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B pabome uzyuena oecmpyKkyus KpacumeJis KUC10mHuo2o opamuicesozo-1 (AO7)e 600Hbix
pacmeopax npu eo3oeticmeuu uona sxcenesa (1), akmueayuu npouecca okucienus uoHom nep-
cynvpama (PS, $0s%) u eo30eiicmeuu euoumozo usnyyenus (Vis) 420um). Ilpogedena oyenka
sppexmusnocmu paznuunvix cucmem, ¢knouas Fe*|Vis, Fe*IPS, PS/Visu Fe*'/PS/Vis. Yema-
Hoeneno, umo rpgpexkmugnocmo cucmemuvr Fe**IPS u PS/Visoxazanace nesvicoxoii, npu smom
OKucienuio noosepzanocs aumwb nopsaoka 48% AO7e meuenue 20 mun noo éozoeiicmeuem cu-
cmemut Fe¥'|Vis ¢ nocnedyrouum pocmom r¢ppexma 0o noumu 95% ¢ meuenue 20 mun noo 603-
oeiicmeuem cucmemst FE€*'IPS/IVis.C yenvlo onmumusayuu npoyecca uzyueno eausnue Ha Hezo
MaKUX MexXHoI02UUecKUX napamempos, Kaxk konuenmpayusa PS, FE', kpacumensa, a maxsce 3na-
yenusa HauanvHou éenuuunsl pH. B pesynomame nokazano, umo r¢ppekmuenocme oecmpykyuu
Kpacumens yeenuuueaemcs ¢ pocmom konyenmpayuu PSu Fe** ¢ uccnedyemom ouanasone spe-
Mmenu 6030eticmeus. 3nauenue pH ne oxazvieaem cywjecmeennozo énuanus na oecmpyxyuto AO7.
H3yueno maxoice eusanue nPUCYmcmens 6 600e HeOPZAHUUeCKUX AHUOHOE8, NPU IMOM HOKA3AHO,
umo ux Ighpekm uHZUOUPOBARUA NPOUECCA MOIHCEN ObIMb PDAHICUPOBAH 6 NOPAOKE 603DACHAHUA.
CI'=NO3 <SQ? <HCOs=HPO/.

KiioueBble ci1oBa: pa3iokeHUe KpacuTells, KUCJIOTHBIN OpaHKeBBIH 7, mepcynbdar, GoToKaTaIuTH-
YeCcKOoe OKUCIIEHHE, BUIUMBII CBET, HEOPraHUYECKUE OTPULIATEIbHbIE HOHBI
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In this study, the degradation of Acid Orange 7 (ADin aqueous solutions by iron(lll)
under activation by persulfate (PS.Gs*) oxidation and Visible (Vis) light $420 nm) exposure
was performed. The efficiency of different systermeluding Fe**/Vis, Fe'/PS, PS/Vis and
Fe*'/PS/Vis has been evaluated. It was found that tificeency of Fe**/PS and PS/Vis system was
low, and only about 48% of AO7 was oxidized witti0 min of experiment time under FgVis
system action, and it was further improved to alrh®&% within 20 min by F&/PS/Vis system.
Various process-dependent parameters, such as R&', Bye concentration as well as initial pH
were investigated to optimize the process. As tesadicated, the dye's degradation efficiency in-
creased with the increase of PS and3fFeoncentration over the tested range. The pH hadian
significant effect on the degradation of AO7. Thfexct of inorganic anions was also investigated
and the suppressive effects of inorganic anions cae ranked in an ascending order of
CI'*NO3; <SQ? <HCO3; =HPO*".

Key words: dye degradation, Acid Orange 7, ferric iron, pdegal photocatalyst oxidation, visible
light, inorganic negtive ions
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INTRODUCTION (UV) light (sensitive wavelength 220-310 nm) [7-10]
gctivation, ultrasound activation [11], and traiosit
metals activation [12-17].

