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Abstract : A new photo catalyst (Ag,O/Cr,03) was prepared by using of the co-precipitation
method by mixing two different metal nitrate include of chromium(Ill) nitrate
[Cr(NO3)3.9H20] with silver nitrate AgNO3 in different values and was calcinated in three
different temperatures (400°C, 500°C & 700°C), and thenits effectiveness for the photocatalytic
activity for the degradation of Congo red as a textile dye was done to optimize the best
photocatalyst and was found that (Cat-3C-) was the best for the photodegradation of Congo red,
and with removal percentage (69.35%) when the concentration of Congo red was (40 ppm)
with weight of catalyst (0.15 g) at room temperature. The characterization of the prepared
catalysts had been carried out by the XRD & SEM and has been found that the appointed
catalyst (Ag,O/Cr,0;) was successfully prepared. And then some studies had been performed to
optimize the reaction effective parameters on the photocatalytic degradation of Congo red such
as: catalyst weight, initial concentration of the dye solution. The best catalyst's weight was
(0.07g) and the concentration of the dye was (10ppm).

Keywords: Heterogeneous photocatalytic, chromium (III) nitrate, silver nitrate, Ag,O/Cr,0s,
Congo red, XRD and SEM.

Introduction:

One of the biggest troubles that facing our countries in the last centuries is water pollution especially by
the wastes of the industrial wastewater because it is high soluble in water and need for many hours and days
unless need for many years to be degraded by the sunlight alone. So the advanced oxidation processes (AOPs)
are used to remediate this problem and the heterogeneous photocatalytic process is one of the most important
method used to damage these organic and inorganic wastes. "~

When someone thinking about the wastewater treatment, in the beginning he has to think about both the
feasibility of the treatment and consideration of the economics sides of the process. There are different types of
techniques available to the remediation of the organic contaminants in the wastewater such as chemical,
physical, physicochemical and biological processes™

Heterogeneous photocatalytic processes can be easy understood , and that is due to its definition as the
employing under irradiation of steady solid semiconductor (such as TiO,) for stimulating a reaction of the
solid/solution interface’ , It is impressive to know how the photocatalytic processes work, when the incident
light (hv) energy by a UV-lamp on a semiconductor is been equal to or higher than the band gap energy of the
semiconductor it will excite the electron from the valence band(VB) which is full of electrons at zero Kelvin to
the conduction band (CB) which is empty at the zero Kelvin, left a hole in the valence band and that what is
called excitons (e/h") then the generated electron and hole transfer to the surface of the semiconductor, where
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the semiconductor acts in two types of reactions, acts as a donor for electrons when the promoted electron enter
in reduction reaction with the species on the surface, while it acts as an acceptor for electron when the positive
hole participates in an oxidation reaction Figure-1.%’

Mechanisms of releasing oxidizing species:

The heterogeneous process was a very complicated process because the oxidizing pathway wasn't very
clear until Jean-Marie Herrmann suggested that the heterogeneous process can be divided into five steps'’:

Transferring of reactants to the surface.
Adsorption of one of the reactants.

Reactions of the reactants in the adsorbed phase.
Desorption of the product(s).

Diffusion of the product(s) from the surface.
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Figure-1- the simplified photocatalytic process on TiO, surface.

In the heterogeneous photocatalytic process not all the semiconductors have high photo-activity,
because of the recombination process that occurred between the photohole and photoelectron, so one of the
most important remediation methods is the doping of metal on the surface of the semiconductor, the activity can
be increased by adding a noble metal or a metal from the transitional series of the periodic table. The metal
doped on the surface of the semiconductor acts as a capture for the released electrons by the exerted UV light
on the photocatalyst'' the electron migrated to the conduction band and then trapped by the metal to avoid the
recombination process, while the hole migrates to the surface of the photocatalyst and participates in an
oxidation process with the adsorbed water of other organic compounds as the schematic figure(2). As an
example for the metal doped a semiconductor Ag/TiO, and Pt/TiO, (prepared by the photoreduction deposition
process and the chemical vapor deposition "CVD")'?.

