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Abstract: Sunflower is a major agricultural oilseed crop, and the Republic of Kazakhstan has been
steadily strengthening its position as a producer of oilseeds. In this study, an oil pressing machine
with two processes, including grinding sunflower seeds and pressing the obtained cake to separate
the oil, is constructed. The experiment investigated the impact of different grinding degrees (hole
diameters of plates of 5 mm, 4 mm, 3 mm, and 2 mm) and screw rotation speeds (ranging from
30 rpm to 250 rpm) on oil pressing efficiency. The study used sunflower seeds with an oil content of
45-47% and moisture of 7-9%. The results showed that increasing the grinding degree and screw
rotation speed led to higher oil yield. The optimal condition was a grinding degree of 4 mm and
a screw rotation speed of 60 rpm, resulting in the highest oil yield of 15.6 g/s. Additionally, the
residual oil content of the seed cake decreased significantly as pressure increased during pressing,
particularly with 4 mm grinding. Power consumption increased with higher screw rotation speeds
and finer grinding degrees, indicating the influence of grinding components on energy demand. The
cake density increased with higher screw rotation speeds and finer grinding degrees, highlighting
the impact of grinding mechanisms on cake compactness. Moreover, the temperature of the cake
rose with increased screw rotation speed and the presence of grinding sieves. These findings provide
valuable insights into optimizing the sunflower oil pressing process, highlighting the importance
of selecting appropriate grinding degrees and screw rotation speeds to maximize oil yield and
pressing efficiency.
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1. Introduction

Vegetable oil processing belongs to the essential sectors of the food industry. Veg-
etable oil is used in the food industry, in food production, and as a raw material in the
chemical and medical industries. Since 2011, the Republic of Kazakhstan has been steadily
strengthening its position as a producer of oilseeds. The most popular type of vegetable
oil in Kazakhstan is sunflower oil; it is consumed by almost 96% of Kazakh families [1].
Sunflower is a major agricultural oilseed crop. In order to ensure food security in the
Republic of Kazakhstan, measures are being taken to increase the production of oilseeds.
In Kazakhstan, the Northern, Eastern, and part of Western regions are the leaders in sun-
flower cultivation [2]. The sowing area for sunflower seeds increased from 960.5 thousand
hectares in 2021 to 1 million hectares in 2022. There are more than 36 high-yielding varieties
and hybrids of sunflower, which are characterized by high oil content (46-52%) and low
huskiness (23-28%). Production of unrefined sunflower oil in the Republic of Kazakhstan
at the end of 2022 increased twofold compared to 2021. At the end of 2021, Kazakhstan
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oil plants produced 183.6 thousand tonnes of unrefined sunflower oil. In 2022 (from Jan-
uary to November), the processing companies produced 337.6 thousand tonnes of these
products [3,4].

Sunflower oil is a widely consumed and valuable vegetable oil known for its various
culinary, industrial, and nutritional applications. Its extraction can be achieved through
different methods, such as hard pressing, prepress solvent extraction, expeller pressing
(also known as cold pressing), and aqueous extraction [5]. At present, the continuous
method of pressing on screw presses is mainly used. It is effective not only because it
provides for the mandatory inclusion of screw presses in continuous action lines, but also
allows for the complete mechanization of production processes [6,7].

The screw press, operating within a cylindrical cage, exerts high pressure on the
material, resulting in oil extraction. The process begins with feeding the processed sun-
flower seeds into the hopper of the screw press. Preheating the pressing cage raises the
temperature before the actual pressing. As the screw rotates, it pushes the seeds forward
against the pressing cage, creating pressure and friction that lead to oil extraction. The oil
flows through the gaps in the pressing cage and is collected, while the remaining crushed
seeds form the seed cake [8,9]. Using a screw press ensures a mechanical extraction method
without additional chemicals, preserving the oil’s quality and nutrient content. The effi-
ciency of oil recovery from sunflower seeds through this method typically ranges from
86% to 92% [10,11]. During the pressing process, several physical changes occur in the
sunflower seeds. The compression exerted on the seeds in the pressing chamber causes
them to be crushed and flattened. Squeezing, induced by the pressure and friction from the
rotating screw, separates the oil from the solid components of the seeds [12]. The applied
pressure can also create cracks in the seeds, facilitating easier oil extraction. The resulting
seed cake contains the solid material after oil extraction, rich in protein and dietary fiber,
and suitable for use as animal feed [13,14].

