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Received: Copper ferrite nanoparticles were synthesized using the traditional co-precipitation method. The estimated
17 February 2025 average crystallite size is approximately 42.30 nm, calculated using Scherer’s formula. SEM images revealed
RCVIS?d: an irregular and agglomerated morphology, suggesting a broad particle size distribution, which may influence
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1 June 2025 of the cationic dye Methylene Blue (MB), achieving a 94.2% removal efficiency from an aqueous solution at a
Published online: concentration of 30 mg/L. In photocatalytic experiments, various parameters such as initial dye concentration,
1 July 2025 pH, and contact time were optimized to achieve efficient removal of MB dye. Furthermore, the copper ferrite
Published in issue: nanoparticles were effectively utilized as a catalyst for the production of fatty acid methyl ester (FAME, or
30 September 2025 biodiesel) from oil extracted from algae. The algal oil was extracted using a Soxhlet apparatus. The optimum
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process conditions for maximum FAME yield (95.2%) were found to be: 10% (w/v) catalyst concentration, a
12:1 methanol-to-oil ratio, 180 minutes of reaction time, and a reaction temperature of 338 K. The biodiesel
produced from algal oil and the free fatty acid composition of the algal oil were confirmed using GC and
FT-IR techniques.
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1. Introduction removed using methods like Adsorption, Advanced oxida-
tion process, Photocatalytic degradation, Chemical precipi-

Water pollutants, such as dyes, have been an international  tation, Sedimentation, flocculation, Phytoremediation, and

problem. Color is the primary contaminant in wastewater.
Dyes are utilized in exclusive industries, including paper,
plastics, food, cosmetics, leather, pharmaceutical dyestuffs,
textiles, etc., to color the product. As a result, an extensive
quantity of coloration water is generated [1]. Even small
portions of dyes can coloration large water bodies, which af-
fects aesthetic benefits and reduces mild penetration wished
for photosynthesis. Furthermore, many dyes are poisonous
or carcinogenic [2]. Cationic dyes like Methylene blue have
carcinogenic symptoms [3]. There are several approaches
have been evolved for the elimination of artificial dyes from
water and wastewater to lower their effect on the environ-
ment [4]. The dyes from the aqueous solution have been

bioremediation. Out of these adsorption process is a very
renowned approach due the usage of low-price adsorbents
and low-cost approach for water purification. The system of
adsorption has an area over the opposite approach because
of its sludge unfastened easy operation and eliminated dyes
even from the diluted solution [5-9].

Copper ferrite (CuFe,Q,) is a spinel-type ferrite with ex-
ceptional catalytic properties that make it a promising ma-
terial for the degradation of dyes in wastewater treatment
[10, 11]. Copper ferrite possesses a cubic spinel structure
with unique electronic, magnetic, and surface characteris-
tics. These properties contribute to its high catalytic activity.
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Facilitates easy separation of the catalyst from the reaction
medium using magnetic fields. Exhibits semiconducting
behaviour, with a narrow bandgap (around 1.7 — 2.0 eV),
enabling efficient absorption of visible light. Highly re-
sistant to degradation in various environmental conditions,
making it reusable and sustainable. Copper ferrite is com-
monly employed as a photocatalyst, heterogeneous cata-
lyst, or component in advanced oxidation processes (AOPs).
The mechanisms include. Under visible light irradiation,
CuFe,04 generates electron-hole pairs [10]. These react
with water and oxygen to produce reactive oxygen species
(ROS) such as hydroxyl radicals (*OH) and superoxide an-
ions (O *), which break down dye molecules into less toxic
substances. Copper ferrite can catalyze the decomposition
of hydrogen peroxide (H,O;) into *OH radicals, even under
mild conditions, enhancing dye degradation. The combina-
tion of copper and iron in the spinel structure contributes
to enhanced redox activity, boosting catalytic efficiency.
Copper ferrite has been effectively used for the degradation
of various synthetic dyes such as those commonly found
in textile industries e.g., Methyl Orange [12], Congo Red
[13, 14], E.g., Reactive Black 5 [15], E.g., Alizarin Red
[16]. Besides this above application, nanoparticles have
been used for biodiesel production from low-cost materials
[17]. Energy is a basic requirement for human survival, so
humans are searching for more energy-producing sources.
The fuel is the basic source of energy, its natural reservoirs
are limited, Hence, Researchers have studied more option
for fuel production such as transesterification of waste cook-
ing oil, Edible oil feed stock, Non edible oil feed stock such
as neem seed oil has been performed using acid, bases, en-
zymes by homogeneous and heterogeneous catalysis meth-
ods [18-21]. We have done the application of copper ferrite
nanoparticles in biodiesel production from Algae oil. Cop-
per ferrite nanoparticles are used as heterogeneous catalyst
for production of biodiesel from Algae oil. The application
of copper ferrite nanoparticles in biodiesel production from
algae is better due to their high catalytic efficiency, mag-
netic recoverability, reusability, and eco-friendliness. This
novelty improves the economic viability and sustainability
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of biodiesel production, making it a promising alternative
to traditional catalytic processes using NaOH and KOH.

