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Fig. 2 Effect of UV g, irradiation intensity on photodegradation of organic dyes by dual-wavelength ultraviolet
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Table 1 Kinetic parameters of photooxidation degradation of three organic dyes under different UV, irradiation intensity

RIRIUV oA BB B T AR S b 8l 12 24

PR 0% 10% 25% 50% 100%
k/min”! R k/min”! R? k/min”' R? k/min”! R? k/min”"! R?
MB 0.003 0.970 3 0.029 0.993 8 0.054 0.998 9 0.084 0.942 2 0.136 0.964 9
AO7 0.004 0.975 5 0.015 0.985 7 0.028 0.990 6 0.059 0.998 0 0.084 0.978 9
RhB 0.012 0.991 2 0.035 0.970 3 0.081 0.960 1 0.156 0.985 8 0.372 0.930 7

3 T A HLAL A R R 33 L 55 UV g B UV, 2 PSR I e o SE0 P BT b £ 19 A HLAL R
HA G, 75 UV, AU T 9O oy B MO A, AR5 80 & o) 5B e A o —F R
BUCE, KR SRR, AERCR S A ML TR RE R R A IR TR, AR EA
SALRE T Y PR SA (10,) IR A HLE R A (X (1))0

A=254 nm

ALY« +O0, ——— HHLYLEL +1 O, (H

IK I3 FAE UV o 58 BRI AT LU B B HOG M A2 -OHGR (2) M= )™, B 48 M5 B2 py 3% i, 44
Frh-OH W A= ittt Bt 2 38 .

H,0+UV,5s — -OH+H' +e;,  ®(e;) = 0.045 )

H,0+UVy —-OH+-H  ®(H) =033 3)

AR EY], MB . AO72" Fl RhB™ 45 3 A HIL YL k4 AT DLk -OH Mo i S AL B i, R it
T UV, it , UV, JUV,,, I Z P2 A2 (1 -OH ] fin ik 3 Fh A AL Ye B 10 B i 72 . IR &b
UV s 4 B 5 B2 1 4 35 38 AT LU K 43— Ol i J5E A= 19 38 J 490 R -HYe, LA K R A= 1 15 4 4840 il
HO,/0,”, DT al #F — 3 S A MUY Rt B . 55 4h, 18 2(d) 3R B UV, MR RS B 50 ALY
R A i R A B 5 R MR ME TE ARG, BB UV, o/ UV, JCRR AT HLYL R TR T UV o YR 7K 2 R 3
HIE
2.2 BHULERAERERE NI

DL UV g5 58 B A 100% B UV o5/UV,s, ROGTR, 75 SN IR BE A 25 °C MK pH AR RS 1 451
T, FET OREA ALY R AR T R R A ALY R B AR RE s e, A5 R A0 3(a)~(c) ITan . Y
MB. AO7 il RhB 4 3 i A ALY BL W) 4 ot 2 Wk B 43931 24 10, 30, 50 F1 70 mg L™ B, [ fff o R Bl 457
B0 e v B I T I RS . A LGB R R 10 mg LT BF, MB. AO7 Fil RhB 4% 3 Ffi A7 Hl
Yot ol it 7.5, 17.5 F1 10 min B 0] 58 42 2 Bk o 10 A HL4 RE 0 46 & vk BE 1 n 2 70 mg- L' B
MB. AO7 #l RhB % 3 Ffi A5 HLYLRHE SN 30 min Ji5 A9 25 B R 50 5k 81.9% . 53.4% #1 90.3%. A [F#]
U o7 VR B SR A R A LGSR B R A i R A S O — R B B R B 1 S TR 2
S [R5 LG LA B o e v B S5 E %) MB . AO7 Fil RhB 25 3 Fh A5 1L G ek 6 fife 0 3 5% o R e — 3, %
fiff L 23 1) i ) T O e R R O T B AR, R AANR A ) G O R B A R T A AL R O A A

