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Synthesis of novel polyoxomatalate K,BiW,,0,,Sn-11H,0O and

Photocatalytic degradation of simulated dye wastewater
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(1. School of Environmental and Chemical Engineering, Dalian Jiaotong University, Dalian, 116028, China;
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Abstract; A new polyoxometallate photocatalyst was synthesized by hydrothermal coprecipitation in
this paper. It was characterized by SEM, SEM-EDS, XPS, XRD, TG-DSC, UV-Vis, FTIR, and ICP.
The results indicated that the synthesized compound exhibited a Keggin structure and non-crystalline.
The molecular formula of the compound is K, BiW,, O;ySn-11H, 0 (BiW, Sn). Acid red 299
(AR299) was selected as the target degradation pollutant. The photocatalytic activities of BiW;Sn

were evaluated by its photocatalytic degradation of AR299 with natural sunlight irradiation in aqueous
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solution. Results indicated that BiW,, Sn effectively and photocatalytically decolorized AR299. The
photocatalytic degradation of AR299 was influenced by the dosage of the catalyst, the photolysis
time , the initial pH and the initial concentration of AR299. AR299 solution (20 mL,4 mg-L™",
initial pH 5.4) with BiW,, Sn (0.5 g+ L") was irradiated for 3 h under sunlight, and the
decoloration rate was 93.1%. BiW ,Sn-mediated photocatalytic degradation of AR299 was a pseudo-
first-order reaction and modeled by Langmuir-Hinshelwood-type kinetics. Superoxide anion radical
( +0;) was the important active species in the photocatalytic reaction.

Keywords : photocatalysis, polyoxometallate, degradation, dye waste water.
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1 #BS 1 ( Materials and methods)
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(LIt EiAER A BRA F]) s DF-101 A AR IR N B 7 B pi a (UL ST PR A PR ST AR W) ) 5
PHS-3C BV IR B2 T (BUIM G I A ) )



1000 EZS 35 %

i

e

g3

1.2 BiW,,Sn [l & 52 4E

¥ 100 mL,0.55 mol - L' BUASERAH /KW, LA VK Z BRI 5 1 pH [ 6.5—7.0, i S5t T & i A
11 mL,0.45 mol - L™ S ALEK/K AT, 80 °C N FIRAFE 1 h, W BE B AR IR B 6 FE AU A T Rl
HA 20 ml.,0.25 mol - L™ B2 W8 /K 1 W ( LA LR BT 5 L pH i 4.5—5.5) K IIR VA WOHE &
95 °C, HiFEI3E 80 min JFHIA 67 mmol [EA KC1, 4kLE 0 10 min , 15 1 INFA B HE S5 #4350 #A0L g B
FRVEY), DECEE TRt b R H B =R 5 B T UKF (5 °C) PRAE 24 h b BRI Woam g A3 B 4k,
DL B TR RS RAZ A 2 W, BT B2 TR (105 °C) T4 4 h, f4& 155 BiW,, Sn W B4R

i3 SEM XPS XRD ,TG-DSC SEM-EDS UV-vis .FTIR % ICP % Bt il 19 BiW,, Sn #H47 T 38
i B 5E T HAr 7450 5 4.
1.3 BiW,,Sn FEHEALTE P

WL HFFT BiW,, Sn 7 BHE T XA YR AR299 114 Jid (0 j fift R ok % S HOR A AL T 1

PLEEAM-FT WA EETE X AR299 /K IR T4 BEAH (200—800 nm) , AR299 7F AJ W% IX 1) 1
KWK N 522 nm. 24 AR299 ¥ &> 0—20 mg- L' JE R, Hk B (€) 5 HMW G (A) BA B gt
FAGHE(R? =0.9985) , 7F b iRk B2 il 1N, AR299 ¥ A WO BE 5 O B 52 AE LE, DR, AT 4l AR299 7
VBG83 70 A Iz e G Ik 3 T2 . AR299 1R W B s> (DC) AT R =34

