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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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RESEARCH OF THE USED METHYL ESTER
OF VEGETABLE OIL AND ITS MIXTURES WITH DIESEL FUEL
AS A FUEL IN COMPRESSION IGNITION ENGINE

Abstract. In this work researches of the used methyl ester of vegetable oil and their mixes with diesel fuel in
various proportions as fuel for the purpose of studying of performance data of the engine and content of emissions
were carried out. Biodiesel fuel was produced by transesterification in the presence of the catalyst of sodium
hydroxide (NaOH) and potassium hydroxide (KOH) in proportions of 20% and 100% (on volume) which usually are
called B20N, B100ON, B20K, B100K, respectively.

The experiment was performed in the load range of 0%, 25%, 50%, 75% and 100%. It has been established
that, compared with diesel fuel, when testing obtained biodiesel, CO emissions are reduced by 13.63%, 32.2% for
mixtures of B20N and B100ON at full load and by 4.5%, 32% for B20K and B100K, respectively. Compared to diesel
fuel, biodiesel fuel and its mixtures showed a significant reduction in emissions of CO, hydrocarbons, smoke and
particulate matter. However, the content of nitrogen oxides in used vegetable oil biodiesel was slightly higher than
that of diesel fuel. The authors of the work conclude that the diesel engine can operate satisfactorily on biodiesel fuel
and its mixtures with diesel fuel without any engine modifications.

Key words: biodiesel, transesterification, emission reduction, used vegetable oil, nitrogen oxides, diesel
engine.

Introduction. In the era of global warming where the people are making their living more and more
comfortable and they are deteriorating the environment also [1-3]. The world is on brink of energy crisis.
The limited fossil fuel sources are increasing demand of energy [4, 5]. This associated with increasing cost
of fossil fuels and the consciousness of the impacts of environmental pollution has forced a search for an
alternative source of energy, which is renewable, harmless and non-polluting [6, 7]. When it comes to
world, energy consumption which is drastically increased for last decade. People still depends mostly on
fossil fuels to fuel their vehicles, in spite of the environment problem that flow from burning coal oil and
natural gas [8, 9]. So many research works are carried out in many nations like India to search an appro-
priate fuel source such as solar and the wind as the great alternatives which are neat copious and on the
edge of mass production in the upcoming days that always seems around the corner yet eternally out of
reach [10, 11]. Nowadays, renewable energy sources of the world’s supply, fossil fuels provide about 85%
technologically higher which have damped the cost of renewable power sources, but technology has also
kept down the price using fossil fuels and some cases reduced their unsafe effects on the environment
[12, 13].

The vegetable oils gratify the major necessities for a diesel engine fuel, their suitability as alternative
to diesel fuel have been consider as a topic of research. Under the biofuels generally understand the liquid
fraction of vegetable origin, intended for additive in petroleum fuels or for direct use in the engine. For
example, ethyl alcohol obtained from agricultural raw materials, as an energy carrier, is no different from
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hydrolytic or synthetic ethanol, but its producers and consumers, for example, in the European Union
countries have great preferences. This is due to the desire not only to solve the problem of expanding the
fuel base, but also to stimulate its own agricultural producer. An important advantage of biofuels is the
replacement of refined products with natural renewable raw materials. Therefore, the greatest attention is
paid to this problem in countries poor in oil but possessing rich plant resources [14, 15]. To biofuels
include ethanol, obtained by fermentation of plant materials (bioethanol), ethers, for the production of
which bioethanol and methyl esters of fatty acids obtained from vegetable oils were used. According to
the definition of the US standard, biodiesel fuel is understood to mean monoalkyl esters of fatty acids
derived from vegetable or animal oils and intended for use in diesel engines. The main task that is being
solved at the same time is the replacement of refined products with natural renewable resources [16, 17].

Thus, the rapid consolidation of biofuel positions is due to the desire to support the agricultural
producer.

Compression ignition (CI) engines are more far and wide used compared to spark ignition (SI),
greater thought is being committed to expand an alternative source of fuel for the CI engine. When vege-
table oils are charged in a CI engine, the safety of a CI engine should be considered as a major factor.
Vegetable oils and their suitability to diesel fuel as an alternative were considered as a subject of the
research in [18, 19].

Biodiesel plants are not capital-intensive plants [20-23]. The majority of the cost is expended for
production of biodiesel from the oil. The cost associated with catalysts such as KOH or NaOH and
neutralizing acid is not important. On the other hand, there are so many indirect benefits that are possible
in India. For example, in India considerable waste land is available. The energy farming by cultivation of
oil bearing plants can generate employment in tree plantations; seed picking, in oil mills where extraction
is carried out and then the biodiesel plant itself [24-26].