Figure-2- Metal deposition on the surface of the semiconductor and the process of trapping the electron
by the metal.
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Figure 3, shows the chemical structure of Congo red dye, it absorbs the electromagnetic spectrum at
Amax=497nm" .
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Figure-3- The structure of Congo red.

Lanping Zhang et al. (1997)'* prepared chromium oxide films on Pt(111) with thickness ranging from
less than monolayer to more than eight monolayer, they found that chromium oxide grows with two different
type structures on the Pt(111) surface depending on coverage and temperature. Zorica V. et al. (2002)" activate
by mechanically state for an equimolar of ZnO and Cr,O; powder mixture by grinding using a high vibrational
grinder for 0-180 min, and found that the activity of powders increases with increasing the grinding time and
this is an indicator for the activity of spinels increase with decreasing of the grain size of the powdered spinel.
Shahid Khan Durrani et al. (2012)'® synthesized some transition nanosized metal chromite spinels by using
hydrothermal process and made a characterization by XRD, SEM and thermogravity technique. And found that
nanocrystalline transition metal chromite spinels such as CoCr,0,4 (bluish-green), MnCr,0O, (grayish-green),
CugsMng sCryO4 (green), NiCr,O4 (sage green), CuCr,O4 (blackish-green), and NipgCug,Cr,O4 (dark green)
were synthesized successfully through a hydrothermal method.

Materials and methods
Silver nitrate AgNO; and Chromium(III) nitrate nonahydrate [Cr(NO;);.9H,0] (Hopkin& Williams).

Ag,0/Cr,05 was prepared by Co-precipitation method'’, different percentages of AgNOj silver nitrate
and Chromium nitrate nonahydrate Cr(NO;);.9H,0 dissolved in distilled water and were mixed together and
transferred to a beaker (400ml) and filled to the mark with distilled water put on a hot plate magnetic stirrer.
The temperature was fixed about (65°C-75°C) with continuous stirrer, NaOH (8N) drop-wise was added to the
mixture and the pH maintained by a pH meter at (7.5-9.5), then obtained precipitate was left on the hot plate for
1 hour with continuous stirrer.

The obtained precipitate was washed with a hot distilled water for many times in order to eliminate the
undesired sodium ions, until pH of obtained washing water close to the neutral medium (pH=7.0) it means that
the precipitate is free of sodium ions, and the precipitate was dried in an oven at about (100°C) then the
precipitate was triturated in a ceramic mortar to make homogenous particleFigure-4-.

The last step was calcination of the precipitate in different temperatures (a)400°C (b)500°C and
(c)700°C for 4 hours. The obtained precipitates was (green-brown) color and was characterized by X-ray
diffraction (XRD) and Scanning electron microscope (SEM).
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Figure-4- Co-precipitation reactor.
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Characterization process:

In this work, the prepared catalysts characterized by using XRD (Rigaku- MiniFlex II Desktop X-ray
Diffractometer) and the crystallite size was determined from Scherrer's equation eq.-6-, where it was prepared
as a homogenous powder, (1 g) of the catalyst was placed on a slide put in front of the path of the X-ray.

Where D is mean crystalline size, k is the Scherrer's Constant or that which is called the shape factor because it
depends on the shape of the crystal and its value is (0.94), A is wavelength of the X-ray radiation (0.15406 nm
for Cuk,), B is the full width of half-maximum (FWHM) intensity of the appeared peak explained in radians
(Actually, B is measured in degrees but to unitizing the units of the equation § multiple by (n/180) to transmute
to the radians and lastly 0 is the diffraction Bragg's angle'®. Scanning electron microscope(SEM) [INSPECT
S50] was used to determine the morphology of the prepared photocatalyst and the crystallography, a bit weight
of the catalyst was taken and coated with a thin carbon layer and fixed on a plate and exposed to an electron
beam.