DC =[(A4,-A,)/A,)x 100% (1)

Forp A OGS AR OOLRE s A, R EAR I ¢ i 20RO B

2 ZEHL 59718 (Results and discussion)

2.1 BiW,,Sn £AiF
1 4 BiW,,Sn LK 5000 5 15000 £5#) SEM KL E 1 7] UL, BiW,, Sn S~ FR 54, FLEHAEL, 0
ZiE $:E <8

1 BiW,Sn 4R EER
Fig.1 SEM images of BiW,,Sn

&2 24 BiW,,Sn [ FTIR 3% &l LIl 2 7] DL, 7E 500—1000 cm ™' [8], BiW,, Sn HAT Keggin 4514 POMs
fh) 4 ANHRAE B AR PR s o IR v, (Bi—O0,,642 em™) v, (W—0,—W,735 em™ 789 em™')
v, (W—0,—W,864 cm™" ), v, (W—O0,, 945 cm™' ), 3& B H A Keggin %! ) POMs. 1 T Sn™ 2} 12
(0.112 nm) & W 2142 (0.074 nm) K, U RESE 2 A B 8 25 7 e 5 125 oL T s, B
S BIO, WA WO /TR FRYE T B A7 252 LA 5 AR T2 205 Sn® G54 19, Rt A0 DY T
PRAT SR FR I, Efl W—0,—W BF R (735 em™ (789 em™) ).

B3 R A ) BiW, Sn KIFWR(0.05 g+ L71) A9 5840- 0] WSO RS EL 1 8] 3 BT UL, BiW,, Sn 7 255 nm
QA — el XERE O, , . —W 1Y pr—dm A ERITE , X 5B H AR P XT Keggin BIZE 4 POMs A4 AE IR
B BLAE 250—270 nm BT A RAR A — 20— 2B UE A B 451 BiW, Sn M HUA Keggin 251411
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POMs. 55 BiW, AL, Sn™ B T3 AJG BiW,,Sn 19 0, . —W i &5 7408, KW B F U i & A B B
R, ULHA Sn** B2k T2 Z A T E 2R BiW,, Sn X AT UG eHEsEsE | i BiW |, {54 MEA .
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Fig.2 The FTIR spectrum of BiW,, Sn Fig.3 The UV-Vis absorption spectra of BiW,,Sn

4 2y BiW,,Sn 1) SEM 1 EDS % & A H EDS 3% [& 4 (b) A] WL, firfi #5 £ BiW,,Sn 1% Bi \W Sn K|
0 JCE M i 1) Na JUE (BB L B oK R B 1 2= ) .

(b)

v T e |
50 pm EleV

4 BiW,,Sn i SEM(a) F1 EDS(b) il
Fig.4 SEM (a) and EDS (b) images of BiW,,Sn

& 5 & BiW,,Sn Y XPS R[] 454 BEIX Al & 0—1200 eV, X TG Z R AE I HEAT 20T , 25 S B AE
W Bi W . Sn K, O JCZ B - % 6 0 B 5 b5 E 25 & RE 1 R dE AT X IR FL 8, AT A r T &% TC R M 45,
E 5(b) J& Bidf i B, % XA Bidf®? | Bidf”? B e Bl e 40 00 T 164.8 15945, KI5 T
Bi*", Bi*" B FH 5d"°6s’6p" L FHY 7 Bi6s HaE 5 02p Pt A B S5 208 /N AT BR RN #8435
IR R 1 25 7O R i, A A ORA 28 7R s B S (e) B, Sn3d™?  Sn3d™2 43l F495.05
486.5 , KT Sn™, Sn* A7 — XX L 7, B GRS/, Sn® B G , Sn—O0—W #ff i O 11 £ H fr 2% 4%
K, AT 0-W BB IRGTE , BVRAR RE Rt e B & il FIRAE , PP A A 3 70 I/ 5 (d) , Wa?
WA B 43 T 37.6 .35.45 K TET WO 18 5(e) o, K2p"? K2p¥2 43 I T+ 295.7 .293.0, KI5 T
K5 5(F) H,01s 7 F 530.4, KIETF 07
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MR, BVRE R 5.55% , RAPTHIE LG & 11 D25 7K FE DSC 4k 1 87 CAbA — W #hid,
BEIR B A5 85 K bR R B K, 1E DSC 2k b 416 CAMH — NG bR 5 L &9 E 40 76 DSC il
2k I 867 CAbA — W A R AL 06 | ZR AR NG R v fb & 1 Hh DG 2 USSR 5 Ak R A IR Ak,
WM B IR . TG-DSC #h4k W1 2405 K T 416 C I, Fr il & #9 BiW,, Sn 7EH 2% | B E .

