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INTRODUCTION 

Synthesis of ceramic membrane : 

Since the last two decades, synthesis 

method of nano structured materials, 

synthesis for required shaped nano 

material with the best and correct 

dimension is important for understanding 

the structure and composition of the 

materials. For the synthesis of controlled 

size shaped nano materials and required to 

ceramic membrane and its application. 

Synthesis of CaTiSiO5 disc nanoparticles 

(Co-Precipitation Method) : 

All metal salts are mixed in 0.1M 

proportion in 100ml double distilled water 

and the flask on magnetic stirrer at 600 rpm 

for 6 hours at 60°C and continue added 

drops wise ammonia (200ml) solution. This 

solution stirs 14 hrs. at 60° – 70°C, then 

precipitate is over dry at 50°C, then white 

powder is formed. 

Synthesis of AlTiZrO4 (Co-Precipitation 

Method) : 

All metal salts are mixed in 0.1M 

proportion in 100ml double distilled water 

and the flask on magnetic stirrer at 600 rpm 

for 6 hrs. at 60°C and continue added drops 

wise (200ml) ammonia solution. This 

mixture stirs 14 hrs. at 60°–70°C formed 

precipitate are over dry at 50°C then white 

powder is formed used this by 

characterization. 
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ABSTRACT 

A new oval shaped CaTiSiO5 and AlTiZrO4 Nano particles were synthesized by wet chemical Co-

precipitation and muffle ignition method. The oval shapes of Nano material were confirmed using SEM 

imaging and spinal packing in crystals were determined on the basis of XRD spectrum. The surface 

functionalities over Nano material were confirmed using FTIR spectrum elucidating hydroxyl and oxide 

groups over surface for future water wet ability. Furthermore the porous nature and electronic states in 

Nano material were elaborated on the basis of UV-Vis. and PL spectral transitions along with matching 

SEM and XRD data. The very high porosity of this ceramic Nano material was confirmed by BET 

measurements and future water remediation applications were demonstrated using antimicrobial testing 

on Klebsiella and membrane water purification activity. Overall this novel ceramic porous Nano 

material has proved probable application in water purification membranes.  

 

 

Keywords : Oval ceramic, Nano material, Highly Porous, Water remediation 
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  Synthesis of CaTiSiO5 :       Synthesis of AlTiZrO4 :
 

  

 

BIOLOGICAL APPLICATIONS : 

Antimicrobial properties for water remediation of nanomaterial :  

            For antimicrobial activity of 24 ppm. material on Klebsiella.  It had been demonstrated that 

good zone of inhibition with better antimicrobial activity.[9] 

Anti microbial effects of ceramic nanomaterial on Klebsiella for zone of inhibition at 24 pp

 CaTiSiO5 Metal Complex 

Klebsiella (Gram-ve Bacteria) 

Zone of Inhibition 
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Table : Anti-microbial activities of Schiff base and complex compared for gram positive and gram negative 

bacteria. 

Type/ name of bacterial culture in 

Agar broth 

[as per figures] 

Zones of inhibition for gram negative bacteria as zone diameter 

in mm. for concentrations of drug/ dose of ceramic nanomaterial 

At 10 ppm. At 24  ppm.  

Klebsiella (gram -ve) 12 mm. 25 mm. 

Mechanism for antimicrobial activity and 

water remediation activity: 

            As per physicochemical and 

antimicrobial screening of material and 

elaboration in scheme 1(page no.134), the 

disc nano material trio metal oxide ceramic 

nano composite exhibit antimicrobial and 

water remediation potential at surface by 

material cell interactions. Here as material 

have surface porosity after reaction with cell 

membrane material and water the surface of 

material show adhesion to liquid and 

biomaterials which result in dissociation of 

nano composite to oxides on surface so result 

to production of peroxide on surface. This 

peroxide produced at surface of nano 

material further can produce oxide and super 

oxide radicals to give antimicrobial effects 

for water remediation activity.[8-9] 

 

Water Remediation Activity of CaTiSiO5 : 

            Max is 670 nm. At this  max, 

methylene blue dye with concentration 20 

ppm has been used. This concentration is 

prepared as 150mg / 100ml. It is 

photocatalyst amount. Sample was observed 

in total 180min. of an interval of 30min. PH 

of solution is maintained 7.2 and source of 

light is 365nm Hg Vapor lamp. 

