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ABSTRACT: 

In the present work photocatalytic oxidation is used for treating a dye-polluted water solution using ZnO (in the 

nano scale form) as a photocatalyst. The variables studied are: initial concentration of dye, catalyst dosage and pH 

value. Experiments are run using dye solutions of 5, 10, 15, 30 and 50 ppm dye concentration and the percentage 

dye degradation is determined periodically with time. Results indicated that for a dye solution with pH value of 2.2 

and catalyst concentration of 0.1 g/l of solution, the percentage dye degradation was 54, 52.7, 49.87, 29.17 and 

13.06% for dye concentrations of 5, 10, 15, 30 and 50 ppm, respectively. Thus the percentage dye degradation is 

higher for more diluted solutions. The corresponding values, for percentage dye degradation, when using catalyst 

concentration of 0.2 g/l were: 56.6, 55.3, 52.40, 34.6 and 13.42% for the same sequence of initial dye 

concentration of 5, 10, 15, 30 and 50 ppm. Thus, an increase in percentage dye degradation is recorded for 

increasing catalyst dosage (increased to 0.2 gm/l as compared to 0.1 g/l earlier). The values determined when using 

catalyst concentration of 0.3 g/100 ml were 59.4, 57.3, 53.8, 37.6 and 15.04%. Still higher values for percentage 

dye concentration were recorded when increasing catalyst concentration to 0.4 g/l of dye solution with the highest 

value of 62.0% percentage degradation for catalyst concentration of 0.4 g/100 ml and 5ppm dye solution. For a 5 

ppm dye solution and 0.4 g/l catalyst dosage, the percentage dye degradation was 74.6% at pH 7.2, while the 

maximum value was 97.6% and it was recorded for 5 ppm dye solution with catalyst dosage of 0.4 g/l dye solution 

and pH value of 12.2. Thus, the study showed that increasing both catalyst concentration and pH value have 

positive effect on percentage dye concentration, while initial dye concentration has a negative effect.  
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1. INTRODUCTION: 

Water pollutants can come from several industrial streams. An example is the pollution caused by dyes 

from textile industries and other commercial dyestuffs.  

Dye pollution is considered one of the most problematic groups of pollutants because they can be easily 

identified by the human eye and are not easily removed. The removal of such dyes from industrial effluents is very 

difficult because dyes show resistance to many chemicals, oxidizing agents, light and heat and are biologically 

non-degradable [1, 2]. 

AOPs include photocatalytic systems such as a combination of a semiconductor (TiO2, ZnO, etc.) and UV 

light [3-5]. Photo- catalytic oxidation is cost effective and capable of degrading any complex organic chemicals 

when compared to other purification techniques [3]. ZnO has been reported to be more efficient than TiO2. 

During recent years there has been an increasing public awareness and concern regarding environmental 

pollution. Most pollutants in the waste water effluents from industrial or domestic sources comprise some  organic 

chemicals and pathogens which must be removed or destroyed before discharge into the water. The main sources 
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of colored organic reagents which are called dyes are the textile industry and other chemical industries. The wastes 

released from these industries are in highly complex state causing difficulty in handling for further treatment.   

Most modern synthetic dyes are fairly stable even to sunlight, with some of them being carcinogenic [6, 7]. Thus 

waste water from a textile industry essentially needs an efficient treatment technology which can overcome all the 

aforesaid challenges giving ultimately clean water for safe disposal. Various conventional methods have been 

pressed into practice, in the decolourization and degradation of dyes in the waste namely: biological treatment 

methods, coagulation, filtration, adsorption by activated carbon, reverse osmosis [8]. Low cost methods such as 

adsorption by activated charcoal, amongst these have been proven to be effective but incomplete in that they 

produce large amounts of solid wastes for further disposal thus adding to further pollution and environmental 

hazards. The other methods which have been proved efficient are not cost-effective [9]. Thus these methods either 

produce large amount of toxic sludge causing disposal problems or fail to accomplish the complete degradation.  