I A _E AT N A 5T T ) 45 B9 BiW,, Sn Dl 1:11 &5, BA Keggin 454 i) POMs, 43 T 20N
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2.2 BiW,,Sn X} AR299 JGAHEAb I (& A 15 7

J T BE BiW |, Sn Gl AR299 M (R RE , 43 I HEA T T OGN BRI X R O AL S5

(1) JEMEALSEE R 20 mL,4 mg- L' 1) AR299 /K W (¥ LR Biw, Sn W8 0.5 ¢-L7') , H
JENERIR 3 h, AR299 RN (%5 93.1%. (2) YExT HRSZE R 5 (1) FIFER TR S5k BE ) AR299 ZKIA W
ASIEEATL, BHOE T #5883 h, AR299 #W H B LRk 05 (3) X BRSEES Ry 5 (1) [RIREAA R 5k B2 1Y)
AR299 7K B ARAEFIBE N, 3886 3 h, AR299 ¥ ik 14 I (20 g >R hy 0. Fh DL AT UL, e A ) o B it
AR299 M R e , A2 R AE R A

&l 8 Sk AR299 7K I W Al BT S 48 0-7T WOGIE R fr 18] 8 T UL A5 AR299 7 7] UL IX 1) W i e
A 2 (A3 N P & O R O e~ S 2 [ S B S e T 237
2.3 RZW BiW,, Sn YElELREME AR299 HUR AN R
2.3.1  JCARITTRINT AR299 JI (5,3 1) 5 i

K19 Mgt % BiW |, Sn JGAE AL AR299 75 W I €2 B3 ik 1) 52 . ph &1 9 AT L, DGR W1 4R 0—3 h,
AR299 i (5,375 Ak AR I 3 b, HLBE (5 R F) 84% T J5 Y 2 h JGAe , FLBE (5 AN 6%. 3% 2 N,
Bl 25 BN A EAT A5 R B PP R P A g, S AR299 3 4RI FHIA U P BO3E PR R, Bl AR299 i (0 R
BTN R R 2 R R B R AS , DA SRR R1E R 3 h.

2.0

90% /

L
% g Yefi#J5 After photolysis g 80% |- /
Y& fi# i Before photolysis i /
0.5
70% - w
0 i I ! | . L L L 1 | . |
200 400 600 800 1 2 3 4 5
A/mm t/h
8  MRPELL 299 JLfi e 5 Hh- T WSO 9 SGARIN R RRTELL 299 P RUBL (L 1
Fig.8 The UV-Vis aborption spectra of aqueous AR299 Fig.9 Effect of photocatalytic time on the decoloration
solution before and after photolysis rate of AR299 solution