Oilseed screw press manufacturers are mainly focused on the production of large-sized
and high-capacity screw presses. For example, the screw presses of Goyum Company
(Punjab, India) produce oil presses for high-capacity oil millers (up to 250 tons per day) [15].
Screw presses of MIKIM Machinery (Tianjin, China) are characterized by high capacity (up
to 14 tons per day) and high oil yield [16]. In addition to large-sized and highly productive
presses, more compact oil presses are produced, specially designed for mini-enterprises
and farms. For example, Farmet Company (Ceska Skalice, Czech Republic) is producing
screw presses for pressing oilseeds without preliminary preparation of the processed raw
material. The equipment has low requirements for installation space and a very simple
setup. The presses are an ideal solution for small and medium-sized farms [17]. Jasko
Company (Volgograd, Russia) produces small-sized cold presses with a capacity of up to
60 kg/h. The temperature of the oil at the outlet of the oil press does not exceed 60 °C, as a
result of which its beneficial and therapeutic properties are preserved [18]. The Moldavian
plant JSC “Alimentarmash” produces the press of the final pressing of oil of the M8-MShP
brand with a capacity not less than 7 tons per day, and the residual oil content of the oil
cake is not more than 12% [19]. Jain and Jain (2015) developed a design of continuous spiral
screws for screw-press oil expellers. The oil flow rate for sunflower oilseeds was 0.003 kg /s
at a screw speed of 48 rpm [20].

Known technical solutions for pressing oilseed raw materials have low efficiency, do
not always provide high oil yield, and consume a lot of energy. Thus, an important task
is to develop a small-sized, low-energy-consuming screw press used in the conditions
of farms with small production volumes. The use of a combined press in production
conditions will intensify the process of oil separation due to the preliminary crushing of
the seed kernel to mint condition. Existing pressing equipment is mainly intended for
large-capacity enterprises, is highly productive and energy-intensive, and is not entirely
rational for equipping small and medium-sized enterprises. In addition, there are a number
of disadvantages in the pressing process that have not yet been resolved. These include
the high pressure required for pressing the product and the associated increased energy
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consumption, and an increase in the number of additional operations before and after
pressing, in particular, for pre-grinding the raw material before pressing; loss of raw
material during interoperation transportation; and an increase in labor costs.

In this regard, as one of the options for intensifying production processes, it is relevant
to combine a number of processes in one unit of equipment. It should also be noted that
when pressing the product, issues such as establishing and maintaining the duration of
pressing, pressing pressure, and residual oil content of the cake are very important, and
without taking these factors into account, it is impossible to come to the right engineering
solutions [21-23]. Understanding the underlying physical changes during sunflower seed
pressing is essential for optimizing the extraction process and achieving higher oil yields.
Factors such as the seed moisture content, pressing temperature, and screw press design
influence specific physical transformations. Further research and experimentation will
provide valuable insights to enhance the efficiency and sustainability of sunflower seed
oil extraction.

The scientific novelty of this work lies in the development of a press design that
allows for combining the processes of grinding and pressing sunflower seeds to obtain
high-quality sunflower oil. The aim of the work is to improve the pressing process on the
basis of combined processes of grinding and pressing in one piece of equipment and to
study the influence of the degree of grinding of sunflower seeds and the speed of rotation
of the press screw on the oil pressing process.

2. Materials and Methods
2.1. Study Objects

The material for the study is sunflower seeds of the variety “Kazakhstan 1”7, which
were subjected to peeling. The oil content of the seeds is 45-47%, and moisture 7-9%.

