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IMPROVEMENT OF PERFORMANCE PROPERTIES
OF DIESEL FUELS WITH MULTIFUNCTIONAL ADDITIVE

Abstract. The article presents research materials on the evaluation of coagulants properties for growth of resins
and oxidation products dissolved in diesel fuel. Micrographs of fuel samples after sulfuric acid attack are given. The
evaluation and the research results of alkali attack on the fuel are presented. As a result of aqueous carbamide
solution attack on the fuel, the ability of aggregation of resins practically dissolved in diesel fuel was established.
The research results of combined compositions of reagents are given. The author notes that combination of sulfuric
acid and aqueous carbamide solution when added to diesel fuel allows reduce the content of existent resins by half,
while the fuel acidity is reduced by 13%. The article also reveals the patterns of changes in the content of existent
resins in the fuel from the duration of sedimentation at different combinations of coagulant compositions. According
to the research results, it was established that among the considered agents, the greatest effect of the coagulation
process of dissolved impurities in the fuel is achieved by its interaction with the aqueous carbamide solution and
sulfuric acid.

Key words: diesel fuel, resins, coagulation, physicochemical parameters, sulfuric acid, alkali, carbamide,
sedimentation, removal.

Introduction. Diesel fuels are one of the most popular petroleum products used in agricultural
machinery. Composition, properties and quality of diesel fuels used in engines of tractors and automobiles
largely determine the resource and reliability of components and parts of fuel equipment and cylinder-
piston group.

The reliability of work of tractors, combines and automobiles largely depends on the quality of the
used diesel fuel, its performance properties.

Main part.Analysis of fuels stored in oil stores and used in agricultural enterprises showed [1] that
fuels purchased from commercial structures from “wheels” in 40-60% of cases had a deviation from the
standard values for fractional composition, low-temperature, anti-wear, lubricating properties, content of
sulfur and existent resins [2].

One of the problems of poor quality and unsatisfactory condition of diesel fuel used in tractors,
automobiles and combines are their storage and transportation conditions.

As is well known, among contaminants present in diesel fuel, besides mechanical impurities and free
water, easily removed by physical cleaning methods, it contains dissolved resins, asphaltenes, oxidation
products, sulfur, which are practically impossible to remove [1-3].

The main difficulty of removal consists in the absence of means of cleaning the fuel from inclusions
of dispersed composition less than 0.1-0.5 microns.

Resins present in fuels and sulfur do not always negatively characterize the quality of the fuel, as they
are to a certain extent “lubricating components™ |2, 4-7].

On the other hand, increased content of resins, sulfur, and heavy fractions in diesel fuel when it is
bumed in a cylinder-piston group can cause formation of lacquer and increase in wear of parts of the
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cylinder-piston group. In addition, the above components of the diesel fuel adversely affect the economic
performance of the engine and exhaust pollution|8-13].

It is possible to remove dissolved impurities from the fuel by filters, centrifuges, separators only by
enlarging their dispersion composition, while it is necessary to use physical and chemical methods of
cleaning [6-7].

To select and evaluate the possibility of removal of dissolved impurities, several pretreatment
methods of the fuel with coagulants were considered, in particular sulfuric acid, alkali and carbamide
attack on the fuel [3, 14-21].

Analysis of the fuel under a microscope with magnification K,, = 110 times shows that there are no
inclusions in the fuel with existent resin content of 60 mg/100 cm® and mass fraction of sulfur of 0.5% or
more.

The following reagents were used to enlarge the dissolved impurities:

1. Sulfuric acid percentagewise to the fuel 0.1-0.5%.

2. Calcined soda solution in water in the ratio 1:5, 1:3, 1:1.

3. Aqueous carbamide solution in the ratio 1:1.

And also their different combinations:

- acid attack, followed by the aqueous carbamide solution attack;

- acid attack, followed by the alkali and aqueous carbamide solution attack;

- alkali attack, followed by the aqueous carbamide solution attack.

