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T E ARSUHEAKIAG RIEEIS T ZoWO, T T RIRIERE, AR AL T(BR2) MM 2% R T bR
ZnWO  fEAb P MR LTS Y i e . 25 SR 3R W MBS IR O 673 K B, ZnWO, BAT SE AT A4 Tk b8 75 R A
TEPE. ZnWO AL 7 A7 BR2 19 =24 FALELR ™ A S R (ROS) 40 - OHAR O, DL Z8 9% (h* ) AL AE
FSBR S ZnWO, ARl 1.5 ¢- L7 \BR2 FIIRWK N 10 mg- L™ VSR IR pHE Jy 7875 Th 3y
200 W B BFE] A 120 min R EE R 25+0.1 CHF, BR2 AIREAR2R R 90.23%+0.93% . F 7545 R A JBLRE AT e 2%
PETE ZaWO, HEAL R 7R REARA BLTS e 0 TP 8 SR FLatE— 28 iy FH S eI ot Sk,

XA ZnWO,, WL T, BEE, FLEmR.

Sonocatalytic degradation of ‘C.I. Basic Red 2
in the presence of calcined ZnWO,

HE Lingling' LI Yu' QI Qi' "~ XIAO Qiming'  HUANG Feng'
ZHOU Weishen" WANG Xin®"*
(1. College of Applied Chemistry, Shenyang University of Chemical Technology, Shenyang, 110142, China;
2. School of Pharmaceuticdl Sciences; Liaoning University, Shenyang, 110036, China)

Abstract; ZnWO, was prepared by a hydrothermal method and further calcined at different
temperatures in this paper. The:sonocatalytic degradation activity of calcined ZnWO, to organic
pollutants was studied with.C.I./ Basic Red 2 (BR2) as the degradation object. The results showed
that ZnWO, had better sonocatalytic degradation activity when calcining temperature was 673 K. The
main mechanism was the production of the reactive oxygen species (ROS) , such as -OH and -0,
and holes (h'), which were identified and played major roles during the oxidation process. When
the addition amount of ZnWO, was 1.5 g-L™", the initial concentration of BR2 was 10 mg-L™", the
initial pH was 7, the ultrasonic power was 200 W, the ultrasonic time was 120 min, and the
temperature was 25+0.1 °C, the degradation ratio of BR2 was 90.23%+0.93%. The results showed
that calcination could significantly improve the sonocatalytic degradation activity of ZnWO, to organic
pollutants, which would provide research basis for its further application.

Keywords : ZnWO,, C.I. Basic Red 2 (BR2), calcination, sonocatalytic degradation.
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TR AL AL AR — T BRI R AR & DR P ) 2 R 9 IS RS R R Ts
Qe Re i) 2 N TR EIE AR K 2 YoRHRK R 25 K T AR S — R R m A S
DAL, I TUAR R IO FEIAE G e PR i A0 el A2 D T 7 AR AT P B 72 45 SR 3R 9T, Zn WO, 12
NI EREE A P AR A A LTS e K TRt R A i I P S5 Ot — D4R T A A
A R A LIS A TE RE , AR SCIE 1 K P G 1 2 Zo WO, H X LA T8 , 5 4 Z AL TR XA T
(C.1. Basic Red 2,BR2) BB A FEMRVERE , [RIHERTT 1R AU HLBE R i T 221

1 SZEG#B4) ( Experimental section)

1.1 FZAUE AL

Lhf g (SX-2.5-10, #5 BE K 56 ) 5 F 45 8 75 U IE UE 4% (KQS5200DE, B 117 36 ) 5 X 5 4 Ai St X
( D8Advance , 1 [E Bruker) ; 43 ¥ 3% & 5 14 B 45 (SUS000, H AR H 37.) 5 N, W BB ( Autosorb iQ
Station 1,3¢[E Quantachrome) ; 584N A] LA EHEE T (UV-2550, H A L) 5 Zeta HLAAY ( ZEN40O2 , 3 [E]
hIRIC) 5 A R 3 A [ o3 it ).
1.2 AL il 25

ZnWO, 7K A BRI TR R 5 il % CoWO, AT b Tl M2 B 1. 0.9896 ¢ Na, WO,-2H,0
10.4089 g ZnCL, 73 i T 30 mL K& /K IR G5 #E 180+ 30 min  $R/55% A 100 mL 1R V0 # 2 M
IV TEIRBE R 180 C BB THRAE IV 24 h N 45 R I8 M BE G, B.OWETIE, JHZE1
K TOK LBV A, 80 CHUT  WHEE SR B A Sy 72 S 3 BEbe 2 h, v HUR A .
1.3 LRI RAE

