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andalumina fibers for nanofiltratioNanomaterial gpli- wastebased sample (TWACT and TWAGNR)erhaps
cations openthe door for removal of pathogens fromdue to differences in their cellulose unit cell structure.
water due to their highly reactive surface that kill the m Similar surface area values have been obtaismtier®
croorganisms. Several reseagchhave studied disinfe  for nanasilver-carbon covered alumina catatyprepared
tion and purification of water using nanarerials®*®>. by electrechemical method for drinking wateuurifica-
Many such nanomaterials (siegand multiwalled nao tion. The surface area provided adequate sites for ltwer si
tubes, those that use nagold) are not econorwaf'®****  nanoparticle adsorption. All thearbons from industrial
These materials also have handling diffims. Hence, wastes were nanoporous thgsving better support in
the challenge is to develop scientific, yetoeomically effectivelycontolling the microorganisms in aer.
feasible materials for water disinfection which could be XRD wasanaly®d on all the four samples symized
affordable to all sections of the Sety. using Philips XPert Xray diffractometer. The XRD pa
The presentstudy reports the synthesis of two neev a terns of various carbon samples are shown in Figure 1.
tivated carbons from cellulosic industrial waste source$he peakshowthat the majority of phases mgisted of
This study is novel as these carbons are developed fr&@aSQ, CaCh, CaCQ, SiO,, N&S and NyO. The san-
waste materials and have not been used elgewfte ples are basically cellulosemdtheir major phase conop
water pirification. NaneAg has been incorporated intosition was observed to be almost the sameQAgeaks
these carbons and utilized as an antimicrobial ageappear in the silver incorporated sampl&sray line
(AgNP)'®. These nanoparticles are effective owing tbroadening (XLB) shows particle size of silver in
high surface area and their ability to pass through the cBWAGNP and TWAGNPPWAGNP hasthe silver with
membrane disnting cell mechanism by damaging theaverage particle sizeapproximately 20-25nm and
DNA of the microorganisif leadingto cell death. TWAGNP has the silver with average particle size
The materials usedor this work are used/recycled approximately25-27 nm. Average particle size of nano
paper and textile manufacturing industry waste. Textilsilver in the catalysts was further confirmed from the
waste comprises waste material obtained from textile fiFESEM results. Similar silver amoparticles of size
ishing. This material is rigidand non-biodegradable. 25-27 nm have been reported by Sistiaet al*®.
This waste accumulated in textile industries for many Fourier transforminfrared (FFIR) spectroscopy was
years ha no effective use ands indiscriminately ds- carried out using Perkin Elmer and Bruker Vector 22 FT
posedof in land or burnt.E. coli culture was obtained IR instrumentThe FT-IR specta of various nanaarbon
from IMTECH, Chandigarh. samples synthesizeste presented in Figure 2. The-FR
The paper and textile waste was washed several tim@saks suggest that the materials synthesized are @arbon
to remove the dirt and dust and later slired. The dry ceous with a large number of active functional groups
sample was thermochemically activated using 138® namely, hydroxyl, carbonyl or carboxylic acid. The
at 300¢C. Silver nanoparticles were prepared froncarbon samples exhibit characteristic absorption barids o
0.001M AgNO; using a reducing agent NaBKref. 17)  O-H stretching vibrations in the range 343500cm™.
Carbon samplél g) was loaded with 6(R®) of nAg in ®- This strong broad bandittributes to the presence ad-a
lution, stirred for 1h followed by evaporation on a hotsorbed water by carbon samples. The sharp band between
plate for 5h. The dried samples were then reduced in H300 and 140@m™ can be assigned to bendingplane
flow of hydrogen at 25@ for 3h washed with donized —OH vibrations or to bending inlgne symmetry.C-H
water and dried agaiand stored for disinfection exper

ments.

After using the materials for the first run of disiofe Table 1. Characterization ofarbons
tion, they were filteredwashed in dionized water and
dried in hot air oven for & at 100€ and used for the "arameter PWACT PWAGNP TWACT TWAGNP
next batch. The material was reuseshumber of times  pH (1% slurry) 5.85 5.59 6.05 591
until the disinfection performanceeduced to less than Surface areanf’/g) 347.146 345225 283.438 275.228
90% in 60 min. Bulk density (g/ml) 0.45 0.48 0.40 0.41

The pH, moisture content and bulk density of tide a Moisture content (%)  4.10 4.60 476 5.02

sorbents were determined according standard meth-

ods®. The characteristics of the adsorbent materials used

in this study argivenin Table 1. Table 2. Surface area of catalysts
The BrunauerfEmmettTeller (BET) specific surface

2
area of carbon samples wastatmined using ASAP 2010 Sample Surface areant’/g)
automatic physical adsorber and highly purified nitrogen PWACT 347.146
gas.The surface area exhibited by the samjgeshown PWAGNP 345.225
in Table 2 The paper wastbased catalysts (PWACT and TWACT 283.438

TWAGNP 275.228

PWAGNP) exhibiteda surface aredhigher than textile
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stretching vibrations are observed between 280@ the batch mode experiments.was found that the nano
2900cm™. The stretching vibrationsetween 1500 and Ag impregnated nanoarbon obtained from paper
1700cm™®, correspad to C=O (ref. 51 The peaks showed 99.6% disinfection after hfin of batch mode
obtaned in the range 1080090cm ™ indicate the pr& stirring. All the catalysts studied could remoke coli
ence of SHO-Si bond$’. Earlier wehave reported similar >99% at the end of 6@in. The higher antmicrobial
stretching and bending vibians™. activity exhibited ky Ag incorporated nanoarbons due

