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Abstract

The present work highlights the high efficiency of silver nano-particles deposited over carbon covered alumina (CCA), by electro-chemical
deposition method over impregnation method, in controlling microorganisms in water. The anti-microbial activities of the catalysts are determined
quantitatively by serial dilution followed by inoculation method. The catalytic characterization of these materials obtained by using transmission
electron microscopy (TEM), X-ray diffraction (XRD) and temperature programmed reduction (TPR). TEM and X-ray line broadening technique
results indicate the presence of Ag particles in nanometer size. The main advantage of Ag supported catalysts prepared by electro-chemical
deposition over that made by conventional impregnation technique is that only small amount is needed and no pretreatment conditions like
reduction are required for deactivation of microorganism in water. Thus, silver catalysts prepared by this method are not only efficient but also
economical in restoring hydrogen economy. The combined characteristics of Al,O3 and carbon like low acidity, high mechanical strength and
presence of meso pores in CCA are also helpful for getting good activity.

© 2007 Published by Elsevier B.V.
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1. Introduction

Pollution crisis is a major problem all around the world. It
has adversely affected the lives of millions of people and caused
many deaths and health disorders. Water pollution is one of
the main causes for this crisis and majority of the water-borne
diseases are spreading because of the poor quality of water,
particularly due to the presence of bacteria and viruses in the
water. Hence, it is utmost important to purify water before its
use as it is one of the basic needs for the existence of mankind.
There are several methods of water purification like chlorination
[1], iodination [2,3], ozonation [4], UV-purification [1], reverse
osmosis [5] and using silver catalysts [6]. Chemical purification
like adding chlorine or iodine or applying ozone to kill the bacte-
ria has several disadvantages, for example, excess chlorination
could lead to cancer. Other methods like UV-purification and
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reverse osmosis are not cost effective. Ever since silver has been
recognized as an anti-bactericide, its application in purification
of water is increasing.

It has been reported that the use of silver may be linked to
man’s earliest attempts to improve his environment. Silver ves-
sels have been used since ancient times to keep water, wine and
vinegar for purification and the anti-bacterial action of silver is
due to the fact that metallic silver is said to dissolve in water
in about 1073 g/l which is toxic to E. coli and Bacillus typho-
sus, both of which can cause virulent diseases. Two thousand
and five hundred-year long history of the use of silver for water
purification and disease control has been established with no
reports of toxic reactions to the hundreds of millions of children
and adults exposed to it.

Heinig developed a catalytic cartridge-containing layer of
silver micro-crystals deposited on a-alumina and showed that
lightly bound nascent oxygen on micro-crystals of silver read-
ily oxidizes bacteria or viruses and completely disintegrates
them [7]. The anti-bacterial and antibiotic actions of silver com-
pounds are reported in literature [8—10]. The catalytic oxidation
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by the metallic silver on the walls of the container as well
as reaction with the dissolved monovalent silver ion probably
contributes to the bactericidal effect of silver vessels [11]. Sup-
ported silver catalysts are reported to be effective in deactivating
microorganism [12]. Antelman in his research indicated that
in an aqueous medium the peroxide Ag(IIl) works about 240
times as fast as Ag(I) and is up to 200 times more effective a
disinfectant than Ag(I) compounds or metallic silver [13]. Elec-
trically driven silver ions are reported to overcome a critical
problem in the treatment of serious bone infections [14] and
severely burned hands and fingers [15]. Resin loaded with sil-
ver ions is used to disinfect and/or remove iodine from water
[16].

Hydrogen is the latest in the succession of energy providers,
with many social, economic, and environmental benefits to
its credit including its utilization in chemical industries which
accounts for 40% of its consumption. This implicates the pre-
ciousness of Hp and its high demand to the world today and
tomorrow. Considerable amounts of hydrogen is being con-
sumed in the various reduction processes, namely reduction of
metal catalysts that are employed for various hydrogenation and
other reactions apart from its usage in the hydrogenation reac-
tions itself. Thus, preparation methods that can produce catalysts
directly in metallic form without employing any hydrogen for
bringing the oxidic or other forms of catalysts to their metallic
forms can be highly advantageous in reducing hydrogen con-
sumption. The present work is an endeavor in this process of
maintaining hydrogen economy by synthesizing nano-metallic
particles of silver employing novel electro-chemical deposition
method over carbon covered alumina support. This method gives
a silver catalyst, which is highly efficient in controlling microbes
in water.

