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The nonconventional microwave power sample preparation is a well-known method. Our purpose is to use the microwave field distribution to perform probe extraction using nontoxic polar solvents. This is a new technique because in the classical microwave samples preparation nonpolar solvents, most of them toxic, are used. 

This paper presents our studies on extractions from natural samples by the microwave power-assisted method, in polar and nonpolar solvents.

1. PRINCIPLES OF THE MICROWAVES EXTRACTION PROCESS

The microwave extraction is based on the selectivity of the microwaves absorption in materials. The key of this selectivity is the permittivity loss (or the loss tangent) of the materials irradiated by microwaves. The interaction microwaves-matter is characterized by the relative dielectric permittivity  :
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(1)
where: 

- ’ is the relative permittivity of the material and represents the amount of microwave energy cumulated in the material by dipoles orientations (or dipole structures orientations);

- " is the permittivity loss and represents the microwave energy lost in different conductive processes or by the  dipoles vibrations;

- tg() is the loss tangent;

The expression of the microwave power absorbed in the unity volume of the material is:

Pa = o ’ tg Ei2    or  Pa = f o " Ei2    in (W/m3) 

(2)
where:  o = 8.856 10-12 F/m; Ei - internal electric field (in the material), proportional with the incident microwave power; f - microwave frequency; - microwave pulsation.


If we assume that all the absorbed microwave power is transformed in heat, the raising rate of the material temperature is:


(to ’ tg Eo2 )/cv



(3)
where is the temperature rise in the t time, is the density of the material, in Kg/m3, and  c is the specific heat of the material, in J/KgoC.


If a mixture of different materials is irradiated with microwave power, the microwave absorption and the local rise of temperature would be selective for the different values of the permittivity of the constituents. This is an important fact in the microwave extraction process. Usually, the natural probe, from which we intend to extract one component, is immersed in a nonpolar solvent (microwave loss-less). By microwave irradiation, the temperature rising rate of the natural probe is bigger then that of the solvent (usually by one or two magnitude orders) and the natural tissues (vegetal or animal) are broken up. The different temperatures between the probe and the solvent determine a local convection, which favorises the transport of the component (esther, volatile oil, organic oil, etc.), in the solvent [1,2,3].

2. USING THE MICROWAVE FIELD DISTRIBUTIONS TO STIMULATE THE CONVECTION IN THE EXTRACTION PROCESS


Most of the nonpolar solvents used in the classical microwave samples preparation are toxic (one of the usual solvent is the hexane). This is an inconvenient for the alimentary use of the end product, even after multiple steps distillations. This is one of the reasons of the present research.


The common alimentary solvents are polar (water, alcohol) with high microwaves loss. The use of these solvents destroy the local convection in the process of extraction. One way to restore the convection is to use the microwaves particular distribution in the extraction cell. It is well known that in the microwave cavities the microwave field has a specific distribution of the power with local maximums. These microwave distributions imply local maximums distribution of temperature in a homogenous material and local convection processes.


In our experiments we used a coaxial cavity. In Figure 1 is presented the microwave field pattern [4] in the longitudinal plane of the cavity for the following cases: (1) empty coaxial cavity, (2) coaxial cavity with Teflon vessel, vessel filed with (3) ethanol, (4) 3% acetic acid, (5) water. The figure presents also the schematic microwave circuit used in the extraction experiments .
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FIG. 1

3. EXTRACTION STUDIES


The extraction studies were done on  pelargonium zonale green leaves using eight solvents, five of them polar (distilled water, ethanol, 3% acetic acid, isopropylic alcohol, acetone) and three nonpolar (hexane, benzene, petroleum ether).


Our purpose was to establish the optimal microwave extraction parameters and to compare the results with the classical method of extraction by studying the optical absorption spectra of the extraction compounds. The microwave treatment cell configuration for a six cells arrangement is presented in Figure 2. In this experiment a coaxial cavity with eight Teflon cells of 1ml each was used.The 0.025g of probe (rectangular shape) and 1ml of solvent were put in each Teflon cell. The microwave treatment parameters are:


- microwave power: 80W at 2.45 GHz;

- exposure time: 10 min in sequences of 5s ON power, 24s OFF power.

A photo of the probes after microwave irradiation is presented in fig.3.
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FIG.2 Coaxial cavity with six Teflon cells; 1- coaxial line, 2- thermographic detector; 3 - Teflon cell; 4- coaxial cavity;

[image: image2.png]



Fig.3 Pelargonium zonale leaves after extraction in: 1- ethanol, 2- 3% acetic acid, 3-n-hexane, 4- acetone, 5- isopropylic alcohol, 6- benzene, 7-distilled water, 8- petroleum ether.

The UV-VIS spectrophotometric analyses evidentiate the presence of chlorophyll (460nm) and menthol (275nm) in the extraction compound.

Figures 4 and 5 present the chlorophyll and menthol extraction in various solvents from samples of Pelargonium green leaves after different treatments.The corresponding periods of maceration are T1=115 min and T2 = 10s.
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FIG.4 Chlorophyll extraction in various solvents from samples of Pelargonium green leaves after different treatments (from right to left): (T1) after a maceration time T1; (MW+T1) 

after a microwave‑assisted treatment, followed by a maceration time T1; (MW+T2) 

after a microwave‑assisted treatment, followed by a maceration time T2<T1.
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FIG.5 Menthol extraction in various solvents from samples of Pelargonium green leaves, after differ​ent treatments (from right to left): (T1) after a maceration time T1; (MW+T1) after a microwave‑assisted treatment, followed by a maceration time T1; (MW+T2) after a microwave‑assisted treatment, followed by a maceration time T2<T1; (Reference 10% menthol solution) reference sample of 10% menthol solution in ethanol.

The effect of the microwave irradiation is enhanced for ethanol. No chlorophyll is extracted in distilled water and 3% acetic acid.

4. CONCLUSIONS

Our experiments prove that the microwave extractions offer better or comparable efficiences of extraction at shorter or comparable periods of time, if  the proper solvent is chosed for a specific product. For menthol extraction, the microwave method offers a better efficiency for all solvents used. Particularly, the good efficiency of 3% acetic acid extraction of menthol represents the achievement of our initial purpose.

From this experiments it is not possible to compare polar-nonpolar solvents extraction in the microwave technique.

Also, in order to establish a microwave‑assisted extraction technology, further work is necessary.
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