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Abstract : The current study, describes synthesis and functionalization of activated carbon that 

is derived from Iraqi date palm seeds and its combination with zinc oxide nanoparticles to yield 

activated carbon/zinc oxide(AC/ZnO), and functionalized activated carbon /zinc oxide 
(FAC/ZnO). These materials were  characterized using powder  X-rays diffraction(PXRD) , 

Fourier transform infrared spectroscopy (FTIR) and specific surface area (BET). The 

photocatalytic activity of these materials was investigated by following removal of Celestin 

blue b dye(CBB) from textile wastewaters. Besides that, impact of different reaction parameters  
were investigated such as effect of the temperature, pH, contact time, as well asdosage 

effect.Activation energy for dye removal was calculated according to Arrhenius equation and it 

was around27.71 kJ/mol. It was found that, the photocatalytic activity of these materials  
towards dyes removal was as follows:  AC/ZnO>FAC/ZnO>ZnO. 

Keywords : Activated carbon, Activated carbon/ZnO, Textile dye removal over activated 

carbon., Adsorption ofCelestin blue b, functionalized activated carbon. 
 

Introduction 

In the last few decades, synthetic dyes are important source for pollution especially in the industrial 

wastewaters. These are contributed in many types of industries and different human activities such as textile 

industries, food, paper, ink and photographic processes
1-3

. Among  all these sources of pollution with dyes, 
textile dyes seem to be main source of pollution, this arises from high colored density in wastewaters effluent,  

high toxicity and aromatic rigid structure of vast majority of these dyes. This rigid aromatic structure makes 

these dyes to be stable under normal conditions and are not biodegradable
4,5

. In addition to that, these dyes have 

massive effects on human health, plants, air, water and soil. For all these reasons, treatment of these dyes from 
industrial wastewaters becomes a big challenge. Currently, there are several methods are applied in dealing with 

this issue. These including adsorption phenomenon, aerobic and anaerobic degradation, coagulation and 

precipitation
6
. However, these processes are not too efficient in treatment  in dye removal from wastewaters 

besides that they may transfer  polluted dyes from one form to another or in some cases they can react with 

ambient conditions to yield further toxic materials as these methods don’t afforded destructive fragmentation of 

these dyes
7
. In this context it becomes too necessary to search for alternative methods for dye treatment, this 

involves advanced oxidation processes (AOPs), photobleaching and heterogeneous photocatatlytic processes
8
. 
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 These alternative  methods includes generation of reactive species such as hydroxyl radicals, peroxide 

and super oxide radicals. These radicals can participate in fully destructive of dye molecules into water and 
carbon dioxide as well as other inorganic materials

9,10
.  Generally, the use of the later methods requires 

combination of this system with photocatalyst to provide  a sufficient surface for dye molecules destruction. 

Currently, many photocatalyst are used in this field such as semiconductor photocatalysts like TiO2, ZnO, 

Fe3O4, CoO and V2O5 and Cr2O3
11-14

.Among wide  range of these materials zinc oxide (ZnO)  seems to be more 
efficient photoctalyst due to it excellent chemical and physical properties as well as its low cost, non-toxicity, 

and  it can be recycled for further usage after just easy activation processes
15

. In spite of all these promising 

points, the main draw back with ZnO and other photocatalysts, is that  the absorption of light with high 
efficiency in the UV region of the solar spectrum.  Also they suffer from recombination reaction between 

conduction band electrons and valence band holes. The  last process reduces the efficiency of the photocatalytic 

reaction considerably
16,17

. In order to reduce the rate of recombination reaction and improve the photocaatlytic 
activity of zinc oxide and extend its photoresponse towards visible region  of the solar spectrum. Many methods 

have been undertaken to modify its surface properties such as surface doping with traces of some dopants, 

surface sensitization  and coupling with small band gap photocatalystss. In this context, combination of zinc 

oxide with other co-adsorbent with high surface area such as activated carbon can enhance its photocatalytic 
activity  by providing large surface area and increasing charge separation between e

-
CB and h

+
VB , hence these 

species can diffuse into the surface and then react with pre-adsorbed redox species on the surface. However, 

synergistic effect between ZnO and AC particles can improve its photocatalytic activity. Until yet real 
mechanism for this process is not understood completely and it is believed that this effect may arise from the 

role of AC  in wide separations of ZnO particles  at the high surface area of AC
18-20

.  In some case, negative 

effect on photocatalytic activity of ZnO when combination with ZnO may result from the role of AC particles  
on screening of  photons of light away from active sites of the surface of ZnO

21-22
. On the other hand, 

functionalization of the AC surface can improve its surface properties by introducing variety of functional 

groups on the surface. These proposed functional groups can enhance surface properties of AC which can lead 

to improve catalytic properties of the binary system (AC/ZnO)
23,24

. 

