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CONTROL OF DISSOLVED GAS CONTENT IN FRESH
AND OXIDISED TURBINE OILS

The article is a publication of scientific and methodical character. Gas chromatography methods were used to determine the
content of dissolved diagnostic gases in mineral turbine oil «Agrinol Tp-46» and in synthetic fire-resistant turbine oils
«Fyrquel®Ly, «Reolube®OMTI», «Reolube®46 RS». The following were studied: the solubility of these gases in mineral oil
«Agrinol Tp-46» and in synthetic oil «Reolube®46 RS»; dependence of solubility values for diagnostic gas HzS on temperature in
the system «mineral turbine oil — dissolved gas H2S»; distribution coefficients of dissolved gases in turbine oils in systems «turbine
oil — dissolved gas — gaseous extractant»; dissolved gas content in «Reolube®46 RS» synthetic turbine oils by application method.
This will make it possible to determine the content of dissolved gases in wet turbine oils for diagnostics of oil-filled equipment.

Keywords: gas chromatography; diagnostics; nuclear power; partition coefficient; gas solubility.
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Urgency of the research. In thermal mechanical equipment of nuclear power plants
(NPPs), turbine oils (TO) are used in the following systems: lubrication and adjustment of steam
turbines; lubrication and sealing of generator shafts; lubrication the main circulation pumps and
water cooling system pumps; lubrication of condensate electric pumps, pumps for pumping
technical water of responsible and non-responsible consumers; lubrication and adjustment of
turbine feed pump units and separator pumps [1; 2]. Currently, the thermal mechanical equip-
ment of Ukrainian NPPs uses mineral turbine oils (MTO) of the brands «Tp-22», «Tp-22s»,
«Tp-22by», «Agrinol Tp-22», «Agrinol Tp-22s», «Agrinol Tp-30», «Agrinol Tp-46», «Azmol
Tp-22s» and synthetic fire-resistant turbine oils (SFRTO) of the «Fyrquel®Ly,
«Reolube®OMTI», «Reolube®46 RS» brands [3]. Often, turbine oils contain dissolved water
(homogeneous system) and undissolved water as an emulsion (heterogeneous system) [4]. All
this requires continuous improvement of diagnostic methods of oil-filled NPP equipment based
on the results of monitoring the content of diagnostic components in them, for example, dis-
solved gases CHa, C2He, C2Ha, C2H2, CsHs, C3Hs, Hz2, CO, COz, O2, N2 [5; 6], including in
heterogeneous systems of the «oil turbine — dissolved gas — emulsion water» type.

Target setting. Quite often, internal defects in oil-filled thermal-mechanical equipment of
nuclear power plants, which contain mineral and/or synthetic fire-resistant turbine oils, arise
due to the action of electric, thermal and acoustic fields, as well as the presence of moisture in
these turbine oils. At the same time, the development of these defects is influenced by the qual-
ity indicators of lubricating turbine oils, including such an indicator as the content of dissolved
emulsion form of water in these turbine oils [7]. Currently, the method of diagnosing oil-filled
thermal-mechanical equipment based on the results of determining the content of diagnostic
dissolved gases in turbine oils during their operation in such equipment is widely used. Relia-
bility of the results of determining the dissolved gases content by gas chromatography methods
can be achieved by correctly choosing the range of water concentrations in these turbine oils
under study, in which there is no significant influence of water content on the results of gas
chromatographic measurements.
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Actual scientific researches and issues analysis. In work [8] there is a list of oil-filled
electrotechnical equipment, the technical condition of which can be determined by the results
of the analysis of insulating oils using gas chromatography methods from this equipment. It is
shown that the control of the equipment, which is not included in the above list, can be carried
out based on the results of the analysis by gas chromatography methods of insulating oils by
the decision of the technical management of the enterprise to obtain additional results of the
technical condition of the equipment.

The rate of entry of external contaminants into energy oils, such as wear products of mating
friction pairs, atmospheric dust, etc., in the case of a stable operating mode, for example, a
turbine unit, and unchangeable external conditions, is considered constant and independent of
the operation of the oil system [7; 9]. Degradation of lubricating oil, especially with a high
content of emulsion water, often occurs with the release of gases. The presence of these gases,
their concentrations and the rate of their increase can be used to diagnose the technical condition
of rubbing surfaces, for example, in bearings [10].

In work [5], using the gas chromatography method, monitoring modes of the physicochem-
ical and thermophysical properties of mineral turbine oil «Tp-30» of the circulating reverse
water supply system of evaporative cooling towers of the Rivne NPP were investigated in the
process of identifying the causes of bearing failure in an electric pump unit (by detection in this
oil dissolved diagnostic gases CH4, C2Hs, C2Ha, C2Hz, C3Hs, C3Hs, H2, CO, CO2). The humidity
of this turbine oil complies with established standards and does not exceed 0.03% mass [2].