2. Experimental
2.1. Preparation of catalysts

2.1.1. Preparation of carbon-covered alumina (CCA)

About 5 g of y-alumina, Al-1116E (M/s. Harshaw Chemical
Co. England) sieved to 18/20 BSS mesh particle size was taken
into a Quartz reactor by setting a bed with Quartz wool. Ny
is bubbled through a reservoir containing cyclohexene and the
vapors were pyrolysed on y-Al,O3 kept at 873 K for 6 h to get
carbon covered alumina (CCA).

2.1.2. Preparation of CCA supported silver catalyst by
electro-deposition method

The silver solution was firstly generated by passing low but
constant dc voltage electricity (40 V) through the silver elec-
trodes (0.4 mm thickness and 10 mm width and 100 mm long
plates) immersed in distilled water. This solution was then used
to test the presence of microorganism activity in the water
samples. The AgCCA catalysts by electro-chemical deposition
method which are designated as AgCCA-EC, respectively, were
prepared by taking requisite amounts of CCA in distilled water
and silver particles were generated by the above method while
maintaining a constant rapid stirring for a calculated amount of

time so as to obtain a 2wt.% of Ag in the final catalyst. The
excess water was then evaporated over a hot plate followed by
drying in an oven at 383 K for 12 h.

2.1.3. Preparation of CCA supported silver catalyst by
impregnation technique

Conventional impregnation technique was adopted to pre-
pare silver on carbon covered alumina catalyst. To an aqueous
solution containing requisite amount of silver nitrate, previously
prepared CCA support of known weight to obtain 2 wt.% was
added and kept for stirring for 1h followed by removing the
excess water by evaporating on a hot plate with stirring and dry-
ing in a hot air oven for over night. The dried samples were then
reduced in a flow of hydrogen at 523 K for 3 h. This catalyst was
termed as AgCCA-IMP.

2.2. Characterization of catalysts

2.2.1. Transmission electron microscopy (TEM)

This technique was used to find out the range of Ag particle
sizes obtained after depositions of silver particles on support
CCA, both in conventional and electro-chemical method. This
was done with the help of transmission electron microscopy
(TEM) (M/s. Philips, Netherlands, Model: Tecnai Feil2, capac-
ity: 120KV). Samples were prepared by sonicating the finely
powdered catalysts in methanol for about 15 min. Samples thus
prepared were placed on sample holders made with gold.

2.2.2. Powder X-ray diffraction (XRD)

The XRD patterns of reduced samples of AgCCA-IMP and
dried samples of AgCCA-EC were recorded on a Rigaku Mini-
flex X-ray diffractometer (M/s. Rigaku Corporation, Japan)
using Ni filtered CuKa radiation adjusting 20 ranging 2° to
80° and with 26 scan speed of 2°/min.

2.2.3. Temperature programmed reduction (TPR)

TPR patterns of dried samples of support CCA, AgCCA-
IMP and AgCCA-EC were obtained using a home made on-line
quartz microreactor interfaced to a thermal conductivity detector
(TCD) which in turn was connected to a data station (compris-
ing of a standard GC-software supplied by Hindetron, India)
for recording the profiles. Ha/Ar (6 vol.% of H, and balance
Ar) mixture was used as the reducing gas at a heating ramp of
5 K/min from 303 to 973 K and kept at the final temperature
isothermally for 30 min. The experimental details of the TPR
run were discussed elsewhere [17].