Photocatalytic mechanism

The band gap (relative energy levels) of CuFe,O4 [conduc-
tion band (CB), valence band (VB)] is 1.85 eV as shown
in Fig. 1 (a). Based on the results of the photocatalytic
mechanism under UV-visible light irradiation proposed that
the d orbital conducting band of CuFe,04 has chemical
bond interaction. According to the mechanism shown in the
Fig. 1 (a), MB is adsorbed on the CuFe,04 and was excited
by UV-visible light irradiation. Subsequently, an electron
is injected from the excited MB to the conducting band
of CuFe,04 where the electron is scavenged by molecular
oxygen. The results are obtained with the CuFe,04 as a
catalyst under visible light irradiation, where the CuFe;O4
could serve to reduce the recombination of photo-generated
electrons and holes by scavenging electrons. In this ex-
periment, excited state electrons are readily injected into
the d orbital (CB) of CuFe,O4 and subsequently transfer
to the surface to react with water and oxygen which yield
hydroxyl and superoxide radicals. This radical has oxidized
the methylene blue (MB). The MB dye was finally con-
verted to simple fragments of Carbon dioxide (CO;) and
Water (H,O) [22-28].

2. Experimental

2.1 Materials and methods

Methylene Blue (MB) dye, CuCl, 2H,0, FeCl3-6H,0 and
Distilled water. All chemicals purchased from Merck India
are limited to AR grade.

2.1.1 Synthesis method of copper ferrite nanoparticles
using co-precipitation method

Dissolve copper chloride dihydrate and iron chloride hex-
ahydrate in deionized water under constant stirring to pre-
pare a homogeneous aqueous solution. To maintain a mo-
lar ratio of Cu®* to Fe’" as 1:2 (stoichiometric ratio of
CuFe;04). Heat the solution to 80 °C while stirring con-
tinuously. Add a precipitating agent (NH4OH) dropwise
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Figure 1. (a) Suggested photocatalytic degradation scheme for MB dye under UV-Vis. Light Irradiation in the presence of CuFe;Oj4. (b) Structure of
Methylene Blue (MB dye).
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to the metal ion solution under vigorous stirring. Main-
tain the pH around 11 to ensure complete precipitation of
ferrite nanoparticles. A brownish precipitate of CuFe;O4
starts forming, indicating the formation of hydroxides. The
precipitate is aged at an elevated temperature (80 °C) for 2
hours to promote uniform nanoparticle growth. The reaction
mixture is stirred continuously to avoid agglomeration. The
precipitate is separated using centrifugation at ~ 5000 rpm
for 10 minutes. It is washed multiple times with deionized
water and ethanol to remove impurities. The pH is checked
to ensure neutralization. The washed precipitate is dried in
an oven at 80 °C for four hours to remove moisture [29, 30].