X SHERATHHL (XRD) F TR A R S A AR 2 BEER 254898 25 R T Cu Koo SRR SCTR, K
A=1.54056 A, 40 kV, 5 40 mA, F9 45 {65 18]100—80°, 2L+ hy 0.05°; 5 43 B 7 & S 43 4 L 5
(SEM ) IR ABE T A SHOWAE SR RN K /N ; Zeta HLOEASCIIZE ZnWO, fiEALFA] A4 LA
1.4 AL P R A

£ 250 mL B ELZEHEIE I A 40 mL #9:BR2 %, BR2 (B 10 mg- L™, pH =7,ZnWO, Bl
AR 1S g L7 FREGARREE 13K 30 min 6 Zn WO, 99 KKE T 784343 0O F IR BURT BR2 22 8] A9 W BF- 15 B
S AR TE R R HE T U R e rh EA T R B D)2 200 W B P B[R] R 120 min
PR AR 2 I0 R g 25+0.1 °C, BAPR R A5l A8 . LT GIEAT UV -vis SGIEDNSE , BR2 1 B ffR AR 4R
FE 518 nm ARG T TR

2 53R 5i1E (Results and discussion)

2.1 ZnWO, 31k

W 1 s A RIS I A & B BT A AT T4 18 5 SR R Zn WO, (BRifE < 5k 88-0251)
B AR S50 0=4.69263 A, b = 5.72129 A, ¢ = 4.92805 A, a = y = 90.0°, B = 90.632° )L 522544
M Ta—d F FE AT %0, B BRI B FH31 400 °C R, Zn WO, YT BTG T8 AR 58 | Aol R T8 /N, 25
7 fe 3 BRI BE TR 400—600 °C B, 77 5 06 B 8 AR A8 S 0K AR RS A8 KT 45 B2 R A1 e Ah , A XRD
P3G b oA e B A 2 o

K] 2 JEAEAN AR BB RS TS ZoWO, 19 SEM K] 7E 4B ke i 300 C B, ZnWO, 198 36 32 28 2 3 L
225 40—50 nm K EL 100—150 nm BRI ; 75 400 C I, HIE 5 T8 2 B EH 422 50—80 nm Ay Uk
AR s SR 5 B MR Tl B2 1 v, HOR S ) FHOIR A= K 7E 600 °C BB A 1R £ H A2 2 100—200 nm 3R
MR ZnWO, 25 B BET 2 AN A 10 25 S BH JBREIRLEE Sl 300 °C ,400 °C 500 °C i1 600 °C B ZnWO, 1 kb
Fm AN 28.57 23.55 .21.13 18.67 em™g ™"
2.2 JBBEIRIEXT ZnWO, L 5 MR BR2 200

WA 3 0] UL B BRI B TH i, Zn WO, X BR2 A0 W B 328 Y0 7 A I | = 82 DR S Bt o A 5 Tl B 1
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1 7EARFNREEE T BB Znwo, 1) XRD [&
a. 300 °C ;b. 400 °C ;. 500 °C ;d. 600 C
Fig.1 XRD pattern of ZnWO, calcined at different temperatures

—_— n —_—

2 (EAFEEE T BREER ZnWO, 1 SEM &
(a) 300 °C;(b) 400 C;(¢) 500 C;(d) 600 C
Fig.2 SEM diagrams of ZnWO, calcined at different temperatures

100 ~ Wi % Degradation rate
% it 3% Adsorption rate
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Fig.3 The influence of the calcined temperature on the degradation ratio of BR2
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FERE S RS2 BRI Ry 400 °C B, ZnWO, AL AR 75 %A% BR2 MR Bl 7= A X — B 1
Ji PR 2 b 2 T AR 14 168 100 B A0 48 £ B 22 A 0 A5 a5, 1 [T B B 83 S e, 348 ) LA I 485 SR B TR
300 CH,ZnWO, AR BAT I KB L RTH AR, gt 4 it o Z2 A3 P47 55, {H BR2 7E ZnWO, K TH A8 B
WK% B2 BELAS 75 SO SR A AL R 7= A 5 14 48 ( Reactive oxygen species, ROS) , T S SO AR b8 7 R fi
BR2 M PERE e fIK. FEAB R IR S 400 C Y, ZnWO, AL 75 B BR2 IR R 5, SR 5 Bl & 1B e TR
(T, BR2 (14 AR i 2R 0 7 R AR X 2 Pl T A L) b 3 T R A 38 K RE S 4R (L T 2 A TG M 7 AR T 2 1
ROS, [R] e 7E— 5 9 W B2 0 T P, BR2 X 7 308 G TEBELRSVE T, FL BR2 70 4k 5] 3 1 W B <2 (9% 386 o T
4 ROS 5 BR2 MR MBI, DT 5230 BR2 AR iR Tt 5.
2.3 ZnWO fEALH P REA# BR2 /EHALE IR