4 S5 A R A AL ROl TR R e R R IR LR BT LM DL 3 AN R e . e,
e TR B B A AL 3 ) Xof 355 PR A A A T R Y S 4 SN o R AR [RDG IR S E R R DO SR
FER, EIXAVLYRFEEMEO T, 8 = A A T A S R e 0.l ATy
AL, UV,e/UV,s, 7R R T UV o SRR K RN 2 A ALY R RE i (4 BR300 B8, BIE M4 Fi 2B s et A X
AR B Z 1 . YR R A HLYRE AR BT GG T FE A TS R A, B A Sk
Wy P B T U IR T B Y o R R VR B A LR R R & R O 2 P ] R A
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Fig. 3  Effect of initial concentration of organic dyes on photooxidative degradation
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Table 2 Kinetic parameters of photooxidation degradation of three organic dyes at different initial concentrations

NIEA HLHRA D AR v BE T e et S o 5 2 28

HHLY 10 mg'L™ 30 mg'L! 50 mg-L! 70 mg-L!
J/min”' R? J/min”" R? J/min”" R? J/min”" R?
MB 0.554 09788  0.173 09981 0.093 09983  0.058 09996
AO7 0321 09953  0.090 09973  0.043 09954  0.025  0.9995
RhB 0676 09457 0251 09854  0.123 09951 0.082  0.9916

TR T X iE MR B e o IR, A HLGORE B B A 7 AU TS R A B SE AR R, X g b
SRR A B A AE - B B /E . L MB A, 7€ 185 nm 1 254 nm &b MB (1) JBE /R K 3 503
9k 7 229 L-(mol-cm)™ Al 5 562 L-(mol-cm) "', X} 2 Fp il K B9 L 4h 3 Bl . Wik, BE#H
MB ¥J b BE 1 T v, ORI 22 1 SR A S B R DB IR 9 MB B, S BT MR IR MB RK 4>
ARG . W 3(d) s, A HLYRAY W) 4R B W B 10 mg L™ A #) 70 mg L', MB.,
AO7 Fll RhB (1) F fift [ W 18 3R 5 800 % R FE T 0.50, 0.30 F10.59 min™', ] U490 4 Ji 2 & J& %+ RhB 1Y
W6 it SR RS T e R 3% 2 Fl T G AE F X RhB 19 STBk A R, (W) A o & ik 2 451 T B 0O
St W AE FHEAR T A A F RhB B B HEOCRER . BJa, B2 SRAMEEK P iR IRV A R, APk
A3 1) A 5050 2 R X 38 A A T A R BRI TR 2R o UV, 167K PR R A BE B A X A1, 3 40 mm, AR
UV s B R BB AR 5.5 mm®Pl, UV, 8 B HLY R B A % 0 w2 /E T, (H 4R RRE &
B BR S (45 A R0 W R BR T IR T . U, 7E UV o /UV,, K Z R, HHLYLRY 118 UV, 6 B X
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Sl i v 2o R R BR TR AL R 22—, 7E R (A AL A A G v T 2 O A A R AR AIK
2.3 1% pH B9

W1t pH J2: 52 R 6 R it S 1 e BB (S 802 — , I 98 LU AT HIL Y 6 Bt S50 (10 5 i A T 0
Lo PhUV g 5 BRIRE R 100% 1 UV i/UV,s, AOGTR, 7EA HLYVRH) IR BT &k B2 30 mg- L' Fl
TR 25 °C %M, BT RFEPILG pH X 3 FiA ALY R S AL R g s B 1 &2 i (B 4 iFR). AT
¥14f pH T MB. AO7 Fil RhB % 3 Fi A ML Y4B 7E G B A )2 i 30 min J5 4 7] DLJEA 5 BR, KBRE N
91.9%~100.0%, FLHI4H pH X B i BRI A B E 50, XX RIATEAR LIS Z5F T UV /UV,,, SCEIH
HLGRE A TR AT LLSE IV 42 8 1 pH 3G B, A S 98 A /K 90 I e

