
 Iraqi National Journal of Chemistry 2017; 17 (4)

198 
 

 

 

 

 

 

Photocatalytic decolorization of dispersive yellow 
42 dye in ZnO/UV-A System 

 
Luma*. M. Ahmed, Eman Q. Abd-Kadium, Raghad A. Salman, Hader K. Wali and Naba K. Nasser   

 Chemistry Department, College of Science, Karbala University, Karbala, Iraq 

* E-mail: lumamajeed2013@gmail.com   

Abstract: 
This work is focused on the photocatalytic decolorization of dispersive yellow 
42 dye as textile dye. The decolorization of this dye was done in present the 
suspension solution of the commercial ZnO and the artificial light (high 
pressure mercury lamp) type 125 Watt as UV-A source at light intensity equal 
to 1.48 x 10-7 Ensien. s-1. The kinetic study for photocatalytic decolorization 
process of this dye was obeyed to pseudo-first order. The optimal variations 
for the decolorization of the studied dye at 25 mg/L were found. The best 
dose of ZnO is equal to 300 mg/100 mL and the maximum value of the initial 
pH of an aqueous solution is 7.7. Moreover, the effect of temperature was 
studied; and found that the photoreaction was endothermic and non-
spontaneous. The apparent activation energy is small value, that make the 
photoreaction of this dye is fast. 

 :الخلاصة

 24زكص هرا انؼمم ػهى الاشانت انهىوٍت انمذفصة ضىئٍاً نهصبغت انمىخشسة انصفساء 

باػخبازها صبغت نهىسٍج. اوجصث ػمهٍت الاشانت انهىوٍت نهري انصبغت بىجىد مذهىل ػانك 

 541انخجازي بىجىد ضىء اصطىاػً )مصباح شئبمً ػانً انضغظ ( ذي لدزة  ZnOمه 

اوشخاٌه نكم ثاوٍت.  x 10-7 1.48وبشدة   Aفىق انبىفسجٍت وىع  واط كمصدز نلاشؼت

مه خلال اندزاست انذسكٍت نؼمهٍت الاشانت انهىوٍت انمذفصة ضىئٍا ٌخضخ اوها حطٍغ انمسحبت 

الاونى انكاذبت. حم اٌجاد انظسوف انفضهى نؼمهٍت الاشانت انهىوٍت نهري انصبغت ػىد حسكٍص 

مههخس،  533 \مهغم 033كاوج مساوٌت انى  ZnOت نهـ نخس. اذ ان افضم كمٍ \مهغم  25

. ػلاوة ػهى 7.7واػهى لٍمت ػىد دانت دامضٍت ابخدائٍت نهمذهىل انمائً مساوٌت انى 

ذنك، حم دزاست حاثٍس دزجت انذسازة، ووجد ان انخفاػم انضىئً ماص نهذسازة وغٍس 

ىئً هً لٍمت لهٍهت حهمائً. كما وجد بان لٍمت طالت انخىشٍظ انظاهسٌت نهخفاػم انض

 مما جؼم انخفاػم سسٌغ.
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Introduction: 

The textile industry is deemed as one of the oldest and wide used in world. 
This industry is essential depended upon dyes that used to dying the textile; 
hence, the thousand tons from the wastewater will produce as effluents 
emanating that often contain large amounts of colored organic pollutions. 
That will affect directly or indirectly on human healthy. In the manner, more 
than 3600 individual textile dyes manufactured to use in dyeing and printing, 
so, that will need to use more than 8000 chemicals in various processes 
during produced the textile and the major types of used dye in these 
processes are disperse dyes, vat dyes, sulphur dyes and reactive dyes [1,2]. 
In the last few decades, many research attentions focused on the treatment 
methods of wastewater such as photocatalysis [3-8], Solar photocatalysis [9-
11] adsorption [12-14], biosorption [15], biodegradation [16-18], fenton and 
photofenton[19,20], solar photofenton [21] and Electrochemical degradation 
[22,23].  
Disperse dyes are the wide used in textile industry, and they are mostly 
insoluble or slightly soluble in water, non-ionic chemicals, predominantly 
applied on polyester and although they have a poor wet-fastness properties 
but they applied on nylon, cellulose acetate and acrylic fibers[24-27]. In the 
1970s, by depended on their sublimation fastness and dyeing properties, the 
ICI developed a new discerning method for the classification of these dyes to 
Class A to Class D [27]. The Class A is a small relative molecular size and low 
sublimation fastness like disperse orange 3 dye, while the Class D is revers of 
Class A like disperse blue 27. But, Class B (like disperse red 19 dye) and Class 
C (like disperse yellow 42 dye) are had properties between these two 
extremes [26]. 
This current work aims to investigate the photocatalytic decolorization 
reaction of 25 ppm of disperse yellow 42 dye as Class C by studying of the 
effect of loading of ZnO, initial pH of dye solution and temperature on the 
decolorization process. 
  
