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Abstract : The present research work aimed to optimise the condition for the preparation
activated carbon from mosambi peel. Variables involved in the preparation such as heating
temperature, and heating time were optimised by keeping the missing ratio of H,SO, and
precursor as constant. The surface area, methylene blue adsorption capacity, iodine adsorption
capacity and the yield of the final products were determined and compared. Silver
nanoparticles were prepared using the chemical reduction method. They loaded into the
activated carbon to form nano composite. The ability of the activated carbon, silver nano
particles, and silver impregnated activated carbon were tested for its antibacterial activity using
disc diffusion technique. Experimental results revealed that the activated carbon showed the
highest BET surface area, methylene number iodine number was produced at the heating
temperature of 350°C and the heating time 90 mins. Silver impregnated activated carbon as
nanocomposite showed the highest antibacterial activity than other two compounds.

Introduction

A recounting of past events have shown that a lot of efforts have been made to discover a new
antimicrobial compounds from various kinds of sources such as soil, plants, microorganisms, animals and their
wastages. Despite the existence of potent antibiotic and antifungal agents, resistant or multi-resistant strains are
continuously appearing, imposing the need for a permanent search to develop new compounds®. Discoveries in
the past decade have shown that once materials are prepared in the form of very small particles, they change
their physical and chemical properties significantly, sometimes to the extent that completely new phenomenon
are established®. Reducing the particle size of the materials is an efficient and reliable tool for improving
biocompatibility® *. In particular, the nanoparticles have some very attractive quality of properties such as an
ultra-light weight, ordered structure with a high aspect ratio, high mechanical strength, electrical and thermal
conductivity. Since they have a specific surface area hence they are used as sorbents for organic and inorganic
pollutants removal. And also, these have a large number of unsaturated atoms on their surfaces that can bind
readily with most of other atoms™ ® ’. However, little is known about how the biological activity of certain
materials changes as the size of the constituting particles decreases to nanoscale dimensions. There are some
reliable reports demonstrated the encouraging results about the activity of different drugs and antimicrobial
formulations in the form of nanoparticles * °. Efficient methods and different techniques can be used for the
production of nanoparticles and they are as follows, chemical, aerosol, electrochemical, laser irradiation,
sonochemical deposition, photochemical reduction and biological techniques'™ ™. Even though there are many
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different possibilities for the production of particles, Wet chemical synthesis of nanoparticles is a valuable
alternative to conventional process and gas phase synthesis with known commercial applications®.

In the world emerging nanotechnology, one of the primary concerns is the potential environment impact
of nanoparticles (NPs) **. Monitoring the response of bacteria exposed to these particles is a more efficient way
to estimate nanotoxicity. Resistance of bacteria to bactericides and antibiotics has increased in recent years due
to the development of resistant strains. Some antimicrobial agents are extremely irritant and toxic and there is
much interest in finding ways to formulate new types of safe and cost-effective biocidal materials. Previous
studies have shown that the Metal nanoparticles can be used in different applications due to their typical optical,
electrical and magnetic properties***® and the antimicrobial formulations in the form of nanoparticles could be
used as effective bactericidal materials® ?’. Considering the above recently it has been demonstrated that highly
reactive metal oxide nanoparticles exhibited excellent biocidal action against Gram-positive and Gram-negative
bacteria®®. Among the metal oxide nanoparticles, silver nanoparticles (AgNP) are gaining more importance
because of its antimicrobial and antiviral properties®®. These nanoparticles exhibits action through the
mechanism is that AgNPs attach to the surface of cell membrane, which disturbing the permeability and
respiratory functions of the cells and its leads to microbial cell death®. Thus, the preparation, characterization,
surface modification, and functionlization of nanosized inorganic particles open the possibility of formulation
of a new generation of bactericidal materials®’. However, metallic nanoparticles tend to either react with
surrounding media or agglomerate to result in significant loss of reactivity®’. Out of economic and duration
consideration, it has been used to treat with low cost adsorbent for prolonged activity. The most popular and
commonly used adsorbent throughout the world is activated carbon (AC)**because of its relatively high surface
area, large porosity, total pore volume and presence of wide spectrum of functional groups on its surface. This
also provides a strong affinity for even low concentration organics to attach to itself*. So it is foremost
important to produce low cost AC from waste material. Nanocomposites are materials that incorporate
nanosized particles into a matrix of standard material. The result of the addition of nanoparticles is a drastic
improvement in properties. Nanocomposite will be proved as an efficient adsorbent because of the increase in
their surface-to-volume ratio with the reduction of the size of the adsorbent particle from bulk to nano
dimensions®.

