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Capacitance Measurement of PVA/Zine Acetate Fibre
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Abstract

T v el of PVAS acctate compasite is a focusof this inwestigation.
T ey el Aas ohomnal pare Nvdrated zine acetate Zn (CH;CO,).2H0
B D% Moweght of PVA (Pobivinyd aleohol). The change in dielectric
AVRETRS & 2 Neaoon of sample thickness 18 measured  with both
ik sad Qe okvtnake

Ao wwmad Rdoadnd v acetate, Ag-ckoetrode, dielectric properties

Introduction

Camnional glas preparation requires melting of the precursors at
2D Rempenatures. med cooling and subsequent  verification of the gla‘ssy |
MRl o xveral ouseful features for optical applications such as
TRAPERNCY. hamogenain . machanical sturdiness, high refractive index etc.
AR sppraach 0 glaw and glass-like matenals is offered by the so-called,
sl Rohnology . The okl echmique is based on hydrolysis of liquid
vy and Rrmation of oollowdal sols. The precursors are usually
PEINORDCAIRS yiding  wbcate solgel matenals. It is possible to obtain
AN onganosivar procursors with direct Si-C bonds (which do not
wmderye  Rvdrobywis) and possessing  termunal functiona:  groups.  Such
pravursony, aather pure or maxad wath the conventional ones, yield inorganic-
agam marenaly with mechanical (e.g elasticity) and physico-chemical
DrOpOrIRNe g wetabhiiy) modifiad by the organic components of the
morgams polymer network .The functional groups can be also mused for
covalont dinding of vanous chemucals giving specifically modified glassy-
TARAlS.
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et-chemical technique (Chemical Solution
f materials (typically a metal oxide) starting
produce colloidal particles (sol).

The sol-gel process is a W
Deposition) for the fabrication 0

from a chemical solution that reacts to
Typical precursors are metals alkoxides and metal chlorides, which undergo

hydrolysis and polycondensation reactions to form a colloid, a system
composed of solid particles (size ranging from 1nm to 1pum) dispersed and a

solvent.

Th.e sF)l evolves then towards the formation of an organic network containing
a liquid ph_ase (gel). The precursor sol can be either deposited on a substrate to
foFxn a film (e.g. by dip-coating or spin coating), cast into a suitable container
with the desired shape [http://en.wikipedia.org/wiki/ Sol-gel]. The semi
conc.iucting metal oxide ZnO is a wide band gap (3.37 eV) compound
semiconductor is suitable for sensor applications [Siddheswaran R ef a/ 2006

Cryst.Res.Technol.41. (5) 446].

The s.ol —gel approach is interesting in that it is a cheap and low —temperature
technique that allows for the fine control on the product’s chemical
compos.ition, as even small quantities of dopants. Sol-gel derived materials
have diverse applications in optics, electronics, emergency, space, (bio)
sensors, medicine (e.g controlled drug release) and se’paratio’n (e
chron'{atography) technology [http://en.wikipedia.org/ wiki/ Sol-gel] y

PVA/ Zinc acetate precursor solution is prepared by sol-gel technique. Zinc
acetate is the chemical compound with the formula Zn (O,CCH )ﬁ:ut- mo .
commly refers to the dehydrate Zn(O,CCHz3), (H20),. Both the 3h drate 1';
anhyd;ous formsare colorless solids that are commly used inchemich S tha;is
at%d as di.etary supplements. Zinc acetates are prepared by the action o)fn'lacetic
acoxd on zinccarbonate or zinc metal |l£tp://en.wﬁkilae_diaorg[ﬁkjfzmc acetate]