2.2. Determination of Residual Oil Content of Seed Cake

The essence of the method consists of the extraction of crude oil from the sample with
diethyl or petroleum ether in a Soxhlet apparatus, removal of the solvent, and weighing of
the defatted residue, according to the procedure described in GOST 13496.15-2016 [24].

The mass fraction of crude fat Xy, %, in the analyzed sample on the absolute dry
matter is calculated by Formula (1):
my —

2 713 100, )
myp — myq

X; =
where my—mass of the bucket with the bag and sample before defatting, g;
mz—mass of the bucket with the bag and sample after defatting, g;
mi—mass of the dried bucket with bag, g;
100—percentage conversion factor.

2.3. Determining the Power Required for Pressing

The measuring bench (Figure 1) consists of voltmeter 1, ammeter 2, and phase meter 3
(device for measuring “cos¢”). All devices are included in the electric circuit controlling the
electric motors of the unit drive. To determine the power characteristics of the experimental
unit, a methodology was developed, the essence of which is to find the power determined
by the values of current, voltage, and cos¢, directly measured with these devices [25].

To measure the current, voltage, and cosg, sunflower seeds were loaded into the
hopper of a screw press. Then, the electric motor was switched on. The corresponding
values of electrical quantities were recorded on the instruments using a WEB camera
connected to a computer. After that, the results of measurements were processed on
the computer.
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Figure 1. Measuring stand for determining the energy characteristics of a screw press. 1—electricity
meter; 2—switch; 3—ammeter; 4—voltmeter; 5—phase meter.

During pressing, the power N can be determined by Formula (2):
N = \/EU-I-cosq) 2)

where U—voltage indicated by the voltmeter, V;
I—current intensity indicated by the ammeter, A;
cosp—power factor.

2.4. Determination of the Density of Oil Cake

Three batches of 5 g each of cake were introduced into a noncorrosive steel mesh
basket with a thickness of 0.6 mm. Prior to conducting the experiment, the weight of the
mesh basket with hangers was measured. Subsequently, the mesh basket was placed inside
a measuring cup filled with ethyl ether, which was then placed in a thermostatic vessel
with the water temperature maintained at 20 £ 0.5 °C. To eliminate any air bubbles from
the mesh basket containing the cake, the ether in the beaker was stirred. The readings
on the measuring instruments were adjusted using weights that were suspended on the
beaker’s arm [26].

The volume of safflower cake in each sample V (m?) was determined by Equation (3):

My — My
Ox

V= 3)

where m;, mp—mass, respectively, of the load and the sample, kg;
psx—density of ether at 20 °C, kg/m?.

The density of seed cake in each sample p (kg/ m?) was calculated by Equation (4):

4)

<I3

p:

where V—the volume of sample, m;
mp—weight of sample, kg.
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The density of dry seed cake p, (kg/m?) was determined by Equation (5):
_ p:(100-V)
be="00—wp 5)

where W—moisture content of safflower cake, %.

2.5. Statistics

The results of measurements were analyzed using Excel 2007 and Statistica 12 PL soft-
ware (StatSoft, Inc., Tulsa, OK, USA). The differences between the samples were evaluated
using a one-way ANOVA. A p-value < 0.05 was considered statistically significant.

3. Results and Discussion
3.1. Experimental Unit Design Characterization

According to Figure 2, the experimental press consists of the following main parts:
a cylindrical body 1, a hopper 2, and a drain pan for collecting the liquid fraction 3. The
cylindrical body 1 consists of grinding and pressing chambers. The grinding chamber is
constructed of a conveying screw 4 and a grinding mechanism comprising a receiving
plate 5 and a grinding plate 6, a knife 7, and a ring 8 mounted on the outside of the knife
(Figures 3-5). Three holes are cut on the receiving plate 5, and the holes are made in the
direction of the raw material flow.

17 2 1 4 5 87610 9 11 12
i [~ 5

16 T il A ==
14 y=—V—
s

Figure 2. Schematic diagram of the oil screw press. 1—cylindrical frame; 2—hopper; 3—tray for
collecting liquid fraction; 4—conveying screw; 5—receiving plate; 6—cutting plate; 7—knife; 8—ring;
9—pressing screw; 10—Zeer cylinder; 11—diaphragm cone grating; 12—clamping nut; 13—electric
motor; 14—worm gearbox; 15—V-belt transmission; 16—chain transmission; 17—bearing support;
18—Dbase.

