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The integration of diesel and biodiesel, particularly biodiesel derived from water hyacinth,
as a combined fuel source has recently emerged as a promising area of study, with a
particular focus on the effects of nanoparticle additives. Notably, the reduction of
emissions achieved by introducing iron oxide nanoparticles (FesOs) to biodiesel has been
substantiated. However, the potential impact of blending nanoparticles with the diesel and
biodiesel mix on the performance characteristics of a diesel engine has yet to be sufficiently
explored. This research undertook performance and emission assessments employing
diverse fuel samples in a single-cylinder diesel engine. The thermal brake efficiency
metrics for the 50 ppm and 100 ppm iron oxide nanoparticle blends surpassed those of the
D80B20 and D60B40 biofuel blends, exhibiting increases of 3.5% and 4.85% for
D80B20N50 and D80B20N100, and 6.2% and 7.4% for D80B20N50 and D80B20N100,
respectively, in comparison to neat diesel. The carbon monoxide emission levels of the
biofuel blends with iron oxide were less than that of neat diesel, with the most significant
reduction detected in the D60B40N100 blend. Furthermore, the nitrogen oxide emissions
for all nanoparticle blends were lower than those for neat diesel, attributable to a shortened
ignition delay and minimized fuel usage during combustion, subsequently leading to a

reduction in nitrogen oxide emissions.

1. INTRODUCTION

Consumption of the product of petroleum is growing every
day as vehicle numbers are growing, resulting in large-scale
consumption of hydrocarbon fuel, which worsens
environmental pollution. Therefore, such two problems, fuel
supply and ecological contamination require urgent solutions
[1-3]. Non-renewable fuel emits further emissions of
hydrocarbon, nitrogen oxides, and monoxides of carbon and
sulfur when in comparison with renewable biofuels. Different
substituted fuels have been proposed, like alternates for
petroleum products, and attempts have been made to analyze
their viability. Renewable fuels have recently received great
attention for their potential to reduce environmental pollution
by completing the carbon cycle and reducing petroleum
imports [4-6]. Also, there has been a considerable attempt in
numerous developing states worldwide to extract ethanol from
the water hyacinth owing to its richness as well as the high
yield of biomass. For instance, in India, the investigators have
obtained the bio-conversion approaches of extracting
bioethanol from the plant through enzymes and diluting
sulphuric acid beneath elevated pressure and temperature [7, 8].

Increasing efficacy and decreasing diesel engine emissions
are the chief goals of numerous current pieces of research. One
way of doing so is by using nanoparticles as fuel additives [9,

187

10], which shows a significant rise in combustion quality and,
therefore, in the engine's overall performance [11-13]. Many
researchers have investigated the impact of different
oxygenated additions on biofuels for enhancing the
combustion and emission features of internal combustion
engines. And for example, the engine's combustion and
performance features were improved by adding nanoparticles
of metallic oxides to fuel mixes since such a supplement raises
the thermal efficacy and the heat release rate [14, 15]. To
elaborate further, the benefits of metal-oxide nanoparticle
additives include the capability to donate the atoms of oxygen
to the mix of utilized fuel and create an elevated ratio of
surface-to-volume. Thus, these nanoparticle additives act as a
highly reactive medium throughout combustion.

Furthermore, the nanoparticle addition raises the thermal
conductivity, fire-point, and flashpoint temperature, reducing
the kinematic viscosity [16]. Ashoka et al. [17] investigated
the potential of Pentanol (10, 20, and 30%) as a low reactivity
fuel, which is a cetane value improver. Jatropha oil blended
with diesel is considered the high reactivity fuel. Results show
that Pentanol affects emission and combustion properties [18].
It also plays a key role in developing performance
characteristics such as fuel development technologies. The
increasing demand to improve the diesel engine's performance
leads to opening the way for better investment in biofuel
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sources through the use of additives such as nanomaterials. In
recent studies, the effect of nano additives at different
concentrations was tested with diesel and biodiesel (0 to 50 %)
to determine diesel engine performance in terms of specific
brake fuel consumption, brake power, and thermal efficiency
under different conditions [19, 20]. Engine emissions are
mainly classified into two different categories, the first is
produced because of high combustion chamber temperature,
such as nitrogen oxides, and the second is caused by
incomplete combustion of fuels and low combustion
temperatures, such as hydrocarbon and carbon dioxide. Many
researchers discussed an enhanced protocol to produce new
biodiesel using palm crude oil when using alkali-catalyzed
trans-esterification, using the nonedible solid portion of palm
oil [21]. Carbon monoxide is produced due to incomplete
combustion, a reduction in the combustion time of the engine,
or a decrease in the temperature of the combustion chamber
[22, 23]. On the other hand, incomplete combustion of diesel
or fuel will result in the production of hydrocarbons. Soot is
caused by the incomplete combustion of hydrocarbon fuels
and is observed in dark exhaust tailings.