In work [6], the gas chromatography method was used to determine the content of diag-
nostic dissolved gases CHa, C2He, C2Has, C2Hz, H2, CO, CO2 in samples of operational turbine
oil «Tp-22s (grade 1)» from the main oil tank of the circulation supply system of a turbine unit
with turbine K-210-130-3 and turbogenerator TGV-200M with hydrogen cooling.

However, the moisture content of turbine oil samples is not indicated. The results obtained
make it possible to accumulate statistical data for the development of a diagnostic model for
determining the technical condition of a hydrogen-cooled turbogenerator when determining the
occurrence of thermal or electrical defects in bearings based on the corresponding diagnostic
models used for electrical equipment [8].

The work [11] indicates that the mass fraction of sulfur in fresh mineral turbine olives is:
for «Tp-22s (grade 1)» — no more than 0.5% mass; for «Agrinol Tp-30» - no more than 0.8%
mass; for «Azmol Tp-22s» — no more than 0.5% mass.

This can be used to identify a thermal defect in oil-filled power equipment in the defect
zone at t = 300 °C and above, for example, in the contact areas of rubbing surfaces in bearings
equipped with a forced circulation system of sulfur-containing mineral turbine oil [5; 14].

At the same time, in [15] it is indicated that the result of determining the HzS content in
liquid media containing water, using the gas chromatography method for gas extraction and
using distribution coefficients for H.S, depends on the pH of liquid media, which in turn affects
on the degree of dissociation of H»S in the proportions of water and on the distribution coeffi-
cients for H>S in equilibrium heterogeneous extraction systems «mineral oil — free water — dis-
solved dissociated H»S — gaseous extractanty.

In this case, the application of the method of applying H.S to the analyzed sample of mois-
tened heterogeneous mineral oil can increase the reliability of the results of measuring the con-
tent of H2S in it without using the values of distribution coefficients for H2S [6].

The work [6] gives the values of the distribution coefficients k; for dissolved gases in the
«Azmol Tp-22s» mineral turbine oil, but the values of the water concentration W in this oil are
not indicated.

It is known that for diagnostic gases Hz, CHa, C2Hg, C2Ha, C2H2, CO, CO2, O2, N2 dissolved
in dried electrical insulating mineral oils, a change in temperature in the range of 18-25 °C
leads to a change in the distribution coefficients in the «electrical insulating mineral oil — dis-
solved gas — gaseous extractanty» within + 5% relative [16].
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Uninvestigated parts of general matters defining. Despite the presence of a large number
of studies of methods for diagnosing electrical and thermal mechanical oil-filled equipment
based on the results of analyzing samples of energy oils using gas chromatography methods,
the nature of the influence of water content in mineral and synthetic fire-resistant turbine oils
on the results of analyzes has not been sufficiently studied.

Thus, in order to diagnose oil-filled equipment of nuclear power plants, there is a need to
identify the reliability of the results of studying the content of diagnostic dissolved gases using
gas chromatography methods in samples of wet mineral and synthetic fire-resistant turbine oils
containing dissolved and emulsified water.

The research objective. The main goal of the article is to ensure the reliability of the
results of the study of the content of diagnostic dissolved gases H2, CHa, C2He, C2Ha, C2Hp,
CO, COg2, O2, N2 using gas chromatography methods in samples of wet mineral and synthetic
flame-resistant turbine oils for further diagnostics of oil-filled NPP equipment.

Research objectives:

1. Improve the mathematical description of the phase equilibrium in the extraction system
«wet turbine oil — dissolved gas — gaseous extractant (Ar)».

2. To identify the influence of the concentrations of i-dissolved gases in wet turbine oils on
the value of distribution coefficients for i-dissolved gases in extraction systems «wet turbine oil
— dissolved i-th gas — gaseous extractanty.

3. Identify the influence of water concentrations in wet turbine oils on the value of distri-
bution coefficients for i-dissolved gases in extraction systems «wet turbine oil — dissolved i-gas
— gaseous extractant».

4. Investigate the solubility of diagnostic gases in dried and wet turbine oils at a tempera-
ture of 20 °C.

The statement of basic materials. Tested environments: mixtures of diagnostic compo-
nents (CHa, C2Hs, C2Ha, C2H2, C3Hs, C3Hs, Hz, CO, CO2, O2, N2, H20, H2S) in «Agrinol Tp-
46» mineral turbine oil; mixtures of the above diagnostic components, except H.S, in synthetic
fire-resistant turbine oils «Fyrquel®Ly, «Reolube®OMTl», «Reolube®46 RS».

