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ABSTRACT

Nanocrystalline (NiFe,0,) was synthesized by sol-gel self-combustion
technique. X-ray diffraction (XRD) was utilized for structural
characterization. Broad diffraction peaks indicating smaller particle size
wasevident form x-ray pattern. Particle size estimated using Transmission
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electron microscopy (TEM) was in the range 15-25 nm. Sensitivity was
found to increase with temperature before being maximum at a particular
operating temperature. Significantly high sensitivity of ~88% was observed
in presence of 200 ppm acetone at an operating temperature of 350°C.
Maximum sensitivity of ~76% was observed for 200 ppm alcohol at an

operating temperature of 300°C.

INTRODUCTION

Conventiona semiconducting metal s oxides (par-
ticularly tin oxideand zinc oxide) have been well stud-
ied as sensor material to detect most of thereducing
gases. Although incorporation of metd ions (primarily
noblemetd ions) impart high sengitivity to thesemateri-
as, most of thesetraditional ceramic oxideshave poor
sensitivity at low gas concentration (< 200 ppm), re-
quireshigh operating temperatures (>300°C) and lack
long-term stability apart from the mgor problem of se-
lectivity!X. Inrecent yearstheferriteshave demonstrated
to be good materid sfor gassensing applications. In
the present study, nickel ferriteinvestigated asgas sen-
sor for acetoneand al cohol vapor. The spind structure,
withtwo differently sized cations, isamenableto ava-
riety of dopant additions. Thisflexibility allowsfor con-
trol of thestructural, transport and catal ytic properties,
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which areimportant for improving sensor performance.
Apart from easy amenability to variety of dopants, an-
other particular advantage of thesemateridsisther high
stability compared to conventiona semiconducting ox-
ides Amongtheferrites, nickd ferritewithinversespind
structure seemsto beapromising candidatefor volatile
organic compounds?. Severd research reportd®® have
aso confirmedthebeneficia effect of nanostructureon
the sensor performance. In thiswork we have synthe-
sized nanocrystalline nicke ferrite powder by sol-gel
self-combustion technique. Thesynthesized materids
have been characterized using XRD, SEM, TEM etc.
Gas sensing characteristicsin presence of acetoneand
alcohol hasbeen carried out.

EXPERIMENTAL

Nickel ferritewassynthesized by sol-gel self-com-
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bustion techniquefromandytica puregradeof meta ni-
trates. Theingredientswereweighted accordingto the
desired compositionand dissolvedinditilled water. An
aqueous sol ution of 5% polyvinyl a cohol wasused to
makeacolloida solution. A small amount of ammonia
solution (25% concentration) was added drop wiseto
adjust the pH valueto about 8. By copreci pitation, asol
of meta hydroxidesand ammonium nitrateoccursAm-
moniaadditionwascarried out under continuoussirring
inamagneticstirrer until aviscousge wasobtained. The
gel wasdried at 150°C for 12 hours. Thedried gel so
obtained wasignitedin acorner on aheated surfaceand
an exothermic reaction takes place at ~225°C between
polyvinyl dcohol andammonium nitrate. A combustion
front spontaneoudly propagatesand all thegel isburnt
out. After the compl etion of theexothermicreactiona
|oose powder isobtained containing very fine crystal -
lites. During the combustion reaction, themeta hydrox-
idesareconvertedinto meta oxides. Thefuson between
oxidesformsthespind ferrite. After quick combustion,
thefinely dispersed powder iscacined at 600°Cinair,
for onehour, todiminatetheresdud organic compounds.

Thephaseidentification and crystaline properties
of thefilmswerestudied by the X-ray diffraction (XRD)
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method employing a Philips PW 1830 x-ray
diffractometer with CuK  radiation (A\=1.5418 A). The

experimental peak positionswere compared withthe
standard JCPDSfilesand the Miller indiceswerein-
dexed to the peaks. Scanning electron microscopy
(SEM, Model S530, Hitachi, Japan) wasused toillus-
tratetheformation of crystalliteson thefilm surface.
Transmission eectron microscopy (TEM) wasused for
paticleszeandyss.

For gas sensing measurements, the powder (0.15
gm.) waspelletized in acold presspellet under apres-
sureof 4tonfor 5minutes. Silver (AG) pastewasused
for electroding on both sides of the sample. Copper
wireswere used for measurement of resistanceusinga
Keithley 6514 DMM. Thegas sensing measurements
were performed in closed tube furnace. Calibrated
Spancan (USA) cylinders of 200 ppm acetoneand al-
cohol with regulated flow meters (1 LPM) wasused
carrying out the experiment.

RESULTSAND DISCUSSION

Figure 1 shows the X-ray diffraction pattern
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Figurel: XRD patternof NiFe,O,
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of NiFe,0O, . Thediffraction peaks observed at 30.05",

35.5°, 37.05°, 43.25°, 53.60°, 57.05° and 62.65° re-
spectively and can be associated with nickel ferrite
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Figure3: TEM imageof NiFeO,

structure”®. The materia isphase purewithout pres-
ence of any secondary phase. Broad diffraction pesks
inthex-ray diffraction patternindicateslow particlesize

of the synthesized powder material.
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Figure 2 showsthe SEM micrograph of nickel fer-
rite. Theimagewastaken at normal incidencewith mag-
nification x 5000. One can noticethe presenceof ir-
regular-shaped aggregates formed by aggregation of
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veryfineparticles. TheTemimageisshownin Figure3.
Particle sizes ranging between 15 to 25 nm was ob-
served inthe TEM micrograph.

Figure 4 showsthe plot of resistance against time
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(inseconds) for 200 ppm acetone gasat an operating
temperature of 350°C. The resistance initially falls
sharply and decreasesslowly and almost stabilizes af-

ter oneminute. If R, and R srepresentstheequilib-

rium sampleresistanceinambient air and under test gas
respectively, the percent sensitivity (or the percent re-
duction of sensor resistancein presence of test gas)
can be expressed ag*?

S‘%):ﬂxloo

Inthe present experiment, R, was~23.85M-ohm

and R ,;was~3.05 M-ohmgiving sensitivity of ~88%.
The sengitivity wasfound to increase with increasing
operating temperature and reachesamaximum va ue
around 350°C. With further increasein temperature
above 350°C, sengitivity wasfound to decrease. Usu-
ally, the gas sensing mechani sm depends on thework
temperature, becausethismechanismisothermally ac-
tivated. Figure 5 showsthevariation of percent sen-
sitivity against temperaturefor 200 ppmacohol inair.
M aximum sengitivity of ~76% was observed at 300°C.
It isevident from our present experiment that the sensi-
tivity of theferriteto acetoneisbetter than that to al co-
hol. Iftimeet. al.[ al so showed that among acetone,
alcohol, LPG and methane, nickel ferrite shows best
sengtivity to acetone.
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