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Abstract : This work includes the study of preparing the new Nb,Os/CdS coupled
photocatalyst was prepare by wet commixing method at different ratios of (0.75:0.25,
0.6:0.4,0.5:0.5, 0.85:0.15,0:1 ,1:0) and calcinations at different temperature 200 °C,500 °C
and800°C for4 hours .The prepared powder was characterized by X-ray diffraction, and Fourier
Transform Technique (FT-IR).The photocatalytic activity was estimated under mercury high
pressure lamp for degradation Co(NOs), solution after find the wavelength at A ,5,510nm . The
result showed that (0.85:0.15) percentage at 800 °C has high activity than other ratio at different
temperature. After this study some measure such as best of mass for the catalyst, initial of
concentration for Co(NOs),, effect of temperature, effect of PH.
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Introduction:

Niobium pentoxide (Nb,Os) is considered one of the most committed transition metal oxides (TMO) for
pseudocapacitive energy storage. Nb,Os is to a great degreestudied in lithium-ion batteries (LIB)%,
electrochemical hydrogenation catalysts?.gas sensing®, electrochromic devices* and solar cells®.

Nb,Os exhibits a different of crystalline allotropes,with orthorhombic (T-Nb205), pseudo-hexagonal
(TT-Nb,Os), tetragonal (M-Nb,Os) and monoclinic(H-Nb,0s)°’. In the mainfoundin the form of stiochiometric
oxides such as NbO, Nb,Os, NbO, and Nb,O:’.

Cadmium sulphide is the inorganic compound with the formula CdS. Cadmium sulphide is a yellow
solid®. CdS is a group I1-VI semiconductor, and such as, CdS nanoparticles have made large importance due to
their singlesize-dependent chemical and physical properties’.CdS in bulk has band gap energy of 2.42eV at

300K with absorption maxima at 515nm***,

Cobalt(Il) nitrate hexahydrate, Co(NOs),. 6 H,O is a red-brown crystalline compound with a
monoclinic unit cell .The nitrates are very soluble in water, alcohols, and acetone.

It is formedby concentration a nitric acid solution of cobalt oxide or carbonate. Cobalt nitrate is anmajor
source of high-purity cobalt for utilizein the electronics and related industries, and the compound has also found
uses in the chemical and ceramics industries™.

Photocatalyst is the semiconductor that is able to increase the efficiency of removal pollutants of
organic and inorganic in water and wastewater'***.

In this paper a new couple of Nb,os/CdS prepared and studied as a good photocatalytic using for
degradation of Co(NO3),.
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Materials and methods:

Chemical materials used in this work is NiobiumpentoxideNb205, Cadmiumsulphide CdS and
Co(NOy),.

Preparation and characterization of couple Nb205/CdS

Prepared couple of Nb,Os/ Cds by the wet commix method, that involved using Nb,OswithCdS mixed
powders as initial materials andadding 10ml of distilled water, which mixed by Magnetic stirrer hot plat three
hours after that drying in the oven at 100°c for one hour and calcination this mixture in Furnace at 800°% for 4
hours. Thecouple of semiconductors Nb,Os/ CdS prepare was characterized by x-ray diffraction (XRD), FTIR
spectroscopy (FTIR) .

Result and Discussion
X-ray diffraction patterns

The Nb,Os and CdS are characterized by x-ray diffraction(XRD), and compared with couple Nb,Os
/CdS. Figure 1.a. Find different peaks apparent in the shape of the spectrum represent 26 at (29.1993 , 48.5727,
57.6540, 33.8265, 43.5250, 78.6291, 20.5662, 39.8886 ) back for initial material niobium pent oxide (Nb,Os).

Figure 1.b. Find different peaks apparent in shape of spectrum represent 2e at (77.3992, 43.9213,
30.5576, 31.1819, 64.3029, 32.5703, 34.7182, 41.2730 ) back for initial material CdS.

While in figurel.c.for mixed (Nb,Os/CdS) find of different peaks ,at 2 Theta (29.1805,48.5498,
57.6326, 33.8154, 33.0343, 31.0088, 55.2794, 38.3226, 65.9035 ) notes appear peaks in spectrum at 2 Theta
(33.0343, 31.0088, 55.2794 , 38.3226, 65.9035 ) not found in two initial material (Nb,Os ,CdS)
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Figure 1: X-ray diffraction spectrum of a. Niobium pentoxide Nb205 b. CdSc.CoupleNb205/CdS.
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Table 1 : Particle Size of Niobium Oxide, CdS and Couple Nb,Os/CdS.