2.3. Activity test

Activities of silver catalysts were tested by immersing differ-
ent amounts of catalysts, viz.,0.1,0.2 and 0.5 g each of AgC-EC,
AgC-IMP, AgCCA-EC and AgCCA-IMP in 50 ml of raw water
(pond water, which contains plenty of microorganisms with E.
coli as main bacterial type present) taken in a 100 ml sterile,
transparent vessel with screw cap and stirred for 1h in a batch
mode at room temperature. After 1h, the catalyst was filtered
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off and the water was tested for the presence of bacteria quanti-
tatively.

2.3.1. Quantitative analysis of microorganisms

Raw water to be analyzed was taken and serially diluted [18]
to 107° dilution in a series of six test tubes. One millilitre of the
raw water was taken in the first test tube containing 9 ml of saline
solution and from it 1 ml was taken into the second test tube also
containing 9 ml of saline solution. This process is repeated to the
last, i.e., 107 dilution. Since the raw water contains large num-
ber of microorganisms, which cannot be counted, it is necessary
to dilute it. From each test tube 0.1 ml of water was taken and
was spread using a spreader, on a Petri-plate containing solidi-
fied nutrient agar and were incubated at 310 K for 24 h [18]. This
entire process was done in the UV laminar airflow. The number
of colonies grown were then counted after incubation. This pro-
cess was performed around 16 batches using variable amounts
of catalysts, viz., 0.1, 0.2 and 0.5 g each of AgC-EC, AgC-IMP,
AgCCA-EC and AgCCA-IMP, respectively. The quantification
of microorganisms in the water was done after vigorous stirring
of about 50 ml of raw water with the catalyst taken and after filter-
ing off the catalyst. The details of preparation and characteristics
of AgC-EC and AgC-IMP were reported earlier [19].

2.3.2. Nutrient agar preparation

Twenty-eight grams of nutrient agar was dissolved in 1000 ml
of water and was autoclaved at 394 K and at a pressure of 15 lbs
for around 15 min, samples were taken out after reducing the
pressure to atmospheric pressure. Then after cooling it was dis-
tributed in 36 Petri-plates with 5 ml in each Petri-plate and left
for solidification.

2.3.3. Preparation of the saline solution (0.96 wt.%) and
plating

2.88 gof NaCl was dissolved in 300 ml of distilled water. Nine
millilitres of this saline solution was distributed in 30 test tubes.
They are covered with a cotton plug and were autoclaved same as
above. They were then cooled and inoculated [18]. 0.1 ml of the
inoculated culture from these test tubes was taken and spread
on the agar Petri-plates for quantification of microorganisms.
Thus, prepared agar plates were incubated [18] for 24 h at a
temperature of 310 K.

2.3.4. Regeneration of the catalyst

After using for the first batch to control the bacteria in water
the Ag supported on carbon and carbon covered alumina cat-
alysts prepared in electro-chemical method were filtered and
dried in hot air oven for overnight at 393 K and used for the next
batch to test their activity in controlling microorganisms.

3. Results and discussion
3.1. XRD results
Fig. 1 depicts the XRD patterns of AgCCA catalysts, i.e.,

AgCCA-EC (dried) and AgCCA-IMP (reduced), respectively.
The XRD pattern of impregnated Ag over active CCA is recorded
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Fig. 1. XRD patterns of AgCCA-EC and AgCCA-IMP catalysts.

for the reduced form of the catalyst where as the XRD pattern
for the catalyst prepared by electro-chemical deposition method
is of the dried form. The catalysts showed amorphous carbon
phase and silver in metallic phase [Ag with d values 2.36,,2.044,
1.253—ASTM card no. 4-783]. The pattern AgCCA-EC clearly
show that the dried form of the catalyst itself is in metallic form
and thus need not be reduced any more. On the other hand, the
impregnated catalysts have to be reduced in H, flow for at least
2h at 523 K to get the metallic phase of Ag.

Particle size of the silver particles in AgCCA-EC and
AgCCA-IMP catalysts, calculated from the X-ray line broad-
ening (XLB) shows nearly same particle size in both cases.
AgCCA-EC has the silver with average particle size ~25 nm and
AgCCA-IMP has the silver with average particle size ~27 nm.
This is also confirmed from the TEM results.

