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Abstract
We herein report the green synthesis of a reduced Graphene Oxide/Silver nanoparticle (rGO/AgNP) 
nanocomposite by simultaneously reduction of graphene oxide and silver ions using an aqueous extract 
of cinnamon (Cinnamomum verum) plant bark. Methylene blue dye removal capacity and efficiency of 
the nanocomposite was evaluated.  The synthesized nanocomposites were characterized by using UV DRS, 
SEM, P XRD, and FTIR spectroscopy. The XRD results showed the average particle sizes Ag NPs, rGO, and 
rGO/Ag NPs nanocomposite to 29.9 nm, 0.67 nm, and 13.35 nm respectively. The UV-DRS analysis result 
showed that rGO/Ag nanocomposite exhibited two absorbance peaks at 272 & 334 nm which corresponds 
to rGO and Ag NPs respectively. The FTIR spectral data revealed the functional groups characteristics of 
phytochemicals in the plant extract, rGO and rGO/AgNP nanocomposite. The surface morphology from 
SEM result obtained indicated that Ag NPs showed non-homogeneity and different shapes, rGO had thin flat 
layer sheet morphology whereas Ag NPs were deposited on rGO nanosheets in the form of clusters in the 
rGO/AgNP nanocomposite. The rGO/AgNP nanocomposite had highest methylene blue removal efficiency 
of 99.98% at optimum pH 2, adsorbent dose 80 mg, contact time 50 min and initial concentration of 10 
mg/l. The Adsorption isotherms were well fitted to Langmuir isotherm for all synthesized adsorbents. The 
adsorption kinetics results were best fitted to the pseudo-second-order model. The green synthesized rGO/
AgNP nanocomposite has the potential to be used as an adsorbent in wastewater treatment applications.
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INTRODUCTION
Environmental pollutants  are  kn-

own  to  cause  major  problems  worldwide.  Natu-
ral water conservation plays a vital role in protect-
ing the land and saving it for future generations. 
Textile, papermaking, cosmetics, food, and leather 
industries release wastewaters into the environ-
ment [1]. Among these, the textile industry is one 
of the major industries as largest water consumer 
and wastewater source. Wastewater from the tex-

tile industry contains chemicals, suspended solids, 
toxic compounds, and dyestuff, which are among 
the major pollutants in wastewater. As a result of 
the rapid development of textile industries, waste-
waters containing dyes that are directly or indirect-
ly discharged into the environment are increas-
ing, especially in developing countries. Industrial 
wastes and their impact on the environment are 
widely prevalent in Ethiopia, like Addis Ababa and 
Bahir Dar compared to other parts of the country 

http://creativecommons.org/licenses/by/4.0/.
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[2]. Almost all industries in the city are located in 
the vicinity of the watercourse and among them; 
about 90% simply discharge their effluent into the 
nearby river. This leads to a major impact on the 
environment, due to toxic substances like heavy 
metals and dyes discharged into water bodies [3]. 

Industrial wastewater contains various con-
taminants, and synthetic dyes are one of the most 
substantial pollutants in wastewater for their wide-
spread use [4]. Methylene blue (MB) dye is a cat-
ionic dye with broad applications such as dye for 
paper, hair, and cotton and filters for medical sur-
gery among others.  It is a pollutant that not only 
deteriorates water quality but also significantly 
affects the environment and human health. It has 
been shown that, in humans, it causes vomiting, 
lightheadedness, cyanosis, jaundice, tissue necro-
sis, increased heart rate, vomiting, shock, and tet-
raplegia  [5].    Due  to  their  non‑degradabili-
ty,  carcinogenicity,  and  mutagenicity,  eliminat-
ing dyes from discharged water is great concern.

Different techniques were used to the remov-
al  of  these  pollutants  from  contaminated  wa-
ter  [6].  Adsorption  has  some  advantages  be-
cause the adsorbents are inexpensive, are available, sim-
ple to use, and have high efficiency and their de-
sign  is  simple.  Various  adsorbents  such  as  sili-
ca gel, activated carbon, zeolites etc. have been em-
ployed  to  remove  dyes  but  these  adsor-
bents are not efficient as expected.

Recently, the use of graphene as an adsorbent 
to solve environmental pollution problems has 
received considerable attention due to its high 
specific surface area and unique 2D structure for 
composite material designing. Several theoreti-
cal calculations and experimental measurements 
were conducted for using graphene as an adsor-
bent to remove hazardous pollutants from aque-
ous solutions [7]. Recent literature reports suggest 
that  graphene based  composites  showed  excel-
lent performances  for  removal of hazardous pol-
lutants. For instance, Supritha et al. reported the 
synthesis of (rGO/MnO2)  composites  for  remov-
ing  Hg  (II) [8], and in another study Fie, P et.al 
evaluated ZnFe2O4/rGO [9]  composite  for meth-
ylene blue dye removal from water. They results 
indicated that the composites showed enhanced 
removal capability compared to the parent mate-
rial. Hence, in water  treatment plants, the appli-
cation of nanomaterials has attracted significant 
attention because of their large surface areas and 
more active functionalized sites [4].

In addition metal nanoparticles are among 
important adsorbents that have drawn consid-
erable attention in recent years because of their 
[10] appropriate catalytic performance, surface to 
volume ratio, and considerable controlled porosi-
ty [11]. Today, numerous studies have been done 
about metal nanoparticle biosynthesis and their 
application in the removal of polluting dyes from 
wastewaters. For instance, previous studies have 
different research attempts about the removal of 
organic dyes using silver nanoparticles [12] and 
the removal of Rhodamine B using silver nanopar-
ticles, [13]. These particular preferences make it 
appealing to various applications.  

Therefore, composite based nanomaterials are 
gaining momentum of choice as an adsorbent in 
water treatment.  Currently, the development of 
green chemistry approaches, which use biomateri-
als in the synthesis of various nanostructures, has 
also attracted a considerable amount of attention 
[14]. The present study was conducted to employ 
green synthesis to develop an eco-friendly process 
without any toxic chemicals for the preparation of 
Ag NPs, rGO, and rGO/Ag NCs and investigate the 
capacity as well as efficiency of these nanomateri-
als for methylene blue dye removal from aqueous 
solution and determine the adsorption isotherm & 
kinetics model. We assessed the use of cinnamon 
plant bark (Cinnamomum Verum) aqueous extract 
as a reductant and safe capping agent in an in 
situ reduction procedure for synthesizing Ag NPs 
on rGO nanosheets. Cinnamon is widely used as 
a condiment and flavoring agent in cooking [15]. 
Due to its abundant applications, the commercial 
production of cinnamon powder is quite high, ex-
hibiting a broader availability for the synthesis of 
Ag NPs as a biomaterial, and rGO. The aqueous 
extract of cinnamon was not used previously for 
composite reduction of rGO/Ag nanocomposites 
with variable sizes, so we need to use these ex-
tract for good production of composite adsorbent 
rGO/Ag for dye removal. In this work, we used the 
adsorbent Ag NPs, rGO, and rGO/Ag nanocompos-
ite synthesized using an aqueous extract of cinna-
mon plant bark, for the removal of methylene blue 
dye from aqueous solution.

