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Abstract  

The study demonstrates that Nanocomposite activated Carbone decorated zinc oxide is indeed viable, cost effective 
adsorbent materials for the adsorptive removal of Reactive Green (RG) dye from polluted wastewater with over 90% 
removal dye. The adsorption of RG dye onto decorated carbon ZnO nanoparticle was found to be highly dependent 
on equilibrium time, initial RG dye concentration, adsorbent mass and. The quantity of RG dye uptake (mgg-1) was 
found to rise through increase in primary dye concentration. Percent removal of RG dye was found to increase with 
increase in contact time, adsorbent amount. The data indicated that the model Freundlich gave a better fit to the 
experimental result than the model Langmuir with high correlation coefficients (R2 = 0.964). This suggests that 
multi-layer adsorption occurs which is in agreement with the best applicability of the isotherm Freundlich.  
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Introduction 

Water pollution is one of the most important and 
most dangerous problems facing the environment 
as a result of the increasing use of pollutants in 
many industries, especially dyes. It is considered 
one of the most dangerous pollutants due to its 
high concentrations in water and the difficulty of 
removing it. Therefore activated carbon has been 
used a lot in removing dyes due to its high surface 
area and cheapness (Pasamontes and Callao 2004; 
Layth S. Jasim 2018; Aljeboree 2019). Activated 
carbon is prepared from Available and very cheap 
materials such as coconut shells, walnut shells, pine 
shells, date kernels, apricot shells, and others.            
(Liu, Wang et al.). Various techniques have been 
used to remove organic dyes from water as ions 
exchange method, photo degradation, filtration and 
adsorption. The most important techniques used to 
remove pollutants from wastewater is the 
adsorption technique, which is an easy, cheap and 

inexpensive method. Adsorption is the 
phenomenon of atoms, molecules or ions sticking to 
the surface. Adsorption can be an advantageous 
method over other approaches (filtration, 
coagulation, ion-exchange, precipitation, osmosis 
reverse, and oxidative methods), mostly as it is 
design simple and minimum cost system, in 
addition to effective towards a wide series of 
contaminants (Homayoonfal and Mehrnia; 
Aljeboree 2019; Aljeboree 2019). For this purpose, 
activated carbon (AC) has been proven to be an 
effective adsorbent for the removal of a wide 
variety of inorganic and (Y. Peng 2017; Arif 
Chowdhury 2020).  
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In this study, zinc oxide was loaded on activated 
carbon and many techniques were measured to 
determine the identity of the prepared surface, and 
many influencing factors were applied such as the 
effect of concentration, weight, ionic strength and 
acidity function. 
 

Method and Materials  

Preparation of Activated Carbon  

 AC utilized in this study was prepared from waste 
Palm leaf. The impurities in the waste Palm leaf 
were removed via washing by D.W and 
subsequently dry at 75 °C for 3 h. The obtained 
Palm leaf was then crushed using electric pulverize 
and sieved with mesh sieve. The sieved Palm leaf 
precursor was carbonized in a muffle furnace at a 
temperature of 300 °C for 2 h and allowed to cool. 
The carbonized Palm leaf (150g) was soaked in a 
150 ml of HNO3 solution for 2h at activation weight 
ratio of 1:1 g activator to precursor. The 
impregnated samples, Palm leaf activated carbon 
(AC) was then washed with D.W several times to 
obtain activated carbon of almost neutral pH             
(6.2-7.0) and subsequently dried in an electric 
oven, at 85 °C for 3 hours. Finally, the sample was 
stored in a tightly closed container. 
 

Preparation of C Decorated (Zinc Oxide 
/Nanocomposite) 

Nanocomposite (C decorated/ Zinc Oxide) were 
prepared by using hydrothermal process 5 g of Zinc 
Acetate, 5 g of Oxalic Acid and 0.5 g of AC, were 
maxed. then complete to 100mL with distilled 
water then mixed for one hour to get slurry 
solution. The resultant mixtures were kept at 160oC 
for 24 hr in an autoclave. The obtained dark brown 
precipitate was filtered, washed with distilled 
water then sonicated in10 min. intervals then dried 
at 90oC for 24 hr to get a fine powder. 
 