 After 180min. it has been observed 

that the degradation of methylene blue dye 

rate is 94% indicates that this metal complex 

is very effective for water remedial 

activity.[9] 

In the mechanism of water 

remediation, it has been observed that mixed 

metal oxide acts as a catalyst. This mixed 

metal oxide reacts with methylene blue dye 

with living behind H2O2. This H2O2 acts as a 

strong oxidizing agent known as peroxide 

generation which disintegrates the activity of 

microorganisms. Thus, it disappears the 

colour of methylene blue in 180 min. The 

percentage degradation is 97%.  
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Scheme 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table : Degradation Parameters 

1. Dye Methylene blue dye 

2. Concentration 20 ppm 

3. Photocatalyst’s amount 150mg/100mL 

  4. Degradation Time 180 min 

  5. Degradation Efficiency 94% 

  6. pH 7.2 

  7. Source of light 365 nm Hg Vapor lamp 

 

Table : Percentage degradation during course of time 

Time % degradation 

Blank 00 

Adsorption 10 

30 min 18 

60 32 

90 48 

180 94 

CaTiSiO5 Surface + 2H2O + O2 dissolved  →CaTiO3 + SiO2 + 2H2O2 

Disc Ceramic 
CaTiSiO5 

Potable 

Water 

Antimicrobial 

Leached surface with water 

on porous ceramic 
Purified 

H2O 

H2O2 

Peroxide generation in water at porous surface of ceramic membrane 

Water Remediation Activity 
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Absorption Spectrum 

In testing of water remedial activity of our 

ceramic composite nanomaterial CaTiSiO5 

with methylene  blue dye, the maximum 

bandgap is 3.20 ev and it has been observed 

that maximum absortion is at 650nm at 180 

min. indicates that colour of methylene blue 

dye disappears. Our nano composite material 

CaTiSiO5 shows good water remedial 

activity. 

 

Conclusions:  

         A new oval shaped trio metal oxide 

based ceramic nanomaterial was prepared 

using simple wet chemical and drying route. 

This nanomaterial of mean size had exhibited 

surface porosity on the basis of BET isotherm 

N2 adsorption. The absorption and emission 

spectra of nanomaterial had proved presence  

 

 

 

 

 

 

 

 

 

 

oxide free electrons on surface. The 

nanomaterial possess surface oxide and 

hydroxide species for water loving nature of 

material on the basis of FTIR analysis. Hence 

these evidences for nanomaterial had 

elaborated its properties for antimicrobial 

water remediation potential. On the basis of 

antimicrobial testing of the material it has 

been determined that this oval ceramic trio 

metal oxide nanomaterial finds applications 

in water purification and environmental 

fields. 

 

AlT4ZrO4 – 

Antimicrobial properties for water 

remediation of nanomaterial :  

            As per figure 8.7 and table 8.4, for 

antimicrobial activity of 20 ppm. material on 

Proteus Vulgaris. It had been demonstrated 

that good zone of inhibition with better 

antimicrobial activity. 
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Anti microbial effects of AlTiZrO4 ceramic nanomaterial on Proteus V. for zone of inhibition at 20 ppm. 

 

Table : Anti microbial activities of Schiff base and complex compared for gram positive and gram negative 

bacteria. 

Type/ name of bacterial culture 

in Agar broth 

[as per figures] 

Zones of inhibition for gram negative bacteria as zone 

diameter in mm. for Concentrations of drug/ dose of 

ceramic nanomaterial 

At 10 ppm. At 25  ppm.  

Proteus V. (gram -ve) 13 mm. 25 mm. 

 

Mechanism for antimicrobial activity and 

water remediation activity : 

             As per physicochemical and 

antimicrobial screening of material and 

elaboration in scheme 1(page no.147), the 

disc nanomaterial trio metal oxide ceramic 

nanocomposite exhibit antimicrobial and 

water remediation potential at surface by 

material cell interactions. Here as material 

have surface porosity after reaction with cell 

membrane material and water the surface of 

material show adhesion to liquid and 

biomaterials which result in dissociation of 

nanocomposite to oxides on surface so result 

 AlTiZrO4 metal complex 

Proteus V. (gram-ve) bacteria 

Zone of inhibition 
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to production of peroxide on surface. This 

peroxide produced at surface of nanomaterial 

further can produce oxide and super oxide 

radicals to give antimicrobial effects for 

water remediation activity. 

 

Water Remediation Activity of AlTiZrO4: 

            Max is 670 nm. At this  max, 

methylene blue dye with concentration 20 

ppm has been used. This concentration is 

prepared as 150mg / 100ml. It is 

photocatalyst amount. Sample is observed in 

total 180min. of an interval of 30min. PH of 

solution is maintained 7.7 and source of light 

is 365nm Hg Vapor lamp. 

          After 180min. it has been observed that 

the degradation of mithylene blue dye rate is 

82% indicates that this metal complex is very 

effective for water remedial activity.  

In the mechanism of water 

remediation, it has been observed that mixed 

metal oxide acts as a catalyst. This mixed 

metal oxide reacts with methylene blue dye 

with living behind H2O2. This H2O2 acts as a 

strong oxidizing agent known as peroxide 

generation which disintegrates the activity of 

microorganisms. Thus, it disappears the 

colour of methylene blue in 180 min. The 

percentage degradation is 97%. The water 

free from methylene blue indicator acts as a 

potable water.  

