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Effect of rice husk ash and hydrated silica on the dielectric proper-
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ABSTRACT

LDPE composites of rice husk ash (RHA) and hydrated silica at different
filler concentrationswere prepared and the diel ectric propertieswereinves-
tigated. The optimum hydrated silicafilled composite (30 parts/100 parts of
LDPE) exhibitsgood dielectric constant and increased dielectric loss, which
leads to the application as a good insulator. LDPE filled with RHA can be
used as high frequency dielectrics dueto low dielectric loss, resulted by the
© 2014 Trade Sciencelnc. - INDIA

non-polar nature of RHA.

INTRODUCTION

Thedielectric polymer compositeshave attracted
much interest dueto their improved e ectrica proper-
tiesin comparison with the polymeric materia sthat do
not usefillers. Currently, various synthetic polymersare
being prepared combined with severa reinforcingfill-
ersin order to improvethe dielectric properties and
obtain the characteristics demanded in actual applica
tions(a). Whileconsidering theability of afiller toim-
provethe propertiesand cost effectiveness, waste ma:
teridshavegreat importance. Amongindudtria, natura
and agricultura wastes, the use of agricultura wasteis
of primeimportanceasthey congtitutethemajor waste
of theworld, namely ricehusk and straw. Severd stud-
iesare being conducted to find waysto userice husk
ashinplaceof syntheticfibersasreinforcingfillers. There
isgreat demand for naturd fillers, sincethe production
of compositesusing natural substancesasreinforcing
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fillersisnot only inexpensivebut dso minimizestheen-
vironmenta pollution by the characteristic biodegrad-
ability, enabling these compositesto play animportant
roleinrectifying future environmenta problems(b-c).
Ash derived fromrice husk would havethe properties
of semi-reinforcing filler. Although carbonaceousin na
ture, it containsconsiderablesilicain ahydrated amor-
phousform. Themajor ingredientsof ricehusk are 13-
39% of ash, 34-44% of cellulose, 23-30% of lignin
and 8-15% moisture. The ash content of ricehusk is
high enoughtoyieldfiller by burning away theorganic
fractions(d).

Low-density polyethylene (LDPE) isone of the
thermopl astic materid whichexhibitsgood did ectricbe-
havior and arewidely used in dielectric insul ation ap-
plications(e). Though LDPE isaninsulator, our attempt
wasto improvetheinsulating property of LDPE by fill-
erslike hydrated silica and rice husk ash, those are
normally considered asmagjor agricultural wastes. The
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didectric parametersareimperative by themsa ves, but
become moreimportant when correlated to activity on
amolecular level sncechemicd structure, polarity, and
interaction of moleculesdecidethe ability of dipolesto
respond to electromagnetic field (f). Thiscorrelation
allowsinvestigation of the chemistry, flow and relax-
ations of polymersand compositeswhichisagainre-
lated to processing and morphol ogy of polymer com-
posites(g). Dielectric analysisisimportant in case of
batteries, sensors, fuel cells, super capacitorsandin
the devel opment of microel ectroni ¢ packaging materi-
asfor performance optimization of highfrequency de-
vices(h).

Inthe present study, compositesof LDPE withre-
inforcing fillersof rice husk ash (RHA) and hydrated
slicawereprepared and characterized. Theimportant
am of thiswork isto explorethe use of RHA aspoten-
tial fillerderived from agro waste, in LDPE matrix for
dieectricapplications.

EXPERIMENTAL

Materials

LDPE (Grade NO WNC 71) was obtained from
Indian Explosives Limited Howrah, West Bengdl, In-
dia. Sodium hydroxide & concentrated hydrochloric
acid were of commercia grade and obtained from
Merck. RHA was obtained as gift sample from
Molleswar Rice Mill, PO.Mollarpur, Birbhum, West
Bengd, India

Synthesisof hydrated silica

100 g of RHA wastaken in a1000ml beaker and
20% 750ml sodium hydroxide solution wasadded to
it. It was heated on aheating mantleat 100°C for half
an hour and stirred continuoudy with aglassdtirrer. After
half an hour, the reaction mass was cooled to room
temperatureandfiltered. Thenit washeated upto 100°C
with continuousvigorous stirring. 260ml of 12N hy-
drochloric acid was added drop wiseto the hot solu-
tion. After thereaction was over, thereaction mixture
was cooled to room temperature and washed thoroughly
with water filtered, dried at 130-140°C and weighed.
Thenitwasgroundinagrinding mill for 5hrsto obtain
hydrated silica
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Prepar ation of composites

Plastics composites were made in a Brabender
Plastic order PLE 330. The beadsform of LDPE was
melted in aplasticorder using cam-typemixer with a
rotor speed of 60 revolutions per minute and cham-
ber temperature at 130°C. Then the fillers (RHA or
hydrated silica) were added and the mixture was ob-
tained within 3 min. Then, it was sheeted out inatwo
roll mill at 2.5mm nip setting. The sheeted out stock
was compression molded at 130°C in a David Bridge
singledaylight electrically presshaving 30 x 30 cm
platens.

