHE AL O
HA(0.0367 h™") 4K TiO, $TF 46% AiAi s BT
S5 (2011) 3 i ek AR DO i 5 52 5 e i AL 77
V2% fifp PP TR /KA TRUAE UL, TS 0 22 BE e 44 KA RE S R
i AR T TiO, HOEHEILHIRETT
ASCVLEAUR A DLBEA 25 D e fift FL AR, R TE R
FOLHEAG BN R pH (AR PR X EURAROL
MEACRRAR ORI 0 A LR g sl 2, AR N &2
FOLAEAL I A B HUBEA 25 IR K T2 A AL 3R At A
%
1 #R5EFEE
1.1 SRIEMB 5SS

FE LIS R B35 MWNTs ( Multi Walled Car-
bon Nanotubes, #F% 20 ~40 pm, KB 5 ~ 15 um),

Wy E RIN K A R 7] 540% AR R FL I (CsHy,
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NO,PS) Il 5 I bRk #ii A R W] 5 IR S IR
B VERER DY TR SN SRR R e Al

F LA AR T KT (AS RS
B35 1L 48028 UV/ VIS RIS 4k — 0] I3 e 6
71 HJ-6A g% oy fe il 16 FF 2% L KSY-14-16 Y 5 8
H1 . DHG-9030A 7 #f #h 1H i 5% X T 4§ 4 . JSM-
5600LV RUF4 o+ i s
1.2 MWNTs/TiO, 8 A ELFIH &

0.1 L.3 mol/L fi§fRF fiInA 0.5 g MWNTs i
AR 6 h, FIXZER/KIE VS 18 2 pH 2 6, 7R #K
AR 80CHE T /5 B T gt 450°CHBkE 4 h,
FRRENEHA T & . eI BRE T, %
PRI 60 mL SN EEIF 2 EIA 15 mL ZKER Y T
P, AR et HE 2 45 ] B0 500 me/ L 5EOR L it iz
R T, B2 B8k TiO, JFi 1. 5% B4l
TR ZEERRIKAE RS G 4 3% 10 min JE A
SIRTFIR AL # 2.4 mL XGEW KA 20 mL SN
FE b I FHAS IR IR T pH 2 3 15217 B, 7RI Z13K
FET B B BAS T AR A b SRR AE 30
~ 50 JiH/min, {475 B FE 2 h T LK €% i
(Armelao et al ,2009) , JBGIR R &L B R N
BRIR TG : FNEE - K =1:25:3, %R FHfb24 h
HEWBBER, 7€ 65C N TS 5 ; & T 5o
H 450°C 1B 3 h,

1.3 SRBERENEFIRE

THAEE DA 1, HA X FRE % 16 AR B AR
TREART (€ i 2058 35 W, iy i K 254 nm)
YER OB OGIR o B e A AR I AR UAR 2R
W RS P A R BT OB A N % Y O
FEIHE 108, A R 4 28 A8 6 AT Wik 10 min,
e by — B R URE AT 0BT o
1.3.1 =gy WE2 A5

(1) mRHRAETS me/L pH 3 B4R R
A 0.6 o/ L &5 G HEAT, 7 I = bk 17 W B 52
1A

(2)TEWI R A B 75 mg/L pH 3 {9 %UR R IE I
I S5 4T , AT 22 A0 0 BRI, 430 S g
0.30.60.90 120,150,180 .210 240 min, #X 5 B AE
G307 o
1.3.2 Z4t@uAEmENEENYH HER
SRR W) 46 vk B 75 mg/L, pH 3 O BE5R JE
560 W 3 E 35°C 41 F, 4 545 hi 200,400 600
800 .1 000 mg/ L% 5 & SeMEAL I, 4351 )2 i 0,30,
60.90 120 150,180 210 240 min, 4% J5 BUREA T o

