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Annomavusa. Ilouck u paspabomka payuoHanbHblX HANPAGAEHUN UCNONb30GAHUA HCUPOBLIX
0mx0008, 0OPA3VIOWUXCA NPU NPOU3BOOCIEE PLIOHLIX JHCUPOB, AGIAECA AKMYANbHOU IKOJI0SUHECKOl
3a0ayeti pvloHOU ompacnu. B nacmoswee epemsa sma npodrema ocmaemcs ne peuwennou. Coancmox
nocie paguHayuu pPulOHBIX JHCUPOS U JCUPOBAS NEHHAs MAcca nocie @OIOMAYUoOHHOU OYUCTKU
NPOU3BOOCTNEEHHBIX CHOYHLIX 600 NPOUIBOOCMBA PBIOHBIX JICUPOE COO0epICcam 6 C8oeM COCmase
SHAYUMENLHOE KOAUYECHBO NOAUHEHACLIUWEHHBIX JHCUPHBIX KUCAIOM U Mbll. YKa3anHvle KOMNOHEHMbl
Moz2ym  Obimb OCHOB0U 05l NONYYEHUs PA3IUYHBIX MEXHUYecKux npoodykmos. Ycmanoeneno, umo
COancmox u MOOUPUYUPOBAHHAS (OMBLIEHHAS) HCUPOBAsL NEHHASL MAcca 001a0aom aHQPUKYUOHHBIMU U
NOBEPXHOCMHO-AKMUBHBIMU CEOUCMEAMU. DMO NO360JIAem Onpeoeiums HanpasieHue ux UCnoab308aHUs
6 Kawecmee cmMaszouHou 0obasku k 6ypoeomy pacmeopy. Hccnedosanue sxonocuyeckoli bezonacHocmu
HOBOIL CMA304HOU 000A6KU HA OCHOBE MOOUDUYUPOBAHHOTL HCUPOBOU NEHHOU MACCH NO360IUNO OMHECTU
eé K MAaNOONACHbIM 6eWecm8dm, ONnpedeIums npeodeNbHO OONYCIMUMYI0 KOHYEHMPAyuio 6 600e
PbIOOXO3AUCMBEHHBIX BOOHBIX 00BEKMO8 U PEKOMEHO08AMb K UCNONIb308AHUI0 NPU PA3PAOOMKe MOPCKUX
Heghme2az08b1x MECMOPOHCOEHUIL.
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CBOWCTBA, TOBEPXHOCTHO-aKTHUBHBIE CBOWMCTBA, MNpEAETbHO JOMyCTUMAas KOHILEHTpAlUs, CMa30dHast
nob6aBka, OypoBo# pacTBOp
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Abstract. The search and development of rational uses of fatty waste formed in the production of
fish oils is an urgent ecological problem of the fishing industry. Currently, this problem remains
unresolved. Soap stock after refining fish oils and fatty foam after flotation treatment of industrial waste
water from fish oil production contain a significant amount of polyunsaturated fatty acids and soaps.
These components can be a basis for obtaining various technical products. It was found that soap stock
and modified (saponified) fatty foam mass have antifriction and surface-active properties. This allows to
determine the field of their use as a drilling mud lubricant. The study of the environmental safety of a new
lubricant additive based on modified fatty foam mass made it possible to classify it as a low-hazard
substance, determine the maximum permissible concentration in the water of fishery water bodies, and
recommend it for use in the offshore oil and gas fields development.

Keywords: fish oil, soap stock, fatty foam mass, antifriction properties, surface-active properties,
maximum permissible concentration, lubricant additive, drilling mud/drilling fluid
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Introduction. Food waste is a serious environmental problem. Thus, in the process of
refining fish oils, soap stocks are formed containing up to 7% neutral fat and up to 16% sodium
salts of fatty acids. During flotation treatment of industrial wastewater from fish oil production,
fatty foam masses are formed containing up to 70% lipids. To date, these wastes are not used
rationally [1].

Currently, natural fats and their derivatives are increasingly being used in drilling fluids
in the oil and gas industry. Fatty components are introduced into the drilling fluid to reduce
friction and increase anti-wear properties. The use of natural fatty components as a lubricant
additive increases the environmental safety of the drilling fluid [2].

