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at 20 and 40 °C respectively. At the dark reaction, the increase in temperature from 20 to
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dye, thus its directly affected with the visible reign of the solar spectrum. Maximum
photodecolorization efficiency and quantum yield were found at 99.314% and 2.91 when
the addition of H,O, to the ZnS-NP/eosin yellow/UV-light system. In contrast, the
addition of K>S,03 and H,0; to the system under solar irradiation decreased the efficiency
and quantum yield due to increasing the dye resistance to the decolorization process. The
photoreaction obeys pseudo-first-order kinetic model. The mechanism of both systems
was suggested, and the results found that ZnS-NPs could pave the way for practical
applications in wastewater treatment.
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m INTRODUCTION photochromic materials [10], solar photocatalysis [11],
Researchers of photochemistry is deemed as one of %mc‘;i-microbial [121]1 an<}il ir%nova}tlion andll chem(iicaj
the most active fields that have contributed to advance the ' ustry [13-14]. Photochemistry has greatly extende

science from clean energy [1]. They discussed and treated

various topics, as a solar cells [2], fluorescent chemo-

to the red photo-catalyst absorbance, these photo-
reactions, through the reaction of light, chemicals are
sensors [3], chemical synthesis [4], adsorption [5], produced ur'lder mild COIl.dltIOIlS 31m11a1T to those in
plants, provided the reactions are selective [15]. The

biosorption [6], Fenton, photo-Fenton and solar photo-
photocatalysts such as ZnS, CuO, TiO,, and CeO, are

Fenton [7-8] photoluminescent polymers [9],
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regarded as a non-toxic and inexpensive materials that are
actively used against a majority of sources of biological
inhibitors, corrosion inhibitors, organic complexes like
Schift base complexes, organophosphorus pesticides, low-
density polyethylene plastics
wastewaters derived from textile dyes, such as xanthene

and various organic
dyes [16-17]. These dyes have a relatively low molecular
mass, high fastness and brightness, no significant
solubilizing groups, and are non-ionic compounds, such
as eosin yellow disodium salt dye, which is classed as a
xanthene dye (see Table 1) hence, they are slightly soluble
in water [18].

ZnS has been recognized as a promising material for
applications as heterogeneous photocatalysts that belongs
to group II-VI as an n-type ionic semiconductor, which
has two different crystal structure (wurtzite and blended)
with different properties. ZnS-blended cubic structure
form is more stable than wurtzite form, in addition to
having a direct energy gap equal to 3.54 eV and due to its
electronic structure, the ZnS-blended has can mostly be
used in solar cells and in photocatalysis application [19].
The photo-enhanced process has illustrated to be
extremely efficient and is suitable for eliminating the
residual traces of contaminants after pre-treatment with
hydrogen peroxide, Fenton or other oxidant reagents,
which is dependent on the wavelength of the radiation
and the photocatalyst effectiveness and the energy
difference between the valence band (VB) and the
conduction band (CB) of the used photocatalyst [20].
Despite of the effect of anions is various and difficult to
predict, potassium persulfate (K.,S;Os) and hydrogen
peroxide (H>O,) could enhance the ZnS catalyzed photo-
reaction rate by photocatalysis and the effect of
adsorption on the surface of ZnS gave a strong power of
oxidizing/reducing effect of the (h*/e”) that generated at
the surface of ZnS in a photochemically process [21-22].
Wastewater contains not only organic pollutants but also
a large number of inorganic anions such as NOs~, SO,
and CO5*" [23]. So, it is useful to study the influence of
these ions on this photocatalytic process. These ions could
possibly have the inhibitory effect on the photocatalyst
activity or have the changing effect of the ionic strength of
the reaction medium [24]. This work aims to investigate
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the dark reaction for removal of eosin yellow dye using
nano ZnS at 20 and 40 °C. Moreover, the photocatalytic
activity will perform using nano ZnS to decolorize of
eosin yellow dye under UV-A light at 20 °C and under
solar light at 40°C. The
decolorization will study without and with using oxidant
agents such as the K,S,0s and the H,O,. The quantum
yield will estimate for photoreaction under UV-A and

removal and photo-

solar light.
m EXPERIMENTAL SECTION

Materials

All of the chemical reagents that used in
experiments of this work were in analytical grade (Fluka)
and utilized without any purification begins from the
nano ZnS catalyst with crystal size of 40.4018 nm,
K58:0s, and 30% H,O,. Eosin Y disodium salt dye
provided by Hilla textile factory and the general
properties are shown in Table 1.