Materials and Methods 

A stock solution (1000 mgL-1) of the preparing of 
Reactive Green dye by mixing (0.1 g) as an 
appropriate amount of RG in (1000ml) D.W, The 
law Beer's find to hold over the 1–10 mg/L of 
concentration RG was studied. Fig. 1. presents a 
linear analysis regression of information attained 
from calibration curve of the RG utilized from the 
relation A=a +bc, where A is the absorbance at the 
related peak in a quartz cell (b)1.0 cm and a are the 
slope and the intercept of the calibration curve and 
C is the conc. of RG (mg/L). 
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Figure 1. Calibration curve for the Reactive Green dye  

 

Adsorption Studies 

Introductory information gets it by batch 
adsorption studies to beneficial in pick out the 
optimum concentration, equilibrium time, Weight 
of nanocomposite, ionic strength, and solution 
pH.to get it best removal efficiency, all tests are 
carried out in many sets. Each set contains 0.05 gm 
of composite in different stoppered conical flasks, 
to each flasks 100ml from freshly prepared GR dye 
solution of primary concentration (100) mg/L. The 
shaking Incubator used the shaking samples at 160 
RMP at 1h min. then separated by centrifugation at 
6000 rpm for 10 min. and the solutions you 
obtained reading by, UV-Visible spectrophotometer 
PC 1800 at λmax = 630 nm and used the following 
equation to determined adsorption capacity at 
equilibrium:  

𝐸% =
Co−Ce

Co
∗ 100  (1) 

𝑄𝑒 =
Co−Ce

𝑊
∗ 𝑉  (2) 

Co (mg L–1) the primary conc. of RG dye and Ce              
(mg L–1) is equilibrium conc. the RG dye at time t 
(minute), W (gm) is the mass of adsorbent V (L) is 
volume of RG dye solution. 
 

Results and Discussion 

Characterization of Decorated Carbon ZnO 
Nanoparticle  

Figure 2 appear the infrared spectra of decorated 
C/ ZnO nanoparticle within a series about                   
400-4000  cm-1, The FTIR spectra of the decorated 
C/ ZnO nanoparticle as appear in figure 2 for 
nanocomposite, the series (3500-3200) cm-1, wide 
absorption that indicate overlapping among the           
O-Hand N-H peaks, The C = O, found in 
nanocomposite, has appear peaks of absorption 

https://www.sciencedirect.com/science/article/pii/S1386142501005170#TBL6
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within the series (1620-1740) cm-1and the choice 
(480-800) cm-1, the absorption peaks appear that 
the bonds C-N,C-C and C-O. but the FT-IR for 
nanocomposite showed the shift of the groups 
bands reveals the interactions among the C=O 
groups on AC/ZnO nanoparticles(Ahmad 2017; 
Fabryanty, Valencia et al. 2017).  

 

Figure 2. FTIR spectrum of- decorated C/ ZnO nanoparticle before and 
after adsorption dye  

 

Using FE-SEM analysis shown that decorated C/ 
ZnO nanoparticle has a smooth surface. The surface 
contains several layers those are compacted on top 
of each other via Vander Walls force and the                
cross-linking agent. After the adsorption the 
surface is shown to be bumpy. The bumps on the 
surface, mostly from RG dye (Layth S. Jasim 2021)                
(Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Figure 3. FESEM image of decorated C/ ZnO nanoparticle (a) before and (b) Reactive Green after adsorption 

 
As appear in Figure 4. From the curve TGA               
(weight W vs temperature T plots) study stability of 
the thermal was prepared composite, the sample 
were heated under atmosphere with a rate of 100C 
min-1 about 41-600 0C, that heating the 
nanocomposite a mass loss of up to 46.272 % in the 

series of 374.10-436.23 0C due to the presence of 
moisture, next the loses composite 49.80% of its 
mass within the thermal series 441-5870C that due 
to the thermal breaking of the interlocking 
polymeric chains of the nanocomposite as appear in 
Figure (4) (Abbas N. Karim 2019). 
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Figure 4. Analysis TGA of decorated C/ ZnO nanoparticle  

  
The surface of morphology of decorated C/ZnO 
nanoparticle were investigated via utilizing TEM 
morphology surface analysis before and after 
adsorption; was clear from Figure (5) it is 
obviously seen that the Architecture-like nano 
structure is collected of numerous single-crystal 
Nano plates and the disordered wormhole-like 
pores is observed in the midst of particles, 
indicating the formation of structure mesoporous. 

Fig. 5(a) shows images TEM of ZnO/AC before 
adsorption. nanocomposite s were spherical in 
shape with average size of 30 nm (Fig. 4b). images 
TEM of ZnO/AC after adsorption appear fine 
dispersion of black particles TEM studies were in 
best agreement with analysis FE-SEM (H.M. Xiong 
2008; X. Zhou 2009; Y. Guo 2009). 
 