Zlflc acetate is soluble in water and alcohol. It crystallizes from dilute acetic-
ac.ld. It. comes in the form of white granules, slightly efflorescent and has a
fefmt vinegar odour [National Pollutant Inventory Substance Profile /2004
Zinc and compounds. National. htm]. In this research paper, we reported 2

novel and simple appro~ch to a viscous gel of PVA/Zinc acetate composite.
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Experimental
0 Some grams of Zinc acetate (powder) and PVA robvinyl alcohol)
were weighed with digital balance
. Polyvinyl alcohol PVA was mixad with water and heatad at 307 C.
o' Then, Zinc acetate was added into 1t by the rato of different values.
. It was stirred vigorously for 1 hr.
* At the temperature of 50° C, it was heated tor about 1 hr
° And then, it was shaped as a pellet.
. In this research, three pellets were made with different ratio w the
above procedures.
*  They were detected to know the capacitances of the samples with
Quad Tech 1730 LCR Digit bridge.
L ]

They are shown in Fig. 3(a ~ f).
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- Fig 3(b) Fig .3(c)

< Fig 3(c) | Fig .3(f)
Results and Discussion

The capacitance of the ceramic fiber <capacitor was detected by LCR meter.
Firstly, it was detected \\id} silver electrode, as illustrated in Fig. 4(a ~ ¢).
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Fig .4(a) Variation of capacitance with thickness
It was found that the highest value of capacitance Was caused at the smallest

thickness.
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- Fig. 4(b)Dependence of dissipation factor on thickness

It represents the dissipation factor reached its highest value at the smallest
thickness.
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Fig.4(c) Relation between dielectric constant and thickness

It illustrates the dielectric constant €, increases with respect to the thickness
but the value of €, was reduced at the larger thickness.

Andthen,ﬂ)eywerem&smedwimooppexdecm)deasshownin
Fig, 5(a~c).
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Fig. 5(a) Variation of capacitance with thickness

It was found that the value of ~the capacitance was the highest at the highest

thickness and the highest dissipat
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Fig. 5(b) Dependencc of dissipation factor on thickness
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'Fig.5(c) Relation between dielectric constant and thickness
g Increases with respect to the thickness and it decreases with larger thickness.

When the samples were measured with Ag electrode, the capacitance was the
largest at the smallest thickness. When Cu electrode was used, it was found
that the capacitance was the largest at the largest thickness. Therefore, it can
be said that Ag was better than Cu. :

According to the Fig. 4(b) and 5(b), dissipation factor D was the largest at the
smallest thickness which was used with Ag electrode and D was the smallest
at the smallest thickness with Cu electrode.

Dielectric constant €, was calculated with the following equation,

C=¢g,8 A/d
C=¢go8 n12/d
&=Cd/gmr2:

- Where C = Capacitance of the sample(F)
€ = Permittivity in vacuum (8.85*10-12 F/m or C2 N-] m-2)
&= Relative Dielectric Constant (Unit less)
A=Area of the contact electrode (m2)
d = Thickness of the sample (m)
r =Radius of the contact electrode (m)
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According to the Fig.4(c) and 5(c). the value of &
at the thickness of
Tables.
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was the highest and the best

0.0030m. These values were assigned in the following

Table.(1) Measurements of 'ﬂle‘saiﬁﬁieé‘ivith Ag electrode (f=100 kHz)

Sr | Thickness | Capacitance | Dissipation Factor | Dielectric Constant
Ne | dqm) COF) D &
l. 0.002 3.92 0.009 5.02
2. 0.003 2.64 0.001 5.06
0.004 317 0.008 5.05

Table.(2) Results of the sample with Cu electrode (=100 kHz)

Sr | Thickness | Capacitance | Dissipation Factor | Dielectric Constant
Nl am) | cop D -
0.002 2.004 0.009 5.77
i 0.003 - 1.758 0.009 7.60
3 | 0.004 2.108 0.017 6.07
Conclusion

Preparation of PVA /zinc acetate fibre capacitor and its dielectric

properties have been observed .From these observatlons some remarkable
conclusions could be established.

(1) As the Ag-contact , the largest capacitance and D1331pat10n factor were
found at the minimum film thickness. -

( ii ) Both of the Cu- contact and Ag contact, the largést dielectric constant
value was found at the 0.003 m of sample thickness.

(iii ) According to these results, the growth chemistry of of PVA/ zinc acetate

fiber was highly accepted for

optical fiber communication system.
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