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Abstract. The purpose of this article is to perform research to improve the stability, quality and efficiency of gasoline-
alcohol fuel compositions, as well as obtaining high-octane gasolines corresponding to the modern standards with the
addition of alcohols and their mixtures to these gasolines. Research methods: The article considers physicochemical
methods for studying the stratification of alcohol-gasoline mixtures, determining the water content in them, as well as
determining the octane number of alcohol-gasoline compositions. Results: The raw material base and possibilities of
bioethanol production in Ukraine as an ecological additive to gasoline and as a way to increase their octane number were
studied. Stratification temperatures of alcohol-gasoline mixtures and octane numbers of A-92 gasoline with different
alcohol content were determined. Discussion: It is proposed to use higher concentrations of ethanol (bioethanol) in
gasoline mixtures more than 40% of alcohol, because it does not require dehydration. It is proposed to use an additional
fuel pump, which would work only for mixing the fuel mixture, to prevent stratification of the fuel-ethanol composition

during its long-term storage in the car’s tanks.
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Introduction. World oil reserves are declining,
its production is becoming more difficult, which
leads to higher prices for marketable petroleum
products. Therefore, the urgent task for today is
to create alternative to oil fuel additives, in which
renewable biological resources are used as raw
material.

Distilleries in Ukraine can annually produce
more than 7.5 million decalitres of bioethanol
according to the State Statistics Service of
Ukraine.

Table 1 shows the dynamics of ethanol
production in Ukraine for 2015-2019 in thousands
metric tons (TMT).

Table 1
Dynamics of ethanol production in Ukraine
Year 2015 | 2016 | 2017 | 2018 | 2019
Ethanol
production, | 249.2 | 219.9 [ 185.9 | 173.9 | 149.1
T™T

That is, the annual rate of decline in production
1S 6-15%, the main reasons for which are: low
profitability of the alcohol industry due to
underutilization of production capacity and the
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presence of problems with raw materials supply
to enterprises.

Increasing alcohol consumption as an
alternative additive to gasoline would increase
the profitability of the alcohol industry, improve
the environmental situation in the country and
reduce its energy dependence.

It should be noted that ethanol’s heat of
combustion is about 30% less than gasoline’s.
This affects the power of the engine, and
accordingly, the conversion of the car to alcohol
fuel will increase its consumption.

There is a phase instability of the mixture
in the moisture presence because alcohol is a
hygroscopic substance, i.e. the fuel stratification
occurs. Although, alcohol-gasoline fuels have
become widely used in the United States, Brazil,
and fuel stratification is not a problem in their
use.

Import to Ukraine satisfies more than 62%
of domestic gasoline consumption and 90% of
diesel fuel, although the potential for bioethanol
production is large, but practically not used. 1 kg
of bioethanol production requires about 3 kg of
wheat or corn and about 4 kg of molasses (by-
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product of sugar beet production, the average
annual production of which is 550 thousand
tons). It is necessary to produce 200 thousand
tons per year of bioethanol with the need for raw
materials (wheat, corn) in the amount of only 600
thousand tons, or slightly more than 1% of annual
production of these crops to achieve 10% of the
norm of bioethanol use. The need for grain can be
halved when using molasses for production and
this will raise the level of sugar beet production
in Ukraine [1-4].

2. Analysis of the research and publications

Recently, a significant progress happened in
research of the bioethanol use as an environmental
additive to low-octane gasolines.

It is noted in [5-7] that fuel ethanol does
not contain water in contrast to ethanol, from
which alcoholic beverages are produced and is
obtained by a reduced distillation scheme. That is
why it contains fusel oils, aldehydes, methanol,
higher alcohols, which makes it unsuitable for
consumption for food purposes.

Attempts to use ethanol with hydrocarbons as
automotive fuel were in the early XX century.
and demonstrated at the International Exhibition
in Paris [3,4]. Only in the 1970s, that idea was
revived due to the catastrophic environmental
degradation and oil crisis. This is because
renewable raw materials can be used for the
production of bioethanol [6, 7].

As early as the 1980s, Brazil, the United States,
France, Canada, and other countries began using
gasolines containing 5 to 20% vol. ethanol with
appropriate labeling (E-5, E-20).