2.1.2 Photocatalytic degradation and absorbance mea-
surement method

The water-soluble MB dye and CuFe; Oy is used as a pho-
tocatalyst. The photocatalytic degradation of MB dye was
studied using a photocatalytic reactor and a mercury lamp
with 260 Watts of power. A photocatalytic reactor equipped
(Lelesil Innovations System) with a magnetic stirrer and
chiller for water circulation and safety panel and double
jacket quartz. All chemicals and reagents were of analytical
grade purity. The stock solution is 1000 mg/lt of MB dye
was prepared in double distilled water. In 50 mL of dye so-
lution of the desired concentration, a different copper ferrite
photocatalyst is added and stirred with a magnetic stirrer.
At specific time intervals, a suitable aliquot of the sample is
withdrawn and analyzed after centrifugation. A UV-visible
double beam spectrophotometer (Systronics model-2203)
at Amax = 664 nm in our laboratory determines the changes
in dye concentration.

CO_Ct

t

%Degradation(D) = x 100 ()
The equation (1) is used to calculate the MB dyes photo-
catalytic degradation. Cy is the initial concentration of MB
dye and C; is the concentration at time (r) for MB dye.

2.1.3 Soxhlet method for extraction of oil from Algae

The Algae were collected from stagnant water. The col-
lected Algae biomass was dried in sunlight for 7 days. After
complete drying, it was ground up to powder. The dried
powder was fed in a round bottom flask of the Soxhlet ap-
paratus (Model: Borosil Soxhlet 3840020). The hexane
solvent was added in an appropriate amount in a round
bottom flask. The content of the round bottom flask was
heated at 80 °C for 8 hours. The oil was collected after
every 20-minute cycle.

2.1.4 Biodiesel production

Requirements and chemicals: CuFe;O4 (Catalyst), Ex-
tracted oil from Algae and Methanol

Methods and experiment: Mixing of Copper ferrite as a het-
erogeneous catalyst and methanol was mixed with methanol
and stirred properly for 20 min.

Biodiesel production: The mixture of catalyst and methanol
was poured into oil extracted from Algae in a conical flask.
The methanol and oil ratio taken for optimum condition is
12:1 (volumetric ratio). The following reaction and steps
were followed.
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Transesterification: The reaction process is called transes-
terification. The conical flask containing the solution was
refluxed for 3 hours.

Settling: After shaking the solution was kept for 16 hours
to settle the biodiesel and sediment layers.

Separation of FAME (biodiesel): The biodiesel was sepa-
rated from sedimentation by flask separator carefully. Quan-
tity sediment (glycerin, pigments, etc.) was measured.

3. Results and discussion

3.1 Structural properties

The copper ferrite nanomaterials were characterized by an
X-ray Diffraction pattern (XRD), recorded on an X-ray
Diffractometer, BRUKER (D8-Advance) with Cu K« ra-
diation (A = 1.5406 A) in the scanning range of 20 — 80°
(20). All the diffraction peaks obtained in the XRD pat-
tern are assigned to the reflection planes from the JCPDS
card and are in good agreement with standard JCPDS data.
Copper ferrite (CuFe;Oy4) crystallized in two different struc-
tures viz. tetragonal phase: associated with JCPDS Card
#34-0425 and cubic phase: associated with JCPDS Card
#25-0283. Fig. 2 (a) represents the XRD pattern (b) shows
the Williamson-Hall (W-H) Plot and (c) represents the re-
lationship between dislocation density and microstrain as
a function of the crystallite size of Copper ferrite nanopar-
ticles. The W-H method is used to analyze lattice strain
from X-ray diffraction (XRD) data of copper ferrite. The
positive slope of the fitted line suggests the presence of
strain in the crystal lattice. The scattered data points sug-
gest that the strain contribution may not be uniform across
all crystallographic directions. Scattered data points indi-
cate some deviation, likely due to instrumental broadening
or sample imperfections [31]. The positive slope of the
fitted line indicates the presence of microstrain in the mate-
rial. As crystallite size increases, both dislocation density
and microstrain decrease which is evident from Fig. 2 (c).
This trend suggests that larger crystallite sizes correspond
to lower structural defects and strain, which is common
in well-crystallized materials [32, 33]. The sharp decrease
in dislocation density at smaller crystallite sizes implies a
high density of defects in nanoscale grains. The decreas-
ing microstrain also indicates better lattice ordering and
reduced internal stress with increasing crystallite size [33].
The estimated microstrain from W-H analysis was found to
be 0.00274 which is nearly same as calculated from XRD
analysis. The average crystallite size was estimated from
the XRD data using Scherer’s formula shown in Eq. (2)
which was ~ 42.30 nm for copper ferrite nanomaterials.
The microstrain and dislocation density of copper ferrite
nanomaterial samples were calculated from XRD data using
the Egs. (3) and (4) [34-36]

