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23 DEVELOPMENT OF ALTERNATIVE JET FUELS MODIFIED
WITH CAMELINA OIL BIO-ADDITIVES

Anna Iakovlieva', Sergii Boichenko®, Kazimierz Lejda’, Hubert Kuszewski’, Oksana Vovk'

Constant increase of aircraft fleet and exhausting crude oil deposits promote worsening of
the world energy crisis. As a result we observe rise in prices for jet fuel (JF) that today comprise
about 25-30 % of passenger travel [1]. Moreover, products of fuel combustion cause detrimental
impact on environment. Thus, the task of search and development of alternative JFs became
especially important.

This work is devoted to the study of possibilities of partial replacement of conventional JFs
with components of biological (plant) origin. It will allow decreasing the dependence on
exhaustible energy sources and minimizing negative impact of aviation on environment.

Today alternative fuels from various renewable feedstock are actively developed and
studied. Among them are fuels made of biomass, plant oils, animal fats, microalgae, waste from
agriculture, wood processing industry, municipal waste etc [2]. JFs produced from biomass via FT-
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synthesis and fats hydration were successfully tested and now are already implemented [3]. Theses
alternative fuels possesss high quality, however its’ chemical structure looks as completely
synthetic paraffinic kerosene [5]. It means that entering the environment fuel causes negative
impact on nature similarly to conventional JFs.

There is a good experience in use of conventional JF mixture with bio-additives produced
from plants oil up to 50 % [6]. These bio-additives are methyl or ethyl esters of plant oils or animal
fats. The most rational feedstock is rapeseed or camellina oils (CamO) [7]. Camelina relates to
energy crops with high oil content. The main consumers are the producers of biofuels. Camelina is
used in agriculture as crop rotation, which prevents reduction of soil fertility and provides
increasing of crop resistance to diseases and pests. It is not demanding to climatic conditions and
does not require substantial cultivation and care. Camelina seeds contain 40—-50 % of oil, providing
oil output of about 1250 I/ha [1-5]. Another advantage of this culture is the use of meal as feed for
livestock and poultry. The scientists believe these camelina characteristics provide “sustainability”
of the process of aviation biofuels production without creating competition in the food industry.
Nowadays this culture is widespread in the US, Canada and some European countries [2].

However, today application of these bio-additives as components of JF is at the early stage
of development and need to be studied completely. In this regards, the work is devoted to studying
persectives of development new alternative JFs with CamO bio-additives.

The purpose of this work is to study key physical-chemical and exploitation properties of
JFs modified with CamO bio-additives and to consider the possibility of using JF, blended with
bio-additives in aircrafts’ jet engines.

In order to reach the set purpose it was necessary to fulfill the next tasks:

—To study experimentally the main physical-chemical and exploitation properties of JF and
CamO bio-additive;

—To study experimentally the main physical-chemical and exploitation properties of JFs
modified with CamO bio-additives in quantity 10 %, 20 %, 30 %, 40 % and 50 %;

—To analyze and explain the influence of bio-additives on physical chemical and
exploitation properties of JFs.

The quality of fuel samples was determined according to the following physical-chemical
and exploitation properties: density, fractional composition, heat of combustion, kinematic
viscosity, freezing point, anti-wear properties, fire safety and corrosiveness. The mentioned
properties are considered to be identifying for quality control of conventional and blended JFs.

For fulfilling experimental studies conventional JF of grade Jet A-1 was used. This type of
fuels was produced by Polski Koncern Naftowy «ORLEN» (Plok, Poland), and its quality
parameters meet requirements of specifications ASTM D1655, Def Stan 91-91.

For obtaining alternative JF CamO fatty acids ethyl esters (FAEE) bio-additive were used.
It was produced in the Institute of bioorganic chemistry and petrochemistry of the National
Academy of Sciences of Ukraine.

Within the scope of the work physical-chemical and exploitation properties of pure JF, pure
sample of bio-additive and JF blends, which contained 10 %, 20 %, 30 %, 40 % and 50 % of bio-
additive were studied. The list of studied fuel samples and its designations are presented in Table 1.

