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Abstract: Problem statement: In the last decade, the studies and investigatiorpolymer-based
composites have drawn significant attention owingirhprovement in their mechanical, thermal,
electrical, optical and pharmaceutical propertes@mpared with pure polymekpproach: Different
compositions of NjZnygFe,0, (NZF) and Polypropylene (PP) can alter the usefaperties of
polymer-based composites. Hence, the determin&tiward significant percentage of NZF added into
PP can improve the dielectric properties of the posites. NZF was prepared using conventional
solid-state method and composites of isotactic iR€d fwith NZF were fabricated. The dielectric
properties of the composite were investigated usigiient 4284A Precision LCR metdResults: The
results indicated that with increasing ratio of witlaF, the dielectric constant and dielectric lothe
composite increases. The composition of 30 wt% lga¥e the highest value of the dielectric constant
in the frequency range of 100 Hz-10 kHz at roomperature.Conclusion: The incorporation of
ceramic filler improved the dielectric constant aimdrease the dielectric loss of the composite
correspondingly increases its potential use asaarhing material for electromagnetic waves.
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INTRODUCTION perspectives for isotactic polypropylene (Kottlal.,
2005).
Ferrites which have many applications at With the vision to understand the dielectric

microwave frequencies are very good dielectricPhenomena in ferrites-polypropylene composite, a
material. Ferrites have high electrical resistivity Study on the dielectric properties of NZF, puredtid
(Mohanet al., 1999), low dielectric loss and chemical different compositions of NZF-PP composites were
stability. However, the shrinkage mismatch aftdidso  undertaken. The relative complex permittivity is
state sintering or brittle properties may seriouslydefined as:

influence the performance and durability of theafin

product. On the other hand, polymer-based compositeEr*= &'-] & 1)

with high permittivity were proposed due to their

flexibility and ability to be easily fabricated mvarious ~ Where:

shapes (Yangt al., 2008; Khoret al., 2009; Rittidech &’ = The dielectric constant

and Khotsongkram, 2006; Gasaynegthl., 2010). & = The dielectric loss
In this study, PP was chosen as the matrix due to
its very attractive solid-state properties suchhagh MATERIALSAND METHODS
modulus and tensile strength, rigidity and excellen
heat resistance (Het al., 2003). The development of The filler of the composite, NZF was prepared

composites combining mineral and polymer materialusing conventional solid-state reaction method. The
characteristics is definitely one of the most iatging  starting materials, NiO (99.7%), ZnO (99.9%) and
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FeO; (99.7%) with high purity were weighed The dielectric constant and loss are 2.88 and 0abdl

according to the stoichiometric equation below: kHz, respectively.
The dielectric properties of NZF with respect to
0.2(NiO)+ 0.8(ZnO)y Fe Q- Nj, Zp, Fe G (2)  frequency from 20 Hz-1 MHz is shown in Fig. 3. NZF

has a small region of uniform dielectric constaminf

These powders were dry milled and precalcined int00-1 kHz. The dielectric constant ~ and loss4ré
air at 1100°C for 10 h. The powders were grinded an@nd 10.7 at 1 kHz, respectively.
sieved with 45 micron siever to ensure homogerfity Figure 5 exhibits the dielectric constant of NZP-P
particle size of the powders. Part of the precaitin COMPOsites changing ~with frequency frobr--
powder were mixed with the binder Polyvinyl Alcohol 1 MHz. Dielectric properties of pure PP are alsuttpld
(PVA) and pressed at 5 tonnes for 10 min to produc’ comparison. The dielectric constant of NZF-PP
NZF pellets. The pellets were finally sintered 25a°C ~ COMposites with different wt% (5-30 wt%) of NZF
for 10 h and ready for characterization. content are in the range of 2.63-3.46 at 1 kHz.

The rest of the powders were also finally sintered
in air at 1250°C for 10 h and the grinding and isigv 1 op C[;:IF::Pi;._;an_sl-'e;O4

process repeated to ensure homogeneous partielefsiz _
the powders when mixing with polypropylene. PP and “ - ’cr._.B B p P P 0%
NFZ were weighed according to the ratio of 0-30 wt% S0,
of NZF. The polypropylene was heated and meltea to M ”
molten state at 160°C and blended for 10 min at =

different ratios of NZF-PP. The composite was = 20%

Inlensily (au)
.

removed from the Brabender Plastograph EC and hot £ -

pressed to approximately 1 mm thickness. 15%
All the samples were examined by XRD to

determine the microstructure of the samples. The 10%

dielectric properties of the samples were deterthine

using the Agilent 4284A Precision LCR Meter at | LL.J\‘_/\ 5%

room temperature. ——— — -

20 30 40 50 60 T0 &0
2theta

RESULTS

. . . Fig. 1: XRD patterns for NibZny gFe,0,4-polypropylene

Figure 1 shows the XRD spectrum of nickel-zinc composites at different compositions of NZF
ferrite (Nip.2Zny gF€,04)-polypropylene composites at
different compositions. The composite matched with 1.0,
00-050-2397 and 00-008-0234 of the ICDD database