Figure 3. Conveying screw.



Appl. Sci. 2023, 13, 9958

60of 19

Figure 4. Receiving plate.

Figure 5. Grinding plate set.

The constructed grinding mechanism is a multi-pass screw-shaped knife, of which the
angle of the screw lines elevation is in the range of 15 < 45 degrees (Figure 6). Its design
consists of two cutting edges 1, 2; front surface 3; and pressing and forcing surfaces. The
length of the knife rotation axis is taken equal to one-third of the knife diameter and greater
than the width of the outer ring.

Figure 6. Helical knife. 1—cutting edge; 2—front surface; 3, 4—pressing and pressurizing surfaces.
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The pressing chamber consists of a Zeer cylinder 10 and a pressing screw 9 installed
therein (Figures 7 and 8). The press chamber is made collapsible for easy disassembly of the
press due to the difficulty of sanitary treatment of the Zeer cylinder 10. The pressure on the
oilseeds is produced under the influence of the sequential increase in the diameter of the
shaft of the pressing screw 9 in the direction of seed movement. The pitch of turns of the
pressing screw 9 is constant, and the thickness of the turns is uniformly and consistently
increased in the direction of the product movement.

Figure 8. Zeer cylinder.

A uniform pitch of the screw guarantees constant equipment performance, and a uni-
form and sequential increase in the thickness of the screw in the direction of product
movement increases the strength and reliability of the design. On the inner surface of
the Zeer cylinder, grooves are cut for the flow of the liquid fraction through the holes,
providing resistance to the rotation of the cake together with the screw and improving its
transportation. At the end of the cylindrical body, a diaphragm cone and a tightening nut
are installed (Figure 9). Holes are made in the diaphragm cone for thermoplastic molding
(granulation) of the cake.

According to Figure 10, the press drive consists of an electric motor 13, a worm
gearbox 14, and a V-belt transmission 15. The worm gearbox 14 is connected to the tail
bearing support 17 via the chain transmission 16. The shafts of the press are connected to the
tail bearing support, which is fixed to the welded frame 18. During the research, the speed
of rotation of the shafts was changed by changing the pulleys of the V-belt transmission.
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Figure 10. General view of the experimental press.

The press works as follows: sunflower seeds are loaded into hopper 2, from where
they enter cylindrical body 1 with cut grooves, and are transported by screw 4 to the
grinding mechanism, where they are ground. The ground meal passing through the
pressing chamber is pressed by pressing screw 9. The oil separated from the cake, through
the holes located in the grain cylinder 10 and cylindrical body 1, drains into a tray 3 for oil
collection, installed in the lower part of the cylindrical body. The pressed cake in granulated
form is removed through an adjustable conical grate (Figures 11 and 12).

The obtained sunflower oil by organoleptic and physicochemical indicators meets the
requirements of normative documents for vegetable oils. Thus, by smell and taste, it is
characterized as sunflower oil without extraneous odor, taste, and bitterness and meets the
normative indicators. The acid number was 2.3 mg KOH/g, and the peroxide number was
not more than 8 mmol/kg, which also does not exceed the normative indicators (4.0 mg
KOH/ g for acid number, 10 mmol/kg for peroxide number). In the obtained oil, the mass
fraction of moisture and volatile substances is not more than 0.16%, and the mass fraction
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of non-fatty impurities is not more than 0.07%. According to food safety, no heavy metals,
pesticides, and mycotoxins were detected in the oil (Supplementary File Table S1). Thus,
the analyzed samples of sunflower oil showed full compliance with the requirements of
normative and technical documentation on quality and safety indicators. This indicates the
use of high-quality raw materials and the efficient process of pressing sunflower seeds on
the designed press.

Figure 11. Pressed granulated seed cake.

Figure 12. The oil separated from the cake.

