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Abstract

The ever-growing energy demand necessitates the deployment of renewable alternatives as fossil fuel reserves diminish. The biodiesel generated from these non-edible
feedstocks, such as Karanja, and Jatropha oils, offers an environmental alternative without affecting food security. Transesterification process (using methanol as solvent
and sodium hydroxide (NaOH) catalyst) was used to prepare biodiesel. The stainless steel, mild steel, and cast iron materials were immersed in Karanja oil biodiesel blends
(B80 and B90) and commercial diesel for 1872 h at 37 °C to critically examine the corrosion behavior with their comparison analysis. It was unveiled that biodiesel is more
prone to corrosion than diesel fuel under comparable identical conditions. The corrosion rates determined by weight loss measurements in biodiesel were found to range
from 0.0173 mm/year to 0.0194 mm/year for stainless steel, 0.03076 mm/year to 0.03232 mm/year for mild steel, and from 0.0505 mm/year to 0.0528 mm/year for cast iron,
as compared to 0.009 mm/year for stainless steel, 0.015 mm/year for mild steel, and 0.017 mm/year respectively for cast iron in diesel. The intense severe melting of
biodiesel as compared to diesel samples can be determined by employing the SEM analysis at 200X and 400X magnification scales. Hence, this study has underscored the

significance of selecting the appropriate corrosion resistant materials that are suitable for the continued prolonged storage and utilization or application biodiesel.
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Abbreviations

FAME Fatty acid methyl esters

FAEE Fatty acid ethyl esters

AISI American Iron and Steel Institute

ASTM American Society for Testing and Materials
TAN Total acid number

EIS Electrochemical Impedance Spectroscopy

GC Gas Chromatography

MS Mass Spectrometry

SEM Scanning Electron Microscopy

1 Introduction

Industrialization and increase in demand of energy consumption increased interest in alternative fuels resources of resources of petrochemical fuels. Biodiesel is alternative
for conventional petrochemical fuels. Biodiesel can be produced from various edible and non-edible feedstocks. Focus was made on non-edible feedstocks for production
of biodiesel [1]. Since biodiesel and diesel fuel are fully miscible, they can be combined in varying proportions that are already used in a number of countries. The US uses
blends, B5 — B20, Indonesia uses mainly B20, Brazil uses B11, Argentina uses B10, Germany uses blends of between B5 — B7. 5. They are a viable, promising alternative
energy source [2], [3]. Four non-edible resources such as Neem, Karanja, jatropha and rubber were studied due to their multipurpose use. They can be used for medicine,
fuel, dyes, soil enrichment etc. They can be also grown in diverse environmental conditions. Jatropha was used in insecticide and pesticides also [4]. Alternative fuels (for
example ammonia, hydrogen, methanol, methane and biofuel) are one option for reducing the carbon emissions in order to avoid dependence on fossil fuels. One of these is

