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Abstract

MoS;/Bi;W0s composite photocatalysts were prepared by electrostatic self-assembly method in
this paper. The morphology, composition and structure of the MoS,/Bi;W0s composite photocata-
lysts are systematically characterized by X-ray diffraction, scanning electron microscopy, trans-
mission electron microscopy and X-ray photoelectron spectroscopy. The photocatalytic degrada-
tion for levofloxacin (LVFX) of MoS;/BiWOs composite photocatalysts were studied, and the pho-
tocatalytic mechanism was analyzed. The obtained results indicated that both the visible light ab-
sorption capacity and the photogenerated carrier migration rates of MoS;/Bi; W0, composite pho-
tocatalysts were significantly improved after loading MoS; quantum dots. The photocatalytic de-
gradation rate of the optimal MoS;/Bi:WO0s composite photocatalyst for LVFX reached 83%, while
the degradation rate of Bi:W0s was only 69% under visible light irradiation for 1 h. The degrada-
tion Kinetic constant of the composite photocatalyst was 0.0183 min-1, which was 1.22 times than
that of Bi,WOQs.
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1. 5|

Az A W DOk T2 B BIEST . RS, (KR RIS 2 b S HE RO R R 7K S G
R H 25 R . SR — PSR S A B R AR & 2R H . 7 R LHER, Sk
AHARAAE TRKEWRE, BIRNRERIT V2 BA e s i S aou i), Tio, [1].
ZnO [2]. CuO [3]. CdS [4]. g-CsNy [5]+ Bi,O5 [6]F1 Bi;WOg [7]1%5, X6 SR i A 75145 HLAs (0 H W
]z o SRR ) Bi, WO, [ 1999 4F 1 IR ARE X 7] W% T 1 O, Bt th & 8 B A5 v M J5 8], Bi, WO,
AR EE . SRONER R (B AR E . AR OIS R A BN A 2 0E B AR SOk
Rz —.

Bi,WOg 72 n Y LA BR- SR M R, & T o 4 B ¥ Aurivillius B 50, 8% BAT IR 45 F FIURE )
J7i - BipWOg & i1 (Bi,0, )" R RIS 1 (WO, )2 2 58 B M AR IE 38 7R, SR 2 bR e oy LA 1 A
FZE A Z AL 2 R R, AR T s RO 1IERS - H AT, BiWOg BRI A58 (175 B 98 (2.7
~2.9eV). fEELMHI& T2, A G RLAIE #2540 s A G A S T Z MR o H 72 Bi, WO, 1E 6 fH
A R F 32 38 16 25 T B A1) A A T S RO R AR A AR e RIS L. DR, D T 5 Bi, WO, 6
fEALVERE, TR ZEXADREEAT ot DASR s L m] o R OB A B ARt R

MRS G R DT 45 0 U I — 2 RO g, BRTC A F 2 ARW, S5HALY: 34 E 47 LTE
FRIHI Y B AT X, T LA Bi, WO 1T LG 8298 ], o438 L fif i 2 i 4%, 38 BIMPRH B AR T A X K H I
IS B HALY) MoS, A& ML (A SBAE M RHO], A ELRMAR. AL A s RE AR AR £
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R SR B SRR ARG AL . 5 IR MoS, A7, MoS, & SR B /N RS BT 308[10],
TEARA P A E SRR E . Ak, MoS, &7 S5 e b a &, ol LMot 8m v, 0k
OLAEBR T EEILE[LL]. MoS, & ¥ sl B H] & 775G A RI B [12] . K HGE L3R4 R 4l B 75 v
[14]%% .

AICLL Bi,WOe NFEEEM B, R — LK #IEHI &1 MoS, &1 5, Fl I # i [ 4 3 ) 4%
MoS,/Bi,WOs & AT . H fUHFFT MoS, &1 s [E 7 EXT MoS,/Bi,WOs 5 & i Ab 7 i
TR A /e D B (LVEX) PR RERISEIR,  FR40 BT e Ak R L3

2. SCUGER4Sy
2.1 HEElE

¥ 5 mmolBi (NO3)s-5H,0 (4r#4l) 5 25 mL LB FARAHFEIS, dh A B % 2.5 mmol
Na,W0,-2H,0 (43#r4t) 5 25 mL EB-TAKEAEIA], 0 B B ¥ B BRI R I A GG,
HAWSIWF R B E RN, £ 140°CKMF FRIE 12 he KMSER, SRNEARAHNEZRG,
ATE AR EE, ARG T 25 B /KR L BE (o Al B8 0 e % 5~6 IR K15 B (A (B TiE 7E 60°C R T4 12 h,
B JE AR id A BWO.

