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Study on Photocatalytic Degradation of 1, 2, 3-Trichlorobenzene Using the

Microwaved MWNTs/TiO, Composite

SHI Zhou'?, ZHANG Qian'?, ZHANG Wei'*’, XU Shun-kai'*, ZHANG Hua'"

(1. College of Civil Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of Building Safety and Energy
Efficiency, Ministry of Education, Hunan University, Changsha 410082, China; 3. Department of Urban Construction, Hunan City
University, Yiyang 413000, China)

Abstract: Composite photocatalyst, MWNTs/TiO,, is prepared using sol-gel method and dried through microwave irradiation.
Characterization of the composite shows that, with the increase of microwave power till 400 W, the average diameter of MWNTs/TiO,
composite reduces gradually, and better dispersion of the composites is also acquired at the microwave power of 400 W. However, a
further increase of the power results in the average diameter of the composite enlarged, and more aggregative composites are obtained.
Furthermore, photodegradation of 1,2 ,3-trichlorobenzene (1,2,3-TCB) with the composite photocatalysts of MWNTs/TiO, induced
under different microwave conditions is studied. It is found that the photodegradation of 1,2,3-TCB follows the first-order kinetics. The
microwaving conditions for producing the composite photocatalysts with the highest photocatalytic activity are further determined as Smin
irradiation at 400 W. Under such conditions, the rate constant of 1,2,3-TCB photodegradation is 0. 023 7 min "' which is elevated by
52% comparing to those obtained using non-microwaved composites.

Key words : microwave irradiation; multi-walled carbon nanotubes; titanium dioxide; photocatalysis; composite photocatalysts; 1,2,3-
trichlorobenzen(1,2,3-TCB)

SRS DL R SR A R ATV -SRI 1 4 MWNTs/Tio, &
LB BRI SE AR — W WIS Y bR R S R B A bR TR,
TEHT K M FK AR LU ETE, OB MRS 1,2, 3- =AU AL R 3 1 22 H S, L)
KEFEOAFI N EEG R 1,2,3- 280 R MWNTS/ T, B2 A i A (i .
AR R AT L, LA P R R, Ut B
MMETR RRE LU IR ek 1 MRSTR
WOGHE AL AL B AR X LA DL W R AR OR B 11 gt mqs
SO0 1991 4F Tijima'' K B BR 49K 4 T I BN B B T B L SRNBE, AEER L
SRR, MBI 3 2 BT (R AL 0 B 4By
KT Ti0, SR GRS T3 mam, 20020107, 41T B8: 2012-05-30
) DL gl ok TiO, B‘J@Wﬂﬁﬁ%“ﬂ ) HEETH . WiHg AREERATHE (08])3103)

o TEE BN A (1961 ~) 5 i+ #E2, FE5E 7 10 KRk
ORI LA IR | M I A e 4 15 K15 ) mail 7hous6 ] @ 163, com



11 3y T JEI 4 . B Rt MWNTs/TiO, B &M BT 1,2 ,3- =& AR ML B o5 3841

PR PR AT el E Cobe b (g 1,2,3-=
SAE(TCB) M 2,2 ,4.4",6,6"-7 I (1E K NFR
W), ai KT 99.9% , W H 2 [ AccuStandard
Inc; ZBEGRAIKAE (MWNTs) L-2040 I [ ZEINZHK
W BRARCHBEIRAN (/7 Hral) 1 A 3£ Alfa;
FHLC02500 %! PTFE ffLUERR (fLF2 0. 45 um) ™ H
2 [E MILLIPORE Al 5 SE56 FH /K410 AR K.

FEALAS : BP211D AL T 4347 K- ([ 22 £
FIHTEER) ; KQ3200DB AU 7 1 3k 7 v ( B LTl 8
P BR 2 W) 5 818 MR BE i1 ( 36 [ B~y g 2%
Hl) 5 RGP BIkb; RPR-100 B Ak )i
i (GACRZERE R A A BRA ] ) 5 NJLO7-3 S5
LMY (R AR SR & A BRA T, i
KA I3 700 W) 3 GC- 14B 1SR €5, 3% 1%
(HAREHE).

1.2 MWNTs/TiO, & & eHAb s il %

W5 ZBERR N K AT B T 3 mol - L' BURH R A 7
P& 6 h, WS uE I vk & b, 4 80C TR 7E
g DL 450°CHbE 1 b #H. FEREBERE T,
15 mL EKPR T BEZZ 127 A 60 mL 1N, F
A 0.5 ¢ B ZIGRERREN, B+ 30 min 5], 5%
JEIA 0.053 "' i b ¥ i) MWNTs, 4k 22 5 $F 10
min; K5 P B A 7K TR (SR BERK B 43 oy
20 mL F12. 4 mL, HEEFRKG pH 182 3) 2218 | 5) ik
WA IR BEHE 30 min. Hd 44 R 410y
JEEIR H M EKTR Tl SO mE: 7K =1:25:3. 7R be
PR O v, B AR R — B e ], A5 3
MWNTs-TiO, %I ; FHia e i T34 65°C L4
a0, AR5 E D 3R b 500°C RT3 h R KGR
LY, BD AT 153 MWNTs/TiO, &4 GHEALF.