Although heat and UV are effective methods
to activate PS, the intrinsic disadvantage of ligkt
ﬁad complexity limit their widespread practical Bpp
cation. Among the activators, Féas been commonly

Advanced oxidation processes (AOPs) ar
considered as one of the most effective methodsto
grade organic toxic contaminants. Recently, peasellf
(PS, 30g?) with a redox potential equal to 2.01 V [1],
attracts high attention due to its easy storage a

transport, high stability, high aqueous solubilind . . L
comparatively low cost [2-3]. Extensive researcft/eCted due to its great practical applicationis a
antages, such as high efficiency, large abundance,

works have been held on the activation of PS und%(. 4 ) | friend| 18..19
interaction of heat [4-5], base activation [6]raitolet W COSt and environmental friendly nature [18,.19]
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However, the usage of PSAFaystem is lim- tion. The sample solutions were prepared usingndeio
ited because of Peunstability in air and slow conver- ized water (Aquapro, USA) throughout the experiraent
sion from Fé' to Fe&* [20-21]. Recently, to improve 2. Degradation procedures
the conversion efficiency, Zou et al. discussed the All batch experiments were conducted in a
method to degrade benzoic acid by adding hydroxyla00 mL undivided glass beaker containing 50 mL so-
mine (HA) into F&'/PMS process, during which thelution at about 25°C without irradiation or undeai
redox cycle of F&/Fe&* was accelerated [22]. Hengdiation by a direct exposure Vis light power supply
Lin et al. reported that the clofibric acid degredeby (CHF-XM-500W) from Beijing Trusttech Co. (China).
an EC/F&/PMS process, and Fecan be regenerated After the desired amounts of AO7 and PS in 50 mL of
through cathodic reduction reaction [23]. Mavrotéko the aqueous solution were added into the readter, t
C et al. investigated the decolorization of AO7he reaction was initialized by adding ¥eEach reaction
presence of iron(ll) sulfite complex and oxygen emd solution was constantly agitated by a magneticestir
UV-vis irradiation, and found that ferrous ions kkbbhe  (model 78-1, Hangzhou Instrument Motors Factory,
regenerated under UV-visible irradiation [24] (Ed39). China).

Fe* + H,O +hv (A<450 nm)»Fe* +-OH + H (1) A stock solution of AO7 with the initial con-

Compared with UV light, the Vis light, cover- centration (G) 20 mg/L was prepared freshly with de-
ing about 45% of the sunlight, as a cost-effectimed ionized water before each run. Since PS is an @cidi
environmentally friendly energy, has been used.[25)xidant, the addition of PS led to a significanti@ase
Zhao et al. investigated the application of ViéiF&O. of pH, and the experiment was conducted at acigic m
treatment process to the aqueous degradation ief cdfum (pH 3.46, no adjustment). For studying thedff
onic acridine orange monohydrochloride and anionif solution pH on the rate of AO7 degradation, [d.1
alizarin violet 3B, and confirmed that #ean be re- sulfuric acid (Pronolab, 98%, 1.84 gfnand 0.1 M
generated in the visible part of the spectrum thaano- sodium hydroxide (Quimitécnica, 30% wi/v, 1.33
ing the photo reduction of Feto F&* (Egs. (2) and g/cn?) were used to adjust the solution pH after PS was

(3)) [26, 27]. added into the solution. Before the beginning akcre
Dye+hv (A>470 nm}-Dye* (2) tion, PS solution and Fesolution were added to the
Dye*+Fe**—Dye'+Fe*, (3) reactor.
the sign "*" means here that dye is excited undedi- 3. Analysis
ation of visible light and so it's at the high-amestate. To monitor the degradation process of AO7,

For further efficiency enhancement of the syssolution samples were taken out at predetermimeel ti
tem Vis/PS/F&, a valuable approach, the matter ofntervals and measured immediately on a METASH
which is the combination of PS with ¥ainder the ir- UV-5500PC spectrophotometer under the maximum
radiation of Vis light to degrade organic pollutaiid absorption wavelength (484 nm) to record the tewripor
provided. UV-vis spectral variations of the dye. The related