3.2. Study of the Degree of Grinding and Screw Rotation Speed on the Oil Mass Flow Rate

The mass yield of oil was the primary outcome measure to assess the efficiency of
the pressing machine under different conditions. At a screw rotation speed of 30 rpm, the
results indicated that without pre-grinding, the oil output was 10.8 g/s. However, as the
grinding degree increased, the oil yield also increased (p < 0.05), reaching 12.6 g/s when
ground to 5 mm and 15.3 g/s when ground to 4 mm. Further reduction in grinding size to
3 mm resulted in a decreased oil output of 8.4 g/s, while grinding to 2 mm led to a further
decrease to 6.9 g/s (p < 0.05). The same trends were observed when the screw rotation
speed was increased to 60, 120, and 250 rpm (Figure 13).
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Figure 13. Dependence of oil mass flow rate on the degree of sunflower seed grinding and screw
rotation speed (different letters above the lines indicate significant differences between samples,
p < 0.05).

The findings from this study provide valuable insights into the optimal conditions for
sunflower oil pressing. The results indicate that a grinding degree of 4 mm consistently
yielded higher oil outputs across different screw rotation speeds. Additionally, a lower
screw rotation speed of 60 rpm appeared to be optimal for achieving higher oil yields, as it
consistently outperformed the higher speeds of 120 rpm and 250 rpm.

As can be seen from Figure 13, the most optimal degree of grinding is the use of
the plate with a hole diameter of 4 mm and a screw rotation speed of 60 rpm. At these
parameters, the highest oil yield (15.6 g/s) was registered. Increasing the rotational speed
leads to an insufficient pressing duration, i.e., to incomplete oil extraction from sunflower
seeds and to an increase in the power required for pressing.

Deli et al. (2011) investigated the pressing of black seeds using a KOMET Screw Oil
Expeller with a shaft screw diameter of 11 mm and nozzle sizes of 6 and 10 mm. They
achieved the highest oil yield of 65% under these specific conditions [27]. It is worth noting
that their study involved a different seed type and equipment specifications compared to
our research. Harmanto et al. (2009) studied Jatropha seeds pressing with a screw press
and found that the highest oil yield was obtained at a rotational speed of 45 rpm and
nozzle size of 6 mm [28]. Although they worked with a different seed type, rotational
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speed, and nozzle size, their findings align with our observations that adjusting operational
parameters can influence the oil yield. Mursalykova et al. (2023) investigated the pressing
of safflower seeds using a RAWMID Dream Modern oil press. They reported the highest
oil yield at a diaphragm gap of 6 = 0.1 mm and a screw rotation speed of w = 6.2 rad/s
(372 rpm) [29]. Their research, focusing on safflower seeds and a specific oil press model,
reinforces the notion that optimizing operational parameters can enhance oil yield.

In line with Bogaert et al. (2018), our results also support the idea that increasing
the rotation speed of the screw press can enhance its capacity and decrease the passage
time [30]. However, it is important to note that higher rotation speeds may result in
a reduced extraction yield and specific energy consumption, implying the need for a careful
balance between efficiency and oil yield.

Opverall, comparing our findings with other research results showcases the significance
of adjusting pressing parameters to achieve optimal oil yield. The specific characteristics of
the seeds, equipment, and experimental conditions in each study contribute to variations
in the outcomes. Our research provides valuable insights into the pressing of sunflower
seeds, demonstrating the influence of the grinding size and screw rotation speed on the oil
yield. Future investigations exploring additional parameter combinations to optimize the
oil extraction process for sunflower seeds can further build on these findings.