In accordance with the research methods, sulfuric acid was alternately added percentagewise 0.1; 0.2;
0.3; 0.4; 0.5% to the diesel fuel with the content of the existent resins 60 mg/100 cm’ and sulfur content,
0.5 mass %.

The fuel temperature was 20°C. The mixture was mixed for 0.5 hours. The coagulation process was
examined under a microscope and micrographs were taken. The results of the examination are presented in
Figure 1 (a, b, c, d).

c) d)

Figure — 1. Micrographs of the diesel fuel samples when adding in it: a) 0.1% of sulfuric acid; b) 0.2% c) 0.3%; d) 0.5%

Figure 1 shows that even a small amount of acid (0.1%) causes the coagulation process and
appearance of conglomerates.

With increase in the concentration of acid to 0.3%, increase in the carbon formation is observed.
Since the acid can cause increase in the fuel acidity, the acid was evaluated in accordance with GOST, and
the content of existent resins in the upper part of the fuel that settled for 30 minutes was measured.
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Figure 2 shows the dependence of the change in the fuel characteristics at different concentrations of
the added acid.
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Figure 2 — Change in the fuel characteristics under the sulfuric acid attack

It was established that sulfuric acid allows remove resins from the fuel (Curve 2, Figure 2), however,
the value (S) of the sulfur content increases and the acidity (K) of the fuel increases, which is a negative
fact.

The content of existent resins (Curve 2, Figure 2) is most actively reduced when the acid
concentration in the fuel is 0.1-0.2%, increase in the percentage concentration to 0.5 does not lead to
significant resin reduction in the fuel.

Water-miscible calcined soda was used for consideration as alkali coagulants. The mixing
concentration was 5:1, 3:1, and 1:1. It is noted that when mixing 5 and 3 parts of soda with 1 part of water,
100% dissolution of soda in water is not achieved. When mixing soda with water in proportions 1:1, a
good solubility was noted (more than 80%), in accordance with which further research was carried out
with the aqueous solution of 1:1, and the percentage of the aqueous alkali solution to the fuel was taken
0.5:1; 1.5 mass %.

The fuel mixed with the aqueous alkali solution was heated to a temperature of 100°C and then the
temperature was kept for 0.5-1 hours with constant mixing.

The evaluation of coagulating ability was carried out under a microscope.

Figure 3 shows micrographs of the fuel samples with different concentrations of alkali water.

a) 0.5% b) 1% ¢) 1.5%
Figure 3 - Micrographs of the diesel fuel samples after the alkali water addition
Analysis of the research results presented in Figure 3 shows that the alkali water at the concentration

of its addition into the fuel a) 0.5%; b) 1%; c¢) 1.5% practically does not have a coagulative effect on the
impurities dissolved in the fuel.
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If consider the fuel as an ultra-dispersed system with dissolved in it heavy hydrocarbon fractions,
sulfur compounds of oil, etc., then the stability of this system can be greatly changed by adding small
amounts of electrolytes into it. In lyophobic systems, the addition of ¢lectrolytes greatly increases the rate
of coagulation. Based on the well-known theoretical laws of coagulation processes, as well as the research
results on destabilization of dispersed systems of lubricating oils, the well-known substance — carbamide,
which is a mineral fertilizer used in agricultural production, was used to study the coagulating ability of
the impurities dissolved in the fuel.

The practical research on the evaluation of the coagulating ability of the dissolved impurities in the
diesel fuel under the aqueous carbamide solution attack was carried out on a fuel with the existent resin
content of 60 mg/100 cm’ selected on the oil store of one of the agricultural enterprises of West
Kazakhstan region and a fuel stored in one of the commercial oil stores in the city of Uralsk of the
Republic of Kazakhstan with the content of existent resins of more than 70 mg/100 cn’.

