J Rubh Res . 6(2), 65-72

Transition of Complex Permittivity Losses in
Hevea Rubber Latex from Conductivity Losses to
Dipolar Losses at 2.6 GHZ

J. HASSAN™# K. KHALID™ AND W. M. D. WAN YUSOFF"

Dhelectric properties of Hevea rubber latex with moisture content 38%—-98% were measured using
the open-ended coaxial line sensor coupled to the Automated Network Analyser Measurements
were made at frequencies 2 GHz--20 GHz and at selected temperaiures —30°C to 50°C  Complex
permittivity losses or dielectric loss factor showed a very inferesting phenomena at 0.2 GHz to 2.6
GHz where a transition occured from conductivity losses to dipolar losses. Below 2 6 GHz, rhe
losses were due to the conducting phases in the Hevea latex arising from proteins, faitv acid soaps,

phospholipids and various types of ohmic species

Higher losses were achieved from latex

concentrate due to the addition of ammonia as preservative. Above 26 GHz the losses were
governed by orjentatton of the water molecules. The transition was clearly observed in the plots of
dielectric losses versus temperature at 0.2. 0.6, 1 0, 1 4, 1.8, 2.2 and 2.6 GHz for latex concentrate,
Jresh latex, diluted fresh latex and deionised water at moisture contents 38%, 36%, 89% and 100%,

respectively,
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Hevea rubber latex 1s a complex biological
product from Hevea brasiliensis containing
55%—80% water, 15%—45% rubber hydrocar-
bon and approximately 2%-4% non-rubber
constituents which consist of proteins, lipids,
guebrachitol, sugars, carotenoids, enzymes and
inorganic salts (0.5%). The inorganic salts
include potassium 1ons, phosphate ions and
traces of copper, iron, sodium, calcium and
magnesium which constitute the conducting
phases 1n the latex'*. Most of the lipids and

part of the protein were adsorbed to the surface
of the rubber particles in the form of a
protective layer which maintained the stability
of the latex particles.

The dielectric properties considered are the
relative complex permittivity, £* = & — je”
where the real part 15 the real relative
permittivity also known as the dielectric
constant and the imaginary part as the complex
permittivity losses or the dielectric loss factor.
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The diclectne constant 1s the ability of the
matertal to store energy wittle the loss factor 1s
the ability to dissipate energy as heat

Dielectrnic properties of Hevea rubber latex
at various moisture contents and temperatures
have been reported over the frequency range
of 02 GHz-20 GHz"  An teresting phe-
nomena was observed 1n the transition of the
dielectric loss factor from conductivity losses
at 0 2 GHz to dipolar losses at 2 6 GHz The
period of transiion occurred between 0 2 GHz
to 26 GHz where complete transition to
dipolar losses was observed

These properties are important in the electri-
cal aspect of latex where energy losses are very
much affected by moisture. temperature and
frequency The transition of the loss mecha-
msm ciearly reflects its crucial dependence on
frequency, especially from 02 GHz-20 GHz
The detailed results obtamed for energy loss
has applications in high power microwaves

MATERIALS AND METHOD

The samples consist of a series of'Hevea rubber
latex solutions prepared from latex concentrate
and freshly tapped latex diluted with detonised
water with a difference 1n moisture content of
about 2%-3% between each sample A total
of about 40 samples were used with moisture
content ranging from 40%-98%  Latex
concentrate which had been preserved with
0 025% tetramethyl-thiuram disulphide zing
oxide and 0 2%—0 3% ammonia® was supplied
by the Rubber Research Instrtute of Malaysia
{(RRIM) Freshly tapped latex was obtained
from the Unnersity Research Park of
Universitt Putra Malaysia (UPM)

Measurement of the dielectric properiies of
Hevea latex was done usmg the open-ended
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coaxial lme sensor with Automated Network
Analyser and computer  With proper calibra-
tion® ", the probe was immersed 1n the sample
and the dielectric permittivity was determined
from the mput mpedance at the nterface
Two water baths were used for vamation n
temperature as already reported® The accuracy
of the samples was *5% for &” and *+3% for
g”  The actual moisture content of the samples
was obtamed using the conventional method by
drymg three 1 5 g2 5 g of the samples at 70°C
and the average results recorded

RESULTS AND DISCUSSION

The transition of complex permittivity losses
from conductn ity losses to dipolar losses are
beauttfully 1llustrated i Frgures 1-7°" at
temperatures —30°C to 50°C and various
mousture content  The selected samples shown
melude latex concentrate. fresh latex, diluted
fresh latex and deionised water with moisture
contents 38%, 56%, 89% and 100% respectively
At 02 GHz to 2 6 GHz 1n the solid (frozen)
state region over the temperature range of
—30°C to =3°C, the lines comcided at about
—30°C withr ¢ ~04 after which 1t shows a
spreading which was due to the different
degree of'concentration of dissolved 1ons 1 the
samples * Tn the transition region between —3°C
to3°C, as the phase of latex was changing from
sohd to liqmd, &” showed a steep mcrease
This was due to the change n the physical state
of water m latex from bound water to free
water All values for £” at 02 GHz and 2 6
GHz are tabulated m Tuble !