When performing research, the following methods are used: a) determination of the hu-
midity of fresh (non-oxidized) turbine oils [2; 17] (coulometric titration); b) determination of
the humidity of oxidized turbine oils [2] (calcium hydride; or thermal distillation with a solvent
that does not dissolve water); ¢) gas chromatography determination of: concentrations of dis-
solved gases in turbine oils, concentrations of gases in gas mixtures, distribution coefficients
for dissolved gases in energy oils in the system «turbine oil — dissolved gas — gaseous extract-
ant» [18; 19]; d) titration — to determine the indicator «acid number (AN)» for turbine oils [2;
11]. Before determining the distribution coefficients k; for dissolved gases, samples of turbine
oils were pre-dried at t = 20 °C using KSM silica gel granules to a final moisture content of W
<0.005% mass (measurement of W — according to the method [2; 11]).

The conditions for performing research using gas chromatography methods when deter-
mining the content of dissolved gases in turbine oils correspond to the requirements specified
in the works [18; 19]. When performing measurements, the following were used: a gas chro-
matograph with gas dispensers, a methanator (to convert CO and CO: into CHa), a thermal
conductivity detector (TCD), a flame ionization detector (FID), a flame photometric detector
(FPD), liquid evaporators; device for accelerating the achievement of equilibrium with a rotat-
ing drum (DAAB) for placing syringes with a volume of 20 sm? or 50 sm® with analyzed sam-
ples of turbine oils and gaseous extractants for establishing phase equilibria in systems «turbine
oil — gaseous extractant (Ar)» (duration z. of phase equilibrium with a turbine oil volume of 10
sm? and a gaseous extractant volume of 10 sm?, is no less than 1 hour, according to requirements
[16]); graduated gaseous mixtures of Hz, CHa, C2He, C2Hs, C2Hz2, CO, COz, C3Hg, C3Hsg, H2S,
02, N2 in argon; mixtures of turbine oils with distilled water [6].
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The measurements were performed at a temperature of t; = (20+0.5) °C [18]. In the chro-
matograph, registration of components was performed with the help of: TCD — for Hz, Oz, N2,
and FID — for CHa, C2Hs, C2H4, C2H2, C3Hs, C3Hg, CO, CO; [18]; FPD — for H2S [4].

When determining: a) the content of dissolved gases in turbine oils, the following were
used: a static version of the gas chromatography measurement method using a gaseous extract-
ant and corresponding variants of methods for analyzing the equilibrium gas phase in the sys-
tems «turbine oil — dissolved gas — gaseous extract»; b) the content of dissolved gases in gase-
ous extracts using appropriate gaseous calibration mixtures — the absolute calibration method
was used [18; 19]; c) thresholds for determining the concentrations of dissolved gases in turbine
oils and distribution coefficients ki — mixtures of gases H2, CH4, C2Hs, C2Ha, C2H2, CO, COs,
CzHs, C3Hs, H2S, O2, N2 in gaseous argon were used at a concentration of each gas greater than
0.5% volume. Oxidation was carried out: mineral turbine oil —according to the method [2; 11];
synthetic fire-resistant turbine oils — according to method [2; 20]. Water is added to turbine oils
using the application method [6].

Table 1 shows the quality indicators of the studied fresh and oxidized turbine oils at a
moisture content of W = 0.005% mass (homogeneous liquid) and W = 0.7% mass (heterogene-
ous liquid).

Table 1 — Quality indicators of the studied turbine oils

oil turbine oil
condition Oil condition indicator «Agrinol Tr-46» | «Fyrquel®L» | «Reolube®OMTI» «Rgollqustf 4
Fresh oil Moisture contents W = 0.005 % mass or W = 0.7 % mass in oil
AN, mg KOH per 1 g of TO | 0.45 | 0035 | 0.030 | 0.032
Oxidized oil Moisture contents W = 0.7 % mass in oil
AN, mg KOH per 1 g of TO | 0.65 | 1.5 | 1.7 | 16

Source: developed by the authors.

When determining the concentration of Ci, a dissolved gas in turbine oils using the gas chro-
matography method, a formula was used to calculate the process of a single isothermal extrac-

tion [18; 21]:
Cio :S_k(ki +V_6j1 1)

where Sk — plane of the gas chromatographic peak for the i-th gas; Ky — calibration coefficient
for a gas chromatograph for the i-th gas; k; — distribution coefficient for i-gas dissolved in tur-
bine oil; V. — extractant volume; V.o — turbine oil sample volume.

Distribution coefficients ki for dissolved gases were determined by gas chromatography by
sequential double isothermal extraction of dissolved gas from a sample of turbine oil with equal
volumes of pure gaseous extractant and using the calculation formula [21]:

L Si Ve
1= Y, !
Sp =81 Veo

where S1, Sz are the areas of gas chromatographic peaks for the i-th gas after its first and second
gas extraction with argon.

