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ABSTRACT

The photocatalytic activity of iron zinc cupratesnavestigated taking photodegradation of Basidh§irt dye as a
model system under visible light. The photocatahsZnCuOss was synthesized by the ceramic technique.
Photocatalytic degradation of Basic fuchsin dye whserved spectrophotometrically and progress efréaction
was monitored at 544 nm. The optimum rate was ekseas pH = 6.0, concentration of Basic fuchsin.2 & 10°

M, amount of FeZiCuwOss = 0.10 g and light intensity = 50.0 mW#ém Quality parameters of water were also
determined before and after treatment. Producteirel after degradation of dyes were also analy2etbntative
has been mechanism proposed.
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INTRODUCTION

Effective removal of organic dyes has attracteddasing interest because of the long term enviromahéoxicity
and short term hazards of organic dyes to publatheSolar energy, an abundant natural energycsolnas been
successfully used for photocatalytic degradationpoflutants. Photocatalytic water splitting tectowy for
hydrogen production has great potential as itusdost and environmentally friendly to support theire hydrogen
economy [1].Many of the binary and ternary oxides like Fi@nO, SrCrQ, ZnAl,O,, etc. have been used as
photocatalyst in waste water treatment. Smith ef2dland Lazar et al. [3] have described recenetigpments in
the field of photocatalytic water treatment usimgocrystalline titanium dioxide.

Mobtaker et al. [4] synthesized Tihagnetite and Ti@dNd/magnetite using sol-gel method for decompasitid
the Methyl orange as a pollutant. whereas phot@dizsgion and mineralization of two azo dyes, Acidmye 7
(AO7) and Reactive red 2 (RR2) in aqueous,I8Qspension under UV irradiation was examined layngdet al. [5]
Photocatalytic degradation of Methyl orange was alsserved by Chen et al. [@ing Ag/ZnO catalyst under UV
irradiation. Ebrahimi et al. [7] have carried outopocatalytic decolourization of aqueous solutidrRed-81 (5-
Solamine) in presence of UV light irradiation arigiczoxide nanoparticle catalysts on granule glassialic pH.

Xu et al. [8] have reviewed the applications ofniroxide nanomaterials in waste water treatmentadge of
environmental clean-up technologies has been peaposwaste water treatment with iron oxide nanemals as
photocatalyst. Zhang et al. [9] synthesized ga®e0; semiconductor hierarchical nanoheterostrutures for
photocatalytic degradation of Methylene blue undisible light irradiation. The photocatalytic dededion of
Crystal violet in aqueous solution on suspendegeopxide semiconductor has been carried out by 8hal [10].
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Photocatalytic degradation of Malachite green amgstal violet in aqueous suspension has been egarsing
BaG;TiO.SrO;TiO.[11] Vijay et al. [12] have carried out the pboatalytic degradation of Azure B in aqueous
solution using barium tungsten oxide as semicormtuahder UV irradiation. Ghorai and Biswas [13] esized
SrCrQ, and TiQ nano-sphere mixed oxides and used as catalyphfitodegradation of Rhodamine 6G in aqueous
solutions. Zinc aluminate (Zn&D,) spinal was synthesized and used in degradatiemgafnic pollutant in aqueous
solution under sunlight [14]. Sadig and Nesaraj] [b&ve investigated the use of NiO-0p nano-ceramic
composites materials in photocatalytic degradatibRhodamine B and Methyl orange under UV lighadliation.
Huang et al. [16] synthesized Cd® and evaluated its photocatalytic activity by thecamposition of azo dye,
Methyl orange under visible light irradiation.

Very little work has been carried out on the usguditernary oxides and sulphides as photocatatysbmpared to
binary and ternary oxides. Sharma et al. [17] stidhe photocatalytic degradation of Celestine Buim the
presence of ammonium phosphomolybdate semiconduntter UV irradiation. The photocatalytic degradatof
Methylene blue dye was also investigated withRABYO, or Bi,InTaO, as catalyst under visible light irradiation
[18].