 Material and Methods  
 

All the used chemicals were employed without purification. Commercial zinc 
oxide was supplied by Fluka. Dispersive yellow 42 dye (C18H15N3O4S) has 
IUPAC name 4-anilino-3-nitro-N-phenylbenzenesulphonamide, molecular 
weight 369.40 g/mol; λmax 488 nm, this dye called as nitroarylamino disperse 
dyes (nitrodiphenylamine dye) and supplied by Hilla textile factory.  

 

All the photocatalytic experiments were done inside a photo reactor (figure 1) 
that contains of source for irradiation as UV-A lamp type Philips (a), Pyrex 
glass beaker (b) as container of photoreaction, Teflon bar (c) and magnetic 
stirrer (d) used to mix a solution, fan (e) used to fix the temperature of 

reactor, and wooden box (f) to prevent the escape of harmful light[4,6].  

 

(a) 
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Figure1.  Photo reactor setup. 

100 mL from 25 ppm of dispersive yellow 42 dye was magnetically mingled 
with a required dose of ZnO to maintain even distribution of suspension 
solution in photo reactor. Before the illumination process, the dark reaction 
was done with stirring for 30 min to ensure contacting all the active sites of 
catalyst with the dye solution [6, 7, 28]. And then, the solution was exposed 
to125-Watt high pressure mercury lamp as the UV-A light source at light 
intensity equal to 1.48 x 10-7 Ens. s-1 which calculated using the chemical 
actinometric solution [29].This process will lead to generate enough amount 
of hydroxyl radical that important to start the photoreaction [3,7]. 
 In all runs of photocatalytic reaction, certain mL of mixture was eliminated 
from the bulk solution at specific time's gradient; and then centrifuged at 15 
minutes to separate a filter solution. The produced filter solution was carefully 
transferred using a syringe to new plastic test tube and centrifuged again at 
10 minutes to remove the fine particles of ZnO from this solution. After these 
steps, the residual concentration of reactive yellow 42 dye was measured at 
488 nm by using (optima) UV-visible spectrophotometer.  
 

The apparent rate constant (kapp.) for this reaction was conducted using the 
following equation [3, 5, 30] 
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whereas: Co is an initial concentration of dispersive yellow 42 dye at (dark 
reaction). Ct is a concentration of the same studied dye at t time of 
illumination. 
 

The % Efficiency of decolourization for dispersive yellow 42 dye (% E) was 
calculated using the following relationship [31]: 
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Results and Discussion 

1. Effect of ZnO dose 

The effect of ZnO dose on photocatalytic decolorization of dispersive yellow 
42 dye from aqueous solution was investigated in figures 2 and 3. 
 

 

 

 

 

 

 

 

 

Figure 2: Effect of ZnO dosage on decolourization of  25 ppm from dispersive 

yellow 42 dye,  at ZnO dosage (100-400) mg/100 mL, pH 7.7, Temp. 311.15 K, 

UV light intensity 1.48 x 10-7 Ensien. s-1). (a) ln (Co/C) vs time and (b) kappvs  ZnO 

dose. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Effect of ZnO dosage on %E for decolourization of  25 ppm from dispersive 

yellow 42 dye.  at ZnO dosage (100-400) mg/100 mL, pH 7.7, Temp. 311.15 K and UV 

light intensity 1.48 x 10-7 Ensien. s-1). 

  

 

The results clearly show that the decolorization of DY42 dye at 488 nm 
gradually increases with increasing irradiation time, and the maximum 

  

a                                                                                b 
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apparent rate of reaction was reached at 300 mg/100 mL at % efficiency 
equal to 96.2%. However, on further rise in ZnO dose that sharply decreases 
the % efficiency to 84.3% at 400 mg/100 mL, that due to the aggregation of 
photocatalyst particle that will depress the contact area between the solution 
of dye and the photocatalyst. In other words, this rise will increase the 
turbidity of solution, and reduce the activity of photocatalyst that called 
screen effect [32-36]. 
 

2. Effect of initial pH 

The results in figures 4 and 5 indicate that the pH of dye solution is very 

important parameter to accelerate the photocatalytic decolorization of dye. 

