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Abstract

To enhance the photocatalytic activities of WOj; photocatalysts, fluorine doping was performed to induce the oxygen
vacancies. Both plasma and direct vaper fluorination were carried out for fluorine doping, and photocatalytic activities were
examined by using methylene blue dye. Oxygen vacancies of the plasma and direct vaper fluorinated WO; photocatalysts
were measured to be 14.65 and 18.59%, which increased to about 23 and 56% at pristine WO; photocatalysts. The degradation
efficiency of methylene blue was also determined about 1.7 and 3.4 times higher than pristine WO; photocatalysts, re-
spectively, depending on oxygen vacancies increased. In addition, it was confirmed that the bandgap process energy decreased
from 2.95 eV to 2.64 and 2.45 eV after fluorine doping. From this result, it is considered that the direct vaper fluorination
has an advantage for increasing the photocatalytic activities of WOs; compared to that of the plasma fluorination.
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2.1. Alof H xHE

B ool A= WCl (99.9%, Sigma-Aldrich) 9} Urea (99.0~100.5%,
Sigma-Aldrich)E ©]-83t] WO, #FulE AZ3I3ich AZxE WO,
FEve] wAE B8] gk Zebxnt BA% W Al IR
AFE3FEE A 7174(99.999%, Deokyang Co., Korea)E ©]-8-5F3L 2174 7]

Al B3 HESolM = BA714(99.0%, Messer Griesheim GmbH) 2}
IFE FA7E2499.999%) 5 o] &-3to] AAEIIc Tl B4Vt &
3 H WO, F5u2] 7R stellA g s Eaeles S 9
3to] we @E-F(Methylene blue, pure, Acros)E AFE-3FSITh

2.2, WO; =0 H=
WO, 5 AZ WHS o33} 2tk WClg 0.4 g3} urea 0.6 g
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W53 180 °ColA 12 h (&5 E 10 °C/min) 5t HHAZ1
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Table 1. XPS Analysis Data of the Oxygen Vacancies Determined by
XPS(Oyac), with Fluorinated Treated WO; Photocatalysts

Sample name Oyac (%)
PLF30 14.23
PLF50 15.79
PLF70 14.65
DVF37 17.14
DVF55 18.59
DVF73 17.52
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Table 2¢1] 21313 th. Figure 19 oJshd waf Zo] & 933 W
oL WY Bejd £ glon, RE AlgoA dg =7} PR
WO ol AEE = WALy, Wafy, 3335 7} 38.0 eV 2 35.8 eV F-2of
A BEEQ o, W ol ALE S Wafs,, Waf,3 T 7} 36.9 eV,
34.8 eV oA FRIEITH33].

Figure 1, Figure 2 2 Table 1914 Hojx|&= ule} o] W o} w*
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7t E7¥eE Ak A3 A}(oxygen vacancies) A F7FeHE Ve
Wit Raw?] 739 W 2= 11.38%S eI ou 43}
2] PLF50 2 DVF559] 73-%- 242} 14.27% 2 11.69%= 57}k
&S BT} 3, Figure 2914= 24} AFA(lattice oxygen) 9} At4a
A5 A=S vehlle J3271 2 530.5 eV, 532.0 eVE-ZolA AAE
£ 2% #E3ITH34,35). PLESO 2 DVE55 2] Ab4 A3 2ke] 9ol
HIE-E 7} 14.65% 2 18.59% 24 Raw?] Ak 23 2ke] 9ol9) nl&
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o] Alzel digk Fls o] @ 93E Figure 2(d)oll HERASIT
PLF50 2 DVF559] 7% 680~695 eVeolA] E4art 5398 Uehj=
Fls 327} #2E 3 01} RawA BolAE sl Adkeluix] 2]
=7} AREA EAT36]. 015 Bl Z2kn) B4 9 gH
71 Eaglel 93t B4 w3o] Qe ol oSS BHelslgith

Table 3 ¥ Figure 3> 48 A2l WO, FF9] g4 24 9
Ensle] e i WalE dotnr] gk ZOE, Table 3o
XPS 4 Ay 94 24 W3S YERYI S, Figure 3(a)$} Figure
3(b)= EDS 41& 5 7 A4 gl 94 4] vil*3(mapping)
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Figure 1. W4f XPS spectra of (a) Raw, (b) PLF50 and (c) DVF55.
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Table 2. XPS Analysis Data of the Untreated and Fluorinated Treated
WO; Photocatalysts W4f, Ols Peak Parameters

Peak position Content ratio (%)

Component

(eV) Raw  PLF50 DVF55
s Wity 34.85 5.97 6.51 495
w Wifs), 36.95 542 7.76 6.74
w3 11.38 14.27 11.69
wor Wafn 35.85 54.55 4543 47.44
Wifsy 38.05 34.06 40.30 40.87
we 88.62 85.73 88.31
Sa’gizl; 532 11.88 14.65 18.59

Ols Lattice
oxygen 530.5 88.12 85.35 81.41
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Table 3. Atomic Percent of Compositions of Untreated and Fluorinated
Treated WO; Photocatalysts Analyzed by XPS

Atomic percent (%)

Sample name

Wiaf Ols Fls
Raw 25.42 74.58
PLF50 26.68 59.13 14.19
DVF55 26.66 53.95 21.46
100
(a)
20 -
g 60 -
2
§ o
<<
PLF50 DVF55

Figure 3. (a) Atomic percentages and (b) EDS images of untreated and
fluorinated treated WO; photocatalysts.
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AIE Figure 40 YERNTE Rawd! PLF509] 7% 26 = 15.02°,
28.99°, 30.31°, 35.14°, 38.42°, 46.18°, 50.55°, 53.04°, & 60.09° F-*

ol A (111), (131), (222), (040), (133), (151), (044), (153), & (262)2]
314 927 $EENL, o= A8 l(cubic)®] WO; Bl AT
Z(JCPDS: 46-1096)E 741 & & = ULt o)<k 74 20 =
24.37°, 28.22°, W 35.57° H-ZoA (110), (200), 2 (201)2] 34 =1
7} 3 BEEE o= L}E]r‘*‘:‘tﬂ ol S ﬁ](hexagonal) A4
T-Z(JCPDS: 85-2460)= UERIE 54 F28 JERAT31). o] A3
2] Raw 9 PLF50 A9 %}HPXM] ATz} A AR T=
5 I 2 ATRE AR T 2 & 5 olnk e E8
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Holxl}, o9} de] AR 71 B4 Aeld DVFs59] 49 26=
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A7) BEER oW, o]= S Al(hexagonal) WO, 31 474 %
(JCPDS: 85-2460)% HolF+= 3|4 FA5 vepith o] A= B4
3t A7 F W0, F5He] A4 vt WglE g A8 AAnE

23kt Ml 33 & M 1 F, 2022
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Figure 4. XRD patterns of untreated and fluorinated treated WO;
photocatalysts.
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Figure 5. Field-emission scanning electron microscopy (FE-SEM) image
of (a) Raw, (b) PLF50 and (c) DVF55.
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Figure 6. (a) UV-vis absorption spectra and (b) Band gap of untreated

and fluorinated treated WO; photocatalysts.
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Figure 7. Photocatalytic degradation of methylene blue untreated and
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Table 4. Comparison of Oxygen Vacancies Determined by XPS(Oy,.),
Band Gap Energy(E,), and Photodegradation Efficiency (E) between
Untreated and Fluorinated Treated WO; Photocatalysts

Sample name Oyac (%) Eg (eV) E (%)
Raw 11.88 2.95 23
PLF50 14.65 2.64 40
DVF55 18.59 2.45 80
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