MATERIALS AND METHODS

2.1 Chemicals and Measurement

In the present study Basic fuchsin 4-[(4-aminople@¢imino-1-cyclohexa-2,5- dienylidene)methyl]éine
hydrochloride, copper oxide, zinc oxide,Bg acetone, HgSH Ag.SO, and other chemicals were produced from
Hi-Media chemicals (Figure 1) Basic fuchsin wasduas a model system. The structure of Basic fuasgjiven in

Figure 1.
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Figure 1: Structure of Basic fuchsin

Its molecular formula is §H,oN3.HCI and molar mass 337.86 g moll.0 x 16° M solution of Basic fuchsin
(0.0364 g in 100 mL water) was prepared in douldyilted water, which is used as stock solutiors@ution of 1.2
x 10° M Basic fuchsin was prepared in doubly distilledter and 0.10 g of semiconductor was added tchi. gH
of the reaction mixture was adjusted to 6.0 ansl shiution was exposed to a 200 W tungsten lam® (BOV cn??).
The pH of the solution was measured by digital peten (Systronic model 335) and the intensity ohtligvas
measured with the help of a solarimeter Surya Misjaidel CEL 201). Visible spectrophotometer (Sysicaviodel
166) was used for measuring absorbance for Basttsio different at time intervals. Some water paetars like
pH, conductivity, salinity, TDS (Total dissolvedlisis) and DO (Dissolved oxygen) were determinechwiite help
of water analyzer (Systronic water analyzer Mod&l)3

2.2 Synthesis of the Semiconductor
Iron zinc cuprate (FeZ€w0s 5), a quaternary oxide was prepared by ceramic tgabnMixture of fine powders of
Fe&0s;, CuO and ZnO were mixed and ground in mortar uSthgL of acetone for maintaining homogeneity.

2.3 Calcination of Semiconductor

Mixture of quaternary oxide were fired at 800°C &% hr for calcination and then at 950°C for 25 Hlectric
Muffle furnace (Shivaki T-701) was used for calg¢ian. After the firing was over, the mixture wasoted slowly to
room temperature and ground to fine particles.
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2.4 Photocatalytic Degradation

The photocatalytic degradation of Basic fuchsin dyeiron zinc cuprate as photocatalyst under wsilght
irradiation has been studied. The absorbance ofcBBachsin solution was determined with the help of
spectrophotometer at,.= 544 nm. The progress of reaction was observaddgsuring absorbance of the reaction
mixture containing dye and semiconductor a regtittae intervals during exposure. Decreasing trendbsforbance
showed that dye was degraded during this procesgpidal run is presented in Figure 2. It was olbsdrthat the
absorbance of Basic fuchsin solution decreased iwitteasing time of exposure. A plot of 1 + log gamst time
was found to be linear, which indicates that thialgtic degradation of Basic fuchsin follows psetitst order
kinetics. The rate constant for this reaction wasednined with the help of equation k = 2.303 xpsloRate
constant (k) for a typical run was observed as %190° s'. It was observed that the color of Basic fuchsin
regenerate after sometime, which means that tisldgs not degrade completely, but only part wiis bleached.

0.5 T T T T T T T T T 1
0 15 30 45 60 75 90 105 120 135 150

time (min.)

Figure 2: A typical run
RESULTS AND DISCUSSION

3.1 Effect of pH
The effect of pH on the rate of degradation of Bdigchsin was investigated in the pH range 5.0-Tt& results are

reported in Table 1.