hydrogen, a non-toxic, odourless and renewable energy. Its carbon-empty combustion yields nothing but water making it clean fuel, and fittingly, researchers have been
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studying hydrogen applications. [5]. Variety of homogenous and heterogeneous catalytic transesterification processes were used for biodiesel production. Due to cutting
edge advancements Enzyme catalyzed transesterification was used for the production of biodiesel from animal fat [6]. Animal bone was also used as catalyst for production
of biodiesel. Animal bone was having advantage of remaining active even after multiple transesterifications [7]. High cetane number, non-toxic nature and non-availability
of Sulfur content makes biodiesel most appropriate alternative fuel. But the storage stability of biodiesel is major concern due to presence of unsaturated methyl esters
component. The rate of degradation during storage increased with unsaturated methyl ester component. Degradation of fuel properties was also enhanced with sunlight and
direct air contact. The automotive engine characteristics were also affected due to fuel properties degradation by long term storage [8]. A leading cause of failure in a fuel
storage tank is corrosion (moderate-to-severe corrosion found in over 80 % of tank systems). This common issue results in massive maintenance expenses, costing billions
of dollars a year to fix and replace them [9]. Corrosion removes metal ions from surface. These metal ions enhance oxidation of biodiesel leading to composition and quality
change of fuel. However, presence of FAME and FAEE shows little effect on AISI stainless steel degradation [10]. When biodiesel oxidizes, it degrades and produces by
products that can pollute the fuel. Everyone knows biodiesel is more corrosive than regular Petro diesel [11]. GS, CS, and SS storage tanks were exposed to palm-in-EDB
7 months, and the study investigates their individual corrosion behaviour. Localized corrosion was observed for SS tanks and generalized corrosion for GS and CS tanks,
with maximum leak potential at tank base. For instance, the results of this study also indicate that SS tanks showed lower oil contamination, which highlights the
importance of material selection when storing biodiesel [12]. Biodiesel derived from different resources have different amount of unsaturated methyl esters. Oxidation
reactions on exposure of air and light can change into long chain fatty acid. This can affect the performance of biodiesel in diesel engine. The neutralized soybean oil-based
biodiesel shoes more oxidation stability due to presence of naturally present antioxidants. On other hand degradation of antioxidants due to heating reduces oxidation
stability of frying oil waste-based biodiesel [13]. In light metals magnesium was comparatively corroded more than aluminum by palm oil biodiesel. Weight loss
measurement clearly indicates corrosion after being placed in palm oil biodiesel for 1,440h. A gel like sticky mass covered surface of magnesium after exposure with
biodiesel [14]. Corrosive behavior of ASTM 1045 mild steel was studied by static immersion test for 30, 60 and 120 days in palm biodiesel. Results showed that palm
biodiesel was more corrosive compared to diesel. Temperature range of 27, 50 and 80 was used for static immersion test. Exposure time and temperature also have
important role in corrosion [15]. The growing use of biodiesel in the transportation sector has sparked concerns regarding its corrosive effect on engine and fuel system
materials. Studies on rapeseed oil biodiesel-diesel blends (B0-B100) show that copper and brass showed very high corrosion susceptibility, 5 and 3.5 times higher than the
rate in diesel, respectively. On the other hand, aluminium, zinc and stainless-steel exhibit high resistance to corrosion and negligible deterioration. Increasing biodiesel
fractions caused a focussed mode of attack and a much higher degree of acid formation, while low blends showed good performance in preventing degradation and acidity
development [16]. Weight loss measurement after static immersion and potentiostat electrochemical techniques to find effect of corrosion on engine parts. Stainless steel
possesses least corrosion compared to specimen of aluminum, copper, copper alloys and elastomers. Surface morphology revealed type of corrosion and nature of
occurrence. Auto-oxidation and presence of moisture were the main reasons of degradation. A new phase was formed in specimen when exposed to biodiesel blends as
revealed by X-ray diffractometer [17]. The corrosion behaviour of stainless steels was examined in soybean-based biodiesel, taking into account differences in material
structures (austenitic, ferritic and austenitic-ferritic) and compositions. The potentiodynamic polarization and weight loss tests, as well as the optical microscopy, were used
to test AIST 304L, Sea Cure and Duplex 2,205 stainless steels. Results showed very low corrosion rates for all materials tested, with Duplex 2,205 displaying the highest
corrosion resistance and nobler potential, while Sea Cure had the lowest resistance values according to EIS studies. The results indicate that all three stainless steels are
appropriate for biodiesel applications [18]. Measuring electrochemical noises was another innovative technique used for determination of corrosion on engine parts under
different working conditions. Explaining start of corrosion and drawing conclusion of its development with time makes this process advantageous over standardized method
for corrosion testing i.e. Salt-spray testing, electrochemical polarization [19]. Electrochemical testing technique was used to determine corrosive behavior of aluminum.
Results demonstrated similarity of corrosion of aluminums in alkali contaminated biodiesel with the same sample in aqueous solution [20]. Stainless steel and tin exhibited
good resistance to corrosion in bioethanol and its blends, while copper and carbon steel are very sensitive to this type of corrosion. The least corroded material observed
was tin, with stainless steel being second. The more ethanol is present, the more the materials corrode. Biofuels are less common for carbon steel and copper, and more
appropriate for stainless steel and tin [21]. In this study, the static immersion and vapor phase tests at 50 °C for 2,160h were used to evaluate the corrosion behaviour of
carbon steel, stainless steel, aluminum as well as copper in biodiesel-Petro diesel blends. Copper displayed the maximum corrosion rates in B7 blend, 9.5273 um/y (partial),
9.1484 um/y (total), and 6.6178 um/y (crevice) and the minimum corrosion in B15 and B30 blends. Minimal surface changes were observed for carbon steel and stainless
steel however in the vapour phase carbon steel corroded. Aluminum showed good compatibility with no corrosion or surface compound formation. Copper was found to be
the most influencing component on the oxidative stability of biodiesel [22]. Static immersion test at room temperature and 60 °C was used to study corrosion behavior.
Surface morphology of corrosion products and chemical structure revealed lower corrosion in B20D70E10 than neat biodiesel. Pure petro-diesel has least corrosion and
degradation of fuel properties. Acid concentration is measured in terms of TAN (Total acid number) in non-aqueous solution. The TAN value of B20D70E10 upon
exposure to carbon steel exceeds than the limit as per ASTM Standard (0.8 mg of KOH/g). The TAN no increases with increase in products of oxidation representing
enhancement in corrosion due presence of excessive corrosive acids [23]. Corrosion rate of copper and aluminum in Biodiesel was high compared to rather than stainless

steel. Rise in temperature, content of water and oxides also enhanced corrosion rate [24].