12 12 12
—O—pH,,=5.04 —O-pH, ,=4.99 —0—pH,,;=4.94
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Fig. 4 Influence of initial pH on the photooxidative degradation of organic dyes
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1R P AR 258 T -OH. B bR M FL 437 23 591 o4 2.8 'V Fll 1.55 V(vs NHE), 3%t 1] 5 35 5 YL 1y B g it R A
JEANFP, GU AP A, -OH J& VUV G HE BRI ff =8 &0 F 209 EARIG R, I & IR i
TR A7 VR R O R S 2, AE pH R 3 MY R iR, AE pH O 11 AR N AR, TEARTFSE
e, ONEIRIER pH XA LY R S AL R i SR A B, SRIABR T -OH Z Ah b A7 78 HAth 3 14
Wy b S I A A FH DR T A ML ) B B A
.OH+OH — -0 +H,0  k=13%x10"“L-(mol-s) (4)
24 BHRMERIEEN UV-Vis RIS 24
TR 3 A MUY R DU KR A G R A R v B OB AILD 43 BIRT UV, AT UV /UV,, Ot
WIE R A MB. AO7 Al RhB % W& #E 47 T UV-Vis W e % 3% 43 #r o 4 & S(a)~(f) ff 78, MB,
AO7 F1 RhB 43 HIAE P K A 664, 485 Fl 554 nm &b HATFRAE Rl . 7E UV, SRIRAME T, 3 A AL
YUk IS B A W AR Ak, ERE I 5 FE B ' 4 BRI R] 1 ZE KRS A AR, 320 UV, BRI K 36 #
ME LA SN A ML R > T 4548 (K] 5(a)~(c))o UV o/ UV, YeHE BRI, 3 Flo HLYL R A 8 & 4= T
R AR A HRRAE Wi B 1A KR BRI, R A MLYY R 4509 8 2 R (B 5(d)~(D). XF T MB iy
UV-Vis I IOGTE, 600~700 nm F W e A] 5 R T4 2 2R 8 o i 3R 09 & (T, 17T 292 nm Ab 1) W Wi
ATH P FIF BRI, AE UV, IR MR IEAER T, 600~700 nm f% W Sc 04 58 B W A A, i i
AE 2 OO0 M RO A ™ A 0 E PR R S BN, (EIX RN R B N MB B B A SRR AN K . T AR
UV o/UV,, Y48 BRI, MB B UV-Vis W2 KOG 5 R Ab B4 W I I 56 38 1 B8 35 P AIG , 96 B & (o 6 A ALY
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Fig. 5 UV-Vis absorption spectra of degraded organic dyes under UV,,, irradiation or UV,,/UV,;, irradiation
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Al 2 MB Fll RhB [ 50 T &5 #9 i 0 W & 8 1 = & B SE i W 0K . — W 038 i — 2 e i 34 Oy By £ 3
A, YRR RS L B IR, LB AR RS, S BURRAR U [ S A A ) B8 B B
FEAE 1 15 78 3R W MB 1 RhB 19 e fiff o 72 A6 0 H S RN 2 R B v
2.5 FURKEKINAPEREB I LR A HLH

PL UV, g5 5 BER BN 100% B UV o/ UV, ROGIER, FE4EK F AR B H,0, WREE /92246 175 5 L I 6.
H,O, 1Y ot £ v J I ot s R A B) ) A8 K SE T 5 B AR, ORI S min BHiA B e m, A 1.3 mg'L™s
CHEN 8P 45y, 78 WU K 28 A e IR gk R & b %258 i 9 -OH & & 4= i H,0,, JF HK s
fift E o K T H,0, IR AR . MOUSSAVI 48P 58 R B . 78 7 2L I 25 540 (UV ) I
S 2] H,0, A9 B R EEAE 4 min PR R Z) 18 mg- L' JK 50 TAE UV, g, 58 B8R 42 il (1 -OH 48 )2 1
JE AT H,0,GX (5)), 53 4h—4% H,0, WA il 12 (X (7)~aX (15)) AR 0 g i 18 H AR K, Al



