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Abstract. Catalytic ozonation of the azo dye Acid Yellow 23 was investigated in the
presence of Montmorillonite K10 and its chemically modified counterpart with Cobalt and
Nickel (CoNi-K10). The material thus obtained were characterized by BET, XRD and
TGA analysis. The effects of different variables were studied, such as: catalyst dose, ozone
dose, ozonation time and plclay-catalysed reactions are strongly dependent on the
adsorption of the reactant, which in turn should depend onbasd, electrostatic and
hydrophilic-organophilic interactions. The basicity of the clay catalyst surface is expected
to favour the interactions with the acidic groups of the studied organiecul®. The
interactions involved in adsorption are determined by the pKa values of each group in each
organic molecule.

Keywords: Advanced oxidation processes, ozonation, catalytic ozonation, K10
Montmorillonite, azo dye, UWis effects

1. Introduction

Wastewater rich in organic dyes remains a major environmental problem. The
presence of dyes in the environment has a negative impact on biodiversity and
especially on aquatic fauna. This should impose stricter regulations for industrial
producers that atiinate dyerich wastewatef[1]. Organic dyes are one of the
largest groups of pollutants in wastewater released from the textile and food
industry. Almost 7x10t and about 10000 different types of dyes and pigments
produced annually worldwide are discharged into surface waters, and it is
estimated that-15% of the dye is lost in effluents during the dyeing process [2].
Intensive industrial activities generategative effects that are reflected by the
degradation of the environment, affecting both the environment and human health,
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following their interaction with the resulting toxic effluentBhe special interest
dedicated to organic dyes results from their mbigher concentration compared

to a wide variety of organic pollutants released into wastewater from various
industries (food, pharmaceutical, textile, etc.), hospital effluents and ¢#héts
Organic environmental dyes cause a major worldwide problem due to their acute
and chronic toxicity. Dyes arwidely used in large quantities in various industries,
such as textiles, leather, food, cosmetics, paper, plastics, pharmaceuticals, etc. The
textile industry alone accounts for tvloirds of total dye productioii7]. The
discharge of colored waste into streams affects their aesthetic nature and interferes
with the transmission of sunlight into streams, reducing the photosynthetic action.
Most dyes are toxic and very difficult to decompose, being a combination of
chromophore groups such as nitrodd € O), nitro (NO,), azo (N = N-) groups

with aromatic rings and augbrome fragments such as amino groupig) and
phenolic hydroxyl groups. This chemical structure determines not only the
intensification of color, but also the chemical stability of aerobic biodegradation,
light, heat and oxidizing agents. All oxidatitechniques have a common feature,

but have a disadvantage, namely the inevitable formation of harmipioolycts.
Oxidative treatments have been found to be essential for complete rehabilitation
without any impact on biodiversity and human health. Congp&oeadvanced
oxidation processes, biological and physical water decontamination tests have
proven to be unsatisfactof, 9]. Due to the large quantity and diversity of
industrial textile dyes, the need to assess the impact of these dyes on the
environment and especially on pollution has increased more and more. Dyes are
slightly biodegradable, so conventional biological processes are not very effective
in removing thenj10Q].

One of the most important strategies for preventing water pollution is based on the
retertion of toxic effluents resulting from intense industrial activities on various
adsorbents before they are released into the environment. The efficiency of the
adsorption process depends largely on the properties of the adsorbent, the
conditions of contacbf the pollutant with the adsorbent particles, as well as the
technological parameters. Due to the fact that the properties of the adsorbent
decisively influence the efficiency of dye retention, it is necessary to prepare new
materials that have a goodgemerability, a high retention capacity and that are
economically convenient. Research has shown a particular interest in the use of
smectite clays as materials that can replace various adsorbents such as activated
carbon for example in adsorption procesaad advanced oxidation processes due

to their availability in nature, good adsorption properties, such as and due to the
very low cost of obtainingl11-13]. In order to fully mineralize dyes in different
industries, the literature proposes the use of catalytic oxidation processes. These
processes are sensitive to variations in: pH, temperature, ozone concentration, dye
concentration, amount of catalyst andgation[14]. To combathese disadvantages

of oxidation methods, this paper proposes the use of heterogeneous catalysts based
on chemically modified cationic clays.
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Experimental research carried out and presented in this paper, aimed to achieve
clay-based materials in order tdtain new adsorbents / catalysts to be used in the
adsorption / catalytic ozonation of AY23. The molecular structure of the dye is
shown in (Fig. 1).
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Fig. 1.Molecular structure of Acid Yellow 23 (AY23)

