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as either traveling or resonant wave modes in cylindrical and rectangular wave-

guides. In general, heatability was found to be a direct function of the dielectric
loss dispersion dependence on temperature and frequency, The dielectric loss
factor obtained at low frequency measurements was found to be directly propor-
tional to the heatability of polymers. A WLF plot was used to predict the shift of
dielectric loss maxima into or out of the microwave frequency range.

INTRODUCTION

he application of microwave processing to poly
mers and composites has been pursued in several
laboratories throughout the world over the past two
decades. Here, significant impact has been made in
the rubber and food industries where processing with
microwaves yields substantial advantages. In con-
trast to conventional thermal treatments, these ad-
vantages are rapid volumetric heating, no overheat
ing at the surface, addressable heating, energy sav-
ings and low operating costs, increased throughput,
and reduced degradation.
Microwave heating of materials stems from dielec-
tric power absorption as described by the following
equation:

P=KfE%'tan & (1)

where P is the power dissipation in W/cm?®, K is a
constant equal to 55.61x 10 , f is the applied
frequency in Hz, E is the electric fleld strength in
V/cm, € is the dielectric constant, and tan & is the
dielectric loss tangent. Both ¢ and tan é depend
upon both the frequency and the sample tempera-
ture. The electromagnetic field energy dissipated as
heat per unit volume is proportional to the dielectric
loss factor ('tan 8), the square of the field strength

! Curzant adidress: Nalional Sun Yat-Sen University, Hachsiung, Taiwan,
ROC
3:I'\}m'r\:m adidress: NASA-Langley, Hamplon, Virginda,

asthar in whom cormeanendenes shonld he acddresasd

(E*) and the frequency ( f) of the applied field. In this
discussion, it is assumed that influences upon heat-
ing rate due to heats of reaction are negligible.

The ratio of the dielectric loss factor, €", to the
dielectric constant, €', is the loss tangent, tan &, for a
nonionic material. The dielectric loss factor primarily
determines the rate of converslon of electrical energy
into thermal energy in the materlal before phase
transition losses. Since the electric field penetrates
the material, heat is generated Internally. Thus, until
convection and conduction losses become important,
the dielectric power dissipation is independent of the
heat flow through the surface of the material. This is
In conirasi to conventional thermal heating which is
dependent upon the thermal conductivity of the ma-
terial and, therefore, is much more time consuming.

If convection and conduction losses and heat flux
due to chemical reactions are ignored, the heating
rate of a maferial placed in an electromagnetic field
depends on several key parameters. These may be
described by the relationship:

dar Kte%'(T)tan §(T)
at " #C, #
where p is the density of the material, C, is the
specific heat, and the other variables are as defined
in Eg 1. Again, no chemical reactions are included.
The heating rate, as Eq 2 indicates, is directly depen-
dent on the dielectric behavior of a polymer. [t must
be noted that the dielectric behaviar is a function of

v Basic ideas of microwa w onlinelibrary.wiley.com/
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Costante Fattore di : 1
Solvente dielettrica SITIIE dissipazione Funt o contenitore
di dipolo : ehollizione :
(£) tand (x10% chiuso °C)
Acetone 207 A6 164
Aretanitrile 37’5 0.2 194
Etanolo 243 1.90 2500 /8 164
Esano 1.9 e -
Metanolo 325 2.87 H400 b5 151
Z2-Propanolo 19.9 1.6k E/00 g2 145
Acqua /8.3 2.3 1570 100
Esano/Acetone (1:1) a 150

a) determinato 1207kPa
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VANTAGGI & SVANTAGGI

|

@ Potere solvente controllatodap e T, @ Spesso sono richieste elevate p,

©)  SFC facilmente separabile @ La compressione del SCF richiede
dall’estratto grazie alla sua volatilita, tecnologie elaborate per il riciclo al fine

di ridurre i costi,
@ Solventi non tossici che non lasciano

residui dannosi per I'ambiente, @ Elevato investimento di capitale per le
I'apparecchiature e gli impianti.
@ Componenti del campione alto bollenti

e/o termolabili possono essere estratti
a relativamente basse temperature

@ Si possono effettuare separazioni che
non possono essere fatte con le
tecniche di estrazione tradizionali.
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Precondition Load Wash Elute 6 -
Prepare cartridge to Load sample and ‘Wash with sohvent that Elute analyte in smallest
accept sample rinse resenvaoir(s) won't elute analyte volume possible

Q
g 0 :

g l‘lm

R EEET| O]

) | &
M E]

U

o fTloo o HFH,

1. Methanol or acetonitrile  Weakly retained Analyte and other Elute analyte
2. Weak sohent matrix compounds matrix compounds leaving highly
(water, buffer) are eluted retained retained compounds

Figure 1: Steps in the SPE procass.
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load aqueous sample Use progressively stronger [less polar] solvents
[grape drink mixture] te elute first and second
components of interest
1 et 1 ] ~1
Hmoh N k. A - - - #. ’#*O
1 e - N hy
._.:Uh“"- e A __;-?,__ _,k_:h_--' :,._ .-*-.:_ ":-":-"'x : ;#*O
?\::- — Al '_.\."'\-.._. e -:._.l-. *.\.'\- ."'f .\.::.:. —_— -..-.:::.:

Solvate the Discard
stationary phose the used

2
[v;?:hﬂmcﬂﬂﬁsl Wash to elute  Component | Compaonent 2 1:?::?11;5?:9
then Alush witi"l polar, unwanted  Red dye Blue dye calvanio

water and/or buffer cﬂmpﬁnen'rl[s.] sample residue

[sugar, sal] [avor oils]
#::; #C
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Solvent Polarity Chart Phenomenex
Relative Compound Group Representative Solvent
Polarity Formula Compounds
Nonpolar R-H Alkanes Petroleum ethers,
ligroin, hexanes
Ar - H Aromatics Toluene, benzene
R-0-R Ethers Diethyl ether
R-X Alkyl halides Tetrachloromethane,
chloroform
R - COOR Esters Ethyl acetate
R-CO-R Aldehydes Acetone, methyl ethyl
and ketones ketone
R - NH, Amines Pyridine, triethylamine
R - 0OH Alcohols Methanol, ethanol,
isopropanol, butanol
R - COHN, Amides Dimethylformamide
R - COOH Carboxylic acids Ethanoic acid

Polar H-0OH Water Water



load sample Use progressively sironger
3—dye mixture [more polar] solvents
* to elute three components of interest

ey - 7 ™ ~l 0=
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N S SN/ -
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You may |
condition
cartridge with
d | Wash to elute Elute Elute
o weakly retained  blue dye red dye
solvent
yellow dye

# #HC - %

Discard
the used
cartridge
confaining
solvent &
sample residue

?TW—

i H*0

#: #*0




%9

Load sample mixture Use progressively stronger butfers
containing 2 dyes [changing pH or ionic strength, or both]
to elute first and second components of interest

Negatively Charged
Analyte [Anion]

Attracted to
Positive Surface

Condition
cortridge with
wﬁ;ﬁ;?r Wash to elute  Component 1 Component 2 cartridge
unwanted Yellow dye Blue dye containing
component{s) solvent &
with more water or weak buffer* sample residve

* In mixed-mode ion exchange, an intermediate wash with organic sclvent may be used Io elute
neutral compounds [or thase with same charge as sarbent] bound via hydrephaobic interaction.

292 - ) !
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