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ABSTRACT 
Decolorization of Crystal Violet (CV) cationic dye was studied using photocatalyst process. 

This catalyst was show to be  more effective  for photodegradation of many structural classes of  

temperature, and photocatalyst used ZnO  were examined to find out the optimum operating 

conditions of the treatment processes.Generally it has been found that the rates of 

photodegradation was completed in the comparatively shortened time of 75 minutes irradiation. 

The photocatalytic bleaching of the dye was observed Spectrophotometer at λmax = 565nm The 

photodegradation reaction  of dye under UV obeys the pesedu first order kinetics . 

 

 الخلاصة .
. UVوحقٍُت  ZnO  بأسخعًال انسطخ الأكسذة انًذفضةعًهٍاث بأسخعًال ( CVإصانت صبغت  )فً هزا انبذث حى دساست  

.  يذانٍهها انًائٍت فًنخجضئت انضىئٍت نبعط الأصُاف انخشكٍبٍت يٍ الأصباغ انعضىٌت ا عهىحأثٍش انعايم انًذفض  وحى اٌضاح

  ZnOانخذفٍض انضىئً باسخخذاو وانًذهىل ، دسجت انذشاسة ،  pHدساست حأثٍش حشكٍض انصبغت الابخذائً ،  هزِ انذساست حضًُج

َسبٍا  انضىئٍت قذ حذققج فً فخشة صيٍُت قصٍشة انخجضئت حى انخىصم انى عًهٍت  .عًهٍاث  انًعانجت فً  انًثهىنًعشفت انظشوف 

دقٍقت يٍ  انخشعٍع . حى اسخخذاو انًطٍاف نغشض قٍاط حشكٍض انصبغت غٍش انًخذطًت ورنك عُذ ايخصاص يذهىنها  57نًذة 

نصبغت انبُفسجً انبهىسي أشاسث دشكٍت انخجضئت اٌ سشعت انخجضئت انضىئٍت َاَىيخش (   (λmax 565nm =ً الأعظى )انًائ

 . انكاربت الأونى انًشحبتدشكٍاث يٍ  حخبع 

  

      1.Introduction  
     The environmental risks by effluents of textile wastewater industry are the major source of water 

and ground water pollution. These risks   include highly colored compounds, high level of 

COD(means measuring chemical oxygen consumer), wide range of pH natural, and resistance to the 

natural degradation[1,2,3] .
  
 Major pollutants in textile wastewaters are high acidity, heat and other 

soluble substances main pollution in textile wastewater came from dyeing and finishing processes 

[4,5]  
 
 . Photo-oxidation technique is one of the important techniques that is used in many fields 

which was  high efficiency in the removal of the toxic effects of the environmental  pollutants [6] 
 
.
 
 

After the dyeing process, a lot of non-bonded dyes are released into  the wastewater, which can also 

be treated by Advanced Oxidation Processes (AOP) in order to destroy the dye molecule and to 

decolorize the wastewater and reduce organic pollution It is well-known that under the experimental 

conditions of such methods, which can be very useful because of the short-time of treatment, 

hazardous compounds can be formed due to formed radicals such as hydroxyl radicals (
•
OH)

  
[7,8]. 

It is  necessary to develop a photo catalytic system which can be applied under visible and / or solar 

light irradiation [9,10]
 
 .TiO2 photocatalyst initiates upon absorbing UV photons with generation 

conduction band (CB) electron and valence band (VB) holes within the particle .The hydroxyl 

radicals in particular ,  generated through the reaction of VB holes account for the strong oxidizing 

power of the TiO2 photocatalyticsystem. Water treatment produces organic and mineral sludges   
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from  filtration  and sedimentation. Textile industry produces large amounts of liquid by-products 

[11,12]. Different  treatment processes included physical , chemical, and biological have been 

employed to treat various municipal
 
[13,14].  In the case of dye solutions, it is used in a 

combination with chemical or biological methods producing particles containing dye or dye 

degradation products with coagulation/precipitation or with some other chemical methods, or 

adsorption on various materials  [15]. In some of the processes ZnO has been reported to be more 

economical for the treatment of industrial effluents and more efficient than TiO2 
 
[16,17] Crystal 

violet is an organic compound that is used as a dyestuff .It is  traditionally used as a dye for 

materials such as silk, leather, and paper .The present study was carried out to investigate to remove 

cationic dye Fig(1) using various advanced oxidation processes various reaction conditions under 

UV light.  