Analyzing the research results, let’s note that carbamide is able to aggregate the impurities dissolved
in the fuel. With increase in the concentration of the added solution with respect to the fuel, the
coagulation of particles increases, and in the process of sedimentation as the concentration of the
separating agent increases, a layer of recrystallized carbamide is formed. Figure 4 shows fragments of
micrographs of the fuel samples when the aqueous carbamide solutions are added into it.

a) at the concentration of 0.1% b) at the concentration of 0.5% c) at the concentration 0f2%

Figure 4 - Micrographs of the fuel samples (the city of Uralsk, Kazakhstan) when the aqueous carbamide solutions
are added into it. T = 90°C, the time of sedimentation t = 90 min

The research found that the optimal concentration of the added 50% carbamide solution is 0.1-0.5% at
the temperature t = 90-100°C. The optimal time of sedimentation is 60-90 min.

The research evaluated the change in the content of the existent resins in the fuel during the aqueous
carbamide solution attack on it (Figure 5).

It should be noted that the content of the existent resins (Figure 5) in the fuel, depending on the
concentration of the added aqueous carbamide solution, reduces. However, when it is increased by more
than 0.5%, the change in the resin content occurs slightly.

In addition, the content of the existent resins in the fuel after the acid attack on it changed to the value
of 25-30 mg/100 cm’. However, the acid increases the fuel acidity, and the carbamide reduces it by 40-
45%.

In this regard, the research was carried out on the combined reagent compositions. In particular, the
possibility of adding the combinations was considered:

1. 0.1% acid + (50%) 0.5% carbamide solution.

2.0.1% acid + 0.5% alkali water.

The change in the fuel acidity and the content of the existent resins depending on the duration of
sedimentation of different agent combinations is presented in Figure 5.
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Figure 5 - Pattern of the change in the acidity and the content of the existent resins
in the fuel depending on the duration of sedimentation (T,g4t0n = 90°C) at different combinations
of coagulant compositions: 1, 1'- acid + carbamide solution; 2, 2'- acid + alkali

As is seen from Figure 6, the combination of the sulfuric acid and the aqueous carbamide solution
when added to the diesel fuel allows reduce the content of the existent resins in it from 60 mg/100 cm’ to
35 mg/100 cm’, while the fuel acidity 1, 2" reduces from 3 mg KOH/100 cm’ to 2 mg KOH/100 cm’.
Compared with the attack on the fuel only with the acid, the content of the existent resins in the fuel with
the addition of the combined composition reduced almost the same, but the acidity did not increase, but
vice versa — decreased.

Conclusions.Considering the combination “sulfuric acid — alkali”, let’s note that adding 0.1% acid
and 0.5% alkali water to the fuel does not allow so much, compared to the first combination, reduce the
content of the existent resins, but it helps significantly reduce the fuel acidity. This fact is most likely due
to the effect of neutralizing the acid with the alkali.

Analyzing the research results, it can be concluded that among the considered agents, the greatest
coagulation effect of the dissolved impurities in the fuel is achieved when it interacts with the aqueous
carbamide solution, and the addition of the small amount of sulfuric acid activates the process.
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JTHA3EJILAI OTBIHIAPIBLIH MAWIAJTAHYIIELIBIK KACHETTEPIH KOTI®YHKITNOHAJIELI
KOCTAJIAPJBI KOCA OTEIPLIII JKOFAPELIATY