As a representative compound of azo dyeaction progress was monitored using the UV-vis ab-
AO7 was selected for this study. The objective Wwas sorption spectra of AO7 in terms of the perceniaige
investigate the enhancement of the degradation effihotodegraded azo-dye, which was calculated frem th
ciency of AO7 in F&/PS process under visibief20 following equation 4 (percentage of decolorization)
nm) irradiation and specifically focused at: thé\aty AQO7 = (G — G)/Co- 100%, 4)
for the system F&/PS/Vis, the effect of F§PS/AO7 where Gis the absorbance at 484 nm for AO7 at reac-
concentration, the effect of initial pH and theeeffof tion time t and gis the related initial absorbance.

inorganic negtive ions. RESULTS AND DISCUSSION

EXPERIMENTAL 1. Degradation efficiency of AO7 under differ-

1. Materials ent systems

Acid Orange 7 (AO7, GH1iIN.NaQkS) was To evaluate the activities of different systems,
purchased from Aladdin Industrial Corporation. Iror20 mg/L AO7 was treated for 20 min by PS alone, Vis
(3+) nitrate nonahydrate (Fe(N@9H0), sodium alone, F&/PS process, Vis/PS process, ViSRS
persulfate (N£5,0s) and other chemicals were of anaprocess and Vis/F&PS process. As shown in Fig. 1,
lytical grade if not noticed otherwise and wereadied  the efficiency of F&/PS and PS/Vis system was low,
from Sinopharm Chemical Reagent Co., Ltd. All cheand the efficiency of F&/Vis system was much higher,
micals were used as received without further maifi which could be further enhanced by adding PS.
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Fig. 1. Degradation of AO7 in different systems: 5, (2)
Fe*IPS, (3) Vis, (4) Vis/PS, (5) Vis/Pt (6) Vis/Fé*/PS

Puc. 1.Paspymierne AO7 B pasnuunbix cucremax. (1) PS, (2)

Fe*IPS, (3) Vis, (4) Vis/PS, (5) Vis/Bt (6) Vis/Fé'/PS

(6) 20
Puc.2. Crekrp norouieHust B Y®/Bunumoit 061acTH KHCIOT-
HOTO OPAHKEBOrO 7 IPH COBMECTHOM JIEHCTBUM cBeTa, FE* n
nepcynbdara npu pasnuyabix Bpemenax (mun): (1) 0, (2) 2,5, (3)

5, (4) 10, (5) 15, (6) 20

About 48% of AO7 was oxidized under the 3. Effect of PSconcentration on AO7 degrada-
system F&/Vis within 20 min, while the oxidation ef- tionin Vis/Fe** /PS process
ficiency was significantly improved by FéPS/Vis Different amounts of PS were used to investi-
system:[195% of AO7 was oxidized in 20 min. Blankgate the effect of PS dosage on the degradatiai®af
experiments (Fig. 1) showed almost no AO7 oxidation Vis/F€"*/PS process. Fig. 3 illustrates the removal
in the absence of Feor Vis. This phenomenon could efficiency of AO7 at different PS concentrationgtwi
be interpreted with the relative stability of P@atbient initial AO7 concentration 20 mg/L, Feconcentration
temperature and its oxidation potential was venjtéd 0.1 mM, initial pH 3.46 and the light intensity S0,

(E° = 2.01 V vs. NHE), which could hardly degradéVhen PS concentration increased from 0 to 0.2th4.,
AO7 via direct photolysis. removal efficiency of AO7 increased from 48% to 95%

2. Spectral change of AO7 within 20 min. However, further increase of the PS

AO7 degradation was monitored in the expeid0Sage to 0.4 g/L and 0.8 g/L resulted in onlyighsl
imental runs by means of UV/Vis scanning of théhcrease in the AO7 removal, and the removal effi-
whole range of wavelengths available for a diodayar C1€NCY improved slightly to 97% when PS is 0.8 g/L.

and UV/Vis spectra were recorded at different iieact 1S can be explained by the unfavorable consumptio
time in Fig. 2. As can be seen, the representadiste of sulfate radicals by the excessive dosage oWRish

ation absorption spectrum of AO7 in water is charag'a‘S a scavenging potential for sulfate radigs. (5)).