 

 

 

 

 
 

 

 

Fig (1): Structural formula of crystal violet  dye. 
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2. Materials and methods 

2.1.  Materials 
      All chemicals were used without further purification. Sodium hydroxide (NaOH) and 

hydrochloric acid(HCl) were supplied from BDH.  Crystal Violet  is known high solubility in 

water(C25H30N3Cl),other name(Basic violet 3)  was purchased from Aldrich . The photocatalyst 

ZnO was purchased from Merck (99% purity). All the other   chemicals and solution s were 

prepared with distilled water.  

2.2.  Instruments  
   UV-Visible 1650 spectrophotometer (Shimadzu) was used to recording the absorption spectra of 

aqueous solutions of dye. Centrifugation of ZnO suspensions was performed by using  CORP Triup 

International , Italy instrument . Photo reactor was setup for the experiments with UV- light is 

generated from UV lamp low pressure mercury lamp supplied from (Poland) in batch mode 

operation was used. All Photolysis experiments were performed in photolysis Pyrex cell (1L). 

  

2.3.  Photodegradation  Experiment 
        All photodegradation experiments were performed by irradiating the aqueous suspension of 

dye  by UV-Visible light emitted from low pressure mercury lamp . Aqueous ZnO suspensions 

were prepared by adding 0.80 gm of powder to 1L of ZnO aqueous dye  solution (concentration of 

all dyes was 1X10
-5

 M) and dye solutions were irradiated for a period of 75 minutes ( the primary 

experiments indicated that the most of dye molecules are degraded or become colorless at the time 

near to this period). Within this time samples were taken by syringe for measuring the dye 

absorption at λmax =565nm by using spectrophotometer  after removal the ZnO particles by 

centrifugation and recording the results .   Determination of dye concentration by using the 

calibration curve shown in Fig(2).  Fig(3) shows the   UV-Visible absorption spectrum of dye.    

 

 

Fig (2):Calibration curve for Crystal Violet dye at pH=6,T=298K 
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Fig (3): UV-Visible absorption spectrum for CV dye solution   

 

 

3. Results and Discussion 

 3.1  Influence of primary Dye Concentration  

   In this study, the effect of various initial dye concentration in the  range 1x10
-5

-5x10
-5

M on the 

degradation of Crystal Violet dye was investigated by using UV irradiation for 75 minute . This 

study, shows the ratio of removal color of dye was examined by measuring the  absorbance of the 

solution at the suitable wave length (λmax) with time for all the component. The results are shown in 

Fig (4) clear that the percent of color removal decreases from 42.3% to 16% with increasing the 

concentration of dye  from 1x10
-5

M to 5x10
-5

M in   presence   of  UV   irradiation the relationship 

between absorbance and irradiation time. It is clear that dye concentration  decreases as long as the 

time increases , high removal rate was achieved during the time of 75 minutes .
 
The obtained results 

proved that the photooxidation reactions of the Crystal Violet dye is reactions of first order with 

respect to dye concentration. Fig (5) refer the relationship between    Log R and Log C to produced 

order reaction.  
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Fig(4):Effect of dye concentrations on color removal at pH=6,T=298K. 

 

   Extremely concentrations of increased the UV absorption radiation, subsequently lowering the 

UV light availability for the reaction  , so  decreasing  the formulation free radicals of hydroxyl in 

the solution
 
[18].  

 

 

 

Fig (5): Relationship between Log R and Log C of oxidation of [CV] dye =1x10
-5

 M by using 

UV at pH=6, T=298K. 
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3.2.  Photolysis of ZnO   
  In the present work  the ZnO/Dye system  shows a good efficiency, the photodegradation of 

dye in presence of ZnO at 75 min of the irradiation time were showed in Fig (6). The color removal 

rate  was increased significantly by increasing the amount of ZnO .The increasing in the amount of 

catalyst increases  the number of active sites of the ZnO surface and the means increases the 

number of 
.
OH and O2 radicals [19] . To optimize the amount of ZnO needed for the highest 

degradation rate the following quantities were used starting from 0.1 to 1.0gl
-1

[20] 
 
. This increase 

in the rate of bleaching may be attributed to increase in the exposed surface area of the 

semiconductor. But after certain limit (0.8 g), if the amount of zinc oxide is increased further, there 

will be no increase in the exposed surface area of the photocatalyst
 
. In previous studies 

 
[21,22,23] , 

it has been  that titanium dioxide and zinc oxide have good photocatalytic properties nominated 

both catalysts to and be promising substrates for photodegradation of water pollutants and show the 

appropriate activity in the range of visible irradiation . Efficiency of photocatalytic degradation 

processes was determined from the equation (1) 
 
[21].  

   Degradation (%) =  ( Co - Ct ) / Co  X 100        …………………(1)  

Where Co is the initial value of dye solution at t=0 min and Ct is the final value of   dye solution 

during different periods of time of photocatalysis processes in presence of ZnO  .  

