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Abstract: Biodiesel has emerged as a progressively widespread and significant alternative to tra-
ditional diesel fuel within the transportation sector. Despite its growing popularity, the issue of
corrosive tendencies upon interaction with both moving and static components of diesel engines and
fuel systems poses a serious concern. This research endeavors to assess the corrosion characteristics of
materials commonly found in automotive fuel systems when exposed to various blends of rapeseed
oil biodiesel and diesel. The study involved static immersion tests, lasting 3360 h at room temperature,
using B0, B20, B40, B60, B80, and B100 fuels. Copper, brass, aluminum, zinc, and stainless steel plate
samples were subjected to these tests. The evaluation at the conclusion of the study included weight
loss measurements, corrosion rate calculations, and observation of changes in the exposed metal
surfaces. Surface morphology was scrutinized using a Bresser LCD MICRO 5MP digital microscope.
Additionally, the total acid number (TAN) was employed to assess alterations in fuel acidity before
and after the immersion tests.
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1. Introduction

Biodiesel, made from renewable sources like vegetable oils and animal fats, is com-
monly mixed with regular diesel to create more environmentally friendly fuel options.
Among the various biodiesel formulations, rapeseed oil biodiesel has gained significant at-
tention due to its favorable characteristics, such as high energy content, low sulfur content,
and potential for reduced greenhouse gas emissions. While the environmental benefits are
evident, the interaction between biodiesel-diesel blends and automotive materials deserves
meticulous scrutiny. Different metals and alloys used in the construction of automotive
components may respond differently to the corrosive environment created using these
biofuels. Parts like fuel pumps, gaskets, fuel injectors, filters, fuel liners, bearings, pistons,
and piston rings are exposed to biodiesel, requiring careful consideration [1–7]. In recent
research [8], palm biodiesel has emerged as the most commonly utilized biodiesel due to its
favorable fuel properties. Among the metals frequently studied in relation to this biodiesel
are aluminum, stainless steel, mild steel (also known as low carbon steel), cast iron, copper,
and copper-based alloys like bronze.

As highlighted in several studies [9], a significant portion of engine parts and fuel
system components are fabricated from metals and alloys such as aluminum, copper, iron,
and stainless steel, all of which are prone to corrosion. Specifically, components made from
copper alloys, including fuel pumps, bearings, and bushings, are notably affected by the
type of fuel they encounter [10]. Recommendations suggest that materials like copper,
aluminum, zinc, brass, and bronze do not pair well with biodiesel [11]. In compact diesel
engines, aluminum or its alloys are used for parts like pistons, cylinder heads, and engine
blocks. Meanwhile, copper and its derivatives are chosen for fuel pump elements and
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injector parts, and stainless steel is preferred for components like fuel filters, valve bodies,
and pump rings [12]. To assess and examine the corrosion susceptibility of these metals and
alloys, the simplest method involves observing changes in the color of biodiesel. However,
other methodologies, such as the static immersion test (SIT) under varying temperature
conditions, should also be taken into consideration [13]. Upon completion of the SIT, the
corrosion behavior of metals exposed to biodiesel is evaluated by determining the corrosion
rate (CR) expressed in millimeters per year (mm/year) [14].

Furthermore, both conventional and modern equipment can be employed for the
examination of microstructural changes on metal surfaces. In a conducted study [15], the
corrosive behavior of biodiesel in a diesel engine was explored with a focus on injector and
burner filter components. The injector was crafted from high chrome stainless steel, while
copper and copper-based alloys were utilized in the burner filter components. The study
revealed an escalation in copper content in biodiesel fuel, rising from 0.1 to 21 ppm after
a 2 h test. Notably, corrosion, including pitting, was observed on the bronze filter after
10 h of using preheated biodiesel at 70 ◦C; however, no signs of corrosion were detected
on the injector.

In another work [16], researchers examined the corrosion characteristics of mild steel
when submerged in various fuels: B0 (100% diesel), B50 (50% palm biodiesel and 50%
diesel), and B100 (100% palm biodiesel), all conducted at room temperature for a duration
of 1200 h.

Another study [17] examines the corrosion characteristics of five metals commonly
employed in automotive part production when subjected to pure palm biodiesel (B100)
and palm biodiesel combined with typical acidic components present in biodiesel. Samples
of AISI-SAE 1005 carbon steel, AISI-SAE 304 stainless steel, tin, aluminum, and copper
underwent exposure at a temperature of 45 ◦C over a 12-month period. Notably, the
most pronounced corrosion rates were observed in copper samples fully immersed in a
blend of B100 with acetic acid and in carbon steel samples exposed to a blend of B100
with oleic acid.