Determination of the content of dissolved gases in turbine oils using the application method
includes the following operations: 1) a known volume of a gaseous pure extractant that does
not contain a component is added to a sample of turbine oil with a known volume; 2) perform
gas extraction of the i-th dissolved gas from the volume of turbine oil into the volume of the
gaseous extractant; 3) using the gas chromatography method, the content of the i-th dissolved
gas in the volume of the gaseous extractant is determined; 4) to a sample of turbine oil with a

()
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known volume, add a known volume of a gaseous extractant containing the i-th dissolved gas
with a known content; 5) perform gas extraction of the i-th dissolved gas from the volume of
turbine oil into the volume of the gaseous extractant; 6) using the gas chromatography method,
the content of the i-th dissolved gas in the volume of the gaseous extractant is determined; 7)
calculate the concentration of the contents of the i-th component in the volume of turbine oil
according to formula (1).

The mathematical description of phase equilibria in the process of gas extraction of the i-th
dissolved gas consists in the use of known relationships [21]:

Ci,O'VeO = Ci,eO,l'Veo + Ci,l,e've; (3)
Ci,O'VeO + Ci,() V= Ci,eo,Z'Veo + Ci,Z,e'Ve1 (4)

where Cio is the concentration of the i-th dissolved gas in the volume of turbine oil; V., is the
volume of this turbine oil; C;.0,1 is the concentration of the i-th dissolved gas in the volume of
turbine oil after gas extraction with a pure extractant that does not contain the ith dissolved gas;
V. —volume of added pure extractant; C;, . is the content of the i-th dissolved gas in the volume
of the gaseous extractant after gas extraction; C;, is the concentration of the i-th dissolved gas
in the volume of the gaseous extractant added to the turbine oil sample; C; 2. is the concentration
of the i-th dissolved gas in the volume of turbine oil after gas extraction with an extractant
containing the i-th dissolved gas with a known content; C; 2. is the content of the i-th dissolved
gas in the volume of the gaseous extractant after gas extraction.
The formula for calculating the content of the i-th dissolved gas C;in the volume of turbine
oil, obtained from equations (3) and (4), has the form:
Cio _ Ve CiteCid . 5)
Veo Cize—Cite
The application method does not require determining the distribution coefficients ki for the
i-th dissolved gases.
Experimentally obtained threshold values for determining the concentrations of dissolved
gases in turbine oils when performing measurements using gas chromatography methods [18]:
2 ppm — for Hz, Oz, N2, H2S; 1 ppm — for CHas, C2He, C2Ha, C3Hs, C3Hs; 0.5 ppm — for CoHp;
5 ppm — for CO, COz. The values of the limit of permissible relative error 8; (% relative for
determining the concentrations of dissolved gases Ci based on the results of the analysis of
turbine oils using gas chromatography methods meet the requirements of [18] depending on the
range of concentrations of dissolved gases.
Table 2 shows the distribution coefficients k; for dissolved gases in turbine oils at t = 20 °C
in equilibrium systems «turbine oil — dissolved ith gas — gaseous extractant».

Table 2 — Partition coefficients ki for dissolved gases in turbine oils in systems «turbine oil
— dissolved gas — gaseous extractant»

Dissolved gases
CH4 CoHs CoHs |CoHy, |CsHs |CsHs H, CO CO2 8)) N, H>S
1 2 3 4 5 6 7 8 9 10 11 12
Distribution coefficients ki at t = 20 °C
MTO «Agrinol Tr-46»», W = 0.005 % mass, AN = 0.45 mg KOH per 1 g of fresh MTO

044 | 276 | 1.80 | 130 | 830 | 880 | 0053 | 012 [ 1.18 | 017 | 0.09 [ 15.2
MTO «Agrinol Tn-46», W = 0.7 % mass, AN = 0.65 mg KOH per 1 g of oxidized MTO

042 | 272 ][ 188 | 140 | 830 | 875 | 005 | 011 [ 119 | 017 | 01 [ 154
SFRTO «Fyrquel®Ly, W =0.005 % mass, AN = 0.0355 mg KOH per 1 g of fresh SFRTO

043 | 260 | 176 | 135 | 820 | 890 | 005 | 012 [ 1.06 | 016 | 0.10 | abs.
SFRTO «Fyrquel®Ly», W =0.7 % mass, AN =1.5 mg KOH per 1 g of oxidized SFRTO

045 | 265 [ 170 | 130 | 820 | 870 | 005 | 011 [ 1.18 | 016 | 0.0 | abs.
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End of the table 2

1 | 2 | 3 ] 4 | 5 | & | 7

| 8 | 9 | 10 | 11 [ 12

SFRTO «Reolube®OMTI», W =0.005 % mass, AN = 0.030 mg KOH per 1 g of fresh SFRTO

043 | 274 [ 175 [ 125 [ 825 [ 875 | 005 | 042 | 1.18 | 0.17 | 0.09 | abs.
SFRTO «Reolube®OMTI», W =0.7 % macu, AN = 1.7 mg KOH per 1 g of oxidized SFRTO
042 | 265 [ 175 [ 125 [ 820 [ 860 | 005 | 041 | 1.17 | 0.16 | 0.09 | abs.
SFRTO «Reolube®46 RS», W =0.005 % mass, AN = 0.032 mg KOH per 1 g of fresh SFRTO
050 | 270 [ 185 [ 1.40 [ 840 [ 890 | 005 | 041 | 1.20 | 0.18 | 0.10 | abs.
SFRTO «Reolube®46 RS», W =0.7 % mass, AN = 1.6 mg KOH per 1 g of oxidized SFRTO
0.5 | 265 | 180 | 135 | 835 | 880 | 005 | 012 [ 1.2 [ 017 [ 0.10 [ abs.

