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Nanotechnology is the science that is used in different fields and different fields. And it 
has great value from the benefits that go into in the It benefits various technological and 
industrial sectors, including information technology, energy, medicine, and 
transportation environment and its safety from pollutants, food safety, and many other 
things, as well as working to adapt materials in Very small scales have properties of active 
substances, and from these properties they are more durable and intertwine. In this 
work, the environmental aspect was applied and used, and the developers saw a need to 
develop nanocomposites to remove dyes from aqueous solutions to reduce 
environmental and health damage. Therefore, methods of synthesis of nanomaterials 
were developed in many different ways and in an increasing state. And the possibility of 
manipulating the chemical and physical properties by changing the particle size and 
using it in many of the above-mentioned applications and one of these applications is 
adsorption as in this work. To work on the adsorption property, the RGO nanoparticles 
were synthesized by the hydrothermal method and doped with zinc oxide (ZnO) 
nanoparticles that were also synthesized by the hydrothermyl method to produce (ZnO 
/ RGO) nanocomposites and their properties were studied. The samples were examined 
with multiple analytical techniques such as X-ray diffraction (XRD), field emission 
scanning electron microscopy (FE-SEM), and energy dispersive X-ray analysis (EDX) to 
study their structure, morphology and thermal stability. And the identification of the 
reaction mechanism and the efficiency of absorption of rhodamine dye on this 
nanocomposite. Depending on different absorption conditions such as effect of 
temperature, mass dose of materials used, contact time and 

pH.                                                                                                                                                  
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1. Introduction     

Industrial dyestuffs and textile dyes are among 
the most dangerous organic chemicals, 
according to the paper. According to a World 
Bank estimate, textile finishing and dyeing 
industries are responsible for nearly 17–20 
percent of water pollution. According to a Kant 
study, 72 of the primary identifed wastewater 
hazardous compounds were generated simply 
by textile dyeing, and approximately 30 of these 
pollutants were untreatable[1]. Due to its wide 
band gap (3.37 eV) and high exciton binding 
energy, zinc oxide (ZnO) has received significant 
attention for applications in nanoscale electrical 
and optoelectronic devices (60 meV) [2]. The 
fact that ZnO is a polar crystal with a hexagonal 
phase and exhibits high anisotropy causes its 
growth to be oriented along the c axis is also 
widely known [3]. ZnO is a good replacement for 
TiO2 in terms of band energy [4]. Zinc oxide 
(ZnO) nanoparticles are materials with 
numerous industrial uses, such as fluorescent 
tube luminescence material, laser active 
medium, sensors, and antimicrobial agents [5-
7]. As a result, the researcher is quite interested 
in the synthesis of ZnO nanoparticles. Sol-gel, 
sonochemical, solvothermal, hydrothermal, and 
mechanochemical methods are some of the 
chemical techniques that have been used to 
create ZnO nanoparticles [8]. Graphene has a 
unique two-dimensional structure with the 
thickness of an atom, and excellent mechanical, 
optical, thermal, and electronic properties [9]. 
As a result, numerous applications in electronics 
[10], catalysis [11], sensors [12], energy 
conversion and storage [13, 14], etc., have been 
investigated. For these goals, the mass 
manufacture of graphene materials at 
affordable costs is one of the basic 
requirements. In fact, graphene has a two-
dimensional (2D) structure of sp2 hybrid 
carbon atoms, so it possesses unique properties 
such as high surface area, absorption and good 
electrical conductivity. Even rGO, after forming 
the compound with semiconductors, also 
possesses the ability to accept photogenic 
electrons to prevent recombination and 
provides adequate adsorption of the dye 
through coupling (π - π) between the dye and 
the surface of the rGO [15]. Due to graphene's 

