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Introducao

O que é7?
Método de medida de propriedade eléctrica (Z*, Y*, ¢x, M*) versus frequéncia.
*_ 7 i7" E¥=¢c—-l¢g
Y*=Z"=Y"+iY"” M*=¢? =M+iM”"

Primeiros passos:
K. Cole, R. Cole, J. Chem. Phys. (1941).

Evolucao:
Computadores rapidos, largura banda dos LCR.



Introducao

Vantagens:

Medida simples do ponto de vista eléctrico.
Facil automatizacao.

Existéncia de modelos bem estudados.
Correlagao com processos fisicos e quimicos.

Desvantagens:

Ambiguidade dos circuitos equivalentes.

Interpretacao fisica dos circuitos equivalentes.

Tempo de medida para baixas frequéncias e com temperatura.
Preco dos equipamentos.



Introducao

Como representar os dados?

K. Cole, R. Cole, J. Chem. Phys. (1941).

Cole-Cole




Modelos de relaxacao

De bye E(t) \ ‘
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P. Debye, Polar molecules, Chemical Catalog Company, New York, 1929.



Modelos de relaxacao

Debye
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Modelos de relaxacao
Debye
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P. Bordewijk, Thesis, 1968.  °  ° s s
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Modelos de relaxacao

Nao-Debye ou a distribuicao de t:

e*(0)=¢, +- > = Debye
1+1o7,
E.— &
e*(w)=¢,+—F—"— Cole-Cole
1+ (I a)rcc)
5 _ 0 gS _goo .
e*(w)=¢,+— a Cole-Davidson
(1+ | a)rcd)
J e gS _EOO .y .
e*(w)=¢, p Havriliak-Negami

K. Cole, R. Cole, J. Chem. Phys. 9 (1941), 341.
D. Davidson, R. H. Cole, J. Chem. Phys. 19 (1951), 1484.
S. Havriliak, S.Negami, J. Polymer Sci. C14 (1966), 99.



Modelos de relaxacao

e*(w)=¢,+———"— Cole-Cole
1+ (I a)rcc)
R
£;n a =0




Modelos de relaxacao
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Modelos de relaxacao

s - Cole-Davidson
(1+ o7, ) -

e*(w)=¢_+




Modelos de relaxacao




Modelos de relaxacao

O parametro a

angulo de descentragem

1 Debye semicircle
g / ' Cole-Cole arc

Heterogeneidade

o =0 == Debye

S

T. Kirschen et. al., Phys. Chem. Chem. Phys. 5 (2003), 5243.
K. Ngai et. al., Phys. Rev. B 39 (9) (1989), 6169.



Modelos de relaxacao

Como escolher o modelo?

Debye Cole-Cole Cole-Davidson
\ — / ..... \ \ /
n/2 " (l—o)m/2 (—mi2 .
ort/2 L T
€,— € E,— ¢ E,— &,
* _ s %w * ()= s %w e*(w)=¢ A : —
e () 8°O+1+icotD £ (w)=e. 1+(ia)rcc)1_a (+Ia)rcd)1

lim CD (on—0)=Debye

C. Bottcher, P. Bordewijk, Theory of electric polarization, Elsevier, Amsterdan, 1996.



Modelos de relaxacao

Tempo versus frequéncia

D (t)= CI)Oexp[— —] (I — N

” Debye
D (1) cboexp{—(;]ﬂj N W

Cole-Cole Cole-Davidson

B<—>aq

R. Kohlrausch, Ann. Physik 91 (1854) 56; F. Alvarez et. Al., Phys. Rev B 44 (1991) 7306.



Circuitos equivalentes

Um circuito simples

C
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A. Jonscher, Dielectric relaxation in solids, Chelsea Dielectric Press, London, 1983.



Circuitos equivalentes

HCZ |C1
|

“MM TS5t

R2 R1

R2 R1+R2



Circuitos equivalentes

Ambiguidade nos circuitos

Ry (Ry + Ry)
2'A'A"
AN
Ry
— —AMN—O = 00— —0
— Z -1 Zn i
; R [1+(R,/Ry)]

z = [1+(R,/R)]%Z,

Como escolher?