55549 KIS . XU K EEINUV o UV, BRI HLI R AR K% SR L 1447
o, X G)N HO, = WA WK R 14
UV, 77 16 1 46 18 F . H,0, X 2 4 i 77 A
4z -OHGEK (6)), 7R A (6). KX (7) Fisk 1ol \'\.
(8) % H,0, 4 i 3o B 0 i % AIE T H,0, 7 1o S oosl o N
., ORET W0, W BT . B R B £ ool '\ -
3. KRS FORM AW e W%, 8= Foal -
(10) JF 7% 1) S22 1 0 HLO, i 14 Tl 5 20k ol
F IR 5 min J5 H,0, A& B IF 4R A o

VRS AR B HL0, IR LS UV i/ UV, o 5 10 15 20 25 30
S A P I P R B LT I S W Hmin
5 UV o/ UV 5, 6B A AT HL U 0 3 A4 49 il 6 AZREMALES H0,ERE
) FP 25, SR X K B (BQ) /E 4 HO,/0, Al . Fﬁﬁ&ﬁ“g‘w'ﬂﬁqgw o

- Fig. 6 Variation of H,0, production with time

"OH AV, R BRI U8 (SB) 11 09 -OH AY in vacuum UV photolysis
VXA, i 7 s, fEMASBJE, MB. AO7
F1 RhB 1) 2% B #5835 (1K % 38.6% . 38.7% .
1 30.3%. ﬁ?‘%%OHE 3@@@1%*4%5%% ol 7 Origin NBQ EEESB E=Blank
R BE T, 7E UV ,/UV,s, AL I
Z A BQJG. MB. AO7 fil RhB [y % % % 08
Sy WHE— T 27.9% , 22.5% F1 21.7%, {FH g 0s
BFUIN SB & R BEARMR A /N, BQ XA HLYL 04}
A B A 0 VR K T SB, W1 Bk -OH A1 iR ozt
fE7E HO, /O, WIVEM, {H-OH MfE K, LA 2\ N\

OH Fil HO,H % fir 43 51 J9 2 s Fil 0.38 s, (A

FSRTE R AR Z v HO, fETE R BRI BE G, AL
AALRE I AT -OH B 55 . I Ah, -OH /& UV,
SRR A R GE R R, T HO, & it —

7 EMIRE R

Fig. 7 Active species quenching experiment

F I AL R A RS PR A, Az iR AR XS -OH BE /D gl LAHEWT, -OH i UV /UV,,, Ot

W Al A5 HL IR 2 2L PR A
2-OH «— H,0,

H202 + UV254 4 2 . OH

H202 +-OH — H02 . +H20

H202 +HO™ «— HO; + Hzo

€,y +0,— 05
€, +H,0, - -OH+OH"
O; +-HHO,
HO; +-OH — O; +H,0
HO; +-OH — HO, - +OH"~
HO,-+-0OH — H,0+0,
-H+ O, - HO, -
2HO,- = H,0,+ 0,

k=5.5x10°L-(mol-s)™
O(H,0,)=0.5
k=3.3%x10"L-(mol-s)™
pKa=11.6
k=19x10"L-(mol-s)™
k=1.1x10"L-(mol-s)™"
k=2.7x10"L-(mol-s)™
k=7.5x10°L-(mol-s)™
k=68%10°L- (mol-s)”
k=6.0%10°L-(mol-s)"
k=1.1x10"L-(mol-s)™
k=8.4%x10°L-(mol-s)™!