3.2. TPR results

Fig. 2 shows TPR pattern of support CCA, dried catalysts of
AgCCA-EC and AgCCA-IMP, which are prepared by electro-
chemical and conventional methods, respectively. The TPR
pattern of AgCCA-EC catalyst exhibit only a single reduction
peak centered at Ty, of 760 K that is also observed in TPR pat-
tern of the other catalyst, i.e., AGCCA-IMP. This signal may be

AgCCA-IMP

AgCCA-EC

—

243 343 443 543 643 743 843

Temperature K ——»

TCD signal intensity (a.u.)

943 Isothermal
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Fig.2. Temperature programmed reduction profiles of supported silver catalysts.
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attributed to the carbon-gasification of the support carbon cov-
ered alumina. The reaction of carbon with hydrogen resulting
in the formation of methane was confirmed by the coupled FID
analysis technique [20]. Carbon gasification can be represented
as follows:

C + 2H, — CHy (D

No other peaks corresponding to reduction of oxidic species of
Ag is observed in the TPR pattern of AgCCA-EC catalyst. This
clearly suggests that silver is already in the metallic form in this
catalyst. The TPR pattern of conventionally prepared Ag cata-
lyst showed a low temperature reduction peaks centered at Tiax
of ~540 K. This reduction signal is originated due to the reduc-
tion of Ag precursors, possibly either the reduction of AgNO3
precursor or the reduction of Ag>O. It is reported in the Hy-TPR
carried out on silver catalysts pretreated in oxygen below 373 K
after reduction at 773 K for 2 h to have observed the existence of
three peaks at 353, 413 and 733 K [21]. They attributed it due to
molecularly adsorbed oxygen, to surface adsorbed atomic oxy-
gen and the high temperature one assigned to the bulk-dissolved
oxygen, which is the most difficult one to be reduced, respec-
tively. It was shown in the TPR patterns of Ag/Ti fresh samples,
that a broad and asymmetric peak at Tp,ox =383 K is ascribed to
the reduction of oxygen species on finely dispersed silver and
to the reduction of Ag,O [22]. Based on these reports, it seems
that the reduction signal observed in the TPR pattern of AgCCA-
IMP sample in this study correspond to the reduction of AgNO3
precursor.

AgNO; +4.5H, — Ag + NH;3 +3H,0 2)

Comparison of the TPR pattern of the Ag catalysts prepared
by two methods with the TPR pattern of the support CCA reveals
that the TPR pattern of AgCCA-EC is almost similar to that of
the support with only one peak of carbon gasification and that of
AgCCA-IMP shows the silver nitrate reduction peak in addition
to the carbon gasification. This clearly indicate that the silver is
in metallic form in AgCCA-EC catalysts, which is not the case
with the impregnated catalyst.

For controlling the microorganisms in raw water, it is
assumed that silver should be in metallic form so that it can take
dissolved oxygen from water. Thus, for the catalyst AgCCA-EC,
no pretreatment is needed for controlling the microorganisms
in water. Whereas the silver catalyst prepared by conventional
impregnation technique requires reduction prior to use in con-
trolling microorganisms in water because silver is in ionic form
and also AgNOs3 precursor in the catalyst may leach into the
water there by causing depletion of concentration of silver in
the catalyst.

3.3. TEM results

Fig. 3 shows transmission electron micrographs of CCA,
AgCCA-IMP (reduced) and AgCCA-EC catalyst used for test-
ing the microbial inhibition activity in water. The figure indicates
the presence of the silver in nano-particles range. Particles are
more uniformly distributed in electro-chemical method com-

pared to the conventional impregnation method. Silver particles
are clearly seen in both catalysts prepared in impregnated and
electro-chemical methods, when compared to electron micro-
graph of the support CCA.