R T ERVHBRE 1 ZoWO, AL 75 B AR BR2 A4 FAILH], A FFT A ROS Y BRI - OH I BR 71
H#& Bz (D-Mannitol, D-Man, 3.00x 10 mol - L") - 05 # BRI N, A ROS 3 B 40 5 i i
(Vitamin C,Ve,3.00x107> mol - L7") BA K25 7 (h™) # BRI £ DU 288 — 4 (EDTA) BIxF BR2 [#fi %
52 AN 4.4 ROS ¥ BRI BR2 A R#f# R 514 90.23%+0.93%. [n) K W AR A Ve J&, BR2 1Y
R R A 5.70%+0.71% , i ROS (775 2 S50 BR2 AR Y 35 22 5 A. 1) K207 (R &R i A D-Man Al
N,J& , BR2 FRIFEAR A3 ) T RS 50.23%+1.17% 1 62.75%+2.41% , 355H] - OHFI- O34 BR2 Y& it 12
R AR ) ROVAR R PN EDTA J&, BR2 AR5 R P& 72.51% +2/58% , Ui W] h* 7E BR2 (¥
R A bt & 45— EVE .

G546 DAL SEBR S5 BRI SCHRIRGE | 7F ZnWO, AL A BR2 A%, JLAE FHMLBE AT IE 44 . £ i 75
P RS L R | VAR P B B NV IR P ST T AR T e K B R — R A s SR R,
BV A s Al sl R P A A s AL T TR R A A (Hot spot ) , TR FTAA #5000 K DAL, FE W]
Bk LT AR A 2 ROV = A A BE s T 2K A F 240 7= A - OH(3R 1) V[l B, 7 s R
AR PR A 2 ARV 22 5 207 BUL G ( Sonoluminescence) sy X4 7 Bk VG BE R T ZnWO, 1 B E
2K ZoWO, R (e7) AR (20 2) LT R ALY e B O, 3R ARG O, SRIF 2t — R I A
FER A -OH (X 3-6) . T2 A1 h' By T BB WS EL I AL 70 ff BR2 41, BE#HE 5 H,0 K =4 -OH
(7)1 X2 ROS 2 h' 5 BR2 W, M S RCH A (n = L S) .

H,0 B, -OH+H (1)
ZnWO,+hy —7ZnWO,(e +h") (2)
0,+te — -0, (3)
-0,+H"—— -OOH (4)
-OOH+H" +e—H,0, (5)
H,0,+e"—> -OH+OH" (6)
h*+H,0 — -OH+H" (7)

“I ? 7

40 -

Degradation rate/%

20

vz

Control EDTA N, D-Man Ve

B4 ARENEERAD BR2 AR 15200

Fig.4 The influence of the different scavengers on the degradation ratio of BR2
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Cavitation effect
.y .
D = =
Ultra_sonic Formation, growth and H,0
irradiation collapse of microbubbles ( ?
B
—— )

B: Hot spot -OH

5 ZnWO,fifb A FEAF BR2 MR ZIE

Fig.5 Schematic diagram of sonocatalytic degradation mechanism of BR2 in the presence of ZnWO,

2.4 ZnWO,HIIMARXT ZnWO, i1k 7 [ BR2 (15200

ME 6 T LUIE W BEE ZoWO, AU IIA M 0.5 g L7 BEINE] 1.5 g- L, BR2 Y R A R 2 i 18 . Ui B
B ZnWO, A R3S 2 | 57 SUROGH A TG HEOLS tdh 2 | By B 21 ROS, i BR2 4 201 %
figet " M AR 1.5 g L7 B, B SRR W R , X T i A ZnWO, AT RES | A070) (9 141 2 A
o/ T P8 35 7 2t AT e R e A 0 6T Y 4 3 e T EC S A R A P R e i R R SRR AR
MRS T ARSI 7= ROS BIfE .
2.5 EWREIHILE pH (EXT ZnWO  JEAL HE 75 [ A% BR2 (5

FH I 7 ATAL, MR ARG pH (ETE 1—3 YL P BR2 MR R BE pH 69T i 7 s w s pH (A
18 3—7 JE A BR2 A REARF AL T3 MK P s TERI 4G pH = 7—11 Ju Bl N, BR2 (W [ % 32 BE pH (E T =
T REARG . 3= R E WD 4 pH = 1—3 F1 7—11 SR A JBERE i ZnWO, Al BR2 349717 [ Ff i fap | W9 25 22 [
FHE R 336K AR T A 75 A A S I 1 L JEA 75 2S00 6 pH (B AE 3—7 Z ]I, i AH S HL AT
ARE R B T4 1 S B AT