2Theta FWHM Average Particle
Catalyst (deg.) (deg) Size/nm
29.1993 0.22060 37.25
48.5727 0.19910 43.86
57.6540 0.20860 43.58
Nb,Ox 33.8265 0.22800 36.47
43.5250 0.21620 39.60
78.6291 0.22400 46.04
20.5662 0.22000 36.86
39.8886 0.20660 41.00
77.3992 0.44000 e
43.9213 0.54000 13'50
30.5576 0.61000 15.87
31.1819 0.52000 21'35
64.3029 0.44000 27.60
Cds 32.5703 0.30000 26.05
34.7182 0.32000 30'39
41.2730 0.28000 '
29.1805 0.20730 39.71
48.5498 0.19960 43.72
57.6326 0.20690 43.86
33.8154 0.20280 41.12
Nb,O5CdS | 33.0343 0.16050 51.91
31.0088 0.19520 42.38
55.2794 0.19780 45.44
38.3226 0.17160 49.14
65.9035 0.18200 52.10

Calculation of the average crystallite size using the Debye—Scherer equation
results are shown in table 1.

D=K A/ COSe

D= represent the average particle size.

K= is dimension shape factor 0.9

A =1is X-ray wavelength .

R = is the liner broadening at half the maximum intensity.

e = is Bragg angle

By using Scherrer equation that were calculated crystal size for (Nb205, CdS) and prepared couple of
Nb205/CdS with ratio 0.85:0.15 from table 1 find theaverage particle size for couple Nb205\CdS is
(45.48nm),CdS is (21.72nm), and Nb20S5 is (40.58nm),they are smaller than (100 nm) in Nano scale.

Fourier Transition for Infrared spectrum (FT-IR)

Study of the double prepared catalyst was achieved by using Fourier Transform Infrared (FTIR). All
spectra were recorded at the wavenumber ranged from 400-4000 cm-1.
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figure 2.a is characteristic of the sample niobium pentoxide Nb205 that show the peaks at (435.91,
466.77, 565.14, 893.04, 1132.21, 1321.24, 1436.97, 1481.33, 1523.76, 1558.48, 1595.13, 1664.57, 1716.65,
3741.90 )(3741.90) cm-1 return to absorption water band in the sample , and bending band at 1716.65 cm-1
WPGiIe the spectral appears the vibration modes assigned to Nb-O in the spectral range (910-850) cm-1 for Nb-
o™

Figure 2.b. Appear the peaks at (499.56, 597.93, 1109.07, 1390.68, 1425.40, 1587.42, 1602.85,
1764.87, 2243.21, 2436.09, 2908.65, 3427.51, 3485.37, ).the peaks ( 3485.37and 3427.51) cm-1 are returning to
stretching and bending vibration for two water band these peaks indicate the hydroscopic character of the
sample (cds) Figure2.c. Appear the peaks at (422.41, 470.63, 565.14, 893.04, 999.13, 1058.92, 1126.43,
1226.73, 1516.05, 1548.84, 1600.92, 1653.00, 1707.00, 1774.51, 2362.80).the peak at 1600.92 cm-1 also can
see in spectrum of CdS but in the couple.

Figure 2: FTIR Spectrum for A. Niobium pentoxide (Nb205) B. CdS and C. Couple of Nb,Os\CdS.



Y Fairooz et a/ /International Journal of ChemTech Research, 2016,9(10),pp 149-156.

Peaks peaks Peaks
Cds Nb205 Nb205\CdS

499.56 435.91 422.41
597.93 466.77 470.63
1109.07 565.14 565.14
1390.68 893.04 893.04
1425.40 1132.21 999.13
1587.42 1321.24 1058.92
1602.85 1436.97 1126.43
1764.87 1481.33 1226.73
2243.21 1523.76 1516.05
2436.09 1558.48 1548.84
2908.65 1595.13 1600.92
3427.51 1664.57 1653.00
3485.37 1716.65 1707.00
3741.90 1774.51
2362.80

