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Abstract: Ag,O was prepared using a sumple chemical technique, a low-cost, easy to use electrodeposition
method capable of controlling the size and shape of prepared nanoparticles compared to other methods and
using surfactants such as (Glycerin (GLY), Polyvinyl Alechol (PVA), Poly (N-vinylpyrrolidone) (PVP)) that help
the growth and nucleation of suspended particles. The silver oxide is measured by using several techniques
such as (Atomic Force Microscopy (AFM), X-Ray Diffraction (XRD), Field Emission Scanmng Electron
Microscopy (FESEM), Energy-Dispersive X-ray Spectroscopy (EDS) and High Resolution Transmission
Electron Microscope (HRTEM). The powder obtained is about 40 nm in order to demonstrate the capacity of
the silver oxide as a catalyst calcination at 300°C and standard silver oxide from the Swiss-Fluka company, result
indicated an efficiency of up to 91.34, 89.68 PDE% photo degradation energy for silver oxide standard and
prepared respectively, parameters influence such as: Energy activation (Ea), Enthalpy of activation (AH"),
entropy of activation (AS") and free energy of activation (AG") and pH of dye sol and temperature were detailed
study. The product photocatalytic reactions suggested that of model are first order pseudo-reactions given by
Langmuir-Hinshelwoed, the activation energy is equal to 6.950 and 5.804 kJ/mol silver oxide standard and

prepared, respectively.
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INTRODUCTION

The systems associated to nanomaterials, dealing
with particles size within the area of 1-100 nm
(Schoonman, 2000). The applications of these particles are
growing swiftly in numerous domains, such as the
bioscience, catalytic, electronic, optics and food
manufacture (Tto et al., 2005; Yoshida and Toshima, 2014).
simple chemical method (Yong ef al, 2013) and
electrochemical method (Fang et al, 2012),
electrochemistry little advantageous for fabricate
dispersions of particles, the insolate products of an
electron transport reaction normally precipitates above
surface of mert cathode for easy manner electrochemical
manner that allows the size and shape was controlled by
organization of scattered Ag,0 colloid partials. These
Ag,0 flake were produced having a silver electrode as a
sacrificing anode to produce a controlled sours of silver
ions (Murray et al, 2005). The electrochemical
technicality are perfectly useful because they give
particles with a height purification using quick and simple
procedures and controlling the particle size without
Difficult by regulate the current density, through the
particular technicality particles are acquired with decided

size and shape of numerous compositions, n extension,
this process 1s environmental friendly because it harmful
reducer agents usually avoid use. Different stabilizers can
be utilized in electrochemical techniques, electrostatic
stabilizers come with organic monomers and steric

stabilizers come from polymeric compounds (Liao et al.,
2000).

MATERIALS AND METHODS

Experimental work: Electrochemical mode for generating
nanoparticles control the size and shape through
controlling the current density, voltage and additives for
electrolyte nanoparticles. This approach mcludes using
two electrodes, Anode plate made of silver with high
purity reaches to 99.99% with scale (1 ¢m width*3 cm
length=1.5 mm thick) and Cathode from graphite with
dimensions (2x3 cmx4 mm). The two electrodes are placed
facing each other in a vertical way with a distance (2 cm)
between each other, the setup is placed in to electrical cell
that contains 100 mL Deilonized Water (DW) obtained
from (Faculty of Pharmacy, University of Kufa, Iraq). The
silver particles precipitate on the cathode during the
electrolysis, the electrolysis has been employed with the
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temperatures 60°C with continuous various voltages 15V,
a power supply (DC current, Maximum voltage 30 V, 5 A,
China), the current passed in the circuit has been
monitored with a voltmeter. Additionally, the electrical
circuit has been controlled to change Polarity between the
electrodes according the determmed period of 5 min. The
production of nanoparticles in a way of electrochemical
reduction in changing the polarity of the direct current
between the electrodes during electrolysis process in
order to obtund the better precipitation (Raposo ef al,
2007).

RESULTS AND DISCUSSION
Characterization of Ag,0

AFM measurement of Ag,0 powder electro deposition:
The AFM analysis of precipitated Ag,0 powder shows in

Table 1, the average diameter of Ag,0 with PVA>PVP>
glycerin in Fig. 1-3 that the root mean square roughness
(sq) is 3.29 nm , i.e., the surface roughness of Ag,O with
stabilizer PVP Which has packs with more heights than
other sample with deferent stabilizer such as PVA and
glycerin, Srface skewness (Ssk) can be seen negative
which means that the surface has more valleys than
peaks. The above three specimen have a surface kurtosis
(sku) of <3, i.e., that the three sample have a flat surface,
The three models n Table 1 are all <3 except sample with
PVA is closest to the 3 means that the models are
platykurtic (Gadelmawla et af., 2002).