The problem of increasing demand of fuel, engine performance and emissions characteristics are
greater threat to the field of automobiles. The hike in fuel cost has caused many to re-evaluate alternative
fuel that has huge potential globally [27]. On the other hand, the application of used vegetable oil methyl
ester in diesel engines brings into focus the various challenges that might be faced by public usage
[28-30].

In a country like India, where agriculture is the main profession and kirloskar engine are mostly used
by the farmers for various applications like water pumping the main problems are the increasing demand
of fuel, cost and emission [31, 32]. The biodiesel is considered as an alternate fuel for diesel engines
especially, during the periods of diesel scarcity.

The main aim of this research is to demonstrate how capably an engine can be run by applying used
vegetable oil methyl ester (biodiesel) and its blends when compared to diesel.

The objectives of this work are to investigate the engine performance on emission of Used Vegetable
Oil Methyl Ester (UVOME) which is derived through transesterification process by using the Bio-diesel
Processor. The two different catalysts (KOH and NaOH) are investigated to find the emission reduction
and recycling of UVOME. The biodiesel and its blends are studied and compared with diesel.

Materials and methods. Experimental tests have been performed at the single-cylinder, four-cycle,
naturally aspirated and water-cooled test bench with the diesel Kirloskar engine. The diesel engine was
directly connected with a vortex-current dynamometer. The engine and a dynamometer were connected to
the control panel which was connected to the computer. This computerized test bench was used for
reading of parameters of tests. Installation is supplied with necessary devices for measurement of pressure
of combustion and an angle of rotation of a bent shaft. These signals are connected with the computer via
the engine indicator for charts of pQ-pV.

All the tests were carried out when the engine was operated on UVOME, and their mixtures were
obtained through a transesterification process using a catalyst (sodium hydroxide (NaOH) and potassium
hydroxide (KOH)) in proportions of 20% and 100% (vol.), they are usually called B20N, B100N, B20K,
B100K respectively.

Samples of biodiesel were prepared according to the scheme shown in figure 1. Methanol (molar ratio
1:3 oil:alcohol) was mixed with NaOH/KOH (1 wt.% of oil), slowly added to the reactor containing oil
when mixing. Reactionary mixture is boiled with the return refrigerator within 2—4 hours. By means of
TLC the completeness of reaction was checked. After the end of a reaction the produced compound was
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ol
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Transesterification Process
Figure 1 — A scheme of an alkali catalyzed method

transferred to a dividing funnel and both phases were divided. The top phase represented the biodiesel, and
the lower part was glycerin. Alcohol from both phases was driven away in a vacuum. The glyceric phase
was neutralized by acid and stored in a type of the crude glycerin. The top phase, that is methyl air (bio-
diesel fuel), was washed with water for removal of traces of glycerin, not reacted catalyst and soap formed
during transesterification twice. Residual product was kept in a vacuum to get rid of residual moisture.
Table shows properties of various mixes produced in the course of transesterification.

In this research data for loadings of 0%, 25%, 50%, 75% and 100% were obtained.

Properties of Various Blends

Fuel Fuel Density (kg/m®) Calorific Value (kJ/kg)
Diesel 830 42,000
B20N 886 40,919
B100N 918 37,292
B20K 884 41,392
B100K 914 37,848

Results and discussion. In figure 2 are shown data of experiments for determination of CO emis-
sions for diesel fuel, BN and its blends, BK and its blends at different load conditions. Obviously that CO
emissions are significantly decreased in the case of introduction of BN or BK to diesel fuel. It was found
that CO emission reduced from 13.6 to 32.37% for BN blends. The emission of CO reduced from 4.54 to
32% in the case of BK blends at full load condition. In this research experiments show that CO concen-
tration in the case of biodiesel and blends is lesser for BN blends by comparison with the other fuels. BK
blends demonstrated reduced CO emission than diesel.

Probably it can be because the oxygen content in biodiesel allowing more carbon molecules to be
oxidized when compared with the diesel fuel.

Data on the unburnt hydrocarbon emissions for BK blends and BN blends in comparison with diesel
are shown in figure 3. It was found that hydrocarbon emissions are decreased at any chosen load for BN
and BK blends. The lowest content of hydrocarbons (25 ppm) is revealed for B100K, it was least than for
all other examined fuels. Compared to BK fuel blends, the emission of HC is slightly on higher side in BN
fuel blends. The causes of the reduction of hydrocarbon emission may be deeper combustion because of
the increased oxygen content in the flame forming from the biodiesel molecules.
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B Diesel mB20N mB20K mB10ON m B100K

Carbonmonoxide (%vol)

Load in Kg

Figure 2 — Data of CO emissions for diesel, BN and BK at the different load conditions

B Diesel mB20N mB20K mB10ON mB100OK

Hydrocaron (ppm)

Load in Kg

Figure 3 — Data of hydrocarbons emissions for diesel, BN and BK at the different load conditions

Data on determination of content of NO, for diesel fuel, BN and its mixes, BK and its mixes under
various conditions of loading are shown in figure 4. It is revealed that emissions of nitrogen oxides
increase at addition of BN, BK in comparison with diesel fuel a little. Formation of NOy in a cylinder of
the engine is influenced by the oxygen content, temperature of burning of a flame and duration of
oxidation. Formation of NO, in all biodiesels and mixes is a little more, than in diesel fuel, and the main-
tenance of NOx in B100K is 18% higher, than in usual diesel fuel in the conditions of full load.