It is necessary to study the possibility of using fatty waste generated during the
production of fish oils as a lubricant additive to drilling fluid. The environmental safety of the
proposed lubricant additive should also be assessed. This will make it possible to use it in the
development of offshore oil and gas fields, incl. in the Arctic zone.

Materials and research methods. The purpose of the study was to develop a direction
for the rational use of fatty waste from the production of fish oils as an anti-friction lubricant
composition.

To achieve this goal, the following tasks were solved: studying the chemical composition
and properties of the research objects; development of a method for producing a lubricant
additive for drilling fluid based on them; study of the properties and environmental safety of the
resulting lubricant additive.

The objects of the study were: soap stock formed as a result of the refining of fish oils;
fatty foam formed during flotation treatment of industrial wastewater from the production of fish
oils; model of drilling fluid in the form of an aqueous suspension of clay powder. Traditional
lubricating additives used in the oil and gas industry were used as objects of comparison:
synthetic fatty acids according to T U 38-50712-87 [3], a mixture of vegetable oils and liquid
glass [4], a mixture of vegetable oils and boron compounds [5].

The chemical composition of the research objects was determined by standard methods in
accordance with GOST 7636-85". The content of sodium soaps was determined by titrating the
sample with hydrochloric acid, first in the presence of phenolphthalein, then methyl red®. The
fractional composition of lipids was determined using current layer chromatography [6]. The
fatty acid composition of lipids was determined using gas chromatography in accordance
with GOST 31663-2012°. The antifriction properties of the Ilubricant additive (friction
coefficient, wear rate of steel grade U8) were studied using an MT -2 friction machine according
to standard methodology in accordance with STO Gazprom 2-3.2-011-2005%. The main
parameters of the model drilling fluid (density, viscosity, filtration index, shear stress, pH of the
medium, electrical resistivity) were determined by standard methods®. The surface-active
properties of the study objects were assessed by the decrease in surface tension (at the interface
with air) and the decrease in interfacial tension (at the interface with heptane) [7]. The
environmental safety of the lubricant additive was assessed using the “maximum permissible
concentration” indicator, determined using standard methods®.

1GOST 7636-85. Fish, marine mammals, marine invertebrates and their products. Methods of analysis. Moscow, 2010.

“Guide to research methods, technical and chemical control and production accounting in the oil and fat
industry / VNIIZH; under general ed. V. P. Rzhekhina, A. G. Sergeeva. T. 3. L. 1964. 494 p.

3GOST 31663-2012. Vegetable oils and animal fats. Determination by gas chromatography of the mass fraction of
methyl esters of fatty acids. Moscow, 2019.

4STO Gazprom 2-3.2-011-2005. Drilling fluids. Methodology for measuring wear rate and friction coefficient on an MT-
2 friction machine. Moscow, 2005.

5 GOST 33213-2014 (I1SO 10414-1:2008). Monitoring the parameters of drilling fluids in field conditions. Moscow,
2015.

® Order of the Federal Agency for Fisheries dated 08/04/2009 No. 695 (as amended on 12/22/2016) “On
approval of the Guidelines for the development of water quality standards for water bodies of fishery importance,
including standards for maximum permissible concentrations of harmful substances in the waters of water bodies of
fishery importance.”
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Research results and their discussion. A study of the chemical composition of soap
stock showed that it contains on average 80 % water, 7 % lipids, 12 % soap, 1 % minerals.
Soapstock lipids contain on average 74 % polyunsaturated fatty acids.

The fatty foam mass contains on average 30 % water, 60 % lipids, 8 % soap, 0.08 %
nitrogenous substances, 1.9 % minerals. Lipids in fatty foam contain on average 50 %
triglycerides, 30 % free fatty acids, 10 % diglycerides, 10 % monoglycerides and hydroxy acids.
The average fatty acid composition of lipids is: 38 % polyunsaturated fatty acids, 37 %
monounsaturated fatty acids, 25 % saturated fatty acids.

The chemical composition of fat waste indicates that it can be a source of polyunsaturated
free fatty acids and soaps. These compounds can form the basis of a lubricant additive to drilling
fluid. The presence of fatty acid salts (soaps) ensures uniform distribution of the lubricant
additive in the aqueous environment of the drilling fluid. However, with an increase in the
amount of soap in the lubricant additive, its antifriction properties decrease. Therefore, it is
necessary to search for the optimal ratio of fat phase and soap in the lubricant composition.

