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Abstract

Accelerated bleaching, photobleaching and mineralization of the non-biodegradable azo-dye, Orange Il, was observed with oxone in
solutions with Cé*-ions. The bleaching rate of Orange Il in the dark was found to follow a first-order kinetics with respecttd @b a
rate constant of 20 M s1. Fitting of the Orange Il photobleaching experimental points in the presence of théo&ane reagent was carried
out and followed the trend known for reactions presenting a chain radical branched mechanism. The photobleaching trace could be fitted by
a single mathematical expression with an er&% with respect to the experimental data. The bleaching trace observed for the Orange Il
solution in the dark followed zero-order decay kinetics. In a typical run, Orange Il (0.20 mM or TOC 30 mg C/l) in the presence of oxone
and Cé* was bleached under visible light within15s. The C&"-ion concentrations necessary to catalyze the Orange Il mineralization
by oxone was observed to bel00 times lower than the oxone concentration. A 100% TOC decrease, under visible light irradiation, was
attained for an Orange Il (0.2 mM) solution in the presence df@ons (0.06 mM) and oxone (20 mM) within times70 min for solutions
purged with oxygen. Under visible light irradiation, Orange Il mineralization in the presenceini@ves the photo-dissociation of reaction
intermediates leading to organic peroxides in the second step of the mineralization process.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction allow AOT's treatments to compete with the more tradi-
tional non-destructive technology. Several techniques such
The degradation of dyes has become increasingly im- as Fentorj6], photo-Fentorj7] and TiQ, photocatalysi$8]
portant during the last decade in the field of Advanced have been used to abate the model azo-dye, Orange II.
Oxidation Technologies (AOT'sj1-5]. Azo-dyes like Or- The mineralization of pollutants has been carried out in
ange Il represent more than 15% of the world production recent years using peroxodisulfates as oxidants in the pres-
of dyes used in the textile manufacturing industry. These ence of TiQ in the AOT's field[6,8—10] Malato et al[11]
dyes are for the most part non-biodegradable and toxic have successfully tested peroxodisulfateQ@g—) and ox-
and at present are abated by some common non-destructivene (2KHSGQ-KHSOy4-K2S0Oy) which is essentially HS§
processe$l,2]. The bleaching and mineralization of dyes and also known as peroxomonosulfate (PMS). This oxidant
in short treatment times have not been achieved for most ofhas been used in the degradation of pentachlorophenol under
them investigated so far, posing a serious drawback from visible lightirradiation in conjunction with a TiQoxidant as
the economic point of view with regard to the practical ap- an alternative to HO2 which is widely used for this purpose.
plication of AOT’s. Only short treatment times when using Oxone has been successfully used in dark and photochemical
expensive photons and oxidant(s) in a suitable reactor will reactiond12] like: olefin epoxydation§l3,14], chemilumi-
nescence detection of oxidative procesdés and diverse
* Corresponding author. Tel+41-21-693-3621; sulfate oxidati_on reactior[d 6]. Catalytic deqomposition of
fax: +41-21-693-3621. oxone (PMS) in the presence of some semiconductorg,WO
E-mail addressjohn.kiwi@epfl.ch (J. Kiwi). BioO3 and FeOs [17,18] and metallic-ions like MAt
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[19], C?t [20] and C&* [21,22] has also been recently 2.2. Irradiation reactor and procedures
reported.