3.3. Study of the Degree of Grinding and Squeeze Pressure on the Residual Oil Content of
Seed Cake

At the next stage of research, we determined the residual oil content, depending on the
screw pressing pressure and the degree of sunflower seed grinding. Residual oil content
is an important indicator of the efficiency of the pressing process and the quality of the
obtained oil. If the initial oil content of seeds before pressing was 45%, then with the
beginning of pressing and the gradual increase of pressure inside the pressing chamber, the
cake oil content decreases significantly (p < 0.05). At that, the most significant reduction
(p < 0.05) of seed cake oil content was recorded when seeds were ground with the use of
a plate with a diameter of holes at 4 mm. It should be noted that grinding through 2 mm
and 3 mm plates and further pressing does not lead to the desired oil yield (residual oil
cake fat content is high) (Figure 14). It is known that a low residual o0il content indicates
high oil extraction efficiency and good quality of the oil product, as most of the oil has been
removed from the raw material. On the contrary, a high residual oil content may indicate
an inefficient pressing process or equipment problems [31,32].

In a screw press, the seeds are moved along a helical screw, and under the influence
of the screw rotation, the pressure increases along the length of the press. This causes
compression and crushing of the raw material, which results in the release of oil from
the seed. The screw, as it rotates, grabs the sunflower seed coming from the feed hopper
and pushes it forward, increasing the pressure in the raw material from the feed area
to the matrix. The pressurized seeds are enclosed between the moving surfaces (base
and side walls of the screw channel) and the stationary inner surface of the housing
(cylinder) [33,34]. On the other hand, due to the increased pressure in the molding head
(matrix), a counterflow (backflow) also occurs, which can be considered as a flow of material
in the opposite direction from the molding head to the loading zone [35,36].

In typical oil extraction from oilseeds, the yield is limited by the fact that the applied
mechanical pressure has two opposing effects: On the one hand, the pressure acts as a
driving force for oil extraction. On the other hand, under the influence of pressure, the
compaction of the oilseed material leads to a reduction in the oil flow and, thus, reduces
the pressing capacity [37,38].
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Figure 14. Dependence of residual oil content of cake on squeeze pressure and degree of grinding
(different letters above the lines indicate significant differences between samples, p < 0.05).

3.4. Study of the Degree of Grinding and Screw Rotation Speed on the Power Consumption of
Screw Press

The power consumption of the press was measured to evaluate the energy require-
ments for pressing the cake under different grinding degrees and screw rotation speeds.
The obtained data provided insights into the optimal parameters for efficient oil pressing.

The results revealed that increasing the screw rotation speed during the pressing
process led to a corresponding increase (p < 0.05) in power consumption. For instance,
at a screw rotation speed of 30 rpm, the power consumption varied depending on the
grinding degree, ranging from 0.48 kW without pre-grinding to 2.88 kW when the seeds
were ground to 2 mm. Similarly, at higher screw rotation speeds of 60 rpm, 120 rpm, and
250 rpm, the power consumption increased consistently (p < 0.05) with finer grinding
degrees (Figure 15).

Moreover, the installation of grinding sieves with smaller hole diameters resulted in
higher power consumption compared to pressing without the use of grinding mechanisms.
This indicates that the presence of grinding components in the oil pressing process imposes
an additional energy demand.

As can be seen from Figure 15, the capacity of the oil press increases with increasing
screw speed. This trend is due to the increase in the amount of seed mass that passes
through the press in a certain period of time. This results in a heavier load on the screw
and increases the power required to move it and press the seed. In addition, the pressure
generated by the screw increases, resulting in an increase in the force that must be applied
to compress the raw material and squeeze out the oil.

When grinding and pressing processes are combined, the power required to overcome
the cutting and squeezing forces through the grids also increases. The smaller the diameter
of the grinding plate, the more power is required for the operation.
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Figure 15. Dependence of power on the degree of sunflower seed grinding and screw rotation speed
(different letters above the lines indicate significant differences between samples, p < 0.05).

3.5. Study of the Degree of Grinding and Screw Rotation Speed on the Cake Density of Seed Cake

In accordance with Figure 16, the change of cake density depending on the degree
of grinding and screw rotation speed was investigated. The density of the cake obtained
after pressing was measured as the primary outcome. The data obtained at different screw
rotation speeds and grinding degrees were analyzed to identify the optimal parameters
for the oil pressing process. The results indicated that increasing the screw rotation speed
during the pressing of sunflower seeds led to an increase in the density of the cake (p < 0.05).
For instance, at a screw rotation speed of 30 rpm, the density of the cake varied depending
on the grinding degree. Without pre-grinding, the density was 367 kg/m?, while grinding
to 2 mm resulted in a density of 1467 kg/m?>. At higher screw rotation speeds, such as
60 rpm, 120 rpm, and 250 rpm, similar trends were observed, with denser cakes produced
as the grinding degree decreased.

