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STRUCTURE, MORPHOLOGY, and OPTICAL PROPERTIES SONOPHOTOCATALYTIC DEGRADATION OF TRIMETHOPRIM

a),, photocatalysis | b), | sonocatalysis | C}, sonophotocatalysis ® sono + photo processes
:a) | ’ WO,-H,0 reference (ICSD 201806) : a) | ‘ WO,H,0 reference (ICSD 201335): 08k osl enhance degradatlon
| ol ket efficiency unlike stand-alone
é ‘ | | ws, rleference (ICSD 204265) | - % | | | ws, |reference (icsD 204235)i 0.6 —— —_ o °fr photoc at alytic and
oy L | N 10, . L PR ph -~ (| ] N A 1L
Zr i : 2 Al oal .
2 M z S I sonocatalytlc Processes,
= BT 0.2} 0zt
E \_A.k‘ e 2D-Ws, ) % __AMM Bi,WOg powder . .
PN S A A s, ] Er o ool —®WS: powder o ® the hybrid shows the highest
=i WO@WS, 2 ‘ ] [ —e— Bi,WO0,@WS, powder | ivi
zZ Bi,WO,/PVDF-HFP | O ) f |2 IG ) 2 b ) L L L ) ) L L ) L , , , ) ) L , , ) ) ) , , , ) ) ) ) ) ,
Bi,WOs 5 30 0 30 B0 90 120 150 180 210 240 270 300 30 0 30 60 90 120 150 180 210 240 270 300 30 0 30 60 90 120 150 180 210 240 270 300 photosonoactlwty due to the
| BIWO, reference (ICSD 53720) 1 ‘ aizwosrefeienceucsn 53720) T d) o photocatalysis e)1 . sonocatalysis f) 10 sonophotocatalysis formation of ”'type of
VVVV 1 . . " 1, - L ; . '. L 1 L . . E

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 5 16 15 20 2‘5 3‘0 3‘5 4‘0 4‘5 5‘() 5IS 6‘0 GIS 7‘0 7‘5 80