2.3.2  fEAEFIBOI X b MEL AR299 B AR 52

1 10 AL BiW |, Sn BN X AR299 St AL R AFRRCR B52 0. B &1 10 AT UL, 4 BiW |, Sn ¥R BE A
0.125 g- L' #8m %] 0.5 g- L' AF, AR299 Hii (2 R Fifi BiW,, Sn 5 Jiin 2t 388 Jm 177 Uk 338 K, A4 A 551 ok 2 o
0.5 g-L7'Hf, AR299 [ (a3 0 423k 5] 92% LA I, BRI IR 43 AR299 148 SV Bl i IR, 4k s34
T I, AR299 Ji (3R 45 Ak R B . 3 AT B PR Sy B 5 A 390 o B8 386 K, s I 4k 2R P B4 M4 b
Sxbiti 2 3, AH S AR B A KR, BRARTE G IR TR AT BE 7= A T 22 A 06 1k S 1], (3 6 33 M 35 (AT AT B 2
AR LR [ B 2T 2 16 | M 25 A R A A FH . TR G, A B PR AL 0] A B0 0 8+ 0 22 B 38
PR A 2 8 AR TR 9 AR CRAIE Rt L S IR R R I R, 27 5 2 0F IR, LU T IR oE e BR i ik
R AR 0.5 g+ L7
2.3.3  AR299 WA EE X BiW , Sn JGHEAL AR299 [ Rl J 1 52 i)

AR299 5 AT b e e} L0 € S g sz i L) 11 b 81 11 mT O W62 AR299 47 # ¥¢ JBE fl 184 o, He
fif R T B L3 AT REAS R T B4 S AT, — TR A2 PRI A 4 e %) e B 448 K 5 B R 1) 7 B e o 3
KA ) B — s 1, = AR T A ) R e —E 1, SRR BE K A B U N A — R Y
T LAIC R AR 3 TR 5 g — N TR R Bl Yol hue B 388 O, 0 %) €8 B 15 K, S ) a8 o R R AIG, AR s
PR RO A AT BE TS UK, A B PR A ) 1t /D 3 SO A 3 N 8 E ol
i /N OGRS W RE AR A X ) B, O 52 45 S i B 2 32 A SR i), 25 5 5, LA BIF9T BE L AR299
SEEGHREE R 4 mg- L7
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40l
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B 10 AT X R TELT 299 YA RUBE (43 1 5 ) Bl 11 FRYELT 299 HIHAUR B0 H M (AR K R
Fig.10 Effect of catalyst concentration on the Fig.11 Effect of AR299 initial concentration
decoloration rate of AR299 solution on its decoloration rate
Experimental condition: 4 mg-L™" AR299 solution 20 mL, Experimental condition: 20 mL AR299 solution, initial pH 5.4,

initial pH 5.4, with sunlight irradiation catalyst in solution 0.5 g+L™" with sunlight irradiation

(average intensity,75.7 klux) 3 h (average intensity,75.7 klux) 3 h

2.3.4  AR299 ¥ AIGG pH B € 38 5 M)

24 AR299 ¥4 pH {HAE 5.0—10.0 [a) 28 Akt H UV-Vis 18 R & A= B0 W oieis (K 12) , 2 4k
KRFERATEG pH (EAS AL AR . AR299 #14f pH {ELN L (R sz ma n ] 13 Birz. i &1 13 mT 0, Bl
AR299 W1 pH EIE K, HE R B8 (B A o8 T B T MR Uf pHL (BN Stk e At R0 5 1) 2 i J PR L 0 52
Z,HH ,1:11 Keggin 751 POMs HABFESI R E M 5504 (pH 5—6) FAELE , AR IR M B # B 45 10 T, 3L
g2 e AR AR TS M LA AL 16 . AR299 7K V2 R AE A IR 35 VA T pHL B, L pH = 5.4 i =R ]
KF) 93% DL b AR SEEARAE A AR ASHIFSY AR299 VAW TS HA 4h pH 8, LK AW 1 33
FTHASERIEAE.