Physical characterization

Bulk density

A measuring cylinder of 25 ml capacity havinga
uniform height and no pouring lip or deformation of the
wall wastaken and weighed. The samplewas poured
into the centre of the container from aheight not more
than 5 cm abovetherim. Thesurfacewasleveled with
aclean spatulaand weighed. Bulk density was deter-
mined by theequation (1).
Bulk Density (g/ml)=Weight of the Sample(g) /
Volume of the sample(ml) D

Specificgravity

The specific gravity bottlewasfirst weighed with-
out any sample. Then, it washalf filled withthesample
and weighed. The remaining space of the bottlewas
filledwith digtilled water, taking carethat noair bubble
was present and weighed again. Then, the specific grav-
ity wasdetermined by thefollowing equation (2).
Specific gravity = Weight of thesamplein air/
lossof weight in water 2

Oil absorption

Thesamplewasdried for 1 hr at 125°C and kept
inadesiccator for 30 min.

1 g of the samplewas taken on Whatmann filter
paper and placed inafunnel. Dimethyl phthalatewas
takeninaburette and added very dowly toit. Whenit
was completely absorbed, reading wastaken. Oil ab-
sorption wasfound by equation (3).

Oil absor ption (ml/g) = Volume of dimethyl

phthalate(ml) (€)
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Ashonignition

Thesamplewasdried at 125°C for24 hrand 1 g
of thesamplewastakenin aweighed silicacrucible of
10 ml capacity and ignited inafurnaceat 900 °C for 5
hr. Then it was alowed to cool to room temperature
and weighed.

Ash onignition (%) =weight of theash x100 4

pH

pH was found out by Systronics Expanded pH
Meter 331 modd.

Specificsurfacearea

Quantasorb surface area analyzer was used for
measuring thesurfacearea of thefillers.
Sieve analysis

Test SeveB.S.S.410/43 of mesh Szeupto 240 were
obtained from Geologists Syndicate Limited, Calcuitta,
West Bengdl, India.

Dielectricproperties

Thedidectric constant and tan deltawere measured
with GR 716 C Bridge at room temperature. Experi-
mentswere done as afunction of frequency and con-
centration of fillers.

RESULTSAND DISCUSSION

Physica propertieslikebulk density, specific grav-
ity, oil absorption, ash onignition, pH and specific sur-

faceareaof thefillerswereanayzed. From TABLE 1,
itisobviousthat RHA fillerisgray in colordueto the
presence of 10% carbon and hydrated silicaismilky
whiteduetotheabsenceof carbon. From bulk density
and specificgravity data, itisclear that RHA isdenser
than hydrated silicaand from oil absorption and sur-
faceareadata, hydrated silicaisfound to have better
absorption comparedto RHA. RHA iscrystallinein
naturewhereashydrated silicaisamorphous(i). There
isnosignificant changeinpH. Dataon ash onignition
show that RHA filler contains90%silicawithignition
l0ss9-10% and hydrated silicacontains84-88%slica
withignitionloss10-15%. Fromsieveandysis, it was
foundthat RHA issmaller than hydrated silica(a’). All
these physical properties put on light towardsthein-
herent propertiesof the RHA and hydrated silicafillers.

Dependence of filler concentration on dielectric
constant

Figure 1 showsthediel ectric constant of polyeth-
TABLE 1: Propertiesof thefillers

Sl. No Properties RHA Hydrated silica
1. Coalor Gray  Milky white
2. Bulk density (g/cm?) 0.89 0.32
3. Specific gravity 2.05 19
4.  Qil absorption (ml/g) 0.37 272
5.  Ashonignition (%) 90.83 83.79
6. pH 8.0 9.5
7. Specific surface area (m?/g) 90 337
8.  Sieveanaysis(240 mesh) (%) 90 50