MATERIAL AND METHODS
Chemical and reagents

 Most of the chemicals used in this work were 
analytical grades purchased from Sigma Aldrich 
(St. Louis, MO, USA), and Merck (Darmstadt, Ger-
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many) chemical suppliers. The cinnamon plant 
bark was purchased from Adama town local mar-
ket. The chemicals used include AgNO3, methylene 
blue, NaNO3, KMnO4, 98% H2SO4, 36% HCl, 30% 
H2O2, NaOH, NH3, chloroform, graphite powder, 
distilled water, and tap water.

Experimental Design and Procedures
Preparation of (Cinnamomum verum)  bark extract 

The preparation of the extract was done using 
the reported procedure with minor modification. 
The bark of the cinnamon (Cinnamomum verum) 
plant was ground by using a mortar and pestle to a 
fine powder. Then 5 gm of cinnamon bark powder 
was dispersed in 100 mL deionized water in a coni-
cal flask and boiled for 45 minutes and later cooled 
to room temperature. The dispersion was filtered 
to obtain a clear solution of cinnamon extract and 
stored in a refrigerator at 4°C until further use [16].

Preparation of graphene oxide (GO)
The graphene oxide was prepared by using the 

Hummer method with little modification. Accord-
ingly, 5 gm graphite powder and 2.5 gm sodium ni-
trate were mixed with 120 mL of 98% sulfuric acid 
in 1000 mL of the conical flask [17]. The mixture 
was stirred for 30 min in an ice bath followed by 
the addition of 12  gm potassium permanganate 
with vigorous stirring at a temperature of below 
20°C. The stirring continued overnight and 150 mL 
of distilled water was slowly added. The reaction 
temperature was rapidly increased to 98°C and 50 
mL of 30% H2O2 was added. Then the product sam-
ple was washed with 5% HCl, deionized water, and 
then finally dried.

Reduction of graphene oxide (GO) to reduced 
graphene oxide (rGO)

To reduce the prepared graphene oxide into re-
duced form, 3 gm of GO was dispersed in 100 mL 
distilled water by stirring for a period of 3 h. The 
suspension was mixed with 50 mL of Cinnamon 
verum plant extract under reflux at 90 ºC for 45 
min. The product was also washed with distilled 
water, dried, and stored [17].

Green synthesis of Ag NPs
The Ag NPs were synthesized by using cinna-

mon bark extract as the green reducing agent. 50 
mL of a clear filtered solution of cinnamon bark 
extract was added to 100 mL of 0.3M AgNO3 
solution stirred at room temperature for 4 h and 

heated for 30 min at 40-45ºC. The solution color 
changed from yellow to dark brown was indicat-
ing the formation of Ag NPs. The final product was 
centrifuged at 2000 rpm for 20 min and washed 
twice with deionized water then finally dried [18].

Synthesis of  reduced graphene oxide-silver nano-
composite (rGO/Ag)

Cinnamon bark aqueous extract plays a dual 
role as a reducing agent for both the graphene 
oxide (GO) suspension to rGO and silver nitrate 
(AgNO3) to Ag NP, simultaneously. The GO suspen-
sions are prepared from graphite powder using 
Hummer’s method [17]. 5 gm of the prepared GO 
and 5 gm of AgNO3 were added in a conical flask, 
then 100 ml of distilled water was added with con-
tinuous stirring on a magnetic stirrer for 2 h at 90 
°C, and also 50 ml of cinnamon bark aqueous ex-
tract was added which act as a reducing agent and 
the suspension was stirred continuously for 3 h. 
UV-Vis spectrophotometric measurements were 
carried out to confirm the synthesis of the nano-
composite. Later, the sample was centrifuged at 
2000 rpm for 10 min and the product powder was 
dried and stored for further analysis [18].

Phytochemicals tests of cinnamon bark extract 
The cinnamon bark extracts were screened for 

flavonoids, tannins, coumarins, saponosid, glyco-
sides, anthocyanin, terpenoids, and phenols test. 
The aqueous solution of the sample was prepared 
according to the method described [19] with little 
modification and the result clear filtered extract 
solution was used for coumarins [20], tannins [21], 
flavonoids [20], saponosid [22], glycosides [21], 
anthocyanin [21], phenol [22], and terpenoids [22] 
tests.

Characterization studies 
The synthesized rGO, Ag NPs, and rGO/Ag 

nanocomposite were characterized using various 
instrumental techniques to confirm the success 
of the synthetic procedure and to determine the 
morphologies, particle size, and functional group 
and other properties required for the material to 
be used as adsorbent are meeting. In this regard, 
UV–DRS a Perkin Elmer Lamda-2 spectrophotom-
eter was used for determine the electron transi-
tion and bandgap energy (UV-Vis NIR CLB, Model 
V-770), with a spectral range of 200–800 nm. The 
crystalline phases of the sample was identified 
by measuring the intensity of diffraction at 2 the-
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ta angles from 10˚-80˚ using P-XRD (XRD-7000, 
SHIMADZU Corporation, Japan) equipped with 
a Cu target for generating a Cu Kα radiation with 
λ = 0.15406 nm at 40 kV and 50 mA accelerating 
voltage and applied current respectively. The mor-
phology analysis of the samples was investigated 
by using SEM (JCM-6000plus BENCHTOP SEM, 
SHIMADZU Corporation, Japan). The functional 
groups that are present in the sample detected 
by using Perkin Elmer-65 model system FTIR-ATR 
spectrophotometer in the wave number ranging 
4000-450 cm−1 with a resolution of 2.0 cm−1. 

Removal of methylene blue using Ag NPs, rGO, and 
rGO/Ag NCs by adsorption
Preparation of working standard solutions 

In this study, MB powder was used as the 
adsorbate molecule in adsorption experiments. 
Preparation of stock solution of MB was carried 
out by dissolving 1 g of MB in 1000 mL distilled 
water to get 1000 mg/L. Further 10, 15, 20, and 
25 mg/L of working standard solutions of MB were 
prepared from the standard 1000 mg/L dye solu-
tion by using dilution law [23].

Batch adsorption experiment
A batch mode sorption study for individual pa-

rameters was carried out using a 250 mL conical 
flask. The effects of different parameters such as 
pH, adsorbent dose, adsorbate concentration, and 
contact time are investigated by varying any one of 
the parameters and keeping the other parameters 
constant, and study adsorption isotherms, adsorp-
tion kinetics to determine how the change in re-
moval capacity induced by these factors. For each 
measurement, samples should be periodically tak-
en out of the flask then shaken and filtered using 
a Whatman filter paper. The investigate ranges of 
the experimental variables was as follows: pH of 
solutions (2, 4, 6, 8, & 10), adsorbent dosage (40, 
60, 80, 100, 120 mg), initial concentrations (10, 
15, 20 & 25 mg/L), and contact time (30, 50, 70, 
90 & 110 minutes). The absorbance of the filtrate 
solutions was determined by using a UV-visible 
Spectrophotometer at the maximum wavelength 
of 664 nm and it is possible to calculate the re-
moval efficiency of Ag NPs, rGO, and rGO/Ag NCs 
by using the Equation 1. 