The Fenton reagent is used as a common source 8f HO  Solar simulated light was applied on cylindrical Pyrex re-
and HQ* radicals besides other oxidative intermediates in actor vessels (60 ml), each time using appropriate solutions
aqueous solutions. AOTI0-12]uses UV-Vis light to ac-  of the dye, metal-ion and oxone. Lightirradiation was carried
tivate the degradation of many organic compounds through out by means of a Hanau Suntest lamp (AM1, tunable in light
the formation of metallo-complexes like: ligand to metal intensity) equipped with an IR filter to remove the infrared
(LMCT), metal to ligand or ligand to ligand (LLCT) charge radiation. The radiant flux of the Suntest solar simulator was
transfer photo-dissociation states leading to a variety of rad- measured with a power-meter from the YSI Corp., Colorado,
icals under light irradiatiof6—10,21,23,24]0zone has also ~ USA. The short wavelength radiation (< 310 nm) was
been used as a source of oxidative radicals in waste wa-removed by the Pyrex wall of the reaction vessels. The Or-
ter treatmen{2]. Oxone (HS@™) which is a mono-S@- ange Il discoloration reactions were followed by measuring
substituted HOOH, has not been widely used as an oxidantthe optical density (OD) at the maximum of Orange Il ab-
during the abatement of pollutants. Reaction (2) proceedssorption ¢ = 486 nm) in a Hewlett-Packard 38620 N diode
at a very high potential, but the reaction is very slow. No array spectrophotometer. The total organic carbon (TOC) of
direct measure for the oxidation potential is known for re- the solutions was measured by a Shimadzu 500 TOC ana-
action (4). The values given below for reaction (4) are cal- lyzer. The sulfate concentration was followed using a Dionex
culated potentials from equilibria considerations. Details of DX-100 lon Chromatograph, provided with an lonPac
reactions ((2)—(4)) have been reporféd,17,21] AS14 column. The eluent consisted of a solution containing
sodium carbonate (3.5 mM) and Na-bicarbonate (1 mM).

H,O, — 2HO®, E°=1.76eV (1)

S,082" — 25Q*2~, E°=212eV ) 2.3. Stopped-flow experiments

$08%” + € — SO*?” + SO, E°=200eV (3) Fig. 1shows the set-up used to carry out the experiments
reported inFigs. 4—6 The light source was a polychromatic

SO~ +e — SO, E°=25-31eV 4) Osram 450 W Xe-lamp with 160 mW/cvand it was used

] o ] _as both the excitation and reference light beam at different
The present investigation addresses the bleaching and MiNtegions of the spectra in each case.

eralization of Orange Il in the presence of a?Ctoxone In the stopped-flow instrument from Applied Photo-

reagent. Oxone should be a suitable oxidant because it ha?)hysics (Model No. SFA-11), the sample was injected into
a higher potential than #0, (E® = 1.82V v_ersusEO = a2mm sample cell. In this way, it was possible to trigger
1.76V) [12-14] In the presence of metal-ions, oxone is he oscilloscope at the same time as the mixing of the Or-
known to generate S0~ and SQ*~ in aqueous solution  apge || solution with the oxone (since they do not react in
in addition to HO radicals through radical chain reactions ihe second time scale) and monitor the reaction from time
[1_7,21]. The oxidat_ion potential 1.82eV of oxone is slightly ;10 when the G35 -ion solution is added to the mixture.
higher than the oxidation potential of 1.80eV of the couple e pand-pass filter (1) and interference filter were selected
Co’*/Co?* suggesting that a low overpotential is able 0 5 isplate the band(s) of interest in the spectral region that
drive the reaction to C8 from the initial C3*-ion upon  gj10ws the quantification of the difference between the ex-
oxone addition in solution. The oxidation of €oby oxone  jtation and the detection beam. If a narrow band-pass filter
to the unstable C0" due to its high reactivity in an ague- a5 ysed practically no light entered the system. If a wide

ous solution has been reportfiB,19,25,26] Solutions of  pang-pass filter was used the IR and the UV-c and UV-b
Co**-ions have also been prepared by electrochemical oxi-

dation of C@* [19,20]

