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Abstract 

Silver nanoparticles (AgNPs) were prepared by a rapid, simple, and economic microwave assisted synthetic route using aqueous 

spent black tea leaves extract and silver nitrate solution. The exfoliated graphite (EG) was rapidly and efficiently prepared from 

natural graphite using domestic microwave oven. Natural graphite powder was hand mixed with KMnO4 and HNO3 at a weight 

ratio of 1:1:2 for 5 min to produce graphite intercalation compound (GIC).The GIC was then washed and dried at 110 °C for 6 

hrs. The Exfoliated graphite (EG) was prepared by rapid heating of graphite intercalation compound (GIC) in a domestic 

microwave oven at power of 540 and 700 W for 60sec. Silver nanoparticles was then loaded on the exfoliated graphite to obtain 

exfoliated graphite decorated with silver nanoparticles nanocomposite (EG/AgNPs). The prepared materials were characterized 

by ultraviolet−visible spectrophotometry, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), and 

scanning electron microscopy (SEM).  The prepared EG/AgNPs nanocomposites showed uniform dispersion of Ag 

nanoparticles on the surface of expanded graphite with little agglomeration.  
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1. Introduction 

Graphite is composed of many layers of graphene. The 

bond strength within the graphene layers is much 

higher than perpendicular to them and this difference 

in bond strength accounts for the anisotropic 

properties of graphite [1]. One of the outcomes of such 

anisotropy in graphite is the ease of inserting 

molecular layers of a different chemical substance 

called the intercalates between graphene layers to form 

graphite intercalation compounds (GICs) such as 

graphite bisulfate and graphite nitrate [2]. The graphite 

intercalation compound is also called expandable 

graphite since it can be exfoliated upon heating [3]. In 

a potassium-GIC, the intercalation process increases 

the spacing between the graphene layers from   0.34 

nm to 0.53 nm [4]. The increased distance between the 

layers in the GIC leads to the weakening of the van der 

Waals attraction between the graphene layers. Rapid 

heating of the intercalated graphite makes graphite 

expand dozens or even hundreds of times along the C 

axis, which is perpendicular to the crystal basal planes, 

due to the sudden vaporization or decomposition of 

intercalating species. This is called the exfoliation 

process, which gives exfoliated graphite (EG) [5, 6]. 

Graphite intercalated compound (GIC), also called 

expandable graphite, and is prepared by inserting of 

chemical ions between the layers of bulk graphite [7]. 

Exfoliated graphite, also known as expanded graphite 

[7], is prepared usually by brutal heating of GIC using 

a preheated tubular furnace, laser irradiation, and 

microwave (MW) irradiation [8, 9]. Microwave-

assisted exfoliation of graphite is considered efficient 

and a quick approach to preparing EG because it can 

be performed at room temperature in a few minutes in 

a simple laboratory facility [9, 10, 11]. This process is 

accompanied by lightning and fuming. Microwave 

irradiation gives a higher expansion volume than the 

conventional heating method using an electrical 

furnace at a temperature of over 1000°C [9]. EG has a 

worm-shaped, accordion-like material with a porous 

cellular structure, low bulk density, a large specific 

surface area, high lubricity, high flexibility, and high-

temperature resistance [11]. Exfoliated graphite can be 

rolled into flexible graphite without any binder to 

produce foils or sheets with different thicknesses and 

densities [7]. It can be compacted into gaskets and can 

be used as composite materials [12]. EG is a porous 

material consisting of a small thickness of stacks of 

graphene sheets (20–70 nm) with a high concentration 

of nanopores (2–5) nm in size [13]. The exfoliated 

graphite can be used in various applications, such as 

electrode materials, adsorbents, heat-resistant 

materials, and sealing materials [8]. EG is a good 
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carbon-support material for metallic nanoparticles, 

due to its porous structure, a worm-shaped material, 

large specific surface area, low cost, and good 

resistance to both acidic and basic environments [14, 

15]. 