0.94
D(hkl) = Beosd 2)
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Figure 2. (a) Represents XRD pattern (b) Shows the Williamson-Hall Plot and (c) Shows dislocation density and microstrain vs. crystallite size of Copper
ferrite nanoparticles.

The parameters like Dislocation Density (8) (lines/m?) and
Microstrain (€) (dimensionless), 3 is the full-width at half
maximum (FWHM), D is the crystallite size, 0 is the Bragg
angle, € is the microstrain are calculated and given in Ta-
ble 1.

3.2 Morphological properties

The surface morphology and topography were examined by
Field Emission Scanning Electron Microscopy (FE-SEM)
HITACHI S-4800 as shown in Fig. 3. The scanning elec-

tron microscope (SEM) images showcase the morphology
and surface characteristics of copper ferrite (CuFe;O4) at
various resolutions, a material commonly used in biodiesel
production and dye degradation applications due to its cat-
alytic properties. The images reveal an irregular and ag-
glomerated structure with particles of varying sizes with
average size ~ 100 um. The presence of large and small
granules suggests a broad particle size distribution, which
may influence the material’s catalytic efficiency. The rough
surface texture indicates a high surface area, which is bene-

Table 1. The crystalline parameters estimated from copper ferrite XRD data.

(20) B (rad) 4 %sin @ Bscos® D ((nm) & x 10" (lines/m?) Microstrain
27.67 0.48313 0.956884 0.001831  75.72 1.74 0.000458
31.34  0.54721 1.080809 0.002337  59.33 2.84 0.000584

352 0.6146 1.209951  0.010475 13.23 57.07 0.002619
39.26  0.68549 1.344299 0.005053  27.43 13.28 0.001263
45.18 0.78886 1.537123  0.002864 48.4 4.27 0.000716
56.04 0.97848 1.879814 0.003309 419 5.69 0.000827
74.86  1.30708 2.432002 0.004602 30.12 11.02 0.001151

Average values 42.30 13.70 0.0011

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.32]


https://doi.org/10.57647/j.ijc.2025.1503.32

Patil et al.

1JC15 (2025) -152532  5/12

e WO 3

Figure 3. Shows the SEM images exhibiting the morphology of copper ferrite (CuFe,O4) at various resolutions.

ficial for catalytic applications, allowing more active sites
for reactions [37]. The presence of micro- and nano-sized
pores enhances mass transfer and improves the efficiency
of dye degradation and transesterification reactions. The
images display a well-defined crystalline structure with frac-
tured and fragmented particles, which could be a result of
synthesis conditions or post-processing treatments. Some
fibrous or elongated structures are visible, potentially due
to residual organic matter or synthesis byproducts. The
rough, porous structure allows for efficient adsorption and
interaction with oil molecules, enhancing the transesterifi-

Frequzincf

cation process. The increased surface area and active sites
enable better adsorption and degradation of organic dyes
in wastewater treatment applications. Overall, the SEM
analysis confirms the suitability of copper ferrite as a cat-
alyst, with its high surface area, rough morphology, and
structural integrity, all contributing to its performance in
biodiesel production and dye degradation [38]. Fig. 4 shows
the SEM images marked with particles diameters and his-
togram representing the frequency distribution of particle
diameters using ImageJ software to estimate the average par-
ticle size which was found to be ~ 86 um. The histogram

| Diameter

d ‘ & 50 ‘100~ .‘150 ZOb - 250
Diameter (um)

Figure 4. Shows the SEM images marked with particles diameter and histogram of average particle size distribution.
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demonstrates that the majority of the particles fall within
the 50 — 100 um size range, followed by the 100 — 150 um
range. This distribution suggests that the particle population
is skewed toward smaller sizes, with a few larger particles
contributing to a tail at the upper end of the size spectrum.

