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Abstract : Metal oxide based solid state gas sensors are the best selection to the development of commercial gas sensors for a wide 

range of applications. The great interest of industrial and domestic solid state gas sensors comes from their versatile advantages like 

portable size, high sensitivity in detecting very low concentrations (ppm, ppb or sub ppb level). Tin Oxide (SnO2) powder is one such 

challenging material for the fabrication of gas sensors. Bulk Tin Oxide (SnO2) powder in the form of thick film was observed to be less 

sensitive to the polluting gases. So, synthesized nanostructured SnO2 powder was fabricated by simple screen printing technique 

followed by the calcinations at 500oC for 1 hr. Thick films of pure nanostructured SnO2 powder were surface activated by dipping them 

into 0.01 M aqueous solution of Strontium Chloride and / or Bismuth Chloride for different intervals of time followed by calcinations 
at 500oC for 30 min. The films exhibit the semiconducting nature due to non-stoichiometry and respond to various gases. Optimizing 

the particular conditions, the thick films can be used for gas sensing to detect hazardous gases, viz. H2, H2S, Cl2, NH3, C2H5OH, LPG, 

etc. The surface morphology, chemical composition, crystal structure, electrical and thermal properties of the bulk and nanostructured 

SnO2 have been investigated by Field Emission Scanning Electron Microscope (FE-SEM), Energy Dispersive Analysis by X-rays (E-

DAX), X-Ray Diffraction (XRD), etc.  
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I. INTRODUCTION 

The concentration of the gas in the environment which produces an undesirable and disastrous change in the physical, chemical 

or biological characteristics of air, soil and water that can harmfully affect the living beings leads to a pollution. Heavy industrialization, 
uncontrolled urbanization and careless application of technology can cause pollution [1-6]. Air pollution is a major threat for modern 

society. Current burning issues are global warming, the cruelest episodes like Bhopal gas tragedy, etc. are the effects of air pollution. 

Along with this, some domestic threats are also occurring all over the world. The main culprits behind all such hazards are the toxic, 

inflammable and explosive gases. Gases play the key role in many industrial or domestic activities. In the last twenty years, the demand 

for gas detection and monitoring has increased. SnO2 along with additives, viz. Bi2O3 and SrO2 are the most easily available and low 

cost materials. These materials are found suitable for the gas sensing applications. 

 

II. OBJECTIVES 

 To synthesize the nanostructured semiconducting oxide by one of the simplest and cheapest process known as disc type 

ultrasonicated microwave assisted centrifuge technique.  

 To prepare the thick films of pure and modified nanostructured SnO2 by screen printing technique, one of the simplest and low 

cost techniques. 
 To ensure longer life by maintaining proper thixotropy and rheology of the thick films. 

 To analyze the synthesized pure and modified materials by different characterization techniques. 

 To achieve a suitable surface modification by dipping the thick films of SnO2 into SrO2 and / or Bi2O3 for enhancing the gas 

response and selectivity. 

 To investigate the electrical and gas sensing performance of pure and modified SnO2 thick films. 

 To investigate and modify the response and recovery profile of pure and modified SnO2 thick films. 
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III. LITERATURE REVIEW 

Table 1: Literature Review 

Sr. 

No. 
Material Technique 

Gas /  

Investigation 
Year 

Ref. 

No. 

1 SnO2 Thick films H2, CO2 1996 7 

2 SnO2 Thick films H2 2005 8 

3 MoO3, SnO2 Thick films NO2, C2H5OH, H2 2010 9 

4 SnO2, RuO2 Thick films LPG 2007 10 

5 SnO2, CuO Thick films H2S 2006 11 

6 SnO2, Sr Thick films LPG 2007 12 

7 SnO2 Thick films CO, C2H5OH, CH4 2004 13 

8 SnO2 Thick films CO 2009 14 

9 SnO2 Thick films NH3, C2H5OH, etc. 2009 15 

10 SnO2 Thick films H2 2006 16 

11 SnO2, Ga2O3 Thick films Hazardous gases 2009 17 

12 SnO2, Pt  Thick films CO, NH3, C6H6, etc. 2005 18 

13 SnO2, ZrO2, etc. Thick films H2, CO, NO, NO2 2006 19 

14 SnO2 Thick films Hydrocarbons 2007 20 

15 SnO2 Thick films Automobile exhaust 2006 21 

16 SnO2 Thick films CO, CH4 2006 22 

17 SnO2, CuO Thick films H2S 2014 23 

18 SnO2, WO3, etc. Thick films NH3 1997 24 

 