Brazil and the United States are leaders in the
production of such fuels among countries of the
world [8, 9]. They produce and sell mixtures of
gasoline with ethanol: E10 (10% by volume),
E85 (85%), E95 (95%) and pure ethanol E100
for consumption by road transport. Their total
share in the world fuel market is 87%. Interest
in the use of ethanol in gasoline has increased in
post-Soviet countries [8-10].

The production of blended ethanol gasolines
and the study of their properties in Ukraine
are carried out on the basis of the National
Aviation University, National University «Lviv

Polytechnicy», Institute of Bioorganic Chemistry
and Petrochemistry of NAS of Ukraine, National
Transport University, Ukrainian Research
Institute of Alcohol and Food Biotechnology [3].

It was noted in our work [4] that alternative
fuels are divided into three groups according to
the general classification. The first group includes
petroleum fuels with additives of non-petroleum
origin (alcohols, ethers, etc.), which are close in
performance properties to traditional petroleum
fuels.

The second group is synthetic liquid fuels,
which are similar in properties to traditional
petroleum fuels, but they are obtained by
processing gaseous, solid or liquid raw materials
(natural gas, oil shale, etc.), by processing natural
gas into synthesis gas and then into methanol
or hydrocarbons by the so-called GTL (Gas
to Liquid) technology. The third group is non-
petroleum fuels (alcohols, natural and associated
gases, hydrogen, etc.), they differ significantly
from traditional fuels in physicochemical and
operational properties.

Sometimes there is a need for a slight change in
the fuel system of the car when using alternative
fuels of the first two groups, the use of fuels of the
third group requires significant modernization.

Alternative fuels of the first group are
widespread throughout the world. State industry
standard GSTU 320.00149943.015-2000 «Mixed
motor gasolines. Technical conditions. ), which
exists in Ukraine, allows the use of oxygen-
containing components and additives in the
production of gasoline. It is possible to extract
some harmful components such as aromatic
compounds or MTBE from the obtained fuel
when introduction of ethanol into gasoline,
thus ethanol is a high-octane component of
the resulting gasoline fuel. Thus, ethanol is
a valuable component for the preparation of
high-octane unleaded gasoline, especially when
regulation of aromatic hydrocarbons and olefins
content. The actual octane number of ethanol at
compounding is a complex index, as it varies
according to the anti-knock properties of the
basic fuel. If the octane number of base gasoline
is low, the ethanol octane number will be higher
when compounding.
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The characteristic of ethanol as a solvent
differs from similar characteristics of gasoline
due to a polar nature of the functional OH-group.
In this regard, ethanol has the ability to dissolve
dirt, rust and tar deposits in the components of
existing fuel systems.

It was found that ethanol interacts with
hydroxyl groups, and the reaction proceeds with a
separation of the hydrogen atom from a hydroxyl
group of ethanol. The hydrogen atom destroys
peroxides due to strong reducing properties;
thereby it increases the detonation resistance of
the fuel.

The advantages of fuels that contain alcohol
include the following properties:

— vapor of ethanol dissipates in air faster than
of gasoline;

— ethanol is less toxic than gasoline, it does
not contain carcinogenic components;

—ethanol vapor is less flammable than gasoline
vapor due to lower selfignition temperature (423
oC compare to 257-300 oC);

— the viscosity of ethanol is higher than of
gasoline;

— the electrical conductivity of alcohol is
greater than that of gasoline, which reduces the
possibility of accumulation of static electricity
when pumping fuel ( Om/cm vs. Om/cm);

— octane number of ethanol is higher than of
gasoline (108 vs. 75 - 98);

—addition of ethanol results in lower emissions
of hydrocarbons;

— ethanol can be obtained from natural
renewable raw material, which base is unlimited;

— 1t reduces the content of the controlled
harmful components of vehicle exhaust gas,
improves combustion completeness of alcohol
mixtures and therefore the emissions of CO and
hydrocarbons are reduced;

— new methods of obtaining ethanol from
green plants are developed.

The disadvantages of ethanol as a fuel or a
fuel component are:

— corrosion activity (incompatibility with a
number of metals and other materials);

— changeability of component composition of
ethanol containing fuel caused by evaporation of
alcohol, and its extraction from fuel by the water
admixture;

— increase of fuel consumption for 3% at 12%
ethanol concentration;

— increased carbon formation in the presence
of acids and aldehydes in the alcohol even in
trace amounts [4].