 

Scheme 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

AlTiZrO4 Surface + 2H2O + O2 dissolved  → AlTiO2 + ZrO2 + 2H2O2 

Disc Ceramic 
AlTiZrO4 

Potable 

Water 

Antimicrobial 

Leached surface with water 

on porous ceramic 
Purified 

H2O 

H2O2 

Peroxide generation in water at porous surface of ceramic membrane 

Water Remediation Activity 
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Table : Degradation Parameters 

1. Dye Methylene blue dye 

2. Concentration 20 ppm 

3. Photocatalyst’s amount 150mg/100mL 

  4. Degradation Time 180 min 

  5. Degradation Efficiency 82% 

  6. pH 7.7 

  6. Source of light 365 nm Hg Vapor lamp 

 

 Table : Percentage degradation during course of time 

Time % Degradation of MB 

Blank 00 

Adsorption 32 

30 min 47 

60 min 55 

90 min 58 

120 min 70 

150 min 76 

180 min 82 
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Absorbance 

In testing of water remedial activity 

of our ceramic composite nanomaterial 

AlTiZrO4  with methylene  blue dye, the 

maximum bandgap is 3.14 ev and it has been 

observed that maximum absorption is at 

650nm at 180 min. indicates that colour of 

Mithylene blue dye disappears. Our nano 

composite material AlTiZrO4 shows good 

water remedial activity 

CONCLUSION:  

          A new oval shaped trio metal oxide 

based ceramic nanomaterial was prepared 

using simple wet chemical and drying route. 

This nanomaterial with 55 nm. mean size had 

exhibited surface porosity on the basis of 

BET isotherm N2 adsorption. The absorption 

and emission spectra of nanomaterial had 

proved presence oxide free electrons on 

surface. The nanomaterial posses surface 

oxide and hydroxide species for water loving 

nature of material on the basis of FTIR 

analysis. Hence these evidences for 

nanomaterial had elaborated its properties for 

antimicrobial water remediation potential. 

On the basis of antimicrobial testing of the 

material it has been determined that this oval 

ceramic trio metal oxide nanomaterial finds 

applications in water purification and 

environmental fields. 

REFERENCES 

[1] Basheer A.A., Journal of Molecular Liquids, 

Nethelands, (2018), V.216, pp.583-593. 

[2] Burggraaf, A. J., Keizer, K., Synthesis of 

Inorganic  Membrane 35; (2009), 38-38.  

[3] Buxton, G. V.; Greenstock, C. L.; Helman, 

W. P.; Ross, A. B. J. Phys. Chem. Ref. Data (1988), 

17, 513. 

[4] Connes, J. and Connes, P., Near Infrared 

Planetary spectra by Fourier Spectroscopy. I. 

Instruments and results.(1966) 56(7) : 896-910. 

[5]  Egerton, R. F., Physical Principles of 

Election Microscopy : An Introduction to TEM, 

SEM and AEM. Springer,(2005) 202. 

[6]  Giamello, E.; Calosso, L.; Fubini, B.; 

Geobaldo, F. J. Phys. Chem. (1993), 97, 5735. 

[7] Ghormely, J,A.; Stewart, A.C. J.Am. Chem. 

Soc.(1956), 78,2934. 

[8] Haines, R. I.; McCracken, D. R.; Rasewych, 

J. B. In Water Chemistry of Nuclear Reactor Systems 

5; British Nuclear Energy Society: London, (1989),p 

309. 

[9] Khali A., Gondal M.A.,Dastageer M.A., 

Catalysis Communication,(2009),11(3),pp.214-219. 

[10] Li, W., Zhou, L.; Xing, W., Xu, N. Desalin. 

Water Treat. (2010), 18, 239-244.  

[11] Marcells A., Omole, Issac K., Owino, Sadik, 

(2009), pp.233-247. 

[12] Misra, P., Dubinski, M. eds., Ultraviolet 

Spectroscopy and UV Lasers. New York : Marcel 

Dekker (2002) ISBN 978-0-8267-0668-5. 

[13]  Savage, N., Diallo M., Nanomaterials and 

Water Purification: Opportunities and Challenges. 

Journal of Nanoparticle Research,(2005) 7, pp.331-

342.  

[14]  Prabhu, V., Patwardhan, A. & Patwardhan, 

A.W., CIJCT). (2016) Vol.24, PP - 367-373.  

[15] Reimer, L., Scanning Electron Microscopy: 

Physics of Image formation and Microanalysis. 

(Springer), (1998), 527.P. 

[16] The Infracord double-beam 

spectrophotometer. Clinical Science. (1957) 16 (2). 

[17] Qu.X, Alvarez P.J.J., Li,Q.,. Water research, 

England, (2013),v.47,n.12,pp.3931-3946. 

[18] Zhi-ChuanW., Yong Z., Zhangb L., Fongb 

H., Applied Surface Science, 

(2010),257(3),pp.1092-1097. 