Therefore, there is a need to develop a novel treatment method that is more effective in eliminating dyes 

from the wastewater.  Recently, there are alternative techniques for destructing dyes in industrial water. These 

techniques are called advanced oxidation processes (AOPs). They were developed to face the increasing demand 

of an effective wastewater treatment process. These technologies are based on the generation of highly reactive 

intermediates (principally the hydroxyl radical), which are capable of attacking the organic pollutants, and 

initializing their oxidation and mineralization. The complete mineralization of pollutants leads to harmless end 

products (CO2+H2O). Semiconductor photocatalysis are newly developed AOPs and can be applied to degrade 

dyes conveniently [10].  One of the most commonly used semiconductors in photocatalytic processes is ZnO.  

The photocatalytic decolorization of a dye is believed to take place according to the following mechanism: 

when a catalyst is exposed to UV radiation, electrons are promoted from the valance band to conduction band and 

an electron- hole pair is produced (equation 1) [11]. 

Catalyst +hν → e
-
cb + h

+
vb                                                         (1) 

Where, e
-
cb and h

+
vb are the electrons in the conduction band and the electron vacancy in the valence band, 

respectively. Both these entities can migrate to the catalyst surface, where they can enter in a redox reaction with 

other species present on the surface. In most cases, h
+

vb can react easily with surface bound H2O to produce OH
•
 

radicals, whereas, e
-
cb can react with O2 to produce superoxide radical anion of oxygen (equations 2 and 3) [11]. 

H2O + h
+
 vb → OH

•
 + H

+
                                                                    (2) 

            O2 + e
-
cb → O2

-•                                                                                                          
(3)  

This reaction prevents the combination of the electron and the hole which are produced in the first step. OH
•
 and 

O2
-•
, can then react with the dye to form other species and are thus responsible for the decolorization of the dye 

(equations 4 - 7).  

            O2
-•
 + H2O → H2O2                                                                (4) 

            H2O2 → OH
2•

                                                                         (5) 

            OH
•
 + dye→ dyeox                                                                  (6) 

           dye + e
-
cb→ dyered                                                                    (7) 

The advantage of using semiconductor- based materials as photoactive catalysts in the detoxification of 

pollutants is the complete mineralization into environmentally friendly products, without generation of waste, 

which is not possible in the case of any other treatment method [12]. Other advantages include easy regeneration, 

reusability and activity under easily available UV-visible photolight. Among the various semiconductor 
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photocatalysts, ZnO appears to be a highly promising photocatalyst. One of the emerging technologies is nano 

photocatalysis using nanostructured semiconductors due to its high catalytic efficiency.             

The main focus of the present work is to use commercially available nano structured ZnO in the 

photocatalytic decolourization and degradation study of methylene blue dye (MB). 
 

2. EXPERIMENTAL PART: 

2.1. Experimental setup and instrumentation: 

The experiments were performed using a UV Tubular reactor, which uses a UV lamp for the photodegradation of 

the MB dye used as a pollutant. Fig. (3.1) shows the experimental setup 

The UV lamp is 10 cm diameter and 40 cm long. It has a wavelength of 400 nm and 15watts.  A pump is used for 

circulating the polluted water. It is a peristaltic (dosing) pump, supplied by Cole Parmer Instrument Company 

System, Model No 7521-10, giving a maximum flow rate of 580 ml/ min. A magnetic stirrer is used to ensure good 

mixing of ZnO with the polluted water. It is a product of B&T Company, having a maximum velocity of 100 rpm. 

A centrifuge is used to separate the catalyst particles from the solution before carrying up the measurement on the 

spectrophotometer. It is an auto bench centrifuge (80- 2) having a maximum speed of 4000 rpm. Dye concentration 

is followed along the test period using a UV-Vis spectrophotometer (PG Instruments LTD, Model T80).   