Removal efficiency (%) =   1 00Co Ce x
Co
−   � (1)

Where C0 is the initial concentration (mg/L) 

and Ce is the residual (equilibrium) concentration 
(mg/L) of the MB being studied. 

The removal capacity of rGO/Ag nanocompos-
ite is the amount of MB adsorbed per unit mass of 
adsorbent was calculated based on the mass bal-
ance principle Equation 2.

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡y (𝑞𝑒) =   Co Ce xv
M
−

   (2)

Reusability test of rGO/Ag NPs nanocomposite
80 mg of rGO/Ag nanocomposite was added 

into 50 ml of MB solution with a concentration 
of 10 mg/L and then stirred for 50 min. Then the 
dye adsorbed nanocomposite was separated by 
centrifugation and desorption carried out by the 
addition of distilled water. The desorbed nano-
composite was separated and used for the second 
cycle of adsorption [24]. The same procedure was 
repeated at least five times to estimate the effi-
ciency of methylene blue dye removal.

Adsorption isotherms
Adsorption isotherms were investigated to 

evaluate the applicability of the adsorption process 
for the removal of MB from industrial wastewater. 
The interactions between the adsorbate and ad-
sorbents also are described by several models for 
the adsorption isotherms,  based  on  a  set  of  as-
sumptions that are mainly related to the hetero-
geneity/homogeneity of adsorbents, the type 
of coverage, and the possibility of interaction 
between the adsorbate species. The most com-
monly used equilibrium models are Langmuir and 
Freundlich isotherms [25]. Therefore, adsorption 
isotherm experiments were conducted to examine 
the relationship between the solid phase and the 
solution phase concentration of the adsorbate at 
an equilibrium condition.

Langmuir isotherm determined by the follow-
ing equation (3) 

1 1 1 1*
qe   KL qmax Ce qmax

= +

�
(3)

Freundlich isotherm determined under the fol-
lowing equation (4)

1ln qe ln *lnKf Ce
n

= +
�

(4)

Adsorption kinetic studies
To investigate the adsorption rate processes, 
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the most common models used to fit the kinetic 
adsorption experiments are pseudo-first-order 
and pseudo-second-order. The kinetics of adsorp-
tion describes the solute uptake rate, which in turn 
governs the residence time of adsorption reaction 
[23]. It is one of the important characteristics in 
defining the efficiency of adsorption. 

Pseudo-first order kinetics determined under 
the following equation (5)

( )ln qe qt 1*lnqe K t− = −  � (5)

Pseudo-second order kinetics are determined 
by the following equation (6)

2
t 1 1 *

qt 2 qe  
t

K qe
= +  � (6)

RESULT AND DISCUSSION
Phytochemical screening results

The presence or absence of different phyto-
constituents viz. carbohydrate, glycoside, protein, 
tannins, saponins, flavonoids, and terpenoids 
were detected by the phytochemical screening 
methods with different chemical reagents. Phy-
tochemical components are responsible for both 
pharmacological and toxic activities in plants. 
These metabolites are said to be useful to a plant 
itself but can be toxic to animals, including human 
[26]. The presence of these chemical constituents 
in this plant is an indication that the plant if prop-
erly screened the reducing and capping agent for 
synthesis of nanoparticles and could yield drugs of 
pharmaceutical significance. 

Flavonoids, tannins, terpenoids, saponin, gly-
coside, and phenolic compounds were found in 
cinnamon bark extracts as a good positive result. 
The coumarins test was slightly positive but antho-
cyanin was a negative result indicative of its ab-
sence in the cinnamon extract. The images show-
ing various color changes during the Phytochemi-
cals screening tests were presented in Fig. 1(a-h) 
and the summary of the result was tabulated in 
Table 1. This result is consistent with previous lit-
erature reports [21]. Another previous study con-
ducted on an aqueous extract of cinnamon bark 
reported that tannins, saponins, phenolic, and ter-
penoids were present, and hence the result of our 
study was in strong agreement with the reported 
results of phytochemical screening [27].

Characterization of synthesized adsorbent
X-ray Diffraction analysis (P-XRD)

The crystalline phase structure and orientation 
of the rGO, Ag NP, and rGO/Ag nanocomposites 
were studied by XRD analysis at room tempera-
ture. Fig. 2 shows a comparison of the XRD pat-
terns of the rGO, Ag NP, and rGO/Ag nanocom-
posite samples recorded at a diffraction angle in 
the range 10º–80º. For rGO nanosheets showed a 
characteristic peak at an angle of 24.73º for the 
(002) crystal plane. As seen from the figure, the 
XRD pattern of rGO is not smooth and small peaks 
were observed. The reason seems to be that there 
were residual functional groups on the rGO sheets 
that affected the structure of the rGO sheet. For 
Ag NPs synthesized (Fig. 2), the diffraction pro-
file had an intense peak at 2θ of 38.29°, 44.30°, 

 

 

Figure 1. Phytochemical test result of cinnamon bark extract for (a) phenolic, (b) saponins, (c) 

tannins, (d) flavonoids, (e) coumarins, (f) glycoside, (g) terpenoids, and (h) anthrocyanin plant 

constituent metabolites. 

  

Fig. 1. Phytochemical test result of cinnamon bark extract for (a) phenolic, (b) saponins, (c) tannins, (d) flavonoids, (e) coumarins, (f) 
glycoside, (g) terpenoids, and (h) anthrocyanin plant constituent metabolites.
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64.25°, and 77.12°, corresponding to (111), (200), 
(220), and (311) planes in Ag NPs reduced by cin-
namon bark extract (JCPDS No. 04-0783) [28].

The crystallinity and phase structure of the 
rGO/Ag NPs nanocomposite also were investi-
gated via XRD analysis. Fig. 2 illustrates the sin-
gle-phase diffractogram of the material, which 
signifies that Ag NPs are perfectly embedded over 
rGO and behave as a single entity. It represents 
the four significant sharp diffraction peaks at 2θ 
= 38.32°, 44.27°, 64.23°, and 77.03°, attributed 
to diffraction over (1 1 1), (2 0 0), (2 2 0), and (3 
1 1) planes of the face center cube Ag crystalline 
phases (JCPDS No. 04-0783). The broad region at 
2θ = 20–25° (002) corresponds to the amorphous 
nature of the rGO moiety (JCPDS No. 84-0713). 

These obtained results were in good agreement 
with previously reported literature [29].  

The Scherer’s equation was applied to cal-
culate each peak crystal size, interlayer distance 
(d-spacing), and average crystallite size of AgNPs 
and rGO/AgNPs nanocomposite [30].           

      
D k

cos
λ

β θ
=

�
(7)

Where D is crystallite size, k is Scherer’s con-
stant, which is 0.9, λ is the wavelength of the X-ray 
radiation, which is 0.15406 nm, ß is peak width at 
half maximum (radians), and θ is Bragg’s angle. 
Hence, the average crystallite size and inter-layer 
distance (d-spacing) for all samples were calculat-

 
Table 1. Qualitative Phytochemical screening of extracts of cinnamon bark. 
 