IV. MATERIALS USED  

4.1 Tin Oxide (Stannic Oxide, SnO2) 

 Tin is principally found in the ore cassiterite (tin oxide). It is obtained commercially by reducing the ore with coal in a furnace. 
SnO2 is a wide band gap semiconducting oxide having energy gap of 3.6 eV. It crystallizes in the rutile structure. The unit cell of tin 

oxide contains two atoms of Sn and four atoms of O2. It has tetragonal symmetry. Each tin atom is surrounded by distorted octahedron 

of six oxygen atoms and each oxygen atom has three tin nearest neighbors at the corners of an almost equilateral triangle. SnO2 is used 

as a polishing powder and is sometimes known as putty powder. Tin oxide is used for ceramics and gas sensors. In gas sensors, the 

sensor area is heated to a constant temperature (few hundreds of degrees Celsius) and in the presence of a test gas, the electrical resistivity 

drops. For carbon monoxide detection, SnO2 wires are commonly used. 

4.2 Strontium Oxide (SrO2) 

  Strontium is a chemical element with symbol Sr and atomic number 38. Strontium is an alkaline earth soft metal in silver white 

or yellowish color.  When it is exposed to air, it forms a dark oxide layer. Strontium occurs naturally found mainly in the minerals 

celestite and strontianite. The properties of strontium are intermediate between and similar to those of its group neighbors, calcium and 

barium. Strontium is harder than barium and softer than calcium. The melting point of strontium is 777oC and boiling point is 1377oC. 

The density of strontium is 2.64 gm/cc. When Strontium metal burn in air, it will result in strontium nitride as well as in strontium oxide. 

However, it does not react with nitrogen below 380oC. It spontaneously forms only the oxide at room temperature. Strontium is widely 

used in fireworks and flares. Also, it is used for the production of ferrite magnets and in Zinc refineries. 

 

4.3. Bismuth Oxide (Bi2O3) 

Bismuth occurs as silver pink, and white in its original form as with an iridescent oxide tarnish showing many colors from 

yellow to blue. The Bismuth oxide has base centered monoclinic crystal structure. Bismuth burns with a blue flame and its oxide forms 

yellow fumes, when burnt in oxygen. It is less toxic as compared with its other neighboring elements in the periodic table, viz. lead, 

antimony and polonium. Bismuth occurs as the native metal, and in ores such as bismuthinite and bismite. Bismuth oxide is a high-

density metal. As Bismuth is a brittle metal, it is usually mixed with other metals to make it useful. Bismuth can be used in fire detectors 

and extinguishers, solders and electric fuses when it is mixed with low melting point metals, viz. tin or cadmium. Bismuth oxide is also 

used as cosmetics and paints. 
 

 

 

V. EXPERIMENTAL  

5.1 Material Synthesis  
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Fig. 1 (a): Disc type ultrasonicator       Fig. 1 (b): Microwave assisted centrifuge technique 

The nanomaterials were synthesized in the laboratory by disc type ultra-sonicated microwave treatment followed centrifuge 
technique [25]. Fig. 1 (a) shows disc type ultrasonicator and Fig. 1 (b) shows microwave assisted centrifuge technique. An initial 

aqueous-alcohol solution was prepared from distilled water and propylene glycol in the ratio of 1:1, by volume. This solution was then 

mixed with aqueous solution of tin chloride with the alcohol to water ratio as 1:1. The special arrangement was made to add drop wise 

aqueous ammonia (0.1ml / min.) with constant stirring until the optimum pH of solution becomes 7.9 - 8.9. After complete precipitation, 
the hydroxide was washed with distilled water until chloride ions were not detected by AgNO3 solution. Then the washed precipitate in 

a glass beaker was placed in a microwave oven for 10 minutes with on-off cycles, periodically. The dried precipitate was ground by 

agate pestle-mortar and annealed in a muffle furnace at 500°C for 12 h.  