Water *[21]
0.0367 | 0.0514 | 0.128 | 1.108 | 0.216 | 0.0424 [ 0.0194 [ 0.0249 | 0.937 | 0.0334 | 0.0169 | 2.792
Notes: abs. — absent; * — values for comparison
Source: developed by the authors.

From the table 2 it follows that the values of the distribution coefficients k; for the
corresponding dissolved i-gases in the studied turbine oils practically do not depend on: the
nature of these oils (mineral or fire-resistant synthetic turbine oil) or the water content in them
in the range of its concentrations 0.005-0.7% mass; the «acid number» indicator in its range is
0.032-1.7 mg KOH per 1 g of turbine oil.

Table 3 shows the results of a study of the nature of the effect of temperature on the value of
distribution coefficients k; for HzS in the system «turbine oil «Agrinol Tp-46» —dissolved gas H.S -
gaseous extractant (Ar)» on the gas extraction temperature in the temperature range 15-80 °C.

Table 3 — Dependence of distribution coefficients ki for HaS in the system «turbine oil
Agrinol Tn-46 — dissolved gas H2S — extractant» on gas extraction temperature

t, 'C 15 20 25 30 40 50 60 70 80
T, K 288 293 298 303 313 323 333 343 353

ki 16.1 15.0 14.0 13.1 11.6 10.3 9.2 8.3 7.5
vi, % rel. 7.3 0 -6.7 -12.7 -22.7 -31.3 - 38.7 -44.7 -50.0
Note: y; — relative deviations of the values of coefficients ki (% rel.) at measured temperatures t; from the value
vi = 0 obtained at t = 20 °C.

Source: developed by the authors.

From the table 3 it follows that in the temperature range t; = 15-25 °C changes in k; values do
not exceed 7.3% relative, which is acceptable for technical calculations, and gas extraction of H>S
from turbine oil «Agrinol Tp-46» with argon gas is recommended to be performed att =20 + 2) °C.

In the temperature range t; = 15-80 °C, the values of the distribution coefficients k; for H2S
in the system «turbine oil «Agrinol Tn-46» — dissolved gas H>S — gaseous extractanty,
depending on the gas extraction temperature, can be calculated using the empirical formula:

lg k;j =1184 - T1-1.35

where k; is the distribution coefficient for H2S; T; is the gas extraction temperature, K.

Table 4 shows the results of a study of the nature of the effect of temperature on the
solubility of X; for H2S in the system «turbine oil «Agrinol Tp-46» — dissolved gas H>S» in the
temperature range 15-80 °C. Solubility X; for H2S is defined as the amount of dissolved volume
of H2S in one volume of «Agrinol Tp-46» turbine oil.

(6)

Table 4 — Dependence of solubility values for H»S on temperature in the system «turbine
oil Agrinol Tp-46 — dissolved gas H2S»

t, 'C 15 20 25 30 40 50 60 70 80
T, K 288 293 298 303 313 323 333 343 353
Xi,% vol. 4.36 4.06 3.79 3.54 3.14 2.79 2.49 2.25 2.03

Source: developed by the authors.
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From the table 4 it follows that in the temperature range t;= 15-25 °C, an increase in temperature
reduces the solubility of HzS in the «Agrinol Tp-46» mineral turbine oil. In the temperature range
t: = 15-80 °C, the solubility values X for H.S in the system «mineral turbine oil «Agrinol Tri-46»
—dissolved gas H»>S», depending on temperature, can be calculated using the empirical formula:

Ig X, =1190-T," - 2.69, (7)
where X is the content of H2S in turbine oil, the volume of H2S in one volume of mineral turbine
oil; T; — temperature, K.

Table 5 shows the results of a study of the solubility of gases (CHa, C2Hs, C2Ha4, C2H2, C3Hs,

C3Hs, Ho, CO, CO2, Oz, N2) att=25 °C in «Agrinol Tp-46» turbine oils with a moisture content
of W = 0.005 mass and «Reolube®46 RS» with moisture content W = 0.005% mass.

Table 5 — Solubility of gases in energy oils

Solubility of gases in energy oils, % volume, mpu t = 25 °C
CHs, |CHs [CHs [CH, [CsHs [CsHs [H» lco [co, [0, | N,
MTO «Agrinol Tr-46», W =0.005 % mass
28 |270  [265 [430 [1250 [2000 6.5 | 8.5 115 |15 | 9.0
SFRTO «Reolube®46 RSy, W =0.005 % mass
35 290 [290 [450 [1300 [2100 |7 IE [120 |17 | 10

Source: developed by the authors.

From the table 5 it follows that: the solubility of gases CHa, C2Hs, C2Ha, C2Hz, C3Hs, C3Hsg, Ho,
CO, CO2, O2, N2 in turbine oils «Agrinol Tr-46» and «Reolube®46 RSy practically do not depend
on the nature of these oils at t = 25 °C. The study of the constancy of the values of distribution
coefficients k; in a given range of concentrations of i-th diagnostic gases dissolved in turbine oils was
carried out using the method of sequential multiple gas extraction of i-th gases from turbine oils,
which makes it possible to construct a linear dependence IgCi. = f(n), where Ci. is the concentration
of the i-th gas in the gas extractant above the turbine oil after the n-th sequential gas extraction.

In this case, the value of k; for the i-th dissolved gas is calculated according to the formula [21]
taking into account the concentrations of dissolved gas in the gas extract above the turbine oil after
the first (C1) and after the n-th (C,) extraction of dissolved gas from the turbine oil at t = 20 °C:

-

ki = V_e. (Cn)

R n?t nt
e0 (Cp)" -(Cp)

Figure shows a generalized graph of the results of determining the constancy of the distri-
bution coefficients k; for dissolved gases in a sample of synthetic fire-resistant turbine oil
«Reolube®46 RSy at its humidity W = 0.005% mass (homogeneous liquid).

: (8)

C;
-1 CO:

2 ? . ain
2 ~

——— —

3 e ——
-4 ’ -
=5 cO CH:
-6

0 1 2 3 4 5 6
n, number

Fig. Graph of the results of determining the constancy of the distribution coefficients for dissolved
gases in the «Reolube®46 RS» turbine oil: Ci = 1gCq;i; Cqy,i concentration of the i-th gas in the
gaseous extractant above the surface of the energy oil, % volume; n is the number of successive
gas extractions after replacing the extractant with its pure portion of the original volume
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Similar results were obtained when determining the constancy of the distribution coeffi-
cients k; for dissolved gases in other studied turbine oils at their humidity W = 0.005% mass.
The graph practically repeats the results obtained in [6] for the system «mineral transformer
oil - dissolved gas - gaseous extractant.

The constancy of the distribution coefficient values in the studied range of measured con-
centrations of gases dissolved in turbine oils, depending on the number of extractions per-
formed, indicates the possibility of using gas extraction equations (1) and (2) in the studied
range of measured concentrations of dissolved gases, as well as the reproduction of phase equi-
librium conditions in DAAB.

Table 6 shows the results of a study of the content of dissolved gases in model synthetic
fire-resistant turbine oils «Reolube®46 RS» using the application method at t = 20 °C.

Table 6 — Results of a study of the content of i- th dissolved gases in model synthetic
fire-resistant turbine oils «Reolube®46 RS» using the application method

Concentration of dissolved gases C; o, % volume

CHs |CHs |CHs [CH, |CsHs [CsHs |H | co |co, [0, | Nz
SFRTO «Reolube®46 RSy, W =0.005 % mass
01 |01 | 0.1 | 0.1 | 0.3 | 0.3 0.2 | 0.2 | 1.0 | 2.0 | 5.9

SFRTO «Reolube®46 RSy, W =0.7 % mass
011 [009 J0411 Jo012 [033 [0.28 0.2 | 0.2 [ 1.1 | 2.0 | 5.9

Relative deviation ;, % relative
+10 |-10 [+10 [+12 [+10 [-76 O |0 [+10 o0 o
Note: y; — relative deviations (% rel.) of C; values at moisture content W =0.7% mass (heterogeneous liquid)
from C;, values at humidity W =0.005% mass (homogeneous liquid) for SFRTO

From the table 6, it follows that the relative deviations of y and the values of Cio at a
moisture content of W =0.7% mass (heterogeneous liquid) in the turbine oil «Reolube®46 RS»
from the values of C;o at a moisture content of W =0.005% mass (homogeneous liquid) in the
turbine oil oils do not exceed the value of 12% relative, which is permissible for performing
technical calculations when determining the content of diagnostic dissolved gases in this turbine
oil with its humidity in the range of 0.005-0.7% mass.

Conclusions.

1. The mathematical description of the phase equilibrium in the extraction system «moistened
turbine oil — dissolved i-th diagnostic gas — gaseous extractant (argon)» has been improved for dis-
solved diagnostic gases CHa, C2Hs, C2Ha4, C2Hz2, C3Hs, CsHs, Hz, CO, COz, Oz, No.

2. It has been established that: a) the values of the distribution coefficients k; for the corre-
sponding dissolved diagnostic gases in the studied turbine oils are practically independent of
the nature of the turbine oils (mineral or fire-resistant synthetic turbine oils), or the water con-
tent in them in the range of its concentrations of 0.005-0.7% mass; b) at t =25 °C, the solubility
of diagnostic gases in energy oils such as mineral transformer oil and in turbine oils «Agrinol
Tn-46» and «Reolube®46 RS» practically does not depend on the nature of these energy oils;
c) the constancy of the values of the distribution coefficients k; in the studied range of measured
concentrations of gases dissolved in turbine oils, depending on the number of gas extractions
performed, indicates the possibility of using the known gas extraction equation (1) in the stud-
ied range of measured concentrations of gases dissolved in turbine oils.

3. The following were studied: a) the nature of the effect of temperature on the value of
distribution coefficients k; for HzS in the system «mineral turbine oil «Agrinol Tp-46» — dis-
solved gas H>S — extractant (argon)» in the temperature range 15-80 °C, and it was found that
an increase in temperature leads to a decrease in the distribution coefficients k; for HS.

Asimilar result was obtained when studying the nature of the dependence of H.S solubility
values on temperature in the system «mineral turbine oil «Agrinol Tp-46» — dissolved H2S
gas»; b) The content of i-dissolved gases in the model synthetic fire-resistant turbine oil
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«Reolube®46 RSy according to the application method at t = 20 °C, and it is shown that the
relative deviations of y and C;o values at moisture content W = 0.7% mass (heterogeneous liquid
) in turbine oil «Reolube®46 RSy from the values of C;o with a moisture content in W = 0.005%
mass (homogeneous liquid) turbine oil, do not exceed the value of 12% relative, which is ac-
ceptable for performing technical calculations when determining the content of diagnostic dis-
solved gases in this oil with its humidity in the range of 0.005-0.7% mass.

4. The promise of the research results obtained lies in the possibility of their further use to
determine the influence of moisture, temperature, thermal, electric and acoustic fields on the
degradation of turbine oils for further improvement of the elements of the system for ensuring
the reliability of operation of oil-filled equipment of nuclear power plants.
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KOHTPOJIb BMICTY PO3UUMHEHUX I'A3IB Y CBI’KUX
TA OKUCHEHUX TYPBIHHUX OJINBAX

Cmamms € nyonikayielo Hayko8o-memoouiHo20 XxapaKmepy.

3acmocyeanna cyuacnux memooie KOHMPONIO CMAHY ONUBOHANOBHEHO20 menaomexaniuno2o ooaraonanna AEC nompedye
besnepepsrozo YOOCKOHANEHHS MeMOOi6 0iaeHOCHYS8AHHA MAKO20 OONAOHAHHSA, 8 MOMY YUCT 3a PE3YIbMAMAMU KOHMPOIIO
emicny posuunenux oiacnocmuynux eazis, maxux sx CHa, CoHe, C2Ha, C2Hz, C3Hs, C3Hs, H2, CO, CO2, O2, N2, 6 minepanvhux
Ma CUHMEMUYHUX 602HECILIKUX MYPOIHHUX OTUBAX, Y MOMY YUCIE 8 2eMePOLEHHUX CUCTNEMAX MUNY «mypoina onusa — po3yu-
HeHUll 2a3 — eMyIbCIliHA 600a.

Jlobumucsa docmogipHocmi pe3yibmamis UHAUeHHs: GMIiCmY 0IaeHOCIUYHUX PO3YUHEHUX 2a31i6 6 MYPOIHHUX OUEAX 34
Memoodamu 2a3080i Xpomamospaghii MOJCHA NPu NPAGUILHOMY 8UOOPT Jiana3oHy KOHYEeHmMpayii 600U 6 Yux 00CIIONHCY8AHUX
MypOIHHUX OUBAX, 8 AKOMY BIOCYMHI 3HAUHULL BNAUG BMICHTY 800U HA PE3VILMAMU 2A30XPOMATNOSPADIYHUX SUMIPIOBAHD.

Ananiz oocnioscens i nyonikayii 3 nUManb 00CIIOHCEHb MEMOOi8 0iazHOCMYBAHHA eleKMPOMEXHIUHO20 ma meniomexaui-
YHO20 ONUBOHANOBHEHO20 0ONAOHANHS 30 PE3YILMAMAMYU AHATI3IE NPOD eHep2eMUYHUX OTUE MeMOoOaMu 2a3080i xpomamozpadii
NOKA3a8, WO NUMAHHAM CIAL020 NIOBUIEHHS O0CIMOBIDHOCI PE3YIbMAMIe GUSHAYEHHS BMICIY OIASHOCMUYHUX POSUUHEHUX 2a-
3168 y MypOIHHUX OTUBAX 30 MEMOOAMU 2A3080i Xpomamozpagii Ha cb0200HI NPUOLIEHO MALO Y8a2l 8 HAYKOGIll limepamypi.

Busenenns xapaxmepy éniugy emicmy posuuHeHoi ma emynbCillHOi 600U 6 MIHEPATLHUX MA CUHMEMUYHUX 80SHECTNIUKUX
MYPOIHHUX ONUBAX HA PE3YTILINAMU 2A30XPOMAMOSPADIUHUX AHANIZIE HA CbO20OHT NPUOLIEHO MAL0 Y6a2u 8 HAYKOGIL imepamypi.

Memoro cmammi € 3a6e3neyents 00CmMoGIpHOCIE Pe3yTbmamis 00CIIONCEHHS GMICMY OIAeHOCMUYHUX PO3UUHEHUX 2a316
Ha, CHa, C2Hs, C2Ha, C2H2, CO, COz2, O2, N2, 3a memooamu 2azo60i xpomamozpaghii 6 npobax eono2ux MiHepatoHux ma CuH-
MemuyHUX 802HeCMIUKUX MypOIHHUX OAUBAX OISl NOOANBUIO20 Oia2HOCMYBAHHS ONU8OHAN08HeH020 oonaonanns AEC.

Ha niocmasgi icuyiouux memooie 00cniodcetv, 6yo: YyOOCKOHALEHO MAMeMamuiHull onuc ¢hazoeoi pignogazu 6 ekcmpa-
Kyitiniil cucmemi «8o102a mypOiHHa onu6a — po34uHeHull i-i 2a3 — 2a30N00iOHUIL eKempazenmy» 0sl O0CAIONCYBAHUX MYPOIHHUX
onus «Azpinon Tn-46», «Fyrquel®Ly, «Reolube®OMTIy», «Reolube®46 RS». 3a memodamu 2a3060i xpomamozpadhii: euseneno
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6NIU6 KOHYEHMPAyill i-X POZUUHEHUX 2a318 Y 60102UX MYPOIHHUX ONUBAX HA 3HAUEHHs KOeIYicHmie po3nooiny 0is i-X po3yu-
HeHUX 2a3i6 6 eKCMPAaKYIUHUX CUCIEMAX «80N02a MYPOIHHA ONUBA — POZUUHEHUL i-11 243 — 2A30N00IOHUL eKCMPALEHM», BUSAG-
JIeHO GNIUE KOHYEHMPAaYill 600U Y 0102UX MYPOIHHUX ONUBAX HA 3HAYEHHSI KOeDIiYIEHMIg pO3NOOiLy 05l =X POZHUHEHUX 2a318
6 eKCMPAaKYIUHUX CUCTEMAX «80102a MYPOIHHA ONUBA — PO3HUHEHUTL -1l 2a3 — 2A30N00IOHULL eKCTNPA2EHM», 00CTIOHCEHO PO3-
YuHHICMb 0iA2HOCMUYHUX 2a3i6 6 OCYUEeHUX Ma 80102uX MmypoinHux onueax npu memnepantypi 20 °C.

Y pobomi Oocnioosceno: posuunnicms yux 2asie 6 Minepanvuil mypoinHiu onusi «Aepinon Tn-46» ma 6 cunmemuuniii 6oe-
necmitikiti myp6inniti onuei «Reolube®46 RS» i3 émicmom 6 nux sonozu 6 inmepeani 0,005 —0,7 % macu npu memnepamypi 25 °C;
3anexcHicmy genuyuH pozuurnocmi ons HaS 6id0 memnepamypu é cucmemi «minepanvha mypoinua onuea — posuunenuil 2az HaS»
6 inmepsani memnepamyp 15-80 °C; koeghiyicumu po3nodiny posuunenux 2asie 6 00CniovHcenux mypoiHHUX OTUEAX NPU MEMNEpa-
mypi 20 °C 6 cucmemax «mypbinna onuea — pozuunenuti 2a3 — 2a30n00iOHUL eKCIPA2EHM»; EMIC POSYUHEHUX 24316 6 MOOGTbHUX
cunmemuuHux 6oznecmitixux mypoinnux onueax «Reolube®46 RS» 3a memodom dodamxy. Lle doseonume euznauamu émicm pos-
YUHEHUX 2a3i8 Y GONI02UX MYPOIHHUX ONUBAX O NOOANLUO20 OIA2HOCIY8AHHS ONUBOHANOGHEHO20 0ONAOHANHA.

Knrouosi cnosa: 2azosa xpomamoepaghis; diacnocmuxa, a0epHa eHepeemuka, KoeQiyieHm po3nooiny; poOsUuHHICMb 2a3y.

Tabn.: 6. Puc.: 1. bion.: 21.
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