In a study by Hu et al. [18], an assessment was made on the corrosion characteristics
of different metals such as copper, mild carbon steel, stainless steel, and aluminum when
exposed to biodiesel in contrast to pure diesel. Following a 60 h immersion at 43 ◦C, it
was observed that the corrosion rates in biodiesel surpassed those in diesel. Additionally,
both copper and mild carbon steel exhibited notably higher corrosion rates compared to
aluminum and stainless steel.

Geller et al. [19] and Aquino et al. [20] both presented findings that align with the
susceptibility of copper and copper-based alloys, like brass, to pitting corrosion, as demon-
strated via weight loss experiments. Meanwhile, Haseeb et al. [12] investigated the impact
of palm oil biodiesel on copper and leaded bronze corrosion at room temperature across
B0, B50, and B100 blends for a duration of 2640 h. Their results indicated corrosion rates of
0.042 mpy for copper and 0.018 mpy for bronze in the B100 blend.

In their research, Fazal et al. [21] focused on assessing the sustainability of palm
biodiesel treated with additives when in contact with copper-based materials, including
copper, leaded bronze, and phosphorous bronze. They conducted a static immersion test
at a room temperature range of 25 ◦C to 27 ◦C for a duration of 2160 h. They examined
two variants of the biodiesel: pure 100% palm biodiesel and palm biodiesel enriched with
additives like tert-butylamine, benzotriazole, propyl gallate, pyrogallol, and butylated
hydroxytoluene at a concentration of 500 ppm. Upon completing the experiment, they
assessed the corrosion rate of these metals using weight loss measurements.

In a recent study [22], the authors examined the compatibility and corrosion tendencies
of carbon steel, stainless steel, aluminum, and copper when exposed to blends of biodiesel
made from soybean oil, beef tallow, and swine lard mixed with petrodiesel. They conducted
static immersion tests, including total, partial, and crevice exposures, along with vapor
phase exposure for a duration of 2160 h at a temperature of 50 ◦C. As a result, most materials
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exhibited reduced corrosion rates, except for copper, which displayed unconventional
corrosion behavior, indicating a noticeable tendency toward decreased corrosion rates.

Thangarasu et al. [23] investigated the tribo-corrosion and engine characteristics of
Aegle Marmelos Correa biodiesel and its diesel blends on direct injection diesel engines
and concluded that B100 is the ideal blend that can perform efficiently and be a sustainable
energy source for diesel engines.

In a previous work [24], the corrosion behavior of biodiesel produced from sunflower,
rapeseed, and corn oil on carbon steel plates was estimated during a static immersion test
for 1176 h at room temperature. The results indicate that the corrosion rate of carbon steel
was 0.00076 mm/year after immersion in biodiesel from rapeseed oil.

Problem Statement

The focus of the present study is to investigate the corrosion behavior of some ma-
terials commonly encountered in automotive fuel systems when exposed to different
blends of rapeseed oil biodiesel and diesel fuel. Static immersion tests were conducted
at room temperature for 20 weeks (3360 h), focusing on copper, brass, aluminum, zinc,
and stainless steel plate samples. The biodiesel-diesel blends under investigation include
B0 (100% diesel), B20 (20%biodiesel + 80% diesel), B40 (40%biodiesel + 60% diesel), B60
(60%biodiesel + 40% diesel), B80 (80%biodiesel + 20% diesel) and B100 (100% biodiesel).

The surface morphology of the plate samples is scrutinized using a Bresser LCD
MICRO 5MP digital microscope (Rhede, Germany) with a 10× magnification level to
provide a comprehensive understanding of the corrosion process.

The investigation not only aims to unravel the corrosion behavior using weight loss
measurements and examination of the exposed metal surfaces but also evaluates changes
in fuel acidity using the Total Acid Number (TAN) both before and after the immersion
tests. The Total Acid Number (TAN) is an important parameter in assessing the corrosion
behavior of metals in biodiesel-diesel blends.