The current study involves synthesis of AC and its combination with ZnO to yield (AC/ZnO), also it 

would involve functionalization of AC and its combination with ZnO to yield (ACF/ZnO). The photocatalytic 
activity of these binary systems would be screening via following removal of Celestin blue b (CBB) from 

aqueous solution.  

Experimental part 

Used chemicals  

In this study Celestin blue b dye (CBB)  was used as a dye model, it has a molecular formula of 

C17H18ClN3O4 and a molecular weight of  363.80g.mol
-1

. It was provided by Sigma Aldrich Company (80%). 

This dye was used  as it provided without any further purification processes. The chemical structure of this dye 
is shown in Figure 1. Zinc oxide Zinc oxide that was used in this study was provided byFluka company (99.5%) 

, its molecular formula is ZnO with a molar mass of 81.401 g/mol  with a density of 5.606 g/cm3  and has  a 

melting point of 1975 ᵒC with a bandgap energy of 3.37 eV
(25)

. 

 

 

 

 

 

Figure 1: Chemical structure of Celestine blue dye(CBB) 
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Synthesis of activated carbon 

Synthesis  and investigation of  physical properties of activated carbon using Iraqi  zahdi date palm 

seeds(IZDPS) using KOH as a chemical activator were  reported in our previous published  work
26

.   

Synthesis of binary system of AC/ZnO 

A ratio of AC/ZnO composite (10%)was synthesized using a simple evaporation and drying process. 
According to this method, commercial ZnO was suspended in 100 mL of DW and sonicated for 30 minutes. In 

another flask, activated carbon was suspended in 20 mL of DW and sonicated for 15 minute.Then AC solution 

was added to ZnO  suspension with continuous stirring. The obtained mixture of a  suspension containing AC 
and ZnO particles was heated at 80 °C  until the complete   evaporation of water.  Then the obtained remaining 

composite was dried overnight in an oven at 100 °C to yield AC-ZnO composite
27

.  

Synthesis of the functionalized activated carbon 

Synthesis offunctionalized activated carbon (FAC) was prepared by suspending   of 500 mg of AC in 

150 mL  of distilled water in in 250 mL conical flask in waterbath shaker. To this suspension, 5 mL of 
concentrated HNO3 was added  and the mixture was stirred for  two hours at room temperature T. . The AC and 

acid  suspension was kept under stirring   in a water bath at room temperature for 1 hr to open the 

agglomeration of the activated carbon and to anchor the acid solution uniformly on the carbon surface. After 
that, mixture was filtered of and the obtained solid was dried in oven at 105 °C for two hours to yield FAC

28
. 

The synthesis of a composite of FAC and zinc oxide was prepared using the same above procedure that was 

applied in synthesis of AC-ZnO to yield FAC-ZnO. 

Determination of surface area of activated carbons and its combination with ZnO 

Specific surface area for AC and FAC, AC-ZnO and ACF-ZnO samples were investigated according to 
the procedure that was reported according  toSaers, method

29
. 

Investigation of the composite of AC-ZnO and FAC-ZnO 

A binary composites materials AC/ZnO and FAC/ZnO were investigated using powder X-rays 

diffraction (PXRD), Fourier transform infrared spectroscopy(FTIR)and  specific surface area (BET).  

Photocatalytic experimental setup 

Photocatalytic experiments were performed in  homemadephotoreactor that is shown in Figure 2. All 

experiments were conducted using  an aqueous  solution of CBB dye (50 ppm, 30 mL) with suspension of a 

required mass of the used catalysts. Photocatalytic reactions were carried out under irradiation with UV light 

from low pressure mercury lamp. In all cases, photocatalytic reactions were started  after performing a dark 
reaction for each experiment to ensure reaching adsorption equilibrium for each run. Reaction progress was 

investigated by following the absorbance of the supernatant liquid of dye solution at 642 nm using UV-

VisShimadzu 1650 PC-UV-visible Spectrometerphotometer .The percentage of dye removal (R%) was 
conducted using the following relationship

30
. 