Soapstock contains a sufficient amount of soap, so there is no need to subject it to
additional — saponification processing.

The soap content in the fatty foam mass is not enough to distribute it evenly in the
drilling fluid. Therefore, the lipids of the fatty foam mass were additionally subjected to
saponification 30 % alcohol solution of sodium aluminum methyl siloxanolate.

The main criteria for choosing a saponifying agent were: the presence of free alkali,
widespread use in drilling wells, the presence of ethyl alcohol as a preservative and a substance
that synergistically enhances the lubricating effect of fatty acids. The ratio of saponifying
reagent: fatty foam mass was 1:10. The fatty foam mass after saponification had a pasty
consistency, the color varied from white to light yellow. The physical and chemical
characteristics of the product were: density 0.98...1.04 g/cm 3, acid number 5...20 mgKOH/g,
pH of 1% aqueous solution 8.0.

To evaluate the effectiveness of antifriction properties, soap stock and saponified fatty
foam mass were introduced into a model drilling fluid in an amount of 1 % and studied the
change in the friction coefficient and wear rate of steel. The friction coefficient characterizes the
lubricity of the reagent under study. The reduction in the coefficient of friction occurs due to the
formation of boundary layers with low shear resistance and high compression resistance on the
interacting surfaces. The mechanism of formation of boundary layers and their properties are
considered in [8]. As a result, the influence of friction and adhesion forces is reduced. The wear
rate characterizes the strength of the boundary lubricating layer at high specific pressures.

Soapstock increases the antifriction properties of the model drilling fluid. Thus, when
adding 0.5 to a clay suspension % soap stock, the friction coefficient value is reduced by 40 %
And is 0.28, and the wear rate of steel is reduced by half and is 3.8 mm / h. The optimal soap
stock content is 1.5...2.0 % by weight of drilling fluid. A further increase in its content in the
composition does not increase the antifriction properties of the drilling fluid [9].

The introduction of soap stock into a clay suspension improves its filtration
characteristics - the filtration index value decreases. This reduces the electrical resistivity of the
suspension, which is an undesirable effect for the drilling fluid. For example, introducing soap
stock into a model drilling fluid in an amount of 1.5 % reduces the value of the specific electrical
resistance of the solution from 5.5 to 3.15 Ohm'm.

Saponified fatty foam also has a positive effect on the antifriction properties of the model
drilling fluid. Thus, when introducing 1.5% saponified fatty foam mass into a clay suspension,
the friction coefficient decreases nine times and is 0.1, and the wear rate of steel is reduced by
four times and amounts to a specific load 20 MPa1 mm/h

The introduction of the reagent stabilizes the technological parameters of the drilling
fluid. In particular, the filtration index value decreases, the pH and electrical resistivity of the
composition are stabilized.
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A study of the shelf life of a lubricant additive based on saponified fat foam mass showed
that during the year, separation of the dispersed system and separation of the aqueous phase from
it were not observed. The reagent maintains stability and homogeneous structure.

Traditional lubricant additives used in the oil and gas industry were chosen as objects of
comparison: synthetic fatty acids, mixtures of vegetable oils and liquid glass, mixtures of
vegetable oils and boron compounds. These lubricant additives contain vegetable oils or their
derivatives. Therefore, in terms of environmental safety, they are similar to lubricating additives
based on fatty waste from the production of fish oils. The amount of traditional lubricant
additives added to the model drilling fluid was 1.5 %.

Studies of the antifriction properties of traditional lubricant additives have shown that
they are inferior to saponified fatty foam. The introduction of saponified fatty foam into the
model drilling fluid reduces the wear rate of steel at a specific load of 20 MPa is four times, and
the friction coefficient is two times compared with similar indicators of traditional lubricant
additives.