In recent years, millions of dollars have been spent yearly
to remove large masses of water hyacinth, inhibiting water
flow in Iraqi rivers. The water hyacinth plant's quantitative
statistics extracted via the Aquatic Treatment Directorate
depict that the plant will cover around (950 km?) in 2021 in the
south of Iraq. Water hyacinth plants can be used for producing
biodiesel or as an alternative to diesel fuel. The main
objectives of the present study are to analyze the complex

information, determine the diesel-biodiesel (from water
hyacinth) blends' effects on the performance characteristics
and the exhaust emissions of the diesel engine, as well as
develop further understanding of the biofuel blend after
improving it by blending it with iron oxide, Fe3O4
nanoparticles.

2. EXPERIMENTAL SETUP
2.1 Preparation of test samples blends

Experimentally, biofuel ethanol has been made in several
stages. First, the roots, leaves, and petioles have been detached
from the water hyacinth plant, and the leaves and petioles have
been washed manually with tap water. Second, a plant
specimen was dried in an oven, and the dried material was
ground to powder. Then, they were pretreated with 1.0%
NaOH for 2 hours. Third, 10 kg of water hyacinth with a 6.0
wt. % of sulphuric acid catalysts with a 5:1 methanol-to-oil
ratio of 5:1 was treated in a hydrodynamic cavitation reactor
at 65°C utilizing circulating glycerin for 45 min. A 50 L
capacity has been employed for producing the water hyacinth-
oil biodiesel. Two samples have been prepared for the present
investigations. D80B20 has been extracted from 20% water
hyacinth biofuel, with 80% neat diesel based on volume and
D60B40. The specifications of the three blends are shown in
Table 1.

Table 1. Properties of the test samples used in the experiments

D D80B20N50 D80B20N100 D60B40N50 B60B40N100
Density, kg/m? 825 831.5 831.9 8423 842.8
Viscosity, ¢St 2.2 3.18 3.2 3.41 3.44
Cetane No. 52.8 50.3 49.8 474 47.1
Calorific value, kcal/kg 10290 10267 10270 10253 10260
Cloud point, °C <-21.2 -213 -21 -21 -21
Flashpoint, °C 61 - - - -

Nano mixtures have been produced individually by
biodiesel blend D80B20, removed from 20% water hyacinth
biofuel with 80% neat diesel, and D60B40, extracted from 40%
water hyacinth biofuel with 60% neat diesel, with Fe;O4
nanoparticles at a 50 ppm dosage of 100 ppm of mass fraction
with an ultrasonicate aid. The nanoparticles were weighed to
50 ppm and dispersed in biodiesel mixtures with
ultrasonication's help. The ultrasonic processor is a JP-4820
model with 60 W power and 40 kHz for 30 min frequency for
generating nanoparticles-blended biodiesel fuel (D80B20+50
ppm. The same procedure has been attempted for a 100 ppm
mass portion. Then, such samples were utilized in the setup of
diesel engines to study their performance and emission
features. The physic-chemical properties of the whole samples
of fuel considered (D80B20N50, DSOB20N 100, D60B40N50,
and B80B40N100) for all nanoparticle samples have been
measured according to the ASTM standards, and the outcomes
are presented in Table 1. The fuel samples were placed in test
tubes in stable conditions to evaluate the stability properties.
Through the characterization tests, it was found that they were
stable for more than a month.

2.2 Engine specifications and apparatus

Experiments have been conducted employing a 4-stroke CI
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Diesel engine single cylinder depicted in Figure 1 with a group
of measuring instruments and a gas analyzer. The Diesel CI
engine operates upon the opinion of straight as well as natural
injection of fuel. It possesses design characteristics with a 70
mm bore of the cylinder, a 55 mm stroke, and a 17:1
compression ratio. Table 2 lists the specifications of the engine.
Some investigational characteristics have been gathered:
Speed of the engine, the volume rate of fuel flow, the rate of
the mass flow of air, and output power (load of engine). An
orifice regime has been utilized for measuring the air flowing's
quantity inside the engine by erecting it into the box of air.
Also, the pressure difference has been registered employing a
manometer, whereas the engine's speed has been registered
utilizing a digital tachometer. The consumed fuel has also been
measured employing a constant size and a stopwatch. BEA
460 Bosch gas analyzer has been utilized to record exhaust
emissions.

Additionally, acquisition software provided by Bosch has
been implemented as a system of data acquisition as well as
process control. The whole test has been achieved for a fixed
speed of the engine at the various loads of the engine. Every
functional examination took 3-5 min until the stabilization of
the engine beneath steady circumstances.



