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Abstract. Biodiesel is one of the potential materials that can be used to substitute for diesel fuel.
The raw material is made {rom vegetable oil that can be renewed, produced periodically, and is
easily obtained. The analysis was carried out by using kerosene blended to diesel and biodiesel.
Kerosene is a colourless and flammable hydrocarbon liquid, and it was used as fuel oil. The
purpose of this research is to analyse the parameters from Kerosene Blended with Biodiesel and
Diesel Fuel. The materials are from Biodiesel and Diesel Fuel blended with kerosene with
different percentages 80, 85, 90 and 95. The method was used by ASTM D445-19a, ASTM
D1298-12b, ASTM D4737-10, and ASTM D86-17. The results of the analysis uses 5% to 95%
volume, show that the A95-BS model mixture of biodiesel and diesel is poor, besides that A80
and A8 with a value of 375, in each viscosity 2.456 ¢St kg/m3, the performance is excellent for
two mixtures, and A80 model with a value of 357 with viscosity 2,378 ¢St kg/m3 is excellent
performance for one type of mixture.

1. Introduction

The demand of fuel as energy source to support human’s living is still high [1][2]. The world’s economic
development cannot be separated from the increasing of automotive sector and impact of the high need
of fuel [3], This can cause the decreasing in fuel all the time. Thus, it cannot be separated from the ever-
changing oil prices; these changes can be caused by several factors, including the policies of oil-
exporting countries, security, the world political situation, and many other factors. With the depletion
of petroleum reserves, various kinds of alternative energy have emerged [4]. Many research were
conducted to find alternative energy sources [5]., almost all power generation engines used diesel
engines.

The consumption of diesel fuel in the automotive and industrial sectors is increasing [3], and the volume
ratio between domestic production and consumption is not balanced. The production of diesel oil in
2003 was around 170 million KL, while the total consumption reached 26.4 million KL (165 million
barrels) so that 9.4 million KL (35.7% of total consumption) had to be imported [6]. In terms of quantity,
there is a picture of the shortage of diesel fuel supply in Indonesia. In addition, we are also faced with
environmental issues regarding global warming [7], which increasingly demand the use of
environmentally friendly fuel oil.

Fuel oil is a commodity that plays an essential role in the supply of industrial fuel. In contrast, diesel oil
is a clear brownish-yellow distillate type fuel. Diesel oil is obtained in a distillation column at a
temperature of 200-350°C. Diesel oil contains 75% saturated hydrocarbons (mainly paratfin including




n-paratfins, isoparaffins, and cycloparaffins) and 25% aromatic hydrocarbons (naphthalene and
alkylbenzenes). Diesel oil has a hydrocarbon range of C10H22 to C20H42 [8].

Kerosene or also called paraffin, is a colourless and flammable hydrocarbon liquid [9]. It is obtained
from the graded distillation of petroleum at 150°C and 275°C (C12CI15 carbon chain). Kerosene is
widely used for oil lamps and stoves; now, it is widely used as fuel for jet engines (Avtur, Jet-A, Jet-B,
IP-4 or JP-8). Kerosene, known as RP-1, was used as rocket fuel—the combustion process using liquid
oxygen. Kerosene is distilled directly from crude oil and requires Merox unit or hydrotreater controls to
reduce sulphur content and rust. Kerosene can also be produced by hydrocrackers, which increase the
proportion of crude oil suitable for fuel oil. The use of kerosene for kitchen purposes is limited to
developing countries [6].

Biodiesel is an alternative fuel for motor vehicles that use diesel fuel. Biodiesel can be produced from
palm oil [10], soybean [11], and jatropha [11] [12]. Considering that oil palm, soybean, carberra
manghas [ 13] and castor oil are commonly grown crops and have sufficient potential to be developed in
Indonesia, the increasing demand for diesel oil in the transportation sector has resulted in an alternative
blending of biodiesel and diesel fuel in Indonesia to be pursued. Mixing hiodiesel with diesel oil is
usually given a separate naming system, such as B2, B3, or B5, which means a blend of biodiesel and
diesel oil containing 2%, 3%, and 5% biodiesel, respectively. Meanwhile, B20 or B100 is a mixture of
biodiesel and diesel oil containing 20% and 100% biodiesel, respectively. In general, the highest
concentration that has been commercially operated is B20. Although biodiesel can be mixed with diesel
oil at various concentrations without damaging or modifying the engine, it requires replacing the rubber
gasket on some equipment as the specifications are adjusted for fuel .