 

whereas, Ciis the initial concentration of  CBB dye, Cf, is the final concentration of the dye after one hour 
adsorption process. 
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Figure 2: Photoreactor unit set up that was used to perform photocatalytic reactions in this study 

Results and discussion 

Specific surface area of the binary composite materials 

The specific surface area of each of AC, FAC, AC-ZnO and FAC-ZnO were estimated according to 
Saers, method

29
 . The obtained results are summarized in Table 1.  

 Table 1: Specific surface areas of single and composites materials 

catalyst ZnO AC FAC AC-ZnO FAC-ZnO 

Specific surface area m
2
/g. 

40 

 

910 

 

884 

 

905 

 

842 

 

 

From these results, it is clear that  AC shows high specific surface area this arises from it high porous 

structure and high content of vacancies. FAC shows relatively lower  specific surface area this probably  due to 
the effect of the presence of surface oxygenated groups. On the other hand it can be seen that,  both of AC-ZnO 

and FAC-ZnO show remarkable reduction in surface area in comparison with AC and FAC. This can be 

attributed due to the strong interaction between the two solids AC and ZnO
31,32

. 

Powder X-rays diffraction (PXRD) for ZnO and AC/ZnO 

XRD patterns of each of single and composites materials were investigated using powder X-rays 
diffraction. XRD patterns were recorded using Simadzu-6000 X-raysdiffractometer with a nickel filter using 

monochromatizedCuKα  radiation at 40 kV and it was operated at  30 mA.  These patterns are shown in Figures 

3 and 4. From these figures it can be seen that, ZnO nanoparticles have a crystalline structure with characteristic 
peaks at  2Theta equal to 31.79, 34.45, 36.26, 47.33, 51.30, 56.26,  62.35,  65.84, 67.48, and 68.41.

33,34
The 

crystal size  was calculated using Scherre's equation and it was around 68 nm. For composites materials XRD 

patterns of AC-ZnO and FAC-ZnO are almost similar to that of neat ZnO. In general there was no change in 
XRD patterns for composites in comparison with XRD patterns of ZnO alone. This means that combination of 

AC and ACF  withZnO in the used ratio in this study (10%) doesn't affect the crystalline structure of ZnO. 

 

 

 

 



  

 

Abbas J. Lafta et al /International Journal of ChemTech Research, 2016,9(12): 656-667.                        660 
 

 

 

 

 

 

 

 

 

 

Figure 3: XRD patterns for neat  ZnO 

 

 

 

 

 

 

 

 

 

 

Figure 4:  XRD patterns of AC-ZnOand FAC-ZnO 

Fourier transform infrared spectroscopy (FTIR) 

The functional groups for AC and AC-ZnO  were investigated  using Perkin Elminer 

Spectrophotometer.  FTIR spectra of AC and AC-ZnO are recorded from 400-4000 cm
-1
 and are shown in 

Figure 5.  FTIR spectra shows a peak around  3250- 3550 cm
-1

 which is assigned to the stretching vibration of 

OH group at the surface of zinc oxide. The peak in the range of 400-600 cm
-1

 is assigned to the characteristic 

peak which related to (Zn-O) in the bulk zinc oxide
35,36

 .  In case of AC/ZnO and FAC/ZnO, these materials are 
in general show a broadening in FTIR spectra for ZnO framework region. For AC/ZnO sample, it can be seen 

that, a broadening in FTIR spectra for ZnO framework region was observed. Beside that it can be seen some 

peaks that are related to the AC in range of 1350 – 1710 cm
-1

. The band around 1600ncm
-1

 which is assigned to 

C=O bond.The band around 1600 cm-1 is related to the vibration mode of aromatic rings in coupling with 
carbonyl groups at the surface. The peak around 1000 cm

-1
 is assigned to stretching modes of C=O bond. A 

weak broad band around 3000  cm
-1

 is  attributed to  presence of C=C bonds. The band around 800 cm
-1

 is 

related to vibration of the C-H bending mode. The bands around 2500 cm
-1

 is assigned to stretching modes of 
hydroxyl groups.The bands around 3500 to 4000 cm