3.6

(a) 10°H z
(b)10°H

(€) 10°*H z
(d)10°Hz
(e)10*°Hz
(f)10°H z

(g)10°°Hz
(h)10°"Hz

Dielectric constant

Weight %

of RHA

Plot of weight % of ricehusk ash vsdielectric constant
Figure1:Dependenceof diglectric constant on ricehusk ash concentration
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ylene compositesasafunction of RHA content at dif-
ferent frequencies. It can be seenthat thedid ectric con-
stant marginally increasesup to 10 weight percent of
thefiller loading. Asthe concentration of filler increases
beyond 10 wt. percent, the property showsalargein-
crease. Inthecase of RHA compositesaleveling off is
observed in all casesexcept at thevery low frequency
plot. Since, theindividua dielectric constaof rice husk
askishigher thanthat of LDPE,it will influencetheva-
uesof resultant propertiesof thecomposites (aa).
Ingenerd, whenthereisvery low concentration of
filler (Figure 1), thedidectric constant islow but when
thereisvery high concentration of filler, thedielectric
constant isfound toincrease. Astheweight percentage
of filler increasesthe space chargeincreasesand it may
lead to the polarization. Thispolarization will induce
the pol arization in polymeric matrix and thusthe com-
positesare having higher didlectric constant. Didectric
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constant depends both on amount of filler aswell asthe
frequency (ab). Thecomposites show higher dielectric
constant at lower frequencies. As the frequency in-
creasesmolecular movementsarearrested and thiswill
lead to the decreased value of dielectric constant. The
super-low frequency rangeisassociated with Maxwel |-
Wagner interfacia polarization. Figure 2 also shows
smilar trendsin the dielectric constant values of com-
positesasafunction of different wel ght percentage of
hydrated silicaat different frequencies. Inthiscasea so
thedid ectric constant increases up to 10 wt. % of filler
for al thefrequencies. After 10wt. %thereisasharp
increase and thereisno leveling off of diglectric con-
stant values. At higher loadings of hydrated silicafiller
the presence of OH groups may lead to theincreased
polarity. Thisenhancesthe pol arization mechanism of
the composites. Asfrequency isenough for introducing
aufficient molecular movementsand thusdipolar orien-
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Figure2: Dependenceof dielectric constant on hydrated silicaconcentration
(a) Unfilled
14 — (d) ()10% hydrated silica
aim (c) 20% hydrated silica
8 (d) 30% hydrated silica
Z
8
£
B 7
=
[=1
. (a)

3.8

T T
4.5 5.4

log frequency

Plot of log frequency vsdielectric constant of hydrated silica

Figure3: Dependenceof didectric constant on frequency variation in PE/Hydr ated silicacomposites
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Figure4 :Dependenceof dielectric constant on frequency variation in PE/Ricehusk ash composites
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Schematicrepresentation of dipolar orientation at low frequency(a), medium frequency(b), high frequency(c)

Figure5: Schematicrepresentation: Effect of frequency on dielectric constant
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tation, dielectric constant valueisincreased (&c).
Frequency dependance

It can be seen from Figures 3 and 4 that the effec-
tive permittivityva uesof LDPE and their composites
increasewith decreasing frequency. Permittivity isafre-
guency dependent parameter in polymer systems. Di-
electric constant of apolymer isdetermined by polar-
ization of molecules. If moleculesarehighly polarised,
thedid ectric constant will be higher. Theoverdl polar-
izability iscontributed by atomic, eectronic and orien-
tation polarizations. Atomicor electronic polarizations
are instantaneous and their effects are seen at
higherfrequencies(ad). Dipoleor orientation polariza-
tionsarise dueto the presence of polar groupsinthe
fibres. Andectricd fieldwill dwaysdisplacethe centre
of charge of the electronswith respect to the nucleus
and thusinduce adipolemoment. Inthecaseof orien-
tation polarization, the material must have natural di-
poleswhich canrotatefredy. Inthermal equilibrium,
thedipoleswill berandomly oriented and thuscarry no
net polarization. Interfacial polarizationsariseasthe
compositesare heterogeneousand their effectsareseen
mainly at low frequencies. In case of that polarization,
surfaces, grain boundaries, interphase boundaries (poly-
mer- filler) may becharged, i.e. they contain dipoles
which may become oriented to some degreein an ex-
terna field and thus contributeto the polarization of the
materia (ag). The fillers thus aid in increasing the
polarisability of thecomposites. Also, theeffective per-
mittivity in compositesisdetermined by dielectric po-
larization and relaxation mechanismsinthebulk of the
compositemateria. Inthe present case, these are po-
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larizationsassociated with LDPE aswel| asfillersand
interfacid polarizationsat the LDPE-filler interfaces.