B SRR
Fig.1 Photocatalytic reactor

1.3.3 pH & RRBEMNTE  ARRLERYIG
WEE 75 mg/L A AR N 600 mg/L, ¥k
pH {H4r B E R 3.5.7.9 11, Hg Z A RIEAAE,
Ay N 0,30 .60 .90 120 150,180,210 240 min,
SR IE BURE ST BT o
1.3.4 Adg R Ex A RREMYZm pHEN
3, EUR R BA IG5 7y 20 .75 (150 mg/L, H
BARA I AN AE, 43 51 B 0,30 .60 .90 120,150
180,210,240 min, SR J5 BURESM T o
1.3.5 MEBEMEARREMOZm  FIRRY
UEUREE 75 mg/L, SRR BE 43512 560 W A1 385 W,
He & 18 e A A2, 43 51 e g 0,30,60,90, 120,
150,180,210 .240 min, $R 5 BURESM T o
1.3.6 EEXNERREMN T pHEN3, K
SRR AN IGHE g 75 mg/L OSGLIRGREE N 560 W,
TREE AR50 R 15°C 25°C 1 35°C , HoB 4 [l sE AN,
Ay R 0,30 .60 .90 120 150,180,210 240 min,
SRIE BURES BT o
1.4 SEEXEAFINRILE

(1) A4 i A% (JSM-5600LV , H A1
T ) X MWNTs/TiO, &5 56k 5 2 mE
AT 5

(2) ffi F fE 3% 1X ( EDX-GENESIS60S, £ [
EDAX A 7)) %2 G bRl h oo = #: 4 1E tEo dr
FHBERETEEY 0 ~ 11 keV , FAHHF ]2 100 s,
1.5 SihAE

K FH 8 5H W 4 56 D B2 3o A Y AR v 7l R AR vk
JE TR POLT S R I A S A B A
B, FRREHUIR I R D il B W E ek 55 Ak — ] LAy
JEGEE TN E 700 nm Kb EE A, X B E] 2 At
A A5 A R ARV FE
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( degradation product of omethoate)
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2.1 REMERIAE

o 39 H R 7 2 BB e i) b MWNTs K
MWNTs/TiO, & & e AL 2R e 5 sEAT A,
BEEEEAK TiO, TERRIKRAE LAY S O, 3190 45
R 3. K 3 dn] DUE H, 4860 R AL HRL S 1Y
MWNTs £ F442% SJHN I, He A G RE T i A e R 2% Jot
R X (a) 5 (b) Z 3, MWNTs/TiO, &
BRPRE, 22 BERR 90K R 0B AN K TiO, ¥ 5) 4
i, UL R DL

ZE‘J:\.’ X50.009 B, Fum 31398 25

20kv  X50,000° 0.5pm 16/SEP/10

3 MWNTs (a) X MWNTs/TiO, (b) BiEERF
Fig.3 SEM Images of MWNTs (a) and MWNTs/TiO, (b)
2.2 S/WH EDX RAE

& B EDX e[ %} MWNTs/TiO, & & 44 #}idk
Frfss, LA 50 A PR BT 35 D03 S AR R
i, A R WA 4,

MIE 4 ol LA 76 52 A G HEAR R R s A7
£ Ti €O Na FI S 05, Horp Ti O Al S JLER i
T B R 59. 59% (35, 72% il 3. 58% , i3 W]
MWNTs |2 a2k 17 49k Tio,, i T A4 R

K LIGRETR A, T 27 e/ Na 1S JUER

1.1r
i
09r
CcK 08.58 17.26
0.7+= oK 3272 49.36
- Nak 05.29 05.55
§ SK 03.82 02.88
0.4r Siari oo [oar
0.2r
0 ol 'j:...—»jug J\L__ i L L N L
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Energy keV
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Fig.4 EDS spectra of MWNTs/TiO,
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1.2

—&— nonight
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Fig.5 Results for balnk tests
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2% , BEHITCHEALAR S50, 52 A0 BN 4205 2R e i
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Fig.6 Variation of degradation rate of omethoate
with MWNTSs/TiO, dosage
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MIEL 6 ] A, SRR R A R Bl 2 A O
PRI EESEITT$ 5 . BOEE Dy 600 me/L i, [
U Sue i FNE a2 bl EV QIR 0 13U S 8
oK R PR g S IO 49 % B P 790 25 T i A RE A 28
fift, M0 25 AR T A AT AR AR B 2 A A 0, A
171 B 3 i 13 R (Fernandez et al,2010) 5 {ELf fE 5]
Y RE 3o R, S6h AR O 7 AR A (R T AR
2016) , B fif i A SR Fie o