terized by the band in the Vis region, with the max sk 205" +SQr S0 +S0 ©)
located at 484 nm, corresponding to the* tiransition 'Y

of the azo form (the sign "*" means here the antlirig - N

orbitals), and by two bands in the ultraviolet ceglo- ' N

cated at 262 nm and 308 nm, attributing to benl&ee- * i

structures in the molecule, and also a band an2i4 & s AL TS A
considered to be associated with Fe(lll). It isesbed O o4 '

that the intensity of the signal at 484 nm becomes ] .

smaller as the irradiation time increases untisigmal x

is detected in the analyzed wavelength range, atdic a e . 2
ing the destruction of azo chromophore. At the mean o . :' S—

time, the bands at 262 nm and 308 nm are disappeare - R T
due to the fragmentation of “benzene-like” struetur Time (min)

No additional UV/Vis signals were detected in the Fig. 3. The effect of PS concentration (g/L): (1(2) 0.05, (3)
sample analysis, meaning that no radiation absgrbin 0.1,(4)0.2,(5)0.4,(6) 0.8

: ; ; Puc. 3. Bimsinue KoHIEHTpanuu nepeynsdara, v/ (1) 0, (2)
intermediates at this wavelength were generated. 0,05, (3) 0.1, (4) 0.2 (5) 0.4, (6) 0.3
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Hence, in order to improve the degradation of (B N
probe compounds at the highest extent and redece tt o~ T
cost, a proper dosage of PS should be selectdein t 08 e
application. Then, keeping the concentration ofaPS \\v
0.2 g/L, the effect of various Fedosages on the AO7 0.6 N N
degradation was studied in the subsequent expesmen § e
4. Effect of F€** concentration on AO7 degra- S o4 AN
dation in Vis/Fe**/PS process \\ U 3
The effect of F& concentration on AO7 deg- ¢, | e e
radation efficiency was evaluated by conducting ex- \;\L{
periments at 0.025, 0.05, 0.1, 0.15 and 0.2 mMpaes o . . . H\“"I
tively. The initial AO7 concentration was fixed 20 0 5 10 15 20
mg/L, PS concentration was 0.2 g/L, initial pH was Time (min)

3.46 and the light intensity was 500 W. As shown in
Fig. 4, when F& concentration varied from 0.025 to
0.1 mM, the removal efficiency of AO7 within 20 min

Fig. 5. The effect of AO7 concentration (mg/L): @0, (2) 50,
(3) 100

Puc. 5. Biausiaue konnenrpauun AO7, mr/in: (1) 20, (2) 50,

(3) 100

reaction increased from 60.9% to 94.3%. The higher

efficiency of AO7 removal at the higher ¥elosage 100 mg/L in 10 min, implying that the apparent reac
might due to more amount of available#Fgenerated tion rate constant with a low initial AO7 concetima
and then more radicals produced in the reaction. Fis higher than that with a high initial AO7 conaent
ther increasing the Peconcentration to 0.2 mM re- tion. This may be explained that the visible liglans-
sulted in almost the same removal of AO7 witlf*Femittance could be decreased due to an increas®df A
0.1 mM. Therefore, 0.1mM Feis required to produce concentration in the solution, which led to scartigr
an essential amount of #eand then effectively acti- and shielding of the light.

vate PS to degrade AOY7. 6. Effect of initial pH on AO7 degradation in

Vis/Fe* /PS process
10%g = — = . . —= The solution pH can significantly affect degra-
P 1 dation of organic pollutants in chemical oxidatfmo-
08 v cesses. The effect of initial pH experiments wene-c
b ™ ducted over a wide pH range (1.8-9.21). Four legéls
0.6 N pH = 1.8, pH = 3.46, pH = 6.16 and pH = 9.21 were
S i prevailed to evaluate the pH effect on AO7 degiadat
O 04l . % 2 in Vis/Fe*/PS system under condition of 0.2 g/L PS,
' * 0.1 mM/L Fé*, 500 W visible light and 20 min reac-
N VN, tion time. As depicted in Fig. 6, the best perfoncea
021 5 %3 of Vis/Fe*/PS was observed in pH 3.46 with 94.3%
I e ——" removal efficiency. In acidic condition with higlor-
0.0 - . - . centration of protons, the generation of sulfatioa
0 5 10 15 20 . o
Time (min) was enhanced through acid-catalyzation in accoelanc