Previous studies investigating the corrosive properties of biodiesel in comparison to standard diesel fuel found the saturated methyl esters and oxidation by-products in
biodiesel to induce degradation of materials, leading to fouling and performance issues. Although there is a considerable amount of literature available for the corrosion
behavior of metals (such as stainless steel, carbon steel, aluminum, and copper) in biodiesel, very limited literature is available regarding biodiesel produced from non-edible
feedstocks, such as Jatropha and Karanja oils. n the case of use of these biodiesel blends, it has been observed that the corresponding corrosion behavior of materials has
not been sufficiently studied. Stainless steel is more corrosion resistant than copper or carbon steel in biodiesel (especially at higher concentration) according to many
studies. However, the long-term corrosion data of metals exposed to biodiesel from non-edible sources is still scare, and factors like storage conditions are seldom discussed.
This research seeks to address these gaps by studying the corrosion behavior of stainless steel, mild steel, and cast iron in Karanja oil biodiesel blends (B80 and B90) and
comparing the same with commercial diesel. Experimental design: Metal samples are submerged in biodiesel at 37°C for a duration of 1,872h; corrosion rates are
calculated based on weight loss measurements, and surface morphology is demonstrated through optical microscopy at 200X and 400X magnifications. The study will
provide fundamental information for materials selection in biodiesel storage and transportation systems, particularly for biodiesel produced from non-edible oil sources such

as Karanja and Jatropha oils. Figure 1 has depicted the Flow chart of process methodology.
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Flow chart of process methodology.

2 Experimental process
2.1 Materials and methodology

B Karanja and Jatropha oils were used as feedstocks to produce biodiesel {28. Transesterification process using methanol as the alcohol and sodium hydroxide (NaOH) as
the catalyst. The in-cube corrosion assessment was performed using two biodiesel blends, namely B8O (80 % biodiesel, by volume) and B90 (90 % biodiesel, by volume).
Parts with total dimensions of 46 mm X 46 mm X 2 mm of stainless steel and cast-iron were prepared to evaluate the corrosion. These materials were selected to study the
effect of different biodiesel blends on the corrosion resistance of different metals. Microstructure of the specimens (prior to corrosion test) was investigated at various
magnification levels to record surface variations. The images at 200X and 400X magnifications for mild steel, stainless steel and cast iron are shown in Figure 2(a—f)

detailing the surface structure of the materials.
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Specimens surface structure under different magnifications (a) Mild steel 200X (b) Mild steel 400X (c) Stainless steel 200X (d) Stainless steel 400X (e) Cast iron 200X (f) Cast iron 400X.

Surface of mild steel, stainless steel, and cast iron at different magnifications Mild steel at 200X shows a fairly homogenous single-particle structure with visible ferrite and

pearlite phases whereas at 400X, individual particles and finer detail like particle boundaries can be seen. Stainless steel, with a high corrosion resistance comes very



homogenously at 200X, the austenitic and ferritic mixture can be seen, as well as the detail at 400X, where you can see some crystalline structuring and boundaries. In
contrast, cast iron has a less homogenous structure due to the presence of graphite flakes or nodules; and the distribution of these graphite structures within the iron matrix
can be viewed at 200X, while at 400X, the size, shape and distribution of the graphite morphology becomes apparent. In general, magnification plays a big role in
determining whether or not microstructural features can be seen, with low levels providing an overview and higher levels revealing details fundamental to understanding the

material.
2.2 Transesterification route for synthesis of bio-diesel

The transesterification process is an established chemical method for converting triglycerides into fatty acid methyl esters (FAME) through the reaction with an alcohol,
typically methanol, in the presence of a catalyst. Transesterification starts with several steps: (i) the triglycerides used are converted into diglycerides and monoglycerides
and broken down, (ii) free fatty acids present in the feedstock react to neutralize the process, preventing soaps which must form; (iii) after the production of the by-product-
glycerol which must also be separated away and (iv) the formation of the product, methyl esters (biodiesel). After completion of the reaction, the mixture gradually cooled
to promote phase separation. The heavier glycerol by-product sank to the bottom and was carefully siphoned off. The upper biodiesel layer rich in FAME were washed
with water to eliminate residual alcohol, catalyst, and impurities to obtain biodiesel that meets fuel standards. Different feedstocks used for producing biodiesel were
analysed for their physiochemical properties to determine its potential use as alternate fuel. The key physiochemical characteristics of Karanja biodiesel are shown in
Table 1, including density, viscosity, flash point, and cetane number. Also shown in Table 2 is a comparison of the properties of Jatropha biodiesel which pinned down the
quality of the fuel based on feedstock.

Table 1:
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Properties of Karanja biodiesel.

