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Abstract: Activated carbon is greatly used to adsorb toxic heavy metals from water 
bodies. Simultaneous removal of such pollutants and pathogenic impurities is essential 
for safe drinking water. In this study, silver nanoparticles (NPs) doped activated carbon 
(AC) composite was fabricated via hydrothermal technique and green synthesis technique 
using commercial activated carbon powder and silver nitrate solution. Several analytical 
techniques, including scanning electron microscopy (SEM), energy dispersive x-ray 
(EDX), X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR) 
confirmed the formation of silver nanoparticles on the surface and pores of AC. The 
prepared composite materials were accessed for their anti-bacterial property using 
Escherichia coli and Staphylococcus aureus and found that such materials have good 
antibacterial activity which shows that as fabricated composite can be used potentially 
for water treatment.
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1. Introduction

Availability of safe drinking water is one of the biggest challenges in underdeveloped countries, as 
the number of infected population from water borne diseases (caused by pathogenic microorganisms) 
is significantly high. Almost a century ago, the rate of water borne diseases witnessed a pronounced 
decrease with the advent of sand filtration and chlorine disinfection, but it is yet not completely 
eliminated from various parts of the globe. Various chlorine-based disinfection methods currently 
in practice efficiently kill microbial pathogens but may produce harmful carcinogenic disinfection 
byproducts (DBPs) in presence of natural organic matter, anthropogenic contaminants, bromide, 
and iodide, which remain available in the water [28, 22]. UV based water disinfection systems are 
costly and requires a power source to operate. In presence of natural organic matter, UV treatment 
however leads to formation of harmful byproducts and increases the concentration of byproducts 
further in presence of chlorine [5, 7]. Nowadays, reverse osmosis membranes have also been used 
for water disinfection. However, the membrane modules are very costly and prolonged use results 
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in biofouling [10]. Therefore, it is important to re-evaluate conventional disinfection techniques 
and to innovate new approaches to obtain safe drinking water at a low cost.

Nanomaterials are excellent adsorbents, catalysts and sensors due to their large specific surface 
area and high reactivity. Various natural and engineering nanomaterials has shown strong anti-
microbial properties, that include chitosan [25], silver nanoparticles [20], photocatalytic TiO2 [4, 
33], fullerol [1], aqueous fullerene nanoparticles [18], and carbon nanotubes [14]. In addition, due 
to their high anti-microbial activity, silver nanoparticles have also been used in clothing [31], food 
industry [3], cosmetics [16] and are projected as the future generation antimicrobial agents [27]. In 
the nanometer size range, the specific surface area of AgNPs increases significantly and they show a 
very high antibacterial activity compared to bulk one [26, 30, 31]. Ag-NP kills bacterial cells due to 
generation of reactive oxygen species (ROS) [24]. Direct application of silver nanoparticles might 
cause problems, as they have tendency to aggregate in aqueous media which gradually reduces 
their efficiency in long term. Hence the nanomaterials need host matrix to perform in better way. 
Currently, different porous matrices like, alginate beads [17], polyurethane foam [11], polymeric 
micro spheres [8], resin beads [21] have been used as a host for impregnation. However, activated 
carbon (AC) has already been widely used as a filtration media in most of the household filters for 
drinking water. Extremely high specific surface area and well-developed internal micro and meso 
pores of AC provides a high adsorption capacity and it also removes most of the inorganic and 
organic contaminants from drinking water [2]. Hence, AC was selected as a support matrix in the 
present work and Ag-NPs were synthesized and impregnated on AC, without affecting adsorption 
capacity of the native AC. Therefore, we have impregnated Ag-NP on porous supports for water 
disinfection, with the goal of producing drinkable water.

2. Experimental

2.1	 Materials

Commercial activated carbon obtained from Fisher Scientific was used without further processing. 
Silver nitrate from Universal Chemicals, ammonium hydroxide (NH4OH, 25% NH3 in water) and 
ethanol from Fisher Scientific, poly (vinylpyrrolidone) (PVP, MW-5800) from Alfa Aesar, and 
locally available Aloe vera were used as received.

2.2 Preparation of Ag/AC composite 

2.2.1 Hydrothermal Approach

Ag/AC composite was synthesized using one-step hydrothermal approach. Here, 1ml of ammonia 
was added to a 30ml aqueous solution containing 50 mg AC, 10mg of AgNO3, 10mg PVP and 5 ml 
of ethanol followed by continuous stirring for 45mins using magnetic stirrer. The mixture was then 
transferred to autoclave for hydrothermal treatment at 130˚C for 3 hours. The obtained composite 
was washed several times with distilled water and ethanol and was dried in oven at 30˚C for 12 
hours and at 80˚C for 6 hours.

2.2.2 Green Synthesis

Aloe vera extract was prepared by boiling 30g of thoroughly washed Aloe vera leaves which were 
then finely chopped and boiled in 100ml of distilled water for 20 minutes. 2.5 ml of 30% ammonia 
solution was added to 5ml of 10-2M AgNO3 solution followed by addition of 5 ml of the Aloe vera 
extract. The concentration of AgNO3 was adjusted to 10-3 M by making the final volume to 50 
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ml with water. 30mg AC was added to thus prepared solution and stirred for 24hrs. The obtained 
composite was filtered and washed several times with distilled water and ethanol, and was dried 
at 130˚C for 14hrs.

2.3 Characterization

The surface morphology of activated carbon and as-synthesized composites were studied by filed-
emission scanning electron microscopy (FE-SEM, S-7400, Hitachi, Japan) and EDX was also 
performed using FE-SEM. Information about the crystallographic structure of as-synthesized 
composite was obtained using Rigaku X ray diffractometer (XRD, Rigaku, Japan) with Cu Kα (λ 
= 1.540 Å) radiation over Bragg angles ranging from 5 to 90o. Fourier transform infrared (FT-IR) 
spectra of different samples were recorded by using an ABB Bomen MB100 spectrometer (Bomen, 
Canada). 