X-ray measurements of Ag,O nanopwoder
electrodeposition: X-ray data in the nanopwoder Ag,O
were tested using x-ray diffraction, it come from using a
Shimadzu 6000 with Cu Ke radiation (A = 1.5406 &) (at 50

Table 1: Conditions and materials used in the experiment of Ag; O powder electrodeposition of Na;8 0, solutions (99%6 Fluka Analytical , Swiss), Glycerin
(GLY). Polyvinyl Alcohol (PVA), Polv (n-vinyIpyrrolidone) (PVP) (CDH-India)

Chernicals VP PVA Glycerin
Na,S0, 0.1 g/100 (mL) 0.1 /100 (mlL) 0.1 /100 (mlL) 0.1 g/100 (mL)
NaOH 5 g/100 (mL) PH=12 PH=12 PH=12
Deionized water 0.7 (usecfcm) 0.7 (usec/cm) 0.7 (usec/cm) 0.7 (usecfcm)
Glycerin (1 2/100 mL) - - 10 (mL)
PVA (1 /100 mL) - 10 (mL) -
PVP (1 /100 mL) 10 (mL) - -
Temperature 50-60°C 50-60°C 50-60°C 50-60°C
General currentdensity 500 (Afmr) 500 (Afmr) 500 (Afmr) 500 (A/mr)
(Silver) Anode area 6 (cr) 6 (crr) 6 (crr) 6 (cm?)
current density 0.3(A) 0.3 (A) 0.3 (A) 0.3 (A)
Voltage-time (V)/(min) 13.8 (V)/155 (min) 15.6 (V)/155 (min) 12.2 (V%155 (min)

(b)
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Fig. 1. AFM images of Ag,O powder electrodeposition of Na,S0, solutions with Glycerin 10 mL. Avg. diameter: 60.87
nm; a) 2-dimensional image; b) 3-dimensinal image and ¢} Granulite accumulation distribution chart
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Fig. 2: AFM images of Ag,O powder electrodeposition of Na,30, solutions with PVA 10 mL. Avg. diameter: 83.04 nm;
a) 2-dimensional image; b) 3-dimensinal image and ¢) Granulite accumulation distribution chart
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Fig. 3: AFM images of Ag,O powder electrodeposition of Na2S04 solutions with PVP 10 mL. Avg. diameter: 67.65 nim,
a) 2-dimensional image; b) 3-dimensinal image and ¢) Granulite accumulation distribution chart
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Fig. 4 a)X-ray images of Ag,0 nanopowder amorphous phase and b) Crectallynty phase at 300°C, electro deposition
of Na,30, sclutions, Ag,O particles include (Ag+) with detect {111} faces were explain to be more active at
photocatalytic reactions than the particles containing {100} faces (Lyu et al., 2010, Ho and Huang, 2009; Kuo and

Huang, 2008)

KV and 40 mA) in a scan range (26) from 20- 80°, XRD
patterns of the as-prepared samples with different
conditions were shown in Fig. 4 four sharp peaks can be
show at 38.2°, 44.48°, 64.68° and 77.68 to its original
indicators (111), (200), (220) and (311), respectively,
indicating that the plan (111) of Ag,0 tended to be
preferentially oriented within the trial method. All peaks
reflected in this mode were found to match the stage of
Ag,O possessing a center cube face (JCPDS: 042-0783)
(Privett et al., 2010, Rahman et af., 2014). The average size
of your nano-crystalline (D) was calculated utilize the
Debye-Scherrer formula to be about 46 nm.