Physical-chemical and exploitation properties of JF, bio-additives and JFs blended with bio-
additives were studied using standard methods and equipment based in the Laboratory
of Exploitation Materials at the Department of Internal Combustion Engines and Transport of
Rzeszow University of technology and in the Laboratory “Aviatest” of the Scientific-Research
Center of Chemmotology and Certification of Fuels, Lubricants and Technical Liquids of the
National Aviation University. Density (denoted as p) was estimated according to ASTMD4052
using device for density determination “AntonPaar”, DMA 4500M. Density was determined at
temperature 15 °C that is specified by ASTM D1655. Fractional composition was determined
according D86 using automatical fractional composition analyzer “Herzog Optidist”.
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Table 1
Description of fuels samples used for studying physical-chemical and exploitation properties

No Sample description Sample designation

1 Jet fuel of grade Jet A-1 JF

2 Bio-additive — fatty acids ethyl esters of camelina oil CamO FAEE

3 Jet fuel blended with 10 % of bio-additive JF+10 % CamO FAEE
4 Jet fuel blended with 20 % of bio-additive JF+20 % CamO FAEE
5 Jet fuel blended with 30 % of bio-additive JF+30 % CamO FAEE
6 Jet fuel blended with 40 % of bio-additive JF+40 % CamO FAEE
7 Jet fuel blended with 50 % of bio-additive JF+50 % CamO FAEE

Viscosity (denoted as v) was determined according to ASTMD445 using automatic device
for viscosity determination “HerzoglLow temperature viscometer”, HVU 482. Viscosity was
determined at temperature -20 °C that is specified by ASTM D1655 and also in a temperature range
from -20 °C to 100 °C. Heat of combustion (denoted as Q) was determined according to ASTM
using Automated Bomb Calorimeter IKA C 200 produced by IKA Werke GmbH&Co. KG. Flash
point (denoted as ;) was determined according to ASTM D93 using Pensky-Martens Flash Point
Analyzer HFP 339 (produced by Walter Herzog. Corrosiveness was determined according to
ASTM using Analyzer for Corrosion Testing of Fuel (also LPG) To Copper produced by ANKO.
Freezing point (denoted as #) was determined according to TOCT 5066-91 (UCO 3013-74) using
Petroleum products low-temperature properties analyzer UTF 70 produced by Crioholod. Antiwear
properties were investigated using a T-02U four-ball tester by means of determining the scuffing
load applied to the friction pair of the tester. The rotation speed during tests was 500 rpm, with the
load increase rate of 409 N/s. The initial temperature of the fuel sample at the start of the test run
was 20 £ 1.0 °C.

Today there are strict requirements to JFs connected with efficiency, reliability durability of
aircraft equipment and environmental safety [1, 2, 7]. Among the general technical requirements
special attention should be paid to:

—High level of evaporability that provides reliable flammability and completeness of fuels
combustion;

—Good low temperature properties, which provide reliable fuel pumpability at low
temperatures;

—Chemical and thermal stability with minimal tendency to form deposits in the fuel system
of theair craftengine;

— Absence of negative impact on metal and non-metal parts of the engine fuel system,
equipment for fuel storage and transportation;

—Good lubricating properties thate liminate excessive wearing of fuel assemblies friction
parts;

—The optimal level of electrical conductivity, which excludes fuel electrification and
provides safe fuel transfer and filling of fuel tanks;

—Absence of toxic components, impurities and additives, minimum content of sulphur
compounds, which lead to harmful products in there sultof fuel combustion.
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This complex of requirements is provided by physical-chemical, exploitation and ecological
properties of jet-fuels, which are determined by nature and properties of raw material, methods of
basic fractions productions, methods of their purification and mixing, additive sapplied [3].

At thef irst stage of the work we were studying physical-chemical properties of conventional
JF Jet A-1 and CamO FAEE bio-additive. Characteristics of conventional JF and bio-additive are
presented in Table 2.

It is seen from the table that properties of conventional JF completely meet the requirements
of standard. However, bio-additive differs from properties of JF. Next, the compatibility of bio-
additive with conventional JF and its influence on key physical chemical and exploitation
properties of modified JF were studied.

Table 2
Physical-chemical properties of conventional jet fuel and biocomponents
N Property ASTM D1655 Jet fuelJetA-1 CamO FAEE
! Density at temperature 15 °C, kg/m3 775-840 794.03 874.49
2
Fractional composition °C:
- 10 % distilled at temperature max 205 169.15
- 50 % distilled at temperature max registered 186.2 )
- 90 % distilled at temperature max registered 217.13
- final boiling point max 300 243.44
3
Kinematic viscosity, mm?/s:
- at minus20 °C max 8.0 3.2923 16.413 (-10)
-at20°C - 1.5004 6.422
4 Freezing point, °C max minus 47 minus 57 minus7
> | Flash point, °C min 38 43 35
6 Higher heat of combustion, kJ/kg - 46368 39842
7 Copper strip test 1 la 1b
5] Lubretty
ubricity:
Scuffing load, N ) 523 2644

Density. The density p of JFs is one of its main physical characteristics that influences
directly on the flammability of fuel: the processes of evaporation, fuel-air mixture formation,
completeness of combustion and fuel flow of the aircraft. The required density of JFs ensures
reliable operation of fuel system of JE [4, 8].