20/ Degree

heterojunction slowing down

26/ Degree

0.8 . .
charge recombination,
Bi-O rocking (0-W-0)
ST and 06
3 Bi-O stretch
2 04l ® adsorptionisotherms
i oL PVDF-HEP membrane highlighted favorable
o ' Bi,WO-PVDF-HFP X X
£ o WS,-PVDF-HFP monolayer interactions
5 i U0 —s— Bi,WO,@WS,-PVDF-HFP
= Bi.WO.@WS. | e e T T T between TMP and the
E 2 6@ 2 30 0 30 60 90 120 150 180 210 240 270 300 -30 0 30 60 90 120 150 180 210 240 270 300 30 0 30 60 80 120 150 180 210 240 270 300 N
S — WS, time / min membrane, further enhancing
L i : B|2WO6 . . e
P U S ST S S S R T S L A : Fig. 7 TMP photocatalytic (a and d), sonocatalytic (b and e), sonophotocatalytic (c and f) degradation using catalytlc eff|C|ency.
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 WS, /IPVDF-HFP Bi;WO:@WS,/PVDF-HFP owders (a-c) and membranes (d-f
Raman shift / cm’™ powders (a-c) ranes (d-f).
Fig. 2 XRD (a), TEM images (b-e), and Raman spectra (f) of Bi, WO,@WS, Fig. 4 XRD (a), and SEM-EDS images (b) of the Bi,WO4-PVDF, —
and its components alone. WS,-PVDF, Bi,WO;@WS,-PVDF membranes. a)1s _—sonophotocatalysis ° b)18 _—sonophotocatalysis % c)'o sonophotocatalysis 7 d)mo _ Sonopfotocarafys:s: BiQer/wsz@PVDF meImbrane
PP Che LT I |
Uy 2 16 & 0s - Bi,WO,/WS,@PVDF membrane | . |
2 a) Membrane E,/eV I el [ S g%
. g 14 14 ',"/' F —&@— Groundwater - b EBU B
s x 2 St Bi,WO,-PVDF 2.58 o T e o 6. 06 - @ Surface water | g 2
L % % o E’ 12 - g 12 pid ()0 é:GU
: 5 s 2t WS,-PVDF 1.73 = L = S 52
§ d H % Bi,WO,@WS 0T “"’: =) y: T ‘é §40
= c) ' g i - - .’ - P <3
< ] ; _‘?J;\;vo‘ 58_ L 2 6 2 3.91 sl "s sl / §%
eV’ i _ a o A "t ':, | o
200 2:: Y':m 35 40 4.5 :5 20 25 3.0 3:':""0:;]@“’5245 = F i L PVDF(dIreCt Eg) I " o BiZWOG@WSZ 2L I "" L BiZWOG@WSZ-PVDF-HFP 02 ? 20
s Energy /eV ‘ o ‘ “Energy / eV ' _:,';‘Q':SSE':DF Bi, WO, .@WS, - 6~ ---- Langmuir isotherm model 6 / - - - -Langmuir isotherm model
e) f) L —— Bi,WO@WS,-PVDF 2 6 2 1.48 F ‘ -=--- Freundlich isotherm model I @ -=--- Freundlich isotherm model AL
A |- Bi, WO, Bi,WO, J 200 250 300 350 400 450 500 550 600 650 700 750 800 PVDF (indirect Eg) 4 T —— 1 L 4 R —— L . B 0
] : —e—ws, s, Wavelength / nm 0 10 20 30 y 40 50 0 10 20 30 y 40 50 30 0 30 60 90 120 150 180 210 240 270 300 1st cycle 2nd cycle 3rd cycle
E AL —— Bi,WO,@WS; o |——Bi,WO,@WS, ‘*: _—-B-zwos@wsz b) IIBiZWOE-IPVDF T T - T c - Bi;WOE_P-V o T T T C.,/mglL C,/mglL time / min
2 = Ng ( —— WS,-PVDF —— WS,-PVDF
EE 3 NL Qs -D-TE\;/ | —— Bi,WO,@WS,-PVDF |, |—Bi:wo@ws,-PVDF
3, R = Fig. 8 (a) Adsorption Langmuir and Freundlich isotherms of Bi, WO ,@WS, powder, and (b) Bi, WO ,@WS,-PVDF-HFP membrane, (c) TMP degradation efficiency in real
I § § water matrices, and (d) reusability performance of Bi,WO,@WS,-PVDF-HFP membrane in sonophotocatalyic proccess.
— — B M| M| I s (PR RPN WU RS I S e T A T T oA ) 1Lt
’ 0 30 60 90 120 150 180 210 240 270 300 330 200 400 600 800 1000 1200 -2.0 -1.5 -1.0 -0.5 0.0 05 1.0 ,:‘ c:‘
Time /s i Potential / V ;_; E;
= = [/ -
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ws, membrenes. ©® Efficient hybrid membrane: Bi,WO,@WS,-PVDF-HFP
Bi,WO,@WS, (direct E,) 2.78 . . .
. ] S o enables highly active and reusable sonophotocatalytic

TMP degradation.

® Improved charge separation: Type-ll band alignment
and strong interfacial coupling enhance ROS generation.

® Superior performance: Complete TMP removal under
light + ultrasound, stable over multiple cycles.

® Environmental safety: LC-MS confirms non-toxic

rfr pathways.

e ® Real-water applicability: Effective in groundwater and

30~ Bi,WO, and WS, 0~ Bi,WO,@WS, 0= BiL,WO,@WS,

before contact after contact S AL surface water, showing strong scalability potential.

Fig. 6 Schematic band edge positions of catalysts alongside the redox potentials before their contact (a), after contact
(b), and under light and ultrasound stimulation (c).
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