A Na;M0O,-2H,0 (43 Hr4) Fl 5 2k Bk M (o A al) e N ain sk ik, R FH /K #ididfil % MoS, &1 .
SBLA AR :

2Bi* + WO? +2H,0 — Bi,WO, +4H" (1)

B, FREL 0.4 g NapM0O,-2H,0 I8 i /5 AN BRVA AR AE 30 mL 7K. SRJ5, ¥4 0.38 g B =R itk
YA 30 mL 1) S REMAN B, 7S AR EE 30 min AR e VR & 0 R Bt B ANEE N s RS, JRPE 220°C
BT AR 18 he ML, FeRMEEEAREE =G, K152 1877 LA 10,000 rpm 5.0 60 min LA
e FIEW. BIEWEN Y MoS, #F £i.

KA #R i B AR 7719 MoS/BWO B A e, HREEW . H5, I 0.1 g 1 BWO
WA TEE] 20 mL [ ZEEEW, IR G52 )5, A X ARFRH) MoS, &1 mif i, X=0.1, 0.5, 1.0
mLo FHRGVEREATRE T HE, ARG AT B0 A0 3, T B S W BIH R BIA MoS,/Bi,WOs & &AL
7, iEN MoS,(X)/BWO,

2.2. FEmFRAE

K FH DIMAX2500V 24 X 5t 2R A7 543 BT i A Lk . SR F SU8020 %437 & S 471 4l i 1 . flt e
ML S IO TE S . SR JEM-2100F 737 kG 3 i Fi 1 S Al 0 2 A I OV SRR 4544« >R
ESCALAB250Xi B! X 5 £ 6 H T Ae 1l o Hr A i 3R I I e = AN A4S . SR Carry5000 BY 45 4hm] WL 730 5
FEE 43 BT R it 5 AT LG BRI L . SR F-4500 5% 6 2 Y6 FE T B AR S 6 AE B P SO B A L

2.3. FERSCIERERE RN

SEMEAY AR S 06 SR F B RO VL HL T 3 £ XPA-T BUSGHEAL S R4S, 78 7T I T o i1l 45 ) e fe Ak 7
FE R REAT A4k AR A2 AU B (LVEX) SESG . SRR 250 W & kT i, JH2¢3% 420 nm kg8
v DB DR YA A B A 2 B0 AE P LD TR 64T

FREX 0.01 g ) MoS,(X)/BWO, A 10 mL A B 7 1k B2 20 mo/L () LVEX A A el s i
B KA N RREEERE 40 min, A R TGS FEARY) R A BN - b aHE S T AERE 15
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min B2V, B0 5 B ZIE AR B AR 5 I i o e, IR 287 nm &b MRS M SR T, JFAR TS
AR L HEBR B PRI G T 1) LVEX R RIS . B AT
p=%=Ct 1000 - AO/;A %100% (2)

0

T D RS RS PSS T S A B FE b 2 AR W ok, (A 2R (2 mmol/L). = (10
mmol/L)F1 2 iU Z. B2 (2 mmol/L){E N -0, « -OH A i $R T o 3 1k 32 AR 0 0 S 36t 2 5 e fik A Be
file LVEX IS ARAHAL, il 3R AE B A S 30 A s I 2
3. #&REVE