The problem of phase separation of gasoline-
alcohol mixtures is not removed when using
absolute ethyl alcohols. Water flooding of
gasoline-alcohol fuel is inevitable in real
conditions of storage and transportation due to
the access of water into the fuel by different ways
[9-10].

3. Rurpose and objectives of the research

The main purpose of the work is to carry
out research to improve the stability, quality
and efficiency of produced gasoline-alcohol
fuel compositions, as well as the development
of high-octane gasoline compositions with the
addition of alcohols and their mixtures that meet
modern standards (DSTU).

The main objectives of this work are:

— Determination of the cloud point of the
alcohol-gasoline mixture depending on the
alcohol content in gasoline A-92 and water
concentration in the alcohol;

— Carrying out of research of detonation
stability of gasoline with various content of
ethanol.

4. Materials and methodics of research

4.1. Methodics for determining the cloud
point of the alcohol-gasoline mixture

The cloud point (tcp) is called the temperature
at which it is possible to see by the naked eye the
stratification of the fuel-alcohol mixture when
cooling.

The fuel sample is slowly cooled and
periodically viewed in the light passing through
it to determine the cloud point. In this case, a
sample of the same fuel at an ambient temperature
is viewed for a comparison.

Equipment, reagents and materials:

— glass test tubes with double walls (2 pcs.);

— mixer;

— cork or rubber plugs;

— Thermometers liquid low-temperature TN-8
(2 units) with limits of measurement from —80
to 60 °C and the scale division value of 1°C (for
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measurement of temperature of the investigated
fuel and cooling mixture);

— device for determining the cloud point (fig.
1).

— coolant is carbon dioxide.

The first test tube with fuel is left as a reference
sample in a test tube rack.

The second test tube with the fuel sample is
inserted into a vessel for the cooling mixture.
Alcohol is poured through the hole in its lid and
dry carbon dioxide is thrown to gradually reduce
the temperature.

The fuel is continuously stirred when cooling
and its turbidity is monitored compared to the
reference sample.

A Fig. 2. Apparatus
— _for definition of
water content

Comparative observations are carried out until
the test fuel differs from the reference sample.

4.2. Methodics for determination of water in
alcohols and gasoline mixtures

We insert 100 cm3 of a sample into a round
bottom flask.

Then we measure 100 cm3 of a solvent
(benzene) by the graded cylinder and pour it into
the flask, mix the mixture in the flask and add a
few pieces of unglazed porcelain.

We collect the apparatus for definition of water
content (fig. 2) so that to provide tightness of all
connections and to exclude leakage of steam and
extraneous moisture penetration.

The upper end of the cooler is covered with a
loose cotton swab. Cold water is fed to the cooler
casing by a supply tap.

We turn on the flask heater. The flask content
is brought to a boil and then heated so that the
condensation rate of the distillate in the receiver
was from 2 to 5 drops in 1 s.

The flask heater is turned off as soon as the
volume of water in the receiver-trap will stop
increasing and the top layer of a solvent will
be completely transparent. The distillation time
should vary from 30 to 60 minutes.

Droplets of water left on the walls of the
cooler tube push into the receiver-trap with a
metal wire.

The apparatus is disassembled when the flask
has cooled and the solvent and water have reached
room temperature in the trap receiver. We record
the volume of water collected in the receiver-trap
with accuracy to the nearest one upper mark.

The mass fraction (X) of water in gasoline,%,
is calculated by the formula:

_Vp
X= m"

V — the volume of water in the trap-receiver,
cm3;

m — mass of the sample taken for testing, g.

This is a more accurate method of determining
water content, but it is possible to use alcohol
meters for research.

Determination of octane numbers of
alcohol-gasoline mixtures was performed on
the installation UIT-85 according to standard
methodics.
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5. Research results

Water content in ethanol, % vol.

Figure 3 shows the dependence of O: 01 s
the cloud point of the gasoline - alcohol &, -5 1
mixture on the water content in alcohol %-10 )
for mixtures of different quantitative 5_1 5 |
composition.
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As it can be seen from the fig.3
the residual water content in ethanol — -25 1
can reach 2.5% vol. when ethanol .3
content is 10% vol. There is no need
to use dehydration in a composition
containing more than 40% vol. alcohol.
Thus, we can conclude that it is more
efficient to use high concentrations of
ethanol in a mixture with gasoline.