2.2. Materials  

Pollutants: 

Methylene Blue dye (λ= 664 nm) is used as a model pollutant throughout the experiments. It has the formula: 

C16H18N3SCl.3H2O. It is kindly supplied by Ciba Giegy 

Catalyst: 

 ZnO nano particles with particle size <100nm and average particle size ≤ 40nm are used as catalysts for the 

degradation of the pollutant, Methylene Blue dye, in the synthetic wastewater. The catalyst was prepared by Beni-

Suef University. 

        Hydrochloric Acid: 

HCl is used for adjusting the pH of the polluted water. It is supplied by Elnasr Pharmaceutical Chemicals Co., 

Egypt. 

        Sodium Hydroxide: 

NaOH (98% purity; molecular weight 40) is used for adjusting the pH of the polluted water. It is kindly supplied 

by Oxford Laboratory. 

        Water: 

Distilled water is used for preparing artificially polluted effluents. 

2.3. Parameters Studied: 

The parameters studied in the present work are: 

Initial dye concentration: Solutions with concentrations 5, 10, 15, 20, 30 and 50 ppm were used. 
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Catalyst concentration: catalyst dosage with the values of 0.1, 0.2, 0.3 and 0.4 g/l    were tested. 

pH value: pH was changed with the values of 2.2, 7.2 and 12.2 

3. RESULTS AND DISCUSSION: 

The concentration of dye in the solution is followed through periodic readings on the spectrophotometer and 

these readings are used for calculating the percentage dye degradation along the test period. 
 

3.1. Effect of initial dye concentration: 

Solutions with initial dye concentration os 5, 10, 15, 30 and 50 ppm were tested with different values of 

catalyst concentration and different values of pH. Sample results are given in Figs. 1, 2 for relatively dilute 

(5, 10 and 15 ppm) solutions and relatively concentrated (30 and 50 ppm) solutions, respectively at catalyst 

loading of 0.1 g/l and pH value 2.2.    

 

Fig. 1: Effect of initial concentration of pollutant on its degradation,  

Cₒ=5, 10, 15 ppm, at 0.1 g ZnO/l and pH=2.2 
 

 

Fig. 2: Effect of initial concentration of pollutant on its degradation,  

Cₒ=30, 50 ppm, at 0.1 g ZnO/l and pH=2.2 

 

Figures 1, 2 show that the rate of degradation is higher in the initial period of the reaction and it decreases 

afterward. After 90 minutes of reaction, the percentage dye degradation was calculated to be 54, 52.7, 49.87, 29.17 
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and 13.06% for solutions with dye conentrations of 5, 10, 15, 30 and 50 ppm, respectively. Thus the percentage 

dye degradation is higher with lower dye concentration in the solution. This result agrees with the work of Sampa 

Chakrabarti [13]. The corresponding results for 0.4 g/l catalyst dosage and pH 12.2 are shown in Figs. 3 and 4. 

   

 

Fig. 3: Effect of initial concentration of pollutant on its degradation, 

Cₒ=5, 10, 15 ppm, at 0.4g ZnO/l and pH=12.2 

 
Fig. 4: Effect of initial concentration of pollutant on its degradation, 

Cₒ=30, 50 ppm, at 0.4g ZnO/l and pH=12.2 

 

The values of dye concentration measured at  different times, Ct, are used to calculate the percentage dye 

degradation at these particular times and the calculated values for percentage dye degradation are given in Table 1. 
Table 1: Percentage dye degradation for different initial dye concentration at pH 12.2 and 0.4g/l ZnO   

