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The results of the research of extraction of oil from the none-crushed and crushed sunflower
seeds of different fractions by the method of extraction are presented. The mechanism of
extraction and process Kinetics is investigated. It has been shown that the process of extracting oil
from sunflower seeds is complex and consists of both intra-diffusion and external-diffusion
transfer of oil. It is stated that the process is similar to the extraction of the target components
from the seeds of most types of plant raw materials. The method of experimental determination of
the diffusion coefficient as the slowest stage of the process, which determines the speed of the entire
extraction process, is presented. It has been shown that the extraction of oil by the extraction
method can be carried out more efficiently than the pressing method, especially in cases where the

oil content of the seeds is low.
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Introduction

The process of extraction of target
components from vegetable raw materials is widely
used in various industries, especially in food,
pharmaceutical, chemical, petroleum and others [1,
2]. Sunflower has a great demand from agricultural
businesses both in Ukraine and in other countries,
which contains up to 50 % or more oil, depending
on the natural conditions. Sunflower is the main
agricultural crop because it contains, in addition to
oil, protein and other target components [3], which
are used in various industries. The biological value
of sunflower oil in international units is 55,0 [3].

Worldwide sunflower processing is currently
estimated at approximately 46,6 million tonnes [4]. It
is worth emphasizing that Ukraine exports sunflower
oil to more than 100 countries. In the structure of
world exports of sunflower in 2017-2018 Ukraine
occupies the first place, its share is 29 %, which is
about 5 times more than in China [4]. Over the last
decade, Ukraine’s oil and consumer complex has
been characterized by a constant increase in
sunflower oil and meal production. According to
theforecasts of the USA, the production of sunflower
oil and meal in Ukraine in 2019-2020 will increase
and will approximately amount 6,2 million tons of
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oil [4]. Therefore, the high demand for sunflower oil
requires the use of more efficient technologies for its
extraction.

Nowadays there are practically two methods
of extracting oil from sunflower seeds: pressing
and extraction. Each of these methods has its
advantages and disadvantages. The advantage of
the press method is the relatively simple
technological process. The disadvantage is the
high energy costs associated with the use of
complicated metal and expensive equipment. In
addition, the implementation of the press method
results in a low oil extraction only up to 20 %,
since in the meal remains up to 15 % of the oil.
Significant energy costs are associated with the
operation of existing complicated technological
equipment, etc.

The advantage of the extraction method is the
high degree of extraction of oil, which is 97-98 %,
the use of simple technological equipment and lower
energy costs associated with the operation of
technological equipment. The disadvantages of the
extraction method include the need for the usage of
flammable solvents, the complexity of the process of
solvent regeneration, the involvement of highly
qualified service personnel, etc.
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In [5] tendencies of development of the basic
methods of extraction of vegetable oils with the use
of hydrocarbon solvents (gasoline, hexane, heptane,
etc.) are presented. Under industrial conditions,
extraction of vegetable oils with alternative solvents
is performed: acetone, isopropyl alcohol, ethyl
alcohol, binary mixtures of organic solvents or
mixtures with water, liquefied gases or supercritical
liquids [6].

The use of new types of solvents is the basis
for reducing the energy intensity of production.
Traditionally polar organic solvents are used as
solvents. H-hexane is currently the only
commercially available extractant [7]. Methods of
extraction of sunflower oil with ethyl alcohol are
known [8], but using as an solvent in the
hydromodule of absolute alcohol has three times less
refining effect compared to n-hexane [7].

The use of hot pressing compared to cold
requires considerable energy costs for the drying and
heating of the seeds to provide a moisture content of
approximately 5 % and reduce the viscosity of the
oil. The availability of heat transfer equipment
requires additional energy consumption and the use
of more efficient drying methods [11-13].

Taking into consideration these advantages
and disadvantages of traditional methods of
extracting of sunflower oil from seeds, it is more
effective today to combine the two methods pressing
and extraction with good economic justification.

