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Abstract: The aim of this research is to remove the organic dye (methylene blue) by prepared the
nanocomposie (TiO2/Fe;03) in precipitation method and study the effect of pH and temperature in
degradation process. ultrasonic spectroscopy used to decrease the particle size of nanocomposie (from
127.9 to75.7 nm) measured the surface area by Atomic force microscope (AFM) lead to increase the
percentage of the degradation. The best pH to degradation process is {7} the % degradation increased
with increased temperature.
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I. Introduction

Advanced oxidation process (AOP) is the chemical reaction generating oxidizing agent ability to
oxidized and cracking the contamination [1].AOP is useful to generate the radicals such as (OH", SOy).
The radical can react with contaminate to degrade the toxic organic compounds (dye) in present the
aqueous solution.These radicals with organic compounds include [hydrogen abstraction from aromatic
rings,addition to double bonds, electron transfer and aliphatic carbon] [2]. Many process give hydroxyl
radicals such as(O2/light , H.Ox/light , TiO/light , Electrolysis , sonolysis , H2O. , Oz , and photo
Fenton) [3].

Fenton reagent is "a homogeneous catalytic oxidation process which is the mixture of an oxidizing agent
(hydrogen peroxide) and a catalyst (an oxide or metal salt, usually iron) to give hydroxyl radicals" [4,5].
the equation for the generation of OH' is [6]:

Fe** + H,0; — Fe** + HO + HO"......... (1)

The rate of Fenton reaction is strongly in the presence of UV/visible light in aqueous solution lead to
accumulate the Fe** and consumedFe?* lead to stop the reaction [7].

Photo catalyst classifies to [(Homogeneous photo catalysis: the reactant and photo catalyst exist as the same
phase [8]) (Heterogeneous photo catalysis: which depend on the photo excitation of semiconductor solid and
absorbed the radiation. Semiconductor material excited near the UV irradiation by photons processing
energy to give conductive band electrons and valence band holes [9].

Atomic force microscope [AFM] is the one of the imaging tools. Collect the information by the (feeling)

between the surfaces with mechanical probe [10]. The AFM consist of a probe (sharp tip) in the end with a
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cantilever that is used to scan the surface. The cantilever is formed from (silicon nitride or silicon with a tip

radius of curvature on the order of nanometers). The transported of tip into surface of the sample formed the
forces between( the tip and the sample), after that lead to a deflection of the cantilever according to Hooke's
law [11].

Atomic force microscope "is the topographical scan of a glass surface & can be operated in a number of
modes according to the application”[12].

Ultrasonic spectroscopy used a frequency to determination the particle size distribution and concentration of
a colloidal dispersion "analyze particle sizes between about 10 nm and 1000 nm". The particle size
distribution depending on being (able to measure the frequency and the ultrasonic velocity and/or
attenuation coefficient)[13,14].

Methylene blue (MB) is a crystalline or dim green powder, which is used usually as a stain. These dyes are
carcinogenic which cause various health problems, such as causes (vomiting, shocks, cyanosis, tissue
necrosis in human being, jaundice and heart failure etc). Photosynthesis of plants is affected by the presence
of the methylene blue dye by preventing sunlight from reaching it [15].

I1. Experimental Parts:
1.Preparation of TiO2/Fe,Osnanocomposite:

An aqueous solution of TiO, was prepared by adding 10g of TiO, to 500 mL H20 under vigorous stirring for
3 hat 298 K .Sodium carbonate was added slowly as powder into a vigorously stirred 0.2 M solution of iron
nitrate for 3h. 500 mL solution obtained from the second step was added drop by drop into the dispersion of
TiO> prepared in the first step under vigorous stirring. The suspension was stirred for 3h followed by ageing
at 100°C in an autoclave for 48h. 1000 ml of TiO2 /Fe2O3 composite suspension was obtained and ready for
coating.. Stainless steel pipe with (4 cm diameter and 15 cm length) was supplied with copper coil
surrounded the outer cell surface and connected to the water bath for controlling the reactor solution
temperature and lamp .Inner cell surface firstly treated with concentrated HF or HCL to make the inner
surface rough and able to pick up the coating, secondly the cell or photo react filled with TiO2 /Fe,O3 Nano
composite suspension for 10 minutes to allow forming stable coating layer, then the suspension evacuate
from the reactor. To calcinated the catalyst TiO. /Fe2Oz layer, the photo reactor exposed to 500°C until the
inner surface by compact with TiO2 /Fe2Os composite, by tested the transparency of distilled water when
filled with it.