time Pollutant Concentration (Ct), ppm 

5ppm 10ppm 15ppm 30ppm 50ppm 

Ct % deg Ct % deg Ct % deg Ct % deg Ct % deg 

0 5 0.00 10.00 0.00 15.00 0.00 30.00 0.00 50.00 0.00 

5 2.4 52.00 5.43 45.70 9.78 34.80 25.92 13.60 47.36 5.28 

10 0.65 87.00 3.00 70.00 6.15 59.00 21.01 29.97 45.21 9.58 

15 0.31 93.80 0.97 90.30 5.33 64.47 18.20 39.33 38.92 22.16 

20 0.23 95.40 0.77 92.30 4.17 72.20 15.98 46.73 38.74 22.52 

40 0.14 97.20 0.58 94.20 3.07 79.53 15.38 48.73 37.11 24.78 

60 0.13 97.40 0.56 94.40 3.04 79.73 15.32 48.93 37.08 25.84 

90 0.12 97.60 0.53 94.70 3.01 79.93 15.26 49.13 37.07 25.86 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DChakrabarti,%2520Sampa%26authorID%3D8409865800%26md5%3D2d81558793740abaa8450ed95fee1b90&_acct=C000041101&_version=1&_userid=739499&md5=ab5ee819f12a7c4a5f1d14690cab7512
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DChakrabarti,%2520Sampa%26authorID%3D8409865800%26md5%3D2d81558793740abaa8450ed95fee1b90&_acct=C000041101&_version=1&_userid=739499&md5=ab5ee819f12a7c4a5f1d14690cab7512
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Examination of the figures in Table 1 shows that the highest percentage dye degradation, 97.6%, is obtained from a 

5 ppm dye polluted solution at pH value 12.2, using a catalyst dosage of 0.4 g/l. 

3.2. Effect of catalyst dose: 

Catalyst dosage of 0.1, 0.2, 0.3 and 0.4 g/l ZnO nanoparticles/l of dye solution was used and tests were run 

on solutions with different concentrations; 5, 10, 15, 30 and 50 ppm and different pH values; 2.2, 7.2, and 

12.2. Sample results are presented in Figs. 5-7, for 5 ppm dye solution at pH values 2.2, 7.2 and 12.2, 

respectively. 

 

Fig. 5: Effect of amount of ZnO catalyst on degradation at Cₒ=5 and pH=2.2 

 at ZnO= 0.1, 0.2, 0.3 and 0.4g/l 

 

 
Fig. 6: Effect of amount of ZnO catalyst on degradation at Cₒ=5 and pH=7.2 

 at ZnO= 0.1, 0.2, 0.3 and 0.4g /l 
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Fig. 7: Effect of amount of ZnO catalyst on degradation at Cₒ=5ppm and pH=12.2 

 at ZnO= 0.1, 0.2, 0.3 and 0.4g /l 

 

Examination of these figures clarifies that the same trend for the effect of catalyst dosage – increasing rate of dye 

degradation with increasing catalyst dose- is shown even with changing the pH value. The values calculated for the 

percentage dye degradation at pH value 12.2 and different catalyst dosages are shown in Table 2. Examination of 

the figures in Table 2 indicates that the highest percentage dye degradation, 97.6%, is obtained when using catalyst 

concentration 0.4 g/l at pH value 12.2. This is followed by 96.0, 94.6 and 91.86% for catalyst concentrations 0.3, 

0.2 and 0.1 g/l, respectively.  
Table 2: Percentage dye degradation for different doses of catalyst 

 at pH 12.2 and 5 ppm MB 

Pollutant Concentration (Ct), ppm Time, 

Min 0.4g ZnO/l 0.3g ZnO/l 0.2g ZnO/l 0.1g ZnO/l 

% deg. Ct % deg. Ct % deg. Ct % deg. Ct 

0.00 5 0.00 5 0 5 0 5 0 

52.00 2.4 48.60 2.57 47.20 2.64 34.52 3.29 5 

87.00 0.65 80.60 0.97 78.60 1.07 55.43 2.23 10 

93.80 0.31 90.40 0.48 87.00 0.65 81.79 0.91 15 

95.40 0.23 94.00 0.30 93.00 0.35 89.22 0.53 20 

97.20 0.14 95.60 0.22 94.20 0.29 91.37 0.43 40 

97.40 0.13 95.80 0.21 94.40 0.28 91.61 0.42 60 

97.60 0.12 96.00 0.20 94.60 0.27 91.86 0.41 90 

 