In the present study, AC have been prepared from Mosambi fruit peel and they are easily available in
abundance which are disposed as a waste material. They have been collected, processed at different operating
conditions and converted into an effective low cost adsorbent. AgNPs are chemically synthesized using AgNO;
and tri-sodium citrate. The synthesized nanoparticles are incorporated onto AC to produce a nanocomposite
(AgNP-AC). Where the combination of the AC and AgNP would take an important antibacterial advantage, due
to the strength of these two nanoparticles, they are used widely for many applications in a prolonged manner.
The main objectives of the present study are to optimise the activation time and temperature for the preparation
of AC from mosambi fruit peel, to elucidate the adsorption characteristics of AC prepared from mosambi peel
and to evaluate the antibacterial efficacy of the prepared AC nanoparticles, AgNP, and AgNP-AC against
bacterias such as Staphylococcus aureus, Escherichia Coli (E.Coli), Klebsiella pneumoniae, Proteus mirabilis,
salmonella typhi, Pseudomonas aeruginosa, Vibriocholerae.

Materials and methods

Preparation of activated carbon

The peels of mosambi fruit were obtained after extracting the juice from the households and juice
shops. Those peels were washed in distilled water and dried in the sunlight for several days. Then it is crushed
in to small pieces and soaked with the chemical activating agent H,SQO,, at a ratio of 1:1 for 24 hours. The
resulting black product was kept in hot air oven for about three hours at 110°C and then it is carbonized at
different temperatures ranging from 150°C to 500°C at 50°C interval for different time periods ranging from 30
minutes to 2 hours with 30 mins interval. This activated part of the carbon is washed several times with
NaHCO; followed by distilled water to remove the excess acid present. Then the resulting products were kept
in hot air oven at 110 + 5°C for more than 3 hours to obtain a complete fine black AC. Finally, it was stored in
desicator until further use. A well developed porous structure is obtained, depending on the time, temperature,
and impregnation ratio. Among the various prepared ACs the effective AC has been chosen based on its
adsorption characteristics, the chosen AC was converted into nanoparticles using planetary ball mill.
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Synthesis of silver nano particles

The AgNP was prepared as per the chemical reduction method adopted by Fang, et al*. Heat the 50 ml
of prepared 1x10° M silver nitrate till it boils and added 5 ml of 1% tri-sodium citrate drop by drop. Mixed the
solution forcefully and heated it until the colour changed to pale brown. Cooled it by stirring at room
temperature and finally powdered form of AgNP has been obtained by drying the aqueous solution on air for 4
days.

Preparation of nanocomposite

For coating, 50gm of powdered AC added with 250 ml of AgNPs solution was stirred vigorously at a
concentration of 500ppm in room temperature for overnight and then cured at 110°C for minimum of 2hrs in
vaccum oven. Finally the AgNP-AC of 2.5 mg/g composition was obtained. The SEM analysis was carried out
to confirm the coating of AgNPs.

Adsorption studies

The adsorption characteristic of AC was studied by identifying lodine number®” methylene blue
number®®, and BET surface area®.

Methylene blue adsorbtion

The methylene blue number is defined as the milligram of methylene blue adsorbed onto 1.0 gm of
adsorbent®®. As per the method adopted by Sahira Joshi and Bhadra Prasad Pokharel*‘the Methylene blue
number was determined according to Standard Method *. In this method Erlenmeyer flask containing 100 ml of
MB solutions with initial concentrations of 50-500 mg/L was added with equal mass of 0.1 g of the AC at room
temperature, kept for 24 hrs in shaker at 30°C and centrifuged to reach equilibrium. To minimize the
interference of carbon particles, samples were filtered prior to analysis. Each experiment was carried out in
triplicate under the same conditions. UV-Visible Spectrophotometer (Shimadzu-UV1800) at 663 nm was used
to find out the concentrations of MB in the supernatant solutions before and after adsorption. The percentage
removal of dye from the solutions and the amount of adsorption at equilibrium were calculated by the formula