Figure (1) explain the degradation cell used in this research .
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Figure 1: Show the degradation proces

2. Calculate the percentage degradation :

Co—Ce

%deg. = *x100 ... (2)

Co

Where:) Co: Initial concentration of M.B, Ce: Concentration of M.B after different radiation times) [16-17].

= A_Intercelzt ------------------------------
Ce Slope (3)

Where :A: Absorbance of Methylene blue after different times [18].

Figure (2) explain the wave length of Methylene blue dye (664nm) and calibration curve.
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Figure.2 : A: UV-Visible absorption spectrum for Methylene blue dye. B: calibration curve of Methylene
blue dye.

3. Preparation of Methylene blue solutions

Six concentrations of M.B solutions (15, 20, 25, 30) ppm were prepared in 100 ml from stock solution (1000
ppm M.B), which will be used in degradation processes.

4. Hydrogen peroxide

From 0.1M hydrogen peroxide prepared (0.005M) H202 concentrations were prepared by dilution with
Distilled Water (D.W).

1. Results and Discussions:

Table (1): Granularity cumulating distribution and average diameter of TiO2/Fe,OsBefore Ultrasonic

process
Ave. Diameter:122.85mm <=10% Diameter:90.00 n
<=50% Diameter:120.00nm <=00% Diameter:150.00nn

Diameter(n | Volume( Cumulation( Diameterln Vohune( Cumulation( Diameterin | Volume( Cumulati

) %) %) m)< %) %) mj W @)

90.00 | 9.09 | 909 12000 | 1111 4242 | 150 1313 8687

100.00 | 1010 | 19.19  130.00 | 1717 39.60 lOO 909 959

10.00 | 1212 | 3131 140.00 | 1414 7374 | 160.00 4.0 100.00
170.00
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Figure.3: A-granularity cumulating distribution chart of TiO2/Fe,O3 B&C views of AFM image of

TiO2/Fe203 before Ultrasonic process

(a) (8)

Table(2): Granularity cumulating distribution and average diameter of TiO,/Fe,O3 After ultrasonic Prosess

Avg, Diameter:75.7 nm <=10% Diameter:0 nm
<=50% Diameter:160.00 un <=9()% Diameter:250.00 nm

Diameter | Volume ‘Qggulmgg Diameter | Volume | Cumulation ‘Diameta Volume | e
m |00 C) | @me | 0 () e () OWERO

3000 | 034 | 034 | 6500 | 1051 | 4271 | 10000 | 3.5 i83A05
3500 | 136 1.69 70.00 814 | 5085 |105.00 | 542 (8847
40.00 | 2.03 373 75.00 678 | 5763 | 11000  6.78 §95.25
4500 | 475 847 80.00 644 | 6407 | 11500 | 407 9932
5000 | 441 | 1288 85.00 542 | 6949 | 12000 | 0.68 1100.00
5500 | 983 | 221 90.00 576 | 7525

60.00 | 949 | 3220 95.00 475 | 80.00

(A) (B)

Table 3: %deg. of (10, 25, 35, 50) ppm M.B in the presence of TiO2/Fe203 composite & H202 (0.005M) at
298K, pH=7 before & after ultrasonic
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Figure 4.A-granularity cumulating distribution
chart of TiO./Fe;0. B&C: views of AFM image
of TiO2/Fe203 after Ultrasonic process
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Fig. 5: %deg. vs. time for M.B by TiO2 before and after treating with ultrasonic

Table (4)& (5) shows the effect of pH and temperature in degradation process.
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Table (4): %deg. of 25 ppm M.B by the TiO.composite with different pH and 0.005 M H20-

pH %deg.