E. Barsoukov, J. Macdonald, Impedance Spectroscopy, J. Wiley Sons, New Jersey, 2005.



Técnicas de medida

—

Elevado S/N (eliminacao ruido freq.)
. Alta impedancia entrada( efeito carga)
Lock-
ock-in — Necessidade de referéncia
Esfasamento desejado

N



Técnicas de medida

Lock-in
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Técnicas de medida

LCR
Detector
Zero
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Técnicas de medida

LCR

Terra virtual



Téecnicas de medida

Microondas
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E,=0 € uma condigao fronteira!



Microondas

Técnicas de medida

Zero
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Técnicas de medida

Microondas
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Amplitude (a.u)
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Técnicas de medida

5':K£!+1 5":5A 1
f, v 2

0

» Determinar K ——)> Usar PTFE
* Pequena perturbacao!

* Modo TE,,, p impar



Aplicacoes

eito da introdugcao de PPy

CEM | 52.5N
*Cimento + PPy: Mistura 300 rpm, 3 min
PPy dedopado e lavado

D~~200 nm
|nicial w/c = 0.4




Aplicacoes

Espectroscopia de impedancia Angulo de contacto
\n - Gota de
agua

Z* = f(w), durante a presa
1Hz < f < SMHz

electrodos

teflon

cimento

0 =f (t), apds 2 meses de presa



Impédance Z' Z" (kohm)

Impédance Z" (kohm)

Aplicacoes
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Y' (mS)
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Aplicagcoes
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-30707 min




Aplicagcoes

3.5
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Aplicagoes

42065 min
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Aplicagoes

o precipitagao Ca(OH),
14 7 CSH
~inicio da presa
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F. Henry et. al., Mater. Sci. For. (submetido).



Aplicagcoes

Debye semicircle
L Cole-Cole arc
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Aplicagcoes

o inicio da presa
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Aplicagcoes
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Aplicagcoes

- 0% PPy




Aplicagcoes

Conclusao

Espectroscopia de Impedancia permite:

Seguir a presa do cimento.
Observar a alteracado do inicio da presa devido a
Introducéo de PPy.
Observar a diminuicao de porosidade devido a introducéo
de PPy.

Os resultados foram correlacionados com medidas de angulo de contacto
e Mecanicas.
Efectuaram-se testes em 4x4x16 (industria).



Aplicacoes

Porta de forno de microondas

polymer

» attenuator

The filler of the cavity with a polymer:
1. prevents the entrance of sall
2. reduces the dimensions of the choke cavity



Aplicagcoes

Que polimero usar?

P= %[(0 + a)g")E2 +ou H 2] => g ‘
A
Ay = ? = ¢ 1

ABS, PBT, PP



Amplitude (a.u.)

Aplicagcoes
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Aplicacoes

c¥=¢g-lg’

2.45 GHz 12.8 GHz
g g (104) g g (1073)
PP 2.46 11 2.40 11
ABS 2.96 23 2.73 53
PBT 3.68 45 3.24 109




Aplicagoes

Introducao de carbono em PBT
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Aplicagoes

Modelo de mistura
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Generalised
Looyenga

€e *(a))% = P& *(a))% T 9,&, *(a))%

t~3 (spherical particles)



Aplicagcoes

Conclusoes

Small perturbation to calculate complex
permittivity, using a resonant cavity

PBT is an adequate polymer to prevent leakage in
the attenuator hole (A/4)

Introduce 1.5% black carbon particles to optimize
the properties

Generalised Loyenga law to fit the data



Aplicacoes

Tomato seed (~3 mg)

The price of 1 kg of tomato seed? 50.000 euros!!
1 kg of seeds ©——> 300.000 seeds

1 germinated seed mm) 20 tomatoes mm) 3kg EE) 5 euros

1 kg of seeds Ill'ﬂllllﬂﬂs 1.5 millions euros



Aplicacoes

A agua

og €7}

microwaves

N W o~ tn O
S S Rk E— |

L L L L . . L N L e —al S
0 L 2 3 & S 6 7 8 § 1w N 12 13
leg ¥V {Hz)

kHz domain : Solid Water (ice)

> |

> B MHz domain : Bound or Adsorbed Water
> W GHz domain : Free Water
> C

Contribution of the conductivity



Aplicacoes

Lel de Wiener
embryon
- albumen

Seed

f hilum
\Jtegument

Using Wiener law we postulate :
a) the addition of dielectric contributions
b) no dependence with the morphology