K 1 & BWO FIR[FE MoS, & T mfE &N MoS,(X)/BWO &Mk XRD K, BWO Al
MoS,(X)/BWO & &4 KT S IETEARFREL, 1 B 414K MoS, & 1 Uk 26T BWO FF: i 45 i M 35 RE i,
Horbr 20 {H7E 28.3°, 32.7°, 47.1°F1 56.0° ALAT 5 I U AE 43 7% 2 1-(131) . (200). (202)#1(133) & [ (JCPDS
KA 39-0256). M4, HIT MoS, T A& EEK, TEENE %A WL E] MoS, IFIRFIEIE .
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Figure 1. XRD patterns of BWO and MoS,(X)/BWO loaded
with different MoS, quantum dots

[& 1. BWO FA[E] MoS, EF m A E /I MoS,(X)/BWO #£
SaHY XRD &

N T 73 il B M0S,(0.5)/BWO # it It & TG R MOt R AN S, AT FE S BEIT XPS 704, &5
Wk 2 fror. 14 2(a)5 MoS,(0.5)/BWO FE 5 1K) XPS 4t &, EBIAEAE Biv W Al O JeE. & 2(b)&FE
) Mo 3d HLFE o RE, Lidils G, S5AREME 235.38 eV fil 232.23 eV A PIANREIENE, 2338 T
Mo 3d 3/2 il Mo 3d 5/2 HL-FHLiE, B Mo SR ITFAEN A2 Mo™ [13], 454 fEfr 228.33 eV ALHIHEE
Ut T S2s LT BhAh, RAIUE HARN AR Mo, Wi HI#% ) MoS, & 1 Ak e thigly, wEsSRPA
Bl . [ 2(c) 2Rt M ) Bidf LT m r HEIEINE, 455 REAE 164.53 eVl 159.23 eV A P AMRHIEE, 433l
JH R T Bidf5/2 Fl Bidf7/2 HFHUE, ILE Bi SLRMIFEM S Bi* . E 2(d) 2RI O 1s PR
B, 454 RETE 530.23 eV, 530.98 eV i1 532.28 eV kb5 =ANKFEIE, 4375t R T Bi-O #. W-O #fIF:
R B B ] 2(e) FEM B W 4f v o HFEIE, 454 BR1E 37.68 eV il 35.53 eV AbH PIAMRHIE
W, 23HIHJET W 4F5/2 Fl W 4F7/2 s F4UE, Hod W ot R &8 W,
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Figure 2. XPS spectra of M0S,(0.5)/BWO: (a) survey spectrum, (b) high resolution patterns of Mo
3d electrons, (c) high resolution patterns of Bi 4f electrons, (d) high resolution patterns of O 1s

electrons and (e) high resolution patterns of O 1s electrons
2. M0S,(0.5)/BWO # i XPS EiE: (a) £iZ. (b) Mo 3d BF. (c) Bi 4fEEF. (d) O 1s

BB FF(e)W 4f BB TS 57 P EIE

P 3(a,b) /& BWO A1 M0S,(0.5)/BWO J:fAL55I) SEM JESHE, 113 MoS, & T )5, Bi,WOs ERIRSE
P A W B2, AR YK A 2T A, S5HBELARTE 3um 4. 8 3(c) AT H, MoS,(0.5)/BWO i

HL IR R BONTE TR )=, B K B A 2 e iAo 1] 3(d) 2 MoS,(0.5)/BWO ] HRTEM
P, L S T R BE R 0.31 nm, 5 1E%E & & Bi,WOg (JCPDS K A5 : 39-0256) [14(131) & T 17 2FAH %o 5

Kl 3(e)/& MoS, & /i TEM &, HHEWH1, &1 RE 3~5nm 245, Ny 1 Bk — L€ MoS, &1
SR SOERAERE R, FATH M0S,(0.5)/BWO A k4T T IR, 1] 3(f) /2 M0S,(0.5)/BWO ]

O, MRAE TR A, Mo M S JuaR AV Bl-5 78 T A i Vi B L &, 7T LUK M0S,(0.5)/BWO
FEA R T AFAE MoS, BT A,
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2.5um 2.5um

Figure 3. SEM morphology of (a) BWO and (b) MoS,(0.5)/BWO, TEM morphology of (¢c) M0S,(0.5)/BWO and (e) MoS,,
HRTEM morphology of(d) MoS,(0.5)/BWO, mapping patterns of (f) M0S,(0.5)/BWO