5.2 Thick Film Fabrication Technique 

Thick film fabrication technique using screen printing mechanism is the most suitable, simple and economical method in the 

fabrication of sensors. The screen is held at about few millimeters above the substrate on a printing set up board (Fig. 2). The required 

thixotropic paste is kept on the top surface of stencil and squeegee pushes the paste and poured through the pores while it moves from 

one end to the other. The sensor patterns printed on the glass substrates are in rectangular form. The length of the sensor pattern kept 
was 9 mm and the width 4 mm. The desired amounts of samples are prepared by repeating the above procedure. These samples are then 

subjected to a temperature in the range of 70-130oC for drying under an IR lamp. Next, curing is done in order to avoid the blistering of 

the film. It has two steps: removal of organic binder and high temperature curing / firing. In the first step, the residues of organic binder 

(even after drying process) are eliminated by heating at low temperature. In the second step, the film is subjected to a furnace under 

controlled conditions. The chemical reactions that take place, give the required electrical and physical properties of the film. 

 

Fig. 2: Screen printing mechanism 

The thick film technique using screen printing offers a good control over the thickness and microstructure. The life time of 

thick films is expected to be larger. The use of thick film technology in the production of chemical sensors has opened up the possibility 

of manufacturing sensors in a cost effective manner. Such properties of a thick film sensor are highly desirable for chemical applications. 
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Furthermore, thick film technology has the ability to produce the sensors from nano-scaled materials. This is an advantage because 

minute sample volume is required. Also, the portability of the interface instrument for the sensor can be realized. Thick film technology 

based on glass and ceramic compositions is very stable in severe conditions such as high temperature or corrosive environments. 

Deposition of the layers is most commonly carried out by using screen printing for high volume and low cost production. Each layer is 

printed with a paste comprising of a functional material and a temporary organic vehicle. After deposition, solvent was removed by 

drying followed by firing, in order to eliminate the organic binder and sinter the materials. Glass frits are commonly used alone for over 

glazes and as a permanent binder in thick film technology [26-32]. Commonly ceramic substrates made of mostly alumina (Al2O3), 

silicon, glass-ceramic and sapphire with appropriate surface finish are used.  

5.3 Surface Functionalization of Thick Films  

 Surface activation [33-36] of thick films of pure SnO2 powder was achieved by dipping them into a 0.01 M aqueous solution 

of Strontium Chloride or Bismuth Chloride for different intervals of time such as 5 min., 15 min., 30 min. and 45 min. and dried at 80oC 

under an IR lamp, followed by firing at 500oC for 30 min. in ambient air. The particles of Strontium Chloride or Bismuth Chloride 

dispersed on the film surface would be transformed to SrO2 or Bi2O3 during firing process. Thus, the sensor elements with different 

mass percentage of SrO2 or Bi2O3 incorporated in to thick films of pure SnO2 were prepared. Silver contacts were made by vacuum 

evaporation for electrical measurements and monitoring the gas sensing performance of the thick films.  

5.4 Static Gas Sensing System 

Fig. 3 shows a static gas sensing system. This system is used in the laboratory for the gas sensing application. It contains gas 

chamber with heater. Sample holder provided with silver contacts along with gas injection system. To measure the gas response a Pico- 

ammeter is used. Power supply is also required to provide the necessary d.c. voltage. A variable a.c. source (dimmerstat) is used to 
control the temperature of the system. The variation in temperature is measured by means thermoelectric sensor. Stop watch is used to 

measure the response and recovery time of the sensor.  

 

 

 

 

 

 

 

 

Fig. 3: Static gas sensing system  

VI. CHARACTERIZATIONS 

6.1 Measurement of Sensor Parameters 

The characteristics that are desirable to measure the sensing performance [33-38] of any sensor are as follows. 

a) Gas Response 

b) Selectivity 

c) Selectivity Factor 

d) Response Time 

e) Recovery Time 

f) Sensitivity 

g) Repeatability 
h) Long Term Stability 

i) Detection Limit 

j) Linearity 

k) Operating Temperature 

a) Gas Response (S) 

  Gas response is defined as the ratio of the change in conductance of the sensor in presence and absence of target gas to the 

conductance in absence of target gas (air). The gas response (S) is given by the relation;   

   S =  
Gg− Ga

Ga
               -------------------(1) 
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Where, Gg and Ga are the conductance of sensor in air and in a target gas medium, respectively. The percentage gas response 

is given by the relation; 

% S =  
Gg− Ga

Ga
  x 100%   --------------- (2) 

 

b) Selectivity 

Selectivity is defined as, the ability of a sensor to respond to certain gas in the presence of mixture of number of gases. 

Selectivity is also termed as, specificity. A good gas sensor should be very much selective for a particular gas in presence of some other 
gases or mixture of gases, even at high concentrations.  

