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Preparation of ML-WO4/TiO; heterojunction and its
photocatalytic degradation of rhodamine B
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Abstract: ML-WO5/TiO, heterojunction was prepared by compounding TiO, with monolayer
two-dimension tungsten trioxide nanosheets (ML-WO3), which were obtained via space-confined strategy,
and then used for photocatalytic degradation of rhodamine B (RhB) under simulated sunlight. The composition
and optical properties of ML-WO3/TiO, were characterized and analyzed by SEM, TEM, HRTEM, AFM,
XRD, XPS, UV-Vis and PL. The results showed that nanosized ML-WO,/TiO, overcame the large band gap
defect of pure TiO, and broadened the absorption performance of TiO, to visible light, indicating synergistic
effect between ML-WO; and TiO,. Moreover, the capture experiments of active species demonstrated that
*OH and +0; free radicals were the main active species for RhB degradation, and the Z-scheme heterojunction
charge transfer pathway constructed between ML-WO; and TiO, could ensure efficient separation of
photogenerated carriers and electron transfer efficiency. The degradation rate of RhB with a mass concentration
of 10 mg/L catalyzed by 20 mg ML-WO5/TiO, composites at pH=7 was 85.9% under simulated sunlight for
20 min, and the photocatalytic activity of ML-WO;/TiO, composites could still remain 80% after 4 recycles,
showing good photochemical stability. Fourteen intermediates produced during RhB degradation were
detected by HPLC-MS, which helped for the speculation of the possible RhB degradation pathways.
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Fig. 3 XPS full spectrum (a) and XPS spectra of O s (b),
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Fig. 4 UV-Vis diffuses reflectance spectra of TiO,, ML-WO;
and ML-WO3/TiO, (a) and bandgap energies (b)
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Fig. 5 PL spectra of pure TiO, and ML-WO5/TiO,
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Fig. 6 Degradation efficiency of RhB under sunlight with
different photocatalysts (a) and their kinetic studies (b)
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6b I, ML-WO,/TiO, HY# M R (kyp) N
0.1064 min ", 435125 4 5l TiO,( kypp= 0.0541 min™" ),
ML-WO; ( kup,=0.0044 min™') Fl WO3/TiO; ( kypp=
0.0646 min') 4 2.0, 242 Fl 1.6 fi5, %¢ FFrik, A
WL £ ML-WO5/TiO, JaflR T 4l TiO, HBR# K
HIERRAE , 4 TiO, ema N Yo Y e = a] Wk, Z Al
JE 4 B B AR HE T HL -2 A B S e T
) ool A B G BR A TS R T (<O 0,5 ) Kt
FEAE
222 UV-Vis &3 54

W UV-Vis 24340 B AN [F] ) RO fk
Ak RhB Bt 7 oy, 45K 7 Ui,

1.2

450 500 550 600 650
WK /mm
K 7 ML-WO,/TiO, TEAII K AT X RhB i (i 2 4
AP HIE R

Full sweep spectra of RhB decolourisation by
ML-WO5/T i0, under simulated sunlight

Fig. 7

& 7 7] L& B, RhB KA E DK 553 nm 4b
A R ENE . B RN B TR 3, I
BEAGEREAL, RO RhB HGE B R, eIk @
LA B R R 25RO IR, RS e K IR
K 553 nm BT E] 523 nm, XA IER AT RE R
IHH THE ML-WOy/TiO, SufiEfL T, B 1T — &7
N-% ARyl =4t 7, it RhB 2> FE5 B &
KA T
2.2.3 ML-WO4/TiO, Al & 3+ B AL K fi# RhB 89 % f

P MR 1.4 97 SEI U7 %, AE A 258 A5 A AN AR 1)
SR, ZET ML-WO,/TiO, [ (20, 40, 60.
80 mg) XOGMEALFEME RhB AR, 45 8
Ji R o

& 8a, b A%, B ML-WOs/TiO, H = A3
i, WL FE TR RhB AR R A 24, [,

ML-WO5/TiO, # 7 20~60 mg JLFE P, il
KBHG T HX] RhB 1F#f# %5 ML-WO,/TiO, H it
BIEAISE, 4 ML-WO,/TiO, H& 2k 20, 40, 60 mg
i, RhB [ kapp 57514 0.1039,0.1208 ,0.1800 min ™',
FEJFHJE T Z 1 ML-WO/TiO, $2 0 B 5, i
Sk 30 3 i 42 f (1Y) RhB 43 79 RSB, b T
RhB WS ; J6 T8 ML-WO3/TiO, 5550 FIf, il
LA B m A B, AR 2 SRS S
SN o AH & AL FI B L = (80 mg)
B, ROMAF TR, X AT RES2 R TR FHE
TRk B FE A ML-WO4/TiO, BH $%, i 3% 4
ML-WO,/TiO, Joii # 5t 43 & , WG PE Fh i 7= A 52
FHH, L T RhB MIREAFREE ., I35, MIE 8b
ATLVEW, AR ML-WO,/TiO, Al N & 1 —4%
Bl AT ARG R, MR R ¥R
0.99 2247, 60 mg 2 M 25 He K T HAb 1k
TR S B 7 2 08 TR, AR A R Y S A
5 0 £ o

100} 2
80}
©
i 60
&
# 40}
20}
OT ‘ot S .
30 0 4 8 12 16 20
fi5f 18] /min
4.0 :
b-=-20 mg, k,,,=0.1039 min™, R?=0.9873 R
3.5 40 mg, ky,=0.1208 min!, R>=0.9937

30 -+60 mg, k,,,=0.1800 min™', R>=0.9938
[ 80 mg, k,,;=0.0922 min™, R*=0.99

o 4 8§ 12 16 20
F5} ] /min
K18 ML-WO3/TiO, Hl XL HELFEA# RhB 1520 (a)
LHF 15058 (b)
Fig. 8 Effect of ML-WO3/TiO, dosage on photocatalytic
degradation of RhB (a) and their kinetic studies (b)

2.2.4 pH % ML-WO;/TiO, X AE K f# RhB 4% "f)

M 14 TSI T, TEHAB S R AR
ZMFF, 3@ HCL A1 NaOH #F5 9146 pH (3~9 ),
WFFE T A[A pH T ML-WO,/TiO, St ALF# f# RhB ()
ROR, 4RI 9 Fan . & 9a Al AL, TESRERTEIR
55 (pH=3) F, ML-WO/TiO, f£ 20 min i} %} RhB
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