NPS-TiO:
80.4
85.6
91.7
94.8
97.0
95.2
92.4

OO NOO Ol b~|lWw

T/ %deg. TIO,/Fe,O3

Min 15p 15p | 20p 20p | 25p 25p 30p | 30p
pm pm pm pm pm pm pm pm
MB| MB| MB| MB| MB| MB| MB | MB
Bef. | Aft. | Bef. | Aft. Bef. | Aft. | Bef. | Aft.
10 75.6 78.3 711 73.4 69.4 714 67.2 69.9
20 79.4 | 842 | 74.2 759 | 722 743 | 703 | 729
30 85.5 89.9 77.8 79.2 75.3 775 73.2 75.7
40 917 | 948 | 804 | 838 | 786 | 80.6 | 769 | 78.8
50 951 ] 968 | 839 | 8.2 | 81.0 ] 839 | 79.7 | 822
60 977 ] 985 | 86.8 | 83.7 | 836 | 859 | 80.8 | 83.7
70 98.2 | 996 | 895 | 914 ] 865 ] 888 | 839 | 854

Fig.(7): %deg. of 25 ppm M.B vs time by the NPS- TiO2/Fe;O3 composite at different temperature
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Fig.(6): Variation of 25ppm M.B %deg. With
NPS TiO2/Fe203 composite and 0.005 M H20; with different pH

The degradation process was high rates at neutral ranges of pH, neutral pH are favorable towards the
formation of the reactive intermediates that is hydroxyl radicals is significantly enhanced, which further help
in enhancing the reaction rate. On the other hand in neutral medium conditions "the formation of reactive W
intermediates is relatively favorable and hence spontaneous".The rate of Photocatalytic degradation also (0

increases [19]. o
N

Archives Available @ www.solidstatetechnology.us


http://www.solidstatetechnology.us/

Solid State Technology
Volume: 64 Issue: 2
Publication Year: 2021
Table (5):Effect the temperature on the %deg. of 25 ppm M.B in the presence of NPS-ZnO/Fe203

composite & H20> (0.005M

T %deg. NPS-TiO2/Fe 03
/min | 298K | 308K | 318K | 328K
10 | 854 | 87.1 | 88.6 | 913
20 | 87.6 | 91.2 | 926 | 93.2
30 | 932 | 948 | 955 | 95.9
40 | 96.1 | 96.6 | 97.0 | 97.6
50 | 97.2 | 979 | 98.8 | 99.3
60 | 98.0 | 98.4 | 99.4 | 99.8
70 | 981 | 985 | 995 | 99.8

The [*OH radical] may be played a dominant role in the decomposition process due to its high oxidizing
power and its responsible for the decomposition of (H20.)at higher temperature, which in turn contributes to
the degradation of M.B. The [*OH radical] is similar to decompose methylene blue at a high reaction rate in
the high temperature range [20].

The % degradation of Methylene blue dye increased after using ultrasonic spectroscopy process because
increased the surface area of TiO2/Fe.O3 measured by Atomic force microscope.

The hydroxyl radicals are formed in Fenton process to remove the contaminants.The hydroxyl radical is "a
strong and non-selective chemical oxidant and works very quickly to attack most organic chemical
compounds”.The reaction between contaminants and hydroxyl radical depending on the nature of the species
1% the hydroxy! radical can abstract the hydrogen atom from the water as in alkanes and alcohol. 2": it can
add itself to contaminants as in olefins, methylene blue dye and aromatic compounds.

The hydroxyl root in the presence of oxygen attacks the contaminants with a series of oxidative reactions
leading to the mineralization of organic compounds. Pollutant removal depends on the (proportion of the
fixed rate contaminated with the hydroxyl root) [21].

V. Conclusion:

The particle size of nanoTiO2/Fe2Os (measured by atomic force microscope) after ultrasonic process
smallest lead to increase the % degradation of methylene blue dye. High temperature lead to faster
formation of free radical to attack the organic dye lead to increased % degradation in the presence of
H>02 and Uv light.

References:

1- A. Matilainen and M. Sillanpad, Removal of Natural Organic Matter from Drinking Water by Advanced
Oxidation Processes, Chemosphere, 2010, 80(4), 351-365.

2- G. A. Hamilton, J. P. Friedman and P. M. Campbell, The Hydroxylation of Anisole by Hydrogen Peroxide
in the Presence of Catalytic Amounts of Ferric lon and Catechol, Scope, Requirements, and Kinetic Studies1,
2, Journal of the American Chemical Society, 1966, 88(22), 5266-5268.

Archives Available @ www.solidstatetechnology.us


http://www.solidstatetechnology.us/

Solid State Technology

Volume: 64 Issue: 2

Publication Year: 2021

3- M. Blanco, A. Martinez, A. Marcaide, E.Aranzabe and OA. Aranzabe, Heterogeneous Fenton Catalyst for

the Efficient Removal of Azo Dyes in Water, American Journal of Analytical Chemistry, 2014, 5(08), 490.