Soapstock's antifriction properties are somewhat inferior to traditional lubricating
additives and saponified fatty foam mass. Introduction to Model Drilling Fluid 1.5 % soap stock
reduces the wear rate of steel at a specific load of 20 MPa to 2.5 mm/h, 1.5 % of traditional
lubricant additives up to 1.5 mm/h, 1.5 % saponified fat foam mass up to 1.0 mm/h The
coefficient of friction when introducing the same amount of soap stock into a model drilling fluid
is 0.25, traditional lubricating additives from 0.22 to 0.17, saponified fatty foam mass is 0.1.
Apparently, this is due to the significant content of fatty acid salts (soaps) in soap stock, which
reduces its effectiveness as a lubricant. The lubricating properties of soap stock can be improved
by chemical modification, for example, with organometallic compounds.

Filtrates of a model drilling fluid with the addition of soap stock or saponified fat foam
were examined for the presence of surface-active properties. The presence of these reagents in
the filtrates in an amount of 1.5 % reduces the surface tension of the composition by 1.5...1.7
times and amounts to from 36 to 43 mN / m, and interfacial tension is 4.0...4.7 times and
amounts to from 10 to 12 mN / m. A further increase in the content of reagents in the filtrates has
little effect on their surface-active properties. The inclusion of soap stock or saponified fatty
foam into the drilling fluid as a surfactant helps prevent clay particles from sticking to the
drilling tool and to each other, increasing the drilling speed and improving the lubricity of the
drilling fluid.

Due to its high anti-friction properties, the saponified fat foam mass was subsequently
considered as a lubricant additive. The use of this reagent in the extraction of hydrocarbons in
marine conditions requires an assessment of its effect on aquatic biological objects and on the
hydrochemical regime of fishery reservoirs.

The toxicological experiment was carried out on unicellular algae, lower crustaceans,
one-year-old rainbow trout and saprophytic microflora.

For unicellular algae, the boundary concentration of saponified fatty foam mass in water
was 25.6 mg/ dm?®. At this concentration, biological objects showed a decrease in photosynthesis.
This indicates the toxic effect of the reagent on them. The ineffective concentration of the
reagent for unicellular algae was 12.8 mg/dm 2.

The lethal dose of the reagent for lower crustaceans was over 12.8 mg/ dm 2. At a reagent
concentration of no more than 3.2 mg/dm * no inhibitory effect on biological objects was
observed.

For one-year-old rainbow trout, the inactive concentration of the reagent was no higher
than 50 mg/ dm >,

In terms of acute toxicity, the reagent under study belongs to low-hazard substances
(fourth hazard class). The limiting hazard indicator is sanitary.

The effect of saponified fat foam on the chemical composition of water was also studied.

The experiment showed that when the concentration of the reagent in water is not higher
than 1.0 mg/ dm ® oxygen content on the third day of exposure remains at the level of the control
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experiment (without reagent) and is 8.7 mgO »/ dm 3. When the concentration of the reagent in
water is above 1.0 mg/dm 3, the content of dissolved oxygen decreases.

The concentration of the reagent in water above 10.0 mg/dm ° shifts the pH of the
medium to the alkaline region. However, on the thirtieth day of exposure, the pH of the
environment returns to the neutral region.

Increasing the concentration of the reagent increases the oxidation of the environment.
Thus, on the thirtieth day of exposure at a reagent concentration of 10 mg/dm 3, the oxidation of
the medium was 5.18 mgO , /dm 3, and at a reagent concentration of 100 mg/dm 3, the
oxidability was 6.54 mgO ,/ dm *.

Reagent concentrations above 10 mg/dm 2 contribute to the accumulation of ammonium,
nitrite and nitrate ions in water, as well as an increase in the “biological oxygen consumption”
indicator.

An increase in the concentration of the reagent above 1.0 mg/dm 2 in the first three days
of exposure promotes an increase in the number of saprophytic microorganisms and then inhibits
their development.

A study of the influence of saponified fatty foam on the organoleptic properties of water
showed that when the reagent concentration exceeds 1.0 mg/dm 3, the natural color and smell of
the medium changes. Heating water up to 60 ° C contributes to the appearance of a specific odor
even at reagent concentrations above 0.5 mg/ dm 2.

Thus, according to the results of studies of hydrochemical parameters of water, the
maximum permissible concentration of the test reagent should not exceed 0.5 mg/ dm 2. Taking
into account the safety factor (2.5), the maximum permissible concentration of the reagent in the
water of fishery water bodies is set to no more than 0.2 mg/ dm *.