Instrumentation

Fourier transform-infrared (FTIR) spectrum was
recorded using KBr discs with the FTIR-8400S Shimadzu
range of 4000 to 400cm™. The
concentration of residue dye was analyzed using a double

covering the

beam ultraviolet-visible (UV-vis) spectrophotometer,
Shimadzu (AA-1800 Japan). The photo-application
method was applied with using a high-pressure mercury
lamp, Cnlight (ZW15S 15 W-Z436, China). Centrifuge

Table 1. General properties of eosin Y disodium salt dye

Dye name Eosin Y disodium salt
Dye no. E6003

Dye class Xanthene dye
Formula CaHeBriNa,Os
Molar mass g/mol 691.85

Color of powder Brown

Aimax 516 nm

Structure
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(Hettich- Universal II- Germany) was employed for
samples separation from catalyst solution and hotplate
stirrer type (Heido-MrHei-Standard, Germany) was
utilized during mixing the solutions. Moreover, the
photo-reactor ~ homemade  Instrumentation  was
demonstrated in Fig. 1 to perform the photocatalytic
experiments. The dark reaction was done as system B,
which regarded as a synergistic step for performing the
steps A and C in photoreaction systems. The A and C
systems consist of source of light (15 W) with light
intensity 9.14 x 107® Einstein/s that calculated using
reference [25], and in solar reaction system (system C) the
light intensity of solar light in presence a lens was found
to be 5.40 x 10~® Einstein/s during August 2022 at 40 °C.
In system A, the wooden box that wrapped with foil of
aluminum was used to raise the absorbance capacity of

UV radiation.
Procedure

Applications of the removal of eosin Y dye
The dark reaction calculations (as in Fig. 1) were
performed on the mixture solution of 100 mL of 10 ppm

(A)

| Photoreaction system|

~

b — )
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eosin Y dye in the presence of nano ZnS as a photo-
catalyst, with/without oxidant agents (H,O, and K,S,0s).
These solutions are mixed for 30 min to reach for the
best contact time, which ensures to occupy most of the
active sites of the nano ZnS catalyst that is immersed in
the studied dye solution [26-27]. Approximately 3 mL of
colloidal solution was recovered and filtered. The
absorbance of the generated filtered solution was
measured at 516 nm to calculate the concentration using
a previously assembled calibration curve. The
adsorption capacities q. (mg/g) for 30 min was
calculated by using Eq. (1) [28-29];

qe=(C0 Ce)V (1)

m
where m is the mass in g for dry adsorbent (nano ZnS)

used, G and C. or are the initial and equilibrium dye
concentrations in solution, V is the volume of adsorbate
(dye) in L. The percentage of adsorption (removal)
efficiency (Eremova%) of eosin y dye can be obtained from
equation (2) [30-32].