3.3 Parametric study

The photocatalytic degradation of MB dye was studied at
Amax = 664 nm. The optimum condition for the removal of
dyes is 30 mg/L, pH 9, and 0.2 gm Copper ferrite nanopar-
ticles. The results obtained during this study are shown in
Fig. 5- 7.

3.4 Effect of pH

A crucial parameter for the reaction occurring on the specific
surface is pH, which is why the photocatalytic degradation
of MB dye is investigated at various pH levels. The Systron-
ics digital pH meter model is used for the experiment. In
the pH range of 0 — 11, at a dye concentration of 30 mg/L
and a catalyst dose of 0.2 g, the role of pH in photocatalytic
dye degradation is investigated. When the pH was raised to
9, it was found that the rate of photocatalytic degradation
increased, as illustrated in Fig. 5. Dye surfaces become
basic as pH rises. It binds to the CuFe;0y in this basic
form. As the pH rises, the dye molecules are repelled by the
CuFe, Oy surface, which lowers the degradation efficiency
of MB [39]. The pHZPC of copper ferrite is another rea-
son to describe the adsorption followed by photocatalytic
degradation of MB dye. The pHZPC of the copper ferrite
is 7.5. This implies that when the pH of the dye solution is
above pHZPC, the copper ferrite surface will be negatively
charged, favoring cationic MB dye’s adsorption. While be-
low pHZPC, the copper ferrite surface becomes positively
charged, and hence it favors the adsorption of MB dye due
to electrostatic attraction. This adsorbed dye is degraded
using a photocatalytic reactor [40].

3.5 Effect of initial dye concentration

The rate of degradation of MB dye is studied by varying
the dye concentration from 10 to 100 mg/L because, for a
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Figure 5. Effect of pH on the degradation of MB dye by CuFe,Oy4 at dye
conc. 30 mg/L, catalyst dose 0.2 gm.

Patil et al.

fixed catalyst concentration, active sites remain the same.
With the increase of the initial MB concentrations, the MB
molecules accumulate on the surface of CuFe,O4. However,
quenching between these excited MB molecules irradiated
by UV-visible light will take place. The quenching proba-
bility could also increase with the increase of the initial MB
concentrations. Consequently, the photocatalytic efficiency
of the MB dye solution is decreased with the increase of the
initial MB concentration, as shown in Fig. 6.

3.6 Effect of contact time

The effect of contact time for the photocatalytic degradation
of MB dye by CuFe,04 for varied MB dye concentrations
ranges from 30 mg/L to 90 mg/L is shown in Fig. 7. By
maintaining optimum conditions for MB dye degradation
(as shown in Fig. 4 and 5) at concentration 30 mg/L, pH
nine and a constant dose of copper ferrite 0.2 gm is added.
The optimized dye solution is stirred with a magnetic stir-
rer. At specific time intervals, suitable sample aliquots are
withdrawn and analyzed after centrifugation. A UV-Vis
double-beam spectrophotometer (Systronics model 2203)
at Amax = 664 nm in our laboratory determines the changes
in dye concentration.

The observation is that the MB dye is slowly degraded in
the first 30 min, and then the degradation rate increases
rapidly and reaches equilibrium in about 130 min. As the
contact time increases further, there is repulsion between
the dye molecules and the catalyst surface, leading to a de-
crease in photocatalytic efficiency. The rate of degradation
of dye is initially slow because the surface of CuFe,Oy is
not efficiently activated. As the surface gets activated, the
rate of degradation of dye increases rapidly. Nearly 94.2%
degradation of Methylene Blue dye occurred for 30 mg/L,
pH 9, and a catalyst dose 0.2 gm.