SEM, TEM and EDS measurements of Ag,0 (NPs)
electrodeposition in presence of GLY, PVP, PVA:

(FESEM) (Field Emission Scanning Electron Microscopy
MIRA3 1s a ngh-resolution, TESCAN, Czech), depending
on the working conditions of the constant temperature
60°C and the current, voltage control, the use of
stabilizers to improve the reaction speed, get the nucleus
and the growth of nanoparticles where the results Inside
the nanoscale, the smallest volume of nanoparticles 1s 20
nm of glycerin, 40 nm of PVP and 60 nm of PVA, TEM
(High resolution transmission electron microscope, the
Philips CM300 , 300 kV) shown in Fig. 5, the particles are
nearly spherical shapes with well-defined boundaries. It
is evident from the micrographs that the average size
of the particles as directly measured the image is
~20-60 nm, this result’s corresponding to obtained from
XRD analysis (Sagadevan, 2016) (Fig. 6 and 7).
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Fig. 5: SEM, TEM and EDS, images of Ag,O NPs electrodeposition in Na,SO, with GLY 10 mT., 20 nim, vigorous stirring,

(Ag=92.72 wt.%, O = 7.28 wt.%)

(b)

Fig. 6: SEM, TEM and EDS mmages of Ag,0 NPs electrodeposition in Na, 3O, with PVA 10 mL 60 nm, vigorous stirring,

(Ag = 95.62 wt.% , O = 4.38 wt.%)

Photodegradation of MG dye by using Ag,O standard and
Ag,0 prepared with calcination at 300°C as catalyst:
Ag,0, a dark brown powder was utilize as a candidate for
visible light photocatalyst. Ag,0O is a prospective
photocatalyst together dominate superb representation
and elevation stabilization, we preparatory a novel utilize
of Ag,O semiconductor which show rapid photicatalytic

behavior to Malachite Green oxalate (MG) with absorption
about 617 nm and good stability under visible Lght
(liang et al, 2015) through chemical teclmologies,
Promoted Oxidation processes (AOPs) are great used
for declination of component, AOPs were based on
the generation of lighly reactive species such as
(*OH) m sufficient value for anmlulation organic
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Fig. 7. SEM, TEM and EDS mmages of Ag,0 NPs electrodeposition m Na,SO, with PVP 10 mL 40 nm, vigorous stirring,

(Ag = 94.31 wt.%, O = 5.69 wt.%

pollutants, (*OH) can oxidize a wide domain of
pollutants fast and non-selectively (Mohsin er al,
2013).

The dye under studying 15 Malachite Green oxalate
(MG) which 18 specific as a basic dye which 1s an great
water-soluble dye relationship to triphenylmethane family
M.owt. 927.01 g/mol (Culp et al. 1999, Alderman, 1985;
Sawa and Hoten, 2001) and Ag,0 stander 9%% are
purchased, Fluka , Swiss. photoreactor homemade, supply
with lamp-Philips-Holland, mercury (2530 W) without
glass cover as UV radiation source, UV-Visible
spectrophotometer double beam Shimadzu UV 1650 PC
Japan, used for decide the declination degree of the (MG)
dye solutions. The reactor was consisted of airless To
maintain the temperature and electric stirring, hot plate
LAB tech. Korea. The lamp’s focus vertically above the
beaker with space 15 cm. these process oceur at 25°C. The
suspension pH values were checl at required scale using
(0.01) N NaOH or (0.01) N HNO, sclutions were measured
via pH meter-Hanna tool, the water mixture was stirred
magnetically during the trial, the solution was radiation
under ultraviolet light for a specified cycles of time, at
several time periods the sample is possessed out by a
syringe, later filtered through centrifuge, the centrifuge
company ALL-PRO (4000 rpm, 10 min). The floating
material was removed by a needle syringe and eject,
again at the same speed and for the same length of time.
Re-centrifuge for the same peried, the absorption of the
samples 13 decided using the UV-V 13 spectrometer. The
rate of color removal and degradation in terms of intensity

120 -
100 -

=== AQO prepared
b AQO standard

50 Time (min) 100 150

Fig. 8 The degradation efficiency of (M@G) absence the
UV radiation

change at A max of dyes was observed by apply the
Langmuir Hmshelwood relationship, the activity of
decomposition (%o) was studied as efficiency (%), after the
photoirradiation process, the amount of dye adsorbed and
reduced was determined by change in the absorbance of
(MG) dye using equation:

D% = {C“'C” }100% (1)
1}
Where:
D% = The degradation ratio
C, = The imtial concentration of dye solution
C, = The concentration of dyes after adsorption by the

catalyst

Dark reaction of Ag,0O catalyst in absence UV radiation:
In Dark reaction, test carry out in the without of ultraviolet
radiation using Ag,0 as a catalyst. The products were
depicted in Fig. 8 in lack ultraviolet radiation no

10317



J. Eng. Applied Sci., 13 (24): 10313-10322, 2018

” QQ@%Q@@@
yol
O? 50 100

Time (min)
Fig. 90 The photodegradation efficiency of (MG) dyes
without the catalyst

deterioration can be observed, slight change in
concentration of dye can be show for solution in the dark
with catalyst adding, incubation time the first
concentrations of dyes is lessen, after a linited period
time become fixed due to forming of a monolayer on
catalyst surface, the equilibrium occurs after 90 min was
calculated decomposition efficiency percentage at
96.722% for the Ag,O standard, 76.825% for the Ag,O
as-prepared (caleinations at 300°C).