 

c) Selectivity Factor (K) 

Selectivity factor of one gas over other is defined as, the ratio of the maximum response of the target gas to the maximum 

response of the other gas at optimum conditions, viz. temperature, gas concentration, etc. 

K =
Starget gas

Sgas
                      --------------- (3) 

d) Response Time (RST) 

The time taken for the sensor to attain ninety percent of the maximum increase in conductance on exposure of the target gas, 

is known as response time.  

 

e) Recovery Time (RCT)  

The time taken by the sensor to get back ninety percent of the maximum conductance when the flow of gas is switched off, is 
known as recovery time. 

 

f) Sensitivity  

The sensitivity of a sensor is defined as the change in output of the sensor with respect to unit change in the parameter being 

measured.  

g) Repeatability  

 The ability of the sensor to produce the stable response upon number of successive exposures of target gas is called as 
repeatability.  

 

h) Long Term Stability 

 The ability of the sensor to produce the stable response over longer time span, irrespective of the number of target gas exposures 

is called as long term stability.   

 

i) Detection Limit 
It is the lowest concentration of the gas (ppm / ppb) that can be detected by the sensor under given conditions, particularly at 

a given temperature. 

 

j) Linearity 
 It is the relative deviation of an experimentally determined calibration graph from an ideal straight line. 

 

k) Operating Temperature 
It is usually the temperature that corresponds to maximum response to a particular gas. 

 

6.2 Structural and Electrical Characterizations 

The studies on microstructures and surface morphology of thick film samples were carried out by using X- Ray Diffractometer 

(XRD) and Field Effect Scanning Electron Microscopic (FE-SEM) techniques, respectively. Also, electrical characteristics, viz. I-V 

characteristics and conductivity profile of all the samples were studied in the laboratory [33-38]. 
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VII. RESULTS AND DISCUSSION  

 

Fig. 4: H2S response of pure and surface activated SnO2 thick films 

 

Fig. 4 depicts the H2S response of pure and surface activated SnO2 thick films. From Fig. 4, it is observed that, Bi2O3 activated 

SnO2 (30 min.) thick film is most sensitive and selective to H2S (5 ppm) at room temperature as well as at 50oC. Upon exposure, H2S 

gas gets oxidized by utilizing the lattice oxygen present in the bulk of the material of thick film, trapping behind the free electrons in 

the conduction band and enhances the conductivity of the material. The high performance of this film in H2S sensing may be attributed 

to the enhancement of active surface to volume ratio due to its nanostructure. But, as the temperature increases, the H2S response 

decreases. However, SrO2 activated SnO2 (45 min.) thick films also exhibit crucial response to H2S at room temperature and response 

decreases at high temperatures. 

 

 

VIII. CONCLUSIONS:   

 A review of the existing literature suggests that the modified and unmodified SnO2 thick films possess in several important 

areas of application of modern microelectronic techniques, because of their uses in production of advanced infrared detectors 

and sensors for sensing toxic gases and magneto-resistive sensors.  

 The gas response of the sensor must be as high as possible to trace level (ppm / ppb) of the gas with very high selectivity and 

no cross sensitivities.  

 The response and recovery times must be very low (~ few seconds).  

 Pure semiconducting oxides are expected to be stoichiometric and hence are less sensitive and less selective to toxic, hazardous 

and polluting gases. 
 It was studied that, the non-stoichiometric tin oxide behaves as semiconductor and act as gas-sensing varistor.  

 Dipping process is the most suitable and simple technique as far as surface modification is concerned.  

 The nanostructured SnO2 material has the great potential to fabricate the gas sensors which have most advanced and highly 

applicable features.  

 The review also reveals that, the number of researchers studied on SnO2 thick films, but very few attempts have been made to 

study the dipping time variation with the response of gas. Hence, it is the need to study the effect on structural, electrical and 

gas sensing properties by changing dipping time.  

 There is a great space to work for the development of SnO2 based gas sensors. 

  

ACKNOWLEDGEMENT 

 
Authors are grateful to the Chairman of Sahjivan Shikshan Prasarak Mandal Ltd. Tehu, Parola and Principal of the Rani 

Laxmibai College, Parola for providing laboratory facilities; and also to the Hon. Chairman, Secretary and Management of the R. S. S. 

P. M. Ltd. Chalisgaon as well as to the Principal and Colleagues of Nanasaheb Y. N. Chavan College, Chalisgaon. 

 

 

 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                                www.jetir.org (ISSN-2349-5162) 

JETIR1906U59 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 177 
 

REFERENCES 

 

[1] Dasmann R. F., Environmental conservation, 4th Ed., John Wiley and Sons, Inc., New York (1976): 310-338. 