1.3 SEETrik
L3.1 1,2 3- =GR E

TE 20 mL BYAR R SO INA 10 mL BB, 4%
A 100 mg 1,2,3- =50, %55 1R IR YR — Bt
] J5 2 A AE A F. TEABU 1 L RS 1 S48
HOIMA 800 mL [ X ZEIE K, RS A EL 0. 8 mL I+
1,2, 3- =R B A RO A HEIE R, TR IR
iR 48 h, IR O A B RV R 1,2,3- =&
B TE WA . FE A& 1,2,3-=
AW EEZ R 8.0 mg-L ™" {4 1 RTHIS A €5,
TS L R
1.3.2 e REm S A0 R

7E1 000 mL HIEAH) U (EH) mA 500
mL BCE A1 1,2,3- =508, A 30 mg B Aotk

R TGS HE J5 H) HORAO G AR 27 0 2%
H TRk RN g th b — BLiE RS JF S DAR
TERTFRLEHE R 12 1R 35 W AR R AT (PO e K A
253.7 nm) R ERANEUR  FE % 0 25 4 N E AT A
RSs. SC RS, T 0,2, 4,8, 15, 30,
45,60, 90 min FHEUFEZFHURE R P4 . LadiE
Ot A HURG B I H] PTFE ffL g Bl i€ e, BB B 0. 5
mL A 2 mL BFR CARE SO P I AGE B0 N R
Jo AR TSGR T ARG
1.4 BEH0MARRAE

FIFH JEM-3010 %237 5 H3 - i 5% ( H A JEOL
NT]) WEEE MWNTs Fl MWNTs/TiO, 52 & A Ak 5
fIZ2 IS, ] JSM-5600LV %Y 4 vy 1 W i 5
( HA JEOL 24 m)) WREE AR 0 4 B i &2 G oAk
T S PR Ak i o BEUS 1 52 G A A AR B 2R T TR
XRD K7 Rigaku Dmax/2550VB + 18 kW ##0 X
SHRATEHL ( AP Rigaku 24 7)) FIGE B 5E 94
K TiO, WA HIEEH  JF T3 ORI 3 RS e
FKH CuKa H1 4%, 455 H R 10° ~ 80°. i #d Nova-
1000 Y E T /0BT ( SE[E Quanta chorme 23 F] ) XJ 13
P PERT S B9 MWNTs/Ti0, 8 & 6L 17 1L
FAR A E .

2 ZER5itie

2.1 MWNTs/TiO, & & ML 2L
2.1.1 TEM 47

N T ERRAUKAE R IR Tio, Tk,
ARSI 43 I BGE A4S B IRAKAS R A e L
FIT 20 mL 1) Jo/K ZBE 5 PR 30 min, i 5
B - A% b 22t T A B | 8 0 i S e R R
(TEM) X HE ISP g, H TEM B A nE 1
FiR.

HE 1 ATLIE H, gk Tio, wifa gk
B RERE 22 W, 4105 A BR 90 K4S A5 BE O
W, MM EGIK Tio, J5, 99K Tio, LUBURL Y TE UAR
- B TR BN K A R RE L
2.1.2 XRD 4M#r

N T AR R T A AR T gk
TiO, 14 ity 28 fiA (14 52 M A S 56 X AN [ A 08 2 3
W TS 2 A MORHRE S B AT X SR i 4, L
XRD FrHras R anE 2 .

M 2 iR =2 A AR AR & Y XRD B
AILLE 3 PR AR T RE b 2 0 2 Sk B ER AR ATT
SRR, H T AL FRI A R ) AR Ak R X T B



3842 2N

i

7

33 %

e

(a) ZiAL)R IR E TEMIR

(b) EAHAEAFITEMR

Bl1 mMKkESESREATESFERERXI
Fig. 1 Contrast of TEM images of MWNTSs and composite photocatalysts
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Fig. 2 X-ray diffractions of composite photocatalysts formed

under different microwave powers
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Table 1~ First-order kinetics equation under

different microwave powers

[T

W — G N R TR k/min ! R {H

0 In(e/cy) = -=0.01560-0.8092  0.0156  0.995 1
300 In(e/cy) = -0.0224:-0.2528  0.0224  0.9946
400 In(c/cy) = -0.0237:6-0.4469  0.0237 0.9936
500 In(e/cy) = =0.0231:-0.2330 0.0231 0.9986
600 In(e/cy) = -0.0197¢-0.7319  0.0197 0.993 1
700 In(e/cy) = -0.0147¢-0.0806  0.0147 0.9905
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