Increasing particulate matter content happened because of non-deep burning. It was found that
content of PM emissions was higher for diesel fuel than for all other biodiesel blends of BN and BK. The
figure 5 shows the data on particulate matter for diesel, BN and BK at different load conditions. When the
blends are increased in %, the content of PM is decreased. The lowest particulate emission (0.731 g/min)
was detected in the case of BI0OON blend. When use BN the content of PM was lesser than for BK blends.
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M Diesel H B20N = B20K

mB10OON mB100K

Oxides of Nitrogen (ppm)

Load in Kg

Figure 4 — NO, emissions for diesel, BN and BK at different load conditions

H Diesel HB20N m B20K

m B100N m B100K

Particulate Matter (g/min)

Load in Kg

Figure 5 — Data on particulate matter for diesel, BN and BK at different load conditions

The smoke opacity of all the fuels used in this research is shown in figure 6. It was found that the
smoke contents of biodiesel and its 20% blends are higher than that of diesel fuel at low and middle
engine loads. Possibly, it is connected with high viscosity of the biodiesel that leads to bad dispersion and
locally saturated mixes during the work with partial loading. But at high load of the engine density of
smoke of all mixes of the biodiesel is lower, than at diesel fuel. It is connected with oxygen content in the
biodiesel in comparison with the conventional diesel fuel.
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M Diesel H B20N B20K

H B100N W B100K

Smoke Density (HSU)

Load in Kg

Figure 6 — Data on smoke density for diesel, BN and BK at different load conditions

Conclusions. In the work the used cooking oil methyl esters produced using KOH and NaOH, and
their blends were tested as fuel and the results were compared with the emission characteristics in the case
of diesel fuel.

It was found that the heating value of B20K is very close to a heating value of the diesel and the
diesel engine can well work on the tested biodiesel and its mixtures with diesel fuel without any modifi-
cations of the engine. Experiments demonstrated high degree of decreasing emissions of carbon mono-
xide, hydrocarbons, smoke and particulate matter when apply biodiesel and its mixtures in comparison
with diesel fuel. BK blends shows reduced CO emission than diesel. The lowest value of hydrocarbon
emission is obtained for BI0OK is 25 ppm than all other fuels such as diesel, BN blends. When the blends
are increased in percentage, the particulate matter is reduced. The lowest particulate emission of
0.731 g/min obtained from B10ON blend. BN shows lesser particulate matter than BK blends. However
the NOy content when using the used cooking vegetable oil - biodiesel is insignificant above, than in the
case of diesel fuel. We can conclude that the used methyl vegetable oil (UVOME) can successfully
replace a diesel fuel for reduction air pollution.
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HANJIAJAHBLIFAH METHJI ®UPIHIH OCIM/IIK MAMBIH JKOHE
OHBIH AU3EJBAI OTBIHMEH KOCITAJIAPBIH KO3FAJITKBIIITA KAFY/JbI 3EPTTEY