0 —
removal % =

E (C‘)C;Ce)xloo% (2)

Eosin Y dye

) ™
|Dark reaction system |
— [T 2

N~
:)V::}

End of reaction

»J

(C) | Solar reaction system |

Fig 1. Photo-reactor setup for the two systems
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The adsorption process alone is insufficient to
remove eosin yellow dye in 30 min as an equilibrium time,
so the photo reaction must be used as the next step to
decolorize it. After 30 min. of a dark reaction, the photo
reaction was carried out by switching on the UV-A or
solar light to the mixed solution. At various times of
irradiation by UV-A/solar light, about 3mL of the
exposed solution was transferred to a plastic test tube and
doubly centrifuged for 15 min. At the same wavelength
(516 nm), the residual concentration of the dye was
measured. To calculate the apparent rate constant (kapp)
for this photo reaction, Eq. (3) is employed [33-34];

C
In —Oj:k t (3)
[Ct app

where C, is an initial concentration of dye without
irradiation (after 30 min from dark reaction) and C; is a
concentration of the same studied dye at t time of
illumination. The %efficiency of decolorization (Edcc1%)
for dye was conducted using Eq. (4) [33,35].

(Co-C1)

0

The quantum yield ¢ was calculated [36-37] depended on
kqpp and light intensity for UV-A and solar light as shown
in Eq. (5) and (6);

Edecol% = x100% (4)
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_no. of molecules decomposed

5
no. of photons of light adsorbed ®)
k
2.3031,¢; 1

where ki, is the rate constant of dye in min™" at photo-
decolorization with light source, I is the incident light
intensity that is calculated for UV-A and solar light, 1 is
the cell length in cm and e, is the molar absorptivity of
Eosin yellow dye (3558 L mol™ cm™).

m RESULTS AND DISCUSSION
Effect of Oxidant Agents on Dark Reaction

The experiment’s dark reactions were performed
in Fig. 2, which added 0.5 g of nano ZnS in the aqueous
solution of 10 ppm Eosin yellow dye at pH equal to 7.7 for
30 min. The Eremova% is found to be 75.037 and 82.9123%
at 20 and 40 °C, respectively. This result enhances the
movement of the dye molecules toward the active site
and adsorption with increasing the temperature. While
the addition of K,S,0s as an oxidant agent alters the
removal efficiency to 76.225 and 67.756% at 20 and 40 °C,
respectively, that attributed to the cleavage the oxidant
agents K,S,0s then adsorption on ZnS surface and
reaction with adsorbed water to degrade the dye by

_ 100 75037 76.225 82.912 P X
X 80 58543 '
% 60
w40
20
0
(: 0
3)20,0 Ye,.z Ya,,e s ye"/'l e (6}40 Dye*ehs Dye.,.k?s: o
“*2ns *2ns *2ns
Samples
(b)
2 1658
1.524 1355

c 1848 §

(3,
) 20 © e 12 %% "fas,o

4’02 *Zng

1

Zi-z"s

.

”’)40 Oye 2 Oye ’k
28,

Samples

Fig 2. The (a) E remova% and (b) q. for dark reaction for eosin Y/nano ZnS and eosin Y/oxidant agents (K,S,Os and

H,0,)/nano ZnS systems at 20 and 40 °C
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hydroxyl and peroxide radical species, [38-39], but the
depress in efficiency at 40 °C can be attitude to couple the
radicals and dissolve the nano ZnS as a Zn** ions (see Egs.

(7-9)).

$,05%" > 2S04~ (7)
SO, + H,O > OH' + HSO4 (8)
ZnS + 30H' > Zn** + $* + HOO® + H,O 9)

The adsorption capacity (q.) for this reaction in the
presence of H,O, is clearly decreased at 20 °C, from 1.5 to
1.17 mg/g, that due to adsorption the H,O, molecule on
nano ZnS$ surface and comparative with the dye molecules
linked in active site. At 40 °C, the decreased in adsorption
capacity is very low from 1.65 to 1.595 mg/g that ensure
the evaporated of most H,O, molecule.