TAN is a measure of the acidity of a fuel, indicating the presence of acidic compounds.
In biodiesel, the acids are primarily free fatty acids (FFAs) resulting from the hydrolysis
of triglycerides. The TAN is expressed as the amount of potassium hydroxide (KOH) in
milligrams required to neutralize one gram of the sample. A higher TAN value indicates a
higher acidity level [25]. Corrosion in metal components can occur when acidic compounds
come into contact with metals, leading to the formation of corrosive products. The TAN is,
therefore, a key indicator of the potential corrosiveness of biodiesel and biodiesel-diesel
blends. Elevated TAN values can accelerate corrosion and adversely affect the durability
and performance of engine and fuel system components. The corrosion process involves
the interaction of acids with metal surfaces, promoting the formation of oxides and other
corrosion products. This can result in the degradation of fuel system components, including
fuel tanks, pipelines, and engine parts. Common metals affected by biodiesel-induced
corrosion include aluminum, copper, and zinc [26].

The results obtained from this research aim to enhance our understanding of biodiesel’s
impact on the corrosion of automotive components and contribute valuable information for
the ongoing development and implementation of biodiesel blends in the
automotive industry.

2. Materials and Methods
2.1. Materials

Biodiesel from rapeseed oil (B100) and diesel fuel (B0) used in this work was supplied
by a Crude oil refinery from Romania. The physical and chemical analysis reports of both
biodiesel and diesel fuel provided by the supplier are summarized in Tables 1 and 2.
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Table 1. Analysis report of biodiesel from rapeseed oil for diesel engine types.

Analysis Result Conditions Methods

Ester content, % 97.9 Min 96.5 [27]
C 18.3—Methyl Linoleate, % 4 - [27]

Saturated fatty acids esters content, % 16 [27]
Iodine value, g/100g 80 Max. 120 [28]

Appearance at 15 degrees Clear Clear Visual
Density at 15 ◦C, kg/m3 883.1 880–900 [29]

Cinematic viscosity at 40 ◦C, mm2/s 4.50 3.50–5.00 [30]
Water content, % 0.023 Max. 0.050 [31]

Methanol, % 0.10 Max. 0.20 [32]
Flash point, ◦C 123 Min. 101 [33]
Sulfur, mg/kg <10.0 Max. 10.0 [34]

Oxidation stability at 110 ◦C, h 8.4 Min. 8.0 [35]
Acid value, mg KOH/g 0.28 Max. 0.50 [36]

Monoglyceride, % 0.63 Max. 0.70 [37]
Diglyceride, % 0.13 Max. 0.20 [37]
Triglyceride, % 0.03 Max. 0.20 [37]
Free glycerol, % 0.02 Max. 0.02 [37]
Total glycerol, % 0.21 Max. 0.25 [37]

Cold filter plugging point, ◦C −11 Max. −10 [38]
Cloud point, ◦C −3 Max. −3 [39]

Total contamination, mg/kg 17 Max. 24 [40]

Table 2. The physical and chemical properties of diesel fuel.

Analysis Result Conditions Methods

Density at 15 ◦C, g/cm3 0.827 0.82–0.845 [41]
ASTM Color, ASTM unit. 0.5 Max. 2.0 [42]

Flash point PENSKY MARTENS, ◦C 59 Min. 55 [43]
Sulfur, mg/kg 9.0 Max. 10.0 [44]

Cinematic viscosity at 40 ◦C, mm2/s 2.60 2.00–4.50 [30]
Corrosion on copper (3 h/100 ◦C) 1a 1 class [45]

Carbon residue, % 0.025 Max. 0.3 [46]
Ash oxide, % 0.004 Max. 0.01 [47]
Cetane index, 54.5 Min. 46 [48]

Cloud point, ◦C −4 [49]
Cold filter plugging point, ◦C −17 Max. −15 [50]

Water content KF, mg/kg 100 Max. 200 [51]
Distillation at 250 ◦C, % vol. 39 Max. 65 [52]
Distillation at 350 ◦C, % vol. 93 Min. 85 [52]
Distillation at 95% vol., ◦C 355 Max. 360 [52]

FAME, % vol. 0 Max. 7 [53]
Density at 15 ◦C in air, g/cm3 0.8259 - [41,54]

Appearance Clear Clear Visual

2.2. Corrosion Experiment

A total of 30 metal plates were prepared to conduct the immersion test experiments.
These included six plates, each made of copper, brass (80% Cu), aluminum, zinc, and
stainless steel (18% Cr, 10% Ni, 0.05% C). Every set of 6 plates of the same metal or
alloy was immersed in 6 different fuel concentrations (B0, B20, B40, B60, B80, and B100).
All 30 metal plates were completely immersed in 30 glass test tubes sealed tightly with
transparent plastic film and kept in a dark place.

