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ABSTRACT

Polypyrrole was prepared by oxidation polymerization (polyaddition) of
pyrrole with ratios of the oxidant (1:2), bentonite pillared nanocomposite
clay based on Fe, Al, and Fe-Al was prepared. The polypyrrole
nanocomposites was prepared and characterized viaXRF, FTIR, XRD and
TEM. The thermal stability and electrical conductivity of the polypyrrole
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and its nanocomposites were investigated. XRD and TEM proved that the
particle size of Bentonite was reduced when exfoliated in the polypyrrole. It
was found that the thermal stability and electrical conductivity of the PPy
were enhanced by the addition of metal -pillared Bentonite. It wasfound the
[-V relation is Ohmic, and the conduction mechanism of the reaction is

electronic. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Amongst the conducting polymers, polypyrroleis
oneof themost frequently studied polymers, having high
electrica conductivity, ion exchange property, environ-
mental stability, nontoxicity, and low cost. More ef-
forts have been made to synthesize polypyrrole
nanocompositesfor amyriad of gpplications. Conduct-
ing polymer/inorganic clay nanocompositesprovidethe
new synergistic properties, which cannot be attained
fromindividua materias, suchthat the conductivityis
more easily controlled, and the mechanical or thermal
stability is improved through the synthesis of the
nanocompositest. Abdul Shakoor et.al recently re-
ported preparation, characterization and e ectrical con-

ductivitiesof polypyrrole/auminum pillared montmoril-
lonite (PPy/Al_PMMT) clay nanocomposites?. Apart
fromthegenerd tailor, ability of their chemica and phys-
cal propertiesthese composites showed enhanced AC
and DC conductivities as compared to pristine PPy!Z,
which make these compositesinteresting material sfor
devicegpplications.

Hong et a. synthesi zed polypyrrole—montmoril-
lonite nanocompositesfor application in € ectronic de-
vicessuch aslight emitting diodesand ascorrosionre-
sistant, Hosseini et al.[, studied the effect of
polypyrrole-montmorillonite nanocomposites powder
addition on corrosion performance of epoxy coatings
onAl 5000, while Baeet al ¥ synthesized afully exfo-
liated nanocomposite from polypyrrole graft copoly-
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mer /clay for potentia applicationsinmany telds such
asoptics, ionics, e ectronics, and mechanics. Because
of their ion exchange property, PPy and itsmodited
material s areimportant adsorbentsfor removing pol-
[utantsfrom water wastel®.

The polymerization of pyrrole (PY) inagueousor
a cohol/water mixed mediumin presence of FeCl,, and
nanodimensiond ALO, resulted intheformation of con-
ducting nanocompositesof polypyrrole (PPY)/ALO.
In thiswork, NaCIO, in water either HCIO, or HCI
polymerized pyrrolewere precooled and added in or-
der to ensure acidic medium. Inaddition, HCIO, isa
co catalyst because it supplies the medium with
ClO,ions, and prepared nanocomposites bentoniteclay
based Fe, Fe-Al and Al pillared bentonite clay and
tested their e ectrical conductivity and thermal stability.
Theaim of the present research was theimprovement
of theée ectrica and thermal propertiesof polypyrrole
by adding pillared bentonite.

EXPERIMENTAL

Materials

Pyrrolewasobtained from BDH, it was distilled
under vacuum. Sodium perchlorate NaClO, and per-
chloricacid HCIO, wasobtained fromAldrich. NaClO,
wasrecrystallized from ether, HCIO4 from was used
asitis. Bentoniteclay wasobtainedfromAldrich. The
cation exchange capacity of the bentonite was deter-
minedtobe1.15meq.g-1.Fe (NO,), from Sigmawere
used directly without further purification.

Synthesisof polypyrrole?

1 mol pyrrole(67 gm=69.2ml) isaddedto 2 mole
of sodium perchlorate (225 gm), themolar ratio of pyr-
role: sodium perchloratewas 1:2 and 100 ml precooled
perchloricacid HCIO,at 0°C. The mixturewas main-
tainediniceat 0oC, for 10 minutes. Polypyrrolewas
separated by filtration, washed with precool ed water
and methyl acohol, and dried inair under vacuum des-
iccators.