Effect of Oxidant Agents on Photo-Reaction

A series of photoreaction experiments was applied

s X Dye +ZnS + solar
% Dye +ZnS + K2$;0z + solar
] Dye +ZnS + Hz0; + solar
oDye +2ZnS + UV-A
Dye +ZnS + K:S205 + UV-A ©
©Dye +2ZnS + H:0; + UV-A
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with the addition of 0.5 g of nano ZnS in an aqueous
solution of 10 ppm eosin yellow dye at pH equal to 7.7,
without and with oxidant agents under UV-A at 20 °C
and solar light at 40 °C. Based on Fig. 3, the photoreaction
for all samples is linear and obeys pseudo-first-order
[40]. The photoreaction using solar is fast at 40 °C,
which is due to an endothermic reaction [41-42]. At
40 °C, the maximum Eu..1% of solar reaction in Fig. 4,
demonstrates at 92.293%, which decreases to 82.675 and
78.398% with using K,S,08 and H,O as oxidant agents,
respectively. This case obtains increased in movement of
hydroxyl radical that produced from cleavage of H,O,,
which work as trap by allowing it to react together and
produced water molecules [43-44]. The addition of
K,S:0s also decreases efficiency at 40 °C, which leads to
an increase in the formation of hydroxyl radicals that
also react together and depress the efficiency [45].

20

30

40 50 60

Time (min)
Fig 3. Photoreaction of eosin yellow for eosin Y/catalyst and eosin Y/oxidant agents (K,S,Os and H,O,)/nano ZnS$

systems

Dye + ZnS + UV-A
Dye +ZnS + solar
Dye +KzS:0z + ZnS +U

V-A
Dye + K2S;0¢ +ZnS + solar

Dye + HzO2 + ZnS + UV-A
Dye + HzO2 + ZnS + solar

Samples

Fig 4. Euecs1% of photo reaction for eosin Y/nano ZnS and eosin Y/oxidant agents(K,S,0s and H,O,)/nano ZnS systems
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From the other side, at 20 °C, the efficiency of this
reaction increases after adding K,S,0s and H,O, from
58.019 to 68.615 and 99.314%, respectively, which ensure
the high activity for both to generate a hydroxyl radical in
percent UV-A light (see Fig. 4). That because the photo-
induced solution reaction of H,O, would be occur with
the utilized UV-A. This behavior indicates variations in
the oxidative strength of the oxidizing reagent used,
which leads to their degradation as shown in Egs. (10-13)
[39,46-47].

ZnS +hv > hjy+ ey, (10)
H,O; + hv > 2HO® (11)
H,0,+ ey » OH'+HO" (12)
HO + h{,>HO" (13)

The exposing of K;$;0s to UV light leads to
photolysis, which will generate additional SO4~ according
to the reaction’s photolysis [36,39,48] (see Eq. (10) and
(14-16).
$,04% +hv 280, (14)
S,05% + e > SO, +5S0,* (15)
SO," +H,0>50,2 +HO" + H' (16)

The Quantum Yield (¢) and Photo-Decolorization of
Eosin Y Dye

Eosin Y dye decolorized by the exposure of UV-A and
solar light using 0.5 g of the catalyst nano Zn§ in natural
(pH =7.7). Fig. 5 displays the quantum yield values with
various oxidant agents. The quantum yield efficiency
ranged from 0.830 to 2.912, showing good results. The
quantum yield for decolorization of eosin y dye with nano
ZnS presence’s solar light were 2.619, followed by a
decreasing in quantum yields to 1.720 and 1.644 when
used K,S,0s and H,O, respectively. This is attributed to
the fact that not all UV-A or solar light is absorbed in the
photocatalytic solution by the eosin y in the presence of

HH

Dye +ZnS+UVA
e+ZnS+soar
Dye + K2S20z + ZnS + UV-A

- b @

Quantum yield (¢)
o

Dye + K250z + ZnS +so|ar
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the photocatalyst ZnS, but rather a portion of the light is
absorbed, transmitted or scattered, as the quantum factor
is a sensitive parameter to investigate the photocatalytic
[36,49].
decolorization of eosin Y dye with the presence of nano
ZnS under UV-A light was 0.830, the quantum yield
increased to 1.287 with the addition of K;S,0s. Whereas
2912 with using
peroxides. The use of some inorganic oxidizing agents in

reaction While the quantum yield for

the photo-reaction obtained ¢ =

photonic systems like K,S,0s and H,O in (solar light or
UV-light/nano ZnS) system could be increase the
inhibiting  the
recombination of the (h*/e”) pair through interaction

quantum yield efficiencies by
with the conduction band electrons on the nano ZnS
surface or by introducing an additional oxygen atom as
an electron acceptor to form the super- oxide radical
ions [50-51].