) . Co— Ce
% of removal =

)xlﬂﬂ

Amount of adsorption (?1€) = (Co —Ce) V/W (mg/g)

Where, Co and Ce (mg/L) are the liquid-phase concentrations of the dye at initial and equilibrium state; V is the
volume of the solution (L) and W is the mass of dry adsorbent used (g).

lodine adsorbtion

It is the amount of iodine adsorbed (in milligrams) by 1gm of carbon when the iodine concentration of
the filtrate is 0.02 N*3. The iodine number was determined as per the standard method* which was previously
adapted by O. A. Babatunde et.al®®. Under this method, 10 mL of 5% HCL was added in a 250 mL flask
containing (0.2-1.0 g) of different powdered AC samples and made the carbon as wet by swirling the flask.
Added 100 mL of stock iodine solution (2.7 g of lodine (Merck) and 4.1 g of potassium iodide (Merck) in 1L of
de-ionized water) into the mixture and shaken it in an orbital shaker for 5 minutes. The samples were filtered
using Whatman No.1 filter paper. Then titrate 50 mL of filtrate with 0.1 M sodium thiosulphate until the
solution color changed into pale yellow. Added 1 mL of starch indicator solution (1%) in that solution and
continue the titration with sodium thiosulphate until the solution become colorless. The amount of iodine
adsorbed per gram of carbon (iodine number) and the residual iodine concentration in the filtrate were
calculated using below equation

_VB-VS Tl

IN w
I'B WAl

Where IN is the iodine number, VB is the volume of Na,S,05 used for blank titration, VS is the volume
of Na,S,0; used for test titration, M1 is molarity of iodine solution, V1 is volume of iodine solution used and W
is weight of AC.
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BET surface area

Nitrogen adsorption and desorption isotherms were measured at 77 K on a Micromeritics ASAP 2020
volumetric adsorption system as used by Sevilla et.al*. The samples were out gassed overnight at 180 °C prior
to adsorption measurements. The BET model was applied to fit the nitrogen adsorption isotherms and evaluated
the specific surface area of the samples®’.

Anti bacterial study

The anti bacterial activity of AC, AgNP, AgNP-AC was tested against various microorganisms such as
gram positive strain Staphylococcus aureus and gram negative strains like Escherichia Coli (E.Coli), Klebsiella
pneumoniae, Proteus mirabilis, salmonella typhi, Pseudomonas aeruginosa, Vibrio cholerae obtained from
RMMCH, Annamalai University Annamalai Nagar, India. It was maintained at 4°C on nutrient agar slant.

As similar to the adaption of C. Karthik and K. V. Radha*® the antibacterial activity was performed by
adapting disc diffusion method *° otherwise called as Kirby-Bauer method. The three test solutions have been
prepared individually by dissolving a known weight of different compounds (AC, AgNP, AgNP-AC) with 50%
of Dimethyl sulfoxide (DMSO) to give a concentration of 250ug/ml each. Inoculums have been prepared by
taking 24hrs old culture of above mentioned seven bacteria and mixed it with physiological saline in a seven
different containers individually until the turbidity was corrected to McFarland standard (i.e.) 1(10°fu/ml).
The mixture of MHA was sterilized and poured into 7 petridishes with a uniform surface thickness of 4-5mm.
Allow the agar to solidify at room temperature. The seven prepared inoculums have to be applied on seven
different MHA plates and spread it evenly using standard swaps. The inoculated plates have to be kept aside for
few minutes in order to dry. The Whatmann filter paper disc dipped in test solutions and plain DMSO solution
have been placed on all solidified plates at an equal distance from the centre point of plates using sterilized
forceps. The plates were incubated at 37°C for 24hrs and the zone of inhibition of bacterial growth for test
solutions and DMSO solution (i.e.) control against each bacteria was obtained by measuring the zone diameter.
The experiment was carried out in triplicate and the mean values are presented.