ability to transfer ballistic electrons, it can 
effectively demonstrate In a rich structure, 
there is zero conduction resistance for storing 
and moving electrons. Thus, these compounds 
naturally shorten the time needed for the 
electron-hole pair to recombine, improving the 
photocatalytic capability for the destruction of 
harmful dyes [16, 17]. Zhang and colleagues 
synthesized ZnO / rGO compounds for 
photodegradation of Rh6G under ultraviolet 
light irradiation [18]. To create a (ZnO-RGO) 
hybrid, Many techniques have been used. By 
binding ZnO nanoparticles to GO and reducing 
GO to RGO via hydrothermal treatment with 
ethanol, ZnO nanoparticles were bound to RGO. 
[19]. Here, we report the ease with which 
nanocomposites were synthesized By 
synthesizing graphene oxide (GO) from graphite 
powder In a modified Hummer fashion. And 
combine them to produce  (ZnO / rGO) 
nanocomposite by Hydrothermal method using 
zinc chloride under the influence of ultrasonic. 
(ZnO / rGO) was used as an application in 
removing dyes from aqueous solutions by 
means of Its adsorption to rhodamine (Rh-6G)                      

dye.                                                                                             
                                                                                               

 

2.Experimental. 
2.1- Materials and Chemicals. 
All of the precursors, including sodium nitrate 
(NaNO3) with a 99.5 percent assay, potassium 
permanganate (KMnO4) with a 99.5 percent 
assay, zinc acetate dihydrate 
(Zn(CH3COO)2H2O) with a 98.5 percent assay, 
sulfuric acid (H2SO4) with a 98 percent assay, 
and other chemicals with an AR grade, were 
imported from SRL, India. Graphite powder with 
a purity of 99 percent was offered by Sigma-
Aldrich. powdered rhodamine dye from Sigma 
Aldrich. For the synthesis, deionized water (DI 
water) was 

used.                                                                                           
                                                                                         

2.2 Synthesis of Reduced Graphene Oxide 
(rGO) . 
The graphite powder was oxidized using a 
modified Hummer's technique [20]. In an ice 
bath, a combination of pre-oxidized graphite (3 
g), Na NO3 (1.5 g), and H2SO4 (115 mL) is 
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agitated for 20 minutes. Then, slowly add 
KMnO4 (9 g) to the suspension while stirring 
vigorously and maintaining a constant 
temperature (>20 °C). The temperature of the 
solution was then raised to 35 °C and agitated 
continuously for nearly 12 hours. 300 mL DI 
water was added after the temperature of the 
precursor solution was raised to 98 °C. The 
residual manganese dioxide and permanganate 
were then removed from the suspension using 
30 weight percent colorless H2O2 after it had 
been diluted with 1 L DI water. The pH of the 
mixture was neutralized by filtering and 
washing with 5 weight percent HCl aqueous 
solution and DD water, respectively. The 
mixture was then vacuum-dried for 24 hours at 
40 degrees Celsius to produce the finished form 
of GO.The obtained GO was combined with the 
reducing agent (Thiourea) at 100 °C  for roughly 
24 hours with constant stirring, yielding rGO 
[21]. 
 2.3 Synthesis of ZnO Nanoparticles. 
First, 20 mL of dimethyl sulfoxide (DMSO) was 
used to dissolve 0.2 M zinc acetate dihydrate 
(Zn(CH3COO)2H2O), and then 20 mL of ethanol 
was used to dissolve 1.2 M potassium hydroxide 
(KOH). The Zn(CH3COO)2H2O solution is then 
gradually mixed with KOH solution until it turns 
milky white. Under constant stirring, 0.2 mL of 
tri-ethanolamine (TEA) was added to the milky 
solution as a capping agent. After that, the 
precipitate was centrifuged to separate it from 
the liquid. After being washed three times, the 
precipitate was dried at 90°C to produce a fine 
white powder. The sample was then used for 
further analysis after being annealed at 400 
degrees Celsius[21]. 
2.4 Formation of rGO/ZnO Nanocomposite. 
The rGO/ZnO nanocomposite was made using a 
simple ultrasonic-assisted solution technique. 1 
g of rGO was sonicated for 30 minutes with 150 
mL DI water. Similarly, 0.25 g of ZnO was mixed 
with 50 mL DI water and sonicated for 30 
minutes separately. Both solutions were then 
combined and sonicated for 45 minutes before 
being agitated constantly for 1 hour and dried in 
a hot air oven. The rGO/ZnO nanocomposite 
powder was finally obtained [21]. 
2.4. Adsorption experiments. 