Good diesel fuel oil must have characteristics that include, among others, appropriate viscosity, cetane
number, and free from impurities or harmful chemicals so that tests are carried out according to the
applicable specifications. This research aims to get fuel characteristic from Kerosene Blended with
Biodiesel and Diesel Fuel using type A and B.

2. Literature Study

1.1. Diesel Oil

Diesel oil results from the petroleum fraction boil between 175 to 370°C and is used as fuel in diesel
engines [12]. Diesel engines work at a lower maximum speed than gasoline engines, with speeds above
4000 revolutions per minute. Most diesel engines run at speeds between 50 and 2,500 revolutions per
minute. Diesel engines that work with a rotation speed of fewer than 500 revolutions per minute are
called diesel engines with slow rotation speeds; above 1200 revolutions per minute are called high-speed
diesel engines, while between the two are called medium-speed diesel engines. Low-speed diesel
engines are used as stationary engines and are used in large ships. Medium speed is used on small ships
and locomotives, while high speed is used for tractors, buses, trucks, and cars. Indonesia currently has
two kinds of diesel fuel, namely diesel fuel, used as fuel for diesel motors with high rotation speed, and
diesel oil for low rotation speeds [14].

Diesel engines do not have a carburettor like gasoline engines; instead, they use a fuel injection system.
In addition, diesel engines do not have spark plugs, and ignition occurs due to high temperatures. Among
essential properties of diesel fuel are ignition quality, viscosity, pour point. Ignition quality and flash
point Ignition quality of diesel fuel is related to ignition delay. The quality of diesel fuel is expressed in
cetane numbers and can be obtained by comparing the ignition delay of diesel fuel with the ignition
delay of the reference material in the Code of Federal Regulations (CFR) standard test.

1.2. Diesel Engine
One of the prime movers widely used is the heat engine, a machine that uses thermal energy to perform
mechanical work or converts thermal energy into mechanical energy [15]. The energy itself can be




obtained by the combustion process, nuclear fuel fission, or other processes. Regarding obtaining this
thermal energy, heat engines are divided into two groups. namely external combustion engines and
internal combustion engines.

In an external combustion engine, the combustion process occurs outside the engine, where the thermal
energy from the combustion gases is transferred to the engine working fluid through several dividing
walls [12]. While the internal combustion engine or known as the combustion engine, the combustion
process occurs in the combustion engine itself so that the combustion gas that co-occurs functions as a
working fluid. Diesel motors are also called combustion engines or internal combustion engines because
the conversion of the chemical energy of the fuel into mechanical energy is carried out within the engine
itself. In a diesel motor, there is a piston that uses several cylinders in which there is a piston that moves
back and forth (translation). In the cylinder, there is combustion between diesel fuel and oxygen from
the air. The gas produced by the combustion process can move the piston, which is connected to the
crankshaft by the drive rod [9]. The translational motion that occurs in the piston causes rotational
motion on the crankshaft and vice versa rotational motion of the piston.

The concept of combustion in a diesel motor is through the ignition of compressed air at high pressure.
Combustion can occur because the air is compressed in the room with a more excellent compression
ratio than a gasoline engine (7-12), between (14-22). As a result, the air will have a pressure and
temperature that exceeds the ignition temperature and pressure of the fuel. It is different for spark-
ignition engines, such as gasoline engines which use spark plugs to ignite the fuel-air mixture [16].