SR — G I 8l g 2 R & MWNTs/TiO,
JCHEAL R R A 7 (B SO/ A, 2014 ), R
HARFER(K) WAL 15 HAMEA S R B HGE 1

x1 AREMEBTHRMERELH
Tab.1 Reaction rate constant at different
MWNTs/TiO, dosages
SR BN

K/h™! R?
H/mg - L-!
200 0.0011 0.9954
400 0.0020 0.9941
600 0.0033 0.9958
800 0. 0026 0.9948
1000 0.0023 0.9928
2.3.3 pHEXMERRERNZw KT HAFEY)

fi pH X SRR R 520

N =~
f=1 =}
T T T

o
f=1

P i 22/ %
Degradation rate

—_
f=1
T T

f=1

5 z{ 5 il
p

7 AF pH EH S RRMERE
Fig.7 Variation of degradation rate of omethoate with pH

MIEL T 0] LA H  BEER I B e 58 , SR SR
PR B R o I R pHL LS i A A1) 2 I i £
PRI B AT g, PRI oo 396 P HE BAE AT pH
T Bl AR A AT AERY (Ding et al, 2016) o BRIEAAF
L A0k TiO, FKim LR S i, A A Tt A
T TiO, e ¥, [ f 5 i Az 2 3k A b ik, DA
17T i i 28R (Yun et al, 2010) 5 B4R 25 4F T,
OH ™ AL B ARG (R M55, 2013) o
SR A R(K) WK 2.
2.3.4 WMEpREMASREMRATE K8 NEK
IR RAT) i T R S DG A 7R AR ik EO 2

M 8 mT LA i, B WA B3, SRR I
iR AR E T o i PR N FE S HE AT ok B A

8]

CRACOLITATE ) D0, SN 48R R B AR
OGRS 3 5T (A SCHAE,2014) 5 LA, [
it A e R P R R B S R A R RICR . A
PSR, PRI B B DY, Bl ) e e BE 3800, Sl i
PERE i R A — € R BE AR 5 (Yoon et al ,2012) o H;
SN R (K) WA 3

R2 AEpHEMRNEREH

Tab.2 Reaction rate constant at different pH values

pH 18 K/h™! R?
3 0.0033 0.9958
5 0.0024 0.9892
7 0. 0007 0.9820
9 0.0013 0.9749
11 0.0020 0.9861
807 _@—20mg/L
[ —®—75mg/L

60 —m—150mg/L

P A8 /%
Degradationrate
.

(=

o
f=1

4 6
F& f& Bt (H]/h

Time
8 AFREMBIRETERRAIEREE

Fig.8 Variation of omethoate degradation rate with

initial omethoate concentration
F3 FEWAEIRER R EZEEEH
Tab.3 Reaction rate constant at different initial

omethoate concentrations

WG /mg + L' K/h~! R*
20 0.0046 0.9794
75 0.0033 0.9958
150 0. 0006 0.9858

2.3.5 ARBBEMESREMGYHE FHHEAR
DI B PR A5 G AR e A R BE 9 B2 T, 45 2R
9 PR

70 —8—560W

T —e—385W

w
=3
T T

R 8 22/ %
Degradation rate

(93

<

—_
f=1
T

0 2 i 6 3 10
R fi% f [5]/h
Time
9 FREXBEETERRAEHEE

Fig.9 Variation of omethoate degradation rate

with light intensity
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ALK TiO, WSO F A5 44 w2, DA T 386 Jon e
T2 R, BB AR R R DU R R
HRPHEAHEE(K) Wk 4,

F4 FERBEBENREEREY

Tab.4 Reaction rate constant at different light intensities

JEIRER /W K/h™! R
560 0.0033 0.9958
385 0.0019 0.9898
2.3.6 mEMASREMNTE B 10 R K

o7 it JEE Ao 4 SR SR AR P R

07 _e—15C

r —e—25C
L —W—35C

P 2 /%
Degradation rate

w

f=1

)
f=1
T T
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f=1
T

4 6
Bée 2 B [/

Time

E10 AEREETERRIEHRE
Fig. 10 Variation of omethoate degradation

rate with temperature

MIE 10 mTRAE B A S e, 7 — 2 FE I
AR T AR SRR OSSR PR f g T 5
HUr sk, R R 1 S AR R T -
23 XA RICREARE S 0 5 55 A1, i v il AN ) 1 A A g
WAL 2 i ) IR ( Zhang et al,2010) o I,
I 0] SR A AR R i B W 32 L 3 R A P 3 ) 2
Wi o S W3R R (K) L S