Synthesisof pillared layered Fe,O,- Bentonite™*4

A solution of 0.2M ferric nitrate was prepared by
dissolving theequivaent amount of thesdt indeionized
and distilled water. Solid sodium carbonate was added
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dowly to alter the pH of thesolution, hydrolysisof fer-
ric nitrate with sodium carbonate was carried out at
25°C, and an aging period of 24 hwasallowed. The
value of OH/Fe was 2.0 and the pH of this solution
was 1.8. A suspension containing 1.0 g of bentonite
clay in 100 ml water was added to the hydrolyzed fer-
ricsolution. Thissuspens onandthepillaring agent were
vigorously stirred at room temperaturefor 24 hr, re-
covered by filtration, washed repeatedly with water,
andthendriedinair over night at 110°C. Thefiltrate
was calcined at 300°C for 5h.

Synthesisof pillared layered Al,O, and Fe-Al Ben-
tonitet12

The same procedurewas made asin Fe,O, -Ben-
tonite.

Preparation of pillared Layered /Polypyrrole
nanocomposites

85wt % of polypyrrolewere mixed with 15 wt%
of prepared pillared layered Fe,O,-bentonite, Al O.-
bentoniteand Fe-Al- inhot mixer. Inthemdltintercda
tion, pillared layered are directly mixed with the poly-
mers matrix inthe molten state. Then the powder of
pillared layered/ppy wassieved a 0.16 mm.

Characterization

- Theatomic absorption: the bentoniteand pillared
bentonite were measured inthe micro analytical
center in Faculty of Science-Cairo University as
shownin[TABLEL].

- IR spectra: recorded on Jusco FTIR 300E Fou-
rier transforminfrared spectrometer
(Tokyo, Japan).

- X-ray diffractometer : used to characterize the
structure of the samples by using Diano computer
controlled (formaly made by Diano Corporation,
USA). Thetarget was cobalt energized by 45K v/
10mA and graphite monochromator. The counter
wassintellation with dead time 10°sec.

- TEM Micrograph: JEOL JEM-1230 Electron Mi-
croscope measured the polypyrrole-clay.

- A Shimadzu TGA: 50 systemsin anitrogen amo-
sphere (30 mL/min) were used. Thetemperature
rangewasfrom theambient temperatureto 600°C.
Therateof heatingrateis10°C/min.

- Thedectriccircuit: consistsof an electric source,
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thecdll, highimpedance el ectrometer (A-Kiethley
electrometer of thetype 610 C of sensitivity 104
ampere) and avariableresistance. A sampleof the
polymer and the polymer complex waspressed into
1 mmthicknessinaspecia vacuummoldthepres-
surewas 3770 Kg/cn.

RESULTSAND DISCUSSION
metal-bentonite

Characterization of
nanocomposites

Chemical composition

[TABLE 1] givesthee ementa andysesof thepre-
pared pillared clay, determined by XRF. During the
pillaring of thebentoniteclay with Fe,O,, andysisshows
that 28.6% Fe has contributed to the congtitution of the
pillars. However, in Fe-Al-PILC, only 7.2% Fe has
additionally contributed to thecongtitution of pillars. On
theother hand, Al, participationinthepillars=23.2 -
18.7=4.5%, Sncebentoniteoriginaly contained 18.7%
of duminum. However, duminumintheFe-Al-PILC

TABLE 1: XRF datafor the prepared pillared clay

Sample Na Fe Si Al
Bentonite 1.69 5.4 69.3 18.7
Fe-PILC 0 34.0 51.5 145
AL-PILC 0 9.2 63.4 23.2
Fe-Al- PILC 0 12.6 50.6 28.2

comprises 9.4%.
Specificsurfacearea

The specific surface areaof thebentoniteclay is
28.4 m?gt, where asthose of the prepared Fe-PILC
and Fe-Al-PILC were 280 and 245 m?g’, respectively.
Evidently, the combined Al-Fepillaring has decreased

TABLE 2 : Physico-chemical characteristics of prepared
catalyst

Sample Surfaceaream? Particlesize, nm Form
P g’ XRD
Fe-PILC 280 12.2
Fe-Al-
PILC 245 9.9

the surface areathan that of theFe-PILC [TABLE 2].
XRD
The XRD pattern of thehhost clay showsdiffraction
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peaksat 20 = 26.6 and 19.88, which are assigned to
SiO, crystallite®. For Fe-PILC, themain diffraction
peaks are at 20 = 33.2 and 35.5, assigned to Fe,0,
crystals. The XRD dataindicated that Fe particlesare
intercalatedin slicate layersinthecatalysts. Thesize
particlescd culated from these datafor the current cata:
lystsarelistedin[TABLE2].