100 —
03 |
pH=6
pH=10 80 |-
02l pH=8 < B
O 60 -
< [a]
01k \ pH=4 40 -

20 .
oLl o+ oo R T N S R TR
200 300 400 500 600 700 800 5 6 7 8 9 10

Anm pH
B 12 ARG pH (EEYELL 299 /KR B 13 ERTELL 299 W RIS pH (EUTHB (R AR
Lehha] DL OIS Fig.13 Effect of the initial pH value of AR299
Fig.12 The UV-vis absorption spectra of the aqueous on its decoloration rate

AR299 solutions with different initial pH values

2.4 BiW, Sn YGffL AR 299 Jii (5 f it I v ) 12
Ozer % ST HGE , X F 14 POM SefiEfbik &R B A R0 #54 Langmuir-Hinshelwood ( L-H)

B R

dc, kKC,
— e (2)

t 1+KC,

K r AN HHE (mg - L7 h ™), C, 2R ¢ BFZI RN W) BB (mg - L71) |, Co Ry S ) B0 s VA
(mg-L7") K Ny L-H FENUFH A B (Lomg™) ke RN AR AL (mg- L h ).
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B KCy<< | I I —GSN, Al (2) T o R

C, ,
1n6=th=Kt (3)

t

o, K (h7") Ry — 2 s j T3 4

XIHIUGRHRE R 4 mg- L7, W1lH pH=5.4 [ AR299 /KW (AW T BiW, Sn Wk 0.5 ¢- L) FHIE T
CPEER,68.2 klux) J6f# 5 h, Bk 1 h B 30, A7 HOCHEAR R 3h 122 5E , AH In( €/ C,) X
SRt e FEELES R In(C/C,) 5 ¢ BIAFRILR AR, N8I 1% 28, In (Cy/C,) =
0.2865 1+0.9264 ,R> =0.9934 | LWLV FEH AL K/ = 0.2865 h™' b2 1,,=2.42 h. FiRBFST 4,
W, BHYETR , BiW,, Sn MDA AR299 Jit (0 b4 fiff S 840G 1-H e —2 8l )1 24 .
2.5 BiW,,Sn X} AR299 YAk FEf#HLER

AL (CoH, 0,) VE R - O3 T BRI AL H (KBr) /K- OH [ i B3 BRI B L
(KD A28 7 E BRI BRI [F) e B L3R 15 R R 6T AR299 I €2 3 (1 5 i ph &1 14 AT L,
KBr 5 KI (IIART AR299 i (2 5 (1 52 Wi A HH S 7 o 25 X6 TR A JBE A9 186 K, AR299 It (e %t T B | ey
ICAREI - O3 iz Al S5 i) 2 3 P 4 e

100
l—~71\ v —
L . X 1 !\\vl///'
) KI
80 - N KBr
o 60 .
o | °
a /
40 .
L)
o=<:>=o ;
20 +
0 1 1 1 1 1 1 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0

C/(umol-L ™)

14 FALTEPE R ERFNS AR299 JBE (0,45 (4 52 1)
Fig.14 Effect of the ROS scavenger on the decoloration rate of AR299

Experimental condition: 4 mg-L™" AR299 solution 20 mL, catalyst in solution 1.0 g-1.7",

with sunlight irradiation (average intensity,89.1 klux) 3 h

BiW, Sn YAt fk AR299 i (o R M AILEE AT ARy 22
BiW, Sn —>BiW, Sn(h*+e")
BiW,,Sn(e”)+ O,— BiW,;Sn + -0;
-0,+H"—— HO.
2HO,; ——H,0,+0,
-0,/ HO,/ H,0,+AR299 — &1L/

3 %51 ( Conclusion)

(1) Fré& R BiW,, Sn N EA Keggin Z54 1:11 BRI 24 @ AR £

(2) BiW,,Sn REBEHE A 4R HICHUE = AL TR AR L fE Ik AR299 B Il (2. % 414k pH {2l 5.4,
20 mL,4 mg-L ™' ) AR299 /KB IR (A HEILF) BiW , Sn MR 0.5 ¢+ L7") , OGR4I 3 h, HB (5%
4 93.1%.

(3) JGfma) AR  AR299 F)4a Mk B S HA If pH Y% BiW |, Sn St AR299 B AL
AR

(4) B H I, BiW,, Sn AL 4 mg- L7 AY AR299 7K % & M €6 [ i 52 B 4% & Langmuir-
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