100 100 -8
80 7 / 80 1
= . |
g 7 2 1 >
=60 7 g 60 1 £
2 £
% W0k E 40 - %
A g —o—US+ZnWO, { 18 =
20k 20 L YT ZnWO, Zeta e 12 N
7 | —4-—BR2Zeta i _
I 1 1 1 1 1 1 _16
0 0 0.5 1.0 1.5 2.0 25 0 1 3 5 7 9 11
Addition amount/(g-L™") Initial pH of BR2
6 JEBES ZaWO, BIIA B 7 ki pH fEXT BR2 FEff#R K ZnWO,
%t BR2 A2 110 5 i) 1 BR2 1Y Zeta HL{FY S0
Fig.6 The influence of the addition amount of the Fig.7 The influence of the initial pH of BR2 solution
calcined ZnWO,on the degradation ratio of BR2 on the degradation ratio of BR2 and the Zeta

potential of calcined ZnWO, and BR2

2.6  BR2 WITAHEEX) ZnWO MEALEE 75 A7 BR2 Y521

WE 8 Fis , TEMERE I 1 ZoWO, 5 A B HMRIVER T, 24 BR2 MRV EAE 5 mg- L7 % 10 mg- L™
IR AR R R A 78 A M T 10 mg- L7, LR AR A Bk B A 384 o g sk g3 FE D PR PT BSR4 12
6] A K431 A ZnWO AL 22 8] (9 AH B R McVE I BE R BR2 15 Y0 B A 35 i v 186 5 | DA PR 46 17 i e
ZSAAE R P R R BUR G I 15 3 , 1E 1T 3 30 ROS 7= MR 55 40, 13 AN e Rl R e B R, A
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ZnWO,J5 BR2 1A W (14 W5 AR I 25 T AR A Zn WO, Bif (4 B i 2% | bl s 7T LASIE W% TR A BT ey
ZnWO, A TR I AL P TiE k.
2.7 EEFRERDG IR PR R BR2 (15200 S 3l 1 2F 5

WNE 9 FIf7R , BR2 B fipk 5 B R 7 i ) A Z2E K 17 26 47 486 o, 350 B I 25 68 7 Bk ) A SiE K, AR 2R v = A
) ROS B4 ; INA ZnWO, J5 BR2 AR fife 5 W il i T B 75 1 B, Ui Zn WO, A3 R A7 i Ak
T AR ROR T AR T 219 ROS, T F:30 BR2 AP R R A -In (C,/C,) = ke XFILL
I RAEIEAT B 12 PR AR —In (C/C,) 5B ETE] ¢ ¥R RAFZMOCR U ZaWO, fi L
PRI R 7 R R BR2 245 A Bl — G R Bl 1 Y RN R E B0 R 0.01764 min”! Al
0.00333 min~'.

120 r BR2+ZnWO,(calcined)+Ultrasound 100 BR2+ZnWO,(calcined)+Ultrasound B
BR2+Ultrasound 221 BR2+Ultrasound §
100 N
80
: A P S \
2 i 2
& 7 S 60F §
g 8
g 60 [ =
E T a0t
g‘) aor ﬁ H 7
B § § ) -E 7 7
0 0 : 7
5 10 15 20 25 20 40 60 80 100 120
Initial concentration/(mg-L ") Ultrasound time/min
8  GUBHAW I AT BEXS BR2 FRA# A 52 9 IR BR2 FAAR AR A 5 0
Fig.8 The influence of the initial concentration of dye Fig.9 _The influence of ultrasonic irradiation time

on the degradation ratio of BR2 on the degradation ratio of BR2

2.8 ZnWO ML REAE BR2 A9 ] 5152 A 14
TERFUR B ff S U0 A5 R W08 b A A AL 7 W P 50 2 5 Ok TE R P T s, BRI T fE
B R BR2 V. EE B A 5 IR BR2 MR A 2 0 5l A + 88.54% +0.43% ,88.02% +0.91% .86.74% +

1.72% 85.42%+0.86%F1 83.10% +1.51%. 7] W, BR2 A4 4 i 2R bifi 25 Ak 79 00 =1 52 1 R A B | R R 78
FERMH S WG AR T 5.44% KW T ZaWO, HA K- ] 542 0] F .

3 %5 ( Conclusion)

ASCAE K AG BRIl T ZaWO, 31T T4 e 25 R 38 B , S4B be i o 673 K B, ZnWO, B A
A (AR 7 ARG PR B SS Zn WO, AR 1.5 ¢- L7 BR2 #IARMR K 10 mg- L™ . pH=7
FEIPRK 200 W BT E] A 120 min GG R 25+0.1 CHF, BR2 FFEM# R 4 90.23%+0.93%.Za WO, fiE 1L
MR P A% BR2 1Y R JE -OH - O, Al h* (7= 25 36 8] JBbe T B 35 4 T Zn WO, (AL 75 B A A
M5 G BTG I R Zn WO, FE A Th 7] B4 il £ B JHE Ry FH 2 0F 7 Al
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