Photocatalytic experiments

Effect of the mass couple Nb205/ CdS on the photodegradation of Co(NO3)2

153

Different masses use of catalyst and The effect on the photodegradation efficiency of Co(NO;) , was
studied by taking different masses of catalyst ranged from (0.05, 0.1,0.15, and 0.2 ) and 2000 ppm of Co(NO3),
solution under UV light at 23 °C for 60 min . The obtained results are shown in Figure (3), these results showed
that there was increased in the activity of Co(NO3)2 elimination as the masses of the used materials was
increased. This probably emerges from the increase in the number of active sites available on the surface of
catalyst for the reaction as the amount of the catalyst was increased. For high amount of the catalyst more than
0.1g the photodegradation efficiency was decreased due to an agglomeration that is causing the particle size is
increased and decreased in specific surface area which leads to decrease in the number of surface active
sites'”*®. Also high amounts of catalyst lead to increase of light scattering . This tends to decrease the passing
of irradiation through the sample. Therefore, the most effective photodegradation of Co (NOs) , was observed

with 0.1 g of catalyst weight™*°.
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Figure 3:.The Effectof The Weight of Couple Nb,Os/Cdson Photodegradationof Co(NO3),

Effect of concentration of Co(NOs),

Used Different concentrations of Co(NOs), (500, 1000, 2000, 2100 ppm) with 0.10 g of catalyst. In

addition, at 296.15 K.
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The results show decreased ofthephotocatalytic degradation process when increased initial
concentration of Co(NOs), because molecules of Co(NOj), are photosensitive and when concentration
increased more photons would be absorbed that lead to low light transmittance and decreased depth of light

passage’"*.

From these results, the optimum initial concentration of Co(NOs), is (500ppm) because it results
higher photocatalytic degradation than other concentrations of Co(NOs),.
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Figure4: Effect of the concentration of Co(NO3),
Effect of temperature

Study the effect of temperature on Photocatalytic degradation rate of Co(NOs), using catalyst at
different temperature ranging from ( 15-30C°)%. Figure5, shows the effect of temperature on the photo catalytic
degradation rate of Co(NQ3), at a fixed initial concentration500 ppm and 0.1gmNb,0s\CdS catalyst . Andshow
that the photo catalytic degradation rate of Co(NOs),increases with temperature increase because increase
temperature cause to increase generate free radicals and this lead to decrease in recombination process.
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Figure.5.The change of (At / AO) with irradiation time at different temperature
Effect of pH

The photocatalytic degradationrate of Co(NOs3), is highly influenced by the value of pH of the reaction
mixture. The photodegradation efficiencies of Co(NOs), with different pH values for reaction mixture are
shown in Figure (6). The degradation efficiency of the Co(NO3), was decreased with the increase in pH and the
highest Co(NOs), degradation efficiency at pH= 4. Then the increasing of pH value of reaction mixture to 8
leads to decrease in photodegradation efficiency. The reduction in the efficiency of Co(NOgz), removal at high
pHs values can be attributed to the repulsion forces that are initiated between the negatively charged surface and
the anionic groups that are present in Co(NO3), molecules . In addition to that, decrease in the photocatalytic
activity of Co(NOs), removal can be due to increase in the rate of recombination between (e— /h+) pairs® .
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Figure 6: Shows effect of pH

Conclusion

Results showed that (0.85:0.15 ) percentage is more active than other percentage. The ability for

photodegradation of Co(NOs),74.46 % in the optimumcondition amount of couple 0.1 g, concentration of salt
500 ppm, temperature 30°C ,PH=4 ,andradiation time 60 min.

References

1.

2.

10.

11.

12.

13.

Fairooz NY, Evaluation of new couple Nb205/Sh203 oxide for photocatalyticdegradation of Orange
G dye. International Journal of ChemTech Research.2016; 9(3): 456-461.

Ali MM, , and Fairooz, N. Y. Preparing and characterizing study of the photocatalytic activity of new
couple semiconductor Nb205/Sb203. Research Journal of Pharmaceutical, Biological and Chemical
Sciences.2015; 6(4): 1176-1182.

Al-Gubury HY, Fairooz NY, Aljeboree AM, Algaraguly MB, Alkaim AF. Photcatalytic Degradation n-
Undecane using Coupled ZnO-C0203. Int. J. Chem. Sci.2015; 13(2): 863-874.