-1
 are assigned to the stretching modes of surface hydroxyl 

OH groups
37

. For FAC/ZnO sample, FTIR spectra are similar to that of AC/ZnO and beside above peaks that 

were assigned for AC/ZnO it can be seen that, there are peaks located from 1000-1600 cm
-1

 and these peaks are 

assigned to cyclic ether and quinone
38

.   
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Figure 5: FTIR spectra of ZnO, AC/ZnO and FAC/Zn 

Photocatalytic activity of  single and composites materials 

In order to investigate photocatalytic activity of each of AC, ZnO and AC-ZnO,  a series of experiments 
were performed and these experiment were carried out in photoreactor that is shown in Figure 2. In all 

experiments, 0.05g.of the used materials weresuspended in 30 mL of 50 ppm of CBB dye with continuous 

stirring under normal air  conditions at 293 K. In all cases, dark reaction was conducted by stirring for 15 
minute to reach adsorption equilibrium. Then photocatalytic reaction was initiated under illumination with UV 

light from low pressure mercury lamp. In this system, temperature was controlled at a desired value  using a 

thermostatic circulation water jacket.  The obtained results of  photocatalytic removal of CBB dye over a 

suspension of each of  single and composites materials are shown in Figure 6. 

 

Figure  6: photocatalytic removal of CBB dye over single and composite materials. 

From the presented results, it can be seen that the better removal efficiency of CBB dye after one hour 

of was obtained when use of AC-ZnO and around of 75% of dye was removed. This probably due to the 

synergistic effect of AC and ZnO, AC has high surface area which enable this composite system to offer high 
adsorption ability. Besides that, presence of AC particles in this composite  can reduce recombination reaction 

between conduction band electrons ( e
-
CB) and  valence band holes (h

+
VB) by increasing separation between  
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these species
39

. In case of neat ZnO, the last process leads mainly to reduce the efficiency of the photocatalytic 

process.  In case of AC-ZnO, these redox species would migrate to the surface and then participate in redox 
reactions with the pre-adsorbed species on the surface

40
. 

Optimizingof  the used dosage of composite AC-ZnO materials 

In order to investigate the effect of dosage of composite AC-ZnO on the photocatalytic removal of CBB 

dye over a suspension of supported zinc oxide a series of experiments were performed using different masses of 

AC-ZnO. In this study three different masses were used and these were 0.05, 0.10 and 0.15 g.  In all 
experiments,a  desired mass was suspended in 30 mL, 50 ppm at 293 K with continuousstirring under 

illumination with UV light from low pressure mercury lamp. The obtained results are presented in Figure 7. 

 

Figure 7: Effect of dosage of AC-ZnO on photocatalytic removal of CBB over  supported zinc oxide and 

irradiation with UV light at 293 K. 

From these results, it can be seen that the efficiency of dye removal was increase with increase of mass 
of AC-ZnO from 0,05 to 0.10 gram at 293 K and the efficiency of dye removal was around 98% after one hour 

of photocatalytic reaction under UV light. Increase in the efficiency of dye removal   with increase  of dosage 

can be attributed to the increase of active sites on the surface due to increase of number of particles. This would 
lead to absorb photons of light effectively according to first law of photochemistry.  This arises to produce e

-
CB 

and h
+

VB effectively, these reactive species would contribute in redox reaction at the surface which results in 

dye removal with high efficiency
41,42

. Upon increasing the mass of catalyst more than 0.10 gram, the  removal 

efficiency decrease at 0.15 g., this is due to the aggregation of the  particles of catalyst and production of inner 
filter in the bulk mixture. This leads to scatter of photons of light from other part of mixture. According to this 

phenomenon,  light would not absorb by all particles which leads to reduce the efficiency of generation of 

photoactive species
43

. The result of this effect leads to reduce the efficiency of dye removal at masses higher 
than 0.10 g.(c.a.0.15 g.). So that the efficiency of dye removal was declined from 98% to 73% at mass dosage 

of AC-ZnO equal to 0.15 g. 