AnHotamusa: Makamaga Ou3eipAi OTHIHZA CPITCH IMAWBIP MCH TOTBIFY OHIMACPIH ipifCHAIpY YIOiH
KaOTYJUSIHTTAPABIH KACHCETiH Oaranmay OOWBIHIIA 3€pTTEY MAaTtepHangapsl KearipinreH. KyKipT —KbIIIKbLIBIHA
YIUBIPaFaHHAH KCHiH OTBHIH YJTIICPiHIH MHKpocyperTepi kearipinreH. CinTigik OThIHFA dcepiH Oaranay OOMbIHIIA
Oara Oepinmi skoHE 3epTTEY HOTIKenepl Kentipimmi. OreiHFA KapOamua Cy CpITiHAICIMEH OTBIHFA dcCep €Tvi
HOTIDKECIHJEC [U3CIb OTBHIHBIHAA IC JKY3IHAC €pITCH INANBIPIAApIbIH Aarperarupicy MYMKIHIIT aHBIKTAJIBL.
PeareHTTepaAiH KOCapIaHFAH KypaMIAPbIHA MKACAIBIHFAH 3€PTTCY HOTIZKENEPI KENTIPLIAl. Cy epiTiHaici kKapOOHAThI
MEH KYKIPT KbIIKbIIBI KOMOWHALWSICHIH JW3CNBAIK OTHIHFA KOCKAH KE3[C HAKTHl IMAWBIP KypaMbIH €Ki €ce
TOMCHICTYTE MYMKIHAIK O€pe/ii, OHBIH YCTIHE OTHIHHBIH KBIIKBIIABFBI 13 %-Fa TOMEHACHTIHIH aBTOP aram eTei.
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Conpaif-ak, MaKkaaaaa KoaryJBTHTTHIK KOMIIO3HIMSIAPIBIH TPl KOMOMHALMAIAPBIHAA IIOTIHALTEPiH Y3aKTbIFbIHAH
OTHIHIAFBl HAKTHl IMAWBIPIAP KYPAMBIHBIH ©3TCPY 3aHIBUIBIKTAPHI KepceTimreH. JKYpri3iareH 3epTreyIepaid
HOTIDKEJIEPIHE COMKEC, KAPACTHIPBIIFAH aTCHTTEPIIH IIMIHC EPITINTeH KOCIANAPABIH KYHIIPY Ke31HIC KBIIKbLUIIAHY
YAEPICIHIH €H YJIKCH 9CEpl OHBIH KAOTYJIAIHSI MCH KYKIPT KBIIIKBUIBIHBIH CY EPITIHIICIMEH ©33apa dPEKETTECYIMCH
JKY3€T€ aChIPHLIATHIHBI OPHATHIIIBL.

Tyiiin ce3aep: Au3enbAiK OTHIH, MAWBIPIAP, KOATY LI, (PU3UKA-XUMIIIBIK KOPCETKIIITEDP, KYKIPT KbIIIKBLIBL,
ciurTi, KapOaMua, TYHIBIPY, >KOUBLTY .

YIK 621.899
A. 0. Bexrnaeros', JLH. Pamarymiaesa?, I.K. Kymaxyiiaes 2

"3anamro-KazaxcTanckuii arpapHO-TeXHHUECKHH yHIBEpCHTET MM, YKanrup xana, Vpamsck, Kazaxcran
* FOsxH0-Ka3aXCTaHCKHI TOCY JAPCTBEHHEIH yHEBEpCHTET HM. M. Ay 33082, I1IbnvMKenT, Kasaxcran