 

 
Figure 5. TEM image of AC/ZnO (a) before and (b) ZnO/AC after absorption 

 

BET 

Isothermal of nitrogen adsorption system was used 
to assess the surface area and pore structure of 
AC/ZnO Figure (3) depicts the isotherms 
adsorption-desorption as well as the pore size 
distributions of decorated C/ ZnO nanoparticle. The 

surface area, average pore diameter, and total pore 
volume were increased (Table 1). well-developed 
pores can be seen clearly in the surface morphology 
of decorated C/ ZnO nanoparticle, indicating that 
surface area and pore volume (Ghorai 2013) . 
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Figure 6. Nitrogen adsorption-desorption isotherms and the corresponding pore size distribution curve of CNT/ZnO nanocomposite  

 

Effect of Weight Adsorbent  

Initial adsorbent quantity requires proper choice 
because it controls adsorption by obtainable 
surface area and binding sites. The influence of 
decorated C/ ZnO nanoparticle weight on Reactive 
Green RG dye adsorption at equilibrium time of 1 h 
was studied via varying the adsorbent mass from 
0.003 to 0.15 gm in a 50 mg. L−1 RG solution. The 
effect of adsorbent mass is appear in Fig 6. 
(Aljeboree 2019; Aljeboree 2020)The data exhibit 
that removal and adsorption efficiency appear 
inverse relationship by adsorbent mass. Increase 
the surface area related with adsorbent amount 
enhancement the removal percentage of the RG and 
rise the number of adsorption sites obtainable from 
adsorption as reported previously. The increase of 
RG dye with decorated C/ ZnO nanoparticle amount 
due to the more binding active sites for adsorption 
and decrease adsorption capacity cases the 
adsorption active places stay unsaturated through 
reaction of the adsorption active site increases via 
means of increasing the amount decorated C/ ZnO 
nanoparticle (Basam W. Mahde 2018). 
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Figure 7. Effect of decorated C/ ZnO nanoparticle weight for Reactive 
Green dye Adsorption 

 

Effect of Solution pH 

An significant role in the adsorption method played 
via solution of pH particularly on the adsorption 
capacity. The charge surface of the adsorbent and 
the degree of the ionization of several contaminants 
can be affected via of solution pH. The influence of 
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solution pH on the dye adsorption capacities of the 
decorated C/ ZnO nanoparticle was studied at 
varying pH (3-10) with 50mg/L fixed primary 
concentration of RG and mass 0.1g for 1hr Fig. 8 
appear that the adsorption efficiency of RG rises 
through increasing the acidic from 3 to 6 and 
decrease when pH solution reach to above 6. The 
best adsorption efficiency of decorated C/ ZnO 
nanoparticle at pH 6was 48.2 mg/g. It is              
well-known the decorated C/ ZnO nanoparticle 
have carboxylic and hydroxyl groups after 
purification way via acid handling. The change in 
pH solution will influence on the status ionization 
of these functional groups(Febelyn Reguyal 2018; 
Ghaedi 2012). 
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Figure 8. Effect of solution pH on Adsorption on Reactive Green on 
decorated C/ ZnO nanoparticle at 20°C, 1hr and 0.1g in (50 mg/L) 100 
mL water.  

 

Adsorption Models 

To study the parameter dependence of the removal 
capacity, two model were analyzed, including 
model Langmuer and model Freundlech. The 
models imitation using an iterative procedure 
founded on a linear least squares algorithm. The 
model Langmuer isotherm equation,: (I. Langmuir 
1916; I. Langmuir 1918) 

𝑞𝑒 =
𝑞0𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
   (3) 

where qe, application at equilibrium (mg /g), KL 
Langimuir constant (L mg−1), qo the mono-layer 
adsorption capacity (mg /g) and Ce the 
concentration equilibrium solution (mg L−1). 
equation of the Freundleich is related for multi 

component adsorption. The Freundleich model is 
expressed through (Y.S. Ho 2002; M. Özacar 2003): 

𝑞𝑒 = 𝐾𝑓𝐶𝑒
1/𝑛

   (4) 

where) Kf : Empirical constant Freundlich (L.g-1) 
and n is the Freundlech exponent. The data of this 
isotherm are look in Fig. (9), and Langmueir 
constants are shown in Table (1). 
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Figure 9. Several adsorption models nonlinear fit of adsorption RG dye 
on (decorated C/ ZnO nanoparticle 

 
Table 1. The correlation coefficients and constants of model of 
Langmuir and Friendlich of adsorption Reactive Green dye adsorbed 
on decorated C/ ZnO nanoparticle at 20 oC 

Langmuir equation Freundlich equation 

LK qm 2R KF n R2 
0.145 
 

218.633 0.9435 927.63 0.436 0.9663 

 

Conclusion 

Most of adsorption factors as dye concentration, 
solution pH, equilibrium time and adsorbent 
amount have the effect of dye removal utilizing 
decorated C/ZnO nanoparticle The optimum 
conditions to achieved great adsorption efficiency 
at room temperature were contact time 1h, 
agitation speed 250 rpm and amount of (0.05 gm) 
decorated C/ZnO nanoparticle. The better removal 
capacity of RG dye was achieved on neutral 
medium which is useful on applied scale. It was 
concluded from these data that decorated C/ZnO 
nanoparticle can be considered as greatly effective 
adsorbent of RG dye percentage removal from 
waste water and can be reused which has economic 
viability. 
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