450 W
Monochromator Fllzter Sacr:ﬁlc FllterWater X_elamp
. filt

2. Experimental section Phoodode— i G é

2.1. Materials Oscilloscope Lens

Orange Il solutions were prepared by dissolving the O Trigeer Power Supply

sodium salt of this dye (Fluka) and €o solutions were

prepared from CoS©7H,0 p.a. Fluka AG. The Oxorfe Stonned-flow

solutions were prepared from [2KHSBHSO,;-K2SOy], pp

Aldrich CataIOgue No. 22803-6. Reactions were performed Fig. 1. Schematic representation of the stopped-flow systems used to

by mixing appropriate concentrations of Orange I, Co-salt foow the photobleaching of Orange Ii in the presence of oxone and
and oxone in this order, immediately before irradiation. Co?*. For other details see text.
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regions were blocked, but variations of the light level at
A = 486 nm could be detected. The detection wavelength
at A = 486 nm was chosen for analysis and kept constant
when following the photobleaching. The lens was used to 47
focus (1) the light from the 450 W Osram Xe-lamp onto
the sample and (2) the light on the entrance slit of the
monochromator. Filter (2) was the second band-pass fil-
ter to isolate the appropriate spectral regions reaching the
Baush and Lomb monochromator UV-blazed at 350 nm.
The monochromator light was measured by a silicon pho-
todiode (Oriel 71883, 100 kHz, DC 9). Finally, a Tektronix
TDS 640 double beam oscilloscope was used for data
recording and storage. The first channel was used to detect
the signals that were converted in a second step as varia-
tions in optical densities. The second channel was used to
trigger the system. The absorption chang&k registered

in the oscilloscope were fed into a power Macintosh. 14

CoSo,

0.03mM O
0.06 mM A
0.10mM O
0.20 mM <
0.50 mM
1.54 mM

k, x10°(Orange II (mM)/s)

3. Results and discussion

I I [ I I 1
0 100 200 "20)0 400 500
. . — time (s
3.1. Orange Il bleaching monitored by stopped-flow effect 0 T T T T I T
of cobalt and Orange Il concentrations 02 04 06 08 10 12 14

[Co™ ] (mM)

Accelerated bleaching was observed for Orange Il (noted Fig. 2. Plot of the zero-order reaction constant between Orange II
as R-H in the scheme below) when the concentration of (0.20mM) and oxone (20mM) in the dark as a function of2Gdon
Ccot was increased from 0.03 to 1.54mM in the presence concentration added in solution at pH 2. The inset shows the bleaching
of oxone (20 mM). Considering the main reactions involving of Orange Il solutions for different G0 concentrations.
the sulfate radicals from the peroxone in solutjaa]:

Fig. 2 (inset) shows that a zero-order bleaching is obtained
+ +
Co™" +H0 « CoOH" +H',  Ks ®) with respect to Orange Il (R-H), and that for various CQSO
COOH" + HSOs™ — CoO" + H,0+ S04, ke  (6) concentrations (oxidant in the net sense) it decreases within
seconds. The observed decrease is in direct relation to the

+ 3+
CoO" +2H" & Co™" + Hz0, K7 @) concentration of CoSQused. The zero-order kinetics can
S0s*~ + Ct — SO2 + Co*, kg (8) be undgrstood taking iljto accoukg[R—H]_ >>_.k8[C02+_]

B N 5 at a defined concentration of H§O The limiting rate in
R-H+SOs*™ - R-H" + SOy, ko 9) the sequence of reactions (5)—(9) is the production of sul-

fate radicals in reaction (6). Since reaction (9) is kinetically

From (5) it is possible to state that
() itis possi faster than reaction (8), the bleaching of Orangd-lg( 2)

K=[C 2+ .
[CoOH'] = 5[ f ] (10) follows:
[HF] —d[R-H] keo[COP] (13)
and fromEq. (9)it follows: dre°
—d[R-H] ko[R-HI[SO4*] where kco = kokgKs[HSOZ[R-H] /[H*](kg[CO*"] +
a9 4 b ko[R-H]). The numerical value fokco in Eq. (13) is
d[SO:2 ]  keKs[Co?+][HSOs] 2.8 x 1072 molecules Orange ll/(atom €65). At a defined
ar = [H+] Cc?t concentration, the zero-order bleaching reaction in
Fig. 2 b itt
 ke[COPH SO ] — ke[R-HI[SOs* =0 Ii can be written as
—d[R—H
(11) % = ko (14)

and in the steady state [SO] = ksKs[CO?T][HSO; ]/

([H*](kg[Co?*] + ko[R-H])) and inserting this expression

in (11):