[2] Moore P. D., Pollution: Too much of a good thing, Nature (London) 374 (1995): 117-118.          

[3] Brooks M., Coghlan A., Live and let live, New Scientists (1998): 46-49. 

[4] Durham W. B., Industrial Pollution, Sax, N. I., Van Nostrand Reinhold Co., New York (1974): 10-35. 

[5] Eckerman I., Bhopal Gas Catastrophe 1984: Causes and Consequences, Encyclopedia of Environmental Health (2011): 302-

316. 

[6] Heylin M., Bhopal: Ten years after, Chem. and Eng. News 72 (51) (1994): 18-32. 

[7] Ansari S. G., Karekar R. N., Aiyer R. C., Characterization of SnO2 based sensor for different gases, National Seminar on 

Physics and Technology of Sensors, Pune C32 (1996): 1-4. 
[8] Yasuhiro Shimizu, Ayami Jono, Takeo Hyodo, Makoto Egashira, Preparation of large mesoporous SnO2 powder for gas sensor 

application, Sens. Actuators B 108 (2005): 56-61. 

[9] Azam Anaraki Firooz, Takeo Hyodo, Ali Reza Mahjoub, Abbas Ali Khodadadi, Yasuhiro Shimizu, Synthesis and gas sensing 

properties of nano- and meso- porous MoO3- doped SnO2, Sens. Actuators B 147 (2010): 554-560. 

[10] Wagh M. S., Jain G.H., Patil D. R., Patil S. A., Patil L. A., Surface customization of SnO2 thick films using RuO2 as a 

surfactant for the LPG response, Sens. Actuators B 122 (2007): 357-364. 

[11] Patil L. A., Patil D. R., Heterocontact type CuO- modified SnO2 sensor for the detection of a ppm level H2S gas at room 

temperature, Sens. Actuators B 120 (2006): 316-323. 

[12] Liang-Dong Feng, Xing-Jiu Huang, Yang-Kyu Choi, Dynamic determination of domestic LPG down to several ppm levels 

using a Sr-doped SnO2 thick film gas sensor, Microchimica Acta 156 (2007): 245-251. 

[13] Licznerski B., Thick-film gas micro sensors based on tin oxide, Bulletin of the Polish Academy of Sciences: Technical 

Sciences 52 (1) (2004): 37-42. 
[14] Bakrania Smitesh D., Wooldridge Margaret S., The effects of two thick film deposition methods on tin dioxide gas sensor 

performance, Sensors 9 (2009): 6853-6868. 

[15] Kamalpreet Khun Khun, Mahajan Aman, Bedi R. K., SnO2 thick films for room temperature gas sensing applications, J. 

Applied Physics 106 (12) (2009): 124509 (1) - 124509 (5). 

[16] Bienchetti M. F., Walsoe de Reca N. E., Thick film sensor for hydrogen built with nanostructured pure SnO2, IBER-SENSOR 

(2006): 1-2. 

[17] Ralf Moos, Kathy Sahner, Maxmillian Fleischer, Ulrich Guth, Nicolae Barsan, Udo Weimar, Solid state gas sensor research 

in Germany- a status report, Sensors 9 (2009): 4323-4365. 

[18] Ivanov P., Vilaseca M., Llobet E., Vilanova X., Hubalek J., Coronas J., Santamaria J., Correig X., Selective detection of 

ammonia and benzene via zeolite films deposited on SnO2/ Pt-SnO2 thick film gas sensors, 2005 Spanish Conference on 

Electronic Devices, Proceedings of IEEE Sensors (2005): 597-601. 
[19] Gerald Frenzer, Andreas Frantzen, Daniel Sanders, Ulrich Simon, Wilhem Maier, Wet chemical synthesis and screening of 

thick porous oxide films for resistive gas sensing applications, Sensors 6 (2006): 1568-1586. 

[20] Frank Rettig, Ralf Moos, Direct thermoelectric hydrocarbon gas sensors based on SnO2, IEEE Sensor Journal 7 (11) (2007): 

1490-1496. 

[21] Jung Y. Kim, Sung W. Kang, Tae Z. Shin, Myung K. Yang, Kyu S. Lee, Design of a smart gas sensor system for room air 

cleaner of automobile- thick-film metal oxide semiconductor gas sensor, IEEE (2006): 72-75. 