FTIR

The FTIR spectraof the raw Na'-bentonite and
the prepared pillared bentonite samplesintheregion
2000-500 cmrt areillustrated in Figure.1 (a-d). Sharp
bands (Figure. 1a) at 523 and 456 cm'* attributed to
the vibration of the Si-O group and Si-O-Al groups
dueto kaolinite. Thebandsat 722 and 621 cn corre-
spondto theisolated AlO, tetrahedraand alternating
SiO, and AlO, tetrahedra, respectively!*%. The band
centered at 910cm? related to the Al-OH group. The
largeand relatively broad band at 1044 cm* ischarac-
teristic of bentonite. The 1625 cmrt ischaracteristic of
pseudo layer Silicates, interstratified minerds. Thisben-
tonite structureisstill presentinthe FTIR spectraob-
tained for the AI-PILC (Figure.1b), Fe-PILC
(Figure.1c) and Fe-Al-PILC (Figure.1d) after carry-
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Figurel: FTIR of theprepared pillared / bentonite
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ing out thepillaring process.
Transmission eectron microscopeof thepillared
bentonite

TEM of theorigina bentoniteclay showsaplain
view with somefew lamdlar featureslightly distributed
all over thedide (Figure2a). TEM of Fe-PILC shows
multiplewalls, which may bein accordancewith the
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Figure2: TEM imageof thepillared bentonite

high percentage of FeinthisPILC. Thepillarsexhibit
various crystalline planeswith separate shadings. The
photograph showsalso alarge pyramida wall (Figure
2b).

However, theTEM of Fe-Al-PILC (Figure2c) may
reved adistinct pillar, which gppearsto be constructed
of morethan one segment. Thelower basal segment
seemsto be horizontally 1aying on the bentonite land-
scape. Thesecond segment isarectangular part, which
may beawell developed crystal. Thedark color of this
partimpliesthat it may be composed of Feor Fe,0,.

nalytical Measurements of polymer
nanocomposites:
FTIR

The peaks at 1298 cm?, 1652 cm?, 1560 cn?
and 3000 cmt are due to C-N, C=N, C=C and C-H
aromatic vibration respectively of polypyrroleandthe
peaks at 527 crt and 310 cm* are due to the pres-
enceof SO, andAl(OH), whichindicatesthat theNa'-
bentonitewasreacted with the PPy!*®l. The character-
isticvibrationsof Na'-MMT isknownto beinthere-
gion of 700 cm™ to 1700 cm-*¢, The bands of Na'-
MMT areobserved a 1637 cm* (H-O-H bending of
water molecule), 1040 cm? (Si-O stretching), 918 crmr
tand 795 cm* (Al-O bending)™*"9.,

The band at 1296 cm® in the spectrum of ame-
chanical mixture of PPy and MMT isshifted to 1311
cminthe spectraof theinterca ated nanocomposites.
Thisshiftisdueto thephys cochemica interaction (hy-
drogen bonding between—NH group of PPy and —O
of slicate) intheinterca ated PPy-MMT1619 whereas
mechanica mixturesof PPy and MMT lack such an

interaction. The absorption bandsat 1032, 310, 372
and 467 cm™' belong to Si-O-Si, AI(OH),, Si—O),
and Si—O-Fe vibrations, respectively.

X-Ray diffraction (2¢)

The XRD patterns of PPY/Pillared |layered
nanocompositeswith thedifferent pillared layered Ben-
toniteareshownin Figure (3). Thediffraction peak of
pillared-Bentoniteisamost invisibleinthe patternsfor
PPY + Fe- Bentoniteand PPY +Al- Bentoniteand weak
for PPY + Fe-Al- Bentonite (d=1.4). Thisresult sug-
gested that thelayered silicategdl eriesof the PPY + Fe-
Bentoniteand PPY + Al- Bentonite have been either in-
tercalated to agpace of morethan 3.5 nm (20 < 2**) or
exfoliatedinthePPY™, Thiswill beconfirmedby TEM
images, whereitiswell knownthat, while XRD andys's
givesthemacroscopic conformation of asample, TEM
photograph showsthelocal microscopic conformation.