AY23 (E102) is an organic sodium salt, whichtl® trisodium salt of tartrazine

acid. It acts as a histological dye and food dye, being one of the most stable, edible
and synthetic pigments. It is widely used as a food additive, such as coloring in
beverages (juice drinks, carbonated beverages), mikederages and
confectionery. In addition, it has a wide range of uses in the pharmaceutical,
cosmetics, clothing and other industries [3]. AY23 as an edible synthetic pigment,
has the advantages of a strong coloration and a low price. Still, is onttbé lis
carcinogens along with Blue Patent V (E131), Acid Red (E123), Food Green 4
(E142) and Sunset Yellow (E110). Food dyes, as seen on food labels, are found in
considerable quantities, which can affect human health, causing various untreatable
diseases.

2. Experimental

2.1. Materials and methods

All reagents used were purchased from Sigma Aldrich (NaOH, sAC,
CoChk, NiCl; AgNQOs, Montmorillonite K10 (K10), AY23 (G@HoNiNaz0sS,),
molecular mass: 534.36 g.rmyl Sunset Yellow FCF (S¥FCF, Ci6H10N2N&07Sy),
molecular mass452.37g.mol*, Congo Red (CR, Cs:H22NeNa06S;), molecular
mass: 696.665 g.mol*, Reactive Black 5 (RB5C2eH2:NsNauO10Ss), molecular
mass: 991.8 g.mol, Methyl Orange (MO,CisH14NsNaG:S), molecular mass:
327.33g.mol!, Evans Blue (EB, &GH24NeNayO1.S), molecular mass: 960.81
g.mofll. Double distilled water was used throughout this work. AY23 were used as
target molecule in aqueous solutions of 5 ¥ MDconcentration. For comparison,
the raw material Montmorillonite K10 (Sigr#ddrich) and its chemically
modified counterpart with FAI (AF-K10)[15] and CeNi (Co-Ni-K10) were used

in the adsorption studypecolourisation of dye was determined by measuring the
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changes in the adsorbance at maximum visible hdsoe wavelength, which was
recorded from the UV/VIS adsorption spectrum obtained from UV/Vis adsorption
spectrophotometer BACKMAN DU 640. Dye decolourisation efficiency was
determined as follows:

Reolor(%) = Absmazx, t0— Abs max, t 100
cotorin) = Abs max, t0 * (1)

Where Ads max,tOi initial adsorbance at at all characteristic peaks of dyes at reaction time 0, Ads
max,t & adsorbance at at all characteristic peaks of dye at time t =30 s minimum and 300 s
maximum;

2.2. Synthesi€o-Ni-K10

The synthesis obbtaining the CeNi-K10 adsorbent / catalyst was performed in

two steps. In the first stage the homoionization of the initial material

Montmorillonite K10 was performed by complete ion exchange, this was done

three times. In a second step, the solutiod.®fM CoC} and 0.1 M NiCl is added

to each other dropwise at room temperature, under stirring. The obtained solution is

added over the 2% K10 clay solution, at a te
is polymerized for 10 minutes. The mixture igeied with deionized water to

remove excess Cilons. The AgNQtest is performed to know if all Chave been

removed. The ionically exchanged clay thus prepared, is dried in steps (60, 80, 100

and 120 eC) for 1 h.-Ni-Kl10,es calined forpddours atr , named (
525 eC. Mont morill onite K10 was chosen as a
adsorbents due to its high water dispersibility, low acidity and high Lewis basicity

[16]. The synthesis of the adsorbent / catalyst -KB) as well as its

characterization, were published in a pregipapef15].

2.3. Characterization ofCo-Ni-K10

BET analyses- Nitrogen adsorptiomlesorption analysis is frequently used to study
the specific surfaces of nanocomposite systems. In addition, information on pore
sizes and total pore volumes of nanomaterials is available using this analysis. In
this area, (Fig. 2)lmws the N adsorptiordesorption profiles for K10 and &wi-

K10. According to (Fig. 2) the isothermal shapes for all samples are closer to that
of the IV isotherm, with H3 hysteresis loops in the desorption profiles. This type of
isotherm is characteristiof micro / mesoporous materials.
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Fig. 2.N2 adsorptioiidesorption isotherms of the (a) K10 and (b}NieK10.