Std limits

Property (Unit) Karanja biodiesel (B80)

diesel biodiesel
Flash point (°C) 148.3 67 >130
Moisture content % (v/v) 0.03 % Max. 0.02 % Max. 0.05 %
Cloud point (°C) 6 - -
Pour point (°C) 3 3 °C winter & 15 summer
Total sulphur (ppm) 350 Max
Calorific value (KJ/Kg) 36,871
Density (g/cm®) at 15 °C 0.892 0.820-0.860 0.880-0.890
Kinematic viscosity (mm?/s) at 40 °C 492 2.00-5.00 1.90-6.00
Oxidation stability (IP, at 140 °C,hr) 2.98 3 h (min), 6 h (min)
Appearance Slight yellowish Light red -
Acidity/mg KOH g~ 0.224 0.4836 <0.5
Distillation temperature (50 %)/°C 283 275 <360
Mechanical impurities (m/m)/% No No No

Table 2:
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Property of Jatropha biodiesel.

Std limits

property (unit) Jatropha biodiesel

Diesel Biodiesel
Flash point (°C) 134 67 >130
Moisture content % (v/v) 0.00 % Max. 0.02 % Max. 0.05 %
Cloud point (°C) 3 - -
Pour Point (°C) =3 3 °C winter & 15 summer
Total sulphur (ppm) 336 Max 350 Max
Calorific value (KJ/Kg) 43,358
Density (g/cm?) at 15 °C 0.8309 0.820-0.860 0.880-0.890
Kinematic viscosity (mmz/s) at40°C 3.07 2.00-5.00 1.90-6.00
Oxidation stability (IP, at 140 °C, h) 2.98 3 h (min), 6 h (min)
Appearance Light yellowish Light red -
Acidity/mg KOH g~! 0.2244 0.4836 <0.5
Distillation temperature (50 %)/°C 287 275 <360
Mechanical impurities (m/m)/% No No No

2.3 Corrosion analysis

The test conditions for corrosion were based on the ASTM G32-72 (Laboratory Immersion Corrosion Testing of Metal); room temperature was selected to represent a
typical environment for metals in biodiesel and diesel fuels. They were immerged in a plastic beaker containing biodiesel and their initial weights (m;) were recorded.

Before testing, the metal surfaces were scrupulously cleaned with acetone and polished with silicon carbide paper to remove contaminants and ensure a smooth and uniform



surface. Such preparation was important to limit the role of surface contaminants in corrosion. A controlled experimental design with three groups of nine tubes each was
used in this study. In the first part of the experiment, strips of cast iron, mild-steel and stainless-steel were placed into separate tubes each containing 100 g of biodiesel to
ensure that the metals were completely immersed. The second group performed the same process as above, except for the testing fluid, which was regular diesel rather than
the biodiesel. This enabled direct comparison of the impact of biodiesel and diesel on the corrosion rates of the metals. All the metals were detached weekly after immersion
and cleaned with acetone to remove impurities from their surfaces. Then a hairdryer was used to dry the metals as any external moisture could affect measurements. Their

weight was then documented as m, and corrosion rates were determined by using the following equation:

—my) X 24 %365
(my = m) =876 A (1)

K= """ """ _3g
L pTSX1000 pTS

where, T: corrosion duration, /; S: metal area of corrosion which was from the exposed metal block (L mm X B mm X H mm), m,. m;: weight before corrosion, g; my:
weight after corrosion, g; KL: corrosion rate, mm/year; Am: metal quality change, g; p: metal density, g/cm?. A caliper with a precision of 0.02 mm was used to measure the
metal blocks’ length, breadth, and height.

The dimensions of the metal blocks were measured using a calliper accurate to 0.02 mm to calculate the surface area accurately. The immersion test samples were prepared
with appropriate dimension for each metal, (D = 13 mm, H = 49 mm) for cast iron, (46 mm X 46 mm X 2 mm) for mild steel and (36 mm X 9mm X 9 mm) for stainless steel.
For Cast iron the surface area was 1,458 mm?. This was found to be 4,600 mm? for the mild steel specimen. The surface area for the stainless steel specimen was proper at
1,858.25mm?. Such surface area values play an important role in terms of obtaining the corrosion rate since they are the area of each specimen exposed to biodiesel or
diesel in the immersion tests. These Specimens were mechanically polished using abrasive paper from 220 to 1,000 grit to a uniform surface finish. The Specimens were
then suspended in beakers containing 100 g of biodiesel (in triplicates). For the static immersion test, the Specimens were tied with silk string so that the Configurations
could maximize the area of the metal surface exposed to the fluid. The Specimens were rinsed with acetone and accurately weighed with an electric scale (accuracy to
0.01 mg) before immersion. As shown in Figure 3(a-f), three metal samples used are: mild steel, stainless steel, cast iron and these were dipped separately in three beakers
containing diesel and papered 2 biodiesels separately as exhibited in the Figure 3(a—f). A small plastic box was placed over each beaker to avoid contamination by external
debris and maintain a controlled testing environment for the duration of the experiment. Tests were performed at room temperature over the course of 1,872h. After the
immersion time ended, all Specimens were cleaned with a soft toothbrush to remove corrosion products and were rinsed in deionized water. The metals were degreased
with acetone prior to final weight measurement. This cleaning process was critical for accurately measuring weight loss during the corrosion test and, consequently,

calculating the actual corrosion rate.
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e f.