 
 
 
 
 
 
 
 
 
 

++ High content         +   moderate content      ̶   not found/No content 
   

Plant constituents  Results
Phenolic/ferric chloride test  ++
Saponins/frothing test  ++ 
Tannins/ferric chloride test  ++ 
Flavonoids  ++ 
Coumarins/alkaline reagent test  +
Glycoside test  ++ 
Terpenoids/salowski test  ++ 
Anthrocyanin/ammonia test  ‐ 

Table 1. Qualitative Phytochemical screening of extracts of cinnamon bark.

 

10 20 30 40 50 60 70 80

(311)(220)(200)

(111)

 

2 Theta

 rGO-Ag
 Ag
 rGO

(111)

(200) (220) (311)

(002)

(002)

 
Figure 2. XRD patterns of rGO, Ag NPs, and rGO/Ag NPs nanocomposite. 

 

Fig. 2. XRD patterns of rGO, Ag NPs, and rGO/Ag NPs nanocomposite.
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ed and reported in Table 2. Accordingly, the aver-
age particle sizes were found to be 29.9 nm, 0.67 
nm, and 13.35 nm for Ag NPs, rGO, and rGO/Ag 
NPs nanocomposite respectively. 

UV-DRS Analysis
UV-diffuse reflectance spectroscopy is one of 

the most widely used techniques for the structur-
al characterization of metal nanoparticles. Due 
to the unique optical properties of the Ag NPs, a 
great deal of information about the physical state 
of the nanoparticles can be obtained by analyzing 
the optical characterization of Ag NPs. It is known 
that the size and shape of the Ag NPs consider-
ably change their optical properties since the sur-

face-to-volume ratio increases with a decrease in 
the size of the particle. Ultraviolet-visible spectros-
copy of the silver nanocrystals was performed in a 
Perkin Elmer Lamda-2 spectrophotometer and the 
data is shown in Fig. 3. The band detected at 341 
nm confirmed that the Ag NPs exhibited different 
shape and particle size due to non-homogeneity 
[31]. The reduction of grapheme oxide was con-
firmed as the solution changed from brown to 
black color. In addition, the rGO exhibited a peak 
at 279 nm, which is a red-shift from the character-
istic peak of GO at 230–240 nm confirmed     the 
success of the reduction process [32]. 

The UV-vis spectrum was used to monitor the 
formation of Ag nanoparticles on the surface of 

 
Table 2. calculated crystallite sizes and interlayer distance (d‐spacing) of rGO, Ag NPs, and rGO/Ag NPs nanocomposite from XRD data.     
                                                                 

Sample name  2 theta  Theta d (Aº) FWHS D (nm)  D average (nm)

Ag NPs 

38.29035  19.14518 2.348742 0.87791 10.00461 

29.9nm 44.30179  22.1509  2.042981  0.30389  28.9024 
64.25056  32.12528  1.448552  0.21858  40.18277 
77.12647  38.56324  1.235687  0.21671  40.52951 

rGO/Ag NPs NCs 

38.32  19.16  2.346993  1.15552  7.603208 

13.35nm 44.27  22.135  2.044374  1.36506  6.436098 
64.23  32.115 1.448966 0.37974 23.13599 
77.03  38.515  1.236994  0.53607  16.38902 

rGO  24.7318  12.3659  3.5969  12.5817  0.67415  0.67415nm 
 
 
   

Table 2. calculated crystallite sizes and interlayer distance (d-spacing) of rGO, Ag NPs, and rGO/Ag NPs nanocomposite from XRD data.
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Figure 3. UV-Vis DRS spectrum of Ag NPs, rGO, and rGO-Ag NCs. 

 

 

 

 

 

 

 

 

Fig. 3. UV-Vis DRS spectrum of Ag NPs, rGO, and rGO-Ag NCs.
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graphene. The rGO/Ag nanocomposites showed 
an obvious blue shift with a sharp peak positioned 
at 334 nm corresponding to the Ag NPs, where the 
rGO peak was moved to 272 nm due to the high 
intense peak arising from the deposition of Ag NPs 
on the rGO sheets. The blue shift of the plasmonic 
nanomaterial could be associated with the struc-
ture, size as well as properties of the substrate. In 
addition the observed peak shift could be either 
due to a decrease in the size of the Ag NPs or due 
to the presence of rGO, the matrix on which the Ag 
NPs were deposited [32].

Band gap energy
The diffuse reflectance spectra were translated 

into the absorption spectra by the Kubelka-Munk 
method. Kubelka-Munk’s equation is described as 
follows: α =2(1-R)/2R, where α is the absorption 
coefficient and R is the reflectivity at a particular 
wavelength.

The bandgap energy can be determined using 
the Tauc relation. According to the Tauc relation, 
the absorption coefficient α for material is given 
by α = A(hv - Eg)n. Where Eg is the bandgap, con-
stant, A is different for different transitions, (hv) 

is the energy of a photon in eV and n denotes 
the nature of the sample transition. The ‘n’ in the 
equation has values 1/2, 2, 3/2, and 3 for allowed 
direct, allowed indirect, forbidden direct, and for-
bidden indirect transitions respectively [33]. The 
tauc plot of the sample synthesized were present-
ed for rGO (Fig. 4a), Ag NPs (Fig. 4b), and rGO-Ag 
NPs nanocomposite (Fig. 4c).  The data obtained 
is in agreement with literature report that the op-
tical gap energy of nano-sized crystals depend on 
their crystallite size; and increases with decreasing 
crystallite size [34].

The absorption coefficient value is calculated 
from the diffuse reflectance using Kubelka–Munk 
equation,

( ) ( )2 1 R
F R /

2
K S

R
−

= =
�

(8)

Where, R is the absolute reflectance of the Ag 
NPs, rGO, rGO-Ag NPs nanocomposite, K, is the 
molar absorption coefficient, and S, is the scatter-
ing coefficient. The acquired diffuse reflectance 
spectrum is converted to Kubelka-Munk function 
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Figure 4. Band gap energy of a) rGO, b) Ag NPs, and c) rGO-Ag NPs nanocomposite. 
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F(R), which is equivalent to the absorption coef-
ficient (α). Thus the vertical axis is converted into 
the quantity (F(R)hv)½ and plotted against photon 
energy (hv). The indirect allowed (F(R)hv)2 ploted 
graph result is does not used because its linearity 
is not fitted with straight line for the curve. In this 
study the bandgap value is obtained by the inter-
cept of the fitted straight line of the linear part of 
the curve from (F(R)hv)1/2 direct allowed transition. 
The value of optical band gap energy was found 
to be 2.95 eV, 3.04 eV, and 3.24 eV for rGO, Ag 
NPs, and rGO/Ag NPs nanocomposite respectively 
shown in Fig 4(a-c).