Introduction 1.5 % of saponified fatty foam mass in the drilling fluid provides it with
good anti-friction properties and does not exceed the established maximum permissible
concentration of the reagent in water.

The antifriction and surfactant properties of various fatty wastes were previously noted in
the works of a number of authors. In particular, fatty waste from food production is proposed to
be used in the composition of cutting fluids for metal processing, in anti-adhesive and anti-
corrosion compositions, and as a flotation reagent in the enrichment of apatite nepheline ore [1,
10, 11, 12].

Conducted studies of the antifriction and surface-active properties of fatty waste from the
production of fish oils indicate the possibility of their use as a lubricant additive to drilling fluid.

Recently, the possibility of using vegetable and animal fats in lubricant additives has
been actively studied due to the tightening of environmental requirements for reagents used in
drilling fluids [2, 13, 14]. Fatty substances of natural origin, compared to synthetic reagents, are
easily biodegradable, which indicates their environmental safety. However, the use of such
lubricating additives in the extraction of hydrocarbons in marine conditions requires an
assessment of their environmental safety, as well as the establishment of maximum permissible
concentrations in the water of fishery water bodies [15].

A study of the influence of a lubricant additive based on a modified fatty foam mass on
aquatic biological objects and the hydrochemical regime of fishery reservoirs made it possible to
establish its environmental safety and recommend it for use in the development of offshore oil
and gas fields.

Conclusion. The chemical composition of fatty waste (soap stock and fatty foam) formed
during the production of fish oils has been studied. The presence of polyunsaturated fatty acids
and soaps in fatty waste allows us to determine the possible direction of their use as an anti-
friction lubricant.

Soapstock's antifriction properties are inferior to lubricant additives traditionally used in
the oil and gas industry. Apparently, the increased content of fatty acid salts (soaps) worsens its
properties as a lubricant. It is advisable to investigate the possibility of improving the lubricating
properties of soap stock by modifying it (for example, with organometallic compounds).
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The fatty foam mass must be saponified to improve its functional properties. The
resulting product has anti-friction properties superior to traditional lubricant additives used in the
oil and gas industry. The high lubricity of the new reagent is ensured due to the optimal ratio of
the fat component and saponifying agent.

Soapstock and saponified fat foam have good surface-active properties. The use of these
reagents in the drilling fluid helps reduce the adhesion of clay particles to the drilling tool and to
each other, increases the drilling speed and improves the lubricity of the drilling fluid.

The influence of saponified fatty foam on aquatic biological objects and the
hydrochemical regime of fishery reservoirs has been studied. This made it possible to establish
the maximum permissible concentration of the test reagent in the water of fishery water bodies of
no more than 0.2 mg/dm °. The hazard class of the reagent has been determined - fourth, low-
hazard substances. The limiting hazard indicator is sanitary.

The research results allow us to recommend a new lubricant additive for use in the
development of offshore oil and gas fields.

JIUTEPATYPA

1. Petrov B. F., Volkova T. P. Technologies for processing fat waste and technical fish oils // IOP Conf. Ser.:
Earth Environ Sci. 2020. Vol. 539 (012199). https://doi.org/10.1088/1755-1315/539/1/012199. Available from:
https://iopscience.iop.org/article/10.1088/1755-1315/539/1/012199/pdf [Accessed 15 September 2023].

2. Ierpos H. A., laBeinoBa U. H. MccnenoBanie KOMOMHAINA CIICIIATHHO TOATOTOBICHHBIX PACTUTEIBHBIX
Macell 1 IIPUCaIO0KB KadecTBE CMa309YHbIX 100aBOK OypoBHIX pacTBOpoB // Hedrerazooe meno. 2013. T. 11. Ne 4. C.
42-58.

3. bapaxuna B. b., Xapuzosa ®@. ®., Kupeer U. P. buopectpykius oTpaboTaHHBIX OypOBBIX pEareHTOB Ha
OCHOBE CHHTETHYECKUX YKUPHBIX KUCIOT // bamkupckuit xumuaeckuid sxypaair. 2012, T. 19. Ne 3. C. 106-108.