The density of the JFs depends on its chemical and fractional composition. The increase of
heavy fractions, aromatic hydrocarbons and reduction of paraffinic hydrocarbons contribute to
increasing fuel density [8].

Fuel density plays an important role for evaluation its energy properties, including energy
value and heat of combustion. Increase of aromatic hydrocarbons content in JF leads to increase of
density and to rise of fuel boiling point, and as a result, increase of JF energy value [9].

The density of the JFs depends on its chemical and fractional composition [4]. CamOFAEE
bio-additivepossesses much higher density value comparing to conventional JF (Table 2). It can be
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explained by its chemical structure. Unlike hydrocarbons of conventional JFs, which contain 5+16
carbon atoms, acyl radicals of ester molecules contain on average 15+26 carbon atoms [4]. This is
the reason of a strong dispersion interaction forces between them and, consequently, higher density
compared to JFs.

According to the research of bio-additives samples impact on JFs’ density (Fig. 1), it was
found that density dependence is additive in nature and may be depicted as a straight line.

Density of blended JFs increases with increasing content of bio-additives, which happens
due to strengthening of the dispersion forces of interaction between molecules of hydrocarbons and
acyl radicals of esters on one hand, and the appearance of induction force of interaction between
hydrocarbons of JF and carboxylic groups of esters on the other [3, 4, 9].

It is known that JFs of greater density and higher final boiling point were developed in order
to improve the energy properties of JFs, mainly its energy content, [6]. However, this was limited
by negative impact on fuel evaporability and their low-temperature properties. It can be assumed
that the addition of bio-additives to JFs will expand the range of boiling points also. Thus, the next
step is to study the fractional composition of JFs blended with bio-additives.
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Fig. 1. Density of tested fuel samples with CamO bio-additive at # 15 °C

Fractional composition. JFs are a mixture of hydrocarbons of various structures [2, 7]. The
data on JF’s fractional composition allow evaluating the exploitation properties of JF and operation
of the aircraft’s fuel system: fuel evaporability, tendency to vapor locks, completeness of fuel
combustion, absence of smoke and carbon inside the combustion chamber [8, 9].

Since bio-additives are also a mixture of organic compounds, a range of boiling points is
also typical for it [2, 4, 5]. They belong to another class of organic compounds, which differ from
petroleum hydrocarbons and from each other by structure, molecular weight and boiling points [5,
8].

Next, the influence of bio-additives on fractional composition of JFs was studied (Fig. 2).
Fuel samples containing CamO FAEE in JF of grade Jet A-1 in quantities of 10 %, 20 %, 30 %,
40 % and 50 % (v/v) were studied.

The graph shows that blending JF with bio-additives affects its fractional composition,
extending toward the final boiling point. Increasing of boiling points of modified JFs is explained
by much stronger intermolecular bonds between esters molecules and higher heat of evaporation
values of ester consequently: 58.6—69.3 kJ/mol for FAEE comparing to JF’s hydrocarbon 31-47
kJ/mol.
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From the graph it may be seen that boiling of fuel samples starts at about 76—77 °C. This
means that CamO bio-additive contains some amount of ethanol that left in esters mixture after
production process. Analyzing the data on the graph it may be concluded that the content of ethanol
is up to 5-7 % The final boiling points of fuel sample are about 347-350 °C, which are similar to
final boiling points of pure bio-additives.

Widening of the fractional composition in a result of JF modification with esters, mainly
towards the final boil point ensures reduction of light fractions, thus reducing its evaporabiity. This
in turn will reduce fuel losses from evaporation, reduce the possibility of vapor locks formation of
and improve its fire safety.
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Fig. 2. Fractional composition of JF of grade Jet A-1 blended with CamO FAEE

However, the lighter fraction composition and higher vapor pressure, the better starting
properties of JFs. Thus, fuels with high evaporability are able to provide jet engine launch with
poor fuel-air mixture comparing to fuels with lower evaporability. In addition, increased volatility
of fuels contributes to the increase of completeness of combustion and reduction of carbon
formation in combustion chambers [4, 6, 9]. Studies of modified JFs showed that initial boiling
point and temperature of 10 % (vol.) of recovery, which characterize evaporability and starting
properties of JFs are within the values, which are set by specifications for JF of grade Jet A-1.
Thus, the use of blended fuels should not have a negative impact on the launch of JEs. The final
boiling point of modified JFs (up to 350 °C) significantly exceeds the norms established by
specifications (up to 300 °C). This heavy fractional composition due to increased density of
blended JF's will increase their energy value.