&)
Q)
Q)
®)
©
(10)
(11)
(12)
(13)
(14)
(15)
(16)



1448 ok L B ¥ W Fl6 &

ST UL ETHE, P LI CRE AR A HLRORHHLE AN 8 BT o 75 UV,/UVys, FRIR T,
ﬁm AT S UV, 58 B R A g OR ZS P55 K R B0 3 A 480 B0 A B 1O, 28 T K 3 23 A4
JerH AL RS . K IPTTE UV o B4R BT A2 BRI SLIE PEYI A -OHL, e, FI-H, Jd i flu i T2 18] LA Kok
qjh}ﬁﬁiié§f§ﬂﬁﬁiﬂi, HE— 25 R 8 HO,- il O, AR IR GG PEH A . -OH 3l i &2 45 e 2B i H,0,, 48
JEAE UV, BROGHAE T #0742 -OH, iR B LAY -OH . HO, 1 O, 55 1 1 ¥ i i 481k J
Wik A A DL

et ! et
4 \E é& wo

ﬁm”“ﬂ

ﬁmmﬂ«: @§V%F%

B8 MUEKEINE AWK P AR ANIBRZ

Fig. 8 Mechanism of oxidative degradation of organic dyes in water by dual-wavelength ultraviolet light
3 HHig

1) MB, AO7 il RhB %5 3 FhA HLYLRHE XU K 40 (UV o /UV,,) 56 B8R 207 LUA R B, S
60 min Ji5 BY £ R 91553 100.0% . 99.0% 1 100.0%, I H AR FE RGO — B W 3 ) 24

2) 185 UV, 5 BESR B FIRA ALY R 1h 0T i vk B T 4 = A LR R i 1%, HL A WL R i
B 15 UV 0 IR B 0 5C R LR IEAH G W04 pH 7 5~9 PR, FLBCME AR fb %k A HIL Yt
1) 5 fift R B RS

3) UV,s, XA HLYEHE AL RE D BB IR & G EH, UV g EREMA HLYRIBR T 0l LUK iR % 38
HR I SN, 00T DL EEBEIR 21 9 Y 55 i 4544 .

4) B LY A B AR AL 5 UV, B3GR By UV g JCHR B A2 T PR Bh a1 4226/ 2 AhALHD, Hod
UV,s, B G X RhB 5K [ A 19 5Tk K T MB F1 AO7, iK% T 51.1%, (81356 1Y 35 S50 1 9 Fh
“1-OH.

& £ X M

[1] NIDHEESH P V, ZHOU M, OTURAN M A. An overview on the dyes from aqueous solution by Fenton processes: A review[J].
removal of synthetic dyes from water by electrochemical advanced Environmental Science and Pollution Research, 2013, 20(4): 2099-2132.
oxidation processes[J]. Chemosphere, 2018, 197: 210-227. [6] e, B X, XUF, 2. TiO,-Ca(OH),- 17 S (1] 4 5 6 AL B 4y

[2]  GURSES A, ACIKYILDIZ M, GUNES K, et al. Classification of Dye BHE K], Tk ZRBE, 2018, 38(2): 48-51.
and Pigments[M]. Dyes and Pigments, Springer International  [7]  ZERE4E, ZHIM, AFIKZE, 4. Fe,0,/= 4k 1 8% A #4941 Fenton i (L
Publishing, Cham, 2016. fRFRTELIBLI]. Tolk/KAb3H, 2017, 37(8): 25-29.

[3]  AIZH,LIJP,ZHANG L Z, et al. Rapid decolorization of azo dyes in ~ [8] AWK, 74, DESC, 45, s by b R i Bime 6 ok S b Ab PR S 2
aqueous solution by an ultrasound-assisted electrocatalytic oxidation GHRHE K [I]. /KALHEHE AR, 2016, 42(8): 48-51.
process[J]. Ultrasonics Sonochemistry, 2010, 17(2): 370-375. [9] ZHANG Y L, WANG W L, LEE M Y, et al. Promotive effects of

(4] Zs, x5 38, VBEIE, 45 UV/H, 0,105 BN YL /K AR Ak 7K TR R b vacuum-UV/UV (185/254 nm) light on elimination of recalcitrant trace
AW B BRI, TR, 2012, 33(8): 2728-2734. organic contaminants by UV-AOPs during wastewater treatment and