Transmission electron microscopy (TEM):

— PPY + Bentonite

— — PPY+ Fe-
Bentonite

-+ = PPY+Al-
Bentonite

= = = PPY+ Fe-Al-
Bentonite

Intenisty

4 6 8 10 12
20

Figure3: XRD of PPY- Pillared nanocomposites.
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The morphol ogy of the unmodified bentonite and
PPY /Pillared |ayered nanocompositesisshownin Fig-
ure (4). TheFigure showsthe morphol ogy of the ben-
tonitewhichintercaated or exfoliated inthe polypyrrole
and confirmsthetrendsin dispersion that were sug-
gested by the XRD data. The TEM images show that
the dispersion of metal -clay ismuch better and tend to
nanostructure than the polypyrrole. Inthismorphol ogi-
ca, theultrafineinorganic oxide particlesare not only
present on the surface, but area so distributed through-
out theinterior of theagglomerates®!. Fromthe TEM,
we can observethat the s ze of the bentonitewas modi-
fied and the particle size of it was reduced to 16 nm
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degradation of the samples. Generally, theincorpora-
tion of clay into the polymer matrix wasfound to en-
hancetherma stability!?d. However, thermal behavior
of polymer/clay nanocompositesis complicated and
many factorscontributetoincreasein thermal resis-
tance. Dueto characteristic structure of layersin poly-
mer matrix and nanoscopic dimensionsof filler particles,
severd effectshave been observed that can explainthe
changesinthermal properties.

TheTGA thermogramsof the PPY /pillared bento-
nitenanocompositesand puresampleof PPY areshown
inFigure (5). It can be seen that with addition of the

Figure4: TEM imageof PPy+ Na-Bentoite (a), PPy+ Fe- Bentonite(b), PPy +Al-Bentonite(c) and PPy + F-Al- Bentonite (d).

when exfoliated in polypyrrole.
Thermogravimetricanalyss(TGA):

Thethermal stability of polymeric materidsisusu-
aly sudied by thermo-gravimetricanaysis(TGA). The
weight loss dueto the formation of volatile products
after degradation at high temperatureismonitored asa
function of temperature. When the heating occursun-
der aninert gasflow, anon-oxidative degradation oc-
curs, whiletheuse of air or oxygen allowsoxidative

wassgnificantlyincreased. AslistedinTABLE(3), T,
thetemperatures at which 5% weight-loss of the PPy/
pillared bentonite nanocompositesoccurred, are 7, 11
and 15 &%C higher than that of the pure PPy for PPy
+ B-Fe PPy + B-Al, PPy + B-Fe-Al. The values of
T, thetemperatures at which the 50% weight-loss
occurred for al PPy/pillared bentonite nanocomposites
are higher than that of pure PPy by 15, 91, 82 °C for
PPy + B-Fe PPy + B-Al, PPy + B-Fe-Al. Thesere-
aultsconfirmthet thethermd stability of thePPy/pillared
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TABLE 3: Thermal parametersof PPy and PPy/Pillared
Bentonite

Teow®C  Ta °C char residue
(wt% at 500 °C)
Pure PPy 53.96 322.7 19.13
PPy + B-Fe 60.71 337 33.57
PPy + B-Al 64.15 414 41.19
PPy + B-Fe-Al 68.3 405 40.56

bentonite nanocomposites was enhanced due to the
presence of themeta bentonite. Theincreaseinther-
mal stability could beattributed to thehigh thermal sta
bility of bentonite and theinteraction between the ben-
tonite particlesand the polymer matrix®.

Theintroduction of inorganic componentsinto or-
ganic materia scan enhancetheir thermd resistance, as
thedispersed silicatelayershinder the permeability of
volatile degradation products out of the material and
assi st theformation of char after thermal decomposi-
tionl#l, Besides, the char yield at 500 &%C for
nanocomposite serieswasal so increased as expected
than the pure PPy.