Raheem RA, Al-gubury HY, Aljeboree AM, Alkaim AF. Photocatalytic degradation of reactive green
dye by using Zinc oxide.journal of Chemical and Pharmaceutical Science.2016; 9(3): 1134-1138.
Al-gubury HY, ,. The effect of coupled titanium dioxide and cobalt oxide on photo catalytic
degradation of malachite green.International Journal of ChemTech Research.2016; 9(2): 227-235..
Algaragully M.B., AL-Gubury H. Y, Aljeboree A.M., Karam F.F., and Alkaim A. F.
Monoethanolamine : Production Plant. Research Journal of Pharmaceutical, Biological and Chemical
Sciences.2015; 6(5): 1287-1296.

Al-Gubury HY, , Almaamory, E. S., Alsaady, H. H., and Almurshidy, G. S. Photocatalytic Degradation
of Aquatic Rhodamine B Solution Using Ultraviolet Light and Zinc Oxide. Research Journal of
Pharmaceutical, Biological and Chemical Sciences.2015; 6(3): 929-939.

Al-Gubury H. Y., and Al-Murshidy G. S. PhotocatalyticDecolorization of Brilliant Cresyl Blue using
Zinc Oxide International Journal of PharmTech Research.2015; 8(2): 289-297.

Zhou K, Hu X-Y, Chen B-Y, et al. Synthesized TiO2/ZSM-5 composites used for the photocatalytic
degradation of azo dye: Intermediates, reaction pathway, mechanism and bio-toxicity. J. Appl. Surf.
Sci.2016; 383: 300-3009.

Hamad HA, Sadik WA, Abd El-latif MM, Kashyout AB, Feteha MY. Photocatalytic parameters and
kinetic study for degradation of dichlorophenol-indophenol (DCPIP) dye using highly active
mesoporous TiO2 nanoparticles. J Environ Sci.2016; 43: 26-39.

Ashar A, Igbal M, Bhatti 1A, et al. Synthesis, characterization and photocatalytic activity of ZnO flower
and pseudo-sphere: Nonylphenolethoxylate degradation under UV and solar irradiation. J. Alloys
Compd.2016; 678: 126-136.

LianYu ,Dongsheng Wang, Daigi Ye. CdS nanoparticles decorated anatase TiO2 nanotubes with
enhanced visible light photocatalytic activity. Separation and Purification Technology.2015, 156, 708-
714 .

Luo Y, Fan S, Hao N, Zhong S, Liu W. Multi-functional Au/CdS/Fe304/RGO hybrid nanomaterials



Y Fairooz et a/ /International Journal of ChemTech Research, 2016,9(10),pp 149-156. 156

14.

15.

16.

17.

18.

19.

20.

with enhanced photocatalytic activity. Crystengcomm.2015; 17(3): 503-506.

Mohammad ,E. J., Kathim ,S .H., and Attia,A .J.,2015.,Journal of Pharmaceutical, Biological and
Chemical Sciences.6(4),717-726.

Bechambi O, Sayadi S, Najjar W. Photocatalytic degradation of bisphenol A in the presence of C-doped
ZnO: Effect of operational parameters and photodegradation mechanism. J IndEng Chem.2015; 32:
201-210.

Wang X, Zhang Y, Hao C, Feng F, Yin H, Si N. Solid-Phase Synthesis of MesoporousZnO Using
Lignin-Amine Template and Its Photocatalytic Properties. Ind. Eng. Chem. Res.2014; 53(16): 6585-
6592.

Alkaim AF, Kandiel TA, Dillert R, Bahnemann DW. Photocatalytic hydrogen production from
biomass-derived compounds: a case study of citric acid. Environ Technol.2016; 37(21): 2687-2693.
Alkaim AF, AljeboreeAM, Alrazaq NA, Bagir SJ, Hussein FH, Lilo AJ. Effect of pH on Adsorption
and Photocatalytic Degradation Efficiency of Different Catalysts on Removal of Methylene Blue.Asian
Journal of Chemistry.2014; 26(24): 8445-8448.

Salman JM, Abdul-Adel E, Alkaim AF. Effect of pesticide glyphosate on some biochemical features in
cyanophyta algae oscillatorialimnetica.International Journal of PharmTech Research.2016; 9: 355-365.
Raheem RA, Al-gubury HY, Aljeboree AM, Alkaim AF. Photocatalytic degradation of reactive green
dye by using Zinc oxide.journal of Chemical and Pharmaceutical Science. 2016; 9: 1134-1138.

%k XKk %k k