XRD analyses- both K10 and CaNi-K10 were characterized by-bay powder

diffraction using a Rigaku Geiger Flex diffractometgrerating at 50 kV, 40 mA

and aCuKJ radiation & = 0.157 nm). As a common feature of homoionic
montmorillonite, the complete ion exchange produced a sharp 001 XRD line and a

shift of the basal distancecdfrom 12 A to 9 A (Fig. 3), due to the compaction of

the structure due to the removal of a large variety of larger sandwich species.
Chemical modification of K10 with Co and Ni was supported by widening of the

001 XRD line (Fig. 3). After the modificatioof the clay material, the consecutive
increase of the basal di stance up to 12 4§
variety of sizes interspersed spefi&s.
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Fig. 3. XRD pattern a). K10 and b). ©8-K10

TGA analyses-TGA and DTG curves of K10 intercalated with Ni (I) and Co (II)

are shown in(Fig. 4). Thermal analysis of clay (K10) shows that the main weight
losses (6%) occur at a temperature of 35 ° C to 280 ° C, which can be attributed to
the loss of physically adsorbed water. The second mass loss (2%) in the range of
278 ° C to 580 ° C coesponds to the water loss that is related to the clay layers.
The final weight loss is 2.50%, which is due to the loss of hydroxyl groups of the
clay. The decomposition of the intercalated K10 compounds Ni (II) and Co (ll)
took place in three stages. Iretfirst stage Ni (Il) intercalated with K10, has a loss

of mass (6.00%) from room temperature at 240 °C due to adsorbed water. The
second stage of decomposition (5%), begins at 240 °C and ends at 720 ° C, is due
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to the decomposition of the complexes tmaeispersed the clay layers. In the case

of Co (Il) intercalated with K10, the first step started at room temperature at 160
°C with a mass loss of 4%. The second stage shows a weight loss of 6% starting
from 160 ° C to 500 °C. The weight loss in the ttstdge is 3% and 10% for Ni

(I1) and Co (Il) intercalated K10, respectively. The residue for Ni (Il) intercalated
K10 and Co (Il) intercalated K10 is approximately 86.00% and 80%, respectively.
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Fig. 4. DSGATG Co-Ni-K10 analysis spectrum a). Derived weight; b). Heat flow; c). Temperature
difference.
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3. Results and discussions

During adsorption, simple ozonation as well as catalytic ozonation of the azo dye

AY23 with 0.5, 1 and 1.5 ghOs, the location of thedsorption band in UWIS

changes compared to a standard chosen as follows: by bathochrome displacement

takes place a maxi mum adsorption to higher @&
energies 3) due to structur admpduralchy or s i n t h
hypsochromic displacement there is a shift
(nm) (and higher electronic transition energ
the molecule of the tested organic dye compound and the increase or detrease

adsorption intensity is called hyperchromic effect or after case hypochromic. The

effects are shown schematically in (Fig. 5).

log e Hyperchrom effect
A

Hypsochrom effect /A\ Bathochrom effect
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kroma(rus): color

A(nm)

Fig. 5. Effects of displacement of an adsorption band in the\4¥.
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Fig. 6. U\:Vis calibration spectrum of neozonaed AY?23 at different concentrations (0.5 x3.0/
- 5 x 165 M); distilled water (T = 22 ° C, 1 ml quartz cuve).
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Table 1.The increase in adsorbance yield of AY23 on: K10;K4® and CeNi-K10

AY23 ( E102) (425 nm)

SY-FCF (E110) (482 nm)