Fourier  transform  infrared  spectroscopy  (FTIR-
ATR) analysis

FTIR-ATR analysis was employed to evaluate 
the functional group present in rGO, Ag NPs, rGO/
Ag nanocomposite, and cinnamon bark plant ex-
tract (PE). The spectra recorded are presented 
in Fig. 5. Accordingly, due to the fact that green 
synthesis process utilized cinnamon plant extract, 
peaks were observed located at around 3314 cm-1 
corresponding to O-H stretch of alcohol, a peak at 
2984 cm-1, (C-H stretch of alkanes), 2445 and 2148 

confirms (C≡C stretch of alkynes), and the peak at 
1642 cm-1 are attributed to the vibration stretch-
ing of aldehyde carbonyl (C=O) functional group, 
representing a high concentration of cinnamalde-
hyde. Other significant peaks were observed at 
647 cm-1 (vibration of alkanes), 751 cm-1 (benzene 
rings =CH), 1059 cm-1 (C-O), 1260 cm-1 (C-O-C bond 
of aromatic acid ester), 1342 cm-1 (C-N stretch, aro-
matic amines), and 1488 cm-1 (C=C bond). All these 
characteristic peaks confirm that the plant extract 
is rich in phenolic and aromatic compounds, espe-
cially cinnamaldehyde and alcohol.

The dual role of the plant extract as a reduc-
ing and capping agent of the functional groups on 
the NP’s surface was confirmed by FTIR analysis. 
The FTIR spectrum of Ag NPs showed reflectance 
bands located at 3170, 1730, 1597, 1284, and 
1004 cm-1 respectively, which correspond to the 
O-H stretching, C=O stretching, C=C stretching, 
C-N stretching, and C-C stretching with different 
functional groups adsorbed on the surface of NPs 
[35]. Since rGO was synthesized by the reduction 
of GO, similar peaks were also observed due to 
the residues of oxy-carboxyl functional groups. It 
was observed that the peaks in reduced graphene 
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Figure 5. ATR-FTIR spectrum data of PE, Ag NPs, rGO, and rGO/Ag NPs NCs. 
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oxide (rGO) were of weak intensity peaks as com-
pared to graphene oxide at 1025, 1217, 1586, 
1717, and 3166 cm-1 which corresponds to the 
C-C, C-O-C, C=C, C=O, and O-H stretching frequen-
cies respectively. When compared to the cinna-
mon bark extract, the intensity of these peaks was 
smaller in the spectra of rGO, Ag NPs, and rGO/Ag 
nanocomposite. 

The involvement of cinnamon bark extract as a 
reducing agent during the reduction could be the 
source of these hydroxyl groups in rGO and rGO/
Ag. In the spectrum obtained from rGO/Ag nano-
composite, the peaks at 3274, 1732, 1595, 1224 
and 1030 cm-1 show the same pattern of reduced 
graphene oxide and silver nanoparticles, which 
exhibited the peak were present O-H stretching, 
C=O, C=C, C-O-C and C-C stretching respectively 
by using cinnamon bark extract as reducing and 
capping agent. The overall FTIR spectra analysis 
revealed that the synthesis of reduced GO, Ag NPs 
and rGO/Ag nanocomposite using the cinnamon 
plant part extract was successful. 

Scanning electron microscopy (SEM) analysis
The surface morphology of the synthesized 

rGO, Ag NPs, and rGO/Ag NP was characterized by 
using SEM (JEOL, JCM-6000Plus). As shown in Fig. 
6a1 and Fig. 6a2, the synthesized silver nanoparti-
cles indicate that mono-dispersive and demon-
strated the non-homogeneity of the particles in 
terms of their shape and size. It also shows dif-
ferent shapes like spherical, and triangular of Ag 
NPs with varying particle sizes were found in the 
micrograph which is a good agreement previously 
reported literature [36]. The observation of some 
larger nanoparticles may be attributed to the fact 
that silver nanoparticles have the tendency to ag-
glomerate due to their high surface energy and 
high surface tension of the ultrafine nanoparticles 
[37]. The fine particle size results in a large surface 
area that, in turn, enhances the nanoparticles’ cat-
alytic activity.  Fig. 6b1 and Fig. 6b2 show that the 
formed rGO nanosheets were arranged together 
in stacked sheets, which confirms the reduction of 
GO. The images revealed an ultra-thin feature of 
rGO with wrinkles, which suggests the few layers 
are close together and form an interlinked struc-
ture [38]. 

The SEM images of the rGO/Ag nanocompos-
ite, shown in Fig. 6c1 and Fig. 6c2, confirmed that 
Ag nanoparticles are deposited on rGO nanosheets 
in the form of clusters. The Ag nanoparticles were 

deposited on rGO nanosheets due to the strong 
electrostatic and electronic interaction between 
rGO nanosheets and Ag nanoparticles [39].

Optimization of adsorbent for removal of methy-
lene blue from aqueous solution

In this study we optimized the three synthe-
sized adsorbent rGO, Ag NPs, and rGO/Ag NCs for 
the removal of methylene blue dye from aque-
ous solution. The need to optimize the precursor 
synthesized adsorbent were especially for silver 
nanoparticles as there is a few previous study for 
removal of dyes, we need to know the efficiency 
and capacity by comparing the optimized pre-
cursor with the composite efficiency for removal 
of MB dye as the composites to be expected en-
hance  the  removal  capability  compared  to the 
starting precursor materials.

MB dye adsorption by using Ag NPs, rGO, and rGO/
Ag NPs nanocomposite 
Effect of pH 

The pH of dye solutions plays an important role 
in the adsorption process and especially in the 
adsorption efficiency, which is due to the charge 
of the adsorbent surface, degree of ionization of 
materials in solution, and also the separation of 
functional groups in the activated sites of the ad-
sorbent. The influence of pH on the adsorption of 
dye was studied for three adsorbents separately 
by adding 80 mg of Ag NPs, rGO, and rGO/Ag NPs 
to 10 mg/L of methylene blue solution with pH 
values ranging from 2 to 10 for a contact time of 
50 min. As shown in Fig. 7a, dye uptake by Ag NPs 
increased as the pH of the solution increased be-
cause for cationic dyes such as MB, adsorption de-
creases in pHs lower than pHpzc due to the cation-
ic nature of the adsorbent surface and increases in 
pHs higher than pHpzc due to the anionic nature 
of the adsorbent surface [40]. In this study, the ad-
sorption of MB was increased to 10 by increasing 
pH, and its removal efficiency increased from pH 2 
= (86.04%) to pH 10 = (90.03%).

The adsorption of methylene blue dye by rGO 
and rGO/Ag NPs nanocomposite was found to de-
crease with an increasing pH value of a solution, 
as shown in Fig. 7b and Fig. 7c. These show that in 
an acidic medium, the efficiency of adsorption is 
greater than in a basic medium. The electrostatic 
attraction between positively charged H+ ions that 
are present in lower pH and cationic charges on 
the dye is the main reason for the electrostatic ad-
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sorption. Thus, the optimum pH value for the ad-
sorption of dye using rGO and rGO/Ag nanocom-
posite is found to be pH 2. The removal efficiency 
of rGO adsorbent increases from pH 10 = (94.31%) 
to pH 2 = (96.97%), but the removal efficiency of 
the two precursor adsorbents is lower than from 
rGO/Ag nanocomposite. Similarly, in the case of 
the nanocomposite, the removal efficiency also in-
creased from pH 10 = (97.39%) to pH 2 = (99.98%).