Table 1. Effect of pH
[Basic fuchsin] = 1.2 x 16 M
Light intensity = 50.0 mW cfn
Iron zinc cuprate =0.10 g

pH | Rate Constant (k) x 16(s")
5 2.81
5.5 4.87
6 7.1¢
6.5 5.76
7 4.65

It has been observed that the rate of photocatdBgradation of Basic fuchsin increases as pH nagased and it
attained optimum value at pH 6.0. Oxygen anionaadiare produced from the reaction betwegm®lecule and
electron (8 in conduction band of the semiconductor. As thgnoum pH is in acidic range, this super oxide anio
radical will combine with proton forming HO radical. With the formation of more HO radicals, the rate of
photocatalytic degradation of the dye increasesvAl6.0, a decrease in the rate of photocatalggratiation of
Basic fuchsin was observed, which may be due tddbethat cationic form of Basic fuchsin is corteer to its
neutral form, which does not face any attractiomaias almost neutral or slightly positively chargeoface of the
semiconductor.
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3.2 Effect of Basic fuchsin concentration
The effect of dye concentration was observed bintpKifferent concentrations of Basic fuchsin. Tiesults are

summarized in Table 2.

Table 2: Effect of basic fuchsin concentration

pH=6.0

Light intensity = 50.0 mW cf
Iron zinc cuprate = 0.10 g

[Basic fuchsin] x 1M | Rate Constant (k) x 1°(s™)
0.7 1.86
0.8 3.36
0.¢ 4.2z

1 5.1¢
1.1 5.84
1.2 7.19
1.3 5.7
14 4.54
1.5 3.71
1.€ 3.07

It was observed that the rate of photocatalyticaeation of dye increases on increasing the coretgon of Basic
fuchsin up to 1.2 x IO M. It may be attributed to the fact that as th@ammtration of the Basic fuchsin was
increased, more dye molecules were available foitation and consecutive energy/electron trangfier lzence, an
increase in the rate of degradation of the dye otm®rved. There was a decrease in degradatioomatereasing
the concentration of dye above 1.2 M. This may be due to the fact that after a pakiicconcentration, the dye
may start acting as an internal filter and it witit permit the sufficient light intensity to reattie surface of the

photocatalyst at the bottom of reaction vessel.

3.3 Effect of amount of iron zinc cuprate
The amount of semiconductor may also affect theattgion of dye and hence, different amounts af izonc
cuprate were used. The results are reported ireTabl

Table 3: Effect of iron zinc cuprate

pH=6.0

Light intensity = 50.0 mW cfn
[Basic fuchsin] =1.2 x 16 M

Iron zinc cuprate (g) | Rate Constant (k) x 18(s?)

0.02 2.27
0.04 3.36
0.06 5.25
0.08 6.5
0.1 7.19
0.12 7.15

0.1 7.1

0.16 7.13

The rate of reaction was found to increase on asing the amount of semiconductor, iron zinc cuprahe rate of
degradation reached to its optimum value at 0.t0the photocatalyst. Beyond 0.10 g, the rate attien becomes
almost constant. After a particular value (0.10ag),ncrease in the amount of semiconductor wily amcrease the
thickness of layer of the semiconductor and noekposed surface area. This was confirmed by taiéagtion

vessels of different sizes. It was observed thiat ibint of saturation was shifted to a higher ealar vessels of
larger volumes while a reverse trend was observeddssels of smaller capacities.

3.4 Effect of light intensity

The effect of light intensity on the photocatalytlegradation of Basic fuchsin was also investigafigte light
intensity was varied by changing the distance betwé¢he light source and the exposed surface area of
semiconductor. The results are given in Table 4.
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Table 4: Effect of light intenstiy
pH=6.0
[Basic fuchsin] = 1.2 x 16 M
Iron zinc cuprate = 0.10 g

Light intensity (mW cm™) | Rate Constant (k) x 16(s")
20 3.7
30 5.11
40 6.58
50 7.1¢
60 3.5¢
70 2.79

These data indicate that photocatalytic degradaifdBasic fuchsin was enhanced with the increasetamnsity of

light, because an increase in the light intensity wcrease the number of photons striking pert @mea per unit
time of photocatalyst surface. There was a sligitrelase in the rate of reaction as the intensitlight was

increased beyond 50.0 mW &mThis may be due to some side reaction, and thwerelight intensity of medium
order was used throughout the experiments.