AHHoOTanus. 3epTTey 0apbIChIHIA KOFAITKBIIITHIH OHIMAUIT MEH IIBIFAPBIHBUIAPBIH 3ePTTEY YILIIH 6CIMJIIK
MaMbIHBIH KaJIJBIKTAPBIHBIH METUI d(UPIH KOHE TU3eIIb/II OTBIHHBIH KOCTIANIAPBIH )KaHapMall peTiHe TYpJI mponop-
uusiap/a 3eprrey kyprizinai. buoguzensai oteiH, Tricinme, B20N, B100N, B20K, B100K nen aranatsina 20 xone
100% (xenemi OoibIHIIA) mponopuusna Hatpuilt ruapokcuiinin (NaOH) sxone kammii ruapokcuainiyg (KOH)
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KaTalM3aTopbl OONFaH Ke3ze InepesTepuduKaiist apKplibl ansiaFaH. Toxipuode 0%, 25%, 50%, 75% xone 100%
JKYKTeMe ayKbIMBIHZA JKYPri3inmi. Jlu3enbai OTBIHMEH CANBICTHIpFaHMIa, ajlblHFAaH OMOAW3ENbIl CHIHAKTAaH OTKi3reH
ke3ne CO mrrapeiaapuiapel 13,63%-ra, B20N sxone B100ON kocmanmapbeIHBIH TOIBIK JkKykTemecinae 32,2%, B20K
sxone B100K ymrin 4,5%, 32%-ra TeMeHaereHi aHBIKTaiAbl. [lu3enbai OTBIHMEH, OHMOIM3ENBIIK OTBIHMEH >KOHE
OHBIH KocnanapbiMeH canbicTeipranga CO, KeMipCyTeKTep, TYTIH )KOHE KATThl 3aTTap IIbIFAPBIH/BUIAPBIHBIH aiiTap-
JBIKTall TeMeHjeyi Oalikanapl. JlereHMeH, a30T OKCHATEPiHIH KypamblHIa OCIMIIK Maibl OMOIW3eNbl TU3eIbIi
OTBIHFA KaparaHzaa Oipmiama >KOFapbl 00s1abl. JKYMBICTBIH aBTOPJAPhI AM3EIb KO3FAITKBIIIBI OHOHM3E]b OTHIHBIHA
JKOHE JU3EIbIIK OTBIHMEH KOCIajapblHa KO3FaJITKBIIITH MOAM(PHUKALUIAYCHI3 KaHaFaTTaHAPJBIK KYMbBIC icTed
anajpl 1T TY>KbIpIMAANAbIL.
Tyiiin ce3nep: OuoaM3elb, KaiTa 3TepudUKausIay, 6CIMIIK Malbl, @30T TOTBIFBI, TU3EITbII KO3FAJITKHIIII.
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HNCCJIEJOBAHHUE OTPABOTAHHOI'O METHJIOBOI'O D®HUPA PACTUTEJIBHOI'O MACJIA
N ETr'O CMECH C IU3EJBbHBIM TOIIVINBOM B KAYECTBE TOII/IUBA
B IBUI'ATEJIE KOMIIPECCHUOHHOTI O 3A’KUT'AHUSA

AnHoTanus. B pabote mpoBoIWIIMCH MCCIeIOBaHNs 0TPab0TaAHHOTO METHIIOBOTO 3(hHUpa pacTUTEIHLHOTO Maciia
U UX cMecell ¢ IM3eTbHBIM TOILIMBOM B PA3IMYHBIX MPOMOPIHUAX B KAUECTBE TOILTHBA C IIETBI0 M3YUCHUS pab0dInx
XapaKTEePUCTHUK JIBUTATENS U COICPIKaHUS BBIOPOCOB. broamsensHOE TOIUIMBO OBLIO MOJTYYCHO IyTEM TPaHCITEPH-
(huKauy B IPUCYTCTBUH KaTanu3aropa runpokcuna Hatpust (NaOH) u rugpoxcuna kanms (KOH) B mpomoprrmsix 20
u 100% (1o 06Bemy), koTopsie 00braHO HazbBaroTcs B20N, B100N, B20K, B100K, cooTBeTCTBEeHHO. DKCIIEPUMEHT
MPOBOIWICA B Auamna3one Harpy3ok 0%, 25%, 50%, 75% u 100%. YcraHOBIEHO, YTO, IO CPABHEHHUIO C AU3EITHHBIM
TOIUTUBOM, TIPH HCIIBITAHUM IONydeHHOTO Omomumsens BbiOpocsl CO cHmkarotces Ha 13,63%, 32,2% mnsa cmeceit
B20N u B100ON npu nonnoit Harpy3ke u Ha 4,5%, 32% nns B20K u B100K, cootBercTBeHHO. Ilo cpaBHeHHIO ¢
JANU3CJIbHBIM TOIIJIMBOM, IJIA 6I/IOILI/I3€H]:HOFO TOIIJIMBA U €ro CMeCCﬁ BBISABJICHO 3HAYUTCIIBHOC CHUXKXCHHUC B])I6POCOB
CO, yriieBoI0Opo/IOB, JbIMa U TBEPABIX yacTull. OIHAKO, COACPKAHUEC OKCHIOB a30Ta B OTPAOOTAHHOM PACTHUTEINb-
HOM Maciie Ononu3ens ObII0 HE3HAYUTEIHHO BBIIIC, YEM y TU3EIBHOTO TOILTHBA. ABTOPBI PA0OTHI JACTAIOT BBIBOJ,
YTO JM3CIBHBIN JIBUTATENb MOXET YIOBJICTBOPUTEIHHO padOTaTh Ha OWOMU3EIEHOM TOIUIMBE M €r0 CMECSX C
JIU3CIBHBIM TOIUTHBOM 0€3 KaKUX-THOO0 MOTU(HUKAIIAN IBUTATEIS.

KuroueBsble ci10Ba: OMOAN3EIH, TPAHCITEPUPHUKALINS, CHIDKCHHE BEIOPOCOB, 0TpabOoTaHHOE PACTUTEIHHOE Mac-
JI0, OKCUBI a30Ta, JU3EIIbHBINA JBUTaTEIhb
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