3.4. Catalytic activity of silver on microorganisms

A report discusses three mechanisms of deactivation that sil-
ver utilizes to incapacitate disease-causing organisms [23]. They
are catalytic oxidation, reaction with cell membranes, and bind-
ing with the DNA of disease organisms to prevent unwinding.
Among all the metals, silver is unique in its affinity towards oxy-
gen. It is reported that atomic oxygen has an almost prefect fit in
the octahedral holes of gold, silver and copper. However, in gold
the electron cloud of oxygen tends to be expelled by lattice oxy-
gen of gold atoms and this blocks the movement through holes.
Copper, on the other hand, forms the oxide providing an impos-
sible barrier. Silver offers so little repulsion to oxygen that only
a small amount of thermal energy is required to readily move
the atomic oxygen through the silver lattice [24].

Micro-crystals of silver have a tendency to lightly bound
nascent oxygen (with a binding energy of only 40 kcal/mol) and
these species readily oxidizes bacteria or viruses, resulting in
complete disintegration [7]. Silver in its atomic state, has the
capacity to absorb oxygen and act as a catalyst to bring about
oxidation. Because oxygen is more electronegative than sulfur,
atomic (nascent) oxygen absorbed onto the surface of silver ions
in solution will readily react with hydrogen attached to sulfur in
the sulfthydryl (—S—H) groups surrounding the surface of bacte-
ria or viruses. The removal of hydrogen atoms (as water) causes
the sulfur atoms to condense to form a R—S—S—R bond; blocking
respiration and causing the bacteria to expire.

R—S—H + O + H-S—R"*“5*R_s-§ R + H,0

Destruction of cell membrane surface of microorganisms by silver nano-particles

3)

There are many forms of silver, viz., silver salts, organic pre-
cursors of silver, metallic form of silver on carbon, which may
exhibit microscopic particle size and show germicidal, antibiotic
and other effects, but are not always found to be safe and are less
effective than the silver generated by electro-deposition method.
In the case of silver nano-particles in water solution generated
by electrolytic method, ~30 ml of such solution is required to
deactivate bacteria in a 20 ml raw water [19]. Moreover, it is
very difficult to separate the Ag particles in the solution and to
reuse them. Thus, this Ag solution deposited on active carbon
and carbon covered alumina seems to be more advantageous
particularly in reusing the catalyst. Silver particles produced by
this method are ideal sized and provide the greatest biological
benefit and are proved to be non-toxic as well.

3.4.1. Quantification of microorganisms

Table 1 compares the activity of AgC and AgCCA cata-
lysts prepared in both electro-chemical method and conventional
impregnation method, i.e., AgC-EC and AgCCA-EC; AgC-IMP
and AgCCA-IMP, respectively. Qualitative analysis of the activ-
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CCA

Fig. 3. TEM images of AgCCA-IMP, AgCCA-EC and CCA catalysts.

ity of both AgC-EC and AgC-IMP catalysts has been reported
previously [19]. The data of quantitative analysis of microor-
ganisms present in the water samples after treating with silver
catalysts clearly indicated that the electrochemically deposited
silver on active carbon and CCA are very efficient in controlling
the microorganisms. The raw water, i.e., without a catalyst that
is tested has shown the presence of large number of bacterial
colonies that could not be counted by the method adopted in this
work. Although impregnated catalysts have also shown some

Table 1
Performance of AgC and AgCCA catalysts

Catalyst Weight of the catalyst (g) CFU count x 10%
No catalyst - 700,000
AgC-IMP 0.1 130,000

0.2 600

0.5 5
AgCCA-IMP 0.1 13,000

0.2 40

0.5 3
AgC-EC 0.1 2,000

0.2 0

0.5 0
AgCCA-EC 0.1 10

0.2 0

0.5 0

efficiency in controlling the microorganisms they are efficient
when taken in more amounts than electrochemically prepared
catalysts. The activities of the four different catalysts studied
are found to be in the decreasing order as follows:

AgCCA-EC > AgC-EC > AgCCA-IMP > AgC-IMP

Fig. 4 compares the activity profile of the four catalysts (taken
in 0.1 g quantity). The activities of the Ag catalysts prepared in
EC method clearly indicate the higher efficiency of AgCCA-
EC or AgC-EC over the AgCCA-IMP or AgC-IMP since even
0.1 g of former catalyst is sufficient enough in controlling the
microbes unlike the later, which is needed in at least 0.5¢g
quantity. The higher activity of AgCCA-EC or AgC-EC over
AgCCA-IMP or AgC-IMP can be explained as to the formation
of nano-particles of metallic Ag in the former one as observed
from XRD, TPR and TEM. Also this catalyst is economical since
various other steps, namely calcination and reduction in hydro-
gen at high temperatures are not necessary for the preparation
of this catalyst.

