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Abstract. Biodiesel is an important renewable energy candidate for the future energy. To
improve the fuel properties, many experimental works and trial for the fuel blend. The
fuel enrichment method by addition of nano-additives is widely accepted by numerous
researchers. The nano-additives are used to achieve specific fuel properties and to
improve the performance characteristics and to attain a good emission control of the
Compression Ignition (CI) engine without any modification. It is important to blend in
right concentration in order to avoid the effect on fuel properties. This paper reports the
calculation on how to measure concentration of blending biodiesel fuel with nanoparticles
with the appropriate method which is mass concentration method. This paper investigates
the details of concentration measurements of blending biodiesel (B7) with SiO;
nanoparticle by using the mass fraction method for only 0.5 liter of fuel. This method also
can use for other types of fuel and nanoparticles.Thus, by using the correct method of
mass concentration would not be affect to its fuel properties, engine performance and also
exhaust emissions.

1. Introduction

Growing energy desires, depletion of fossil fuels and rigorous emission standard forced the
scientific society to search for alternative fuels such as biodiesel for diesel engine
applications in order to decrease the gap between demand and energy source for automotive
sector [1-3]. Biodiesels are readily available, bio-degradable, portable, nontoxic and
renewable source. It can be produced from a variety of natural feedstock sources and globally
around 350 crops are accepted as the potential feedstock for biodiesel production [4]. Energy
supply and demand is always a priority for the current energy balance and energy research
communities [5-7]. Renewable energy is one of the answers to this energy security and future
energy supply [8-11]. Biodiesel is one of the prominent renewable fuel for the potential to
replace fossil fuel [12-15].

However, the viscosity of the biodiesel is considered the main problem which hinders to
use it directly in diesel engines. Therefore, to tackle this issue, transesterification process is
a widely used technique to reduce biodiesel viscosity which considers the most feasible and
viable approach. By using this technique, all edible oil can be brought down to similar diesel
characteristics. Palm oil and its derivatives have a great potential to be utilized in biodiesel
production and in many other applications [16]. There are numbers of research studies that
were examined on diesel engines with palm oil biodiesel as fuel under different operating
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conditions. Although it is considered as a promising alternative source for diesel engines, it
still has an adverse effect on exhaust emissions, particularly NOx emission [17]. In recent
decades, there are several studies have focused on nanoparticle additives to biodiesel fuels
because these additives have considerable impacts on the combustion characteristics of
biodiesel fuels [18][5,6]. In order to improve the biodiesel fuel properties, the fuel can be
added and blended into the biodiesel [19-23].

The influence of adding nanoparticle additives with diesel, biodiesel and diesel-biodiesel
blends on a diesel engine performance and emission parameters was surveyed by
Fangsuwannarak et al. [24]. They concluded that the TiO, additive have been demonstrated
promising in terms of their impacts on engine performance and emission characteristics.
Their positive attributes have been related with reducing ignition delay and the highly
reactive surfaces of TiO; resulting in a cleaner combustion. These additives act as a catalyst
in the combustion zone, resulting in a significant reduction in emissions [25]. Such additives
were also found to improve the heat transfer between the fuel and air, which shorted ignition
delay and promoted the combustion process [20].

The main objective of this paper is to distribute the knowledge and information among
budding engineers, industry people, research scholars and students who are interested in the
field of nano fuel additives for Cl engine fueled with biodiesel blend with nano additive.
This review paper provides the information about the concentration measurement on
preparation of blending SiO nano biodiesel.

2. Methodology

Nano-sized particles that have larger surface area to volume ratio produce higher surface
tension preventing the particles to separate and therefore agglomerate to form micro-sized
particles which next start to sediment. The nanoparticles used in this experiment SiO-
(diameter 20-30 nm), supplied from Sigma-Aldrich Corporation. Biodiesel use in this
preparation is commercializing biodiesel which is Petron Turbo Diesel Euro 5; is a premium
plus diesel fuel with 7% of Palm Oil Methyl Ester (POME) known as B7. Table 1 lists the
properties (such as density, flash point, cetane number, total sulfur, cloud point, total acid
number, conductivity, oxidation stability and kinematic viscosity) of B7 fuel used in the
present investigation. The preparation of 25, 50, 75 and 100 ppm in weight of nanoparticle-
biodiesel fuel blends were done by measuring nanoparticles of 25mg, 50mg, 75mg and 100
mg on an analytical balance.

Table 1. Properties of the fuel (B7) [26].

Fuel Properties B7
Density @ 15 (°C, kg/1) 0.8326
Flash point (°C, PMCC) 77.0
Cetane number 575
Total sulfur (ppm) 6.0
Cloud point (°C) -3
Total acid number (mg KOH/qg) 0.03
Conductivity (pS/m) 680
Oxidation stability (mg/100ml) 0.6
Kinematic viscosity @ 40°C (cSt) 3.100

Then nanoparticles are weighed separately for quantities 25mg, 50mg, 75mg and 100mg
accurately. The nanoparticles blended biodiesel fuel (B7) is prepared by mixing the biodiesel
and SiO; nano particles with the aid of homogenizer mixer (Figure 1) at 700 rpm within 15
minutes.
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Figure 1. Homogenizer mixer used for biodiesel and SiO; nano particles blend.