Silver nanoparticles (AgNPs) have good unique 

physicochemical and biological properties, such as 

high electrical and thermal conductivity, chemical 

stability, high catalytic activity, and superior 

antibacterial activity [16]. Many studies have 

demonstrated the successful preparation of AgNPs 

using different methods. The green synthesis of 

AgNPs using plant extracts and waste plant products 

is an attractive method that is low cost and less likely 

to contaminate the final products [17]. Various plant 

extracts have been utilized to synthesize silver 

nanoparticles, such as Justicia adhatoda plant extract 

(Lohithan et al., 2020)  [16]; Egyptian propolis extract  

as reducing and capping agent [18]; Fruit extract [19]; 

Aloe Vera plant extract [20a]; spent tea leaves extract 

[20b]; Ziziphus plant [21]; Conyza canadensis leaf 

extract [22]. In this study, EG decorated with silver 

nanoparticles (EG/AgNPs) was prepared and 

evaluated. EG was prepared by microwave irradiation 

of GIC, while AgNPs were prepared by reduction of 

AgNO3 using tea leaves extract. The aim of this work 

is to prepare exfoliated graphite (EG) materials by 

microwave irradiation of the graphite intercalation 

compound (GIC) as a quick and energy-saving 

approach. Also, in the present study, we reported a 

green method for synthesizing AgNPs using spent 

black tea leaves extract as a low-cost, simple, and 

microwave-assisted green method. Silver 

nanoparticles (AgNPs) were then loaded onto the 

exfoliated graphite to produce a silver nanoparticle-

exfoliated graphite nanocomposite (AgNPs-EG). The 

prepared materials have been characterized on the 

basis of UV–Vis, FT-IR, XRD, and SEM. 

 

2. Experimental 

2.1. Materials  

Natural graphite powder (99% purity),  nitric acid 

(HNO3, 69%, CDH, India), potassium permanganate 

(KMnO4, purity 99%, Merck, Germany), silver nitrate 

(AgNO3, 99% purity, Daejung Chemical & Metal Co., 

Korea), black tea leaves were purchased from local 

Iraqi market and the spent black tea leaves were 

collected from home.  

 

2.2. Experimental Methods 

2.2.1 Exfoliated Graphite Preparation 

Natural graphite powder (99% purity) was sieved and 

screened by laboratory test sieves (BS 410-1, 

Endecott’s Ltd, England) with different particle sizes 

45, 80, 106, 125, 180, 212, 250, and 350 µm. The 

exfoliated graphite was prepared following the 

procedures used by [9] and our previous work [23]. 

The graphite powder sample, KMnO4, and HNO3  

were mixed by a glass rod in a Pyrex glass jar with a 

weight ratio (graphite: KMnO4:HNO3 =1:1:2) at room 

temperature for  5 min. Potassium permanganate 

(KMnO4) was used as an oxidant and nitric acid 

(HNO3) as an intercalation agent (Wei et al., 2008) 

[9,23]. The mixture is called Graphite Intercalation 

Compound (GIC) which was then washed several 

times using vacuum filtration until the pH reached  7 

and then dried in a drying furnace at 110 °C for 6 hrs  

[23]. The exfoliated graphite (EG) was prepared by 

placing the GIC in a domestic microwave oven 

(SMB177C6B-P, Bruck, Deutschland) at a power of 

540 and 700 W for 60 sec. After microwave 

irradiation, the pyrex glass jar was cooled down, and 

the EG was collected for further experimentation. The 

graphite exfoliation process is accompanied by 

lightening, fuming, and gas formation [9, 23].  

 The starting graphite powder and the exfoliated 

graphite are shown in Figure 1. The exfoliation ratio 

(expansion ratio) of each sample was calculated as the 

ratio of exfoliated graphite volume (VEG) and EG mass 

(m). The exfoliation ratio has a unit of volume/mass 

(mL/g). 0.2 g EG was transferred into a graduated 

cylinder (50 mL) to measure the volume. Three 

independent measurements were taken and the 

average of VEG was calculated. The expansion ratio 

was calculated from Equation 1 [24]: 

Exfoliation Ratio = VEG/m           (1) 

Where m= Mass of exfoliated graphite (0.2 g)  

VEG = exfoliated graphite volume (mL). 

 

2.2.2. Preparation of Silver Nitrate Solution  

Silver nitrate (AgNO3, 99% purity, Daejung Chemical 

& Metal Co., Korea) was used for the synthesis of 

AgNPs. A 0.213 g of AgNO3 was added to 250 mL of 

distilled water in a 500 mL flask to obtain a 5 mM 

colorless solution of AgNO3. The solution was then 

mixed using a hand mixer and stored in an amber-

colored bottle so that auto-oxidation of silver is 

prevented [19]. 