Table 2 clearly shows the reusability of the Ag supported cat-
alysts and their advantage over colloidal silver solution, where
in the silver particles are not reusable.

Thus, it is found that Ag deposited by electro-chemical depo-
sition is superior in controlling the microorganisms in water.
The advantage of CCA over carbon lies in the combined char-
acteristics of carbon and vy-alumina [25]. y-Alumina has more
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Fig. 4. Activity evaluation of catalysts with 0.1 g catalyst.
Table 2

Activity of the regenerated Ag catalysts prepared in EC method

Catalyst Weight of the catalyst (g) CFU count x 107
No catalyst - 7 x 10°

AgC-EC 0.2 2

AgCCA-EC 0.2 0

mechanical strength over carbon. Hence, one can report that
the mechanical strength of y-alumina is more than that of car-
bon. Even though alumina is reported to be acidic, the carbon
coverage on alumina (CCA) decreases the acidity of Al,O3 by
more than 90% [26,27]. Activated carbon posses very large sur-
face area of the order of ~1000 m?/g. But most of the area
comes from its micro-pores, which are not accessible for Ag
particles to deposit. On the other hand, the nature of carbon
in CCA is mesoporous. It is evidenced from the BET surface
area of CCA (~220 mz/g), which is close to that of y-Al,O3
(~240m?/g). Moreover, the carbon coverage on y-Al,O3 do
not allow water to react directly with y-Al,O3 even though this
is a slow process and takes long time. Thus, the combined char-
acteristics of y-Al,O3 and carbon make CCA, a superior support
for AgCCA catalyst particularly prepared by electro-chemical
deposition (AgCCA-EC) method in controlling the microorgan-
isms in water more effectively.

4. Conclusions

Electro-chemical deposition method is thus found to be novel,
highly efficient in controlling the microbes. And the method
of preparation is highly economical in restoring hydrogen by
avoiding its use in the process of catalyst preparation, since this
method yields silver directly in metallic form unlike the con-
ventional methods of preparation of silver catalysts. It is also
concluded evidently that the Ag supported catalysts are reusable.
The combined characteristics of Al,O3 and carbon like low
acidity, high mechanical strength and presence of meso pores

in CCA are also helpful for designing a highly active AgCCA
catalyst.

Acknowledgments

The authors thank Dr. J.S. Yadav, Director, Indian Institute
of Chemical Technology, Hyderabad, India for his keen interest
in this work and permitting to publish these results. The authors
A.H.P. and V.S.K. thank the Council of Scientific and Industrial
Research, New Delhi, India for the award of Senior Research
Associateship and Senior Research Fellowship, respectively.

References

[1] Water Review Technical Brief, vol. 6, no. 1, 1991.

[2] W. Gottardi, Iodine and iodine compounds, in: S. Block (Ed.), Disinfec-
tion, Sterilization, and Preservation, Lea & Febiger, Philadelphia, 1991,
pp. 152-167.

[3] G. White, Handbook of Chlorination, Van Nostrand Reinhold, New York,
1992.

[4] G. Finch, E. Black, L. Gyurek, Ozone and chlorine inactivation of Cryp-
tosporidium, in: Proceedings—AWWA 1994 Water Quality Technology
Conference, 1994, pp. 1303-1309.

[5] E. Hassinger, et al., Water Facts, Number 6, Reverse Osmosis Units, Pub-
lication no. 194019, The University of Arizona, College of Agriculture,
Tucson, Arizona 85721.

[6] A.A. Marino, et al., Chem. Biol. Interact. 9 (1974) 217.