Results and discussion
Optimization of activated carbon preparation

In this study, 150-300°C with different time interval no carbonization was taken place. 350°C onwards
and up to 450°C it becomes carbon. It becomes ash when it reached 500°C. Hence, 12 different carbons have
been prepared on various combinations of time and temperatures (350-450°C and 30-120 mins). The prepared
carbons were collected, activated and its characteristics were studied using standard procedures and the results
are given in below Table 1.

Table 1 Adsorption Characteristics Activated Carbon Prepared on Various Combinations of Time and
Temperatures

Temperature Time Yield (%) lodine Methylene blue | BET surface
(°C) (mins) number(mg/q) number(mg/q) area(m?/g)

30 58.4 220.1 87.6 108.3
60 53.9 233.8 101.9 112.6

350 90 46.3 243.7 106.5 148.1
120 42.6 218.6 92.0 97.3
30 39.5 201.8 91.1 81.2
60 30.2 172.2 75.3 56.8

400 90 23.6 138.5 66.8 45.1
120 19.9 107.1 54.4 25.8
30 17.5 97.5 32.3 21.0
60 13.8 76.4 24.1 16.7

450 90 11.8 45.8 16.4 9.9
120 8.75 19.3 10.5 5.7
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From the above table it is noted that among 12 different carbons, the carbon prepared at 350°c and in
90mins was having higher iodine number, methylene blue number and BET surface area which indicates
comparatively it was having higher adsorption characteristic. This showed the optimum temperature and time
for preparing AC from mosambi peel are 350°C and in 90 mins respectively. U. V. Ladhe and P. R. Patil*
produced activated carbon from mosambi peel by carbonization and activation with H,SO, at 105°Cfor 12 hrs
and reported the surface area of 189m?g. In this work using the same raw material, the surface area of 143
m?/g, iodine number of 243.7 mg/g and methylene blue number of 106.5 mg/g were obtained at 350°C for 90
mins. . It also observed that the surface area is lower than ladhe’s and compared the results with this study, their
temperature for production of AC is lower, and the time for production of AC is higher on their study with the
higher surface area. In this study the effective AC was obtained at 350°C for 90 mins and hence that carbon has
been chosen for further experiments after converting it into nano particle.

Influence of temperature on the yield, iodine and methylene blue numbers and BET surface area of
activated carbon

By keeping the activating time, the precursor and activating agent ratio(1:1) as constant and changing
the activation temperature from 350 to 450°C, the effect of activating temperature on the yield, iodine number,
methylene blue number and BET surface area were studied. The results are given in tablel. The results shows
that when the activating temperature increased the yield, iodine number, methylene blue number and BET
surface area of the AC get decreased due to the pore formation and widening of pores. This indicates that the
adsorption capacity of AC increased with reduced activation temperature. This is quite opposite to the findings
of Xiaojun Ma et.al ***%. Thismay due to the attainment of optimised temperature on carbonisation.

Influence of time on the yield, iodine, methylene blue numbers and BET surface area of activated carbon

By keeping the activating temperature (350°C), the precursor and activating agent ratio(1:1) as constant
and varying the activation time from 30 to 120 mins the yield, iodine number, methylene blue number and BET
surface area were studied and the results are given in tablel . The results shows that, when the activation time
increased the yield of the AC and iodine number get decreased, when the activation time increased methylene
blue number and BET surface area of the AC get increased to certain time and suddenly get decreased at a
particular point. The adsorption capacity of the AC prepared increasing with increases in activation time from
30 to 90 mins and then decreases at 120mins. The results are as similar to the findings of RinitaRajbhandari
Joshi*®> and SamornHirunpraditkoon et.al*upto the optimum time and suddenly changes reversely when it
crosses the optimum time.