—d[R-H] _ kokeKs[Co?"][HSO5 ][R-H]
dr [H*](ke[Co* Tke[R-H])

Considering the [C®'] constant inEq. (12)when the con-
centration of Orange Il is increased, the numerator in this
equation increases more than the denominator. Therdgpre,
will slightly increase with a higher Orange Il concentration,
this is shown inFig. 3. Figs. 2 and 3show that bleaching

(12)



210 J. Fernandez et al./Applied Catalysis B: Environmental 49 (2004) 207-215

1.00 A
24 —
0.8 —
22— ’g‘
@ g 06
% 2.0 — I
£ < 04 |
S5 <
g 1.8+ 3
g 02
[=}
- 0.0
%
4 1.4 — 0 50 100 150;
time (s)
124
+
5 —
1.0 — (b)
I I I [ | 4
0.05 0.10 0.15 0.20 025 -
[Orange I1] (mM) e 3 +
=1
Fig. 3. Reciprocal plot of the zero-order rate for Orange Il bleaching as & )
a function of Orange Il concentration in the presence ot'C{@®.04 mM) N
and oxone (5.40 mM). .
0 —

in the dark involves the coupling of oxone and®CoThe T T T

cobalt-ions in solution catalyze the decomposition of ox- 02 04 ‘)['éozf])'gan)'O 12 14

one (reaction (6)) and the limiting step is not the reaction

of Orange Il with the radicals in solution, but is set by the Fig. 4. (a) Photobleaching of an Orange Il (0.2mM) solution in the
generation of the radicals themselves in the solution. presence of oxone (40 mM) and various’€@oncentrations: (1) 1.54 mM,

oAl rad - . (2) 0.5mM, (3) 0.3mM, (4) 0.2mM, (5) 0.1mM, (6) 0.05mM, (7)
The radical-radical termination reactions and the role of 0,025 mM and (8) no G4 (b) Branching parameter plotted against the

-SG;~ have _nOt been_ inc!u_ded iBgs. (5)—-(14)since we Co** concentration during the photobleaching of Orange Il (0.20 mM).
wanted to arrive at a simplified scheme that could be related For other details see text.

to the experimental results presented in this study.

branched reaction only occurs when the oxone decomposi-
tion is mediated by Co -ions. When the oxone and €o

are added in solutions containing organic compound(s), the
formation of peroxides (ROOH) in radical chain processes
have been reportd@,8,9]:

3.2. Effect of the cobalt and oxone concentrations on the
photobleaching of Orange Il monitored by stopped-flow

Photobleaching of Orange Il were investigated in the
set-up shown inFig. 1 by the disappearance of Orange

I following the peak absorption & = 486 nm. Control R* + O, — RO,* (15)
experiments show that no bleaching, photobleaching or
mineralization of Orange Il in the presence of Zoor RO.* + R-H - ROOH+ R*® (16)

oxone occurs when both reagents were added separately _ _ _
to an Orange Il solution in the stopped-flow set-up. Also, and the peroxide of reaction (16) decomposes under light,

the photolysis of Orange Il in the presence of?Coor generating in each case two radicals able to start a new
oxone alone, did not lead to Orange Il photobleaching. No radical chain:

change in the spectrum of Orange Il was observed upon ROOH+ RO® + OH® 17
addition of C@*, ruling out the possibility of any com- e + (A7)

plex formation between G and Orange Il the absence of 2ROOH—» RO® + H,0 + RO,* (18)
oxoneFig. 4ashows the photobleaching of Orange Il under

Xe-light monitored in the set-ug-{g. 1) by adding different ROOH— RO* + H, O+ R® (29)

concentrations of Gd -ions. The Orange |l photobleach- . ) ) )
ing traces present a trend similar to the trend observed in!f RO2® is noted byp, the radical chain reaction follows the
processes involving a radical chain branching mechanism Kinetics[27]:

[22,23] Fig. 4ashows that no photobleaching takes place Vun ot

when C&*-ions are absent suggesting that the chain radical ” =~ € -1 (20)
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wherey is the branching rate-terminationthe radical chain 1.0 @
length andy, the chain radical formation rate. Frdaq. (20) 08
dp E ‘ .
-/ — e¥t 21 Light —
dr Von ( ) é 0.6 — Dfrlx +
and substituting in (16): < 04 Fitting=----
dp —d[R-H] < .,
=" 22 < - +
4 p (22) 02 n
|
d[R-H 0.0 — |
g = —Vup e (23) I I I I |
dr 0 100 200 300 400
and integrating (23): time (s)
(b)
H] = [R- Yo Vn o
[R-H] = [R-H]o + - - € (24) 44 50 o o o
Substituting the experimental parametee= ¢b[R-H] into -
Eq. (24)wherek includes the terms for the molar absorption o
coefficient €) of Orange Il and cell pathlengtip) then ; 5
ko k s
A=Ag+— — — ¢ (25) |
Y 9 N
Eg. (26)can be written down considering the tekhask/Ag: 0
I T T T T
/
A —14 ]i(l e (26) 0 10 oxodd gy 30 40
Ao ®

S ) o . . Fig. 5. (a) Bleaching and photobleaching of a solution of Orange I
which is similar to the equation describing the radical chain (0.2mM) in the presence of oxone (2.7 mM) and?€a0.1 mM). (b)

reaction kinetics€q. (20). Furthermord-ig. 4bshows that Branching parameter plotted against the oxone concentration for the pho-
the termg depends linearly on the @b-ion concentration tobleaching of an Orange_ll (0.20mM) solution in the presence &ftCo
increasing linearly with the Gd-ion in a defined concen- (0.05mM). For other details see text.
tration range.
Fig. 5ashows the bleaching (dark) and photobleaching mechanism, since the branching parameter remains almost
(under light) of an Orange Il solution in the presence of constant up to [oxone: 40 mM.
Co*t-ion and a significantly lower oxone concentration
compared that one used ig. 4a Orange Il bleaching  3.3. Effect of the variation of the solution parameters on
in the dark occurs within 400s and could be fitted by the TOC decrease of Orange Il solutions under visible
zero-order decay kinetics. Ten points could be registeredlight irradiation
for the bleaching process within 200s in the experimental
set-up used for this experiment (seig. 1). Even though the bleaching of Orange Il was accelerated
The photobleaching under Xe-light is seen to be con- under visible light irradiation, the TOC reduction is much
siderably faster than the bleaching and was observed to beslower than the bleaching/photobleachikg. 6 shows that
complete in~120s. The photobleaching trace presents a for a solution containing Orange Il (0.2 mM) and oxone
different shape than the trace found for the bleaching in (20 mM), an increase in the €b-ion concentration between
the dark and can be fitted yqg. (26) which corresponds  0.02 and 0.5mM leads to an initial rate for the TOC re-
to a branched radical chain reaction mechanism. In this duction reaching the maximum of 0.42mg&min—! at a
case 1024 signals could be accumulated in 100s and this isSCo?t-ion concentration of 0.1 mM. These values for higher
shown by the experimental photobleaching trac€ig 5a concentrations of Cd -ions were seen to remain constant,
The fitting of the experimental trace usihg). (26)shows in Fig. 6. It is also seen irfFig. 6that by using a concentra-
an error of less than 5% between the experimental resultstion of 0.06 mM of C8*-ion, the maximum rate of decrease
and the fitting procedure used. The faster photobleachingin the TOC values was attained for a solution of Orange Il
observed of Orange Il suggests that light irradiation ac- (0.20 mM).
celerates the decomposition of ROOH produced by oxone Fig. 7shows the TOC reduction for an Orange Il solution
in the presence of D(seeEq. (17). This light activated in the presence of a concentration of<tdons (0.06 mM)
decomposition of ROOH explains the faster photobleach- under visible light as a function of oxone concentration. The
ing of Orange Il with respect to the bleaching in the dark initial mineralization rateRig. 7) was found from the slopes
(Fig. 59. The plot inFig. 5b shows that the concentration of the TOC reduction over the unit time (min) as a function
of oxone has no influence on the branched radical reactionof the added concentrations of €o The TOC removal rate
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Co™ (mM) tion (0.20 mM). The oxone necessary for the stoichiometric
Fig. 6. Reduction of total organic carbon of an Orange Il solution €action between oxone and Orange Il can be estimated to
(0.20mM) under Suntest simulated light (90 mW#cin the presence of ~ be 18.5 times the amount of dye as seen from the approxi-
oxone (20mM)) as a function of €o-ion concentration. mate mineralization stoichiometry of Orange II:

is readily seen to be independent for oxone concentrationsCigH11N2NaOyS + 37/2(2KHSG; - KHSOy - K2SOy)
above 5.50mM since the mineralization rate remained the _, 16CQ + 5Hp0 + Ny 4+ NaHSQ,

same for higher oxone concentrations indicating that at this
value oxone saturation was reached for an Orange Il solu- T 111/2KHSOs + 37/2K5S04 (27)

The stoichiometric amount of oxone (sEq. (27) is 1.66 ¢
oxone for 2.70 millimoles of Orange IFig. 7 shows that
an oxone concentration of 5.40 mM completely mineralizes
a solution of Orange Il (0.20mM). This oxone amount
is consistent with the approximate stoichiometry pre-
dicted byEq. (27) when oxone is used as an oxidant (see
Egs. (5)—(12). In the dark, no meaningful reduction in the
TOC was found £10%) using the experimental conditions
noted inFig. 7.

Fig. 8 shows the TOC reduction of Orange Il in the
presence of a sufficient concentration of?€dons to com-
pletely mineralize the dye (se€feig. 6), as a function of
oxone concentratiorfig. 8 shows that complete mineral-
ization of Orange Il (0.20 mM) was attained using an oxone
concentration of 6 mM. This latter result shows that a very
low concentration of C® -ions (0.06 mM) is necessary
compared to the oxone concentration needed to catalyze the
complete mineralizaion of Orange II.

Fig. 9shows the mineralization kinetics of Orange Il as the
. concentration of the dye is increased from 0.20 to 0.50 mM.

| It also shows that the initial rate of TOC removal remained
0 50 100 150 200 250 300 the same as the concentration of Orange Il in solution as in-
time (min) creased, calculated from the first-order mineralization rate of
Fig. 7. Reduction in TOC for an Orange Il (0.20mM) solution under Orange Il The inset ifrig. 9shows the initial TOC removal

Suntest irradiation (90 mM/c in the presence of a fixed concentration  rate of Orange Il practically did not depend on the Orange
of Co?* (0.06 mM) as a function of oxone added in solution at}2.2. Il concentration in solution, since the variation observed in

25 —

TOC (mg C/L)
=
|

._.
W
|

10 —
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Fig. 9. Reduction in TOC for different concentrations of Orange Il in
the presence of G& (0.06 mM) and oxone (20 mM) under Suntest light
irradiation (90 mW/crR). The inset shows that of the initial TOC removal
rates on the Orange II.

the TOC removal rate was within the experimental error ex-

pected in these kind of measurements. That the mineraliza-

tion of Orange Il proceeds for the various concentration of
Orange Il in~200-300 min suggests a mass controlled type
of process taking place during Orange Il mineralization.