Effect of adsorbent dosage
To study the effect of adsorbent dosage of Ag 

NPs, at pH 10, rGO at pH 2, and rGO/Ag NPs nano-
composite at pH 2 with  time of 50 minutes, and 
10 mg/L fixed concentration of MB dye was used. 
The adsorbent with different doses for each of the 
three synthesized samples separately (40–120 mg) 
was used for this experiment. The impact of the 
adsorbent doses on the elimination effectiveness 

    

    

  

Figure 6. The SEM analysis of (a1&2) Ag NPs, (b1&2) rGO, and (c1&2) rGO/Ag NPs at different 

magnification. 
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Fig. 6. The SEM analysis of (a1&2) Ag NPs, (b1&2) rGO, and (c1&2) rGO/Ag NPs at different magnification.
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of MB by the selected Ag NPs, rGO, and rGO/Ag 
nanocomposite was shown in Figs. 8a, 8b, and 8c 
respectively. In all three adsorbents, the results 
indicate that the percentage removal of MB dye 
increased from 88.89% to 90.03% for Ag NPs, 
96.27% to 96.97% for rGO, and 98.79% to 99.98% 
for rGO/Ag NPs nanocomposite with an increase 
of adsorbent amount up to 80 mg. This was due 
to an increase in adsorption sites. Further increas-
es in the adsorbent dosage did not affect dye re-
moval; it is due to the formation of aggregation 
and lack of dye molecules for the adsorption [41]. 
Thus, the optimum concentration of nanocompos-
ite was found to be 80 mg, and this amount was 
used for further experimental analysis.

Effect of contact time
Equilibrium time is one of the most important 

variables in designing cost-effective systems for 
wastewater refinement. As shown in Figs. 9a, 9b, 
and 9c, the adsorption of methylene blue dye at 
an initial concentration of 10 mg/L was studied at 
different contact times (30–110 min) with an ad-

sorbent dose of 80 mg for three synthesized ad-
sorbents, Ag NPs at pH 10, rGO and rGO/Ag NCs at 
pH 2. Data showed that 50 minutes is sufficient to 
reach equilibrium conditions. The high adsorption 
rate in early contact times is due to several acti-
vated adsorption sites available for dye molecules 
that increase dye penetration to the adsorption 
surface. The concentration gradient decreases 
over time because of saturation of the adsorbent 
surface, and the removal percentage approximate-
ly remains constant.

At an initial 30 min up to the equilibrium time 
of 50 min of adsorption, the dye removal per-
centage was 88% to 90% for Ag NPs, 96.41% to 
96.97% for rGO, and 98.86% to 99.98% for rGO/
Ag NPs nanocomposite. As the time increases, the 
adsorption keeps on increasing and reaches equi-
librium at 50 min with an adsorption efficiency of 
99.98% for the nanocomposite adsorbent. This is 
due to the presence of a huge number of free ad-
sorption sites during the initial stage of reaction, 
which then reduces as an increase in time and fi-
nally reaches equilibrium [42].
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Figure 7. Effect of pH on MB dye removal by (a) Ag NPs, (b) rGO, and (c) rGO/Ag NP 

nanocomposite adsorbent at 80 mg adsorbent dose, 10 mg/L initial concentration, 50 minute 

contact time and 310 rpm. 

 

 

 

Fig. 7. Effect of pH on MB dye removal by (a) Ag NPs, (b) rGO, and (c) rGO/Ag NP nanocomposite adsorbent at 80 mg adsorbent dose, 
10 mg/L initial concentration, 50 minute contact time and 310 rpm.
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Figure 8. Effect of adsorbent dose on the removal of MB dye by (a) Ag NPs, (b) rGO, and (c) 

rGO/Ag NP nanocomposite adsorbent at pH 10 for Ag NPs, pH 2 for rGO and rGO/Ag NPs, 10 

mg/L initial concentration, 50 min contact time, and 310 rpm. 
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Figure 9. Effect of contact time on the removal of MB dye by (a) Ag NPs, (b) rGO, and (c) 

rGO/Ag NP nanocomposite adsorbent at pH 10 for Ag NPs, pH 2 for rGO and rGO/Ag NPs, 10 

mg/L initial concentration, and 310 rpm. 

 

 

 

Fig. 8. Effect of adsorbent dose on the removal of MB dye by (a) Ag NPs, (b) rGO, and (c) rGO/Ag NP nanocomposite adsorbent at pH 
10 for Ag NPs, pH 2 for rGO and rGO/Ag NPs, 10 mg/L initial concentration, 50 min contact time, and 310 rpm.

Fig. 9. Effect of contact time on the removal of MB dye by (a) Ag NPs, (b) rGO, and (c) rGO/Ag NP nanocomposite adsorbent at pH 10 
for Ag NPs, pH 2 for rGO and rGO/Ag NPs, 10 mg/L initial concentration, and 310 rpm.
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Effect of initial concentration
To investigate the effect of initial dye concen-

tration on adsorption properties, a series of exper-
iments were conducted using different concentra-
tions of MB solution (10, 15, 20, and 25 mg/L) with 
an 80 mg adsorbent dose of Ag NPs, rGO, and rGO/
Ag NPs nanocomposite at pH 10 for silver NPs and 
pH 2 for rGO and rGO/Ag nanocomposite within 
50 min of contact time. As shown in Fig. 10, the 
adsorption was very fast at a lower initial concen-
tration of MB solution.

The result revealed that removal efficiency 
was decreased with an increase in initial concen-
trations, although the amount of total MB accu-
mulation increased. From this experiment, it was 
observed that about 90.03%, 96.97%, and 99.98% 
of MB were removed at an initial concentration of 
10 mg/L by using Ag NPs, rGO, and rGO/Ag NPs 
nanocomposite adsorbents, respectively, at the 
same operating conditions shown in (Fig. 10a, 10b, 
and 10c). The percentage of MB removal decreas-
es with an increase in the initial dye concentration, 
which may be due to the saturation of adsorption 
sites on the adsorbent surface. At a low initial con-
centration, there are unoccupied active sites on 

the adsorbent surface, so most of the MB solu-
tion might contact the active sites of adsorbents. 
However, at a higher concentration, most of the 
dye was not able to contact the active surfaces be-
cause the active sites might have been occupied 
by the MB solution, which is consistent with the 
results obtained [43].

Reusability test of rGO/Ag NP nanocomposite
The characteristic of a good adsorbent is to 

have both adsorptions as well as desorption capa-
bility that is of high efficiency. Fig. 11 shows the 
adsorption efficiency of rGO/Ag NPs nanocompos-
ite at pH 2, time of 50 min and initial concentration 
of 10 mg/L was 99.98%, 96.55%, 92.35%, 87.79%, 
and 82.11% for first up to fifth cycle reusability, 
respectively. After five cycles, the adsorption effi-
ciency of the nanocomposite remains more than 
80%, which confirms that the synthesized rGO/Ag 
NP can act as a stable, efficient, and environmen-
tally friendly adsorbent.

Adsorption isotherm
The adsorption isotherm indicates how re-

tained particles diffuse between the liquid phase 
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Figure 10. Effect of initial concentration on MB dye removal by (a) Ag NPs, (b) rGO, and (c) 

rGO/Ag NP nanocomposite adsorbent at pH 10 for Ag NPs and pH 2 for rGO and rGO/Ag NPs, 

80 mg adsorbent dose, 50 min contact time, and 310 rpm. 