Applications of the prepared photocatalysts: Many applications for the prepared photocatalysts were carried
out to determine the optimum conditions for photocatalytic degradation of Congo red as a textile dye, by using
high pressure mercury lamp (125 watts), with light intensity (7.1 mW/cm?) at (5cm) distance between lamp and
the photocell.

Examination of the photocatalytic activity: The examining of the photocatalytic activity of the prepared
Ag,0/Cr,05; was made, a (0.15g) of the different prepared photocatalysts was taken with (100ml) of (40ppm) of
Congo red, and put in the photoreactor at (298 K) and (7.1mW/cm®) light intensity at pH=7.

Determination of the adsorption time: To begin the study of the optimum conditions, at the beginning we
have to determine the adsorption time of the photocatalysts to insure that most of dye molecules are adsorbed
on the surface of the photocatalyst, so for the most active photocatalyst of prepared Ag,O/Cr,0; (0.07g) was
taken with (100ml) of (10ppm) of Congo red at (298K) and (7.1mW/cm?).

Effect of catalyst's weight on the photocatalytic degradation of Congo red: This process occurred by
making many experiments by using different weights of the photocatalyst (0.03, 0.05, 0.07, 0.1 and 0.25g)
respectively, one experiment for each weight alone, then different weights of Ag,O/Cr,O; were added to
(100ml) of Congo red, here is all the other conditions were kept constant such as concentration of Congo red
was (10ppm), temperature was (298K), pH=7, light intensity was (7.1mW/cm?).

Effect of concentration of Congo red with constant weight ofAg,0/Cr,0;: Different concentrations of
Congo red were taken in different experiments (10, 15, 20 and 25ppm) with (0.07g) of Ag,O/Cr,0; in (100ml)
of the dye at (298K), (7.1mW/cm?) was the light intensity and pH=7.

Results and Discussion:

X-ray diffraction of Ag,O/Cr,0; prepared at different ratios of Ag,0:Cr,0sand comparison to the
metallic Ag,0 and Cr,0;:

X-ray diffraction was taken for the prepared photocatalysts that were prepared at different ratios and
were calcinated at (700°C) in figure-5-:
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Figure-5-: XRD patterns of Ag,0/Cr,0; prepared in different percentages and calcinated in (700°C) and
compared to Cr,0;.

Figure-5- is an obvious evidence for the good interface and constitution of Ag,O/Cr,O;
comixedsemiconductor and showed the existence of the Cr,O; peaks and the peaks of silver oxide (Ag,O) and
was a shift in the peaks positions and intensities noticed relative to the formation of a new phase of the
semiconductor and is (Ag,O /Cr,0;) mixture of the silver oxide on the chromium oxide (Cr,Os) surface, for
(Cat-1-) there were many peaks (38.1409" and 44.3242") return to Ag,0 and (31.1919°, 36.0784" and 39.9502")
return to the Cr,O5 with consulting of the intensities percentages of the appeared peaks in the XRD charts,(Cat-
2-) was nearly the same for (Cat-1-), because it appears three peaks two peaks at (38.1584 ° and 44.3366 °, 64.4
°) for Ag,O alone and the third is for Cr,0; standard peak at (36.0884°, 62.2119°,) as the strongest peaks, but
there is very few shift in the peak's position'’.

For (Cat-3-) it was the second most intense peak was the peak of the new phase Ag,0/Cr,0O; at
(29.0479 °) with an intensity approach to (94%) and there were other peaks observed for chromium oxide phase
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at (36.1503 °, 39.6341°, 41.6710° & 62.2337°), that means that the phase of Ag,0O was less number of peaks in
the chart of the XRD as (38.3651° & 44.1322°) with an intensity percentages (3% and 11%) respectively.