3. (a) BWO F1(b) M0S,(0.5)/BWO #&AJ SEM B, () M0S,(0.5)/BWO #£&: ) TEM &, (d) MoS,(0.5)/BWO # &
B HRTEM [, (e) MoS, ¥&B TEM &, (f) M0S,(0.5)/BWO BYmE I E

RAFEDEIR IS BELE - ARG A R R diics HER A . 15 4(a) /2 BWO F1 MoS,(X)/BWO & &)
FRIRIER AT Wig SR, BRI %N, BWO FIWRYSCZ 443 nm, MoS,(0.5)/BWO & Akt Iz
468 nm, 5 BWO #Htt, WHCLEWIRLAR, UWHIFERE MoS, B 1 RE3TH 1 BWO Film Wbl
X—IE A LU T MoS, &1 AU e Ishe 1R, 14 4(0)2MR4% Kubelk-Munk J7i% 154521 BWO Al
MoS,(X)/BWO & A EHALTIIAEH %5, BWO. MoS,(0.1)/BWO. MoS,(0.5)/BWO F1 MoS,(1.0)/BWO [fi
B A% 2,68 eV, 2426V, 2406V F12.28eV. [ 4(c)/& BWO 1 MoS,(X)/BWO & & LTI ERR I
A 320 nm [FPDEEURIEERE . BETTAL, MoS,(0.5)/BWO B TR 55IKI&sE, FIAE Bi,WOs ki Fh fddE &1
MoS, &F i ] LA RANH DA THIE S, A MoS,(0.5)/BWO HA L BWO ALK L LA

(a) —BWO (b) —BWO _
"y =~ Mos,(0.1)/BWO = MoS(0.1)/BWO
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Figure 4. BWO and MoS,(X)/BWO loaded with different MoS, quantum dots: (a) UV-Vis diffusereflectance spectra; (b)
Band gap; (c) Photoluminescence spectra
[ 4. BWO F1 MoS, & F S R EIfAEEH MoS,(X)/BWO #f: (a) EIMATIUERSTHIE; (b) BWEE; () XBX
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T V4 1K) MoS,(X)IBWO S A AL AL IE P, BL 20 mg/L 922 SR B (LVFX) y B
bR B AR RAEAT IR . [ 5(2) /2T MoSy(X)/BWO FER WIGHES 1 h JGbREfscR ik, i)
MoS,(0.5)/BWO ({155 KA A AR 261k 3] 82.32%. BWO. Mo0S,(0.1)/BWO Hl M0S,(1.0/BWO 2k
AL 273 0] 69.17%. 71.27%F1 76.31%. FHILH] I, MoS,(X)/BWO & & G HEALFIFR I H L BWO
B AR AL PR AR RE . 1] 5(b)/E BWO Fl MoS,(X)/BWO & & e AL I7E 7] WOGIE S T X LVFX
B fR BN 715 i 26 BRI A, BWO. MoS,(0.1)/BWO. MoS,(0.5)/BWO Fi MoS,(1.0)/BWO [#5)) /1% i
$r5> 5124 0.0150. 0.0136. 0.0183 A1 0.0158 min*. 4R, 31 A MoS, & T Al LAHS BhHR s f Ak B itk
fit. X 5MBCRAH TR, M0S,(0.5)/BWO & & St A4 77 B A i B fE AL TS

) Sample k(1/min)
Light off ! Light on m BWO
)

0.8 24 @ Mos,(0.1)/BWo  0.0136
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Figure 5. Photocatalytic performance of BWO and MoS,(X)/BWO loaded with different MoS,
quantum dots: (a) photocatalytic degradation rates of LVFX under visible light irradiation, (b)
degradation kinetics curves
[l 5. BWO F14[E] MoS, E F & /3 ERI MoS,(X)/BWO RSt : (2) AT AER
HTREMERRDERNCENMERRIZ, (b) ¥

—8—Mos,(0.1)/BWO !
0.2 44— Mos (0.5)/BwWO |
—y— MoS,(1.0)/BWO !