Energy properties. The heat of combustion is one of the most important physical and
chemical parameters of JF quality that characterizes its energy properties [5, 6]. The purpose of the
fuel in the engine is converting its chemical energy into heat one for heating of air that entering the
turbine and jet pipe of the aircraft [4, 9]. For heating the required amount of air and obtaining the
desired thrust characteristics of the engine it is better to use JF with the highest energy value.

According to specifications for JF the standard value is net heat of combustion. The heat of
combustion is determined by its elemental composition: the more content of hydrogen in fuel, the
higher is heat of combustion. Besides elemental composition, heat of combustion depends on the
structure of fuel hydrocarbons. Thus, hydrocarbons of different structure have different energy of
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intramolecular bonds distruction. Among the components of JFs the maximal heat of combustion is
typical for alkanes, then cyclic alkanes (naphtenes) and then aromatic hydrocarbons.

Data about the elemental composition of JF allows calculating its heat of combustion.
Higher heat of combustion Oy, takes into account the heat of condensation of water vapors, which
are formed during combustion. During the process of water condensation 2500 kJ/kg of energy is
released. It is known that heat of vapors condensation is not used during engine operation, so the
lower heat of combustion Qjis used to characterize the fuel. Its value is less than higher heat of
combustion on heat of water vapors condensation.

The method ASTM D4809 allows experimental determination of QO of fuel samples. Thus,
within the scope of this work energy properties of fuel samples were estimated by the value of
higher heat of combustion.

The results of measurements and calculations of heat of combustion of JF and CamO bio-
additive are presented in Table 2. It is seen that heat of combustion of bio-additive is lower on
about6600 kJ/kg, that is explained by differences in elemental composition of bio-additive: esters
contain ~12 % of hydrogen, while JF — 14 %. Esters contain 11-11.5 % of oxygen, which almost
absent in conventional JF.

Later the higher heat of combustion Q;, of JFs modified with bio-additives was investigated.
It was found that blending of conventional JF with bio-additives reduces its higher heat of
combustion (Fig. 3).
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Fig. 3. Net heat of combustion of tested fuel samples

The results have shown that the blending JFs with bio-additives decreases its heat of
combustion. Due to the fact that esters and blended JFs have higher density, it is reasonable to
analyze in future works the changes in heat of combustion and energy value with increasing content
of esters in JFs.

Kinematic viscosity. Stable operation of jet engine’s fuel system at low temperatures largely
depends on the fluidity of JFs that is measured by viscosity — a property of liquids to resist
deformation of its volume by external forces. According to specifications for JF the standard value
for describing viscosity is kinematic viscosity v, mm?s.

The viscosity affects pumpability of JF within fuel system. Using high-viscous fuels can
cause reduction of productivity of fuel pumps, reduction of injection pressure and quality of fuel
spraying, especially at low temperatures [3, 6]. This leads to the deterioration of JF volatility and
completeness of combustion. Low viscosity is also undesirable. Fine dispersion of fuel causes local
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oversaturation of fuel-air mixture and narrowing range of the stable operation of combustion
chamber. In addition, low viscosity values adversely affect the anti-wear properties of JFs [3].

Bio-additive based on FAEE of CamO is characterized by much higher viscosity values
comparing to petroleum-derived JFs (Table 2).

The reason for this is chemical structure of bio-additives. Chain length determines the large
size of the compounds, which leads to higher energy of intermolecular interaction [9]. Viscosity
characterizes the strength of intermolecular interaction within the fuel [1, 2]. The greater energy of
intermolecular interaction, the greater is viscosity. It explains stronger dependence of esters’
viscosity on temperature.

Viscosity-temperature dependence of esters can be explained by the fact that decreasing of
temperature causes reduction of thermal energy of motion as well as mobility of molecules [3].
Temperature decrease leads to association increasing and rising of esters’ viscosity. Hydrocarbon
are characterized by smaller sizes and the energy of it’s interaction is lower comparing to esters [3,
8].

CamO FAEE bioaditive possesses comparatively low viscosity values (if to copare with
other types of bio-additives). Probably, this may be explained by the presence in bio-additive of
small quantity of ethanol that possesses much smaller viscosity. Later the influence of CamO bio-
additives on kinematic viscosity of modified JFs at 20 °C was studied (Fig. 4).
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Fig. 4. Kinematic viscosity of tested fuel samples with CamO bio-additive at 20 °C

It was found that blending of JFs with bio-additives causes increase of its kinematic
viscosity. We suppose that this happens due to the appearance of forces of intermolecular
interaction between JF’s molecules and esters’ molecules [4, 7].