3. Method

1.3. Tools and Material

The tools used in this research are Kinematic Viscosity, Hydrometer, and Distillation of Petroleum
Products and Liquid Fuels at Atmospheric Pressure Calculated Cetane Index and Distillation of
Petroleum Products and Liquid Fuels at Atmospheric Pressure. The material used is biodiesel from
kerosene and diesel type A and B. The fuel analysis were carried out at the Petrolab Services laboratory,
Jakarta and tested on 2021-06-25. In the lab test using diesel oil, biodiesel and kerosene.

14. Biodiesel Physical Properties Test

Biodiesel derived from kerosene is mixed with diesel fuel composed of 0 to 100% by volume. This
mixture is then analyzed for its physical properties, including specific gravity, viscosity, flash point,
pour point, residual carbon, color, and moisture content. The optimal composition that will be obtained
is the composition containing the most significant biodiesel fraction that can meet the physical
characteristics of diesel fuel.

a. Kinematic Viscosity (ASTM D445-19a.), This test method specifies a procedure for determining
the kinematic viscosity, v, of liquid petroleum products, both transparent and opaque, by
measuring the time for a volume of liquid to flow under gravity through a calibrated glass
capillary viscometer. The dynamic viscosity, 1, can be obtained by multiplying the kinematic
viscosity, v, by the density, p, of the liquid [17].

b.Hydrometer (ASTM D1298-12b), This test method covers the laboratory determination using a
glass hydrometer in conjunction with a series of calculations of the density, relative density, or
API gravity of crude petroleum, petroleum products, or mixtures of petroleum and
nonpetroleum products generally handled as liquids and having a Reid vapor pressure of
101.325 kPa (14.696 psi) or less. Values are determined at existing temperatures and corrected
to 15°C or 60°F utilizing a series of calculations and international standard tables [18].




c. Calculated Cetane Index (ASTM D4737-10), It is for Estimating the ASTM cetane number (Test
Method D613) of distillate fuels from density and distillation recovery temperature
measurements. The value computed from the equation is termed the Calculated Cetane Index
by Four Variable Equation [19].

d. Distillation of Petroleum Products and Liquid Fuels at Atmospheric Pressure (ASTM D86-17),
This test method covers the atmospheric distillation of petroleum products and liquid fuels using
a laboratory batch distillation unit to determine the boiling range. The characteristics of such
products quantitatively as light and middle distillates, automotive spark-ignition engine fuels
with or without oxygenates, aviation gasoline, aviation turbine fuels, diesel fuels, biodiesel
blends up to 5% until 95%, kerosine. Analyzing distillation is very important to understand the
effect of spray characteristics in fuels. High viscosity and density can cause fuels difficult to
atomize in diesel engine [20].

4.Result and Discussion

In general Biodiesel is a vellowish-coloured fuel whose viscosity is not much different from diesel oil.
Therefore, a mixture of kerosene, biodiesel and diesel oil can be used as fuel for vehicles using diesel
fuel without damaging or modifying the engine. In addition, the power and performance of diesel
engines with diesel fuel also have not changed. The international standards for biodiesel used in this
study are ASTM D445-19a., ASTM D1298-12b, ASTM D4737-10, and ASTM D86-17, as show in
Table 1.
Table 1. Model Test Lab Result.
Model Test

ABS A80 A90 A95 B8O B85 B90 B95

Method Param. Meas.