[7] US Patent No. US4,608,247 (1986).

[8] H. Oka, T. Tomioka, K. Tomita, A. Nishino, S. Ueda, Met.-Based Drugs 1
(1994) 511.

[9] C.L. Fox, S.M. Modak, Antimicrob. Agents Chemother. 5 (1974) 582.

[10] T. Tokumaru, Y. Shimizu, C.L. Fox, Res. Commun. Chem. Pathol. Phar-
macol. 8 (1984) 151.

[11] G.V.James, Water Treatment, fourth ed., CRC Press, Cleveland, OH, 1971,
p- 38.

[12] E. Habenschaden, Sterilization of Water with Katadyn Ceramic Filters,
Sonderdruck aus Pharma International, 1988.

[13] M.S. Antelman, Silver(Il, IIT) Disinfectants, PTN publishing Corporation,
U.S.A, March 1994, p. 52.

[14] R.O. Becker, J.A. Spadaro, J. Bone Joint Surg. 60A (1978) 871.

[15] R.O. Becker, Effect of electrically generated silver ions on human cells,
in: Proceedings of the International Conference on Gold and Silver in
Medicine, The Silver Institute, Washington, DC, 1987, p. 7.

[16] US Patent No. US5,366,636 (1994).

[17] A.H. Padmasri, A. Venugopal, J. Krishnamurthy, K.S. Rama Rao, P. Kanta
Rao, J. Mol. Catal. A 181 (2002) 73.

[18] H. Gschlegel, General Microbiology, seventh ed., Cambridge University
Press, New York, 1995.

[19] V.SivaKumar, B.M. Nagaraja, V. Shashikala, A.H. Padmasri, S. Shakuntala
Madhavendra, B. David Raju, K.S. Rama Rao, J. Mol. Catal. A 223 (2004)
313.

[20] S. Chandra Shekar, J. Krishna Murthy, P. Kanta Rao, K.S. Rama Rao, J.
Mol. Catal. A 191 (2003) 45.

[21] L. Gang, B.G. Anderson, J. van Grandelle, R.A. van Santen, Appl. Catal.
B Env. 40 (2003) 101.

[22] F. Boccuzzi, A. Chiorino, M. Manzoli, D. Andreeva, T. Tabakova, L. Ilieva,
V. Iadakiev, Catal. Today 75 (2002) 169.

[23] R.L. Davies, S.F. Etris, Catal. Today 36 (1997) 107.

[24] M.E. Eberhart, M.J. Donovan, R.A. Outlaw, Phys. Rev. B 46 (1992) 12744.

[25] K.S. Rama Rao, P. Kanta Rao, S.K. Masthan, L. Kalyuschnaya, V.B. Shur,
Appl. Catal. 61 (1990) L19.

[26] P.S. Sai Prasad, B. David Raju, K.S. Rama Rao, G.S. Salvapathi, P. Kanta
Rao, Appl. Catal. A 83 (1992) 141.

[27] P.S. Sai Prasad, B. David Raju, K.S. Rama Rao, G.S. Salvapathi, P. Kanta
Rao, J. Mol. Catal. 78 (1993) L19.



	Advantages of nano-silver-carbon covered alumina catalyst prepared by electro-chemical method for drinking water purification
	Introduction
	Experimental
	Preparation of catalysts
	Preparation of carbon-covered alumina (CCA)
	Preparation of CCA supported silver catalyst by electro-deposition method
	Preparation of CCA supported silver catalyst by impregnation technique

	Characterization of catalysts
	Transmission electron microscopy (TEM)
	Powder X-ray diffraction (XRD)
	Temperature programmed reduction (TPR)

	Activity test
	Quantitative analysis of microorganisms
	Nutrient agar preparation
	Preparation of the saline solution (0.96wt.%) and plating
	Regeneration of the catalyst


	Results and discussion
	XRD results
	TPR results
	TEM results
	Catalytic activity of silver on microorganisms
	Quantification of microorganisms


	Conclusions
	Acknowledgments
	References