Fig 3a—H. (a-¢). Samples and specimens and (f). weight measuring device.

2.4 Weight reduction method

In the present study, non-consumable biodiesel samples including Karanja and Jatropha biodiesel and ferrous metal specimens including low carbon steel and stainless steel
were studied for their corrosion behaviour. The samples were immersed for 1,822 h, and major mass and other property changes were monitored throughout the immersion.
Biodiesel samples were poured into cylindrical beakers into which strips of ferrous material was submerged completely. During the testing period, loss of mass, as well as

other physical property transformations were detected over the storage time of the metal samples.

In order to mimic the corrosion, static immersion testing was carried out in accordance with (ASTM G32-72). Cylindrical beakers held biodiesel samples, while Specimens
of workpiece material were soaked for a period of 1,872 h. The weight loss due to the release of metal from the surface, along with variations in other materials properties,
act as corrosion diagnostic during this period. The details of the degradation were carefully quantified over time to capture both the rate and mechanism of material
degradation. Surface finishing of the metal Specimens was performed with sandpapers having various grits (200, 600 and 1,000) after power wheel grinding. The polishing
was done with a 0.6-um diamond paste for a smoother finish. The samples were also etched with 98 % methanol and 2 % nitric acid solution and washed with normal
water to remove residual chemicals. After cleaning and drying, the weight of each sample was accurately measured using an electronic balance with 0.01 mg precision.

Corrosion rate was calculated by the following equation [24], [25].



(my —my) x 24 X 365
corr = pTS

@

v

where V. corrosion rate (mm/year) m,: Weight of initial sample (grams), m,: Weight after corrosion, T corrosion time, S: Surface area of work piece and p: workpiece

density. The experimental setup is shown in Figure 4.
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Experimental procedure.

3 Results and discussions
3.1 Analysis of fatty acid composition modifications

The analysis of methyl and ethyl esters in biodiesel samples at various stages of oxidation was carried out by gas chromatography (GC) hyphenated to mass spectrometry
(MS). The sample was transported from the injector to the gas chromatograph by an inert gas, serving as the mobile phase. When ionization processes sent the molecules
toward the mass spectrometer, those with lower boiling points travelled faster. Identifying individual components in the sample was performed by comparing the obtained
data with a standard library. Analytical sample preparation included the filtration of the sample through a 0.45um filter to remove any particulate matter, as described
previously. The injector was maintained at 250 °C and was injected with 0.1 ul of the sample biodiesel, which was carried through 1.5 mL/min of inert gas. In that case, for
the corrosion test exposure time was plotted against the corrosion rate (mm/year) to observe a correlation. The three test samples were two biodiesels (Karanja and Jatropha)
and a commercial diesel. The test samples were made from cast iron, mild steel, and stainless steel. Corrosion rate for each sample was calculated with the formula
described earlier. The pre-corrosion weight (m; in grams), post-corrosion weight (m, in grams), corrosion rate (KL in mm/year), metal qualitative change (Am in grams),
metal density (o in g/cm3), corrosion time duration (T in hours), and metal area of corrosion (L mm X Bmm X H mm) were noted. The sizes of metal blocks were
accurately measured with a calliper with an accuracy of 0.02mm. The surface area on the specimen that had been exposed to biodiesel was calculated based on its
dimensions and included in the analysis was the exposition time. Table 3 shows the recorded data according to the weight variation with time for each of the specimen
exposed to biodiesel or commercial diesel during the overall testing period. The differences in the corrosiveness of the three fuels and the practical importance of the data

were evident, and corroborate similar findings previously published, though these measurements are the first of their kind in pure biodiesel environments.

Table 3:
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Variation in weight of specimen with time.

Specimens — Castiron Mild steel Stainless steel Castiron Mild steel Stainless steel/b90(j) Castiron Mild steel Stainless steel
Samples — Diesel Diesel Diesel B90(J) B90(J) B90(J) B80(K) B80(K) B80(K)
Dimensions (mm) 36 X9 %9 46 X46 %2 D=13H=49 36Xx9x9 46 X46 %2 D=13H=49 36 X9 %9 46 X46 x2 D=13H=49

Surface area (mm?)
Original wt (m7) (gm)  34.16 71.66 79.6 33.81 72.12 78.06 33.82 71.74 78.87
Total weight 97.3 174.04 152.56 84.16 169.71 158.97 83.84 155.13 143.28