4- F. Mendez-Arriaga, S. Esplugas and J .Gimenez, Degradation of the Emerging Contaminant Ibuprofen in
Water by Photo-Fenton, Water Research, 2010, 44(2), 589-595.

5- T. E. Agustina and H. Ang, Decolorization and Mineralization of Cl Reactive Blue 4 and CI Reactive Red 2
by Fenton Oxidation Process, International Journal, 2012, 3(3).

6- S. Esplugas, J. Gimenez, S. Contreras, E. Pascual and M . Rodriguez, Comparison of Different Advanced
Oxidation Processes for Phenol Degradation, Water Research, 2002, 36(4), 1034-1042.

7- N. Daneshvar, D. Salari and A. R. Khataee, Photocatalytic Degradation of Azo Dye Acid Red 14 in Water
on ZnO as an Alternative Catalyst to TiO», Journal of Photochemistry and Photobiology A: Chemistry, 2004,
162(2), 317-322.

8- E. G. Garrido-Ramirez, B. K. G. Theng and M. L. Mora, Clays and Oxide Minerals as Catalysts and
Nanocatalysts in Fenton-like Reactions—a review, Applied Clay Science, 2010, 47(3), 182-192.

9- A. T. Bell, The Impact of Nanoscience on Heterogeneous Catalysis, Science, 2003, 299(5613), 1688-1691.
10- G. Binnig, C. F. Quate and C. Gerber, Atomic Force Microscope, Physical Review Letters, 1986, 56(9),
930.

11- G. Binnig and D. P. Smith, Single-Tube Three-Dimensional Scanner for Scanning Tunneling Microscopy,
Review of Scientific Instruments, 1986, 57(8), 1688-1689.

12- S. Voyutsky, Colloid Chemistry, Mir Publisers, Moscow, 1978, 151: 154-158.

13- M. J. Povey, Ultrasonic Techniques for Fluids Characterization. Academic Press, 1997.

14- 1. Gulgonul, Evaluation of Turkish Bentonite for Removal of Dyes from Textile Wastewaters,
Physicochemical Problems of Mineral Processing, 2012, 48(2), 369-380.

15- El-Latif, M.A., lbrahim, AM., & El-Kady, M., (2010). Adsorption equilibrium, Kkinetics and
thermodynamics of methylene blue from aqueous solutions using biopolymer oak sawdust composite. Journal
of American Science, 6 (6): 267-283 .

16- M. Majdan, S. Pikus, A. Gajowiak, D. Sternik and E. Zigba, Uranium Sorption on Bentonite Modified by
Octadecyltrimethylammonium Bromide, Journal of Hazardous Materials, 2010, 184(1), 662-670.

17- A. S. Alzaydien, Adsorption of Methylene Blue from Aqueous Solution onto a Low-Cost Natural
Jordanian Tripoli, American Journal of Applied Sciences, 2009, 6(6), 1047.

18- A. Akyol and M. Bayramoglu, Photocatalytic Degradation of Remazol Red F3B Using ZnO Catalyst,
Journal of Hazardous Materials, 2005, 124(1), 241-246.

19- 1. Miyamoto, T. Maehara, H. Miyaoka, S. Onishi, S. Mukasa, H. Toyota and A. Kawashima, Effect of the
Temperature of Water on The Degradation of Methylene Blue by the Generation of Radio Frequency Plasma in
Water, J. Plasma Fusion Res. Series, 2009, 8, 627-631

20- F. Banat, A. Asheh, and M. Nusair, Desalination, 2005, 81: 255

21- M. Blanco, A. Martinez, A. Marcaide, E.Aranzabe and A. Aranzabe, Heterogeneous Fenton Catalyst for
the Efficient Removal of Azo Dyes in Water, American Journal of Analytical Chemistry, 2014, 5(08), 490

Archives Available @ www.solidstatetechnology.us


http://www.solidstatetechnology.us/

	I. Introduction
	II. Experimental Parts:
	Figure 1: Show the degradation proces
	3. Preparation of Methylene blue solutions
	4. Hydrogen peroxide
	III. Results and Discussions:
	Figure.3: A-granularity cumulating distribution chart of TiO2/Fe2O3 B&C views of AFM image of TiO2/Fe2O3 before Ultrasonic process
	IV. Conclusion:
	References:

