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Abstract. The necessity of development of new methods of express control of hydrocarbon
media and their mixtures, especially volatile ones is proved. The problems arising when controlling
the condition of volatile hydrocarbon media using the phenomenon of refraction are noted.
A new method for determining the components and the ratio between their concentrations
in a mixture of volatile hydrocarbon media has been developed. The use of the new method
makes it possible to determine the composition and percentage content of the components in
hydrocarbon mixtures. The design of a small-size refractometer for the implementation of the
new method has been developed. There are no analogs of the new method and refractometer
design. The developed instrument can also measure n with an error of £0.0004 in the range
from 1.250 to 1.740. This is sufficient for express control of the state of all hydrocarbon media
and their mixtures. The results of studies of gasoline and oil mixtures are presented.
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OC06eHHOCTH IKCNPECcC-KOHTPOIA JIETYUHUX
YrneBoAopoAHbIX cpel U X cMecei B BUAMMOM CBeTe
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AnHoranusa. OOocHOBaHa HEOOXOMMMOCTh pa3pabOTKM HOBBIX METOIOB 3KCIIPEcC-
KOHTPOJIST YIJIEBOJAOPOIHBIX Cpell M MX cMecelf, 0cCOOeHHO JeTyunx. OTMEUCHBI IIPOOJIEMBI,
BO3HUMKAIOIIME MMPU KOHTPOJIE COCTOSIHUS JIETYUYMX YIJIEBOJOPOAHBIX CPEI C MCIOJb30BAaHUEM
saBieHUs pedpakiuu. PazpadboTaH HOBBIN METO ONpPeaeIeHUSI KOMIIOHEHTOB M COOTHOLLIEHMUS
MEXIy HuX KOHLEHTpalMsIMU B CMECH JIETYYMX YIJEBOIOPOAHBIX cped. Mcrojb3oBaHue
HOBOT'O ME€TOZIa IMO3BOJISIET ONPENECJATh COCTAB U NMPOLEHTHOE CONEPXKAHUE KOMIIOHEHTOB B
YIJIEBOJOPOIHBIX cMmecsX. PazpaboTraHa KOHCTPYKILMSI MajorabapuTHOro pedpakToMerpa ais
peanu3aluMy HOBOIO MeTola. AHAJIOTOB HOBOMY METOAY U KOHCTPYKLMU pedpakToMeTpa HET.
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PazpaboTaHHBIM TTPUOOPOM TAKKE MOXKHO MPOBOAUTH U3MEPEHUS n ¢ morpeirHocThio +0.0004
B auarmasoHe oT 1.250 go 1.740. DToro 10CTaTOYHO AJISI SKCIIPECC-KOHTPOJISI COCTOSTHUST BCEX
YIJEBOMOPOAHBIX cpel UM ux cmeceil. IlpeacrtaBieHbl pe3yabTaTbl MCCAEAOBaHUI cMecei
OEH3MHOB U Macia.
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Introduction

The reduction of energy resources in the world, as well as high prices of raw materials have led
to the need for them careful use [1—6]. One of the priority directions in the field of their rational
use is the development of fast and reliable methods of express - control of the state of condensed
media [3, 7—10]. It should be noted that express - control is now in demand in many areas of
human activity. In recent years, a number of rather stringent requirements have become imposed
on the instruments and methods of express control. The main of them is connected with the fact
that measurements of various parameters of the medium did not introduce irreversible changes in
it [3, 5, 8, 10]. Almost for all liquid media - it is necessary to obtain a confirmation of the results
of express control on devices of high resolution in a special laboratory. In addition, the methods
used in express control should be applicable to the study of a large number of media. The error
of measurement of parameters should be no more than 1.5%. These requirements are currently
satisfied by only two methods: nuclear magnetic resonance (NMR) and refraction [3, 4, 9—12].
Refractometers have an undeniable advantage over small-sized NMR spectrometers and relaxom-
eters in size, mass, and cost [5, 11—13].

There is a significant disadvantage in the currently used in the designs of industrial refrac-
tometers for express control when working with mixtures of different media. It is impossible to
determine the composition of the mixture and the concentrations of its components (even if the
mixture consists of media that have not reacted chemically with each other) from the measured
n value. This problem is especially relevant for hydrocarbon media and their mixtures. Desktop
NMR spectrometers allow to solve this problem. Therefore, the purpose of our work is to develop
a new method and design of refractometer for its realization, so that by measured values of n it is
possible to determine the composition of hydrocarbon mixtures and the concentration of compo-
nents. And also to identify the medium if it is free of impurities.

Materials and Methods

For the light-shade boundary, by which we will measure the refractive index nm we will
use daylight (for example, radiation from the Sun). In its spectrum there is a yellow line Na
(A = 589.3 nm), on which measurements of refractive indices of condensed media are made
for comparison with standard ones made in laboratories. This requires that light enters only the
face of one of the prisms. The second prism must not receive light. As a result, the light-shadow
boundary is formed at the output of prism 1 (lower prism) and nb is measured. Then the light
coming to prism 1 is blocked and the light goes to prism 2 (upper prism) and nt is measured. The
temperature T of the medium under study is constantly monitored. During our measurements of
nt and nb it is necessary to realize everything very quickly (in 6—S8 seconds), so that significant
movements between the media in the measured layers do not occur. In our proposed sealed vol-
ume evaporation of volatile hydrocarbon media will not occur in such a time. The temperature
also does not change so quickly. To determine the concentrations of the media in the mixture,
we use the refraction equation:

© Crenanenkos ['.B., Bakopuna J1.B., laBeinos B.B., [laBeinos P.B., 2023. U3natens: Cankr-IleTepOyprckuii moJIMTeXHUUECKU
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n =Fn +Fn + ... +Fn, (1)

where n_is the refractive index of the medium measured at the initial moment (n, = n, = n,), n,,
Hy .oy N, "are the refractive indices of the media of which the mixture under study may con51st F
F2 F are the coefficients that characterize the relative content of various media in the mlxture
under study (in case it is necessary to determine the percentage content, these coefficients are
multiplied by 100%). Them also characterize the concentrations of components in the mixture.
Experience with volatile hydrocarbon media and analysis of the results of various studies

showed that in equation (1) two terms should be left initially:
n =Fn +Fn, )

Taking into account our developed measurement technique and the data obtained, equation
(2) takes the following form:

n = F]nb + ant. 3)

The values of n, and n, are determined for equation (3). Note that (according to Fig. 1) the
value of n, is the refractive index of the upper layer of the investigated mixture, the value of n,
is the refractive index of the lower layer in the investigated mixture. The indices ¢ and b will be
further used to define the ratio of the measured refractive index value nm to the upper or lower
layer of the investigated mixture.

In hydrocarbon mixtures in a closed volume, stratification of the media into layers occurs.
Light media rise to the top, heavy media sink to the bottom. By measuring the values of n, and n,
after stratification, the temperature T of the components can be determined. Then (3) is solved
and the concentrations of components in the mixture are determined.

For practical implementation of our developed method, we assembled a new optical design of
the laboratory refractometer layout. In the design, the possibility of placing the liquid medium
in a sealed volume, which is located between two prisms, was realized. Also, control of the vis-
ible light entering the two prisms was realized (possibility to measure the refractive index of the
medium using the upper or lower prism). Fig. 1, a, b shows the refractometer block diagram and
the course of optical beams for two cases of measurement, n,(a) and n, (b).

The light flux that falls on the prisms is controlled using the flaps 5. Fig. 1 shows two positions
of flaps 5 during measurements.

a) b)

shadow

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

Fig. 2, a, b and ¢ shows, for example, the research results for mixtures, which consists of two
gasoline Ai-92 and Ai-95 in the proportion 0.3 to 0.7 using two prisms. At the initial measurement
time n,= n, = 1.4252 + 0.0004 at 7'= 301.2 K (Fig. 2,a). Next (after 140 seconds), two measure-
ments were performed using upper and lower triangular prisms 2 and / (Fig. 1, a, b). The results
of these measurements are presented in Fig. 2,b and Fig. 2,c at respectively. These measurements
were carried out at a temperature 7, = 301.1 K. The difference between 7 and 7, is within the
measurement error and does not have a significant impact on the final result.

According to Fig. 2,b and Fig. 2,c were determined two values of n’ and n’. Value
n' = 1.4112 = 0.0004 corresponds to A1 95 gasoline. Value n® =1.4262 £ 0. 0004 corresponds to
Ai-92 gasoline. These three measurements are marked in Fig. "2 with a circle with a red arrow.

Further, using (3) for the measured values of refractive indices n, n’ and n’, coefficients
F, =0. 7017 and F, = 0.2983 were obtained. The values of coefficients F and F, correspond with
an insignificant error to the content of gasoline Ai-95 and Ai-92 in the mrxture prepared. This
mixture was prepared by using 70 ml of Ai-95 gasoline and 30 ml of gasoline Ai-92. This confirms
the adequacy of our proposed methodology.

Fig. 2. Light-shade boundary and refractometer scale a during the measuring
a mixture of two gasoline Ai-95 and Ai-92 in the proportion 0.7 to 0.3 (a, b, c)

Table 1

Dependence of change a refractive index »_on temperature 7’
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T K Laboratory model of Industrial refractometer

’ developed refractometer Abbe NAR - 2T
277.2£0.1 1.5328 £+ 0.0004 1.5326 £ 0.0002
282.1 £0.1 1.5322 +0.0004 1.5320 + 0.0002
287.1 £0.1 1.5314 +0.0004 1.5312 £ 0.0002
290.0 £0.1 1.5308 + 0.0004 1.5306 + 0.0002
293.1+£0.1 1.5300 + 0.0004 1.5298 + 0.0002
298.1 £0.1 1.5282 + 0.0004 1.5280 + 0.0002
303.1£0.1 1.5262 + 0.0004 1.5260 + 0.0002
307.0 + 0.1 1.5240 £ 0.0004 1.5238 + 0.0002
312.0+0.1 1.5213 £ 0.0004 1.5213 +0.0002
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To check the reliability of the optical design developed by us, a comparison of the measured
refractive indices n_ of synthetic oil at a small change of temperature 7' in the laboratory was
implemented. These oils are highly viscous and are used in machine tools for metal working.
Volatile solvents are often added to them. These solvents evaporate from the open oil into
the air, just as with gasoline. This makes the research we are conducting close in terms of the
aggregate state of the media. The change of nm from 7 was measured with an industrial Abbe
NAR-2T refractometer (measuring error = 0.0002). Table 1 shows the results of n_ studies using
two refractometers.

The obtained results coincide within the measurement error. This confirms the reliability in
conducting measurements of refractive indices using our developed refractometer design. The
results of these studies show great functional possibilities of application of the developed refrac-
tometer design in comparison with the previously used ones.

Conclusion

The analysis of the obtained new results of the study of media with high viscosity (synthetic
oils, which require special high degree purification), as well as complex mixtures of media by fuel
(gasoline Ai-92 and Ai-93, a similar situation may occur with aviation kerosene) showed the reli-
ability of our methodology and the design of the developed refractometer for its implementation.
The quality of synthetic oil is determined unambiguously. The absence of impurities in it, which
are removed by purification at the end of the technological cycle of production, is also unam-
biguously determined. For the most complex two-component fuel mixture, which is a mixture
of gasoline Ai-92 and Ai-95 (the density of gasoline Ai-92 is greater than that of Ai-95, and the
quality of gasoline Ai-92 is lower than that of gasoline Ai-95) the composition of the mixture and
the concentrations of components in it are determined unambiguously. When comparing other
brands of gasoline with each other, there is no such thing (the higher the quality of gasoline, the
higher its density). Such a fact in density, which is related to the structure of the molecule in two
gasolines, creates a number of problems in express control of such a mixture by various spectrom-
eters at the place of sampling (before that the mixture was subjected to intensive treatment with
additives). It is impossible to get an unambiguous answer on the composition of the mixture and
concentration of components in it by chemical shift in spectra at (concentration of gasoline Ai-92
in the mixture 5 - 10 %) unlike the method developed by us.

It should be noted that the developed design of a small-size refractometer allows measuring nm
values in visible light with an error of £0.0004. During the measurements we took the maximum
value of the error (40 % of the scale discreteness).

The obtained results allowed us to determine the further direction of research. This direction
will be connected with the study of three-component fuel mixtures. Nowadays there are frequent
cases of making a mixture from gasoline Ai-92, Ai-95 and Ai-98, which is passed off as gasoline
Ai-98. Intensive treatment with additives makes it possible to raise the octane number of this mix-
ture to the required level with small additions of the other two gasolines to Ai-98 gasoline. When
layers are formed in the refractometer, the Ai-92 gasoline will be placed between the Ai-95 and
Ai-98 gasolines, creating difficulties. This layer will not be measured by the refractometer. In the
future we will try to solve this problem using our method and instrument to get an unambiguous
answer on the composition of such a mixture and concentrations.
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