For the (Cat-4-) here is the peak of the new phase Ag,O-Cr,O; was appeared at (28.9664 ") but with less
intensity percentage was (51%) and the other strongest peaks was for Cr,0; phase were at (33.6330°, 36.0860’,
& 39.9362°, 41.5158"), and it was one peak of Ag,O phase at (44.0356") but with small intensity (7%), that was
all to insure us that is with the decrease of the Ag,O percentage decreases the number of peaks and its attribute.

Calculations of the mean crystallite size of (Ag,0/Cr,0;):

From the X-ray diffraction the mean crystallite size of the Ag,O doped Cr,O; was calculated and the
impact of Ag,0O loaded on the crystallite weight, Both figure 6, and table 2 showed that the increase in the ratio
of silver oxide loaded on the Cr,0s3, it will decrease the mean crystallite size until the ratio became (20:80)% of
(Ag20:Cr,05)% it will relatively increase, because of the crystallite size of the silver oxide is smaller than that
of Chromium oxide. And the above results summarized in Figure-6-:

Scanning Electron Microscope (SEM):

This technique was used to study the structures of the prepared photocatalysts from the aspect of the
morphology of crystals of the semiconductors using the SEM's tip of the electron gun, the prepared
photocatalysts Ag,O/Cr,O; were compared with the standard materials (Ag,0& Cr,05):
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Figure -6-: Effect of the Ag,0 loaded on the chromium oxide on the mean crystallite size of the prepared
Ag,0/Cr,0; at different ratios and calcinated at (400°C) and compared to Cr,0;.

Figure-7-: SEM of (a)Ag,0-Cr,0; (40:60)% calcinated in 400°C (b) Cr,0s.
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a comparison was made, so the prepared Ag,0/Cr,0; was more rigidity than the Cr,O; alone because the last
was a small grains as it shown in figure -7-(b), then the new phase was more rigidity material than Cr,0;. And it
was not a homogeneous grains like Cr,0s, and the heterogeneous shape due to the uncontrolled mortaring™ .

Examination of the photocatalytic activity of the prepared photocatalysts

The photocatalytic activity for the prepared photocatalysts Ag,O/Cr,0; was determined by the removal
percentages as in figure-10-:
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Figure-10-: Photocatalytic activity of the prepared Ag,O/Cr,0;.

The best photocatalytic activity catalyst was determined from the above figure and table and it was
(69.35%) for the sample Cat-3C- that it ratio was (40:60)% of (Ag,0:Cr,0;) and which was calcinated at
(400°C), because it gives smaller band gap to transfer more electron for the increase of the photoreaction and
decreasing of the electron/hole recombination, and also because the small mean crystallite size (17.01 nm) of
Cat-3C- that was increased the surface area that will increase number of active site on the surface of the
photocatalyst which upon it the adsorption process was proceeded.

Determination of the adsorption time:

This process is to determine the time that all the dye molecule placed in the active sites and all the
active sites are all full, to increase the photocatalytic efficiency by increasing number of degraded molecules of
Congo red figure -11-.
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Figure-11-: The determining of the adsorption time of the photocatalyst Ag,0/Cr,0; (Cat-3C-).
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It was investigated that the adsorption time of Ag,O/Cr,O; becomes constant when the time of the
adsorption reaction reached (40 minutes) then the adsorption reaction was at an equilibrium state where there
was no empty active sites to adsorb the molecules of the dye on the surface of the photocatalyst so the reading
of the concentration became approximately fixed.

Effect of the catalyst's weight:

It was notified that the concentration of Congo red approach to zero for each weight of catalyst after
(60minutes) of irradiation time and the linear equation relation with the irradiation time and from figure-12- it
was notified that the rate of photoreaction increases with increasing the weight of the catalyst in the
photoreaction's mixture until reached the tip of the plateau at (0.07 g) and then the rate of photoreaction began
decreasing gradually with the increase in the weight of the photocatalyst, where the rate of photoreaction at the
plateau region was (0.044 min™) as the most rate of photoreaction.