Electrical conductivity:

Conducting polymersareamorphouswith short con-
jugationlengths. Therefore, it has been suggested that
electrical conduction takes place by charge hopping
between polymeric chains. Whentheelectricfieldis
applied to conducting polymers, it assumesthat el ec-
tron trangport originatesfrom localized or fixed states
withinthepolymer chain. Thechargetransfer between
the chainstakes place by hopping, referred to as phonon
assisted hopping, between two localized states'. Most
of the curves between the current | and the voltage V
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0 & as ES 6 Fe
o = % O PPy +B-
= 9 Al
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Figure6:1&V Charecterization of PPy and PPy Pillared
Bentonite nanocomposites

arelinear passing through the origin. Thismeansthat
therelation isOhmic and that the mechanism of there-
actioniselectronic asshowninFigure(6).
Theincrement intemperature providesanincrease
in free volume and segmental mobility?4. Thesetwo
entitiesthen permitsfreechargesto hopfromonesite
to another thusincrease conductivity. The conductivity
increases so astemperatureindicatesmoreionsgained
kinetic energy viathermdlly activated hopping of charge
carriers between trapped sites, which istemperature
dependence. The sharp increase of dc conductivity
between 333 K to 358 K can be attributed to large
heat energy absorbed by the samplesand thusinduce
mobility of electrond?!. It issuggested that inthere-
gion, theband gap between va ence band and conduc-
tion band isreduce significantly and provide easiness
for electronsto hopping from va ence band to conduc-
tion band and hence giveshigher dc conductivity va-
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Figure7: Thetemperaur edependenceof dc. conductivity of
PPy and PPy Pillar ed Bentonite nanocomposites
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ues as compared to other temperatures??. Therdation
betweenlog ovs. T in most cases appear to besimilar
to that in semiconductorsas shownin Figure (7).

The specific electric conductivity increasesup to
1x 10%& !"t.ecm* whichisin therange of semiconduc-
tors.

Therearetwo major preliminary conclusonsthat
could bedrawn from Figure (8) which showstheelec-
trical conductivity of PPy Pillared Bentonite

E+

A A A A
& & K & &

Figure8: thedectrical conductivity of PPy Pillared Bentonite
nanocompositesat 50 °C

nanocompositesat 50 °C:

(i) theeectrical conductivity of PPy+B-Fe~ PPy
+ B A PPy + B-Al> PPy > PPy + B -Al-Fe.

(i) themetal Pillared bentonite effectivein produc-
ing clay/polypyrrole nanocompositeswith an enhance-
ment of conductivity by about 2-3 orders of magnitude
compared to the pure PPy. Thisincreasein conductiv-
ity isattributed to theinterca ation of polypyrrolechains
intheinterlamelar galleriesof thepillared day!®.

Theactivation energy (E,) valuefor PPy/Pillared
Bentonite nanocompositesand PPy —Bentonite is less
than that of pure PPy, whichindicate that the process
of conduction becomeseasier TABLE (4). Theseval-
uesof E_areclosetothevalueof E, in®#1. Thefinal

TABLE 4: Theactivation ener gy of thedc conductivity inlow
(E,) and high (E,) temper atur er egionsr espectively for PPy
Pillared Bentonitenanocomposites.

AE,, eV AE,, eV
Pure PPy 0.83 143
PPy + B 0.52 0.87
PPy + B-Fe 0.49 0.79
PPy + B-Al 0.75 245
PPy + B-Fe-Al 1.03 3.38

—== Pyl Paper

look of thetable showsthat the second activation en-
ergy region E, isalmost higher thanthat of thefirst re-
gion E,. Thisisdueto the higher dissociation energy
needed toformthechargecarriersfor theintrinsic con-
duction@,

CONCLUSON

Polypyrrole was prepared by oxidation
(polyaddition) of pyrrolewithratio of theoxidant (1:2).
Bentonite pillared nanocomposite clay based on Fe, Al
and Fe-Al wasprepared. The XRD and TEM observed
that the size of the bentonite was modified and the par-
ticlesizeof it wasreduced to 16 nmwhen exfoliatedin
polypyrrole. Thethermal stability of the PPy/Pillared
Bentonite nanocompositeswasincreased than pure PPy
dueto the presence of themeta Bentonite. Thecurrent
| and thevoltage V relation was Ohmic and thereac-
tion mechanism wasel ectronic. The specific eectric
conductivity increasesupto 1x 10*&!"t.cm*whichis
intherangeof semiconductors. Themeta Pillared ben-
tonite effective in producing clay/polypyrrole
nanocompos teswith an enhancement of conductivity
by about 2-3 orders of magnitude compared to the
pure PPy. The activation energy (E,) value for PPy/
Pillared Bentonite nanocompositesand PPy —Bento-
niteislessthan that of pure PPy,

ACKNOWLEDGEMENTS

Theauthorsgratefully acknowledge Prof. Dr.Sahar
Mostafa, Professor in Petro chemica Department, Pe-
troleum Research Indtitute.