MOBBIIIEHUE YKCILTYATAIIMOHHBIX CBOMCTB AU3EJbHBIX TOILIUB
C JOBABJIEHUEM MHOI'O®YHKIIMOHAJIBHOU NPUCAIKH

AnHotamusi. B crarbe mpeacTaBneHbl MarepHanbl HCCICAOBAHMN IO OLCHKE CBOMCTBA KOATYIITHTOB I
VKPYIIHEHH PACTBOPCHHBIX B AM3CIHHOM TOIUTHBE CMOI M MPOAYKTOB OKHCIeHms. [IpuBeneHsl Mukpodororpadum
mpo0® TOIIMB IIOCIC BO3ACHCTBHSA HAa HHX CCPHOW KHCIOTOH. JlaHa OIIGHKA W TPEACTABICHBI PE3YJIbTATHI
HCCICA0OBAHUH IO BO3ACHCTBHIO HA TOILUIMBO IIEIOYbI0. B pe3yibrare BO3ACHCTBHA HA TOIIMBO BOJHBIM PACTBOPOM
KapbaMuaa yCTaHOBJICHA CIIOCOOHOCTD arperaTHPOBAHMS MPAKTHUCCKH PACTBOPCHHBIX B AM3EIHHOM TOIUIHBE CMOJL
[IpuBeneHbl pe3yIbTATHl HCCICAOBAHMH KOMOWHHPOBAHHBIX COCTABOB PEArcHTOB. ABTOP OTMEYAeT, 4TO
KOMOMHAIMA CEPHOM KHCIOTHI M BOJHOTO PAcTBOpa KapOamuma mpu A0OABICHHHM HX K JWU3CIBHOMY TOILTHBY
MO3BOJIET B JBA Pa3a CHHU3UTH COJACPKAHHE (PAKTHHMECKMX CMOJ, IPH 3TOM KHCIOTHOCTh TOIUIMBA CHIDKACTCS HA
13%. Taxke B CTaThe BBIABIAFOTCA 3aKOHOMCPHOCTH H3MCHCHHH COACPKAHUA (DAKTHUCCKHX CMOJ B TOIUTHBES OT
TIPOJOJLKUTETGHOCTH OTCTANBAHMS TP PA3TMYHBIX KOMOMHAIMAX COCTABOB Koary uiHTOB. [1o pesynbraram aHamiza
TIPOBEACHHBIX HCCICAOBAHMI YCTAHOBJICHO, UTO CPEAM PACCMOTPCHHBIX arcHTOB HAmOONBINIHI 3(QekT mpomecca
KOAryJUIIUH PACTBOPEHHBIX IPUMECEH B TOILIMBE JOCTHUTACTCS NPH B3aHMOJCHCTBHH €TO C BOJHBIM PacTBOPOM
KapOaMuaa ¥ CEpPHON KHCTIOTHL

KioueBnie c10Ba: IM3CIbHOE TOIUIMBO, CMOJBL, KOATYJLIIHS, (DPU3UKO-XUMHYECCKHE MOKA3aTEIH, CEPHAs
KHCJIOTA, NIETI0Yb, KapOaMua, OTCTAMBAHHC, YIAJICHHC.

Information about authors:

BektilevovAldabergen Yusupovich- Doctor of PhD, Senior Lecturer of the Department "Operation of Machines and Safety
of Vital Functions" West Kazakhstan Agrarian Technical University named after Zhangir Khan, e-mail:
Aldabergen.bektilevovi@mail.ru, ORCID: https://orcid.org/0000-0003-0865-6023;

Ramatullaeval .azzatlmamadinovna- Candidate of Technical Sciences, Associate Professor of the Department of «Safety of
ability to live and environment protection», M.Auezov South Kazakhstan State University, e-mail:ramatullaeva l@mail.ru,
ORCID: https://orcid.org/0000-0003-1771-9903;

ZhumadullayevDauletKoshkarovich — master, senior teacher of the Department of Technological Machines and Equipment,
M.Auezov South Kazakhstan State University, e-mail:daulet_ospl@mail.ru, ORCID: https://orcid.org/0000-0002-6552-2817

REFERENCES

[1] Ostrikov V.V., Sazonov S.N. (2012) Efficiency of using petroleum products in farms, Ruralmechanizer, 10:32-33. (In
Rus).

[2] OstrikovV.V., KomevA.Yu., ZiminA.G., Shikhalev [.N. (2013) Improving the low-temperature properties of diesel fuel
with additives, Mechanization and electrification of agriculture, 4:25-27. (In Rus).

[3] Ostrikov V.V., Sazonov S.N. (2013) Actual problems of increasing the efficiency of using petroleum products in
agricultural machinery, Mechanization and electrification of agriculture, 1: 30-32. (In Rus).

[4] Ostrikov V. V., Busin . V. (2012) Removal of aging products from oils, Ruralmechanizer, 1:36-37. (In Rus).

[5] Tupotilov N.N., Ostrikov V.V., KornevA.Yu.(2006) Derivatives of plant oils as additives to lubricants, Chemistry and
technology of fuels and oils, 3:29-30. (In Rus).