 

 

Fig. 10. Effect of initial concentration on MB dye removal by (a) Ag NPs, (b) rGO, and (c) rGO/Ag NP nanocomposite adsorbent at pH 
10 for Ag NPs and pH 2 for rGO and rGO/Ag NPs, 80 mg adsorbent dose, 50 min contact time, and 310 rpm.
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and the solid surface when equilibrium is achieved 
during adsorption. The examination of the iso-
therm information by fitting them to various 
isotherm models is a vital step in finding an ap-
propriate model. The adsorption isotherm model 
was limited to the synthesized Ag NPs, rGO, and 
rGO/Ag NPs nanocomposites adsorbents were ex-
plored with Freundlich and Langmuir adsorption 
isotherms.

Langmuir adsorption isotherm model
The Langmuir adsorption isotherm is based on 

the formation of homogeneous monolayer cover-
age on the adsorbent surface, uniform energy of 
adsorption, and no interaction between molecules 
adsorbed on neighboring sites [44]. The adsorp-
tion isotherms can be studied by determining the 
amount of dye adsorbed per unit mass of adsor-
bent (qe) and the concentration of dye in solution 
at equilibrium (Ce). In this, the Langmuir constant 
(KL) and the maximum adsorption capacity (qmax) 
were obtained from the slope and the intercept 
of a linear form of the Langmuir equation, respec-
tively [45].

L

Ce 1
qe  Kmax max

Ce
q q

= +
�

(9)

The values of qmax (mg/g) and KL (L/mg) was de-
termined from the plot of Ce vs Ce/qe. The adsorp-
tion capacity is often correlated with the variation 
in the area and porosity of the adsorbent. Higher 
surface area and pore volume resulted in higher 
adsorption capacity [46]. The essential character-
istics of the Langmuir isotherm model are often 
expressed by a dimensionless constant called the 
equilibrium parameter, RL.

The Langmuir adsorption was indicated by 
the maximum adsorption capacity (qmax), which 
represents the saturated monolayer adsorption 
at equilibrium. The result shown in Table 3 indi-
cates the Langmuir adsorption isotherm parame-
ters qmax (8.44 mg/g) and R2 were 0.998 for silver 
nanoparticles, qmax (27.92 mg/g) and R2 was 0.999 
for reduced graphene oxide nanosheets, and qmax 
(763.35 mg/g) and R2 was 0.999 for the rGO/Ag 
NPs nanocomposite. It indicates the correlation 
coefficient (R2) and the qmax value of the nanocom-
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Figure 10. Effect of initial concentration on MB dye removal by (a) Ag NPs, (b) rGO, and (c) 

rGO/Ag NP nanocomposite adsorbent at pH 10 for Ag NPs and pH 2 for rGO and rGO/Ag NPs, 

80 mg adsorbent dose, 50 min contact time, and 310 rpm. 

Fig. 11. Reusability test of rGO/Ag NP nanocomposite adsorbent for the removal of methylene blue dye.
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posite was better than the single precursor surface 
area by adsorption of methylene blue dye.

From the correlation coefficient R2 of Lang-
muir, the adsorption isotherm indicates the ad-
sorption study of MB dye on Ag NPs (Fig.12a), 
rGO, (Fig.12b), and rGO/Ag NPs nanocomposites 
(Fig.12c), were best fitted linearly by the Langmuir 
isotherm model. The calculated energy of adsorp-
tion constant a (KL) values are 1.87 L/mg, 0.11 L/
mg, and 0.01 L/mg for Ag NPs, rGO, and rGO/Ag 
NPs nanocomposite, respectively. This indicated 
that the adsorption efficiency of the three adsor-
bents was good, but the nanocomposite was bet-
ter than the other two because its KL value was 
smaller. According to the Langmuir model, the RL 
values calculated as 0.05, 0.11, and 0.833 were 
obtained between 0 and 1 for Ag NPs, rGO, and 
rGO/Ag NPs nanocomposite, respectively, which 
confirmed that the adsorbents adsorbing MB from 
aqueous solution are favorable under the condi-
tions applied in this study.

Freundlich adsorption isotherm model
The Freundlich adsorption isotherm is based 

on the formation of a heterogeneous surface or 
surfaces supporting sites of varied affinities, and it 
is assumed that the stronger binding sites are oc-
cupied first and that the binding strength decreas-
es with an increasing degree of site occupation. 
The Freundlich isotherm model best describes 
the cases of non-ideal and reversible adsorption, 
which are not restricted to the formation of a 
monolayer. This empirical model can be applied 
to multilayer adsorption with a non-uniform dis-
tribution of adsorption heat and affinities over the 
heterogeneous surface [47]. The linear form of the 
Freundlich isotherm equation is as follows:

1ln qe ln *lnKf Ce
n

= +
�

(10)

A smaller value of the Freundlich equation co-
efficient 1/n points to a better adsorption mech-
anism and the formation of a relatively stronger 
bond between adsorbate and absorbent. Bond 
energies increase with surface density if 1/n = 1, 
decrease with surface density if 1/n > 1, and all 

 
Table 3. Parameters of Langmuir isotherm models for synthesized samples. 
 

Langmuir isotherm model 
synthesized samples

Ag NPs  rGO  rGO/Ag NPs NCs
qmax (mg/g)  8.44  27.92  763.35 
RL  0.05  0.11  0.83
KL (L/mg)  1.87  0.11  0.01 
R2  0.998  0.999  0.999 
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Figure 11. Reusability test of rGO/Ag NP nanocomposite adsorbent for the removal of 

methylene blue dye. 

  

Fig. 12. Langmuir adsorption isotherm model  of (a) Ag NPs, (b) rGO, and (c)  rGO/Ag NPs NCs.
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surface sites are equivalent if 1/n = 1. The n values 
lie in the range of 1–10 for classification as favor-
able adsorption [48].

The Freundlich adsorption isotherms of AgNPs, 
rGO, and rGO/AgNPs were presented in Fig. 13a, 
Fig 13b and Fig. 13c respectively. The isotherm re-
sult are also summarized in Table 4.5 as the Freun-
dlich parameter, of 1/n value, was between 0 & 1, 
which indicates the favorability of MB dye adsorp-

tion on Ag NPs, rGO, and rGO/Ag NPs nanocom-
posite adsorbent. This means the value of (n) is 
greater than 1, which indicates the bond between 
the MB dye and the three synthesized adsorbents 
was strong. In this study, the calculated values of 
Freundlich equation coefficient n (n = 2.30 for Ag 
NPs, 1.88 for rGO nanosheets, and 7.90 for rGO/Ag 
NPs nanocomposite adsorbent) were greater than 
1, which indicates that the adsorption process is 
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Figure 12. Langmuir adsorption isotherm model of (a) Ag NPs, (b) rGO, and (c) rGO/Ag NPs 

NCs. 

  

Fig. 13. Freundlich adsorption isotherm models for Ag NPs (a), rGO (b), and rGO/Ag NPs NCs (c).

 
Table 4. Freundlich isotherm model parameters for synthesized samples. 
 

Freundlich isotherm model 
synthesized samples

Ag NPs  rGO  rGO/Ag NPs NCs 
KF (mg/g)  5.78  11.87  14.67 
(n)  2.30  1.88  7.90 
1/n  0.43  0.53  0.12
R2  0.985  0.976  0.955 
 
   

Table 4. Freundlich isotherm model parameters for synthesized samples.