Photodegradation of (MG) dye solution, by UV irradiation
in catalyst absence: In photoreaction of (MG) solution,
these reaction occur in presence of the UV light with lack
of the Ag,O catalyst. As in Fig. 9, photodegradation
efficiency 1s equal to 49.75% after 90 mmn of UV treatment
with catalyst deprivation.

The influence of Mass catalyst: Mass mfluence of
catalyst onto photocatalytic degradation for (M@G) dye,
solution was scanned under the operation conditions,
concentration of dye 4 ppm , intensity of light reached to
(250 W), (at 25°C) and variety the amount of Ag,O for
both standard and prepared in range 0.01-0.07 g. The
results drawn in Fig. 10a, b), it was be noted the results
refer to elevate rate of photocatalytic degradation by
excess of the catalyst mass up to top amount and stay
constant after that the photocatalytic degradation rate low
with the catalyst weight high 0.03 g 1s the better weight of
Ag,0 for both standards and prepared catalyst where
photodegradation efficiency 1s equal to (99.61% Ag,0
standards) and (96.22 % Ag,O prepared).

The influence of variation in pH in range (2-10) was
calculated with maintenance other operation conditions
stable at dye concentration of (4) ppm, light power
230 W, Ag,O catalyst dose 0.03 g at 25°C and variable the
pPH of dye sol. (Fig. 11a, b).

The influence of pH solution: Tn this study, the pH effect
on degradation of 0.3 g from Ag,O, depending on (pH,,)

@ 127 001 ¢
-002¢g
| *003g

=004 g
= 005g
-o-0.06¢g
—+0.07¢g

In (°C/C)

150

Fig. 10: a) Effect standard on

of weght Ag,O
photodegradation efficiency of (MG) and b)

Effect of weight Ag0 prepared on
photodegradation efficiency of (MG)

using pH values were adjusts by changing the pH
from (2-10). The large degradation was obtained in pH (2)
about 99.97% PDE for standard Ag,O and (99.76 %) PDE
for prepared Ag,O.

The influence of primary dye concentration: The
influence of primary dye concentration on the activity of
photolysis rate has been studied with Stability of working
conditions, light power (250 W), Ag,O catalyst dose
0.03 g, the pH = (2) at 25°C and the dye concentration is
variable in domain (1-7) ppm as in Fig. 12a, b elevated rate
of photolysis activity with low 1nitial dye concentration,
high adsorption on the catalyst suface with extra dye
molecules and negative effect on the interaction between
high dye particles with holes or hydroxyl radicals due to
the loss of any diect relation for these species
(Munesh and Meena, 2012).

Influence of varied temperature: The thermodynamic
parameters of the declination of MG was observed. The
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Fig. 11a, b): pH act on photolysis activity of (MG) with 0.03 g Ag,O Standard and ¢, d) pH act on photolysis activity

of (MG) with 0.03 g Ag,O prepared

Table 2: AFM measurements of Ag,0 powder electrodeposition of Na,8 (O, solutions by using PVP, PVA, Glycerin

CSPM imager surface roughness analy sis (Amplitude parameters)

Ag0 PVP PVA Glyserin
Roughness average (Sa) nm 2.8000 4.1400 2.0700
Root mean square (Sq) nm 3.2900 2.6000 2.4200
Surface skewness (Ssk) rim -0.2290 -0.3040 -0.3130
Surface kurtosis (sku) nm 2.0400 2.5000 1.9600
Sku = (3) mesokurtic, <(3) liptokurtic, > ¢3) platykurtic 2.5000=> 2.0400> 1.9600
Peak-peak (sy) nm 12.8000 11.5000 8.3500
Ten point height (sz) nm 7.2400 11.5000 4.6700
Hybrid parameters

Mean summit curvature ssc (1/nm) -1.0000 -0.0166 -1.0000
Root mean square slope (sdq) (1/nm) 0.2640 0.2070 0.2340
Surface area ratio (sdr) 3.2000 2.0000 2.5500
Functional parameters