The corresponding values at pH 2.2 are given in Table 3; also for 5 ppm dye solution and different catalyst 

concentrations. Examination of the figures in Table 3 shows that increasing catalyst concentration increases 

percentage dye degradation. However, relatively lower values for percentage dye degradation are obtained as 

compared to those values obtained at pH 12.2 (in Table 2). 
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Table 3: Percentage dye degradation for different doses of catalyst 

 at pH 2.2 and 5 ppm MB concentration 

Pollutant Concentration (Ct), ppm Time, 

min 0.4g ZnO/l 0.3g/l ZnO 0.2g ZnO/l 0.1g ZnO/l 

% deg. Ct % deg. Ct % deg. Ct % deg. Ct 

0 5 0 5 0 5 0 5 0 

41.4 2.93 37.4 3.13 29.4 3.53 21.2 3.94 5 

51.00 2.45 49.8 2.51 41.2 2.94 39.4 3.03 10 

53.4 2.33 53.2 2.34 41.4 2.93 48.6 2.57 15 

59.00 2.05 57.8 2.11 54.4 2.28 52.00 2.4 20 

61.6 1.92 58.8 2.06 56.00 2.2 53.4 2.33 40 

61.8 1.91 59.2 2.04 56.4 2.18 53.8 2.31 60 

62.00 1.9 59.4 2.03 56.6 2.17 54.00 2.3 90 

 

3.3.  Effect of pH value: 

Experiments were run on dye solutions 5, 10, 15, 30 and 50 ppm concentration with catalyst concentrations 0.1, 

0.2, 0.3 and 0.4 g/l at different pH values of 2.2, 7.2 and 12.2. Sample results are given below. 

Table 4 and figure 8 show the experimental results for a dye polluted solution of 5 ppm concentration and 

0.1 g/l catalyst at different values of pH.  After 90 minutes of reaction time, a solution with an initial dye 

concentration of 5 ppm reached 0.41 ppm with a percentage degradation of 91.86% at pH value 12.2 and 0.1 g/l 

catalyst concentration. This percentage corresponds to 67. 4 and 54.0% at pH values of 7.2 and 2.2, respectively. 

Thus, increasing the pH value of the solution increases the percentage degradation of the dye.  

   

Table 4: Percentage dye degradation for 5pmm MB solution, 

 0.1g/l ZnO and different pH values  

Time, 

min 

Pollutant Concentration (Ct), ppm 

2.2 pH 7.2 pH 12.2 pH 

Ct % deg. Ct % deg. Ct % deg. 

0 5 0 5 0 5 0 

5 3.94 21.2 3.71 25.80 3.29 34.52 

10 3.03 39.4 2.95 41.00 2.23 55.43 

15 2.57 48.6 2.51 49.80 0.91 81.79 

20 2.4 52.00 2.33 53.40 0.53 89.22 

40 2.33 53.4 1.65 67.00 0.43 91.37 

60 2.31 53.8 1.64 67.20 0.42 91.61 

90 2.3 54.00 1.63 67.40 0.41 91.86 
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Fig. 8: Effect of pH values on dye degradation at Cₒ=5ppm 

 and ZnO = 0.1g/l and pH= 2.2, 7.2 and 12.2 

For a solution 10 ppm concentration and at the same catalyst concentration of 0.1 g/l, the corresponding values of 

percentage degradation were 52.7, 62.75 and 86.90%  at pH values  2.2, 7.2 and 12.2,  respectively.  Thus the 

results in this test have the same trend as the earlier ones at 5 ppm solution but with relatively lower values for 

percentage dye degradation. The results of this test are shown in Table 5.  

 
Table 5: Percentage dye degradation for 10ppm MB, 

0.1g/l ZnO and different pH values 

Time, 

min 

Pollutant Concentration (Ct), ppm 

2.2 pH 7.2 pH 12.2 pH 

Ct % deg. Ct % deg. Ct % deg. 