Before immersion, the surface of each metal plate was treated as follows: polished with
emery, then cleaned and degreased with acetone at room temperature, followed by washing
in deionized water. Only after drying were the coupons immersed in fuel. Before and after
immersion of the plates into different test fuels, weight was measured using a balance with
four decimal accuracy. The initial weight (m1) of each metal sample was then measured. All
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metal plates were placed in sets of six test tubes, each set containing blends of biodiesel-diesel
in the proportions B0, B20, B40, B60, B80, and B100 at room temperature for 20 weeks (3360 h).

Every 2 weeks (336 h), during the immersion test, the metal plates were taken out,
degreased with acetone, and washed with deionized water to remove impurities on the
metals’ surfaces. The cleaned metals were dried, and their weights were measured (m2).

At the end of the test, corrosion behavior was investigated by measurement of corro-
sion rate and changes in surface morphology. The degree of corrosion was determined by
measuring the corrosion rate (mm/year) according to Equation (1) [18]:

CR =
(m1 − m2)× 24 × 365

ρTS × 1000
(1)

where m1 is the weight before corrosion, g; m2 is the weight after corrosion, g; CR is the
corrosion rate, mm/year; ρ is the metal density, g/cm3; T is the corrosion time, h; and S are
metal area of corrosion which was from the exposed metal plates, m2. The length, width
and height of metal blocks were measured using a micrometer.

2.3. Corrosion Analysis

During the immersion test, the metals were inserted completely into the biodiesel-
diesel blends at room temperature (20–25 ◦C).

Corrosion products on metal surfaces exposed to each biodiesel-diesel blend were
examined using a Bresser LCD MICRO 5MP digital microscope with a 10× magnification
level. This apparatus incorporates a digital camera and an LCD screen directly into the
microscope, allowing users to view specimens without the need for an external monitor
or computer.

Before and after the immersion test, the fuels were analyzed by measuring the total
acid number (TAN) in order to investigate the changes in acidity. The measurement of TAN
for all biodiesel-diesel blends followed the [36].

3. Results
Changes in Mass and Appearance of Metalsplates

For each copper, brass, aluminum, zinc, and stainless steel plate, immersion tests were
conducted in B0, B20, B40, B60, B80, and B100 at room temperature for 20 weeks (3360 h).
All experimental values resulted from a single sample for each condition. The weight loss
values (in %) of each metal plate measured every two weeks (336 h) were calculated with
Equation (2). and presented in Figures 1–5. The corrosion rate of each metal: copper, brass,
aluminum, zinc, and stainless steel after 3360 h of immersion in all six biodiesel-diesel
blends (B0, B20, B40, B60, B80, and B100) at room temperature, are presented in Figure 6.

wl (%) =
(m1 − m2)× 100

m1
(2)

Additionally, the appearance of all metal plates before and after 20 weeks (3360 h) of
immersion in the six biodiesel-diesel blends (B0, B25, B50, B75, and B100) are presented in
Figures 7–11.

Additionally, the corrosion morphologies of metal surfaces were analyzed using
Bresser LCD MICRO 5MP digital microscope images, with 10× magnification, and the
surface exposed to biodiesel-diesel blends are displayed in Figures 12–16. The images
reveal that after exposure to biodiesel-diesel blends, corrosion caused a slight change in the
metal surface.
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Figure 1. Weight loss of copper plates measured every 336 h for 3360 h, [%].
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Figure 2. Weight loss of brass plates measured every 336 h for 3360 h, [%].

Fuels2024, 5, FOR PEER REVIEW 6 
 

 

 
Figure 1. Weight loss of copper plates measured every 336 h for 3360 h, [%]. 

 
Figure 2. Weight loss of brass plates measured every 336 h for 3360 h, [%]. 

 
Figure 3. Weight loss of aluminum plates measured every 336 h for 3360 h, [%]. 

0.0000

0.0100

0.0200

0.0300

0.0400

0.0500

0.0600

0 336 672 1008 1344 1680 2016 2352 2688 3024 3360

W
ei

gh
t l

os
s,

 [%
}

Exposed time, [h]

Weight loss of copper, [%]

B0

B20

B40

B60

B80

B100

0.0000
0.0100
0.0200
0.0300
0.0400
0.0500
0.0600
0.0700
0.0800

0 336 672 1008 1344 1680 2016 2352 2688 3024 3360

W
ei

gh
t l

os
s,

 [%
]

Exposure time, [h]

Weight loss of brass, [%]

B0

B20

B40

B60

B80

B100

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014
0.016
0.018
0.02

0 336 672 1008 1344 1680 2016 2352 2688 3024 3360

W
ei

gh
t l

os
s,

 [%
]

Exposure time, [h]

Weight loss of aluminum, [%]

B0

B20

B40

B60

B80

B100

Figure 3. Weight loss of aluminum plates measured every 336 h for 3360 h, [%].
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The measured total acid numbers of different fuels before and after exposure to metals
at room temperature for 3360 h are shown in Table 3.
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Table 3. Change in total acid numbers (TAN) of different fuels (B0, B20, B40, B60, B80, and B100)
before (as received) and after exposure to metals, at room temperature, for 3360 h.