The rise the initial pH of dye solution from 3 to 7.7 that increase the % 

efficiency of decolorization from % 81.8 to 96.2%  in 25 min, then decline to 

% 92.1 at pH equal to 10. This change can be explained on the natural and 

the ability of ionization of dye, moreover, the surface state of photocatalyst 

that related to the net charge of photocatalyst surface in basic and acidic 

medium [36]. This implies that the acidic medium and basic medium lead to 

positively charge and negatively charge of photocatalyst, hence the activity 

will decline. This result was in agreement with the results in the references 

[6, 37, 38]. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of initial pH on decolourization of  25 ppm from dispersive yellow 42 dye,  

at ZnO dosage (300) mg/100 mL, pH (3-10), Temp. 311.15 K, UV light intensity 1.48 x 

10-7 Ensien. s-1). (a) ln (Co/C) vs time and (b) kappvs initial pH. 
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Figure 5: Effect of initial pH on %E for decolourization of  25 ppm from dispersive 

yellow 42 dye.  at ZnO dosage 300  mg/100 mL, pH (3-10),  Temp. 311.15 K and 

UV light intensity 1.48 x 10-7 Ensien. s-1).  

 

3. Effect of temperature 

The photocatalytic reaction of dispersive yellow 42 dye was followed at four 
various temperatures in the range 283.15- 311.15 K employing 300 mg of 
ZnO under UV-A light. The essential goal of present article is describing a 
type, speed and is the reaction spontaneous or nonspontaneous of this 
photoreaction at calculated the apparent activation energy using Arrhenius 
equation and calculated the thermodynamic parameters using Eyring- Polanyi 
equation and Gibbs equation [6, 7, 39-41]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 6: Arrhenius equation plot of (ln Kapp) vs. 1/T. Conductions: Dispersive yellow 

42 dye conc. = 25 ppm, ZnO dosage = 300 mg/100 mL, pH = 7.7, temperature = 

283.15-311.15 K, UV light intensity = 1.48 x 10-7 Ens .s-1
. 
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Figure 7: Eyring plot of (ln(Kapp/T)) vs.1/T. Conductions: Dispersive yellow 42 dye 

conc. = 25 ppm, ZnO dosage = 300 mg/100 mL, pH = 7.7, temperature = 283.15-

311.15 K, UV light intensity = 1.48 x 10-7 Ens .s-1
 

 
 

The rise in temperature would enhanced the photocatalytic, this reason can 
be ascribed to increase the creation of hydroxyl radical and depress the 
adsorption capacities associated with dye and dissolved oxygen [38, 42- 44]. 
Regression of the experimental data in figures 6 and 7 obtain that the 
photocatalytic decolorization of dispersive yellow 42 dye using ZnO is fast 
(low Ea), endothermic (positive ΔH#), low  randomness for the formed complex 

(negative ΔS#) and nonspontaneous (positive ΔG#). These results are 
summarized in table 1, and similar the results that reached by references [5-

7, 41, 43]. The value of free energy changes Δ𝐺# is positive, that confirming 
that the transition state between the dispersive yellow  42 dye molecules and 
hydroxyl radicals in intermediate state is being as a high solvated structure 
[6, 7, 45]. 
 
 

Table 1: The activation kinetic and thermodynamic parameters of the 
decoloration reaction of dispersive yellow 42 dye in present ZnO suspension 
under light type 125 watt -Hg lamp. 
 

Ea   kJ mol-1 ΔH#   kJ mol-1 ΔS#  kJ mol-1 K-1 ΔG#
311.15 kJ mol-1 

9.349 6.889 -0.2407 81.783 

  
 
4. Suggested Mechanism: 
This mechanism depended upon the creating the electron- hole pairs, when 
UV-A light fill on the suspension solution ZnO with dye and in series steps that 
lead to produce hydroxyl radical as power for starting the photodecolorization 
of the color from dye in final pH equal to 7.While, with the continuous in the 
photocatalytic reaction that will produce CO2 and H2O in mineralization 
process [5,6, 46,47]. 
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Scheme 1. Schamitic diagram for suggested mechanism for decolorization of 

(Dispersive yellow 42 Dye/ZnO semiconductor/ UV-A light system). 
 
 

Conclusions: 
 

In this project the photocatalytic decolorization process of dispersive yellow 
42 dye using ZnO was estimated, by the following main conclusions: 

1- The photoreaction is obey the pseud first order, when plot ln(Co/Ct) 
verse the time, that obtain linear line. 

2- The percentage efficiency for decolorization of  25 ppm of dye was 
reached to 96% at 25 min at optimal conditions such as 300 
mg/100ml, initial pH equal to 7.7. 

3- The rise of reaction temperature that leads to enhance the photo 
reaction, and increase the speed of it. These results indicate the 
activation energy is small value and the reaction is endothermic. 
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