CR (497 nm) pKa 4.5

pKa 10.86 pKa 10.36[17] [18]
Adsorbent Adsorbent v Adsorbent v Adsorbent “
dose Q H dose Q H dose Q H
° | o0 | P | | P o | ¢ | P
(mg.L™) (mg.L™) (mg.L™)
0 - 6.72 0 - 5.38 0 - 5.66
2.5 11.48| 5.43 2.5 13.90| 5.43 2.5 8.20 | 5.87
K10 5 15.43| 5.58 5.0 13.31| 5.58 5 10.93| 5.58
10 24.65| 5.65 10 33.91| 5.65 10 14.75| 5.40
15 36.08| 5.73 15 16.73| 5.73 15 21.45| 5.30
0 - 6.72 0 - 5.38 0 - 5.66
2.5 432 | 9.31 2.5 5.03 | 9.31 2.5 10.60| 7.65
AF-K10 5 496 | 9.72 5.0 6.00 | 9.72 5 13.54| 9.02
10 10.01| 9.62 10 10.18| 9.62 10 20.69| 9.43
15 12.45| 10.04 15 9.67 | 10.04 15 16.80| 9.68
0 - 6.72 0 - 5.38 0 - 5.66
CoNi 25 7.86 | 6.12 25 6.01 | 5.61 25 3.88 | 5.94
o-Ni-
K10 5 10.35| 6.00 5 7.68 | 5.65 5 8.72 | 5.68
10 13.5 | 5.88 10 14.65| 5.65 10 13.56| 5.70
15 28.07| 5.61 15 20.85| 5.60 15 17.96| 5.72
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Table 1.The increase in adsorbance yield of AY23 on: K10;K® and CeNi-K10 (continuatioi.

RB 5 (597 nm) pKa 10.16f MO (465 nm) pKa 3.4 EB (620 nmy)-
Adsorbent Adsorbent o Adsorbent o Adsorbent v
dose Q pH dose Q pH dose Q pH
(mg.L?) (%0)° (mg.L?) (%) (mg.L?Y) (%)
0 - 5.86 0 - 5.49 0 - 5.89
25 9.05 | 5.87 2.5 9.32 | 5.66 2.5 3.59 | 6.05
K10 5 12.27| 5.80 5 13.25| 5.47 5 6.28 | 5.30
10 28.37| 5.51 10 24.94| 5.25 10 12.87| 5.15
15 47.85| 5.60 15 29.53| 5.19 15 14.75| 5.07
0 - 5.86 0 - 5.49 0 - 5.89
2.5 10.05| 8.84 2.5 7.43 | 9.68 2.5 5.52 | 7.65
AE-K10 5 14.77] 9.16 5 13.93| 9.80 5 4.82 | 8.66
10 24.25| 9.36 10 25.96| 10.06 10 2.69 | 9.50
15 36.84| 9.85 15 41.60| 10.30 15 3.41 | 9.60
0 - 5.86 0 - 5.49 0 - 5.89
CoNi 25 4.30 | 6.20 2.5 5.32 | 5.70 2.5 1.40 | 6.12
o-Ni-

K10 5 14.28| 5.95 5 10.35| 5.86 5 5.15 | 5.50
10 21.77| 6.04 10 20.67| 5.83 10 8.45 | 5.45
15 31.12| 5.88 15 23.62| 5.68 15 13.17| 5.41

The displacement efficiency of the dye adsorption on different adsorbents is
presented in (Tab. 1). F@omparison, in addition to AY23, five more azo dyes
were used, namely: SFCF, CR, RB5, MO, EB. The best yields were obtained
when using the adsorbent AE0 and CeNi-K10, which can be explained by a

possible claydye synergy that involves adsorption byoth hydrophobic
interactions and additional aeirhse interactions.

The dye calibration curve (Fig. 6) was plotted to evaluate the molar extinction
coefficients (Tab. 2).
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Table 2. Molar extincti onVisbamgsoiY2xi ent (0)

Molar extinction coefficient (U: Correlation coefficient
Wavelenght (nm) (L.mmolL.crt)* (0 R2
425 24.574 0.9950
AY23 256 24.102 0.9955

* These coefficients were calculated from the slope of the linear part of the calibratiofutiilivg the Beer
Lambert's law.

3.1. Adsorption of AY23 on K10, AFK10 and CO-Ni-K10

Dye adsorption was studied at a concentration of 5">NM0Over 20 ml of dye
solution were added different amounts of adsorbent: K10KAF and CeNi-K10
respectively (2.5, 5, 10, 15 mg ). As expected, the general trend is not a progressive
removal of dissolved dye molecules from the solution. This was segpbyt an
increase in the adsorbance intensity over time at the characteristic wavelength (425
nm) for AY23 on K10 (Fig. 7a). In (Fig. 7b), when used as an adsorbe#t1AF

in addition to increasing the adsorbance to higher values (hyperchrome effect),
there was also a shift to a shorter wavelength (hypsochrome effect) when was used
10 and 15 respectively mg of adsorbent. In (Fig. 7c) when the adsorbéit Co
K10 was used, the same hyperchromic effect occurs as when using K10, except
that the intensity ofhe increase in adsorbance is lower. In all three cases the
increase in adsorbance was also supported by an intensification of the color of the
dye solutions. Adsorption via acitlbase interaction between AY23 (pKa 10.86)
and acidic K10, AFK10 and CeNi-K10 should not be involved. Besides,
adsorption through cation exchange on catalysts, if any, should also have minor
contribution.