4. Cwma3ounblii peareHT K OypoBsiM pactBopam: mar. SU1808861A1 / Konopanos E. A., UBanos 10. A,
Mymununa T. H. [u ap.] Ne 4936487/03; 3asBn. 15.05.91; ony6u. 15.04.93, bron. Ne 14,

5. CwmazouHsblii peareHT k OypoBbIM pactBopam: nat. SU1808862A1 / Konosanos E. A., Po3os A. JI., iBanos
FO.A. [1 mp.] Ne 4936494/03; 3asBn. 15.05.91; ony6m. 15.04.93, Bron. Ne 14.

6. Kommpaxua W. II., Kypumos H. B., MamaxoB A. I'. KimHnueckas nabopaTopHasi IOHAaTHOCTHKA B
BeTepuHapuu. Mocksa: Arponpomuszaat, 1985. 287 c.

7. Pycanos A. K., IIpoxopos B. A. Mexdaznas terznomerpus. Cankr-IletepOypr: Xumus, 1994. 397 c.

8. AxmatoB A. C. MonekymsapHas ¢pusnuka rpaHngHOro Tpeans. Mocksa: @usmatrus, 1963. 472 c.

9. MorsuieBa T. A., TlerpoB b. ®@. HccnenoBanne TpHOOTEXHUIECKHAX M IIOBEPXHOCTHO-aKTHBHBIX CBOWCTB
COAICTOKa MPOM3BO/ICTBA PHIOHBIX XkUpOB // Bectauk MI'TY. 2006. T. 9. Ne 4. C. 710-713.

10. Bimbo A., Crowther J. The Industrial Uses of Marine Oils // International News on Fats, Oils and Related
Materials. 1990. Vol. 4. No 1. P. 295.

11. Uudppun C. M., Xocux E. B. Oumcrtka CTOYHBIX BOJ TNpEeANpUATHH pbibooOpabdaThIBaromIe
MIPOMBIIIIEHHOCTH. MockBa: [IummeBas npomsimienHocts. 1977. 111 c.

12. Tpyxun H. B. PanmonansHOe ucmons30Banne peIOHOTO ChIpbi. MockBa: Arponpommsaat, 1985. 96 c.

13. Moiica 1O. H. IIpumeHeHme cMa3049HBIX [00aBOK B OypoBbIX pacTBopax // Marepuansr |l
MexayHapoIHOW HaydHO-TIpaKkTHUecKol KoH(pepeHnmu «bymatoBckue uteHus», KpacHomap, mapt 2019. T. 3. C.
72-83.

14. Crpensuor B. B., Ctpebkor C. B. TeHaeHIH HCIIONB30BaHUS OHOJOTHYECKIX CMA30YHBIX MaTepHaioB //
Bectauk ®I'OY BITIO MT'AY. 2009. Ne 2. C. 66—69.

15. Tlarun C. A. HedTs u 5K050THsI KOHTHHEHTaNbHOTO menbga: B 2-x T. T. 1. Mocksa: BHUPO, 2017. 326 c.

REFERENCES

1. Petrov BF, Volkova TP. Technologies for processing fat waste and technical fish oils. IOP Conf. Ser.:
Earth Environ Sci. 2020;539:012199. https://doi.org/10.1088/175511315/539/1/012199. Available from:
https://iopscience.iop.org/article/10.1088/1755-1315/539/1/012199/pdf [Accessed 15 September 2023].

2. Petrov NA, Davydova IN. Issledovanie kombinacij special'no podgotovlennyh rastitel'nyh masel i
prisadokv kachestve smazochnyh dobavok burovyh rastvorov. Neftegazovoe delo. 2013;11(4):42-58. (In Russ.).

3. Barahina VB, Hafizova FF, Kireev IR. Biodestrukciya otrabotannyh burovyh reagentov na osnove
sinteticheskih zhirnyh kislot. Bashkirskij himicheskij zhurnal. 2012;19(3):106-108. (In Russ.).

4. Smazochnyj reagent k burovym rastvoram: pat. SU1808861A1. Konovalov EA, Ivanov YuA, Shumilina
TN [i dr.] Ne 4936487/03; zayavl. 15.05.91; opubl. 15.04.93, Byul. No. 14. (In Russ.).