Low-temperature properties. Low-temperature fuel properties of JFs are characterized by its
behavior at low temperatures [6, 9] and are strictly controlled by specifications. During exploitation
jet engines usually have to work at very low temperatures, especially in winter. In summer period
fuel also can be cooled during high-altitude flights of subsonic jet aircrafts. The reason for this is
that the ambient temperature at an altitude of 9—12 km reaches minus 50-70 °C [1, 3]. Cooling of
JFs may be accompanied with clogging of fuel filters that may be associated with aircrafts
accidents and disasters. Cooling of fuel also reduces spraying efficiency by fuel nozzles and
worsening fuel pumps operation [2, 5].

Low-temperature properties of fuels are characterized by physical and chemical phenomena,
which occur in fuels at temperatures below 0 °C. Low temperature is a condition for occuring
insoluble organic precipitates that affect fuel system operation. The reasons for its occurrence are
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the sharp decrease of solubility of some components in fuel at low temperatures and phase
transitions [2, 7, 8].

The main source of low-temperature precipitate in JFs is the crystallization of fuel’s
hydrocarbons when freezing point (FP) is reached. Decreasing of temperature causes crystallization
of hydrocarbons, rise of crystals concentration and fuel gradually loses its fluidity and then freezes
[7, 8].

Bio-additives based on FAEE of CamO are characterized by significantly higher values
of FP comparing to JF (Table 2). High value of bio-additive’s FP is stipulated by chemical structure
of molecules and by Van der Waals interactions between them. The length of the hydrocarbon
chains (C;5+C,s) defines the large size of the compounds. Due to this binding energy between
molecules is higher comparing to conventional JFs [2, 3].

Due to the existence of intermolecular interaction forces the speed of random motion of
esters molecules is insignificant. With temperature decrease its association is growing fast. Further
temperature decrease causes viscosity rise to such a degree that esters freeze and loose mobility [8].
Presence of double bonds in esters makes them curve-shaped, that makes it difficult to locate
compactly [8, 9].

The experimental results have shown that modifiying JFs with bio-additives increases its FP
(Fig. 5). When concentrations of bio-additives are small, they are uniformly distributed in the
volume of JF and distances between esters’ molecules are not enough for interaction appearance.
Further increase of esters content causes rise of FP that gradually approaches to values typical for

pure esters.
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Fig. 5. PP of tested fuel samples with CamO bio-additive

When content of bio-additives in JF exceeds 30 % the content of comparatively large esters
molecules is sufficient for their associations due to attraction forces, and also due to the interlinking
of molecules chains. A special role in the process of "interlinking" is played by unsaturated esters
of curved form. Thus, associated esters’ molecules initiate formation of structure within blended
JFs. The other explanation of FP rise may be proposed: during temperature decrease small
molecules of JF bond with single molecules or group of associated esters molecules. This promotes
association of hydrocarbons and freezing of blended JFs.

Basing on the results of experiments we can make the conclusion that sample of modified
JFs, which contain up to 20-25 % of CamO FAEE, satisfy requirements of specifications.
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From the studies [8] it is known that the reason for the decreasing of fuel pumpability at low
temperatures is a significant increase in fuels’ viscosity. In order to evaluate viscosity of modified
JFs at low temperatures we have studied the mutual influence of temperature and concentration of
bio-additives on the above mentioned property (Fig. 6).

Increasing the concentration of esters and reduction of the temperature are factors that
contribute to the association of molecules of modified JFs primarily due to increasing the number
of collisions (contacts) of esters’ molecules. And reduction of temperature is a factor that
strengthens the ties between associated molecules by reducing the speed of molecules thermal
motion and, consequently, increases the viscosity and FP.

From the studies [3, 5] it is known that curves of JFs viscosity dependance on temperature
change in the area of low temperatures very rapidly. Fig. 5 shows that even insignificant increase of
temperature causes a significant decrease in fuels’ viscosity. To avoid potential problems with
blended JFs spraying at low temperatures it is possible to increase fuel pressure before the nozzles.
This technical solution is well-known for a long time and has been successfully used during JEs
exploitation. This allows achieving the required fineness of spraying and sufficient quality of fuel-
air moxture in the combustion chamber.
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Fig. 6. Kinematic viscosity of tested fuel samples with CamO FAEE bio-additive asafunction of temperature

Anti-wear properties. It is known that antiwear properties of JFs determine reliability and
operational life of aircrafts’ fuel system equipment and friction pairs in particular [3, 7]. These
pairs usually work in regimes of rolling friction, sliding friction and combined friction at various
loads, temperatures, pressure, speed of relative movement [9]. At semi-liquid friction the antiwear
properties of JFs are determined by:

- JF viscosity that provides hydrodynamic effect of wearing surfaces division by liquid,
- presence of surfactants in fuel that form high strength absorption layer at the wearing
surface and divide surfaces with decreasing of friction coefficient and wearing details.