0 Dielectric constant © Dielectric loss

that showed polypropylene and nickel zinc iron exid 3'5‘_ o

respectively. _NJ,ZZno_gFeZOA, (filler)_ is in cry_stalline. 3'011,3 805000000000 Mo 00

structure while polypropylene is a semicrystalline . of Pog .
structure (Busico and Cipullo, 2001). Thus, there a =] Bq

lots of small peaks obtained throughout the spettru - °
Figure 1 also reveals that there is no unwantecticra u o
occurring between NZF and PP and the crystal 137 o %
intensities of NZF phase increase with the increzfse | . "
NZF content. Meanwhile, the relative intensities of o 0 000°%% .
matrix PP in the low angle range (20-35°) decremse  0.5] 00 ®

the content of NZF increases (Veual., 2007). 0.04o ® 066000060000000009°°

Figure 2 shows the dielectric properties of istitac
polypropylene with frequency from 20 Hz-1 MHz. It
can be easily seen that the dielectric constantedse
with increasing frequency exceeding 10 kHz. The Frequency (Hz)
curves also showed that polypropylene is a good
capacitive material at low frequency with a lowdos Fig. 2: Dielectric constant and dielectric loss seer
and a stable dielectric constant from 100 Hz-10.kHz frequency for polypropylene
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Percentage of NZF added

Fig. 7: Variation of the dielectric loss of lossaewith
respect to weight ratio for WHjiZnggFe0,-
Polypropylene composites

The dielectric loss increases with the weight ratfo
NZF. The loss peak of the composites is in the eang
of 0.83-1.15.

DISCUSSION

From Fig. 2, the decrease of the dielectric
constant is due to the transition from interfacial

Figure 6 shows the frequency dependence of thpolarization to dipolar polarization. Interfacial
dielectric loss of the composites at different viatig polarization generally takes a longer time to form
ratios of NZF and PP. It is found that the losskpea completely than other polarizations. Hence, PRethil

shifted to the lower frequency with increasing vntig to accumulate charges at structure interfaces gtt hi
ratio of NZF. frequencies.

The composition dependence of the dielectric loss
peak of NZF-PP composites can be seen in7rig ions which promote hybrid bonds and ferroelectyicit
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(Mohanet al., 1999). The asymmetry produces a high The obvious increase in the dielectric loss of the
dipole moment which interacts strongly with the |oss peaks are probably due to the increase inatie
applied field, resulting in high relative dielectri of the high dielectric loss material NZF into PPn O
constant (Newnham and Trolier-McKinstry, 1993).  the other hand, the increase ratio of NZF alsoctéfd
PP is a slightly polar polycrystalline polymer it the loss peak of composites shifting it to the Ipwe
the main chain represented in Fig. 4 (Bur, 198%e T frequency which is shown in Fig. 6 and the value
permanent dipole moments of PP are mainly dependefibulated in Table 1. The addition of NZF causesl th
on the arrangement of the side chain, sCgtoup. The  dispersion of the composite to occur earlier corapar
resulting moment of PP will depend on whether theto pure PP. The loss peaks of 15-25 wt% are
moment of the individual segment reinforce orapproximately equivalent probably due to the ratio
compensate each other (Blythe and Bloor, 2008hitn  NzF almost reaching the limit of peak shifting, $hu

case, the side chains of PP are randomly arrande afhe small change in weight ratio does not shift the
some of the dipoles moments of alternates@tdbups  peak significantly.

balance each other and decrease the dielectri¢actins

of PP. Thus, dielectric constant of NZF is muchhleig CONCLUSION
than PP.

According to the effective medium theory, a higher ) ] ) )
dielectric constant of the polymer-based compasite The NZF-PP composites with high purity were

be obtained by adding high dielectric constanefilnto ~ Successfully prepared, which is confirmed with X-ra
the low dielectric constant polymer matrices aswsho diffraction. From the present investigation, it aisothe

in Fig. 4 (Yanget al., 2008; Wuet al., 2007; Giordano, Ccomposite containing 30 wt% NZF gives the highest
2003). dielectric constant of 3.46 and dielectric losDdif4 at

From Fig. 5, it can be concluded that with 1 kHz. A significant improvement on the dielectric
increasing NZF content, the dielectric constantconstant of the composites is obtained with thetemafd
increases. However, the existence of NZF may take p of NZF with more than 10 wt%. The incorporation of
in compensating the dipole moment of PP. Hence, th&lZF filler increase the dielectric loss of the camjpe
dielectric constant of 5 wt% of NZF composite imés  correspondingly increases the potential to absorb
than pure PP due to the small amount of NZF (madera electromagnetic wave at low radio frequency.
dielectric properties) added which do not give a
significant contribution toward PP-based composite, ACKNOWLEDGEMENT
resulting in a much lower dielectric constant.
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