3.5 Determination of quality parameters of water
Quality of water before and after photocatalytigm@elation has been tested by measuring some pananaetd
results are summarized in Table 5.

Table 5: Water quality parameters

Parameter Before photocatalytic degradation| After fhotocatalytic degradation
pH 6 7
Conductivity (US) 151 180
TDS (ppm) 71.2 98.6
Salinity (ppt) 0.15 0.15
DO (ppm) 14.2 17.2
COD (mg/L) 40 20

3.5.1 pH- pH of reaction mixture was in acidic range lbefthe degradation but after the photocatalytic
degradation of the dye, pH reaches to almost rletgrge, because dye particles are mineralized digraficant
extent.

3.5.2 Conductivity— Conductance is the measurement of the levelootentration of ions in solution. After
photocatalytic degradation, the conductivity ofatesl water was increased as the dye has minerahtedons.
Slight decrease in pH and increase in conduct&isp confirms the minerlization of dye into €@nd inorganic
ions such as C§J, NOs, etc.

3.5.3 Total dissolved solids (TDS) and salinityDissolved solids refer to any minerals, salts, metaions, or
anions dissolved in water. In general, the TDSItes$n an undesirable taste, which could be sitjer or metallic.
It could also lead to gastrointestinal irritatiorhe dye has been mineralized into ions and asudt,rése TDS and
salinity of the dye solution was found to increafter degradation.

3.5.4 Dissolved oxygen (D®) Dissolved oxygen gives an idea about physical dolddical activity in water. The
minimum standard limit is 5 ppm. Dissolved oxydess been observed to increase in treated watechvwdiso
indicates mineralization of dye to a significantax.

3.5.5 Chemical oxygen demand (CODBEOD of the dye solution before and after illuation has been determined
by redox method. COD is measurement of wastering®f the total quantity of oxygen required foe thxidation
of organic matter to C£and water. The photodegradation efficiency aftar2of illumination has been found to be
50% for Basic fuchsin. As clear from data, COD @k dsolution decreases after exposure indicating dige
undergoes photocatalytic degradation.

3.6 Mechanism
On the basis of these observations a tentative amesim for photocatalytic degradation of Basic fuctdye has
been proposed as follows:
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IBF, hv . IBF,
IEF; IsC 3BF,
sC hv « 2 (CE)+h™{VE)

e+ 0 ——» O

0y*+H ——» HO"

HO.*+3*BF; ———* Leuco EF
Leuco BF ——  Products

Basic fuchsin absorbs radiations of desired wawgtteand it is excited giving its first excited siegstate. Further,
it undergoes intersystem crossing (ISC) to giveritse stable triplet state. Along with this, thenggonducting iron
zinc cuprate (SC) also utilizes this energy to &xité € to conduction band of the semiconductor. Thisted&ccan
be abstracted by oxygen molecule (present in tha fof dissolved oxygen) generating superoxide amaatical
(O5*). This anion radical will react with aproton tario HO, radicals as the medium is acidic FQ@adicals will
oxidize Basic fuchsin to its leuco form, which mhg ultimately degrade to producfOH radical does not
participate as an active oxidizing species in thgrddation as it was not affected reasonably iegoree of hydroxyl
radical scavenger (2-propanol). The presencg MHd Clions were confirmed by their usual chemical testrb®n
dioxide and water were the major products of deafiad.

CONCLUSION

Iron zinc cuprate (FeZQusOs. quaternary oxide) was synthesized by ceramic igokn The photocatalytic activity
of iron zinc cuprate was observed. Result showadttie dye degradation was affected by pH, dye exnations,
catalyst amount and light intensity. The optimurteraf photocatalytic degradation was k = 7.19 ¥ &3 was
obtained. The results indicated that this quatgrnaxide can be used as an effective catalyst fa th
photodegradation of Basic fuchsin. Quality of wdiefore and after photocatalytic degradation has laketermined
by water parameters, after degradation the treatgdr can be reused in daily activity like cleaniwgshing, etc.
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