As it is noted in works [2, 3, 7] using of fatty acids esters positively influences on
lubricating properties of fuels. The data in Table 2 shows that conventional JF’s lubricity evaluated
by the value of scuffing load Ps is significantly lower, comparing to CamO FAEE.

Surfactants in fuel cause its surface activity — ability of fuel or its components to absorb at
the surface of metal, form the boundary film and thus prevent dry friction of details [2, 3, 7]. Fuel
hydrocarbons almost do not protect friction pairs from wear. Substances, which are considered to
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be surface active, are gums, oxygen-, sulfur- and nitrogen-organic compounds. But presence of
these substances is undesired, because of thermal stability and corrosion properties of fuel.

Fatty acids esters are natural surfactants. Presence of oxygen atom in carboxyl group in
molecules stipulates strong polarity of esters. Such structure provides ability to absorb on surfaces
of solid bodies and thus, ability to form polymolecular film — boundary layer. In a result of
experimental data processing the dependence of scuffing load Pg of the friction pair in the medium
of studied modified JFs on the content of bio-additives (Fig. 7) was obtained. In general obtained
results indicate that increasing portion of bio-additives in modified JFs improves its antiwear
properties [3].

Such view on lubricating properties of fatty acids esters allows us explaining obtained
experimental results: gradual improvement of antiwear properties of JF with increasing content of
bio-additives. During modifying JF with bio-additives the total content of surfactants in fuels rises.
In a result the boundary film between friction pair become stronger. We can make a conclusion that
blending conventional JFs with bio-additives improves its antiwear properties.
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Fig. 7. Friction pair load in medium of tested fuel samples as a function of CamO bio-additives content

Fire safety. According to modern international specifications one of the dominant
operational properties of JFs is its fire safety [7, 8]. JFs belong to flammable liquids. They are
characterized by high volatility, easy form a flammable mixture with air, during combustion form a
large number of products of combustion and are good insulators. According to its fire safety JFs
belong to hazardous liquids at high temperatures.

Traditionally fire safety of JFs is characterized by its flash point (FIP) #. This parameter
shows the conditions under which the fuel becomes fire dangerous. Specifications for JFs regulate
the lower limit of this parameter. Thus, the fuels of grade Jet A-1 should have FIP values, which are
not lower than 38 °C. According to experimental results of fire safety researches it was found that
CamO FAEE is characterized by lower value of FIP comparing to conventional JFs (Table. 2). This
result is explained by the presence of ethanol in bio-additive, left after the production process.

Corrosiveness. It is known that corrosivenessis one of the most important exploitation
properties of JFs [3, 4]. It influences on durability, and reliability of jet engines. During
exploitation details of fuel system equipment are the most subjected to corrosive influence of fuel,
details of the jet engine’s jet pipe are subjected to corrosive influence of fuel combustion products
[8]. Corrosiveness is characterized by the presence of corrosively aggressive components in fuel.
These components include sulfur and sulfur containing compounds, where the most aggressive are
hydrogen sulfide and mercaptanes (thiols). Except that, the reasons of JFs corrosiveness are
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oxygen-containing heterogenic compounds, water-soluble alkalis and acids, dissolved oxygen and
insoluble moisture [4, 6].

The process of chemical corrosion takes place during chemical interaction of corrosively-
active substances, which are present in fuel, with color metals or their alloys that are used for
producing details of aircrafts’ fuel systems. The processes of corrosion are especially intensive
when the water is present. The highest activity among sulfur compounds is typical for mercaptanes,
elemental sulfur and hydrogen sulfide. Sulfides, disulfides, thiophenes and thiophanes are related to
neutral sulfur compounds. However, at temperatures more than 120 °C these compounds
decompose and form mercaptanes and hydrogen sulfide. Other words, they become corrosively
active. Copper (bronze) alloys and steel details with coating (usually cadmium) are subjected to
most intensive corrosion during exploitation.

Among JFs the highest corrosive activity is typical for fuels, which are produced from sulfur
oils. Hydrogen sulfide is removed from fuels completely during crude oil processing. However,
because of the technological reasons elemental sulfur and mercaptanes are still present in JFs is
small quantities.