Extraction of the target components from the
vegetable raw material compared to the mineral raw
material is a complicated process. The complexity of
this process is due to the cellular structure of the raw
material and the presence of a low permeable
membrane in the seeds of plants. In addition, the
difficulty of the process is compounded by the fact
that the target component moving within the grain to
the surface of the phase of contact must overcome a
number of barriers that are specific to the complex
grain structure. It should be emphasized that the
movement of the target component in the middle of
the grain to the surface of the phase of contact and
from the surface of the phase of contact to the bulk
of the solution is carried out at different speeds, so
the whole process must be considered as a
combination of intra-diffusion and external-diffusion
mechanisms. It is also important that the speed of the
process of extraction of the target components
depends on whether the component is solid or liquid.
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The impellent of the extraction process depends on
it.

Materials and methods of researches

To establish the mechanism of the process,
experimental researches were conducted to identify
the processes of moving of the components in the the
grain and from the surface to the bulk of the solution.
Experimental researches to establish the mechanism
and kinetic regularities of the process of extraction of
oil from the not grinded and grinded sunflower seeds
were carried out in a Soxhlet apparatus at a boiling
temperature of a solution of 65-67 °C.As the solvent
was used n-hexane. Sunflower seeds were previously
dried to a humidity of 3-5 %, grinded and milled
into fractions with dimensions dpgq = 0,3 mm,
dmid1=0,5 mm, dmidl = 0,75 mm, dmidl = 1,25 mm.
The humidity of seeds was determined by weighting
method. A sample of grinded or not grinded
sunflower seeds (75 g) was poured into a cartridge of
filter paper, which was loaded into the extractor. The
volume of the solvent was 500 ml. The extraction
process was performed at the boiling temperature of
the solvent.

After certain intervals of time, the extraction
process was stopped and samples of the solution
were taken, adding the pure solvent in the amount of
taken sample, and then the mixture was again heated
to the boiling temperature of the solution. Samples
were filtered through a paper filter using a vacuum
pump and the oil concentration was determined by
weight method [14].

The results of the kinetics of the process of
extraction of oil from not grinded and grinded
sunflower seeds of different fractions are presented
in Fig. 1.

The analysis of experimental results presented
in Fig. 1, showed that the extraction process from the
not grinded sunflower seeds proceeds very slowly
and lasts for several days, what is explained by the
complex grain structure. The movement of the target
component (oil) in the grain occurs mainly by the
intra-diffusion mechanism. The transfer of the
substance from the grain surface to the bulk of the
solvent proceeds more intensely by the external
diffusion mechanism. Due to the fact that the slowest
stage determines the speed of the whole process, it
can be assumed that the extraction process for the
not grinded sunflower seeds proceeds mainly by the
intra-diffusion mechanism. As for the grinded seeds
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(curves 1, 2, 3, 4), the process consists of two
periods, which proceed at different speeds — by
internal and external diffusion mechanisms similarly
to oil extraction from the other objects of plant raw
material seeds [1, 2, 8—10].
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Fig. 1. Kinetics of oil extraction for not grinded and
grinded sunflower seeds of different fractions with n-
hexane at the boiling temperature of the solvent in the

apparatus with a mixer: 1 — grinded seeds with
diai = 0,3 mm; 2 — grinded seeds with d ., = 0,5 mm;
3 — grinded seeds with d;;; = 0,75 mm; 4 — grinded seeds
With dyiq = 1,25 mm; 5 — not grinded seeds

The exterior diffusion mechanism is
characterized by a rapid increase of concentration.
The first period is characterized by a slow increase
of concentration, since the penetration of the target
component to the surface of the phase of contact is
mainly occured by internal diffusion. Thus, in
general, the process of oil extraction is carried out by
a mixed internal and external diffusion mechanism.
That is, the reduction of grain particle size in the
case of grinding approximates the kinetics of
extraction to the external diffusion mechanism.

Fig. 2. The structure of the section of sunflower:
1 — membrane partition; 2 — embryo, 3 — perisperm;
4 —cell
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It is important to note that the internal-
diffusion transfer is caused mainly by the complex
grain structure, its thin film, which resists the
penetration of the target component to the surface of
the phase of contact. The complexity of the grain
structure of vegetable raw materials can be
confirmed by similar grain structure shown in Fig. 2,
in the form of section.