[22] Guang-Fen Wei, Zhen-An Tang, Experimental study on the O2 influences on semiconductor gas sensor responses, IEEE 8th 

International Conference on Solid-State and Integrated Circuit Technology Proceedings, Shanghai, (2006): 640-642. 

[23] Srivastava J. K., Amit Gupta, Bhaskar Anand A., Sensing Behavior of CuO-Doped SnO2 Thick Film Sensor for H2S Detection, 

Int. J. Scientific and Technology Research 3 (5) (2014): 266-272. 

[24] Dong Hyun Yun, Chul Han Kwon, Hyung-Ki Hong, Seung-Ryeol Kim, Kyuchung Lee, Go Geun Song, Ji Eon Kim, Highly 
sensitive and selective ammonia gas sensor, Proceedings of Intern. Solid State Sensors and Actuators Conference, IEEE 

(1997): 959-962. 

[25] Shelke G. B., Studies on ZrO2 and SnO2 Based Gas Sensors, Ph. D. Thesis, Kavyitri Bahinabai Chaudhari North Maharashtra 

University, Jalgaon, Ch. 3 (2019): 66-89. 

[26] Greenwood, Norman N. Earnshaw, Chemistry of the Elements, Oxford: Pergamon Press, Alan (1984): 1218-1220. 

[27] Turekian K. K., Wedepohl K. L. Geol., Distribution of the elements in some major units of the Earth’s crust, Geological 

Society of America, Bulletin 72 (1961): 175-192.  

[28] Kihlborg L., Nonstochiometric Compounds: The crystal chemistry of Molybdenum oxides, Amer. Chem. Soc. 39 (1963) Ch. 

3: 37-45. 

[29] David Scanlon O., Graeme Watson W., Payne D. J., Atkinson G. R., Egdell R. G., Law D. S. L., Theoretical and Experimental 

Study of the Electronic Structures of MoO3 and MoO2, J. Phys. Chem. C 114 (2010): 4636-4645. 

[30] Ivanova T., Szekeres A., Gartner M., Gogova D., Gesheva K.A., Spectroscopic characterization of CVD molybdenum oxide 
films, J. Electrochem. Acta. 46 (2001): 2215– 2219.  

[31] Tomas S. A., Arvizu M. A., Zelaya-Angel O., Rodriguez P., Effect of ZnSe doping on the photochromic and thermochromic 

properties of MoO3 thin films, J. Thin Solid Films 518 (2009): 1332-1336. 

[32] Jacq C., Maeder Th., Ryser P., Sensors and packages based on LTCC and thick-film technology for severe conditions, Sadhana 

34 (2009): 677-687.  

[33] Shelke G. B., Patil D. R., Surface functionalized thick films of SnO2 by Bi2O3 as H2S gas sensor, Bio-Nano Frontier 8 (2015): 

41-43. 

http://www.jetir.org/
https://www.sciencedirect.com/science/referenceworks/9780444522726


© 2019 JETIR June 2019, Volume 6, Issue 6                                                                www.jetir.org (ISSN-2349-5162) 

JETIR1906U59 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 178 
 

[34] Shelke G. B., Patil D. R., Improvement of H2S sensing performance of SnO2 based thick film gas sensor surface activated by 

CuO, Ajanta- Intern. Multidisciplinary Quarterly Research J., 8-1 (2019): 77-83. 

[35] Shelke G. B., Patil D. R., Synthesis and characterizations of pure and surface functionalized nano- structured SnO2 thick films, 

Intern. J. of Research and Development, 8 (2018): 141-149. 

[36] Shelke G. B., Patil D. R., SrO2 Modified Nanostructured SnO2 Thick Films as H2S Gas Sensors Operable at R.T., International 

Journal of Current Research, 8 (2016): 32417-32420. 

[37] Shelke G. B., Patil D. R., Nanostructured Manganese Oxide Thick Film Resistors as Ethanol Gas Sensors Intern. J. of Research 

and Development, 5 (2015): 1-7. 

[38] Pandav R. S., Tapase A. S., Hankare P. P., Shelke G. B., Patil D. R., Nanocrystalline manganese substituted nickel ferrite 

thick films as ppm level H2S gas sensors, Intern. J. on Recent and Innovation Trends in Computing and Communication 3-8 

(2015): 5152-5156. 
 

 

http://www.jetir.org/