0 10 0 10 0 10.00 0.00 

5 9.02 18 7.2 28 7.01 29.90 

10 7.26 41.7 5.83 41.7 5.21 47.90 

15 6.02 47.8 5.22 47.8 3.12 68.80 

20 5.57 50.9 4.91 50.9 1.95 80.50 

40 4.91 52.3 3.77 62.3 1.34 86.60 

60 4.84 52.6 3.74 62.6 1.33 86.70 

90 4.83 52.7 3.73 62.7 1.31 86.90 

For a dye solution of 5 ppm concentration and 0.4 g/l catalyst concentration, the highest percentage degradation 

was 97.6% at pH 12.2. This is to be compared with 74.6 and 62.0% at pH values 7.2 and 2.2, respectively. The 

results of this test are shown in Table 6. The attitude of these results agrees with the previous work of Gajbhiye, 

2012 [14]. Furthermore, for a solution 50 ppm dye concentration and 0.4g/l catalyst concentration, the results are 

shown in Table 7. The results have the same trend as the previous test, i.e., increasing percentage dye 

concentration with increasing pH value. A percentage dye degradation of 25.86 was achieved at pH value 12.2 as 

to be compared with 21.2 and 17.26% at pH values of 7.2 and 2.2, respectively.    
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Table 6: Percentage dye degradation for 5pmm MB solution, 

 0.4g/l ZnO and different pH values 

Time, 

min 

Pollutant Concentration (Ct), ppm 

2.2 pH 7.2 pH 12.2 pH 

Ct % deg. Ct % deg. Ct % deg. 

0 5 0 5 0 5 0.00 

5 2.93 41.4 2.94 41.20 2.4 52.00 

10 2.45 51.00 2.22 55.60 0.65 87.00 

15 2.33 53.4 2.03 59.40 0.31 93.80 

20 2.05 59.00 1.79 64.20 0.23 95.40 

40 1.92 61.6 1.29 74.20 0.14 97.20 

60 1.91 61.8 1.28 74.40 0.13 97.40 

90 1.9 62.00 1.27 74.60 0.12 97.60 

 

Table 7: Percentage dye degradation for 50ppm MB, 

 0.4g/l ZnO and different pH values 

Time, 

min 

Pollutant Concentration (Ct), ppm 

2.2 pH 7.2 pH 12.2 pH 

Ct % deg. Ct % deg. Ct % deg. 

0 50 0 50.00 0.00 50.00 0.00 

5 45.02 9.96 45.09 9.82 47.36 5.28 

10 43.83 12.34 43.51 10.98 45.21 9.58 

15 43.41 13.18 41.56 16.88 38.92 22.16 

20 42.51 14.98 40.83 18.34 38.74 22.52 

40 41.55 16.9 39.62 20.76 37.11 24.78 

60 41.49 17.02 39.46 21.08 37.08 25.84 

90 41.37 17.26 39.40 21.20 37.07 25.86 

 

Thus, when studying the effect of pH value, it is noticed that higher pH values result in higher percentage 

degradation. This is valid at different values of catalyst concentration and for different values of initial dye 

concentration. 

 

CONCLUSION: 

The following conclusions could be made from the present study: 

- The rate of dye degradation is higher as the initial dye concentration is lower.  

- Higher percentage dye degradation is achieved by lower concentration dye solutions, e.g., a percentage dye 

degradation of 97.6% is achieved by a dye solution 5 ppm concentration at pH 12.2 and 0.4 catalyst 

concentration as compared to 25.86 % for 50 ppm dye solution at the same values of pH and catalyst 

concentration. 