2.4.1. Batch adsorption experiments  

    The stock solution of 50 mg/L Rh.6G solution 
was prepared by dissolving 0.05 g  of Rh.6G 
powder in 100 mL of water. An aqueous solution 
(10 mL) with 0.1 g    (ZnO / rGO) nanocomposite 
and a suitable concentration of Rh.6G was 
shaken by a thermostatic reciprocating shaker 
at 120 rpm at 297K. After removal of the 
nanocomposite by filtration through a 
centrifuge of 6,000 rpm, the dye concentrations 
in the supernatant were determined by a UV-
Visible spectrophotometer. The amount of  (ZnO 
/ rGO) adsorbed by adsorbent (q) in the 
adsorption systems were calculated by the 
following mass balance Eq.(1) :  

𝑞 =
V.sol(C𝑜−Ce)

m
  

 
(1) 

and the percent removal (%) of (ZnO-RGO)  was 
calculated using the following             Eq. (2) : 

𝑟𝑒𝑚𝑜𝑣𝑒𝑙 % =
(C𝑜−Ce)

m
  × 100%  

 
(2) 

where Ci and Ce (mg/l) are the starting and 
equilibrium metal concentrations in the water, 
respectively, and V is the volume of the solution 
(l), m is the weight of the adsorbent (g), and 
[22].                                                                                                     
2.4.2. Effect of adsorbent 

dosage.                                                                                      
                                             

  Effect of surface mass  (ZnO / rGO) on a process 
The absorption of dyes was studied with 
different weights (0.001, 0.006, 0.02, 0.07, 0.1 
g). For every 10 ml of dye solution, the dye was 
mixed In a solution with an adsorbed surface it 
is placed In a water bath shaker for 6 hours. 
Then the samples were expelled At 6000 rpm 
for adsorbent removal Here all conditions are 
required to be stable. Dye concentration, 
temperature, and acidic function ). Then The 
remaining dye concentration is measured with 

    ( UV-Vis) Spectrophotometer.                                
                                                                                                     
                                                                                                     

                              

                  2.4.3. 
Temperature 
effect.                                                                                         
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     In this agent adsorption was carried out in 
the same way and a variable range of 
concentrations between (1-12) mg / liter was 
used to estimate the basic thermodynamic 
functions at temperatures (10 ° C, 15 ° C, 20 ° C,  

25 ° C, and 30 °C).             

2.4.4. Effect of 
pH                                                                                               
                   
    The effect of acidity on adsorption has been 
studied Process. To measure the pH we used a 
pH scale .At the beginning of the adsorption, 
different pH values ranging between (2.0--12.0) 
were taken to regulate the pH With a solution of 
HCl and NaOH diluted (0.1 M). All conditions are 
at temperature 25 ° C and a concentration of( 10 
mg / L). Weight (0.1g)  For nanocomposite (ZnO 
/ rGO) and dye solutions.and we plotted the 
results The amount absorbed versus a value The 
acidic function and its effect on the adsorption 

process.                                                                                     
                                                   

 
3. Results and discussion  

3.1. Characterization. 
3.1.1XRD of reduce Graphen Oxide (rGO) and  
Zinck Oxide (ZnO) nanoparticales  and (ZnO 
/ rGO) nanocomposite. 

The average size of the crystallites was 
estimated from the broadening of thehighest 
diffraction peak, using the Scherrer equation 
[23]. The crystallite size using the Debby– 
Scherrer Eq.(3) . 
               K λ 
D = …………    (3) 
  β COS ϴ            

where β is a half width of the peak , D is the 
crystalline size in nanometers (nm), k is a 
constant equal to 0.9 and λ=1.5406 Å is the 
wavelength of CuKα radiation. 
The interplanar distance (d) and the lattice 
constants (a, c) were calculated using the 
relation 2dsinθ = n𝛌 and 1∕d2 = [(4∕3){ ((h2 + hk 
+ k2 ) ∕a2 ) } + ( l 2∕c2 ) ] [24]. 
Figure.1 presents the results of X-ray diffraction 
for the ZnO-NPs after synthesis showing wide 
peaks at position ( 31.9, 34.6, 36.47.7 , 56.7 and 
68.1) characteristic to the ZnO structure. and 
show Fig.(1.a) the number of strong diffraction 
peaks (JCPDS Card numbers 008, 82-1042, and 
5-0664) that correspond to the 100, 002, 101, 
102, 110, 103, 112, and 201 reflection lines of 
the hexagonal wurtzite structure of zinc oxide 
nanoparticles [25]. measured were about (19.5 
nm , 26.6 nm, 16.8 nm, 17.4 nm , and 14.6 nm  
and 13.9 nm). Fig. (1.b) shows the XRD pattern 
of reduced graphene oxide Following the 
thermochemical treatment, the reduction of rGO 
was confirmed by diffraction peak that 
appeared at 2θ=26.8◦, reflection plane (002) 
[26].and nanoscale  (23.96 nm) and nanoscale  
(23.96 nm). The XRD spectrum of the ZnO / rGO 
complex is shown in Fig. (1.b) the hexagonal 
ZnO reflection. The peaks were more dominant, 
(JCPDS file no. 01-089-0510). There are no 
other reflection peaks, including (001) rGO 
Reflections and may indicate the formation of 
high-purity ZnO. Absence of a graphen oxide  
reflection peak (002) at Peack ( 25.6) indicates 
that the surface of the rGO is completely covered 
With   ZnO nanoparticles [27]. The size of the 
nanoparticles was (23.9nm).    
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3.1.2 EDX – analysis.     

 was use to examine the purity of the compound 
ZnO NPs, Fig. (2.a) EDX indicates that the Zn and 
O elements Zn content was 81.2% while the O 
content was 12.0 %. He indicated that the ZnO 
NPs were pure with only few impurities.The 
single peak of Zn and O is between 0 and 2. 
There are two zinc peaks between 8 and 10. 
These results coincide with results already 
reported with the same results The peak site in 

the synthesis of zinc oxide. . Also, the 
appearance of high carbon in EDX in Fig. (2.b) 
which is (65.6, 33.1%) and second  peack  is 
attributable to the oxygen present in rGO. As for 
Fig. (2.c) it shows the EDX image, and the 
emergence of pecs whose proportions (64.1, 
21.6 and 12.0%) are due to Zn, O and C, 
respectively, with the presence of some 

impurities, as mentioned previously          

                             . 
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Fig.(2) show EDX of (a) ZnO 

 
 

Fig.(2) show EDX of (b) rGO 

 
Fig.(3) show EDX of (C) ZnO\rGO 

3.1.3 FE-SEM  analysis.  

In Figure 6, a set of FESEM images of the 
nanocomposite formation stages (Fig.3a) shows 
the FE-SEM image of the rGO. We observed the 
formation of micro / nanostructures as 
arranged sheets. (Fig. 3b) The FESEM image of 
ZnO exhibits the formation of densely arranged 

spherical-shaped structures.   ((Fig. 3c) shows 

an image showing a FESEM image of the ( ZnO / 
rGO nanocomposite of a group of pellets spread 
along the plates, indicating the formation of the 
nanocomposite assembled using both zinc 
pellets and reduced graphene oxide 

plates.                                                                                        
                            

 
Fig.(3) (a) show  FESEM of rGO 
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Fig.(3) (b) show  FESEM of ZnO 

 

  
Fig.(3) (c)  show FESEM of ZnO\ rGO 

3.1.4 The FTIR spectrum.                                                                                              
 

The FTIR spectrum is shown in Figure 6. For 
ZnO, rGO and ZnO-rGO nanoparticles. (Fig. 4 a) 
refers to ZnO synthesized by the hydrothermal 
method. We observed the emergence of a peak 
confined between (400-4000 cm-1) of the 
spectrum, there are two peaks near (597.95 cm-
1 and 486.08 cm-1) due to the vibration of the 
bundle (Zn- O). There are other peaks confined 
between (600-2000 cm-1) that may be vibration 
of bonds (c-c, c = c, co2) for the acetate group 
due to the carboxylic acid. A peak near of (3100 
and 3600 cm-1) is due to the C-H 

expansion[28].                                                                        
                                 