 
Table 5. Parameters of pseudo‐1st order and pseudo‐2nd order for synthesized samples. 
 

 
Ag NPs  rGO  rGO/Ag NPs NCs 

Pseudo‐1st 
order 

Pseudo‐2nd 
order 

Pseudo‐1st 
order 

Pseudo 2nd‐
order 

Pseudo ‐1st 
order 

Pseudo‐2nd 
order 

qe(experimental)  5.62  5.62  6.06  6.06  6.24  6.24 
qe(calculated)  0.08  5.40 0.001 5.93 0.0921  6.10

R2  0.3314  0.9994  0.3249  0.9998  0.3196  0.9998 
 
 

Table 5. Parameters of pseudo-1st order and pseudo-2nd order for synthesized samples.
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favorable. From the Freundlich constant (KF) val-
ues of rGO/Ag, NPs nanocomposite adsorbent was 
found to be better than Ag NPs and rGO. This is 
because the high value of KF shows that the high 
adsorption rGO/Ag NPs NCs (14.67) is greater than 
Ag NPs (5.78) and rGO (11.87). In addition, the 
correlation coefficient R2 of Freundlich was 0.985, 
0.976, and 0.955 for Ag NPs, rGO, and rGO/Ag NPs 
nanocomposite adsorbents, respectively. This in-
dicates the Freundlich isotherm correlation coef-
ficient R2 was lower than the Langmuir isotherm 
correlation coefficient of the three adsorbents. 
So this indicates the Langmuir isotherm model is 
better fitted for methylene blue dye adsorption for 
the three synthesized samples. The values of the 
constants and calculated parameters of the Freun-
dlich isotherm are shown in Table 4.

Adsorption kinetic studies
Several kinetics models can be employed to 

evaluate the rate and mechanism of mass transfer 
of MB from the liquid phase to the surface of ad-
sorbents. In the present study, the pseudo-first-or-
der and pseudo-second-order kinetic models were 
adopted to understand the adsorption mechanism 

of MB to the three different adsorbents. The pseu-
do-first-order model was described by Lagergren 
(1898) in a linear form as displayed in the equa-
tion, and the linear form of the pseudo-second-or-
der model was summarized by Ho and McKay 
(1999) as written in the equation below.

( ) 1ln qe qt lnqe K t− = +
�

(11)

2
2

t 1
qt

t
K qe qe

= +  � (12)

Where qe and qt represent the adsorption 
capacities (mg/g) at equilibrium and at time t, re-
spectively, and k1 (min-1) and k2 (gmg-1 min-1) are 
the corresponding rate constants.

Pseudo-first order kinetics
The linear curves plotted based on pseu-

do-first-order and pseudo-second-order kinetics 
models are given in Fig. 14, and the values of qe, 
k1, k2, and R

2 are summarized in Table 4.6. The ki-
netics of MB adsorption onto Ag NPs, rGO, and 
rGO/Ag NPs nanocomposite were analyzed using  
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Figure 13. Freundlich adsorption isotherm models for Ag NPs (a), rGO (b), and rGO/Ag NPs 

NCs (c). 

 

 

Fig. 14. pseudo second-order models of (a) Ag NPs, (b) rGO, and (c) rGO/Ag NPs NCs.
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a pseudo-first-order kinetic model. The conformity 
between experimental data of Ag NPs was (5.62) 
and the calculated value (0.08), for rGO qexp (6.06), 
qcal (0.001), and for rGO/Ag NPs nanocomposite 
qexp (6.24), qcal (0.09) shows disagreement and also 
that the correlation coefficient R2 was not close to 
unity, therefore it is not a favorable model for the 
adsorption of MB onto the adsorbents as shown 
in Table 5 [49].

Pseudo-second order kinetics
A pseudo-second-order kinetic model explains 

the adsorption mechanism over the entire con-
tact time range. The plot of the kinetic model was 
presented in Figs. 14a, 14b and 14 c for AgNPs, 
rGO, and rGO/AgNPs nanocomposite respective-
ly. The calculated adsorption capacity from the 
pseudo-second-order model (5.40 mg/g) is clos-
er to experimental data (5.62 mg/g) for Ag NPs, 
qcal (5.93 mg/g) is closer to qexp (6.06 mg/g) for 
rGO nanosheets, and qcal (6.10 mg/g) was closer 
to qexp (6.24 mg/g) for rGO/Ag NPs nanocompos-
ite adsorbent than that of the pseudo-first-order 
model (Table 5).  Furthermore, the comparison of 
the two kinetics correlation coefficients (R2) also 
demonstrates that the adsorption process of MB 
from an aqueous solution fits the pseudo-sec-
ond-order model better. As shown in Table 5, the 
correlation coefficient was found to be closer to 
unity in the case of the pseudo-second-order ki-
netic model (0.9994, 0.9998, and 0.9998), which is 
higher than that of the pseudo-first-order kinetic 
model (0.331, 0.324, and 0.319) for Ag NPs, rGO, 
and rGO/Ag NPs NCs, respectively which confirms 
that the experimental adsorption data for all cases 
best fits the pseudo-second -order kinetic model 
[50].

CONCLUSION
The current study provides a feasible immobili-

zation of green synthesized Ag NPs, rGO, and rGO/
Ag NCs using a reduction process using cinnamon 
bark aqueous extract as a reductant and stabilizer. 
Diverse techniques (UV-DRS, FTIR-ATR, SEM, and 
XRD) have been used to characterize the three 
synthesized adsorbents. 

The XRD results showed that the average par-
ticle sizes were 29.9 nm, 0.67 nm, and 13.35 nm 
for Ag NPs, rGO, and rGO/Ag NPs nanocomposite 
respectively.  The synthesized rGO/Ag nanocom-
posite solid samples used for the removal of MB 
dye from the aqueous solution better than Ag 

NPs, and rGO. The removal efficiency of rGO/Ag 
nanocomposite was 99.98%, while Ag NP and rGO 
nanosheets removal efficiency were 90.03% and 
96.97% respectively. The adsorption results indi-
cate that rGO/Ag nanocomposites are highly capa-
ble of removing MB and displaying a high adsorp-
tion potential of up to 763.35 mg/g but in the case 
of Ag NPs, qmax was 8.44, for rGO, qmax was 27.42 
mg/g. In the adsorption process, different param-
eters affect the efficiency like pH, adsorbent dose, 
contact time, and initial MB concentration. These 
parameters were optimized for the three differ-
ent adsorbent methylene blue removals from an 
aqueous solution. The adsorption data was com-
patible with the Langmuir model because their 
R2 values were close to unity than the Freundlich 
isotherm model. From the kinetic study, the ad-
sorption process pursued a pseudo-second-order 
model because their R2 value was close to unity 
and the graph line touched all points. The rGO/Ag 
NPs nanocomposite also had good reusability effi-
ciency for a five consecutive adsorption process; 
its removal efficiency was greater than 82%. Thus, 
this study confirms that the rGO/Ag NP composite 
is an effective adsorbent for the removal of dye 
pollutants.
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