Figure 1. Experimental Diesel engine setup

Table 2. Specifications of tested engine

Engine Model Loben-RB170F
Engine Type Four-stroke single
The Bore 70 mm
The Stroke 55 mm
The Displacement 0.221L
Ratio of Compression 17:1

Speed of Engine
System of Cooling
Fuel Injection

3000 - 3600 rpm
Air-cooled system
Direct injection

2.3 Uncertainty analysis

The analysis of uncertainty analysis in tests is crucial for
providing a high level of confidence in the whole outcomes. It
is obtained via obtaining repeatability and raising the
outcomes' importance. The tests were repeated three times.
Also, the variations of the forecast values of the performance
parameters and the exhaust emissions have been employed for
calculating the uncertainty utilizing the percentage relative
standard error, @, as shown in Eq. (1) [24]:

D% = (;) x 100 )

where, S is the standard error; Y is the mean of gathered data.
Eq. (2) computes the value of S as:
_a

2
N 2
where, a is the standard deviation, and k is the repeatable
readings of the performance, combustion features, and
emission parameters. The overall investigational uncertainty
(an) is computed by Eq. (3):

a, = /af+a§+---+ai2

where, a, is the total uncertainty, and a1, o2, and o; are the
uncertainties of the individual factors. The accuracies and the
uncertainties of the measured factors are revealed in Table 3.

(€)
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Table 3. Uncertainties of the measured parameters

Parameter Max. Value Accuracy Uncertainty
Power (kW) 2.1 +0.08 kW +0.76
Speed (rpm) 3000 +1rpm +1.85
BSFC (g/kWh) 512 +1.91g/kWh +0.97
CO (Vol %) 23.7% +0.03 Vol % +1.76
HC (ppm) 57 +2 ppm +1.89
NOx (ppm) 1110 +2 ppm +3.45

3. RESULTS AND DISCUSSION

Brake thermal efficacy, #, variation with the engine load for
all tested blends D, DSOB20N50, DSOB20N 100, D60B40N50,
and D60B40N100 is manifested in Figure 2. The brake
thermal efficiency of all fuel blends increased with the
increase in load up to full load. In contrast, neat diesel (D)
increased with the load up to 90% of the full loading condition.
It then started decreasing due to oxygen in biodiesel, which
improved the brake thermal efficiency and increased the heat
release rate. While the iron oxide nanoparticles 50 ppm, 100
ppm, and biodiesel blends were higher than biofuel DS0B20
and D60B40 blends, they increased by 3.5% and 4.85% for
D80B20N50 and D80B20N100, respectively, leading to
another increase of 6.2% and 7.4% for D80B20NS50 and
D80B20N100, respectively, when compared to neat diesel.
These results agree with the inferences of different research
[25-27].
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Figure 2. Brake thermal efficacy variation with the engine
load at various mixes of fuel
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Figure 3. BSFC Variation with the load of the engine at
various mixes of fuel



Brake-Specific Fuel Consumption (BSFC) variation with a
load of the engine is manifested in Figure 3 for the neat diesel
and the biodiesel mixes with the iron oxide nanoparticles 50
and 100 ppm D, D80B20N50, DSOB20N100, D60B40N50,
and D60B40N100, which determines the fuel mass that
consumed in the unit power output. It was revealed that for the
whole test of fuel, the BSFC decreased as the engine load
increased, improving the combustion process. Also, biodiesel
blends with nanoparticles showed more fuel consumption for
the whole conditions than diesel because of the lower heating
value and higher density of the blends. This result agrees with
the conclusions of various research works [6, 9]. Then the
BSFC changed to decrease at a load near the full load. For the
D60B40N100, the brake-specific fuel consumption increased
by 11.45% at low loads and decreased at a load near the full
load compared to neat diesel. It decreased by about 12.9% at
full load because of the efficient burning of biodiesel blend
with the nanoadditives at higher loading circumstances. This
increase in blends BSFC is attributed to the biodiesel's higher
density and lower heating value. BSFC differences between
the diesel fuel and biodiesel blends were reduced at
supercharged conditions.

Figure 4 illustrates the variations of the emission of the CO
of the diesel fuel (D), a mix of diesel as well as biodiesel, and
iron oxide nanoparticles DS80B20N50, D80B20N100,
D60B40N50, and D60B40N100 at various engine loads.
Generally, CO emissions occur due to fuel-rich combustion
and insufficient time. The CO emissions were assessed at
various loading circumstances of the tested engine, changing
from a load of 10% to a close full load of 90%. The outcomes
elucidated that CO emissions rise with the engine's load since
CO emissions are very reliant upon the ratio of air/fuel.
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Figure 4. Emission of the CO variation for the tested fuel
mix samples at different engine loads