Surface bearing index (sbi) 4.9500 2.5200 7.2200
Core fluid retention index (sci) 1.3800 1.3800 1.3000
valley fluid retention index (svi) 0.1030 0.1370 0.1010
Reduced summit height (spk) nm 0.1680 0.8350 0.0000
Core roughness depth (sk) nm 10.2000 7.4800 6.5400
Reduced valley depth (svk) nm 2.2000 3.0800 2.0900
Spatial parameters

(density of summits) Sds (1/um?) 0.000 304.0000 0.0000
Fractal dimension 2.390 2.4200 2.5300
Avg. diameter nm 67.650 83.0400 60.8700

(+) AH" attribute to endothermic interaction, the (+) AG’
result refer to the non-spontaneous interaction in the
present research the value of AS" is negative as in

Table 2 and 3 which refer to structure full solvated
consisted by dye molecules and intermediate such as
hydroxyl radical.
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Fig. 12: a, b) The variety in photocatalytic degradation efficiency for MG dye with concentration in presence 0.03 g
Ag,0 standard and ¢, d) The variety in photocatalytic degradation efficiency for MG dye with concentration
1in presence 0.03 g Ag,O prepared
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Fig. 13: a, b) The temperature action on photolysis activity of (MQG) with 0.03 g Ag,0O stander and ¢, d) The temperature
action on photolysis activity of (MG) with (0.03) g Ag,O prepared
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Table 3:  The values of rate constant, thermodynamic and kinetics parameters calculated for photodegradation of (MG) dye at (303-318) K with Ag,O standard
and prepared
K (sect)y=107 InK Ea(kJ/mol) AP (kJ/mol) AS? (kImol* k" AG® (kJ/mol)
AgO Ag,O Ag,O AgO AgO Ag,0 AgO Ag,O AgO Ag,0 AgO Ag,O
Tk) I'T prepared standard prepared  standard  prepared standard  prepared standard prepared  standard prepared standard
303 0.00330 6.916  6.850 -9.579 -9.588 - - 3.285 4.431 - - 95.70 95.634
308 0.00324 7.433 7.516  -9.506 -9.495 - - 3.243 4.389 - - 97.20 97.139
313 0.00319 7716 7.850 -9.469 -9.452 - - 3.201 4.348 - - 98.75 98.644
318 0.00314 8.016 8.166 -9.431 -9.412 - - 3.160 4.306 - - 100.27  100.149
(@) 1/T Ag,O standard (b) 1/T Ag,0 prepared
0.0031 0.0032 0.0033 0.0034 0.0031 0.0032 0.0033 0.0034
-9.40 1 ) 1 -9.42 1 1 1
942 1 -9.441
9444 -9.46+
-9.46 4
-9.48
o 9% 1 y=836.0x-6.7825 -9.50
T -9.50 4 R°=0.9998 . y =-698.13x-7.238
9.5 4 9.52 R*=0.9992
-9.54 _9.54
-9.56 4 -9.564
-9.58 -9.584
-9.60 - 9.60

Fig. 14a, b): Arrhenius plot (In K versus 1/T) of (MG) dye, 0.03 g Ag,O standard and prepared

CONCLUSION

The silver oxide nanoparticles have been successfully
prepared in an electrochemical manner, inexpensive and
sunple, high precision to control the size and shape of the
nanometer scale. To improve the catalytic performance of
photolysis and to increase crystallization, the prepared
powder was calcination to 300°C. To test the catalytic
performance, of prepared silver oxide we compared it with
standard silver oxide from fluka, swiss, result refer to (Ea)
which was indicated is smaller value (6.950, 5.804) for
silver oxide standard and prepared respectively, the
thermodynamic parameters of the degradation of MG
solutions and silver oxide refer to the positive AH’
certain on endothermic reaction, the positive AG’ result
indicate that the non-spontaneous reaction, entropy of
activation AS' is negative, The reactive species such as
hydroxyl radical and superoxide amion have been
produced from the heterogeneous photocatalytic
reaction. The results of the fragmentation of the dye by
the catalyst were CO, and H,O.

RECOMMENDATIONS

Future research 1s the production of low-cost
semiconductors capable of eliminating organic pollutants
in an easy, simple and controlled manner electrochemical.
Cu,O, TiO, as catalysts, low cost and active by using
electrochemical approach.
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