REFERENCES
[1]
[2]
(3]
[4]

JW.Kim, F.Liu, H.J.Choi, S.H.Hong, J.Joo; Poly-
mer, 44, 289 (2003).

A.Shakoor, H.Anwar, T.Z.Rizvi; J.Compos.Mater.,
42, 2101 (2008).

S.H.Hong, B.H.Kim, J.Joo, JW.Kim, H.J.Choi;
Curr.Appl.Phys., 1, 447-450 (2001).
M.GHosseini, M .Raghibi-Boroujeni, |. Ahadzadeh,
R.Ngjjar, M.S.Seyed Dorrgji; Prog.Org.Coat., 66,
321-327 (2009).

[5] W.J.Bae, K.H.Kim, W.H.Jo, Y.H.Park; Polymer,

— Pt icly Science
ﬂaVMnW



212

Synthesis and investigation of pillared layered / pyrrole

MSAIJ, 10(6) 2014

Full Poper =

46, 10085-10091 (2005).

[6] K.Z.Setshedi, M.Bhaumik, S.Songwane,
M.S.Onyango, A.Maity; Chemical Engineering
Journal, 222, 186-197 (2013).

[7] S.S.Ray; Materials Research Bulletin, 37(5), 813-
824 (2002).

[8] Y.Fu, R.A.Weiss, P.P.Gan,
Polym.Eng.Sci., 38, 857 (1998).

[9] E.J.Oh, K.S.Jang, A.GMacDioumid; Synth.Met.,
125, 267 (2002).

[10] M.Omastova, M.Trchova, J.Kovarova, J.Stejskal;
Synth.Met., 138, 447 (2003).

[11] E.GRightor, M.S.Tzou, T.J.Pinnavaia; J.Catal.,
130, 29 (1991).

[12] H.J.Choe, |.S.Nam, S.W.Ham, S.B.Hany;
Catal.Today, 68, 31 (2001).

[13] G.Chen, S.Liu, S.Chen, Z.Qi; Macromol.Rapid
Commun., 21, 746 (2000).

[14] D.Lee, K.Char, SW.Leeg, Y.Park; J.Mater.Chem.,
13, 2942 (2003).

[15] W.M.De Azevedo, M.O.E.Schwartzl, G.C.do
Nascimento, E.F.J.da Silva; Phys.Sat.Sol.(C), 1
S249 (2004).

[16] J.K.Mishraa, J.Ryoub, GKimc, K.Hwanga, Il Kima,
Ch.Haa; Materials Letters, 58, 3481-3485 (2004).

[17] Tr.Akif Kaynak; J.of Chemistry, 22, 81-85 (1998).

[ 18] Encyclopediaof Scienceand Technology, M cGraw-
Hill 9 Edition, (2002).

M.D.Besette;

[19] Y.Tominaga, S.Asai, M.Sumita, S.Panero,
B.Scrosati; Power Source, 146, 402-406 (2005).

[20] JM Yeh, S.J Liou, M.C Lai, Y.W Chang, C.Y
Huang, C.P Chen; J.Appl Polym Sci., 94,1936-46
(2004).

[21] S.G Shangbin, Z.Jifu, W.Qiumei, L.Yugeng;
ElectrochimicaActa, 52, 7315-7321 (2007).

[22] A.Leszczy 'nska, J.Njuguna, K.Pielichowski,
J.R.Banerjee; Thermochimica Acta 454, 1-22
(2007).

[23] S.Sankaraiah, C.Sung-Wook, L.Jun-Young, K.Jung-
Hyun; Polymer, 48, 4691-4703 (2007).

[24] H.Mohd, S.Elias, K.Anuar, Y.H.Muhd,
S.M.lIskandar, A.A.O.Muhd; Malaysian Polymer
Jounal (MPJ), 3(2), 24-31(2008).

[25] M.Batzill *; Ulrike Diebold The surface and mate-
rials science of tin oxide Progress in Surface Sci-
ence, 79, 47-154 (2005).

[26] A.Shakoora, T.Z.Rizvib, M.Saeeda; COMPOS-
ITES, 54(5), 401406 (2012).

[27] C.C.Yang; Mater.Sci.Eng.B, 131, 256 (2006).

[28] H.Adachi, Y.Ichikawa, K.Setsune, S.Hatta,
K.Hirochi, K.Wasa; J.Appl.Phys., 27(4), L643
(1988).

Watariosy Stience  mm—.
A VMW