3.4. Sulfate evolution in the dark and under light when
oxone+ Co?t catalyze Orange Il mineralization

Fig. 10shows the evolution of sulfate-ion in solutions dur-
ing Orange Il oxidation by oxone in the presence ofto
in the dark and under Suntest light irradiation. The evo-
lution of the sulfate during the dark oxidation of Orange
Il reaches~75% of the stoichiometric amount. But under
light irradiation, 95% of the possible maximum amount of
sulfate-ions was reached. Under light irradiation Orange I
seems to photosensitize the oxone reaction withtCpro-
ducing additional sulfate oxidizing radicals as reported in
Fig. 10 The TOC reduction from the initially added Orange
Il was followed up to~300 min and the mineralization was
observed to be complete. No mineralization was observed
to take place in the dark under similar experimental con-
ditions. The sulfate content of the solution between 0 and
300 min was detected in control experiments under light ir-
radiation when oxone was the only reagent in solution. The
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Stoichiometric Amount 35

2-
S0, (g/L)

TOC light
TOC dark
Sulfate light
Sulfate dark

TOC (mg C/L)

0 50 100 150

time (min)

200 250 300

Fig. 10. Sulfate and TOC evolution in an Orange Il (0.20 mM) solution
in the presence of oxone (20 mM) andZ20(0.06 mM) in the dark and
under Suntest light irradiation (90 mW/éjn

sulfate content determined in the solution in the dark, was
equivalent to the sulfate content of oxone KHSKSO,

of 3.9¢g/l and this is the initial value for the sulfate-ions
noted in the left hand side ifig. 10 But there was no
stoichiometric correspondence between the;SCgener-
ated in the solution and the TOC reduction of Orange Il
in Fig. 1Q This suggests a complex chain of events during
Orange |l oxidation by the oxone/€b reagent as stated
previously inEgs. (5)-(9)and further discussed below in
Egs. (28)—(35)

3.5. Influence of the gas atmosphere on the Orange Il
mineralization under visible light irradiation

Fig. 11 presents the TOC reduction for Orange Il so-
lutions saturated with different gases. It is readily seen
that mineralization is favored in oxygen saturated solutions
and is complete after90 min. Fig. 10 shows that it takes
~90min to evolve the maximum amount of sulfate-ions
under light irradiation. Orange Il is seen not to be com-
pletely mineralized in Ar purged solutions and at a much
longer time in air purged solutions. It can be concluded that
during the first 30 min the oxone acts as the dominant oxi-
dant in solution and only in a second reaction step does the
formation of peroxides contributes in an important way to
the mineralization of Orange Il. The contribution of perox-
ides to the Orange Il degradation suggeste&éttion 3.2
is outlined below incorporating the evidence found in
Sections 3.3-3:6

Orange I+ hv — Orange If (28)
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35 T , L (seeEq. (27) is seen to be lost by reaction channels that are
not directly related to the mineralization of Orange II.

30 4

Ar . 4. Conclusions
25 — Air S
0, ]

Accelerated bleaching and mineralization of Orange
Il taken as a model system is reported using the novel
Cc?t/oxone reagent in the dark and under light. The pho-
tobleaching of Orange Il under Xe-light was faster than
the bleaching (dark). The light induced decomposition of
the ROOH produced during the degradation of Orange I
by the Cé*/oxone reagent seems to be responsible for the
faster photobleaching of the dye compared to the bleaching
observed in the dark. The photobleaching profile presented
a different shape compared to the bleaching trace and can
be fitted by a single mathematical expression which cor-
responds to a branched radical chain reaction mechanism.
The dependence of the photobleaching and mineralization
of Orange Il on the oxone and the €oion concentration
o0 looumel(sr?nn) 2000250 300 was investigated. The beneficial effect op @uring the
mineralization of Orange Il due to the formation of peroxide
Fig. 11. Reduction in TOC for Orange Il solutions (0.20mM) in the radicals was noticed when solutions containingQoxone
absence and in the presence of OXOEE (20mM) ané"q0.06 mM) were purged with @as is the case in Fenton-like reactions.
zgtdu?;tiutrf]lt:itolllt?t?:)r:rrdat?rliér‘ltgl]o?héglci]gnr:tv\i/:ramdiZtlifcf)ir_em gases are used to A_mechanism_for this observa'gion is suggested, consistent
with the experimental observations.

Only O, (without Oxone) ——

TOC (mg C/L)

Orange It + oxone
— Orange It + (HO®* + SOy>~ or HO™ +SOs*7) Acknowledgements
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— radical intermediatéR*®) (30)
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