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Abstract: This review examines the performance and emission characteristics of diesel engines powered by blends of
biodiesel, nanoparticles, and additives. It highlights the potential for reduced emissions (particulate matter, nitrogen
oxides, carbon monoxide. and hydrocarbons) and enhanced performance (thermal efficiency, fuel consumption, and
power output) using these innovative fuel formulations. The paper explores the impact of additives, biodiesel quality, and
nanoparticle type on engine performance and emissions, providing a comprehensive overview of the current state of
research in this field. The review concludes by emphasizing the promising prospects and key challenges in adopting these
blends to address both environmental concerns and the demand for sustainable diesel engine technology. .

Keywords: Energy; Thermal Efficiency, fuel consumption, carbon monoxide, particulate matter

and hydrocarbons

1

. Introduction

Due to population growth together with environmental
concerns, there is significant demand for carbon-neutral
fuels in addition to more stringent legislation governing
engine pollutant emissions. This has been attracting new
interest in renewable, sustainable and environmentally -
friendly energy resources [1,2]. Many techniques have
been applied to reduce emissions levels and improve
fuel efficiency. The use of additives such as ethanol and
butanol in fossil fuels has been investigated extensively
and is commercially available [3]. The experimental
results of these additives revealed significant reductions
in Particulate Matter (PM), hydrocarbon (HC) and
carbon monoxide (CO) concentrations [4,5]. Another
advantage of using alcohol additives is that they can be
derived from renewable biomass resources such as
residual agricultural biomass and wastes [6]. These
biomass sources are widely available, but it is currently
a challenging process to convert them into alcohol
biofuels. Among various alcohols, ethanol is the earliest
one to be put into the market [7], however some safety
and technical concerns remain unresolved [8. It was
observed that the addition of the ABE mixture enhanced
the evaporation speed of the droplet and thus reduced
the lifespan of the droplet. It was found that IBE30
reduced CO and NOx by (4%) and (3.3-18.6%)
respectively, compared to gasoline. A number of studies
demonstrated some drawbacks when using ethanol as an
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additive for diesel engines because of the lower heating
value and cetane number, and its corrosive behaviour.
As ethanol is one of the components in ABE, another
alcohol mixture, butanol-acetone (BA), has emerged.
BA hasa higher fraction of butanol (75%) than ABE and
it does not contain ethanol. In a study by Li et al., BA
was produced via fermentation of cassava substrate with
a ratio 0f 2.9:1 BA. To our knowledge, BA as an additive
to diesel fuel has not yet been investigated. In this
article, a BA-diesel fuel blend was investigated in a
single-cylinder diesel engine. Both the performance of
the engine andexhaust emissions were tested evaluated
and compared with diesel fuel.

Tables 1 and 2 illustrate the blend properties of all
samples.

Table 1
Diesel fuel, n-butanol and acetone specifications [27,30.36].
Fue! properties Diesel” fuel n-butanol” Acetone”
(c4c12) (CH,,0H) (C4H.OH)
Density @ (20°C) {g/mL) .82-0.86 nal13 0.791
Viscosity@(40 "C) (mmzf 1.3-24 263 0.35
s}
Lower heating value (MJ/  42.7 33.1 29.6
kg)
Auto ignition temp ("C) 230 343 465
Boiling point ('C) 180-360 118 56
Cetane number 50 =25
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Table 2
Measured properties of test blends.
Hlend Density (/mL)@  Viscosity (mm™/s)@  Heating value (MJ/
0°C 0°c kg)
B 0.795 103 348
10BA%0D 0.835 i 414
20BABOD 0823 18 39.1
30BA70D  0.821 1.77 36.39

2. Results and Discussion

Brake power (BP) and torque (T)

Fig. | .and Fig 2. present the relationship between engine
torque and power and different engine speeds,
respectively. The engine was fuelled with different ratios
of BA-diesel blends of 10%, 20%, and 30% BA and the
results from these tests were compared with diesel fuel.
The torque was found to be slightly increased for 1 0BA-
diesel at all engine speeds. However, the torque of 20%
and 30% BA-diesel was a slight decrease in all engine
speed. The brake power has slightly increased at all
engine speed only in the case of the BA ratio of 10%
with 5% increment compared with D100.
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Fig. 1 Torque vs Engine Speed.
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Fig. 2 Brake Power vs Engine Speed.