Fig. 4. The effect of Fé concentration (mM): (1) 0, (2) 0.025, (3)
0.05,(4) 0.1, (5) 0.2

with Egs. (6) and (7). In the higher sulfate ratiomn-
centrations, self-scavenging of sulfate radicalioex

Puc. 4. Bnusuue konnentpamuu F€*, MM: (1) 0, (2) 0,025, (3)
0,05, (4) 0,1, (5) 0,2

(Eqg. (8)) which had a detrimental effect on AO7 -deg
radation. Therefore, the efficiency of VisfH®S sys-
tem decreased at pH 1.8.

5. Effect of different initial concentrations of AO7 S,082+H"—>HS,08 (6)
Fig. 5 shows the changes of AO7 relative con- HS,05 —H*+SQ-+SQ (7)
centration as a function of irradiation time attiali SO +S0—S,08> (8)

AQ7 concentrations of 20, 50 and 100 mg/L. The deg- On the other hand, with an increase in pH, fer-

decay as the exposure time increases, while remoy@hting to the removal of soluble iron catalyshich

percentage of AO7 decreased from 66 to 10% wilthy|d be the main cause of a negligible changéen t
the increase in initial AO7 concentration from 20 t gegradation efficiency at pH 6.16 and pH 9.21.
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Fig. 6. The effect of pH: (1) 1.8, (2) 3.46, (316, (4) 9.21
Puc. 6. Bmmsiaue pH: (1) 1,8, (2) 3,46, (3) 6,16, (4) 9,21

7. Effect of co-existing inorganic anions

The presence of common anions in real dye-

containing wastewater may affect the efficiencyy

an effective method for the degradation of AO7 azo
dye in acidic aqueous medium. The effect of AO7-con
centration, PS concentration, *F&oncentration and
initial pH, on the AO7 decolorization was investeyh
The results indicated that AO7 can be totally decol
zated in a 20 min reaction under the conditionsief
tial AO7 concentration 20 mg/L, PS concentratiad O.
g/L, Fe"* concentration 0.1 mM/L and Vis light 500 W.
The effects of the inorganic anions that likelyuehce
the degradation rate in ¥4 S/Vis system were also
investigated. HC® and HP@*™ had a negtive effect
on AO7 degradation efficiency in #&S/Vis pro-
gress. The data will be helpful for the developnant
simple and efficient Fenton-like systems aimeddb p
lutants degradation and, as a result, for desigtiiag
energy-resource-saving chemical processes of water
management systems of industrial plants [28].
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that CI and NQ" slightly affected the degradation of
AQ7 in FE'/PS/Vis system, and $S©had certain in-
fluence on the AO7 degradation from 95% to 85%
within 20 min. However, the addition of HGGand 1.
HPQs?~ almost completely inhibited the degradation of
AO7 in Vis/F&é'/PS process. Their inhibiting effects
can be ranked from low to high in an order of 2
Cl'=NO; <SQ? <HCO; =HPQ?".

IR * 5
0.8+ {\
Ne %
A \\
0.6 AN v
NG < 4,
(e} O 5 N
O \\ . N\
~ 04 N\
O \\;
Y v
0.2- Sl 5
0.0 T T T T
0 5 10 15 20 6.
Time (min)
Fig. 7. The effect of negative ions on the initlegradation rate:
(1) Control, (2) N@, (3) Ct, (4) SQ%, (5) HCQ, (6) HPO* 7.

Puc. 7. BiusiHre OTPULIATEIHHBIX HOHOB HA HIAJIBHYIO CKOPOCTS!
(1) xontpons, (2) NG, (3) Ct, (4) SQZ, (5) HCGy, (6) HPQ*

CONCLUSION

In this study, the degradation of AO7 bys.
Fe**/PS/Vis system was investigated, and it was
demonstrated that FéPS process under Vis light was
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