Mechanism of Photo Decolorization of Eosin
Yellow Dye

Photocatalytic reactions rely on the presence of
active species such as superoxide anion, peroxide radical,
and hydroxyl radical in solution or on the photocatalyst
surface in the presence of artificial lamp or solar
radiation. These species have the capacity to decolorize
and destroy the organic-colored materials. In aqueous
solutions, hydroxyl radicals are more active and function
as a potent oxidant, attacking color molecules [52-53]. Fig.
6 shows the proposed eosin yellow decolorization [54].

Mechanism of Dark Reaction and Photo-
Decolorization of Eosin Yellow Dye

The dark reaction is deemed as a synergistic step to
photoreaction according to the Langmuir-Hinshelwood
(L-H) model [6,60]. Based on Fig. 7, the suggested

=f e

+H:0z +ZnS + UV-A ]
Dye + H2O; + ZnS + solar

Fig 5. Quantum yields of eosin Y/nano ZnS and eosin Y/oxidant agents (K;S,Os and H,0O,)/nano ZnS systems
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CO, + H,0

Dye degradation

1
1
.
/*\
(1) Adsorption
D - B
\
‘\
D+ Catalyst —» D,q4s-Catalyst ‘\
\
path (1)
D e \
\
\
(] product(s) ‘l path (2)

AC D activated complex

D ads-Catalyst‘— D,q4s-Catalyst* (e h )

(2) Reactions with present light
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Dye |degradation
by OH

CO, + H,0

[

-ZS
n }

o ®
D ,q4s-Catalyst* (e - h ) = Products + Catalyst
Absent the recombination process
(3) Desorption

Fig 7. Schematic diagram of adsorption and photo-process paths on the surface of catalyst (ZnS NP) under (a) solar

light and (b) UV-A light

mechanism for the photoreaction lab system or solar
reaction is done after the adsorption path and leads to
produce desorption products as small active species. The
photocatalytic path divides into path A, which happens in
the presence of solar light, which focuses on the catalyst
and dye because solar radiation includes three regions:
UV, visible, and part of the near IR spectrum, hence solar
light can cause photo and thermal reactions at the same
time. While the path B is depending on using the artificial
UV-A light (HPML-365 nm) that fills on catalyst directly
and activation it to work as an electro-photocell. Both
paths can be formed by photoelectrons and photo-holes,
which are essential to start the photoreaction.

m CONCLUSION

In this study, a series of photo and dark
experiments were conducted to achieve the photo
decolorization and adsorption reaction of 10 ppm of
eosin yellow dye solution with 0.5 g of nano ZnS. The
photo experiments were performed using a handmade
photo-reactor equipped with a 15-W UV lamp at 20 °C
and direct solar light at 40 °C. In the dark reaction, the
addition of H,O, at 20°C decreases the removal
efficiency, but at 40 °C the removal is slight. The photo
decolorization of eosin yellow dye solution was done
under controlled conditions without and with the
addition of oxidant agents like H,O, and K,S;Os.
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Moreover, it’s found that the best decolorization under
UV-A light occurs with the addition H,O,, but the best
decolorization of the same dye under solar light alone.
The quantum yield refers to the active about 1-3 dye
molecules under absorbed 1 mol from photons of UV-A
light or solar light. For all these influences, the
photoreaction obeys the pseudo-first-order. These results
suggest that the development of ZnS-based photocatalysts
as an efficient, low-cost, and environmentally friendly
material for solar-powered pollutant analysis. They also
suggested that improving photocatalyst properties could
pave the way for practical applications in wastewater
treatment and renewable energy systems.
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