1 —AY235x105M ; —AY235x10-5 M
09 | 25mg K10 09 2.5 mg AF-K10
0.8 08
o 07 5mg K10 g 07 5mg AF-K10
g 06 £ 06
g 05 10mg K10 £ 05 | 10 mg AF-K10
= 04 s 2 04 |l
2 03 -15mg K10 = 03 | 15 mg AF-K10
< < 0
< 02 0.2
0.1 0.1
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200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelenght (nm)
a) b)

Fig. 7.UV-Vis effects of AY23 solution (5x1®M) on different adsorbent dose (2.5, 5, 10 and 15
mg), 20 mL of dye solutiona). K10i hyperchromic effect; b). AK10- hyperchromic and
hypsochromic effects; c). Gdi-K10- hyperchromic effect; contact time 30 s.
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_E 0.5 10mg Co-Ni-K10
2 04
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Fig. 7.UV-Vis effects of AY23 solution (5x1®M) on different adsorbent dose (2.5, 5, 10 and 15
mg), 20 mL of dye solutiona). K107 hyperchromic effect; b). AK10- hyperchromic and
hypsochromic effects; ¢). Gdi-K10- hyperchromic effect; contact time 3@Qcontinutior).

3.2. Noncatalytic ozonation of AY23

The ozonation was performed in a 60 ml cylindrical glass reactor by bubbling
ozone provided by an ozone generator (OZONFIX, Romania) using ambient air as
inlet gas. Different series of ozonation tests were performed at 315 K. Periodic
samples (10 ml) were taken at regular intervals, centrifuged to remove solid (2600
rom) and analyzed by UV-Vis spectrophotometry (HELIOS OMEGA
spectrophotometer, 1 cm quartz cuve). In (Fig.8.a), it is observed during the non
catalytic ozonation of the AY23 solution as the general trend, an increase of the
adsorbance intensity at the characteristic wanggle of the food dye (425 nm)
from the value 0.6077 to 0.6181 when is ozonated with 1:5@h When the
solution is ozonated with a lower amount of, @spectively 0.5 gh a slight
decrease in adsorbance from 0.6077 to 0.5959 is observedfirstl8) seconds,

and this is probably due to improved ozonation for short reaction times without the
production of small amounts of acidic species, an effect that is in accordance with a
previously published pagéb]. This decrease is followed by the general tendency
to increase the intensity after 60 seconds.

0.63 e=05gh03 1gh03 15gh 03 2gh03 6.8 —=05gh 03 1gh03 156h03 2h03
0.625 66
062 64
8 o6 62 \
g
£ 061 r 8
_;3 0.605 —— 258
< 06 56
54
0.595
52
0359 pH 30 60 90 120 150 180 210 240 270 300
0 30 80 90 120 150 180 210 240 270 300 AY23
Ozonation time (s) Ozonation time (s)
a) b)

Fig. 8. a). Norcatalytic ozonation of AY23 solution; b). Evolution in time of theghiiing non
catalytic ozonation, at differents@hroughputs in the absence of catalf&action mixture at
intrinsic pH (starting value in the plot): 20 mL of dye solution.
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It was found that the pH of the reaction mixture evolves differently over time
depending on several variables, namely: dye molecule, ozone flow, absence /
presence of ozone and type of catalyst. Duringcaialytic ozonationthe general

is a weak pH decrease in time from 6.72 to ca. 5.71 in the case of usih@igh

(Fig. 8.h.
3.3. Catalytic ozonationof AY23

Catalytic ozonation of the food coloring solution was performed with
Montmorillonite K10 shown in (Fig. 9 a/b,c) and its chemically modified
counterpart CaNi-K10 shown in (Fig. 10. a,b,c). As can be seen in (Fig.9) the
general trend when adding the K10 catalyst is an increase in adsorbance in the first
30 seconds, followed by an approximately constant maintenance of up to 300
seconds of ozonation. As the ozone dose increases fromBt6 g5 ght and the
catalyst dosdrom 2.5 mg to 15 mg / 20 mL dye solution, the adsorbance value
increases substantially from the initial adsorbance 0.6077 to approximately 0.9483,
which is supported by (Fig. 7 a) due to the appearance of the hyperchrom effect.

