The sunflower seeds oil extraction: the mechanism and Kinetics of the process
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Abstract — The results of the research of extracting oil from sunflower seeds by the method of
extraction are given. The kinetics and mechanism of the extraction process investigated. It is
shown that the process of extracting sunflower seed oil is complicated and include as intra-diffusion
and outer-diffusion oil transfer is similar to extraction of target components from other seeds of plant
material (amaranth, rapeseed, etc.). The technique of experimental calculation of the diffusion coefficient
is given and the slowest stage of the extraction process is determined, which determines the speed of the
whole process.
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Introduction

The extraction process of target components from plant raw materials is widely used in
various industries, especially in food, pharmaceutical, chemical, petroleum, and others. The large
demand to agrarian business in Ukraine is a sunflower, which, depending on the natural
environment, contains up to 60% of the oil. Sunflower is a base of the agricultural crop because
it contains, in addition to oils, protein and other target components which used in the
pharmaceutical, chemical, perfumery, and other industries. It should be emphasized that Ukraine
exports sunflower oil to over than 100 countries of the world, which requires more efficient
technologies for its production for the purpose of providing with world demand.

For today, there are two methods of extracting oil plant raw materials: press and extraction.
The advantage of the extraction method is the high degree of oil extraction of 97-98 %, the use
of simple equipment and lower energy consumption, compared with the previous method.

The process of extracting the target components from plant raw materials is rather
complicated. The complexity of this process is related to the cellular structure of the raw material
and the presence of a poorly-permeable shell in the seeds of plants, and also in that, the target
component moving within the seed to the surface of the phase contact with the solvent must
overcome a number of barriers associated with the complex structure of the seed. The entire
process should be considered as intra-diffusion, outer-diffusion and mixed since diffusion is the
basis of these processes.

For study and the establishment of a mechanism for the extraction oil process of sunflower

seed is used the equation obtained by the method of integral ratios for the extraction processes of
the target components from the plant raw material [1-2].
For a mathematical description of the extraction process adopted the physical model of
seed in the form of a ball in the pores of which is the target component, has the form:
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For the mixed-diffusion mechanism (s — =) the equation (1) is reduced to the form:
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The value of @, which corresponds to a certain extraction time t is determined from the
material balance:
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The value of ¢, changes from 1 to 0 for, for t = 0 °C, ¢ = 1. To establish the mechanism of
extraction, it is necessary to identify the experimental studies of the extraction kinetics in the
form of function C = f(7).

For the intra-diffusion mechanism, there must be a linear dependence. Such dependence
exists, while it is possible to determine the diffusion coefficient — D and the total time T. The
diffusion coefficient is determined over the tangent angle of the slope ® = f(¥)
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The value of the Bio (Bi) criterion can be determined using the linearization method of
equation (1) by introducing a new function y and argument a:
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Thus, the technique for determining the Bi criterion and € is reduced to the transformation
of equation (1) into a linear, sequential definition of the constants A and B, from which the
criteria of Bi and ¢ are determined.

Experimentally we investigated the kinetics of extraction of oil from shredding sunflower
seeds n-hexane (t = 69 ° C) in Soklet apparatus for different mean grain diameters dayer = 0.7
mm, daver = 0.5 mm, daver = 0.25 mm. The research results showed that this process passes by a
mixed mechanism (outer- and intra-diffusion mechanism). Also, the value of the diffusion
coefficient was determined by equation (4), which is D = 1.5-10'? my/s.

Conclusion

Experimentally we investigated the kinetics of extraction of oil from shredding sunflower
seeds. The research results showed that this process passes by a mixed mechanism.
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