 

 

 

Fig (6): Mass effect of ZnO on decolorization% of [CV] dye= 1 X10
-5

 M T=298K. 

 

3.3.  Effect of pH 
 

    The effect of different pH media was investigated  ( 2,3,4,5,7,9,10 and 12) on the color 

removal of Crystal Violet  dye  by  using   the  UV/ ZnO  method  . Fig (7) refer this  results  

deduced that the  high  color   removal  was 97.4%   under  acidic  medium at   pH= 4 from Crystal 

Violet  . The  experiments are conducted  at 1x10
-5

 M  dye  concentration . The increase of the rate 

of removing the color in low pH  value to more •OH radical  generation changes in the structure of 

the molecular because  of having a free hydrogen atom which makes the dye molecule exposed for 

attack by the  hydroxyl radical in acidic medium  
 
[24]. 
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Fig (7):Effect of different pH value on color removal of Crystal Violet  as function of 

irradiation time using UV/ ZnO method, [CV]=1X10
-5

,T=298k . 

 

 3.4. Effect of Temperature     
  Temperature  is an important kinetic factor  on    enhancing   the color  removal  percentage . 

The  dye removal rate by using the UV  method increased with increasing  temperature of  the 

system. Also, high temperature increases the generation rate of 
•
OH or directly affects the reaction 

rate with the dye molecule 
 
[25]. The  experiments  were  carried  out in  a range   between     298-

318K and the results are clarified in the Fig (8). The   Arrhenius  equation  is  used  to  describe  the 

relationship between rate constants  and  temperature  and  draw  this  equation as in  the Fig (9) 

from Crystal Violet  .     

  

     log k＝ logA 
 
-Ea/RT

      
                …………(2) 

where:  k : rate constant, A : frequency factor, Ea : activation energy,   R : ideal gas constant.     

T : the absolute temperature.   

The activation energy calculated from the diagram was equal to  61.14 kJ/mole for Crystal  
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Fig (8): Effect of different temperature on the color removal of [CV]=1x10

-5
M at  pH=6 using 

UV method . 

 

 

 
Fig (9): Arrhenius plot of  color removal of dye  [CV]= 1x10

-5
 M, pH=6. 
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3.4. Conclusions  
1-The photocatalyst  of Crystal Violet  dye   is more effective in an acidic medium with the amount 

of ZnO needed for the highest degradation rate limit (0.8 g) .   

2-  The degradation was strongly influenced by various parameters, particularly the initial dye 

concentration, pH and amount of semiconductor .   

3- The uses of amount semiconductor oxides as photocatalyst in presence UV light  has been 

established in case of bleaching of Crystal Violet  dye. Solar energy has been proved more 

efficiency for removal the dyes  .   

  

  REFERENCES. 

1- Verma,M. and Ghaly, A.E.(2008).Treatment of Remazol Brilliant Blue Dye Effluent by 

Advanced Photooxidation Process in TiO2 /UV and H2O2/UV reactors, Am. J. Eng. & Appl. 

Sci., 3:230-240. 

2-Mohan,N.,Balasubramaian,N.andAhmed Basha,C .(2007). Electro chemical oxidation of 

textile wastewater and its reuse, J. Hazard. Mater.,147:644-651. 

3-Guendy,H.R.(2010). Removal of Azo Reactive,Direct Dyes from Wastewater using Different 

Coagulants at Different pH, J. of Applied Sci. Research., 8:965-963. 

4-  Karim, M.R., Ahmad, S.A. and Shahidullah,  M.( 2006). Nutritional status of children in 

arsenic exposed and non-exposed areas in Bangladesh. J. Health, Populat. Nut. Early Child 

Res. Q., 26:237-246.  

 

5-  Venceslau, M.C., Tom S. and Simon J.J. (1994). Characterization of textile wastewaters- a 

review, Environmental Technology., 15: 917-929.  

 

6- Attia, A., Kadhim, S. and Hussein, F.(2008) .Photocatalytic degradation of textile dyeing 

wastewater using titanium dioxide and zinc oxide, E-J. Chem., 5: 219-223.  

trichloromethane” , Journal of Environmental Science and Technology, 21, pp :(1085–1090).  

7- Vandevivere, P.C. Bianchi, R. and Verstraete ,W. (1998). Treatment and reuse of wastewater 

from the textile wet-processing industry: Review of emerging technologies. J. Chem. 

Technol. Biot., 72: 289-302 .  

 

8- Gogate, P.R. and Pandit, A.B.. (2004).A review of imperative technologies for wastewater 

treatment I: Oxidation technologies at ambient conditions, Advances in Environmental 

Research., 8: 501-551.   