[5] NIDHEESH P V, GANDHIMATHI R, RAMESH S T, Degradation of reclamation: A review[J]. Science of the Total Environment, 2021:


http://dx.doi.org/10.1016/j.chemosphere.2017.12.195
http://dx.doi.org/10.1016/j.ultsonch.2009.10.002
http://dx.doi.org/10.11894/1005-829x.2018.38(2).048
http://dx.doi.org/10.11894/1005-829x.2017.37(8).025
http://dx.doi.org/10.1016/j.chemosphere.2017.12.195
http://dx.doi.org/10.1016/j.ultsonch.2009.10.002
http://dx.doi.org/10.11894/1005-829x.2018.38(2).048
http://dx.doi.org/10.11894/1005-829x.2017.37(8).025

55 5 3 RHEAE . WGP ERIMUV /U V) GRG0 S S L] 1449
151776. [22] HOU M F, LIAO L, ZHANG W D, et al. Degradation of rhodamine B

[10] HUANG H B, LEUNG D Y C, KWONG P C W, et al. Enhanced by Fe(0)-based Fenton process with H,0,[J]. Chemosphere, 2011, 83(9):
photocatalytic degradation of methylene blue under vacuum ultraviolet 1279-1283.
irradiation[J]. Catalysis Today, 2013, 201: 189-194. [23] ZOSCHKE K, BORNICK H, WORCH E, Vacuum-UV radiation at 185

[11] WU Z D, YANG L X, TANG Y B, et al. Dimethoate degradation by nm in water treatment: A review[J]. Water Research, 2014, 52: 131-145.
VUV/UV process: Kinetics, mechanism and economic feasibility[J]. [24] BUXTON G V, GREENSTOCK C L, HELMAN W P, et al. Critical
Chemosphere, 2021, 273: 129724. review of rate constants for reactions of hydrated electrons, hydrogen

[12] sHI G, NISHIZAWA S, MATSUSHITA T, et al. Computational fluid atoms and hydroxyl radicals (-OH/-O") in aqueous solution[J]. Journal of
dynamics-based modeling and optimization of flow rate and radiant Physical and Chemical Reference Data, 1988, 17(2): 513-886.
exitance for 1, 4-dioxane degradation in a vacuum ultraviolet [25] WANG J L, XU L J. Advanced oxidation processes for wastewater
photoreactor[J]. Water Research, 2021, 197: 117086. treatment: formation of hydroxyl radical and application[J]. Critical

(13] HE X, CHI H Z, HE M R, et al. Efficient removal of halogenated Reviews in Environmental Science and Technology, 2012, 42(3): 251-
phenols by vacuum-UV system through combined photolysis and -OH 325
oxidation: Efficiency, mechanism and economic analysis[J]. Journal of [26] GUXG,LUS G, QIUZF, et al. Photo degradation performance of 1, 1,
Hazardous Materials, 2021, 403: 123286. 1-trichloroethane in aqueous solution: In the presence and absence of

O Oy Y S (BN A 22 L AR AR B S HLEFSE D). ) o
(14] i, P SOMMERRAK UL R SUIRTHACRE SHLALBETE[D) persulfate[J]. Chemical Engineering Journal, 2013, 215: 29-35.
ot bRt sSi R E, 2018. . .
A5t LR, 2018 [27] SOLTANI T, ENTEZARI M H. Photolysis and photocatalysis of
[15] KORMANN C, BAHNEMANN D W, HOFFMANN M R, . . . .
methylene blue by ferrite bismuth nanoparticles under sunlight
Photocatalytic production of hydrogen peroxides and organic peroxides o . .
irradiation[J]. Journal of Molecular Catalysis A:Chemical, 2013, 377:
in aqueous suspensions of titanium dioxide, zinc oxide, and desert 197203
sand[J]. Environmental Science & Technology, 1988, 22(7): 798. ' . . . .
[28] OONY S, ONG S A, HO L N, et al. Microbial fuel cell operation using
[16] LIMK, QIANG Z M, PULGARIN C, et al. Accelerated methylene blue
monoazo and diazo dyes as terminal electron acceptor for simultaneous
(MB) degradation by Fenton reagent exposed to UV or VUV/UV light
decolourisation and bioelectricity generation[J]. Journal of Hazardous
in an innovative micro photo-reactor[J]. Applied Catalysis
Materials, 2017, 325: 170-177.
B:Environmental, 2016, 187: 83-89.
o [29] PARK H, CHOI W. Visible light and Fe(Ill)-mediated degradation of
[17] STYLIDI M, KONDARIDES D I, VERYKIOS X E, Visible light-
. . . . . . Acid Orange 7 in the absence of H,0,[J]. Journal of Photochemistry and
induced photocatalytic degradation of Acid Orange 7 in aqueous TiO,
X X i R Photobiology A:Chemistry, 2003, 159(3): 241-247.
suspensions[J]. Applied Catalysis B: Environmental, 2004, 47(3): 189-
201 [30] RASHEED T, BILAL M, IQBAL H M N, et al. TiO,/UV-assisted

