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Abstract. The article grounds a necessity of liquid media control using refractometer. A
method for monitoring liquid media, including mixtures, using refractometric measurements
is proposed. A system of equations has been developed to determine the composition of the
medium, which consists of components that have not reacted chemically. The results of
experimental studies are presented.
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Annotanuga. OO0ocHOBaHAa HEOOXOAMMOCTH KOHTPOJS XKUIKUX CPeld C WCIIOJIb30BaHUEM
pedpakromerpa. [IpemroxkeHa MeTOAMKA KOHTPOJIS XUAKWUX Cpel, BKIIOYAasT CMECH, C
KCIIO/Ib30BaHKEM pedpakToMeTpuueckux mamepeHuil. CocTaBjieHa CUCTEMa YPaBHEHUIA s
OIlpe/IeJIEHUs COCTaBa Cpelibl, KOTOpasi COCTOUT U3 KOMIIOHEHT, He BCTYIUBILMX MEXIY COOO0M
B XMMUYECKYI0 peakiuio. [IpeacTaBieHbl pe3yabTaThl 9KCIEPUMEHTAIbHBIX UCCICI0BAHMIA.
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Introduction

A person who takes care of his/her health [1—3] is constantly thinking about what foods he/she
will eat and how it may affect his/her health. To do this, many carry out express control of their
health [4, 5]. In the human diet, very popular dishes that require frying on vegetable oil or dishes
that add the same oil (for example, vegetable salads). Thanks to the content of vitamin E and unsat-
urated fatty acids, vegetable oil is healthy for the prevention of atherosclerosis, myocardial infarction
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and other cardiovascular diseases. The rise in prices for all services and goods has led to a deterio-
ration in the quality of oil for various reasons. The number of oil treatment cycles is reduced, less
valuable oils (soy, cotton, rape and others) are brought into sunflower oil, and refined and unrefined
oils are mixed with many others. It is very difficult to determine the substitution in such mixtures
using express control devices. This is done using chemical techniques or high-resolution spectrom-
eters [6 —9]. This control is possible only in a stationary laboratory. The X-ray rapid monitoring
devices developed do not meet the requirements for this task, because the chemical composition
and physical structure of the test sample must not change during the tests. This test, in the event of
a detected deviation, should be further studied by a stationary laboratory for confirmation. This is
especially true in the case of mixing refined and unrefined oil. Unrefined oil contains phosphates,
fat-soluble vitamins (A, E, K), waxes, carotene, aromatics and other compounds. Unrefined oil
cannot be stored for a long time, quickly becomes turbid and is not suitable for frying unlike refined.
The use of such a mixture can lead to great harm to human health.

Currently, a large number of small and mobile refractometers of various types have been devel-
oped for express control of various liquid media with an error in measuring the refractive index
n to 0.00005 [10 —14]. These instruments operate on the phenomenon of full internal reflection,
and their measurement does not take into account a number of features. These features appear
both in #» measurements and in the composition of the mixture. This is especially true for the
study of different oils. Therefore, the aim of the work is to establish these features for edible oils
and add-on methods of controlling mixtures of edible oils with new ratios for unique determina-
tion of mixture composition of two components.

Features of control of the mixture of edible oils

In the express control of edible oil it is important to take into account one of the features - refine-
ment or unrefinement of oil. This will make it possible to properly process the results in the future
to determine the composition of the mixture of two oils and their concentration. To do this, at the
place of sampling it is necessary to determine this condition of the oil using refraction. We assume
we don’t know what kind of oil we’re testing, except it’s edible. The technique has been developed
that allows the refinement of the oil to be determined using two measurements of the position of the
light-shadow by using total internal reflection (TIR) and frustrated total internal reflection (FTIR).
Measurements to determine the position of the border shadow-light on the frustrated total internal
reflection in industrial structures refractometers for express control cannot be realized. Therefore, it
will be necessary to use a different design of the refractometer. The unrefined oil contains various
components and dyes. Due to the presence of these components, the border shadow-light on the
FTIR will be significantly different from the border shadow-light for TIR. In a mixture of refined
and unrefined oil, the difference in the structure of light-shadow boundaries will depend on the
ratio between the concentrations of these oils in the test mixture. If the unrefined oil is expired, a
turbid sediment is formed at the bottom of the bottle. In order not to change the color of the oil,
usually drain the top transparent layer and add it to refined or unrefined oil. In the expired unre-
fined oil, heavy components and dyes fall into the precipitation. Waxes remain in the top layer of
oil. The refractive index of wax n  varies from 1.4445 to 1.4473. The original sunflower oil has a
higher refractive index (on the order of 1.46—1.47 depending on the region of production). The top
layer of expired unrefined oil will have a lower refractive index than the original expired oil due to
the presence of wax. Since the size of the wax molecule in the oil is very small, the light scattering
at L = 589.3 nm will not be [15]. And another way is needed to determine the refinement of the oil
and the presence of the component in the test mixture. It is proposed to implement this using the
mass equation, because the density of the oil p changes when part of the elements precipitate. Also,
the density of the oil depends on the degree of its treatment. For different varieties of oil, the value
is p different. In addition, the value of p depends on the temperature 7°[16, 17]. In this case, can be
used a system of two equations (1) to study the oil mixtures: refraction equations and mass equations:

{kln1 +k,n, =n,,

(1)
V(k1p1 + kzpz) =my,,

© Bbaxanosa B.A., laseinos B.B., 2023. Uznarens: Cankr-IletepOyprckuii nonurexnudeckuii yausepcutet [letpa Benmkoro.

93



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 3.2 >
I

where n,, is the refractive index of investigation mixture, n, and n, are the refractive indices of the
media of which the investigation mixture may consist, k, and k, are the coefficients that shows the
relative content of different media in the studied mixture (if it is necessary to get the percentage con-
tent, these coefficients are multiplied by 100%), p, and p, are the values of densities of the two media
which are contained to investigation mixture (considering the temperature), m,, is the mass of the
research mixture, V'is the volume of the research mixture from which the value of m,, is measured.

After solving the system of equations, it is possible to unequivocally determine the composition
of the mixture of two edible oils and the concentration of components.

Optical part design of refractometer and experimental results

For implementing the developed technique for studying mixtures from edible oils, was devel-
oped a new optical design of mobile refractometer. The feature of the design is the presence of
an additional light prism, thanks to which measurements can be made in daylight or artificial
light. Also, the advantage of the device is the lack of power from the network, in order to explore
a large number of viscous media. Fig. 1 presents the modernization of the optical design of the
refractometer, allowing to measure the refractive index of condensed medium with the use of the
upper and lower prism.

Fig. 1 presents the case of measuring the value of n, using the TIR phenomenon. For the
realization of the n,, value measurements using the phenomenon of FTIR cover 5 with mirror 6
closes (light stop entering to prism /. The cover 5 opens without the mirror and the light enters
the top prism 2, and also the refractive index is measured at the border of the light-shadow and
changes are recorded.

shadow

Fig. 1. Schematic diagram of the optical part of the refractometer and ray path
for lower prism: lower triangular prism / (material leucosapphire), upper triangular
prism 2 (material leucosapphire), silicone gaskets 3, rotating prism mount 4,
closing flap 5, mirror 6, eyepiece 7, lens on movable mount &, mirror 9,
plate for registration of the light-shade border /0, medium under study 7/

In order to confirm the methods developed by us, studies have been carried out on mixtures
of different oils. Fig. 2 shows the measurement of refractive index n, of mixture of refined and
unrefined oils.

Analysis of the measurements in Fig. 2 shows that the light-shadow border obtained by the
TIR method is very different from the border obtained by the FTIR method. The light-shadow
boundary is almost blurred. The presence of components in the mixture, which scattering the
light, corresponds to the unrefined oil.

In the study of refined oil, the light-shadow boundary is clearer (Fig. 3)

In order to determine the concentration of oils in the mixture, the refractive values of refined
and unrefined oils n, and n,, previously measured, were placed into the system of equations (1).
The density values p, and p, of each oil were also placed into the system of equations. After
weighing the sample, in which refined and unrefined oils were mixed in a ratio of 10 ml : 10 ml
(V' = 20 ml), it is possible to have the value of m. ,, which is also placed into the system (1):
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k, -1.4703+k, =1.4695,
2-107° (k, -800 + &, ~890) =16.9-10".
The solutions to this equation system are the required oil concentration values k, = 0.503 and

k, = 0.497. The obtained values correspond to the proportions in which the refined and unrefined
oil were mixed within the measurement error.

a) b)

Fig. 2. Measurement of refractive index n,, of mixture of refined
and unrefined oils using the method of TIR (a) and FTIR (b)

a) b)

Fig. 3. Measurement of refractive index n,, of mixture of refined
and unrefined oils using the method of TIR (@) and FTIR ()

Conclusion

The analysis of the obtained results shows the adequacy of the technique developed by us for
express control. The values obtained from the study on the composition of the oils and the con-
centrations of the components are the same as the types of oils and their concentrations used for
the preparation of the tested media.

Another feature of this method is the dependence on the resolution of the light shadow on
the power (or intensity) of the light source in the oil mixture. This factor is also related to the oil
concentrations in the mixture and requires separate studies.

Experiments have shown that the upgraded design of the refractometer can also be used to
monitor the condition of other medium. It may also be possible to use it to control their mixtures,
provided that these media do not react chemically. Of additional interest are liquid degreasing
media. This will also be the subject of our next studies.
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