The dependence of the octane
number of alcohol-containing fuel on
the alcohol content in it was studied. As
the investigation results showed, this
dependence is almost straightforward,
which is another advantage of alcohols,
which distinguishes them from other
anti-knock additives, such as metal-
containing, which have a limit of
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number increase. The investigation
results are shown in Fig.4.

The antiknock efficiency of
individual aliphatic alcohols C1 - C5
(octane number, research method
according to GOST 8226) is located in the series

methanol> ethanol> isopropanol> isobutanol
(Fig. 4), which is confirmed by theoretical
predictions.

6. Discussion of the results

A standard methodics for determining the
cloud point of diesel fuels was used to conduct
research, which has successfully proven itself in
determining the cloud point of alcohol-gasoline
mixtures.

As the research results have shown, the cloud
point of alcohol-gasoline mixtures shifts towards
more positive values with increasing water
content in alcohols.

It should also be noted that the cloud point of
the fuel mixture is higher at low concentrations
of ethanol and its water flooding than at high
concentrations of alcohol in gasoline, which
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Fig. 3. The dependence of the cloud point of a mixture of
gasoline and alcohol on the water content in alcohol

—4&—methanol
=—8—_cthanol
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Alcohol concentration, % vol.

Fig. The dependence of the octane number of the alcohol-
gasoline mixture on the concentration of alcohol in

gasoline A-92

indicates the effectiveness of a mixed fuel with a
high ethanol content.

It is possible to use an additional fuel pump to
prevent the fuel-alcohol mixture from stratifying
during long-term storage in the car’s tanks. This
fuel pumb will work only to mix the mixture of
alcohol and fuel; this does not require complicate
technical solutions.

Ethanol has a high octane number - 108
conventional units by the research method,
so it is most effective in the row of alcohols in
increasing the octane number of gasoline. Thus,
when adding about 19% mass. of ethanol to A-92
gasoline octane number increases to the level of
gasoline A-95, which corresponds to the labeling
E20.

It is known that detonation in a car engine has
a radical-chain mechanism. Alcohols have a high



46 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2021. N3(88): 41-48

resistance to radical cleavage reactions, which
decreases with increasing molecular weight
of alcohol. The system is structured during
compression in the engine. Such structurization
causes shielding the most active radical OH
due to the presence of the hydroxyl group. The
influence of the functional group also decreases
with increasing length of a hydrocarbon radical.
Therefore, the antiknock efficiency of aliphatic
alcohols will decrease with increasing mass of
the molecule.

7. Conclusions

The raw material base and possibilities of
bioethanol production in Ukraine as an ecological
additive and for increase of octane number of
gasolines are investigated.

It was found that there is no need to use
ethanol dehydration in the composition with
gasoline, which contains more than 40% vol.
of alcohol. That is, it is more efficient to use
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BuxopucraHHs CIMPTOBHUX 100aBOK /151 BUPOOHNITBA €KOJIOTIYHNX OeH3UHIB
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Memoro oanoi cmammi € nposedenns 0ocaiodcelb No NIOGUUIEHHS CMAOLIbHOCMI, IKOCHE Mad eKOHOMIY-
HOCMI  3aCMOCO8YB8AHUX OEH3UHO-CNUPIOBUX NATUSHUX KOMNOZUYIL, a MAKOHMC 00EPHCAHHA BUCOKOOKMAHO-
8UX OeH3UHI8 3 000ABAHHAM CRUPMIE Ma iX cymiuiel, Ki 3a0080IbHAIOMb CYUACHUM BUMO2AM CMAHOAPMIS.
Memoou.: Y cmammi pozenanymo izuko-xXimiuni memoou 0OCHIONCEHHA pO3ULAPYBAHHI CNUPIO-OEH3UHOBUX
cymiwietl, BUSHAYEHHS BMICIY 8 HUX 800U, A MAKONC BUSHAYEHHS OKIMAHOB020 YUCLA CNUPIMO-OEH3UHOBUX KOM-
noszuyii. Pezynomamu: Jlocniodcena cuposunHa 6aza ma MojicIugocmi supooHuymea bioemarnony 8 Ykpaiwi 6
AKOCMI eKoN02iUHOT 000a8KU 00 DeH3UHI8 ma O NIOBUWEHHS IX OKMAH08020 YUCA, BUSHAYEH] meMnepamypu
PO3WAPYBAHHA CRUPMO-OEH3UHOBUX CyMiluel ma OKmarosi yucia beHsuny A-92 3 pisnum emicmom cnupmis.
0b2080penHs: 3anponoHo8ano BUKOPUCAHHS OLbU BUCOK] KOHYeHmMpayii emaHnony (6ioemanony) 8 cymiuax
3 beH3unom, nonao 40 % cnupmy, ocKiibKy Npu YboMmy HeMae HeoOXiOHOCMI NPOBOOUMU 11020 3HEBOOHEHHS.
3anpononosarno 0ns 3anobieanHs po3ulapy8anHs NAIUBHO-eMAHONbHOI KoMnosuyii npu ii mpueaiomy 36epi-
2aHHI 8 OaKax asmomoobiis 3acmocysamu 000AMKO8UL NATUBHUL HAcoc, AKULl Oyoe npayroeamu auue O/
nepemiuty8anHsa NAIUSHOI CyMIiull.