HH > & ,: & mat'(Pmat+8 bW'(PbW TE fW'(PfW
€ = Crat PmatTCpw Pow & -Prw




Matrix

Bound
water

Free
water

Total

Aplicacoes

Living seed
g’ % partial partial %
g g’
0.01 80 2.4 0.8 107 80
0.1 18 1.8 1.8 102 2
30 2 1.4 60 1072 18
5.6

Death seed
partial partial
g’ g’
2.4 0.8 107
0.2 0.2 107
12.6 540 10~
16.2 541 107



Aplicacoes

Condicionamento de sementes

Sampling holder T:250C
RH=50%

Seed

Supersaturated salt
Mg(NO,),

Supersaturated
salt Mg(NO,),



Aplicacoes

|




Transmition

Aplicagcoes
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v = Volume of the sample

V = Volume of the cavity
K = Depolarisation
or coupling factor



Cavidade em carga
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Aplicacoes
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Af/fO versus massa .,
( semente de tomates),
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Aplicacoes

A(1/Q) versus massa
( semente de tomates)
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100000*(D(1/Q)) ~ eps2

Aplicacoes

///////////////

24 26 28 30 32 34 36 38 40 4.2
10000*(Df / fo) ~ eps1



Aplicacoes

1st critério de eliminacao

13
12 ¢
11
10
9l

~ eps2

100000%(D(1/Q))

w » 00 O N ©

24 26 28 30 32 34 36 38 40 42 44 46 48 5.0
10000*(Df / fo) ~ eps1

The seeds outside the ellipsoid of statistical
dispersion are probably death!



Aplicacoes
Anisotropia da semente

a) asymmetric morphology
b) dielectric heterogenity

embryon

Death cellules
hilum

Death cellules ‘ Increasing of heterogenity‘ Anisotropy



Aplicacoes

Campo polarizado

-E

g
s
i
o
g
&
-

‘- f’ﬂ E is strongly polarised
2

el e

A :
o V

The rotation of seed show us, with the
measurement of variation of coupling factor
(K), the anisotropy or dielectric heterogenity



Aplicacoes
Medida da anisotropia

Rotation of the seed inside the cavity
(4 perpendicular positions)

A N

1
In the ellipsoid distribuition we choose:

5 seeds outside + 5 seeds inside
(64,54,5,37,28) (7,9,14,27,32)



Aplicacoes

2° criterio de eliminacéao
Tomatoes (K 4330 medium) (9 GHz 25°C RH=50%)

15

13 1

—_—
—_—

D(1/ Q) ~ imaginary part
©

2.0 2.6 3.2 3.8 4.4 5.0
Df / fo ~ real part



Aplicacoes

Eliminacdo de sementes




Aplicacoes

Conclusoes

The statistical discrimination with these criterions
IS rather good

The germination of the seeds confirm
this discrimination

This lab methodology can be implemented In
Industry




Sementese .............

Muscle Holdstein cow
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= == fp Transwersal > a 8

EI' i i i i i i i i i i i i i i
D1 2 3 4 5 6 7 8 9 10111213 14 15
Time postmortem (days)

J.L. Damez et. al., Meat Science 77 (2007) 512.



O que é o efeito PTCR?

Aplicacoes
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Matriz isolante: PS, SBR
Condutor: C, Fe, PPy



Aplicagoes

Como conseguir o efeito PTCR?

Fetracnsann




Aplicagoes

Particulas de carbono na matriz




Aplicagdes
Termografia

Pass = %[(G'FCO.E”).EZ +ow.u'".H 2]

Echantillon
Antenne

50 mW/cm?
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Aplicacoes

Com 30% de tetracosano encapsulado
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Aplicacoes

Com 44% de tetracosano encapsulado
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Conclusoes

O metodo apresentado revela-se util para
produzir compositos com efeito PTCR.

E necessario a sua optimizacao de modo a
obter uma reprodutibilidade do efeito em
sucessivos ciclos térmicos, e sobretudo
aumentar o salto na resisténcia num menor
intervalo de temperatura.

Podera  conseguir-se, encapsulando as
particulas de tetracosano no estado liquido, isto
€, quando possuem um maior volume.

Dispositivos auto reguladores e de seguranca.



Thanks for your attention!