The effect of pH on the phtocatalytic removal of CBB dye over AC-ZnO 

To investigate the effect of pH of reaction mixture on the photocatalytic removal of CBB dye over a 
suspension of AC-ZnO, a series of experiments were performed using 0.10 g. of the material in 30 mL of dye 

solution (50 ppm) at 293 K under irradiation with UV light from low pressure mercury lamp. All experiments 

were carried out under the same reaction conditions, these experiments were performed  atthree different pHs, 

3,4 and 9. The obtained results of dye removal are presented in in Figure 8. 
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Figure 8:Photocatalytic removal of CBB over AC-ZnO at different pH values 

From the above results, it can be seen that the efficiency of photocatalytic removal of CBB dye was 

increased with increase of pH into basic medium and the efficiency of dye removal reached to around 98% at 

pH=9. This effect can be attributed to enhance in adsorption of dye molecules over AC-ZnO surface
44

. This is 
an essential step in the photocatalytic reaction which leads to increase the efficiency of dye removal. On the 

other hand, acidic medium leads to increase repulsion between dye molecules and the surface which leads to 

reduce adsorption of dye molecule on the surface. This process results in reduction in the efficiency of dye 
removal under these circumstances. 

The effect of temperature on photocatalytic removal of CBB over AC-ZnO 

The effect of reaction temperature of the removal of CBB dyeover a suspension of AC-ZnO under 

irradiation with UV light. A series of experiment were performed using same experimental arrangements at a 

range of temperature from 283- 303 K, a period  of each run was one hour after dark reaction requirements. The 
obtained results are shown in Figure 9.  From these results it can be seen that, the  efficiency of dye removal 

was enhanced with elevation of reaction temperature from 283 up to 298 K.  The better obtained removal 

efficiency was found at 298 K which was around 100%. After that, the removal efficiency was declined as 
temperature was further increased (303 K).  These results can be attributed to the effect of temperature on the 

diffusion of dye  molecules from bulk of the mixture on to the surface of the catalyst. Besides that, elevation in 

reaction mixture leads to increase concentration of active radical species, these species are contributed on redox 
reaction at the surface  to cause further dye molecules fragmentation

45,46
. On the other hand, further increase of 

reaction temperature (higher than 298 K)  can be attributed to the desorption of dye molecules away from the 

surface via gained extra kinetic energy that is obtained from thermal activation
45,46

. 
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Figure 9: The effect of temperature of reaction mixture on dye removal over AC-ZnO. 

Calculation of activation energy for the photocatalytic removal of CBB dye  over AC-ZnO 

Activation energy for the photocatalytic removal of CBB dye over a suspension of AC/ZnO was 
calculated according to Arrhenius equation by performing a series of experiments at 283, 288, 293 and 295 K

47
. 

Activation energy was calculated by plotting Lnk against 1/T as shown in Figure 10. From this plot, the 

activation energy was 27.71 kJ/mol. This results are agree with the values of  activation energies for the 

photocatalytic reactions and it is mainly dependent on the energy required for transfer photogenerated species 
from the  bulk of the photocatalyst into the surface to participate in redox reactions at the surface

47
. 

 

Figure 10: Arrehinus plot for the photocatalytic removal of CBB dye over AC-ZnO 

Photocatalytic activity of FAC-ZnO and AC-ZnO on CBB dye removal 

In order to investigated the photocatalytic activity for the  functionalized AC and its combination with 

zinc oxide. A series of experiments were carried using 0.10 g. of both of FAC-ZnO and AC-ZnO in 30 mL of 
50 ppm of dye solution at 293 K under UV radiation from low pressure mercury lamp. The obtained results are 

presented in Figure 11. From these results, it can be seen that AC-ZnOwas  more efficient than FAC-ZnO on 

cBB dye removal under the same rreaction conditions. This can be attributed to the role of functionalization of 
AC in repulsion of dye molecules with the surface as well as their role in light scattering away from the surface 

of FAC-ZnO
48

. These two factors canresult in reduction of the photocatalytic activity of FAC-ZnO in 

comparison with AC-ZnO
49,50

. 
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Figure 11:Photocatalytic removal of CBB dye over AC-ZnO and ACF-ZnO 

Conclusions 

In this study a supported zinc oxide with both activated carbons and functionalized activated carbon 

were synthesized successfully. The obtained results showed that combination of AC with ZnO doesn't affect 

significantly on its crystalline structure as it was investigated from XRD patterns for each of ZnO and AC-ZnO. 
Also it was noted that the photocatalytic activity of ZnO was improved in case of supporting with AC rather 

than photocatalytic activity of neat ZnO. 
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