Corrosive action of JF sisrevealed at firstin destruction of copper surface; later significant
corrosive sediments of black color appearon copper details. With time these sediments cut from
surface and accumulate in fuel in the form of black in soluble particles, which cause clogging of
filtering equipment. Corrosion of fuelling equipment, which are made of copper alloys, also
depends on products of JF oxidation that are contained in fuel [4].

The method for JFs corrosiveness control is copper strip test. The degree of copper strip
corrosion is estimated comparing to etalon sample (Fig. 8).

Fig. 8. The standard samples for determination copper strip corrosion

The results of tests of JF, bio-additives and samples of JFs blended with bio-additives on
copper strip are presented in Table 3.

Table 3
The result of copper strip test of fuel samples

Bio-additive | JF of grade| 100% | JF+10% | JF+20% | JF+30% | JF+40% | JF+50%
Jet A-1 bio- of bio- of bio- of bio- of bio- of bio-
additive additive additive additive additive additive
CamO FAEE la 1b la la la 1b 1b

123



According to the requirements of ASTM and Def Stan specifications for JF of grade Jet A-1
the degree of copper strip corrosion have to be not more than 1 according to the scale on Fig. 8.
As we can see from the data in Table 3 the degree of corrosiveness of JFs modified with bio-
additives completely satisfies requirements of existing specification.

This diversity of technologies provides the ability for JF production using various
feedstocks. Scientists believe that the most promising feedstocks are plants with high oils content,
algae and some types of industrial and household waste. This work was devoted to studying
alternative JF produced by it modifying with CamO components.

In are sultof the work the complex of physical-chemical and exploitation properties and
quality parameters of JF and Cam O esters were studied. The results have shown that the main
characteristics of bio-additives differ from conventional JFs.

The dependencies of JF density, fractional composition, heat value, viscosity, freezing
temperature and lubricity on the content of bio-additives were obtained. It is found that
modification of JF with CamO esters results in increasing of fuel density and viscosity, rising of
freezing temperature, decreasing of heating value and widening of fractional composition due to
the rise of final boiling point. At the same time addition of CamO esters improves anti-wear
properties of JFs. It was determined that jet fuel modification by biocomponents will have
controversial effect on exploitation properties of new fuels. On one hand it may negatively
influence on combustion process, and on the other hand it allows improving certain exploitation
characteristics and making new JF more environmentally clean.

It may be concluded that modification of conventional JF by CamO bio-additives is
possible. At the same time there is a need in more detailed influence of bio-additives on fuel
properties for optimization of jet engines operation using new kind of fuel.

PE®EPAT
Anna Axoenesa’, Cepeiii Boiiuenxo®, Kasumnup Jleiioa®, Xybepm Kysicescokuii’, Oxcana Bosk'
'Hayionanonuii asiayiiinui ynisepcumem, anna.yakovlieva@nau.edu.ua,

*@arynemem 6y006u mawun i asiayii Keutydcbko2o mexnonoziunozo yuisepcumemy, sboichen@prz.edu.pl
PO3POBJIEHHS AJIbTEPHATUBHUX ABIALIIMHUX ITAJIUB, MOJIUPIKOBAHUX
BIOJIOGABKAMM HA OCHOBI PHKIEBOI OJIIT

CratTsl pUCBsSYEHa PO3POOICHHIO Ta BUBYCHHIO (hi3MKO-XIMIYHUX Ta eKCILTyaTalifHuX BIACTHBOCTEH
HOBUX aJbTEPHATHBHUX aBiallifHUX NaiauB, MoaudikoBaHMX 0i000aBKAMH HAa OCHOBI PIDKIEBOI OJIil.
[IpoananizoBaHO Cy4acHHI CTaH HABKOJIMIIIHLOTO CEPEIOBHUIINA, @ TAKOXK BILUTUB aBialliifHOT MPOMHUCIOBOCTI Ha
HABKOJMIIHE cepenosuine. [1ix yac mociikeHHs Oyio BUBYEHO Taki (Di3MKO-XiMiuHI BIACTHBOCTI 3pa3sKiB
MAJMB: TYCTWHA, B'A3KICTh, (paKUidHUK CKJIajJ, TEIUIOTa 3TOPSHHA, 3MallyBajbHa 3IaTHICTh, KOPO3iiiHa
aKTHBHICTP Ta TeMIeparypa Kpucramizamii. BcraHoBmeHo, mo BiacTHBOCTI 0i10100aBOK iCTOTHO
BIJPI3HAIOTBCA BiJl BIACTHUBOCTEH aBialiiiHMX mamuB. B pe3ynbrari mpoBeneHoi poOOTH po3pobIeHO
KOMIUICKCHY TOpIBHAUIBHY XapaKTEpUCTUKY (I3UKO-XIMIYHUX Ta eKCIUTyaTalliiHUX BIIACTHBOCTEH Ta
MOKa3HMKIB SIKOCTI aBialliiHUX MayuB, 0107J00aBOK Ha OCHOBI PHXKI€BOT OJIiT Ta 3pa3KiB CyMIIlIeBUX aBial[iiHIX
TIaJIHB.