5. Smazochnyj reagent k burovym rastvoram: pat. SU1808862A1. Konovalov EA, Rozov AL, lvanov YUA [i
dr.] Ne 4936494/03; zayavl. 15.05.91; opubl. 15.04.93, Byul. No 14. (In Russ.).

Issue No. 4, 2023 77


https://iopscience.iop.org/article/10.1088/1755-1315/539/1/012199/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/539/1/012199/pdf

CoBpemMeHHast Hayka 1 nHHOBaruu. 2023. Ne 4 (44)

6. Kondrahin IP, Kurilov NV, Malahov AG. Klinicheskaya laboratornaya diagnostika v veterinarii. Moskva:
Agropromizdat; 1985. 287 p. (In Russ.).

7.  Rusanov AK, Prohorov VA. Mezhfaznaya tenziometriya. Sankt-Peterburg: Himiya; 1994. 397 p. (In
Russ.).

8. Ahmatov AS. Molekulyarnaya fizika granichnogo treniya. Moskva: Fizmatgiz; 1963. 472 p. (In Russ.).
9. Motyleva TA. Petrov B.F. Issledovanie tribotekhnicheskih i poverhnostno-aktivnyh svojstv soapstoka
proizvodstva rybnyh zhirov. Vestnik MGTU. 2006;9(4):710-713. (In Russ.).

10. Bimbo A, Crowther J. The Industrial Uses of Marine Oils. International News on Fats, Oils and Related
Materials. 1990;4(1)295.

11. Shifrin SM, Hosid EV. Ochistka stochnyh vod predpriyatij ryboobrabatyvayushchej promyshlennosti.
Moskva: Pishchevaya promyshlennost; 1977. 111 p. (In Russ.).

12. Truhin NV. Racional'noe ispol'zovanie rybnogo syr'ya. Moskva: Agropromizdat; 1985. 96 p. (In Russ.).

13. Mojsa YU.N. Primenenie smazochnyh dobavok v burovyh rastvorah. Materialy 11l Mezhdunarodnoj
nauchno-prakticheskoj konferencii «Bulatovskie chteniya», Krasnodar; Mart 2019;(3)72-83. (In Russ.).

14. Strel'cov VV, Strebkov SV. Tendencii ispol'zovaniya biologicheskih smazochnyh materialov. Vestnik
FGOU VPO MGAU. 2009;2:66-69. (In Russ.).

15. Patin SA. Neft' i ekologiya kontinental'nogo shel'fa: v 2-h t. Vol. 1. Moskva: VNIRO; 2017. 326 p. (In
Russ.).

HH®OPMAILIUA Ob ABTOPE
bopuc ®enopoBuu IleTpoB — KaHAWIAT TEXHUYECKHMX HAyK, IOOIEHT, Mpodeccop Kademps
TEXHOJIOTHI MUIIEBBIX MPOU3BOACTB, MypMaHCKUH apKTHYeCKUll yHUBepcuTeT, yiauna CrnoptuBHas, 13,
MypmaHCK, 183010, Poccus, +79212884869, https://orcid.org/0000-0002-9222-8437,
petrovbf@mstu.edu.ru,

INFORMATION ABOUT THE AUTHOR
Boris F. Petrov — Cand. Sci. (Techn.), Associate Professor, Professor at the Department of
Food Production Technologies, Murmansk Arctic University, 13, Sportivnaya St., Murmansk, 183010,
Russia, +79212884869, https://orcid.org/0000-0002-9222-8437, petrovbf@mstu.edu.ru,

KondaukT uHTEpecoB: aBTOp 3asBiIsieT 00 OTCYTCTBUU KOH(IIUKTa HHTEPECOB.
Conflict of interest: the author declares no conflicts of interests.

Cmamws nocmynuia 6 peoaxyuro: 28.09.2023;
0006pena nocne peyensuposanus: 02.11.2023,;
npunsima k nybauxayuu: 06.12.2023.

The article was submitted: 28.09.2023;

approved after reviewing: 02.11.2023;
accepted for publication: 06.12.2023.

78 Bbinyck Ne 4, 2023


mailto:petrovbf@mstu.edu.ru
mailto:petrovbf@mstu.edu.ru