Total Acid Number (TAN),
[mg KOH/g] B0 B20 B40 B60 B80 B100

As received 0.256 0.265 0.275 0.284 0.291 0.298
Copper 0.258 0.269 0.289 0.301 0.307 0.318
Brass 0.257 0.268 0.286 0.294 0.303 0.316

Aluminum 0.256 0.271 0.278 0.287 0.295 0.299
Zinc 0.257 0.270 0.279 0.287 0.295 0.300

Stainless steel 0.256 0.267 0.278 0.283 0.293 0.299

4. Discussion
4.1. Mass Loss and Changes in Surface Morphology

The corrosion response of metals is a significant consideration when utilizing biodiesel
as an engine fuel. These five metals/alloy materials (copper, brass, aluminum, zinc, and
stainless steel) were selected for this experiment because components like engine blocks,
piston parts, and cylinder heads often utilize aluminum and its alloys in diesel engines.
Similarly, copper and its derivatives find application in components such as fuel pumps
and injectors. Additionally, stainless steel is typically employed for valve bodies, fuel filters,
and pump rings, as noted by Hoang et al. [9]. Furthermore, variables like the composition
of biodiesel and environmental conditions play crucial roles in determining the extent and
types of corrosion. Notably, copper, aluminum, and steel are frequently chosen materials in
diesel engine construction, as highlighted by Nguyen and Vu [55]. The immersion tests
were carried out at room temperature, specifically between 20 ◦C and 25 ◦C, for a duration
of 3360 h. This approach considered both the fuel system of the diesel engine and the
storage conditions of fuel blends, which typically occur at normal temperatures in the
20–25 ◦C range.

The diverse corrosion responses of various metals to biodiesel derived from rapeseed
oil and its diesel blends were ascertained by evaluating their percentage weight loss, as
depicted in Figures 1–5, and by determining the corrosion rates calculated with Equation (1)
and illustrated in Figure 6.

Figures 1–5 indicate that the weight loss of all metal plates increases at higher concentra-
tions of biodiesel in blends. From all analyzed metals, copper and brass present a higher value
of weight loss compared to aluminum, zinc, and stainless steel in all biodiesel-diesel blends.

The corrosions of copper and brass were more severe than those of aluminum, zinc,
and stainless steel in biodiesel-diesel blends. The corrosion rate of copper in biodiesel
was five times faster than that in diesel, and the corrosion rate of brass in biodiesel
was 3.5 times faster than that in diesel. The corrosion rate values for copper plates, as-
sessed at room temperature over a span of 3360 h, ranged from 0.0002 mm/year in B0 to
0.0014 mm/year in B100. This is notably lower than the 0.02334 mm/year rate documented
by Hu et al. [18] for copper corrosion in B100 derived from rapeseed oil, observed at 43 ◦C
over 1440 h. These findings suggest that as the temperature rises, the corrosion rate tends
to increase, even when the exposure duration is reduced.

In contrast, the impact of biodiesel on aluminum, zinc, and stainless steel exhibited
minimal corrosion effects, similar to those observed with diesel.

The corrosion rate measurements for stainless steel plates, conducted at room tem-
perature for 3360 h, varied between 0.00024 mm/year in B0 and 0.00034 mm/year in
B100. These values are also significantly less than the 0.00087 mm/year rate reported by
Hu et al. [18] for copper corrosion in B100 sourced from rapeseed oil, studied at 43 ◦C
for 1440 h. Such results indicate that with increased temperatures, the rate of corrosion
typically amplifies, even for a shorter exposure time. These effects of biodiesel on the
metals were caused by the oxidation of components in biodiesel, oxygen, and active atom
oxygen in biodiesel, leading to the creation of metal oxides [12,56].
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Copper and brass were easily oxidized, initiating rapid chemical reactions to form
metal oxides. In contrast, aluminum, zinc, and stainless steel facilitated the development of
protective metal oxide films, mitigating oxidation and resulting in reduced corrosion rates.
These oxide films acted as barriers, preventing both oxygen atoms and the biodiesel sample
from interacting directly with the metal surface, thereby minimizing corrosion rates.