KimouoBi ciioBa: aBiarjifiHe maaMBO, aNbTEpHATHBHE MANWBO, OiomanuBo, 0i0100aBKa,
Moan(iKyBaHHs, prKieBa oiist, pi3MKO-XiMiUHI BIaCTHBOCTI.

PE®EPAT
Anna Axosnesa’, Cepzeii Botiuenxo®, Kasumup Jleiioa’, Xy6epm Kyocesckuii’, Oxcana Bosk!
' Hayuonansmoui asuayuonnwiii ynusepcumem, anna.yakovlieva@nau.edu.ua,
2Daxynomem koncmpykyuu mawun u asuayuu JKeuysckozo mexnon02u4ecko2o yHugepcumend,
sboichen@prz.edu.pl
PA3PABOTKA AJIbTEPHATUBHBIX ABUALIMUOHHBIX TOILJIUB,
MOIAUD®ULUPOBAHHBIX BUOJOBABKAMU HA OCHOBE PBI’KUKOBOI'O MACJIA

Hacrosimas craths MOCBsIICHA pa3paboTKe U U3YYCHHI0 (PU3HKO-XUMHYECKHX M IKCILTyaTallMOHHBIX
CBOWCTB HOBBIX aJbTEPHATHBHBIX aBHAIIMOHHBIX TOIUIUB, MOIM(UIMPOBAHHBIX OHOMO0AaBKAMHM Ha OCHOBE
PBDKHMKOBOTO Macia. IIpoBe/ileHO aHalli3 COBPEMEHHOII COCTOSIHHS OKPY)KAIOIIEeH Cpelbl, a TAKKe BIHSHUSL
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ABHAIMOHHOM MPOMBIIUICHHOCTH Ha OKPYXKAIOIIyIo cpeny. B xozme uccnenoBanust ObUTH N3y4eHBI CIeayomye
(U3MKO-XMMHYECKHE CBOMCTBa 0Opa3LOB TOIUIMB: IUIOTHOCTb, BS3KOCTh, ()PAKIMOHHBIA COCTaB, TEILIOTA
CTOpaHHs, CMa3bIBAIOIIAsl CIOCOOHOCTh, KOPPO3MOHHASI aKTHBHOCTh M TeMIIEpaTypa KpUcTalnu3auuu. beuto
YCTaHOBJIEHO, YTO CBOHCTBa OHOM00aBOK 3HAYUTEIBHO OTIMYAIOTCS OT CBOMCTB aBHAI[MOHHOTO TOILIMBA.
B pesymprare pabGoThl OblIa pa3zpaboTaHa KOMIUIGKCHAs CpAaBHUTENIbHAs XapaKTCPHCTHUKA (DU3HKO-
XMUMUYECKUX U OKCIUTyaTAllUOHHBIX CBOICTB M KAadeCTBEHHBIX IIOKa3aTeleld aBUAlMOHHOIO TOILIMBA,
610100aBOK Ha OCHOBE PEDKHKOBOTO Macia M 00pa3lioB CMECEBBIX aBUAIMOHHBIX TOTIIHB.

KnioueBble ci0Ba: aBHanMoOHHOE TOIUIMBO, AJBTEPHATHBHOE TOIUIMBO, OWTOILIMBO, OHMOIOOaBKa,
Mo u(Kanus, PHKUKOBOE Macio, GU3UKO-XUMUIECKHE CBOHCTBA.
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DEVELOPMENT OF ALTERNATIVE JET FUELS MODIFIED
WITH CAMELINA OIL BIO-ADDITIVES
This paper is devoted to the development and study of physical-chemical and exploitation properties
of new alternative jet fuels modified with camelina oil bio-additives. The current condition of environment is
analyzed as well as the impact of aviation industry on the environment. During the study the following
physical-chemical properties were investigated: density, viscosity, fractional composition, heat of combustion,
lubricity, corrosiveness and freezing point. It was found that properties of bio-additives are significantly
different from properties of jet fuels. As a result of the work, the complex comparative characteristic of
physical-chemical and exploitation properties and quality parameters of jet fuel, camelina oil bio-additive
and blended jet fuel samples, was developed.
Key words: jet fuel, alternative fuel, biofuel, bio-additive, modification, camelina oil, physical-
chemical properties.
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