[18] HORIKOSHI S. SAITOU A. HIDAKA H. et al. Environmental rhodamine B degradation: Putative pathway and identification of
remediation by an integrated microwave/UV illumination method. V. intermediates by UPLC/MS[J]. Environmental technology, 2018,
Thermal and nonthermal effects of microwave radiation on the 39(12): 1533-1543.
photocatalyst and on the photodegradation of Rhodamine-B under [31] YOGI C, KOJIMA K, WADA N, et al. Photocatalytic degradation of
UV/Vis radiation[J]. Environmental Science & Technology, 2003, methylene blue by TiO, film and Au particles-TiO, composite film{J].
37(24): 5813-5822. Thin Solid Films, 2008, 516(17): 5881-5884.

[19] GETOFF N, SCHENCK G O, Primary products of liquid water (32] BEHNAJADY M A, MODIRSHAHLA N, TABRIZI S B, et al.
photolysis at 1236, 1470 and 1849 A[J]. Photochemistry and Ultrasonic degradation of Rhodamine B in aqueous solution: Influence
Photobiology, 1968, 8(3): 167-178. of operational parameters[J]. Journal of Hazardous Materials, 2008,

[20] CEHOVIN M, MEDIC A, KOMPARE B, et al. The enhancement of 152(1): 381-386.

H,0,/UV AOPs for the removal of selected organic pollutants from [33] LIJ, ZHANG Q, CHEN B, et al. Hydrogen peroxide formation in water
drinking water with hydrodynamic cavitation[J]. Acta Chimica during the VUV/UV irradiation process: Impacts and mechanisms of
Slovenica, 2016, 2759: 837-849. selected anions[J]. Environmental Research, 2021, 195: 110751.

[21] ZHONG X, XIANG L J, ROYER S, et al. Degradation of CI Acid  [34] MOUSSAVI G, REZAEI M, POURAKBAR M. Comparing VUV and

Orange 7 by heterogeneous Fenton oxidation in combination with

ultrasonic irradiation[J]. Journal of Chemical

Biotechnology, 2011, 86(7): 970-977.

Technology and

(AL % 452 W IR

VUV/Fe** processes for decomposition of cloxacillin antibiotic:
Degradation rate and pathways, mineralization and by-product

analysis[J]. Chemical Engineering Journal, 2018, 332: 140-149.