Additionally, the installation of grinding sieves with smaller hole diameters also
contributed to an increase in cake density compared to using the oil press without grind-
ing mechanisms. This suggests that the presence of grinding components enhances the
compactness of the cake during the pressing process.

A significant increase in cake density is observed both when increasing the screw
speed and when grinding the cake with different hole diameters. The increase in density is
due to more intensive compression during grinding in the “knife-plate” system, and more
intensive compression in the pressing chamber due to increased screw speed and pressure
in the chamber, as well as greater squeezing of oil from the cake.
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Figure 16. Dependence of cake density on the degree of sunflower seed grinding and screw rotation
speed (different letters above the lines indicate significant differences between samples, p < 0.05).

3.6. Study of the Degree of Grinding and Screw Rotation Speed on the Temperature of Seed Cake

The obtained data revealed the temperature of the cake after pressing at different
screw rotation speeds. At a screw rotation speed of 30 rpm, the cake temperature ranged
from 92 °C to 105 °C, depending on the grinding degree. Increasing the screw rotation
speed to 60 rpm led to slightly higher temperatures, ranging from 93 °C to 106 °C. Further
increasing the speed to 120 rpm and 250 rpm resulted in temperatures ranging from 95 °C
to 107 °C and 108 °C, respectively (Figure 17).

The findings indicate that increasing the screw rotation speed during the pressing
process leads to an elevation in the temperature of the cake. Moreover, the installation
of grinding sieves with smaller hole diameters also contributes to an increase in the cake
temperature compared to the oil press without such grinding mechanisms.

These results offer valuable insights for optimizing oil pressing operations. It is
important to consider the desired temperature range for the cake during the pressing
process, as temperature can influence the quality and characteristics of the extracted oil.
Depending on the specific requirements, operators can adjust the screw rotation speed
and choose appropriate grinding sieves to achieve the desired temperature conditions for
the cake.

The degree of grinding significantly affects the temperature of the cake after pressing.
Thus, if the temperature of the cake after pressing without preliminary grinding was 92 °C,
then grinding the cake through a 2 mm grating raises the temperature at the output to
105 °C. At the same time, the increase in the number of revolutions insignificantly affects
the temperature of the cake after pressing.

The main factors of the cake temperature increase are mechanical friction due to the
screw rotation speed, the work of grinding elements (knife and grid), intensive compression
of the cake, and energy conversion into heat.
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Figure 17. Dependence of temperature of seed cake on the degree of sunflower seed grinding and
screw rotation speed (different letters above the lines indicate significant differences between samples,
p <0.05).

3.7. Theoretical Calculations of Product Movement in the Screw Press

The equations describing the movement of raw materials are compiled, and their
solutions are proposed.
The continuity equation for the steady fluid motion % = O is as follows:
divo = 0 or
dvy Ovy  Ju,

ox Tay Tz Y ©)

For an incompressible fluid divo = 0, the equations of the motion of a viscous fluid
are described by the Navier-Stokes equation [39,40].
—
d 1
d—z =F— Egmd? + VAT, (7)
Accordingly, according to Figure 18a,b, we consider the acting pressure forces along
the x, y, z axes before and after grinding.
Accordingly, since the surface of the uncrushed product is curvilinear (Figure 18a),
during the pressing process, the forces form a system of non-parallel forces, and the force
dF is divided into components [41]:

dFy = pxdScosa
dFy = pydScosB ;, 8)
dF, = p,dS cos vy

where «, B, y—angles of inclination of elementary forces to coordinate axes, which are
different for different sites dS.
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(a) product before grinding (b) product after grinding

Figure 18. Pressure forces acting before and after grinding. 1—outer surface of the sunflower
seeds; 2—macro and micro capillaries consisting of the liquid phase; 3—new surfaces after the
grinding process.