- Increasing the catalyst dose has a positive effect on the percentage dye degradation. Values of percentage 

dye degradation using 0.4 g/l catalyst concentration were noticeably higher than its corresponding’s when 

catalyst doses of 0.3, 0.2 or 0.1 g/l were used. A 10 ppm dye solution showed a percentage dye degradation 

of 94.7 when using 0.4 g/l catalyst at pH 7.2, while the same solution showed 68.3, 66.2 and 62.7% 

degradation when using catalyst concentration 0.3, 0.2 and 0.1 g/l, respectively at the same pH value.  
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- Increasing the pH value increases the rate of dye degradation and its percentage degradation. A percentage 

dye degradation of 97.6 was achieved with a 5 ppm dye solution at pH value 12.2 when using 0.4 g/l 

catalyst dose and this corresponds to 74.6 and 62% at pH values of 7.2 and 2.2, respectively, keeping other 

parameters constant.  
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 الملخص العربى

حيث يعترب شلك معدل ( النانو)وذكل ابس تخدام أأكس يد الزنك ىف الصورة املتناهية الصغر . لصبغة امليثيلني الأزرق   تحلل الضويئ، مت دراسة ال  يف هذه ادلراسة

ا مساحة سطح طبقات اكس يد الزنك املتناهية الصغر متتكل املسافات البينية املرنة و قدرة التبادل الاكتيوين تكون عالية وايض. من أأكس يد الزنك ىف الصورة العادية

هنا تعترب حافزا واعدا لإزاةل الصبغة. عالية كام اهنا لها كثافة عالية من مجموعة الهيدروكس يل عىل السطح  .وابلتايل، فاإ

 . مكحفز ضوىئ لتدمري صبغة امليثلني الزرقاء املوجودة ابحمللول( النانو)هنا يمت اس تخدام اكس يد الزنك ىف احلاةل املتناهية الصغر 

اكس يد الزنك كامدة ،وتركزي العامل احلفاز ( جزء ىف املليون 51، 01، 05، 01، 5مخس قمي مت اختبارها )الرتكزي الابتداىئ للصبغة : الىت متت دراس هتا ىهالعوامل 

ثالث قمي مت )حيث الأس الهيدروجيىن وايضا متت دراسة وسطية احمللول من ( لرت من احمللول/مج 1.0، 1.0، 1.0، 1.0اربع قمي مت اختبارها )متناهية الصغر 

 (. 00، 2.0، 0.0اختبارها 

كس يد الزنك ىف الصورة املتناهية الصغر   (:النانو)التحلل الضوىئ ابس تخدام أأ

 :دراسة تأأثري الرتكزي الابتداىئ للصبغة داخل احمللول اظهرت التاىل

   بغةلكام قل الرتكزي الابتداىئ لكام زاد معدل التدهور او التحلل للص. 

  (.لرت/مج1.0، 1.0، 1.0)لرت من احمللول مقارنة ابلمكيات الاقل /مج1.0المكية الأنسب من العامل الضوىئ احلفازىه عند الرتكزي 

 ىن معليات التحفزي الضوىئ تعمل بشلك افضل ىف الوسط القاعدى عهنا ىف الوسط احلامىض او املتعادل مبعىن ان القمية الانسب للأس الهيدروجي

 .00ول هو للمحل
 

 (:Optimization)دراسة 

ىل أأعىل نس بة لتحلل  (RSM)وقد اجريت دراسة الأبمتة ابس تخدام برانمج  وذكل لتحديد القمي الأنسب للعوامل املؤثرة عىل معلية التحلل الضوىئ والىت تؤدى اإ

 :  الأس الهيدروجيىن  للمحلول ونانت الررو  الأملل ىهمكية العامل الضوىئ احلفاز وقمي، وىف هذا اجلزء متت دراسة تأأثري معدل الرساين. الصبغة

  دقيقة/ملليلرت 052.020معدل الرساين عند. 

  00.0112قمية الأس الهيدروجيىن عند. 

  لرت من احمللول/مج1.0420مكية العامل احلفاز الضوىئ عند . 

 وهذا يوحض توافق النتاجئ املعملية ونتاجئ الأبمتة اىل حد كبري

 

 

 