(Fig. 4 b) shows the FTIR spectra of reduced 
graphene oxide (rGO), the figure shows the 
presence of sporadic modified peaks between 
(3200-3800 cm -1), the presence of an OH bond 
due to the hydroxyl group in (rGO). -1,430 cm-

1) of wavelength due to vibration of bonds (C = 
O, (-COOH group), COC (epoxy group) 

[29].                                                                                            
                                                                                   

 (Fig. 4 c) shows the FTIR spectra of the( ZnO / r 
GO ) nanocomposite.We noticed that the broad 
peaks in the FTIR spectra centered between 
(400-2000 cm-1) which are (518.87 cm-1 
420.50 and cm-1) and belong to Zn-O, and there 
are other peaks resulting from the expansion of 
O – H and C-H bonds. The C-OH, c-c, c = c, co2 
and the C-O stretching respectively returning to 
rGO were significantly decreased. As well as the 
summits confined between (3100 -3800 cm-1) 
of the spectrum region and the resulting 
vibration of the O - H and C-H bonds were also 
decreased. Denotes the formation of the ZnO / r 
GO nanocomposite obtained from ZnO NPs 
decorated on RGO 

sheets.                                                                        
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Fig.(4) show the FTIR-for (a)ZnO (b)rGO  (c) ZnO\rGO 
 

 3.2 Adsorption experiments. 

 .3.2.1.Effect of adsorbent dosage 

An experiment with adsorption to remove rhodamine 6G dye, It was performed using different weights 
(0.001 - 0.1 g) of the nanocomposite. Note that as the weight of the nanocomposite increases, the dye 
will increase the removal rate. Attributed to the larger surface area of the nanocomposite and An 
increase in the active sites available for uptake of the Rh.6G dyeThus, the Rh.6G uptake reaches the 

saturation level at0.1g  of nanocomposites as surface active sites From rGO / Co3O4 it becomes 
saturated with Rh.6G. Later For experiments, 0.1 g was selected from the sorbent dose (Fig. 5) [30]. 

 
Fig.( 5)  the Effect of dosage 

 

 

 .3.2.2.The effect of contact time  

 The adsorption dye has been studied at various times. (1-75 minutes) after stabilizing for all 
influencing conditions .In Rhodamine 6G the dye absorption capacity was increased .With increasing 

time to its maximum value saturation state) but sometimes the adsorption capacity decreases with) 
Increased time due to the absorption process [31].                                                                                                    
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An important factor influencing the dye adsorption process is the solution pH By changing the surface 
charge of the adsorbent and the ionization behavior of the adsorbent and dye. 

 
Fig.( 6) the effect of the pH 

 
In (Fig. 6)  show the effect of the pH on the 
solution is shown. Removing Rh.6G by ZnO / 
rGO, it is possible It should be noted that the dye 
removal efficiencies by the nanocomposite It 
increases with increasing pH in the pH range 
from 2.0 to 12.0. The A decrease in the 
absorption capacity is observed at a low pH 
value. Attributed to the competition of protons 
with cation.Rh.6G for adsorption sites available 
on the ZnO \ rGO surface. Electrostatic 
attraction between the two negatives. A charged 
ZnO \ rGO and Rh.6G cation will lead to Increase 

the adsorption capacity [32]. 

 

3.3. Adsorption isotherms and Adsorption 
kinetic :  

To match the experimental adsorption data for 
Rh6G on ZnOrGO, the adsorption isotherm 
Langmuir and Freundlich models were applied. 
The adsorption isotherm Langmuir model is 
commonly accepted for describing molecule 
adsorption on homogeneous surfaces, while the 
adsorption Freundlich model is utilized to 
explain heterogeneous systems as surfaces with 
non-energetically equal sites. Eq.(4)(5) [33] The 
linear equations of the Langmuir and Freundlich 

isotherms can be expressed as follows: 
𝐜𝐞

𝐪𝐞
=

𝟏

𝐪𝐦.𝐛
+

𝐜𝐞

𝐪𝐦
     ………(4) 