 

Figure 1. (a) Graphite powder; (b) Exfoliated graphite. 



 GREEN SYNTHESIS OF SILVER NANOPARTICLES  
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. SI:13B (2022) 

 

653 

2.2.3. Preparation of Spent Black Tea Leaves 

Extract. 
The spent black tea leaves were collected from used 

tea at home. The tea leaves were washed with distilled 

water, dried at room temperature, and then stored to be 

used later. A 10 g of dried spent tea leaves was boiled 

with 100 mL of distilled water at 80 oC for 5 minutes 

in a 250 mL flask and then filtered to obtain yellow-

brown spent black tea leaves extract [20b]. 

2.2.4. Silver Nanoparticles Synthesis. 
For the production of AgNPs, 30 mL of spent black tea 

leaves extract solution was added to 270 mL of 5 mM 

silver nitrate aqueous solution in a 500 mL glass flask. 

The mixture was hand-mixed thoroughly and covered 

with aluminum foil. The tea leaves extract with silver 

nitrate mixed solution was then microwave irradiated 

at a power of 700 W and a frequency of 2.45 GHz for 

different microwave irradiation times (10, 20, 30, 40, 

50, 60, 70, and 80 sec). The color of the mixed solution 

was changed from yellow-brown to dark brown, 

indicating the biosynthesis of AgNPs, as shown in 

Figure 2. 

2.2.5. Preparation of EG/ AgNPs 
After preparing the exfoliated graphite and silver 

nanoparticles solution, the EG/AgNPs 

nanocomposites were prepared by adding 1 g from the 

exfoliated graphite to 250 mL AgNPs [25]. The 

mixture was hand mixed with a glass rod and then 

placed into a shaker water bath for 160 rpm and 3 hrs 

at 60 ºC in the dark (covered with aluminum foil with 

holes made on the surface of the flask to evaporate 

water). The product solution was filtered and then 

dried at 80 ºC to remove residual water to obtain 

EG/AgNPs powder. 

 
Figure 2. (a) Silver nitrate solution (b) Spent black tea 

leaves extract solution; (c) silver nanoparticles. 

3. Characterization 
A series of techniques were used to characterize the 

synthesis of EG/AgNPs. The synthesis of AgNPs was 

monitored visually by the change in color due to the 

reduction of Ag+ and with the use of ultraviolet-visible 

(UV-vis) spectrophotometry (UV-Vis, Perkin Elmer, 

Lambda 365) over the range from 190 to 1100 nm at 

room temperature with 0.5 nm as wavelength 

resolution. Fourier-transform infrared (FTIR) 

Spectroscopy (Perkin Elmer, Spectrum Two N™, 

USA) was used to identify the functional groups in the 

prepared materials. X-ray diffraction analysis (XRD) 

was used to identify the crystal structure of the 

graphite, the exfoliated graphite, AgNPs, and EG/ 

AgNPs using (DX-2700B, Dandong Haoyuan, China) 

at 30Kv, 20 mA with Cu Kα radiation (λ = 0.15418 

nm), at a scanning rate of 10o/min with angle in the 

range 10- 80o. Scanning electron microscopy  (VP-

FeScan,Tescan MIRA3 XMU, Brno, Czech Koruna) 

was used to get information about the surface 

topography, and particle size of  the graphite, and EG 

with a resolution of 1-2  nm at an operating voltage of 

10  kV.  

 

4. Results and Discussion 

4.1. Effect of Graphite Particle Size on Expanded 

Volume. 
The effect of microwave power on the exfoliated 

volume of EG using different particle sizes of graphite 

45, 80, 106, 125, 180, 212, 250, and 350 µm is shown 

in Figure 3. The expansion volume of EG increases 

with the increase of graphite particle size up to 250 

microns and then starts to decrease. At microwave 

power 540 W, the expansion volume is lower than that 

at 700 W because the energy was not enough for 

exfoliation processes. The best expansion volume is 

120 ml/g at 700 W for graphite particle sizes of 250 

microns. During the preparation of EG from GIC by 

microwave irradiation, the intercalated species 

between graphite layers vaporize and hence a 

significant expansion of the material occurs and a low-

density exfoliated graphite (EG) is obtained [1].  