Then, it mixes by using an ultrasonicator (Figure 2) at amplitude of 60% within 30
minutes. The ultrasonicator technique is the best suited method to disperse the SiO,

nanoparticles in a fluid, as it facilitates possible agglomerate nanoparticles back to nanometre
range.

Figure 2. Ultrasonicator.

The nanoparticles are weighed to a predefined mass fraction say 25ppm and dispersed in
the biodiesel fuel that prepared is called BSiO+25ppm labelled as BSiO25 (Figure 3). The
same procedure is carried out for the mass fraction of 50ppm (BSiO+50ppm; labelled as
BSiO50), 75 ppm (BSiO+75ppm; labelled as BSiO75) and 100ppm (BSiO+100ppm;
labelled as BSiO100) to prepare the SiO2 nanoparticles blended biodiesel fuel. Repeat
procedure for 50ppm, 75ppm and 100ppm.
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Figure 3. SiO; nanoparticle-biodiesel fuel blends after preparation.

Below is the formula that relate with measurements.
11=10.001m3 1)
It needs 0.5 liter of biodiesel fuel in solution, thus;
0.51=5x10"*m? (2)
In this investigation, it uses 0.5 liter of fuel because the beaker can fill up to the 0.5 liter

only. This beaker will put in the cabin of ultrasonicator to mix with the nanoparticle after
mixing using homogenizer mixer (Figure 1). Based on the formula of density below.

p=3 (3)
m= pv 4)
Where;

m = mass [Kg]

v = volume [m3]
p = density [%]

Take the density of biodiesel (B7) which is 832.6 k—g; it is from the properties of

m3
biodiesel itself (Table 1). Based on equation (3), it can find the mass of the biodiesel fuel.

m = (832.6 22)(5 x 107* m?)

m =0.4163 kg
0.4163 kg of B7 = 0.5 liter of B7

Thus, 0.4163 kg of biodiesel fuel (B7) need to blend with SiO, nanoparticles. Then, below
are the steps or procedure to find the mass of nanoparticle that need in fuel blends. It uses
example of 25 mg of nanoparticle. For 25 mg of nano particle = 0.025 g. One ppm is
equivalent to 1 milligram of something per liter of water (mg/l) or 1 milligram of something
per kilogram soil (mg/kg). It needs to use the equation (5) to find the mass fraction of
nanoparticle.
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. mass component,i mass of nanoparticle
Mass fraction x;, = d = ! L _ (5)
total mass,x¢ total mass of fuel and nanoparticle

0.025 g

~1000 g+0.025 X 100 = 0.0025 wt %

Based on equation (5), it is using the mass of B7 which is 0.4163 g.

100x,, 410

= 0.0025 wt 9
04163 + x,. _ 0025wt %

Xnano = 1.0408 x 10~3kg = 0.010408 g = 10.408 mg

Then, it gets the value of 10.408 mg of of SiO, nanoparticle that will be used to blend
with B7. Thus, 0.4163 kg of biodiesel fuel (B7) need to blend with 10.408 mg of SiO,
nanoparticles.

3. Results and discussion

First and foremost, concentration, in chemistry, measure of the relative proportions of two
or more quantities in a mixture. Concentration also can be expressed in several ways. The
simplest statement of the concentrations of the components of a mixture is in terms of their
percentages by weight or volume. In this paper, the proportion of biodiesel which is B7 and
SiO; nanoparticle; two quantities in a mixture. Then, these mixtures of liquids specified by
weight percentage concentrations. These solution of nanobiodesel blend also describe as
molarity, molality, mole fraction, formality, and normality [27]. The concentration of a
solute is very important in studying chemical reactions because it determines how often
molecules collide in solution and thus indirectly determines the rates of reactions and the
conditions at equilibrium (see chemical equilibrium).

Thus, it is very important to measure the mass concentration of blending because if
measure incorrectly, it will affect the properties of fuel itself [28]. To improve the
performance of the biodiesel, addition of SiO, nano particle study has been conducted. The
addition of nanofluids decreased the emission parameter and there was an improvement in
combustion efficiency as describe by Nanthagopal et al. [29]. It is showed that thermal
efficiency was improved by approximately 17% whereas the engine emissions of NOy, CO,
UHC, and soot were decreased significantly by 29%, 40%, 40%, and 30%, respectively.
Furthermore, Nanthagopal et al. [29] analyzed the impacts of adding zinc oxide nanoparticles
and Ethanox, which is an antioxidant, into biodiesel fuel on a diesel engine performance and
emission characteristics. The results illustrated that the thermal efficiency was enhanced by
approximately 25% whereas the NOy emission was decreased by approximately 18%.
However, the CO and UHC emissions were increased by approximately 20% and 15%,
respectively. This paper investigates the concentration measurement on preparation of
blending SiO; nano biodiesel also called as solution [30, 31].