ASTM Kin. Visc. cSt

D445-19a at 40°C kg/m3 2456 2456 2829 2945 2378 2437 2744 2727

ASTM Dens. at St

D1298-12b 15°C kg/m3 8368 8368 8430 8442 B827.1 828.1 8309 8334
ASTM Cetane cSt

D4737-10 Index kg/m3 52.1 52.1 52.5 539 537 548 54.5 55.2

Distill.
ASTM Recovery o
D86-17 Basis : C 160 160 165 165 171 177 180 192
IBP

ASTM o
D86-17 5% vol C 181 181 185 195 198 205 210 217
ASTM o
D86-17 10% vol C 192 192 200 208 207 213 220 227
ASTM o
D86-17 20% wol C 211 211 225 238 223 228 233 240
S:Jﬂ 30% wol °C 232 232 253 265 236 240 246 252
385(;1—1]\"; 40% wol °C 259 259 277 287 249 254 257 263
ASTM 50% wol °C 283 283 208 305 262 267 268 274
D86-17
S:Jﬂ 60% wol °C 308 308 315 320 275 280 280 285
S}?(’)Tl]\«:l] 70% wol °C 324 324 328 332 288 292 292 296
ASTM o
D86-17 80% wol C 336 336 339 340 303 308 307 311
ASTM 90% wvol °C 346 346 349 351 325 328 326 330

D86-17




ASTM

D86-17 95% vol °C 357 357 360 367 340 341 339 343

Table 1 describes the international standard methods tested in the models tested with the A85, A80,
A90, A95, BBO.B85.B90, and B95 models. The evidence shows in the figure 1.

Figure 1. Kerosene Blended with Biodiesel and Diesel Fuel

Figure 1 describes the blend types used in the study, type A, and B. In the blended used as described in
table 1 it uses 5% to 95% volume. Then based on the results obtained some of the analysis are explained
below:

a. Viscosity requires the most significant concern about the flow of a fluid. Viscosity is the property
of a (fluid) caused by the presence of a substance between the liquid molecules and the cohesive
force on the liquid. Several factors affect viscosity; The factors that affect viscosity are
temperature, solution concentration, dissolved molecular weight, and pressure. Temperature is

inversely proportional to viscosity . If the temperature increases, the viscosity will decrease, and
vice versa

b.Kerosene has the most significant intermolecular density than other oils, so that the refractive
index value will be more excellent, and oil has the lowest density so that the refractive index
value will be smaller. So the refractive index value will be more excellent, and the value of the
index will be smaller. The bias will be more negligible. Index values influence the
intermolecular density in the oil; the higher the intermolecular density in the oil, the higher the
density and refractive index values.

c. In the Cetane Index analysis, the higher the cetane number, the higher the quality of diesel fuel.
The fuel must ignite when compressed in the cylinders, and because it is most flammable in the
combustion chamber of a diesel engine, cetane was chosen as the standard to facilitate the
combustion of diesel fuel.

d. Atmospheric distillation is a distillation to separate the air content. The atmospheric distillation
column still contains some valuable compounds that must be recovered. The residue that cannot




be separated from the atmospheric distillation column requires a higher temperature to break
down or decompose the crude oil into the desired product. To obtain a distillate product
optimally is determined specifications, optimal operating conditions are required. The factors
that affect the performance of the atmospheric distillation unit must be regulated to produce
optimal products. Several factors influence the design of a distillation column. Some of these
factors include feed composition, column operating conditions, column height, and product
composition.

5.Summary

The results of the analysis show that the A95 model mixture of biodiesel and diesel is poor, beside that
A80 and A85 with a value of 375, in each viscosity 2.456 ¢St kg/m3. the performance is excellence for
two mixtures. So that its performance is 375 and meets the standards and performs well as a fuel, from
the parameters used for testing EP, Recovery % vol, Residue % vol, Loss % vol, and Recovery at 300°C
has a good value, especially in the recovery test on a machine using 300°C which has a lower value than
other models, which is 57%. Then testing with one type of mixture. The highest is A85 with viscosity
2437 cSt kg/m3, A90 with viscosity 2.744 ¢St kg/m3, and A95 with a value of 359 with viscosity 2.727
cSt kg/m3, and the lowest is the AB0 model with a value of 357 with viscosity 2.378 ¢St kg/m3 is
excellence performance for one type of mixture.

This study has limitations in testing, especially in testing using other mixtures. Such as castor oil, the
chemical structure of jatropha oil consists of triglycerides with straight (unbranched) fatty acid chains,
with or without unsaturated carbon chains. Almost all parts of the Jatropha plant and the waste produced,
both when pressing Jatropha seeds and glycerine produced in biodiesel, can be utilized by processing
them further into other derivative products.
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