Fig 1A: Against Staphyl n n w— n n
9 gainst Staphylococeuis aureus Fig 1B: Against Escherichia Coli (E.Coli)
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Fig 1E: Against Salmonella typhi . . :
g g P Fig 1F: Against Pseudomonas aeruginosa

Fig 1G: Against Vibrio cholera

Fig. 1A-G. Antibacterial Activity Test Results of DMSO, Nano Sized Activated Carbon, Silver
Nanoparticles, and Silver Impregnated Activated Carbon

The above 7 pictures shows the anti bacterial test results against Staphylococcus aureus, Escherichia
Coli (E.Coli), Klebsiella pneumoniae, Proteus mirabilis, salmonella typhi , Pseudomonas aeruginosa, Vibrio
cholerae respectively. The four disc in each plate represents the activity of plain DMSO solution which act as
control (bottom), AC nano particle (left), AgNPs (right), and AgNP-AC (top). The results of Kirby-Bauer test
revealed that the antibacterial activity of plain DMSO solution was null but other three compounds exhibited
antibacterial activity against all the seven bacteria. The result was obtained by measuring the zone diameter. The
experiment was done triplicates and the mean values of zone of inhibition are presented in table2.
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Table2 Zone of Inhibition Nano Sized Activated Carbon, Silver Nanoparticles, and Silver Impregnated
Activated Carbon against Selected Bacterial Strains

. . Zone diameter of Zone diameter of Zone diameter of
Bacterial strains AC (mm) Ag (mm) Ag-AC (mm)
Staphylococcus aureus 15 35 37
Escherichia Coli 15 19 20
Klebsiella pneumoniae 3 4 5
Proteus mirabilis 5 12 13
salmonella typhi 18 25 25
Pseudomonas aeruginosa 19 21 22
Vibrio cholerae 20 23 26

Results of the study showed the inhibitory effect of AC, silver, and AgQNP-AC against selected bacterial
strains. The tested nanoparticles had an antibacterial effect exhibited by the zone of inhibition. AgNP-AC
proved as the most effective antibacterial agent against Staphylococcus aureus, Escherichia Coli (E.Coli),
Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Vibrio cholerae with an inhibition zone of
37, 20, 5, 13, 22, 26 mm respectively followed by AgNPs and then AC.Sreeprasad and Pradeep™ in their similar
study investigated the reason for the superior antibacterial activity of nano composite and quoted synergistic
effect of compounds presented in nano composite as the reason behind it. But against Salmonella typhi, the
AgNPs and AgNP-AC showed same results (25 mm) followed by AC (18 mm). Eventhough there exist
differences in zone of inhibition among AgNPs and AgNP-AC that differences are very narrow. In general the
result of the study indicates that nano composite (AgNP-AC) showed superior anti bacterial activity than AgNP
and AC due to the synergistic effect of AQNP and AC.

The bacteria adhere weakly with AC particles as compared with other two compounds namely AgNPs
and AgNP-AC and the main reason behind this is the anti bacterial activity of AC depends on the number of
attractive sites revealed upon traversing of a carbon particle through the outer bacterial surface layer®®. Once the
nanoparticle comes in contact with the bacterial cell, it either inhibit the cell wall synthesis, damage the
cytoplasmic membrane, inhibit nucleic acid and protein synthesis or inhibit specific enzyme systems which
result in the complete bacterial inhibition °’. However the AgNP-AC proved to be the most effective
antibacterial agent, the time taken to reach its 100% viability is greater for AC followed by AgNP-AC then by
AgNPs. The bacterial reduction rate was greatly influenced by the increase of silver ion concentrations and
contact time®. In general, most of the bacterial reduction and inactivation took place during the first three hours
of inscgubation, and the mortality rate increases continuously with the increase of nanomaterial concentration and
time™.

Conclusion

The preparation of AC from mosambi peel was optimised for better adsorption charecteristics. AgQNPs
were synthesised successfully by chemical reduction method. The nanocomposite was prepared by
incorporating synthesized AgNP onto AC. The anti bacterial effect of compounds was tested using disc
diffusion method. The results of anti bacterial test showed that the AgNP-AC is possessing superior
antibacterial activity than normal AC and synthesised AgNP against Staphylococcus aureus, Escherichia Coli
(E.Coli), Klebsiella pneumoniae, Proteus mirabilis, salmonella typhi , Pseudomonas aeruginosa, and Vibrio
cholera. Finally, silver nanoparticle loaded AC will be a desirable anti bacterial agent than other two
nanoparticles against above mentioned bacterial strains.
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