Based on the preparation of fuel blend, it uses 0.5 liter of fuel due to the limitation of
beaker that can fill up to the 0.5 liter only. From results, it gets the value of 10.408 mg of of
SiO; nanoparticle that will be used to blend with B7. Lastly, it can find the amount of
biodiesel fuel (B7) which is 0.4163 kg that required to blend with 10.408 mg of SiO,
nanoparticles.

4. Conclusions

Among the recent additives used in diesel and biodiesel fuels, the nanoparticles have emerged as
a novel and promising additive which results in the reduction of exhaust emissions and
enhancement in engine performance. Many researchers have focused their attention on fuel
modification methods by using the nano-additives for achieving improved performance and
emission characteristics. Incorrectly blended fuel can result in fuel properties, engine problems
and warranty issues and may affect the tax credits associated with blending biodiesel. The myriad
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of blending methods, biodiesel feedstocks, and analysis techniques can all add to the uncertainty
of the fuel blend. Understanding the issues involved with blending and determining blend ratios
will help to reduce inaccuracies and in turn will reduce the frequency of problems associated with
incorrect blends. Thus, the method used to blend the fuel is the most important factor contributing
to blend accuracy in terms of mass concentration. This paper investigates the details of
concentration measurements of blending biodiesel (B7) with SiO» nanoparticle by using the mass
fraction method for only 0.5 liter of fuel. This method also can use for other types of fuel and
nanoparticles.

Acknowledgements
The authors are grateful for the financial support by Universiti Malaysia Pahang
(www.ump.edu.my) under PGRS190336 Grant and Fundamental Research Grant Scheme
FRGS/1/2016/TK10/UMP/02/01) Ministry of Higher Education Malaysia through the research
project RDU160152.

References
[1] Agarwal A Kand Das L 2001 Journal of Engineering for Gas Turbines and Power. 123
440

[2] Gabina G etal. 2019 Fuel. 235 259-268

[3] Paulauskiene T, Bucas M and Laukinaite A 2019 Fuel 248 161-167

[4] Tamilselvan R et al 2018 Materials Today: Proceedings 5 6770-6779

[5] Yano A and Cossu M 2019 Renewable and Sustainable Energy Reviews 109 116-137

[6] Anderson A and Rezaie B 2019 Applied Energy 248 18-34

[7] Florez-Orrego D, Maréchal F and de Oliveira Junior S 2019 Energy Conversion and
Management 194 22-36

[8] Nayak S K and Chandra Mishra P 2019 Energy 168 585-600

[9] Pandit P R and Fulekar M H 2019 Renewable Energy 136 837-845

[10] Karmakar B and Halder G 2019 Energy Conversion and Management 182 307-339

[11] Kuo T C etal. 2019 Resources, Conservation and Recycling 145 31-39

[12] Phasukarratchai N 2019 Fuel 243 125-132

[13] Rochelle D and Najafi H 2019 Renewable and Sustainable Energy Reviews 105 129-137

[14] Caligiuri C et al. 2019 Energy Conversion and Management 185 55-65

[15] Hasan M M, Rahman M M and Kadirgama K 2015 International Journal of Automotive
and Mechanical Engineering 11 2199-2211

[16] Ali O M etal. 2016 Renewable Energy. 86 59-67

[17] Aydin F and Ogiit H 2017 Renewable Energy 103 688-694

[18] Alaei S etal. 2018 Industrial Crops and Products 117 322-332

[19] Ghanbari M et al 2015 IOP Conference Series: Materials Science and Engineering

[20] El-Seesy A I, Attia A M A and El-Batsh H M 2018 Fuel. 224 147-166

[21] Hoseini S S et al. 2018 Renewable Energy. 125 283-294

[22] Najafi, G 2018 Fuel. 212: p. 668-678

[23] Norhafana M et al. 2019 AIP Conference Proceedings

[24] Fangsuwannarak K. and Triratanasirichai K 2013 Romanian Review Precision Mechanics,
Optics and Mechatronics (43) 111-118

[25] Basu S and Miglani A 2016 International Journal of Heat and Mass Transfer 96 482-503

[26] P.F.1.S.B. 2016 Product Data Sheet Petron Turbo Diesel Euro 5. Menara I&P (Tower 1),
Level 12A No. 46, Jalan Dungun, Damansara Heights, 50490 Kuala Lumpur. (4527-V)

[27] Andrew Streitwieser J and Heathcock C H 1958 Introduction to Organic Chemistry. 3 ed.
(Collier Macmillan)

[28] Sayangdev Naha S K and Aggarwal 2004 Combustion and Flame 139 90-105

[29] Nanthagopal K et al. 2017 Energy Conversion and Management 146 8-19

[30] Curran C K et al. 2006 The Journal of Physical Chemistry 110 6912-6922

[31] Auzmendi-Murua I, Snitsiriwa S and Bozzelli J W 2011 11AIChE Annual Meeting,
Conference Proceedings