Since LDPE isanon-polar molecule, it hasonly
atomicand dectronic polarisationwhichisingantaneous.
So, thereislittlevariationinthedidectric constant with
frequency (af). For LDPE/RHA compositesor LDPE/
hydrated silicacomposites, thedigl ectric constant in-
creaseswithfiller content over theentirerange of fre-
guencies. Theincreaseishigher for low frequency, lower
for mediumfrequenciesand very smdl for high frequen-
cies. Asshowninthe schematic representation (Figure
5), thedipolar orientation occurs at lower frequency
region dueto theinteraction between matrix andfiller.
Asthefrequency increasesthe point isreached when
thedipol e orientation cannot be completedinthetime
avalable

Inatypical LDPE system, the LDPE component
of permittivity isgoverned by the number of orientable
dipolespresent inthe system and their ability to orient
under angpplied dectricfield (ag-ah). Usudly, theeth-
yleneunits, branch pointsand density in LDPE con-
tributeto thedid ectric re axation mechanisms. At lower
frequenciesof applied voltage, dl thefreedipolar func-
tiona groupsin the LDPE chain can orient themselves
resultinginahigher permittivity va ueat thesefrequen-
cies. Asthedectricfield frequency increases, thebig-
ger dipolar groupsfind it difficult to orient at the same
phase asthe alternating field, so the contributions of
thesedipolar groupsto the permittivity goeson reduc-
ing resultinginacontinuoudy decreas ng permittivity of
the LDPE system at higher frequencies. Similarly, the
inherent permittivitiesin rice husk ashand silicapar-
ticlesalso decreasewith increasing frequencies of the

(a) 10°Hz
(b)10*H

1 (er)10**H=
(d)10°Hz

(e)10°°*Hz
(10° " H=z

tan delta

T
o 10

20 30

weight % of RHA

Plot of weight % of RHA vstan delta
Figure6: Dependenceof dielectriclosson ricehusk ash concentration
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Figure7: Dependenceof dielectriclossonhydrated silicaconcentration

applied field. Thiscombined decreasing effect of the
permittivity for both LDPE and thefiller particlesresult
inadecreasein the effective permittivity of the LDPE
composites, whenthefrequency of theapplied fiddin-
Creases.

Tan delta measurements

Thevariationsof tandetain LDPE compositeswith
RHA andsilica, asfillersare presented in Figures 6 and
7 respectively. Thetan deltavaueincreasesupto 10
wt % filler followed by decreasing and leveling off at
higher concentrations. Tan deltadependsonthe elec-
trical conductivity of the polymer composites. Theeec-
trical conductivity in turn depends on the number of
chargecarriersinthe bulk of thematerial, therelax-
ation time of the charge carriers and the frequency of
theapplied eectricfield (a). Sincethe measurement
temperatures are maintained constant, their influence
on the relaxation times of the charge carriersis ne-
glected. Over the current frequency range of measure-
ment, chargetransport will be mainly dominated by
lighter el ectroni c species. Regarding diel ectric proper-
tiesof LDPE containing hydrated silica, thereisasharp
increaseintan“ due to the presence of hydroxyl groups
availablefor relaxationin the composites. Hydroxyl
groupsin hydrated silicaexhibit quite high power loss
at certain frequencies, the maximum power loss corre-
gpondingtothispoint of inflectioninthecurve. At very
low frequencies, thedipolemovementsareableto keep
inphasewith changein didectricfield and power loss
islow. Asthefrequency isincreased thepoint isreached

Wotoioly Science  mm—

when thedipol e orientation cannot be completed inthe
time available and the dipol e becomes out of phase.
After 10% hydrated silicain LDPE system, especialy
at lower frequency, thereisasharpincreasein dielec-
tric propertiesduetotheinterfacid polarizationarising
from difference between the conductivity of various
phases. Inthese cases, | oss can becharacterized by fre-
quencies between 102 Hz to 10° Hz, which may affect
the electrical propertiesof materialsintechnical use.
The geometry and distribution of thetwo phasesare
important asdiscussed bySillar (b”) Thelow frequency
didectric congtant resulting frominterfacia polarization
can beseverd ordersof magnitudelarger thanthevaue
observed at high frequency. The higher frequency loss
maximum wasdueto dipoleorientations, thelower fre-
guency maximum was shown to bedueto interfacial
polarization and thelow frequency risinglosswasdue
to D.C. conductioninthesample

CONCLUSION

LDPE/RHA and L DPE/hydrated silicacomposites
were synthesized by melt mixing followed by compres-
sonmoulding. LDPE containing hydrated sillicacan be
used asaninsulator duetoitshigh dielectric constant
and LDPE filled with RHA can be used as high fre-
quency didlectricsdueto thelow didlectricloss. LDPE
composite systems with inorganic fillers display
someedvantageousdid ectricbehaviors. Thepermittivity
and tan deltavaluesinthe compositesarefound to be
lower thanthat of unfilled systems.
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