Knirouosi cnosa: emanon, bioemanon, cnupmo-6eH3uno8a cymiut, po3uiapy8anisi, OeH3un, OKMAaHo8e Yuco.

B.B. €Epumenko’, B.M. Pynenxo?, O.C. Turona?, O.B, Kocenko*, T.B. KpaBuyk®
Hcnosib30oBaHMe CHUPTOBBIX 100aBOK JUISA MPOU3BOJACTBA YKOJIOTHYECKUX 0EH3MHOB
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Lenvro Oannoli cmamsu A611emcs nPogedeHUe UCCIe008aHULL NO NOBLIUEHUIO CINADUTIbHOCHU, KAYecmsd
U IKOHOMUYHOCMU NPUMEHAEMbIX DEH3UHO-CNUPIOBHIX MONIUBHBIX KOMNOUYULL, d MAKHCe NOTYYEHUS Bbl-
COKOOKMAHOBLIX ODEH3UHO8 C 000aBIeHUeM CNUPMOs8 U Ux cmecell, Komopwie Y0081emeopsion cO8PEeMeHHbIM
mpebosanusam cmanoapmos. Memoovl: B cmamve paccmompervl (usuko-xumuieckue mMemoobvl UCCiedo-
8AHUA paACClOeHUe CRUPMO-OEH3UHOBbIX cMecell, onpedenenue COOepI’HCAHUs 8 HUX 800bl, A MaKice onpede-
JIeHUsl OKMAH0B020 YUCIA CNUPMO-0eH3UH08bIX Komnosuyull. Pesyiemamol: Hcciedosana cvlpvesas 6asza u
B03MONCHOCTU NPOUZBOOCMBA DUOIMAHONA 8 YKpauHe 6 Kauecmeae IKOI02ULecKoli 000a8Ku K OEH3UHAM U 015
NOBbIUUEHUS UX OKMAHOB020 YUCIA, ONpedeleHHble MeMNnepanmypbl paccloeHus CRUpmMo-0eH3UHOBbIX cMecell U
oxmaroswie uucia dbensuna A-92 ¢ paznuunvim cooepoicarnuem cnupmos. Qocysxcoenue: Ilpednosiceno ucnonn-
3068amb bOonee GblCOKUE KOHYeHmpayuu dsmanona (buosmarnona) 6 cmecsix ¢ benzunom, obonee 40% cnupma,
maxk Kaxk npu 3mMom Hem HeoOX00UMOCmu nposooums e2o obvezgodxcusanus. lIpednodxcerno 0nsi npedomepa-
WleHUsl paAcCIOeHUs: MONJIUBHO-9MAHOIbHOU KOMNOZUYUL NPU ee ONUMENbHOM XPAHEeHUU 8 DaKax asmomoouns
NpUMEHUMb OONOJHUMENbHBLIL MONIUBHBII HACOC, KOMOPbLU Oyoem pabomams MoIbKo 0/ nepemeutueanus
MONAUBHOU CMECHU.

Knrouesvie cnoesa: HOMAHOoJI, 6u03maH0/z, cnupm0—6eH3uH06aﬂ cmecy, pacciloedue, 6€HS’MH, OKmaHoeoe
Huciio.
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