Anti-bacterial ativity of the synthesized narcarbon to several reasons tideen explained earlf@@*%. The
materials vas tested by stirring Ing of PWACT, material was reused six times until the disinfection- pe
TWACT, PWAGNP and TWAGNP in 100f of water formance reduced to less than 90% im&i@.
spiked withE. coli in a 2000ml sterile, transparent glass Silver aided deactivation of diseasausing organisms
vessel with screw cap for 480min (200 RPM) in a had been discussedarlier®???3 There are varioussau
batch mode at ambient cdtidns. Later the catalyst was mptions on how silver nanoparticles act oricnobes to
filtered off and the water was tested torcoli count.The cause the microbicidal effect. Few of them are listed b
antibacerial activity was estimated by pour plate methodow:
previously explained. Distilled water with no catalyst
was used s1a blankTable 3 and Fjure 3 show the anti x Silver nanoparticles have the ability to cling onto the
bacterial activity results for various carbon sampleg- Fi  bacterial cell wall and subsequently penetrate &; th
ure 4 schematically explains the magtsm. reby causing damage to thellceall and ultimately

It is observed that more than 99% of the bactemeew death of the cell.
killed within 30 min. The influent pH was found to be x There can be formation of ‘holes’ on the cell wall, on
7.72 while the outlet pH varied from 6.39 to 6.65 after the sites of accumulation of nanopartiéfes

x The formation of free radicals by silver nanopasds
may be considered to be another mechanism by which

the cells die. There are studies that suggest formation
A=CaS0, B=CaCl, C=CaCo; D=Si0,
E=NaSS F=Na,0 G=Ag,0
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Figure 1. XRD patterns of the carbenatalyst samples. Figure 2. FT-IR spectrum of the carbewatalyst seples.
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Table 3. Anti-bacterial activity of the various catalysarbon senples

Averageremoval(%)

Sample 10 min AveragepH 20 min AveragepH 60 min AveragepH
PWACT 95.0r1.1% 6.54 98.0 r0.9% 6.41 99.9 r0.056% 6.39
PWAGNP 99.6 r0.3% 6.48 99.9 r 0.06% 6.43 99.9 r0.04% 6.43
TWACT 86.6 r1.4% 6.62 90.2r1.4% 6.56 99.9 r0.06% 6.54
TWAGNP 90.3r1.3% 6.65 953r1.2% 6.51 99.9 r0.05% 6.46

Initial E. coli conc.: 5u10® cfu/ml; influent pH:7.72

' Nano Ag impregnated
E. coli activated carbon from
waste materials

Dead E. coli

Figure 4. Disinfection mechanism.

of free radicals by silver nanoparticles when in action of these nanoparticles on the cell can cause the

contact with the bacteria, and these free radicals reacton subsequently leatty to cell death. DNA has

damae the cell membrane ultimately |léag to cell sulphur and phosphorus as its major components; the

deatf*%. nanoparticles can act on these soft bases and destroy
x Nanosilver ions can interact with thiol groups of DNA which turns detrimental to the célfs

many vital enzymes and inacate therm®?’. X The interaction of silver nanoparticles with sur

X Metalssuch asAu, Ag and Cu have affinity towards  and phosphorus of the DNA can lead to problems in
oxygen. It is reported that atomic oxygen perfectly fits DNA replication of the bacteria and thusrénate the
into the @tahedral holes of these metals. microbes.

x Silver has a tendency to bind to nascent oxygerd¢bin
ing energy =40 kcal/mol) and it readily xidizes b&- Thus, naneAg on activated carbon seems to be more
teria or viruses, resulting in complete disintegration advantageous particularly in reusing the catalyst.

x Silver is a soft acid and the cells amostly made up FESEMEDX analysis was performed using Nova
of sulphur and phosphorus which are soft bases. THéano SEM 450 and the results are presented in Figure 5.
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Figure 5a—f. FESEMand EDX reports of the carbon samples prepared from paper and textile MESEM (a), EDX
(b) image of PWACT FESEM(c), EDX (d) image of PWAGNPFESEM(e), EDX (f) image of TWACT.

TWACT, PWACT and PWAGNP were chosen for Different types of activated carbons have been deve
FESEM analysis as they showstk highest antibacterial oped from natural sourcEsbut this study has delaped
activity. It can be seen from Figure 5 that #le samples two new nanecatalysts from waste materials. Thesa-m
analyed (TWACT, PWACT, PWAGNP) werebserved terials investigated for the first time for production afn

to be nanoporous. The carbon naartigles are unifonly  no-carbon are used in water disifection. The present
distributed in the samples. The textile waste sampleahadtudy indicates that these catalysts possess high potential
rather flaky appearance different from the paper waster removal ofE. coli. The impregntion of naneAg in
sample. Silver particles arclearly seen in PWAGNP carbons increased thoactericidal properties of the neat
sample prepared. The EDX and XRD analysis furthefals. The materials were found to hasehigh surface
confirms the sameEDX also shows presence of C, Caarea (83-347m?/g). FE-SEM results show that daons

Si, etc. Similar SEM images have been reported for acsynthesized are nanopois. EDX results prove thend
vated carbon granules coated with silver nandpartcorporation of nano Ag onto the carbon material. FTIR
cles’®* There are dier studies that have reported presenagharacterization of the carbons shows the presence of
of flower-like silver nanoparti@s for silver mcorporated C=0 and-OH in the carbons which may be respofesib

on multiwalled cabon nanotub& 32 for the adsorption. The main adtages and innovation

CURRENTSCIENCE,VOL. 111, NO. 8, 25 OCTOBER2016 1381



RESEARCH COMMUNICATIONS

in this research studgrethe catalysts(i) the method of 19.

preparation is highly economicalii) these Ag supported
catalysts are reusabldiii) 1 mg is enough to treat litre
of E. coli contamhated sampland(iv) 99% disinfection
can be btained within 60min in batch mode.
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