…………..(5) eC+1/n  log  Flog K =  elog q 
qe is the equilibrium adsorption value (mg g-1), 
and Ce is the RhB equilibrium concentration 

(mg l-1). The theoretical maximum adsorption 
capacity (mg g-1) is given by qm. Freundlich and 
Langmuir constants are Kf and b, respectively. 
The heterogeneity factor, or 1/n, is a measure of 
adsorption efficiency. Were employed two types 
of Pseudo-first order and pseudo-second order 
kinetics models are examples of kinetic models. 
to look into adsorption rate for adsorption 
process of Rh6G on the prepared nanomaterials 
in the present study. The pseudo-first order 
model also known Lagergren equation there 

liner form can be expressed as Eq.(6) [33].   

(𝐥𝐧(𝐪𝐭 − 𝐪𝐞) = 𝐥𝐧(𝐪𝐞) − 𝐤𝟏 𝐭      ................(6 

Where: qe and qt (mg/g) are the amounts of the 
Rh6G adsorbed at equilibrium and at time t 
(min), respectively, k1 (min-1) the adsorption 
rate constant, slope = -K1, and intercept = log qe.  
Pseudo‐second order model there liner form 

can be expressed as Eq.(7) [33] 

(
𝐭

𝐪𝐭
=

𝟏

𝐤𝟐 𝐪𝐞
𝟐 +

𝐭

𝐪𝐞
       .........................(7 

Where:  k2 (L.mol-1. min-1) is the rate constant 
of the second order equation (g/mg min). When 
poloting between t/qt and t, slope =1/qe and 
intercept = 1/K2qe2. After we have applied the 
adsorption values in the Lancmuir and 
Verdunge equations we can determine that the 
Langmuir isotherms are connected to the 
comparable adsorption energies and monolayer 
absorption at homogeneous locations, whereas 
Freundlish described for heterogeneous 
surfaces [34].                                                                             
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Fig. (7) shows (a) Langmuir adsorption isotherm (b) Freundlich adsorption isotherm 

 
  

Fig. (8) shows of kinetics model  (a) pseudo-second-order(b) pseudo-first- order 
 

 And after we applied the adsorption values in 
the equations of Langmuir and Freundhich gave 
us the Fig. (7. a, b), we can decide that it is a 
more suitable Langmuir model. On the other 
hand, the correlation coefficient (R2) for 
Freundhich (0.8572) is relatively smaller than 
that of Langmuir (0.9183). Therefore, the 
adsorption of the dye on the surface of the 
nanocomposite occurred well, as did the 

shape.Fig. (8.a, b) It was well suited to the 
pseudo-first order kinematics model, to 
arbitrate in as well as the correlation coefficient 
having values (0.9820 and 0.9630) for the first 
and second order pseudo-kinematics     

respectively.                                                                            
                                                                                                  

 

Table (1): Freundlich and Langmuir parameters for adsorption of Rh6G.  
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 KL 6.428196 

Langmuir qm 4.5537341 

 R2 0.9183 

 KF 3.086029 

Freundlich n 0.4894 

 R2 0.8572 

 
 

Table 2 
Adsorption kinetics parameters of adsorption of Rh.6G. 

 
 

 

 

 

 

 

 

 

 

Conclusion:
 

In this work, ZnO and rGO nanoparticles were 
successfully prepared and ZnO loaded onto rGO 
by the hydrothermal method to produce a ZnO / 
rGO nanocomposite. It was also found that the 
rGO / ZnO nanocomposite has great potential as 
an effective Rh.6G removal agent from aqueous 
solution. Adsorption process: corresponds to a 
typical pseudo-second class adsorption process. 
The isothermal model fit the Langmuir 
isothermal model and was part of the chemical 
adsorption process. Moreover, the pH value had 
a significant effect on the absorption capacity, 
and the adsorption of Rh 6G stain by the ZnO / 
rGO nanocomposite When the pH was raised, it 

first climbed and then declined dramatically. 
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