Brake specific fuel consumption (BSFC) and brake
thermal efficiency (BTE)

The effect of BA-diesel fuel blends on BSFC and BTE
with the variation of engine speed are illustrated in Fig.
3 and Fig. 4. It was observed that all BA diesel fuel
blends increased the BSFC and BTE at all BA blend
ratios. The BSFC of the 10BA, 20BA and 30BA diesel
fuel increased by, 5.5-6.5%, 1.1-3.45% and 5-14%,
respectively, compared with regular diesel at the three-
engine speed. With the increased BA addition, the
heating value of the BA-diesel decreased by 6.5% at
30BA ratio, which influenced on BSFC significantly. A
number of current and previous research has reported
similar results of the impact of higher fraction of
oxygenated compounds on BSFC of diesel engines.
These studies supported the claim that a higher
concentration of oxygenated compounds, such as
ethanol or butanol and ABE, in fuel mixture reduced the
heating value and led to increase the fuel consumption
[25]. Therefore, it needs more fuel to match the diesel

fuel power.
Puel 227 (20T&) 118-126

BSFO ikp/KWhi)

“400

200X
Engine ypeed {rpm)

Fig. 3 BSFC vs Engine Speed.

In spite of the fact that BA-diesel fuel blend has
increased the BSFC, higher BTE was achieved due to
the higher oxygen content in the blend.

As shown in Fig. 4 comparable BTE has been achieved
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with 10% BA blend ratio at all engine speeds. However,
BTE was increased by 6% and 8% when the BA ratio
was 20% and 30% at all engine speeds

35
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Fig. 4 BTE vs Engine Speed.

Exhaust gas temperature (EGT) and NOx formation
Fig. 5 shows the effect of BA-diesel fuel blend on
exhaust gas temperature at various engine speeds. It was
observed that exhaust gas temperature of 10BA, 20BA
and 30BA-diesel fuel blends reduced by, 2.1-3.5%, 3.4—
7.3% and 4.6-15.6%, respectively, compared with
regular diesel at the three engine speeds. This reduction
may be due to the lower energy content and higher
oxygen of the BA-diesel fuel blends. The increasing
molecular oxygen content of the fuel blends affects
combustion temperature and decreases the energy
content of the fuel.

The effect of BA-diesel fuel blends on NOx emission
with the variation of engine speed is illustrated in Fig. 6.
NOx emission of 10BA, 20BA and 30BA-diesel fuel
blends reduced by 2.2-10%, 2.2-7.5% and 2.64—6.6%,
respectively, compared with regular diesel at the three
engine speeds due to decreased exhaust gas temperature
as mentioned above (Fig. 15). Similar trend results were
observed in studies of butanol- diesel blend .
1. Conclusions

This experimental study revealed the potential of BA-
diesel blends as a promising renewable fuel for CI
engine that can be produced by fermentation of waste
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Fig. 5 EGT vs Engine Speed.
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Fig. 6 NOx vs Engine Speed.
The engine performance and emission characteristics
between BA-diesel blend and diesel fuels were

compared. Some conclusions are as follows: It was
found that the combustion phasing was advanced with
increasing BA content, which can improve the
combustion quality because of the high oxygen content
and reduced combustion duration. As a result, 10% BA
showed 5% improvement in BP relative to D100, while
20% and 30% BA showed a comparable BP, at all engine
speeds. BTE of 10% BA blend was comparable to D100
at all engine speeds; and 6% and 8% higher BTE for BA
20 and 30 at all engine speeds. For the emissions, BA-
diesel blend provided better result based on its
maximum lower CO (64.5%), NOx (10%) emissions
and exhaust gas temperature (15.6%) than those of
D100.
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