Hours | Date |

0 HRS 5-Feb 34.16 71.66 79.6 33.81 72.12 78.06 33.82 71.74 78.87
72 HRS 8-Feb 34.12 71.66 79.6 33.8 72.11 78.06 33.8 71.73 78.87
144 HRS 11-Feb 34.11 71.64 79.6 33.75 72.1 78.05 33.76 71.71 78.86
216 HRS 14-Feb 34.09 71.64 79.59 33.7 72.05 78.05 33.74 71.71 78.86
288 HRS 17-Feb 34.07 71.63 79.55 33.65 72 78.04 33.68 71.69 78.85
360 HRS 20-Feb 34.06 71.63 79.5 33.58 71.98 78.04 33.64 71.69 78.85
432 HRS 23-Feb 34.03 71.62 79.49 33.52 71.97 78.02 33.61 71.67 78.83
504 HRS 26-Feb 34.01 71.6 79.49 33.48 71.95 78.02 33.57 71.63 78.82

576 HRS 29-Feb 33.96 71.54 79.46 33.42 71.9 77.98 33.52 71.58 78.79



648 HRS 3-Mar 3391 71.52 79.46 334 71.88 7798 33.49 71.57 78.79

720 HRS 6-Mar 33.85 71.47 79.43 33.37 71.87 77.97 33.42 71.55 78.75
792 HRS 9-Mar 33.81 71.43 79.43 33.32 71.87 77.96 33.39 71.53 78.75
864 HRS 12-Mar ~ 33.77 71.41 79.41 33.28 71.85 77.94 33.35 71.5 78.72
936 HRS 15-Mar ~ 33.69 71.39 79.41 33.25 71.8 77.94 33.31 71.47 78.72
1,008 HRS = 18-Mar = 33.62 71.35 79.38 332 71.79 77.92 33.28 71.45 78.7

1,080 HRS = 21-Mar = 33.56 71.33 79.37 33.17 71.74 7791 33.24 71.41 78.69
1,152 HRS  24-Mar  33.51 71.29 79.37 33.13 71.73 77.89 33.21 71.39 78.69
1,224 HRS = 27-Mar =~ 33.43 71.26 79.33 33.11 71.73 77.89 33.17 71.37 78.67
1,296 HRS = 30-Mar = 33.39 71.24 79.32 33.08 71.71 77.86 33.13 71.34 78.66
1,368 HRS = 2-Apr 33.35 71.22 79.32 33.04 71.69 77.85 33.09 7131 78.65
1,440 HRS = 5-Apr 33.31 71.19 79.3 32.98 71.65 77.84 33.07 71.28 78.64
1,512 HRS = 8-Apr 33.27 71.16 79.29 32.93 71.62 77.82 33.01 71.25 78.62
1,584 HRS 11-Apr 33.22 71.14 79.27 32.87 71.58 77.79 32.95 71.21 78.59
1,656 HRS = 14-Apr 33.18 71.11 79.26 32.83 71.56 77.76 3291 71.21 78.54
1,728 HRS  17-Apr 33.14 71.11 79.24 32.8 71.54 77.74 32.78 71.19 78.53
1,800 HRS = 20-Apr 33.11 71.08 79.24 32.77 71.52 77.73 32.75 71.16 78.52
1,872 HRS = 23-Apr 33.09 71.07 79.21 32.73 71.52 77.72 32.71 71.15 78.51

Table 4 has illustrated the corrosion rate computation of different specimen in Diesel/Jatropha/Karanja.

Table 4:
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Corrosion rate for specimens in Diesel/Jatropha/Karanja.

Specimen Formula Diesel/Jatropha/Karanja Diesel/Jatropha/Karanja
K =8.76 x 2
L o 185.59 ° 0.0505 mm/year
—m, )x24x365
Corrosion rate of cast iron Ky = % =8.76 x 27"; Ky =8.76 x % , 0.0514 mm/year
K, =8.76 % 1;;?9 , 0.0528 mm/year
0.59
Ky =876 x 75 0.03076 mm/year
. . —m; )x24x365
Corrosion rate of mild steel Ky = % =8.76 X /?Tn:? K, =8.76 x 1608.602 0.03128 mm/year
— 0.62 0.03232 mm/year
Ky =876 X 1532 Y
033
Ky =8.76 X == 0.0173 mm/year
—m; )x24x365
Corrosion rate of stainless steel K, = % =8.76 x ﬁT"; K =8.76 X 1&34410 0.0178 mm/year
— 0.37 0.0194 mm/year
K, =8.76 X 154t Y

The corrosion rates of cast iron specimens exposed to diesel, Jatropha and Karanja are shown in Figure 5. The corrosion rates calculated for diesel, 0.0505 mm/mm/year,
0.0514 mm/year 0, 00.0454mm 00.0514 for Jatropha and 0.0528 mm/year for Karanja. These results show that Karanja is the most corrosive, followed by Jatropha and

diesel. The data show that different fuels have varying corrosive effects on cast iron, and underscore the importance of careful material selection when using this metal.
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Graph of mass reduction v/s storage time of cast iron.