The transition in the losses occurred 1n the
hquid state (2°C-50°C) from conductive to
dipole losses At 0 2 GHz—0 6 GHz (Figures {
and 2), the loss factor of latex concentrate
showed the highest conductivity losses of about
24 9 GHz at 02 GHz and 2°C and increases
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TABLE 1 FITTED DIELECTRIC LOSS FACTOR DATA FROM —30°C TO 50°C AT
02 GHz AND 2 6 GHz FOR LATEX CONCENTRATE (38%), FRESH LATEX (56%).
DILUTED FRESH LATEX {89%) AND DEIONISED WATER (100%)°

Maoisture Content °o (wet basis)
Temperature 02 GHz 26 GHz

Q) 38% 56% 89%  100% 38% 56% 29%  100%
g” e” e” g” e” g” g” e”

=30 02 02 01 04 02 01 01 02
20 08 03 02 04 06 03 04 02
10 30 0% 06 04 16 053 07 02
2 249 16 8 91 19 73 112 193 218
10 283 200 97 13 65 94 146 160
20 41 251 130 09 59 78 e 112
30 3094 299 175 08 56 68 33 84
40 427 330 213 07 54 60 70 66
30 421 329 225 04 49 52 61 51

with increasing temperature foltowed by fresh
latex and diluted fresh latex but inversely pro-
portional to 1ts moisture content  In this region
conductivity losses dominated and this was
shown 1n the results where latex concentrate
had the highest dielectric losses due to the
ammonium 1ons {(ammonia) added as preserva-
trve plus the conducting phases already present
m the latex with mimmum mosture The
conducting phases include proteins, lipids,
quebrachitol, sugars. carotenoiwds, enzymes,
potasstum 1ons, phosphate 1ons and traces of
copper. ron, sodium, calcium and magnesium
Elevations m temperature also raise the
mobility of 10ns 1 the solution thus mcreasing
e” as already reported® Delonised water has
the mimmum losses due to the fact that it dd
not have any conducting phases or accountable
1onic specites but only water molecules
(dipoles) This could be seen 1n the dielectric
loss of water which had a negative temperature
dependence At 0 6 GHz (Figure 2} the losses
of latex concentrate decreased to 10 at ~ 2°C
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but the losses of the deionised water increased
slowly At this frequency, signs of transition of
the losses occurred slowly The losses of all the
curves decreased to below 10 at ~ 2°C except
for deiomised water which slowly mcreased
showing the emergence of dipolar losses due to
the polarisation of the water molecules

At10GHz. 14GHz, 1 8 GHz, 2 2 GHz and
2 6 GHz (Figures 3-7), the curves mtersect at ~
6°C, 15°C, 26°C, 38°C and 50°C, respectively
showing transition of the losses and all the loss
factors decreased with increasing temperature
The shape of the latex curves show a depression
as compared with the deromsed water which
might be due to water binding by dissolved 1ons
The above phenomenon 1s almost simlar to the
temperature for a few food products at 2 8 GHz
and temperatures from —20°C to 60°C reported
earhier'’  The vanation of £” at 10 GHz'"" 15
almost similar to £” obtamed at 10 GHz-2 6
GHz but with less depression as the effect of
1onic conductivity became less meffective
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Figure 1 Dielectric loss factor of Hevea rubber latex at

selected morsture content with respect to temperature gt ) 2 GHz®
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Figure 2 Dieleciric loss jactor of Hevea rubber latex at
selected molsture content with respect to temperature at 06 GHz.
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Figure 3. Dielectric loss factor of Hevea rubber latex at
selected moisture content with respect to temperature at 1.0 GHz.
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Figure 4. Dielectric loss factor of Hevea rubber latex at
selected moisture content with respect to temperature at 1.4 GHz.
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Figure 5. Dielectric loss factor of Hevea rubber latex at
selected moisture content with respect to tempervature at 1.8 GHz.
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Figure 6. Dielectric loss factor of Hevea rubber latex at
selected moisture content with respect to tempervature at 2.2 GH-=.
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Figure 7 Dielectric loss factor of Hevea rubber latex at
selected maisture content with respect to temperature at 2 6 GHz®

CONCLUSION

The transition of the losses from conductive
to dipolar losses occurred 1n the hiquid state
from 2°C-50°C and frequencies 02 GHz—
26 GHz. At 02 GHz the losses were
conductive due to the conducting phases
the latex, meluding ammonium 1ons added as
preservative 1n latex concentrate  Above
0 2 GHz and below 2 6 GHz was a region of
transition between two losses, conductive and
dipolar where the mfluence of conductive
losses began to diminish especially in latex
concentrate and dipelar losses began to
dominate 1n samples having high moisture
content At 2 6 GHz the losses were mostly
due to the orientation of the water molecules
or dipolar losses
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