[6] Ostrikov V.V., Tupotilov N.N., Belogorsky V.V. (2008) Information content and interrelation of quality indicators of
working engine oils, Technique in agriculture, 3:45-47. (In Rus).

[7] Ostrikov V.V., Tupotilov N.N., KormevA.Yu., Vlasov S.V. (2006) Lubricating composition based on used engine oil,
Chemistry and technology of fuels and oils, 4:35-37. (In Rus).

4 ==




ISSN 2224-5286 2.2019

[8] OstrikovV.V., ZiminA.G., PopovS.Yu., Safonov V.V. (2012) Expansion of functional capabilities of additives to motor
oils, Technique in agriculture, 6:32. (In Rus).

[9] Prokhorenkov V.D., Ostrikov V.V., Knyazeva L.G. (2000) Use of used motor oils as a basis for conservation materials,
Practice of anticorrosive protection, 1:40-45. (In Rus).

[10] Ostrikov V.V., BektilevovA.Yu., KomevA.Yu., Manaenkov K.A. (2012) Improving the lubricating properties of fuel,
Rural mechanizer, 4:34-35. (In Rus).

[11] Ostrikov V. V., KomevA.Yu., BektilevovA.Yu. (2012) Improving the performance properties of diesel fuel, Technique
and equipment for village, 6:12-13.

[12] Ostrikov V.V., BektilevovA.Yu. (2012) Increasing the degree of purity and lubricating properties of diesel fuel to
reduce the wear of machine parts, Proceedings of All-Russian Scientific-Research Technological Institute for Repair and
Maintenance of Machine and Tractor Park, 109:94-97. (In Rus).

[13] BektilevovA.Yu. (2014) Research of properties of coagulants for enlargement of resins and impurities dissolved in
diesel fuel,Scientific life, 6:26-35. (In Rus).

[14] Ostrikov V.V.  Zabrodskaya A.V., BektilevovA.Yu. (2014) Justification of parameters of the process of removing
impurities from diesel fuel [Text], Science in Central Russia, 5:21-27. (In Rus).

[15] Pat. 2477303 Russian Federation, [PC C10G29/20; C10G31/10, Diesel fuel purification method [Text] / Ostrikov V. V.,
KomevA.Yu., Nagornov S.A., BektilevovA.Yu., Pavlov S.S., applicant and patent holder — All-Russian Research and Design
Institute of Technology for the use of equipment and petroleum products in agriculture of the Russian Agricultural Academy. —
No. 2477303 C1; applied on 02.22.2012; published on 10.03.2013. (In Rus).

[16] Fuels, lubricants, technical fluids. Assortment and application. Handbook edited by V.M. Shkolnikova. Moscow:
Chemistry, 1989, 596 p.(In Rus).

[17] Kuliev A.M. (1985) Chemistry and technology of additives to oils and fuels, Moscow: Chemistry, 312 p.(In Rus)

[18] Dorogin A.D., Yakunin N.N. (2001) Automotive maintenance materials: Teaching aid. Orenburg State University, 146
p-(In Rus).

[19] Papok K.K. (1975) Dictionary of fuels, oils, lubricants, additives and special fluids.Chemotological dictionary [Text].
Moscow: Chemistry, 392 p.(In Rus).

[20] Pokrovsky G.P. (1985) Fuel, lubricants and coolants [ Text]. Moscow: Mechanical Engineering, 200 p.(In Rus).

[21] Kozhabekov S.C., Kusainova G.K. (2016)The physicochemical and low teptretureproperties of summer diesel fuels
[Fiziko-himicheskie i nizkotemperaturnyesvojstvadizel'nogotoplivamarki "L"],NewsOf The National Academy Of Sciences Of
The Republic Of Kazakhstan. Series Chemistry And Technology[lzvestiya NAN RK. Seriyakhimii i tekhnologii], 6(420):93-
97 https://doi.org/10.32014/2018.2518-1491(In Rus).