Corrosion rates for mild steel exposed to the same fuels are shown in Figure 6. The calcium corrosion rates are 0.03076 mm/year for diesel, 0.03128 mm/year for Jatropha
and 0.03232 mm/year for Karanja. Specifically, Karanja appears to have the largest corrosion rates once again, indicating a more aggressive corrosive act than other fuels.

Gradually diesel was shown to be the least corrosive leaving it with the potential to prolong the other applications, mild steel components working life.
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The corrosion rates of stainless steel in diesel, Jatropha, and Karanja are presented in Figure 7. So, the estimated data read the corrosion rates to be 0.0173/year for diesel,
0.0178 mm/year for Jatropha and, 0.0194 mm/year for Karanja. Specifically, we found that the lowest corrosion rates of the three materials examined are associated with
stainless steel, which can be interpreted as a higher resistance to corrosion. Although they corrode faster than diesel, Karanja shows a more favourable regime than cast iron

and mild steel and strengthens the argument to consider stainless steel in a corrosive environment.
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Corrosion rates for a variety of metals exposed to biodiesel are evidenced in Figure 8 exhibiting differences in corrosion rates among cast iron, mild steel and stainless steel.
Among all the materials considered, cast iron showed the highest corrosion rate with Karanja biodiesel, suggesting that it is susceptible to corrosion in aggressive
environments. Mild steel exhibited marginally lower corrosion rates compared to cast iron with an identical trend of enhanced degradation in presence of biodiesels Karanja
and Jatropha. Whereas stainless steel also showed the lowest corrosion rates overall, indicating its greater corrosion resistance than the other two metals. Although the
corrosion rates of all metals increased when we added Karanja, the increase on the stainless steel was relatively much smaller. In studies involving biodiesel these results are

critical, as they demonstrate that stainless steels appear to resist corrosion considerably better than alternatives, as well as mitigating maintenance and replacement costs in a

corrosive environment.
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Figure 8:
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3.2 Given value of specimen

Table 5 has depicted the given parameters.

Table 5:
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Given parameters.

Specimens Am (g) p (g/em) S (mm?) T (h)
Cast iron 1.07,1.09,1.12 6.8 1,458 1,872
Mild steel 059, 0.60, 0.62 7.85 4,600 1,872
Stainless steel 0.33,0.34,0.37 7.88 1,858.25 1,872

3.3 Chromatography results of Jatropha and Karanja

Jatropha and Karanja biodiesel chromatography results shows the differences in their fatty acids composition that affect their fuel properties. Table 6 and Table 7 has
exhibited the chromatography result of Jatropha and Karanja.

Table 6:
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Chromatography result of Jatropha.

Fatty acid methyl esters CN/DB abbreviations Wt.%
Lauric C12:0 0.0
Myristic C14:0 0.2
Palmitoleic Cl6:1 1.0
Palmitic C16:0 12.6
Linoleic C18:3 4.6
Linolenic C18:2 46.3
Oleic C18:1 28.5
Stearic C18:0 4.1
Eicosane C20:1 0.4
Arachidic C20:0 0.2
Arachidonic C22:1 0.1
Behenic C22:0 0.3
Nervonic C24:1 0.1
Lignoceric C24:0 0.0
Saturated - 18.02
Unsaturated - 81.9

Table 7:
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Chromatography result of Karanja.

Fatty acid methyl esters CN/DB abbreviations MB (wt %)



Palmitic C16:0 11.0x0.1

Stearic C18:0 35+£02
Oleic C18:1 234+03
Linoleic C18:2 54.0+ 0.2
Linolenic Cl18:3 64+ 0.1
Others - 1.2
Saturated - 152
Unsaturated - 84.5

Jatropha biodiesel has a high percentage of unsaturated fatty acids, where Linolenic acid (C18:2) is 46.3% and Oleic acid (C18:1) is 28.5%, with a moderately high
unsaturation ratio of 81.9%. Unlike Karanja, Linoleic acid (C18:2) is one of the highest in the Jatropha oil, at 54.0 %, the unsaturation degree is 84.5%, contrary to
Jatropha. The Phytochemical analysis of the seed oils depicted a small amount of saturated fatty acids in both the biodiesels at a range of least 12.6 % in Jatropha and 11.0%
in Karanja which is the dominant one in Jatropha and Karanja, respectively. Jatropha is also characterized by significant levels of Stearic acid (C18:0) and Linolenic acid
(C18:3), which contribute to the overall variety of its fatty acid profile. This high unsaturation of both fuels also suggests better combustion properties and lower viscosity,
but may also make them more susceptible to oxidation and material degradation. We expect that the fuel properties of the biodiesels would be similar based on the biodiesel

fatty acid profiles despite the somewhat higher unsaturation of Karanja biodiesel which may influence its oxidative stability and long-term storage behavior.
3.4 Surface morphology of specimen

The surface morphology analysis of corroded metal specimens illustrates in Figure 9(a—e) show that different material types and protective treatments resulted in differing

levels of degradation.
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Fig.9. Microstructural Morphology_analyis, (a) Cast iron (b) Cast iron (gel) (c) Stainless steel (d) Mild steel (e) Mild steel (gel) surface morphology of specimen after corrosion at 1,000x

magnification.