1 1
—4=25mg 5mg 10mg 15mg =+=25mg 5mg 10mg 15mg
095 0.95
08 09
; 0.85 3 085
E g
£ 08 g 08
5 S
.ﬁ 0.75 é‘ 0.75
07 207 ettt
o //____,—*J——ﬁ— o /
06 06 -
AY23 0 30 60 90 120 150 180 210 240 270 300 AY23 0 30 60 90 120 150 180 210 240 270 300
Ozonation time (s) Ozonation time (s)
a) b)
1
—s=25mg 5mg 10mg 15mg
0.95
09
9
§0.85
£ 08

2075
07

0.65 /\/_-_,—.—0‘.—-——*“

06
AY23 0 30 6090 120 150 180 210 240 270 300
Ozonation time (s)

c)
Fig. 9.Catalytic ozonation of AY23 solution (5x2M, 20 mL), using a). 0.5 g:hOs; b). 1 ght Og;
c). 1.5 ght Os and different doses &f10 (2.5, 5, 10 and 15 mg)zonation time (6 300 s).

Both during catalytic ozonation with K10 and its coundéetpthe hyperchromic
effect and the intensification of the solution coloration appear, respectively.
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However, there is a difference in the adsorbance value, so that during ozonation
with Co-Ni-K10 this value is lower by 0.0574, as can be seen by comp&img

c) with (Fig. 10 c).
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Fig. 10.Catalytic ozonation of AY23 solution (5x®®1), using a). 0.5 g:hOs; b). 1 ght O3; ¢). 1.5
ght Oz and different doses @o-Ni-K10 (2.5, 5, 10 and 15 mg20 mL of dye solutionozonation
time (0- 300 s).

3.4. Evolution of pH during catalytic ozonation of AY23

The general trend of the pH of the AY23 solution when adding the K10 is a sudden
decrease from the intrinsic pH of the food coloring solution 6.72 to cca. 5.91, a fact

visible in (Fig. 11).
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Fig. 11.The evolution over time of theH of the AY23 solution (20 mL) ozonated with a). 0.5 gh
Os; b). 1 ght Oz; ¢). 1.5 ght Og; for different doses of K10.

69 —=25mg ~+=5mg 10mg 15mg
6.7
4 e
6.3 o
I 4
a 6.1
59
57
55
pH 0 30 60 90 120 150 180 210 240 270 300
AY23 o
Ozonation time (s)

69
6.7
6.5
63
6.1
59
57

55

=8=725mg =8=5mg 10mg 15mg

pH
AY23

0 30 60 90 120 150 180 210 240 270 300

Ozonation time (s)

a)

b)

Fig. 12.The evolution over time of the pH of the AY23 soluti@d (nL) ozonated with a). 0.5 gh
Oz; b). 1 ght Og; ¢). 1.5 ght Os, for different doses of Gbli-K10.
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Fig. 12.The evolution over time of the pH of the AY23 soluti@® (nL) ozonated with a). 0.5 gh
Os; b). 1 ght Oz, ¢). 1.5 ght Og, for different doses of Gbli-K10 (continutior).

In general, theresence of the catalyst leads in the first 30 seconds of ozonation
using different doses of ozone, namely: 0.5, 1 and 15 tgha sudden increase in

pH over time, from 5.4 to approx. 6.45 (Fig.12). This increase in pH must be due to
the appearance ofrphoteric hydroxylated intermediates, in accordance with the
literaturd19, 20]and previous dat@.5].

4. Conclusions

Usually, in the first stage of ozonation, ozone dosage and catalyst concentration are
undoubtedly the most important factors. In the casadsbrption as well as non
catalytic or catalytic ozonation of the azo AY23 food coloring solution, the
mineralization did not take place due to the appearance of the hyperchromic and
hypsochromic effects, providing clear confirmation of the nonoccurrehdye
adsorption / mineralization as can be noticed in (Table 1). The results were not as
expected, the general trend was not a progressive removal of the dye molecule
dissolved from the solution. This was supported by an increase in the intensity over
time of the adsorbance of the AY23 solution (5 ¥ M) at 425 nm on all three
catalysts K10, ARK10 and CeNi-K10, and was also reflected by a visible
progressive increase in solution coloration.
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