RS FRBENRMEREH

Tab.5 Reaction rate constant at different temperatures
BE/C K/h™! R
35 0.0033 0.9958
25 0.0027 0.9902
15 0.0024 0.9833

2.3.7 MWNTs/TiO, 5 44 % TiO, st #F % hLJE
1 35°C, 43 513 m 600 mg/L 44>k TiO, Fl MWNTs/
TiO, AR, Fow J5 1 [l e AN AR, R fifk 55 40 45
R 11 FR

M1 AT LR Y, 94K TiO, 't i 1k [ fi 1 %
AR T E AU . X ZREmR AR B TE
S5 32 A AT W2 86 R A A P, A 4l e AR
L 2R, B TG BU /R T fe - A A 7 TiO, 3%
TGN, A 5 P A - 257

4k TiO, 5 MWNTs/TiO, #Hi5c &, & 4
FHRHTURE PERE ST, L g 45 SR ILIET 12,

701
| —®—MWNTs/TiO,

—e—TiO,

w
f=1
T T

P 8 22/ %
Degradationrate

(93]

f=1

—_
f=1
T

10

4 6
F& fE B [8]/h

Time
11 MWNTs/TiO, K% TiO, 3 € R RuIPBEM R
Fig.11 Comparison of omethoate degradation rates
with MWNTSs/TiO, and NanoTiO,

B 12 FEAER KSR

Fig.12 Results of static settling experiment
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Kinetics and Factors Influencing Photocatalytic Degradation
of Omethoate by MWNTs/TiO,

ZHANG Wei'?, WANG Jue’, WANG Ai-he'

(1. School of Municipal and Mapping Engineering, Hunan City University, Yiyang 413000,P. R. China;
2. School of Municipal and Environmental Engineering, Shenyang Jianzhu University,

Shenyang 110168 ,P. R. China)

Abstract: Previous study has shown that the multi-walled carbon nanotubes/titanium dioxide ( MWNTs/TiO, ) com-
posite photocatalyst has higher adsorption and photocatalytic activity than TiO, alone. In this study, omethoate, a
highly toxic organophosphorus pesticide, was selected as the degradation target and the degradation efficiency and
mechanism of MWNTs/TiO, were studied. The effects of initial pH, dosage, temperature, light intensity and initial
concentration of omethoate on the degradation efficiency of MWNTs/TiO, were investigated. The study provides bas-
ic data to assess the potential of an efficient and environmentally friendly technology for the removal of pesticides
from water. MWNTs/TiO, were prepared using the sol-gel method, using tetrabutyltitanate, isopropyl alcohol and
water in the molar ratio of 1 : 25 : 3 and MWNTSs(0.5 g) , MWNTSs; TiO, at a mass ratio of 100 : 1.5. Batch ex-
periments were carried out under different conditions by varying the following factors ; initial pH (3,5, 7,9, 11),
photocatalyst dosage (200, 400, 600, 800, 1 000 mg/L), temperature (15, 25, 35°C), light intensity (385,
560 W) and initial omethoate concentration (20, 75, 150 mg/L). MWNTs/TiO, was characterized by scanning e-
lectron microscopy (SEM) and energy dispersive X-ray spectroscopy ( EDS). TiO, evenly covered the surface of the
MWNTs and the mass of TiO, accounted for 59. 59% of the composite photocatalyst. The removal efficiency of
omethoate was markedly affected by MWNTs/TiO, dosage, pH, initial omethoate concentration, temperature and
light intensity. The degradation efficiency of omethoate pesticide was 60.71 % when the system operated under op-
timal conditions (initial pH, 3 ; MWNTs/TiO, dosage, 600 mg/L; temperature, 35°C ; light intensity, 560 W and
initial omethoate concentration, 75 mg/L). The reaction kinetics data well fitted first order kinetics and the rate
constant (k) was 0.0033 h™'. Under the same reaction conditions, the degradation efficiency of MWNTs/TiO, was
8.45% higher than TiO,. This study indicates that the photocatalytic degradation of omethoate in wastewater could
be effectively achieved by using the MWNTs/TiO, photocatalyst.
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