The expansion volume of EG prepared from graphite 

flakes with different flake sizes decreased as the 

particle size of the graphite decreased. For small 

graphite particle size, the intercalate gas molecules can 

escape very fast and this prevents the creation of 

enough pressure required to expand the adjacent 

graphene layers and results in a low expansion ratio 

[14, 27]. The same finding was reported and the 

expansion volume of EG prepared from graphite 

flakes with different flake sizes (300 and 50 µm) 

decreased as the particle size of graphite decreased 

[26]. 

4.2. X-Ray Diffraction (XRD) Analysis 

4.2.1. X-Ray Diffraction (XRD) of Graphite 

X-ray diffraction analysis (XRD) was used to 

investigate graphite, GIC, and EG structures using the 

Shimadzu diffractometer (Shimadzu XRD-6000, 

Japan) using Cu Kα radiation (λ = 0.15418 nm), 40Kv, 

30 mA at a scanning rate of 10º/min with the angle in 

the range  20- 80º. The diffraction pattern for graphite, 

Figure 4, has two peaks at 26.68° and 54.88° with the 

inter-planar crystal spacing of 0.334 and 0.167 nm 
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respectively corresponding to diffraction planes of 

(002) and (004). 

 

Figure 3. Expansion volume of EG at microwave.  

 

Figure 4. XRD of graphite 

4.2.2. X-Ray Diffraction (XRD) for GIC 

Figure  5 indicates the (002) peak for the GICs at 2θ= 

25.114° corresponding to a spacing of 0.354 nm. The 

XRD indicated a broadened (002) peak for GIC 

compared with that of graphite. The (002) peak for 

GIC is shifted to a lower angle of 2θ= 25.114° due to 

the fact that KMnO4 is a strong oxidant, and the 

graphite layers can be easily oxidized, therefore 

resulting in the increase in the interlayer spacing due 

to the increase in the repulsion interactions between 

the layers. Therefore, the intercalates migrate between 

the graphite layers and cause the expansion along the 

𝑐-axis direction. Thus, the insertion of intercalates 

between the graphite layers acts as a defect and hence, 

the peak intensity of GIC is lower than that of natural 

graphite [28].  

 

Figure 5. XRD of GIC. 

The distance between the graphite layers changed 

from 0.334 nm in graphite to 0.354 nm in GIC. The 

(002) peak is broadened in the GIC compared to that 

of pure graphite. The fact that the (002) peak exists in 

all graphite products (graphite, GIC, and EG) indicates 

that the crystal structure of natural graphite is partially 

conserved and is not undermined by oxidation and 

intercalation. Potassium permanganate (KMnO4) as an 

oxidant has the ability to oxidize and open the graphite 

layers, and the intercalating agent HNO3 could easily 

move between graphite layers to form GIC, thereby 

resulting in an increase in the interlayer spacing. Other 

peaks are observed for the XRD pattern of GIC at 2𝜃 

= 29.42o, 44.7o, and 56.28o. At 2𝜃 = 29.42o, the peak 

is due to the oxidizing and intercalating process. The 

same results were obtained during the preparation of 

exfoliated graphite at low temperatures with 

perchloric acid, phosphoric acid, and KMnO4 [29]. 

The occurrence of sharp peaks at 2θ=26.68°  in 

graphite and at  2θ= 25.114° in GIC suggest that the 

oxidizing–intercalating process in GIC preparation 

does not change the layered structure of the flake 

graphite but only the distance between the layers 

change slightly. In natural graphite, the reflection peak 

at 2𝜃 = 54.88° was shifted to 2𝜃 = 56.28o in GIC due 

to the little change in the surface structure of the GIC. 

 

4.2.3. X-Ray Diffraction (XRD) for EG 

The XRD pattern of the exfoliated graphite shows two 

diffraction peaks at 2θ = 26.46o and 54.62o, as shown 

in Figure 6. These two peaks correspond to the 

(002) and (004) planes, respectively. The 2θ = 26.46o 

of the exfoliated graphite corresponding to the d-

spacing of 0.3365 nm decreased in its intensity and 

broadened in its width in comparison with the natural 

graphite. In EG, the 002 distance (0.3365 nm) was 

slightly increased due to the intercalation process, but 

still kept the planar stacking structure. The 
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crystallinity of EG is still comparable to that of natural 

graphite but there is a decrease in the intensity of the 

reflection peak at 2θ =26.46o for EG due to the fact 

that during microwave irradiation, the intercalation 

agents expand and there is a pressure exerted by 

accumulating gas in spaces between the layers [30]. 