Results and discussion

To study and establish the mechanism and
theoretical foundations of the process of extraction
of oil from sunflower seeds, we use the equation
obtained by the method of integral relations for the
extraction processes of the target components of both
mineral and vegetable raw materials, in which the
target components can be solid (sulfur) and liquid
(oil). For mathematical description of the extraction
process with some assumption, a physical model of
grain in the form of a sphere (Fig. 3) is adopted, in
the pores of which the target component is subjected
to be extracted [1, 2, 8-10].
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where T — dimensionlesstime; ¢ — the running time of
extraction; 7 — time of complete extraction of the
target component; @, — the dimension lessradius of a
poro us grain particle (weassume approximately that
thegra in look slikeasphere), in which the target
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chemical interaction criterion; Krg

interaction constant; D — diffusion coefficient.

The values of the Bio criterion and & can be
determined from the equations obtained on the basis
of the method of linearization of equation (1).

The value of @gcorresponding to a specific
extraction time ¢ is determined from the material
balance:

G, =(1-¢)=W"C, 2
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where G, — theinitialmassoftheoilinthegrain, g; W —

volume of solvent in the extractor, I; C — the
concentration of oil in solution, g/1.
The value of @, varies from 0 to 1.
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Fig. 3. Scheme of a simplified physical model of extraction
of target components from sunflowers eeds (0 — film
thickness, C; — the concentration of oil in the main mass
of solution, kg/m’; Ci,— the initial concentration of oil in
the seed, kg/m’)

For the conditions of extraction of oil from
sunflower seeds three mechanisms are possible:
internal-diffusion (g = oo, Bi = ), external-diffusion,
for which (¢ = oo, Bi > 1); mixed external diffusion
and internal diffusion (e = ).

For the internal-diffusion  mechanism
conditions, equation (1) is reduced to the form:

3)

For the diffusion dissolution conditions,
equation (1) is reduced to the form:

t
?=1—3-¢§+2-¢§.

t
?=1—§00- “4)

Equation (4) holds for chemical interaction
and externally-diffusion dissolution, since formally &
= oo for particles of spherical form Bi << 1 and this
condition is not realizedBut in the case of chemical
interaction, provided that € = c and Bi < 1 give
curves of the same nature.

For mixed-diffusion conditions, the equation
is reduced to the form:

; 1—3-90§+2-903+B%'(1—903)
T 1+ 2
Bi

)
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To establish the extraction mechanism, it is
necessary to identify the experimental data from the
kinetics of extraction as a function C = f'(t) with the

theoretical (equation (3)) as a function ® = f
) (®=1-3-¢; +2-¢;)Fig. 4.
R-C
D=—-, (6)
PN

where p — densityoftheparticle, kg/m’; R — the
particle radius, m; # — the oil content per unit mass.

The determined diffusion coefficients for
sunflower oil in the studied range of change of initial
parameters are 1,5-10™"" — 10" m?s.
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Fig. 4. Determination of the diffusion coefficient D

Such a model does not claim high accuracy,
since the structure of the seeds is much more
complex (Fig. 2 where show sections of grain
sunflower).

Analysis of researches of the mechanism and
kinetics of oil extraction from sunflower seeds
showed that the speed of the extraction process also
depends on the size of the grain. Therefore, the
grinding  processes associated with  energy
consumption should be taken into account in the
technological schemes of extraction of components
in the form of the effect of dispersion on the kinetics
of the process.

Assuming that the mass of the oil contained in
the grinded seeds is removed by the internal- M, and
external-diffusion M; mechanism, then at time ¢ will
be extracted the mass of the component M:

M=M,—(M,+M,)=
:Mo'[l_(Pjas "o _(l_a)'(Pj]’
_md, _4r R’
> = =3
where p, — oildensity, kg/m’; n — the number of
particle sonwhichsur faceis the oil; p — the amount of

(7

.po.n’ [‘42 .p.m’



Oil extraction from the sunflower seeds, mechanism and kinetics of the process

oil per unit volume of particle, kg/m’; m — the
number of particles in the pores of which there is oil,
dy — the initial diameter of the particle, m, M, —
initial oil content, kg.