Furthermore, all five metals showcased reduced corrosion rates when exposed to
diesel. This is attributed to the inherent chemical stability of diesel, characterized by its
composition of saturated hydrocarbons.

Observations from optical images in Figures 12–16 reveal heightened corrosion on
metal surfaces when immersed in biodiesel compared to diesel after a 3360 h immersion test.
Notably, distinct micro pits or dark spots were evident on the metal surfaces, particularly
with increased biodiesel concentrations. Copper exhibited a heightened vulnerability to
corrosion in biodiesel and its blends compared to aluminum and steel. This behavior may be
linked to the enhanced conductivity of copper or its alloys (like brass) relative to iron-based
alloys (such as stainless steel) and aluminum-based alloys, as noted by Román et al. [57].
Additionally, the increased corrosion rate of copper and its alloys in biodiesel, relative to
other metals, has been corroborated using Open Circuit Potential (OCP) assessments, as
highlighted by Rocabruno-Valdés et al. [58].

4.2. Changes in Biodiesel Properties

The total acid number serves as an indicator of the acidic content present in the fuel,
as defined by this particular standard. Based on Table 3, it’s evident that biodiesel, when
in contact with various metals, exhibited gradual deterioration, as indicated by a rise
in the TAN value with an escalating concentration of biodiesel in the blends. However,
TAN in all tested metals consistently stayed well below the standard maximum value of
0.5 mg KOH/g. The TAN values for diesel exposed to all analyzed metals closely resemble
those of the original diesel. In contrast, biodiesel blends exhibit an increase in TAN values
when exposed to metals, with a more pronounced effect in higher blends. This increase in
TAN values upon metal exposure is consistent across all metals. It may be noted, however,
that the extent of corrosion is greater for copper and brass than for aluminum, zinc, and
stainless steel. An elevated TAN number signifies fuel oxidation [59]. A comparison of
TAN values for fuel exposed to copper and brass indicates faster corrosion with copper,
suggesting intrinsic weakness in copper within biodiesel-diesel blends compared to brass.
The presence of alloying elements, such as zinc, is believed to contribute to enhanced
corrosion resistance. Consequently, we can assert that if a fuel meets the necessary oxidation
stability requirements, storage stability of at least 140 days can be guaranteed under typical
storage conditions.

5. Conclusions

The effect of biodiesel-diesel blends B0, B20, B40, B60, B80, and B100 on different
metals/alloys such as copper, brass, aluminum, zinc, and stainless steel was investigated
using static immersion test at room temperature for 3360 h. The following points have been
concluded from this study:

1. Copper and brass are susceptible to corrosion in biodiesel-diesel blends, whereas
aluminum, zinc, and stainless steel exhibit high corrosion resistance.

2. The corrosion rate of copper and brass in biodiesel was, 5 and 3.5 times faster than
that in diesel fuel, respectively. On the other side, the corrosion effects of biodiesel on
aluminum, zinc, and stainless steel were minor, close to those of diesel.

3. After 3360 h of immersion test, pitting corrosion was observed from optical pho-
tographs of metal surfaces, especially on higher biodiesel concentrations.

4. Samples with lower biodiesel content exhibited a moderate decrease in resistance
to degradation.



Fuels 2024, 5 30

5. With higher biodiesel content, degradation, as indicated by the TAN, became more
pronounced, yet even in these circumstances, the maximum values were below the
standard of 0.5 mg KOH/g.

Studying the corrosion effect of a biodiesel-diesel blend on different metals/alloys
used as automotive components can have several practical applications. Here, are some
potential applications based on the experimental work:

- The findings can guide automotive manufacturers in selecting appropriate materials
for components that come into contact with biodiesel-diesel blends. For instance, if
certain alloys are found to resist corrosion better than others, they can be preferred for
specific applications.

- The research can aid in optimizing biodiesel-diesel blend formulations to minimize
corrosion. By understanding which metals/alloys are more susceptible to corrosion,
fuel producers can adjust the blend composition or introduce additives to reduce
corrosive effects.

Moving forward, we plan to extend our research on the corrosion characteristics of
various metals/alloys within biodiesel-diesel blends, focusing on elevated temperatures
and conditions relevant to operational engine settings.
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