 

4.3. Scanning Electron Microscopy (SEM) 

Analysis of Natural Graphite and Exfoliated 

Graphite. 

The surface of the graphite and the exfoliated graphite 

(EG) were analyzed by scanning electron microscopy 

(SEM) (TESCAN, Czech Koruna). SEM images 

indicate a noticeable increase in volume and a 

difference in the structure between graphite and EG. 

The graphite flake has a particle size of about 250 

microns with a flat and uniform surface, as shown in 

Figure 7a. Under microwave irradiation, the GICs 

expand rapidly along the c-axis, resulting in worm-

shaped exfoliated graphite, as seen in Figure 7 b. The 

exfoliated graphite is indicating the well-known 

cellular microstructure, as shown in Figure 7 c with 

many pore networks. The pore structures stretched 

perfectly on the surface of the exfoliated graphite with 

different sizes and shapes. At a higher magnification 

of 5000x, the pore size is between 3-5 μm. The 

exfoliated graphite has a multilayer structure with 

many diamond-shaped pores.  

4.4. UV –Visible Spectral Analysis for AgNPs 

Silver nanoparticles (AgNPs) were prepared using 10 

mL spent tea leaves extract with 90 mL of AgNO3 

aqueous solution (5 mM) at different microwave 

irradiation exposure time (10, 20, 30, 40, 50, 60, and 

70) sec. The variation of absorbance with microwave 

exposure time was recorded using a UV-Vis 

spectrophotometer (LAMBDA 365, USA) in the 

wavelength range of 320–850 nm. The color change of 

AgNO3 with spent tea leaves extract solution from 

yellow-brown to dark brown after microwave 

irradiation indicates the formation of Ag nanoparticles 

in the solution [21]. 

 

 
Figure 6. XRD of EG. 

 
Figure 7. Scanning electron microscopy of (a) graphite; 

(b) exfoliated graphite , (c) Optical microscope photo  of 

exfoliated graphite  (5X). 

The reduction of Ag+ ions into AgNPs was monitored 

by recording the absorption spectrum of the reaction 

mixture with microwave irradiation time. The 

formation of dark brown color is due to the excitation 

of surface plasmonic oscillations in the AgNPs [31] 

which occur in the range of 380 to 440 nm in an 

aqueous solution [32]. After a series of trials, the best 

microwave exposure time was selected to be 40 sec 

based on the absorbance as shown in Figure 8.  

 

 
Figure 8. UV spectra of AgNPS at different microwave 

radiation time (30 and 40 sec). 

 Throughout this work, the AgNPs were prepared 

under microwave irradiation for 40 sec. The silver 

surface Plasmon resonance band occurs at 435 nm for 

30 sec and at 430 nm for 40 sec microwave irradiation. 

These two absorption bands 430 and 435 nm are a 

typical Plasmon resonance band of silver 

nanoparticles and the best reduction of silver ions is 

after 40 sec of microwave irradiation. UV–Vis 

absorption spectrum indicated there is an almost 

symmetrical single peak and there are no other peaks 

located at 335 and 560 nm indicating the absence of 

nanoparticle aggregation [33]. 
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4.5. Fourier Transform Infrared 

Spectrophotometer (FTIR) 

  FTIR analysis was conducted in the range of 4000 to 

500 cm-1 to identify the potential functional groups and 

the bio-molecules in the spent black tea leaves extract 

which are responsible for the reduction of silver ions 

into silver nanoparticles (Ago). The FTIR analysis of 

EG, Ag, and EG-Ag are shown in Figure 9. For 

exfoliated graphite (EG) the peaks are 3730.44, 

3352.59 , 2918.37,  2349.06, 1958.55, 1651.23, 

1539.18, 1455.85, 1068.75, and  667.54  cm-1. The 

peak of 3730.44 cm-1 [34] is associated with stretch-

free (OH). The peak at 3352.59 cm-1 indicated the 

presence of–OH. The peaks at 2918.37 cm-1 are 

ascribed to the aliphatic C-H group [35, 36]. The peak 

at 2349.06, cm-1 was observed and attributed to the 

vibration of C-O [34]. The peak at 1651.23 cm-1 is 

related to the role of the amide I group [35]. The peak 

at 1539.18 cm-1 is attributed to secondary amine 

groups [36].  The peak of 1455.85 cm-1 is related to the 

symmetric bending of CH3 [36]. 