As can be seen in Figure 9(a), cast iron exhibits severe corrosion characterized by deep and uniform pits with the depth of 5 mm. Corrosion in cast iron is known to be due
to the presence of graphite flakes which serve as anodic and cathodic sites that cause localized attack leading to loss of the material and surface roughness. In contrast, Gel-
treated cast iron is shown in Figure 9(b) as the protective coating serves as a barrier against moisture and oxygen, considerably reducing the formation of pits and improving
corrosion resistance. The best protection comes from stainless steel which forms a protective chromium oxide layer preventing large areas of damage, although some small
pitting corrosion is still observed in aggressive environments with the presence of chlorides, as illustrated in Figure 9(c). On the other hand, as seen in Figure 9(d), the mild
steel experience severe corrosion, especially known to be caused by the absence of inclusions of corrosion-resistant alloys, thus prone to oxidation and rust generation.

However, a gel coat application, similar to that shown in Figure 9(e) can reduce surface defects and delay the process of oxidation, thus severely mitigating the corrosion



effects on mild steel. The findings highlight those protective treatments are key to improving the corrosion resistance of metals, with stainless steel having the highest level

of natural resistance and untreated mild steel and cast iron being the most corrosion-prone.

4 Conclusions

This study presents a critical review of reported corrosion rates of cast iron, mild steel, and stainless steel in the biodiesel being studied, across the exposure period of
1,872h at ambient temperature. The results clearly indicate that stainless steel has the highest resistance toward corrosion when compared with other metals. More
specifically the recorded corrosion rates were 0.0173 mm/year (diesel); 0.0178 mm/year (Jatropha biodiesel); and 0.0194 mm/year Karanja biodiesel. The results show that
stainless steel greatly surpasses the other materials in the immersion time indicated regarding the corrosion of biodiesel. On the other hand, cast iron shows high rates of
corrosion, especially with Karanja biodiesel, of 0.0528 mm/year. In diesel, cast iron still has a high corrosion rate of 0.0505 mm/year. This significant difference illustrates
the susceptibility of domestic cast iron towards corrosive environments, perhaps because of its chemical reactivity with biodiesel. Also, findings showed that the rate of
corrosion of the stainless steel decreased as hydration time in the same solution increased, which could indicate that a protective behaviour arises during prolonged

exposure.

The physical state of the metal specimens after the immersion period had stark differences visually. After exposure cast iron and mild steel was covered in a yellowish,
sticky gel like material, which does not happen with stainless steel which also remained largely unaffected. These formations are particularly alarming because they can rob
fuel lines and hinder engine functioning, essentially endangering the operators. These observations were verified through advanced surface morphology analysis. The
grinding lines were visibly clear for all stainless-steel samples at 1,000x, suggesting little or no degradation. In contrast, on the other hand, the faces of cast iron and mild
steel experienced extensive modifications, including an attack where uniform pits with residence of approximately 5 mm were created. This change in surface architecture
not only suggests that material degradation takes place, but also highlights the need for careful selection of materials in biodiesel exposure situations. This study is indicative
of the importance of material selection for biodiesel usage. The other options have less resistance to corrosion than stainless steel, and mild and cast iron are not as
structurally stable. But as biodiesel emerges as a realistic replacement fuel across the automotive and industrial arena, working out the “how’s” of material compatibility and,

at least, corrosion performance will be the key to providing long-term stability in fuel systems.

5 Future scope of work

i. The impact of different biodiesel blends on material degradation under various operating conditions, including long-term exposure at elevated temperatures.
ii. Exploration of novel corrosion inhibitors or additives that can be incorporated into biodiesel to reduce its corrosive effect on metals.
iii. The selection and development of materials that are resistant to corrosion in biodiesel systems, particularly for long-term storage and transportation.
iv. The use of advanced coatings or protective treatments to mitigate corrosion and enhance the durability of storage tanks, pipelines, and other infrastructure.

v. Future investigations may consider additional materials to determine suitability in biodiesel infrastructure.

6 Limitations of study

i. The study address corrosion behavior, and does not address other important properties associated with biodiesel blends, such as fuel economy, emissions, or engine

performance.

ii. This study assumes a homogeneity of biodiesel composition, while in fact, the composition can vary accordingly to the feedstock, production methods and storage

conditions

iii. The corrosion behaviour reported in this study is based on laboratory immersion tests, which might not completely represent the conditions present in complex real

biodiesel storage and transportation systems.
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