Considering the above conditions,
possible to obtain the equation in the form:

M {1—a£1—iJ—(l—a)x

c="0.
w
3
T,

The equation is valid for conditions of
constant impellent AC = const (AC = C¢q — C)).

In Fig. 5 the effect of grain particle size on the
mechanism of the process is shown. In Fig. 5 the
following areas are available: a = 1 is characterized
by the mechanism of exterior diffusion extraction; o
= 0 is characterized by the mechanism of internal-
diffusion extraction.
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Fig. 5. The influence of the size of the raw material
grinding on the degree of extraction of oil, in the form of
dependence 1 —o = f(d ;)

According to the results of experimental
researches of the process of extraction of sunflower
oil from grinded seeds, in particular, for the
investigated range of fraction 0,3 mm < dyg<
0,75 mm, it is characteristic that the process proceeds
by a mixed (external and internal diffusion)
mechanism, so a compatible process of dissolution
and extraction occurs, for what mass fraction of the
oil in the raw material extracted by a mixed
mechanism for which o lies within 0 <o <I.

For the fraction sunflower seeds with size
dmia = 1,25 mm, the extraction process proceeds
mainly by the intra-diffusion mechanism, that is, for
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which a = 0. For the fraction sunflower seeds with
size dmia<0,3 mm, the extraction process proceeds
mainly by the externally-diffusion mechanism, that
is, for which o < 1.

Conclusions

Consequently, the researches confirmed that
the process is similar to the extraction of the target
components from the seeds of most types of
vegetable raw materials. The kinetics of the mass
transfer process of extraction of sunflower oil from
grinded and not grinded seeds has been investigated.
The analysis of the process indicates that one of the
most influential factors in the process of
intensification of internal transfer is the grinding of
grain, the purpose of which is to break down the
barriers of penetration of the component. For the
investigated range of the fraction dyg™> 0,3 mm is
characterized by the fact that the process proceeds by
a mixed (exterior and intra-diffusion) mechanism, so
a compatible process of dissolution and extraction
occurs.
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EKCTPAKIIAHE BUJTYUYEHHS OJIIi 3 HACIHHSI COHSIIITHUKA,
MEXAHI3M TA KIHETUKA ITPOLHECY

HaBeneHno pe3yJbTaTH AOC/IIKEHb BUJIYYEHHS 0JIii 3 HemoApiOHEHOro Ta MOAPIOHEHOro HACIHHS
COHSIIIHMKA Pi3HUX (ppakuiil MeTonOM exkcTparyBaHHs. JlocaiizkeHO MexaHi3M eKCTparyBaHHs Ta KiHETHKY
npouecy. Ilokazano, mo npouec BUIYy4YeHHsI OJil 3 HACIHHAI COHSINIHUKA CKJIAJHUNA 1 cKIamaerbes i i3

BHYTpPilIHBO-IM(Yy3iiiHoro, i

30BHIiIIHBO-IU(Y3iHHOr0 mnepeHeceHHs OJil.

Bka3zaHo, mo mnpomec €

AHAJIOTIYHMM eKCTPaKUiliHOMY BUJIYYeHHI0 IIJIbOBMX KOMIIOHEHTIB i3 HaciHHs OlIbIIOCTI BHIIB POCIMHHOL

CHUPOBHUHH. Has c¢acHa METOIUKA

CKCIIEPUMEHTAJILHOI 0

BU3HaYeHHsA Koe(imienTa audysii gk

HaNOBiNBbHINION cTaail mpouecy, sika BU3HAYA€ MBUAKICTH BCHOro npouecy ekcrparyBanns. Ilokazano, mo
BUWJIYYeHHSI OJIii METOAOM eKCTpPAaryBaHHsi MOKHA 3iliicHUTH edeKTHBHilIe NOPIBHAHO 3 MeTOAOM
npecyBaHHs, 0CO0JIMBO Y THX BUIIAIKAX, KOJIU BMICT 0J1ii B HACiHHI HU3bKMIi.

Ki104o0Bi c10Ba: ekcTparyBaHHsl, HACIHHSI COHSIIIHMKA, KIHETHKA eKCTParyBaHHs, H-TeKCaH.
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