)

BEAT 5 PR R A 3R 5200 DL 8 2 5 A PR I S 1) S BV R [, SR B R AL B AL EE . 14 6
FEAETRIN T ASEH A S H R, 7 e HEES 1 h 5 BWO Fl M0oS,(0.5)/BWO Ff i 4t LVFX FRIBEARZE
APVE R, WA ETHRHIRFIR, MoS,(0.5)/BWO fil BWO XF LVFX 6B R 5 82.320%4
69.17%. f#iH BQ Al EDTA /E Nl 3k71F, MoS,(0.5)/BWO ¥ BEARZZR 43 5 14 Z 8.79%F1 49.66%. 41
HIPA AE NGRS, B AR A RRIL 5] 81.03%. [HtL, 7J LUIFBH M0S,(0.5)/BWO T2 i Ak P i id 72
HPE AR AT RS A R B O, , HRaE h' AHRHE, 7EIIA BQ F1 EDTA {EAHRAE, BWO RF
RSy 7l 22 5.78%F1 20.56%. #lN IPA JEBEARA L F] 55.61%, WA FEK. Bk, FRATATLLAIMT,
BWO #1 M0S,(0.5)/BWO # it 6 AL i 75 e 3= BEAE WG PR BE A8 105, Hiks2 h

1004 EZ2Mos (0.5/BWO
BWO
1% 7
S
N
.S 604 §
= §
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S 404
Bt
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_ 204
) Non BIQ IPA ED'TA
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Figure 6. Photocatalytic degradation rates of BWO and MoS,(0.5)/BWO for LVFX with
three different capture agents

& 6. ZEIAN=FIAEHEFRFIE BWO F1 M0S,(0.5)/BWO #mxt Z & &b BB EmER
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7 JT7 4 M0S,(0.5)/BWO B &AL IR DA 7 - 2R Bk das g . WL, £ It
MRS, BWO it (VB) L 7 (e) MG REMUA FERIZ 2 341 (CB) L &, JFAE VB LB F25X(h"). BN
MoS, &7 KU/, BWO ERDEA TR LUEREB P S E S 5RO, [FIR RO f T a
SO E AL, X5 PL MRS R —8. BT e 5 Oy IRBiA R -0; » AN LAY/ h i n]
DA 52 AR B ) LVEX R AR AL A S o

A
<1v d> COZ+HZO
PV A
A\
\ P <LVFx
reductio®
e gf3 e -\\\* = <ii:()2
1 MosS,
&
[
¥ [*)]
Bi, WO, ﬁ

,, 2 CO+H0
Rk R
e LVEX

Figure7. Schematic diagram of band structure and electron-hole
separation and transport of Mo0S,(0.5)/BWO
7. M0S,(0.5)/BWO ##GmHI B F-EA o B EnrEE

4, g5ig

K FHIK $vi i % Bi,WOg, LA Na,M0O,-2H,0 A1 — 5L —BRALYIAE ARl B4, K H K #0241 4% ) MoS,
H R PRl 2R A MoS,/Bi,WOs B &6 AL, 183 XPS Fl mapping &5 1iEsE 1 R Dl
i M0S,(X)/BWO 52 & FMEALTI; 1718k MoS, &1 5 Al i 6f 44 BWO FF it 45 14 JC BH {520 s 8 i UV-vis
DRS fil PL £AiFf33], 5 BWO MLk, % MoS, &1 5, MoSy(X)/BWO K& M b7l i e i i
HREGEE . AEBR I AR R . £ WG SS 60 min f5, HALH M0S,(0.5)/BWO & &tk
FIXF 20 mg/L ) LVFX [P 3IAF] 82.32%, BEMASN71% 5404 0.0183 min™, FEfiiE 32 BWO (1) 1.22
o JMEALBE MR IR0 R ], 7E M0S,(0.5)/BWO [IyaMEfk e Mrfr, 3= BE4E F g e B A2 -0, ,
e h's 5 BWO HHEL, 513 MoS, & ri 5, & a1 Ag 1 sk 32t i R 32 22 Bi,WO, 1 MoS,
BT AR L, SRR TR AR 2 i BT

EHEWmHE

ARIH 1S3 E K 3 AR FHE 4:(52072107) I > 1
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