 
Figure 9.  FTIR spectra of : (a)EG ; (b) AgNPs ; and (c) 

EG-AgNPs. 

The band at 1068.75 cm-1 is attributed to C–O 

stretching vibrations [37]. The peak at 667.54 cm-1 

corresponds to the C–H stretching of alkenes [38]. An 

obvious change in the absorption bands of the 

functional groups were observed in the spectrum of the 

Ag (Figure 9 b) with the appearance of new peaks 

at 3851.35, 3671.01, 3646.8, 2853.26, 2331.31, 

1842.72, 1736.66, 1380.62, 723.58, and 669.25 cm-1. 

The peak of 3851.35 cm-1[34] is associated with 

stretch-free (OH). The band   3671.01 cm-1 is related 

to alcohol, phenol O-H, and the free group [39]. The 

peak at 2922.34cm-1 in FTIR for Ag is very sharp, with 

a shoulder peak at 2853.26 cm-1 which is ascribed to 

the aliphatic C-H group [35-36]. These functional 

groups are involved in the formation of silver 

nanoparticles [35]. The peak at 2331.31 cm-1 was 

attributed to the N-H stretching of the secondary amine 

groups. The peak at 1736.66 cm-1 corresponds to the 

C=O groups [37]. The peaks 1457.87 and 1380.62 cm-

1are both related to the symmetric bending of 

CH3 [36]. The peak observed at 723.58 cm-

1corresponds to the C–H stretching of alkenes [38].  

Thus, the preparation of AgNPs from tea leaves 

extracts is encompassed by organic materials having 

functional groups of amines, alcohols, ketones, 

aldehydes, and carboxylic acids [40]. FTIR analysis 

reveals that the participation of functional groups like 

carboxylic acids, proteins, and polyphenols present in 

the tea leaves extract was responsible for the bio-

reduction of silver ions into nanosilver particles [41]. 

The absorption bands of the functional groups were 

seen in the FTIR spectrum of the EG-AgNPs (Figure 

9c) with the appearance of new peaks at 3819.89, 

2854.86, 1103.06 cm-1. The peak 3819.89 cm-1 [34] is 

associated with stretch-free (OH). The band in EG at 

1068.75 was shifted to 1103.06 cm-1 and is attributed 

to C–O stretching vibration [37].  

4.6. Particle size of the AgNPs 
The particle size of the AgNPs was analyzed using a 

particle size analyzer (Brookhaven 90Plus 

Nanoparticle Size Analyzer, Brookhaven Instruments 

Corporation New York, USA). The average size of the 

synthesized silver nanoparticles from the tea leaves 

extract was found to be 64.7 nm. 

 

4.7. X-Ray Diffraction (XRD) for AgNPs  and 

EG/AgNPs 
   The crystallinity of the prepared AgNPs was studied 

using X-Ray diffraction (XRD). The XRD pattern of 

AgNPs was recorded using (Dandong Haoyuan DX-

2700B, China) with Cu Kα radiation (λ = 0.15418 nm) 

operated at 30Kv, 30 mA at a scanning rate of 10º/min 

with the angle in the range 10- 80º. Figure 10 indicates 

XRD for AgNPs which was prepared using the spent 

tea leaves extract by microwave irradiation for 40 sec. 

Four peaks have been observed at 2θ values of 38.215, 

44.124, 64.483, and 77.361 degrees corresponding to 

the reflections of (hkl) values - (111), (200), (220), and 

(311) planes of crystalline silver, respectively. All the 

observed four diffraction peaks are in good agreement 

with the standard powder diffraction card of JCPDS, 

silver file No. 04-0783  [42] as shown in Table 1. The 

XRD results clearly show that these peaks of the Ag 

nanoparticles synthesized by the tea leaves extract are 

matched with the face-centered cubic structure of 

silver. In addition to these four peaks of FCC silver 

particles, additional unassigned peaks were observed 

(marked with circles), Figure 10. These peaks at 32.41, 

46.42, 54.20, and 57.40 degrees are due to the 

unreduced AgNO3 that remained in the prepared 

AgNPs sample in minute quantity. These peaks are not 

included in Table 1. Similar results were obtained 

during the preparation of AgNPs by the reduction of 

silver ions from AgNO3 to Ag using fruit extract [43].  
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Figure 10.  XRD of AgNPs 