 

9- Orhon, D,Kabdasli, I. , Germirli Babuna, F., Sozen, Dulkadiroglu, H., Dogruel, S., 

Karahan , O. and  Insel, G. (2003). Wastewater Reuse for The Minimization of Fresh Water 

Demand in Coastal Areas-selected Cases from The Textile Finishing Industry, J. Environ. Sci. 

Health.., 38: 1641- 1657.  

 

10- Correia, V., Stephenson , T. and Judd, S. (1994) . Characterization of Textile Wastewater , A 

Review. Environ . Technol., 15: 917-929.  

 

11-Taner,Y., Gonca, K., Kadir, K. and Nuri, A. (2011). Decolorisation of textile effluent using 

homogeneous photochemical oxidation processes, Uludag University, Environmental 

Engineering Department, Gorukle, Bursa, Turkey.,30:170-173.  

  

12- Peternel ,I. Koprivanac, N. and  Kusic,  H.  (2006). UV-   based  process  for  reactive  azo  

dye mineralization ,  Water Res., 40 : 525-532.  

  



Journal University of Kerbala , Vol. 16 No.2 Scientific . 2018 
 

19 
 

13-  Paraskeva, P.  and Diamadopoulos, E.  (2006). “Technologies for olive mill wastewater 

(OMW) treatment: A review” . J. Chem. Technol. Biot., 81: 1475-1485. 

14- Mohajerani, M. Mehrvar, M. and Ein-Mozaffari, F. (2008). “An overview of the 

intergration of advanced oxidation technologies and other processes for water and wastewater 

treatment”. Internat. J. of Eng., 2: 120-146. 

15-  Slokar Y. M. and  Majcen Le, A.(1998). Methods of decoloration of textile wastewaters, 

Dyes and Pigments., 37: 335-356.  

 

16-  Khodja, A. A.; Sheili, T.; Pihichowski, J. F.; Boule, P.J. (2001)."Photocatalytic degradation 

of 2-phenylphenol on TiO2 and ZnO in aqueous suspentions". J. Photochem. Photobiol. A: 

Chem., 141: 231–239.   

 17- Sobana, N. and Swaminathan, M. ,(2007).  The effect of operational parameters on the 

photocatalytic degradation of acid red 18 by ZnO.  Separation and Purification Technol., 56: 

101-107. 

 18- Sudarjanto ,G. ,keller- Lehmann,B .and Keller ,J. (2005). Photooxidation  of areactive  azo-

dye from the textile industry using UV/H2O2 technology: process optimization and kinetics, J. 

water and Environ. Technol., 3 : 1-7. 

 

19- Mills, A. Belghazi, RH. Davies, RH. Worsely, D. and Morris, S.(1994). A kinetic-study of 

the bleaching of rhodamine-6G photosensitized by TiO2.  Photochem. Photobiol .A:Chem., 

79, 131-134. 

 

 20- Gimenez, J. and Curco, D. and Esplugas, S. ( 1999) . Photocatalytic degradation of 2,4-

dichlorophenol by TiO2/UV: kinetics, actinometries and models. Catalysis Today 101, 227-

236 .  

21- Jain , R. and  Sikarwar, S. , (2008) . Photodestruction and COD removal of toxic dye 

erioglaucine by TiO2-UV process: influence of operational parameters, International J. of Phy. 

Sci., 3 : 299-305. 

 

 

21- Hussein, F. Alkhateeb, A. and Ismail, J.(2008). Solar photolysis and photocatalytic 

decolorization of Thymol Blue .E-J. Chem., 5: 243-250.  

 

22- Hussein F, and Thekra. A.  (2010). Photocatalytic treatment of textile industrial wastewater , 

Int. J. chem. Sci.,8: 1353-1364. 

  

23-Tan,L.S.,Jain,K. and Rozaini,C.A.(2010).Adsorption of Textile dye from Aqueous solution on 

pretreated Mangrove Bark,An Agricutic waste: Equilibrium and kinetic studies, J. of Appl.  

Sci. in Environ. Sanitation.,5: 283-294. 

  

24- Sharma. D., Bansal ,A., Ameta,R.  and Sharma,H.S. (2011). Photocatalytic degradation of 

Azure B using Bismuth oxide semiconducting powder. Int. J. Chem. Tech.  Res., 3: 1008-

1014.  

  

25- Obies, M. (2011). Photocatalytic Decolorization of Bismarck Brown R, MSc Thesis , 

Chemistry Department, College of Science, Babylon University., Iraq:33  

 

 

 

 

 