2.4 Antibacterial Property

The antibacterial activity of different composites was studied separately for gram negative bacteria 
(Escherichia coli) and gram-positive bacteria (Staphylococcus aureus) as model microorganism. 
The experiments were conducted in sterilized test tubes containing 10ml sterilized distilled water 
containing E. coli suspension which was standardized to match McFarland (turbidity) standard in 
which the bacterial density was estimated to be 108 CFU/ml. Thus standardized suspension was 
diluted to obtain the bacterial density of 107 CFU/ml. The diluted suspension was then treated 
with 0.4g/l of different composites with continuous shaking. The tests were performed at room 
temperature for 120 mins. At given time intervals, 1ml suspension was collected and diluted 
appropriately by serial dilution in distilled water. To count the bacterial concentration agar plates 
prepared using nutrient agar were used. After incubation at 37°C for 24hrs, the number of bacterial 
colonies was manually counted. Similar procedure was followed for S. aureus. 

3. Results and Discussions

3.1  Characterization of the Composite Particles

FE-SEM images were used to investigate the morphology of commercial AC and as-synthesized 
Ag NPs doped AC composites. Fig. 1 shows the respective morphologies of pristine AC, Ag/AC 
composite via hydrothermal process and Ag/AC composite via green synthesis. The image clearly 
shows surface modification of the AC. The particle size of Ag on the surface of AC composite 
prepared via green synthesis was roughly 80nm to 200nm and that prepared by hydrothermal 
process were of size ranging from 50nm to 100nm. The EDX analysis of the composites showed 
the presence of silver along with the constituent elements of AC, confirming the formation of 
composite particles.

Additionally, the molecular structures of different samples were investigated by FT-IR spectroscopy. 
Fig. 2 shows the FT-IR spectra of pristine AC and the prepared composite. The broad spectra 
observed between 2500 and 3300 cm-1 indicates the O-H bond [13,9]. The broadening of IR band 
between 2500 and 3300 cm-1 for the composite is due to the O-H bond as well as moisture absorbed 
by the composite. It can also be seen that the peaks of the composite at 3300 cm-1 shifted towards 
right indicating the interaction between Ag and AC [35]. The peaks near 1635 and 1053 cm-1 
indicate the formation of silver nanoparticles [29, 6]. Also, it is observed that the characteristic 
bands of AC did not shift after loading AgNPs which indicates the formation of the composite via 
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van der Waals interactions [13]. Moreover, the appearance of same peak in pristine AC and the 
composites confirms the assembly of composites.

Fig. 1: FE-SEM image and EDX mapping of pristine AC (a, b), Ag/AC composite prepared via 
Hydrothermal Process(c, d) and Ag/AC composite prepared via Green Synthesis (e, f)

Fig. 2: FT-IR spectra of different samples
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Additionally, XRD analysis was performed to determine the crystal structure of the synthesized 
composite. Fig. 3 shows the XRD pattern of pristine AC and the Ag/AC composite. The pristine AC 
showed a mild hump ranging from 20 to 25 indicating the amorphous structure of AC. In addition, 
Ag/AC composite showed the presence of Ag NPs with peaks at 2 theta = 27.51(210), 31.87(113), 
38.2(111), 44.3(200), 56.56(240), 64.5(220), 66.26(226) and 77.4(311) that are characteristics of 
face centered cubic Ag NPs [12,15]. 

Fig. 3: XRD pattern of different samples

3.2  Antibacterial activity

The antibacterial behavior of the composite was tested against E. coli and S. aureus by carrying out 
bacterial colony count method. Fig. 4 shows the antibacterial efficiency of different samples. The 
efficiency of Ag/AC composite was considerably higher than the pristine AC. The bacterial count 
in case of both composites (prepared hydrothermally and by green synthesis) decreased in similar 
way. In first hour, the hydrothermal Ag/AC performed better than Ag/AC composite prepared by 
green synthesis for E. coli. But ultimately at the end of 2hours both samples reduced the E. coli 
count equally. In case of S. aureus, both samples performed in same way, except for 80th to 100th 
minute where the composite prepared by green synthesis performed better than hydrothermally 
prepared composite.  

It has been reported that Ag+ hinders DNA replication and inhibits the expression of ribosomal 
proteins and enzymes for ATP hydrolysis [34]. Ag NPs can directly damage bacterial cell 
membrane, Ag NPs appears to exert bactericidal activity through the release of Ag ions which 
increases membrane permeability including leakage of cellular content and disruption of DNA 
replication [19]. It is also reported that Ag NPs display the same mechanism as Ag+ and create 
a redox imbalance, which causes extensive bacterial death [23]. These results confirmed the 
improved antibacterial activity of Ag/AC composite.
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Fig. 4: Antibacterial activity of different samples against E. coli and S. aureus

4. Conclusion

The Ag/AC composites were synthesized by facile, one-pot hydrothermal process and also by 
green synthesis for comparative study. The prepared composites and pristine activated carbon 
were tested for their antibacterial efficiency. The composites showed remarkable performance for 
reduction in the number of bacterial counts. The methods used in this study for the fabrication 
of Ag/AC composite are simple and effective while the materials used are non-hazardous which 
makes it possible to further expand the research work for tailoring the desired species into porous 
AC substrate to attain the desired property of the filter media. Therefore, it can be said that the 
Ag NPs incorporated AC prepared via facile methods is an economic and environment friendly 
material for water treatment.
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