Also, the findings showed that the emission of CO
decreased in D8OB20N50, D80OB20N100, D60B40N50, and
D60B40N100 in the whole loading circumstances. For the CO
emissions shown in Figure 4, biodiesel blends produced lower
CO emissions than neat diesel. This results from a higher
oxygen element in the biodiesel fuels, enhancing the
combustion process. Higher oxygen content ensured complete
combustion by allowing more carbon to burn. In contrast, the
higher cetane number for diesel ensured higher flame speed
and post-flame oxidation, prolonging the combustion duration
and reducing the possible formation of a rich fuel zone. Such
influence is obvious through the close full circumstances of
loading but isn't too vigorous at the lower loads due to their
lower values. Additionally, the emissions rates of CO for both
biodiesel and Fe3O4 blends were lower than that for the pure
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diesel at the whole load circumstances. The best reduction was
observed for the D60B40N100 blend, which was about 8.3%
compared to the neat diesel owing to the greater thermal
conductivity for Fe;O4 nanoparticles and higher surface area
for catalytic activity [28].

The presence of unburned hydrocarbons in exhaust gases is
one of the most important parameters for studying emission
characteristics. The changing of unburnt hydrocarbons with
the engine load for all tested fuel samples D, DS0B20NS50,
D80B20N100, D60B40N50, and D60B40N100 are given in
Figure 5. The HC emissions level for the pure diesel fuel and
the biodiesel blend with nano DS0B20N50 and D80B20N100
are 58 ppm and 54.22 ppm, respectively, at a load near full
load, while the lowering of about 7.9% and 6.9% was due to
the higher oxygen concentration in the air-fuel mixture, which
can help enhance the unburnt oxidation hydrocarbon. HC
emissions decreased with increasing biodiesel percentage in
the blend [15]. Also, Figure 5 indicates the change of unburned
hydrocarbons (HC) with the engine load for the nanoparticle
blends D60B40N50 and D60B40N100. The HC emissions
decreased at all load conditions for the biodiesel, and Fe3;O4
blends D80B20N50 and D80B20N100. This change is due to
the increased flame propagation velocity and the higher level
of post-flame oxidation from the higher number of cetane in
the biodiesel mixture, which ensures the extra quality of
combustion [15].
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Figure 5. HC emission variation for the tested fuel mix
samples at different engine loads
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Figure 6. Emission of NOx variation for the tested fuel mix
samples at different engine loads

The emission of NOXx is related to the oxidation of nitrogen
at high temperatures. The variation of the NO emissions with
the engine load for all tested fuels - D, DS80B20NS5O0,
D80B20N100, D60B40N50, and D60B40N100 is given in



Figure 6. Compared with neat diesel fuel, the NO emission
increased by about 11.9% and 8.9% for the biodiesel blends
with Nano, DSOB20N50, and D80B20N100, respectively, at
near full load conditions, while the NO emission increased by
about 13.9% and 10.8%, respectively, for samples
D60B40N50 and D60B40N100. Biodiesel fuels showed

significantly higher NO emissions in comparison to diesel fuel.

This resulted from a shorter ignition delay period, large spray
droplet size, and high adiabatic flame temperature. Factors
such as a higher carbon double bond also increase the free
radical's hydrocarbon formation and NO emission formation.
The high temperatures of combustion break down the vigorous
triple bond of the molecules of N, disassociate these
molecules into their atomic conditions, contribute to a reaction
sequence with O», and create thermal NOx [16, 21]. Moreover,
for the blends with Fe;O4 nanoparticles, the NOx emissions
were lower than that for biodiesel blend to neat diesel due to
shortened ignition delay and less fuel during combustion [16].

4. CONCLUSIONS

Biodiesel and Fe3O4 nanoadditives to neat Diesel mixtures
have been investigated to evaluate the emissions reduction.
Operating under the tested mixtures, the engine performance
has also been measured. The physic-chemical properties of the
produced fuel samples are measured per the ASTM standards.
The subsequent conclusions could be drawn:

-The brake thermal efficiency for the iron oxide
nanoparticles with 50 ppm, 100 ppm, and biodiesel blends was
higher than the biofuel blends D80B20 and D60B40. It
increased by 3.5% and 4.85% for D80B20NS50 and
D80B20N100, respectively, while it increased by 6.2% and
7.4% for D80B20N50 and D80B20N100, respectively, in
comparison with pure diesel.

-CO emission increased with the engine's load. In all
loading conditions, CO emission was decreased in
D80B20NS50 and D80B20N100 fuel, including D60B40N50
and D60B40N100.

-Compared to neat diesel fuel, the NO emission increased
by about 11.9% and 8.9% for the biodiesel blends with Nano,
D80B20NS50, respectively. The NO emission increased by
about 13.9% and 10.8%, respectively, for samples
D60B40N50 and D60B40N100.
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