Accordingly, if we take into account all acting forces on the new surfaces of the product
after grinding (Figure 18b) and determine the pressure on these surfaces, it is necessary to
find the corresponding projections of the equal force:

fx =YX p,dScosa
fy =X pydScosB ;, 9)
f» =Y. p.dScosy

From here, f = ,/f2 +fy2 + f2, where cosa = %, cosf = %, cosy = J}—Z

If the pressure p along the length of the channel / and with a variable radius r; is equal
to the pressure change Ap, to solve the problem of the mechanics of the homogeneous
medium on the basis of the first Equation (1) and taking into account the pressure forces
f- = Ap-7t-14?, and the force acting on the side surface is equal to fyu, = yg—lz’~2n-rt-l, then
the pressure drop can be written in the following form, kPa:

_ B yvz 1-n
Ap = exp(oc,n)HF( p ) I-krctga, (10)

Here, it must be taken into account that the inclination angle tga = (%)141 of the
ground product depends on the pitch W = 5;-cosa.

For fluids that follow the power law [42,43], the velocity of the product in the channel
(Figure 19) along the z-axis (m/s) will be expressed by the formula:

1
_ o e (dpy ]
vz_1+3n[2y(d2>] ’ (1)

where r;—internal radius of rotation of the screw channel, m.

SN T LT T P T T T T AT LT LI

T |||8|||H||||||||||||||||||||||||||||||||||H||||||

Figure 19. Geometrical scheme of a Zeer cylinder.
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Taking into account the effect of pressing pressure on the formation of fat capillar-
ies on the surface of the product during the pressing process, based on the theory of
Buckingham [44,45], we determine the volume flow rate of separated oil by the following
equation, m3/s.

The output of the product in the screw channel can be written in the following
form, m3/s:

ndpH*

Q0 = Jog /() 12)

where f(i) = [1 — i+ %iﬂ—grinding function;

i—grinding ratio;
H—height of the lifting of raw material by the screw, 1073 m;
W—width of the screw channel, 1073 m.

By dropping the pressing pressure due to the interaction of pressures during the
separation of the liquid phase from the newly formed surfaces under the influence of
grinding, we determine the required power for pressing.

During the grinding process and the separation of the liquid phase from the new
surfaces by direct pressure contact, it is possible to reduce the pressure and power, kW:

iV vy

1% Na, (13)

where p—liquid density, kg/m?; V—volume of extracted liquid, m3; I—length of screw
channel, m; 7,—power reserve factor; w—rotation speed, rad/s; 7—drive efficiency.

4. Conclusions

The current study aimed to evaluate the performance of a designed oil pressing
machine for sunflower seeds. The novelty in this research is centered around the creation
of a press design that effectively integrates the procedures of sunflower seed grinding and
pressing, resulting in the production of sunflower oil. The machine incorporated two main
processes: grinding the seeds and pressing the obtained cake to extract the oil. This was
achieved using a two-screw system, where the first screw transported the seeds to the
knife and plate with holes, and the second screw conducted the crushing and squeezing
of the cake, allowing the oil to drain through a Zeer (drainage) cylinder while expelling
the cake through an outlet grid. Overall, the findings suggest that the optimal parameters
for oil pressing involve a balance between screw rotation speed, grinding degree, and
power consumption. It is essential to consider both the oil yield and the energy efficiency
of the pressing machine. The results imply that moderate screw rotation speeds of 60 rpm
and grinding degrees of 4 mm may provide an optimal balance between oil extraction
efficiency and power consumption. Based on these findings, it can be inferred that optimal
oil pressing parameters involve a combination of lower screw rotation speeds and finer
grinding degrees. Further investigations can focus on exploring additional parameters,
such as temperature and moisture content, to enhance the overall efficiency and quality of
oil extraction.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/app13179958 /51, Table S1: Physico-chemical parameters of
sunflower oil obtained after pressing.
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