http://dx.doi.org/10.1016/j.cattod.2012.06.022
http://dx.doi.org/10.1016/j.chemosphere.2021.129724
http://dx.doi.org/10.1016/j.watres.2021.117086
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1016/j.chemosphere.2011.03.005
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1016/j.molcata.2013.05.004
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1080/09593330.2017.1332109
http://dx.doi.org/10.1016/j.tsf.2007.10.050
http://dx.doi.org/10.1016/j.jhazmat.2007.07.019
http://dx.doi.org/10.1016/j.envres.2021.110751
http://dx.doi.org/10.1016/j.cej.2017.09.057
http://dx.doi.org/10.1016/j.cattod.2012.06.022
http://dx.doi.org/10.1016/j.chemosphere.2021.129724
http://dx.doi.org/10.1016/j.watres.2021.117086
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1016/j.chemosphere.2011.03.005
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1016/j.molcata.2013.05.004
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1080/09593330.2017.1332109
http://dx.doi.org/10.1016/j.tsf.2007.10.050
http://dx.doi.org/10.1016/j.jhazmat.2007.07.019
http://dx.doi.org/10.1016/j.envres.2021.110751
http://dx.doi.org/10.1016/j.cej.2017.09.057
http://dx.doi.org/10.1016/j.cattod.2012.06.022
http://dx.doi.org/10.1016/j.chemosphere.2021.129724
http://dx.doi.org/10.1016/j.watres.2021.117086
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1016/j.cattod.2012.06.022
http://dx.doi.org/10.1016/j.chemosphere.2021.129724
http://dx.doi.org/10.1016/j.watres.2021.117086
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.jhazmat.2020.123286
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1016/j.apcatb.2016.01.014
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1002/jctb.2608
http://dx.doi.org/10.1016/j.chemosphere.2011.03.005
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1016/j.molcata.2013.05.004
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1080/09593330.2017.1332109
http://dx.doi.org/10.1016/j.tsf.2007.10.050
http://dx.doi.org/10.1016/j.jhazmat.2007.07.019
http://dx.doi.org/10.1016/j.envres.2021.110751
http://dx.doi.org/10.1016/j.cej.2017.09.057
http://dx.doi.org/10.1016/j.chemosphere.2011.03.005
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1063/1.555805
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1080/10643389.2010.507698
http://dx.doi.org/10.1016/j.molcata.2013.05.004
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/j.jhazmat.2016.11.074
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1016/S1010-6030(03)00141-2
http://dx.doi.org/10.1080/09593330.2017.1332109
http://dx.doi.org/10.1016/j.tsf.2007.10.050
http://dx.doi.org/10.1016/j.jhazmat.2007.07.019
http://dx.doi.org/10.1016/j.envres.2021.110751
http://dx.doi.org/10.1016/j.cej.2017.09.057

1450 ok L B ¥ W %165

Efficacy and mechanism of direct photodegradation of organic dyes by dual-
wavelength ultraviolet (UV ;/UV,,,) irradiation
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Abstract  Residual organic dyes in the biotreated effluent of printing and dyeing wastewater leading to
excessive chromaticity has become a major problem. A dual-wavelength ultraviolet (UV ;/UV,,,) light source
was used for the direct photodegradation of three typical organic dyes in water including methylene blue (MB),
acid orange 7 (AO7) and rhodamine B (RhB). The effects of UV irradiation intensity, initial concentration,
and initial pH on the degradation kinetics of these three types of organic dyes were investigated, and the
degradation reaction mechanism was studied. The results showed that the removal rates of MB, AO7 and RhB
reached 100.0%, 99.0% and 100.0%, respectively, after 60 min irradiation under the following conditions: 100%
of UV, irradiation intensity, 30 mg-L™" initial concentration of organic dyes and 25 °C, the degradation
processes were in accordance with the pseudo-first order reaction kinetical model. The organic dyes were
partially degraded by UV,,, direct photolysis, of which UV,,, direct photolysis accounted for 51.1% RhB
degradation. The UV, irradiation intensity was linearly correlated with the apparent degradation rate of the
organic dyes; the main active species of indirect photodegradation were -OH, HO,-and O,", of which -OH
presented the largest contribution. The UV-Vis absorption spectra indicated that the UV /UV,,
photodegradation destroyed the chromophores and aromatic structures of organic dyes. This study can provide a
reference for the development of new dual-wavelength UV-AOPs and their application in the deep treatment of
printing and dyeing wastewater.

Keywords dual-wavelength ultraviolet; organic dyes; AOPs; degradation pathway
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