The increasing in the weight of catalyst increases the number active sites available for the adsorption
process on the surface of the photocatalyst which increases the number of adsorbed molecules of the dye on the
surface of the photocatalyst which increases the number of utilized photons of the incident light and also
increase of releasing the number of ‘OH and O, radicals then the rate of degradation increased, this increment
continues until reach the tip of the plateau or the optimum catalyst's mass> ™, then the reaction rate began
decreasing with the increase in the weight of the photocatalyst because of the accumulation of an excess number
of the photocatalyst's particles(number of adsorbed dye not sufficient to fill the active sites of Ag,O/Cr,0;)
which might reduce the transmitted incident UV-light through the solution, so the number of degraded
molecules will be decreased then the measured concentration of the dye will be high that which decreases the
reaction rate, in general the photocatalytic efficiency depends on the equilibrium between the number of
utilized photons and the number of active sites on the surface of the semiconductor, then the excess additional
amount of the photocatalyst does not enhance the photocatalytic process**°
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Figure-12-: Effect of mass of catalyst on the photocatalytic degradation of Congo red, concentration of
the dye is (10 ppm) with different weights of Cat-3C- of Ag,0/Cr,0; at pH=7 at temperature (298.15 K)
with light intensity (7.1 mW/cm?).
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Effect of the initial concentration of Congo red:

The results listed in indicate that the decomposition rate of the dye depends on the initial concentration
of the dye, so when increase of the irradiation time the remaining concentration (C/C,) of Congo red will be
decreased at using of Ag,O/Cr,0O5 (Cat-3C-) with a weight (0.07 g), but it increases with increasing the taken
initial concentration of Congo red from an experiment to another, that means the increase in the initial
concentration of the dye decreases the rate of reaction as in figure-13-, when the concentration of the Congo red
was (10 ppm) the reaction rate was (0.044 min™'), but when the concentration of Congo red was (25 ppm) the
reaction rate was reduced to (0.004 min™") that is absolutely slower than that of concentration of (10 ppm), this
behavior due to that when the molecules of the dye adsorbed on the surface of the photocatalyst the active sites
of the photocatalyst it all will be occupied by the adsorbed molecules of dye, but after the addition of an excess
number of dye molecules it will be accumulated on the first adsorbed layer of molecules made another layer
which is not adsorbed molecules that which affectthe utilization of the incident light on the surface and the
transmitted light will be reduced because it was well blocked by the accumulated layers of the excess
concentration of the Congo red*”*

—&—25ppm 1 - ~T v = 0.043x
+20ppm -]l]]lll R:=0.991
—&-15ppmff g 4|’ é;l’l’m
~@—10ppm ’ ppm o .
425ppm y =0.023x
0.6 R*=0.994
=
0.4 y = 0.008x
= R*=0.965
0.2 y = 0.003x
R*=0.997
ﬂ 0 L] " 1
. . :
0 20 ¢/mii? 60 80 0 10 ¢/mig? 30
0.05
0.04 -
0.03 -
"'E 0.02 4
£ .01 |
0 T T : :
0 5 10 Concentrilition (ppm)20 25 30

Figure-13-: Effect of concentration of Congo red on the photocatalytic efficiency, weights of Cat-3C- of
Ag,0-Cr,0; was (0.07g) at pH=7 at temperature (298.15 K) with light intensity (7.1 mW/cm®).

Conclusion:

Ag,0/Cr,0; was successfully prepared and characterized by XRD and SEM and with average mean
crystallite size 17.01nm, the bestAg,O/Cr,Osprepared catalyst in the photoactivity was(Cat-3C-) with
percentage (40:60) calcinated at 400°C. From the results we can conclude that the optimum mass of catalyst
forAg,O/Cr,0O; was 0.07g for degradation of Congo red that its concentration was 10ppm at 25°C and 7.1
(mW/cm?) light intensity.
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