The observation of these peaks also suggests the 

presence of a crystalline phase of some bio-organic 

compounds in the preparation of AgNPs using Coleus 

aromaticus leaf extract [44] and also in the preparation 

of AgNPs using geranium leaves extract [45]. It is 

clear from the XRD analysis that the silver 

nanoparticles could be synthesized by reducing silver 

nitrate with tea leaves extract and the produced AgNPs 

are crystalline in nature. 
 

Table 1   Experimental and standard diffraction angles of 

AgNPs. 

Experimental 

diffraction angle (2θ in 

degrees) 

Standard diffraction 

angle (2θ in degrees) 

JCPDS silver: 04-

0783 

38.215 38.117  

44.124 44.279 

64.483 64.428 

77.361 77.475 
  

The XRD analysis of the exfoliated graphite 

(EG)   decorated with silver nanoparticles (AgNPs) is 

shown in Figure 11. The XRD spectrum of EG/AgNPs 

indicated five characteristic diffraction peaks. The 

diffraction peak observed at 2θ value of 26.62 degrees 

corresponds to the reflection of the (002) plane of 

graphite. The other four XRD peaks are clearly 

observed at 2θ values of 38.215 44.124, 64.483, and 

77.361 degrees. These peaks are corresponding 

respectively (JCPDS card, No. 04-0783) to the 

reflections of (hkl) values - (111), (200), (220), and 

(311) planes of crystalline face-centered cubic silver 

particles. Thus, the XRD spectrum shows that the 

expanded graphite was successfully decorated with 

colloidal AgNPs. 

 

4.8. SEM of EG Decorated with AgNPs 

After the preparation of the exfoliated graphite and 

silver nanoparticles,  the silver nanoparticles were 

loaded on the exfoliated graphite using a shaker water 

bath at  160 rpm for 3 hrs at 60 ºC in the dark, then the 

solution was filtered and then dried at 80 ºC to remove 

residual water to obtain EG/AgNPs 

nanocomposites. SEM images (SEM, MERLIN 

Compact, Carl Zeiss, Jena, Germany) of EG decorated 

with AgNPs are shown in Figure 12 at different 

magnifications. Figure 12a (Mag.: 1KX) indicates 

AgNPs are well distributed on the EG surface. It is 

clear that AgNPs are located at the edges and pores of 

the exfoliated graphite, as shown in Figures 12 (b) and 

(c). At higher magnification (50KX), SEM shows that 

the average particle size of AgNPS is close to that 

measured by the particle size analyzer (64.7 nm). 

Some agglomeration of AgNPs was also observed. 

 
Figure 11. XRD of Eg-AgNPs 

.

 
Figure 12 (a)  AgNPs  are well distributed on EG 

surface (Mag.: 1KX) ;(b)  AgNPs are located at the 

edges and pores of the exfoliated graphite (10KX) ; (c) 

20KX ; (d) Higher magnification (50KX). 

5. Conclusions 
Silver nanoparticles were successfully prepared 

through the reduction of AgNO3 using spent tea leaves 

extract by microwave irradiation at power 700 W for 

40 sec. This method of synthesis of AgNPs is an 

efficient, environmental ecofriendly and cost effective 

route. The average AgNPs size is 64.7 nm. A simple 

and fast route was used to prepare the exfoliated 

graphite (EG) by MW irradiation of the GIC 

compound using a combination of graphite: KMnO4: 
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HNO3 at a mixing ratio of 1:1:2. The best exfoliation 

ratio was obtained at maximum MW irradiation power 

of 700 W and a frequency of 2.45 GHz for 60 sec. The 

AgNPs was then decorated with EG by adding 1g from 

the exfoliated graphite to 250 mL AgNPs using shaker 

water bath for 160 rpm, 3 hrs. at 60 ºC in the dark  to 

obtain EG/AgNPs. SEM showed that AgNPs are well 

dispersed and strongly attached to the edges and the 

functional groups of the EG surface.  
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