3.7 Effect of catalyst dose

In this experiment, the effect of catalyst dose was studied in
the range of 0.2 g/L to 2 g/L of optimized catalyst dose pre-
sented in Fig. 8. The 0.2 g/L catalyst dose was used as the
optimum dose because higher doses of catalyst lead to a de-
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Figure 6. Effect of initial dye conc. on % degradation of MB dye by
CuFe;04 at pH 9.
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Figure 7. Effect of contact time on % degradation of MB dye and pH 9.

crease in the percent degradation of MB dye.his phenomena
may be explained by the aggregation of nano-particles of the
catalyst at dosage above 0.2 g/L causing a decrease in the
number of surface active sites and increase in opacity and
light scattering of the particles. Due to the aggregation of
particles, some excited molecules of copper ferrite catalyst
were deactivated by the ground state molecules of copper
ferrite, which generates a lesser number of electron-hole
pairs. It consequently decreases hydroxyl radical formation,
which results in a decrease in the percent degradation of
MB dye [41]. For 0.2 g/L, 94.2% degradation of MB dye,
but for 2 g/L, only up to 67.4% was found, as shown in
Fig. 8.

3.8 Recycling of copper ferrite nanoparticles

After conducting the MB dye degradation experiment we
have done the following procedure for recycling copper
ferrite Nanoparticles. The copper ferrite nanoparticles are
centrifuged and well recovered with the help of the magnet.
Then we washed it with deionized water and ethanol and
dried it at 80 °C. We reused copper ferrite nanoparticles for
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Figure 8. Effect of catalyst dose on % degradation of MB dye at pH ~ 9
and 30 mg/L.
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biodiesel production.

4. CuFe,04 for application in the production
of Biodiesel from Algae

4.1 Mechanism for conversion of an Algae oil to
Biodiesel

In the above reaction, oil (Specifically, the Authors have
given an example of palmitic acid, which is one of the
components of oil) reacts with methanol in the presence
of copper ferrite as a heterogeneous catalyst. The free
fatty acid groups are adsorbed on the acidic copper ferrite
catalyst surface, promoting the esterification. Methanol
acts as a nucleophile, which attacks the acidic site of the
carbonyl group and forms an intermediate. Finally, the
intermediate leads to the formation of the corresponding
Fatty Acid Methyl Ester (FAME) as shown in the above
Fig. 9.

4.2 Parametric Study for conversion of an Algae oil to
Biodiesel

4.2.1 Catalyst dose

As the catalyst (CuFe,04) dose increases conversion of
extracted Algae oil into FAME (Biodiesel) also increases
as shown in Fig. 10. Almost 95.2% conversion of Algal
oil to Biodiesel is done at optimum conditions. The copper
ferrite nanoparticles are magnetic and are easily separated
and recovered [42].

4.2.2 Methanol to Oil ratio

As the Methanol to oil ratio increases conversion of ex-
tracted Algae oil into Biodiesel also decreases. Almost
95.2% conversion of Algal oil to Biodiesel is done at a
Methanol: oil ratio of 12:1. The conversion of Algae oil to
FAME (Biodiesel) at various Methanol: Oil ratios is shown
in below Fig. 11.

4.2.3 Reaction temperature for transesterification

As the transesterification temperature increases, conversion
of extracted Algae oil into FAME (Biodiesel) also increases.
Almost 95.2% conversion of Algal oil to Biodiesel is done

CH;:0:H

Palmitic methyl ester (FAME)

Figure 9. Proposed Reaction mechanism using copper ferrite as a
heterogeneous catalyst for the conversion of palmitic acid to palmitic acid
methyl ester.
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Figure 10. Effect of catalyst dose for conversion of Algae oil into FAME
(Biodiesel).

at 338 K. The conversion of Algae oil to FAME (Biodiesel)
at various reaction temperatures is shown in Fig. 12 below.

4.2.4 Characterization of Algal oil Biodiesel

The physicochemical properties of Algal oil Biodiesel were
found according to the international standards specified in
EN 14214 and ASTM D-6751. Viscosity and density match
the requirements of EN 14214 and ASTM D-6751 stan-
dards. Since Biodiesel contains long hydrocarbon chains,
its density is higher than that of petrochemical diesel. The
viscosity of fuel could be effectively reduced by increasing
the proportion of ethanol in the biodiesel mixture. More-
over, the diesel fuel in the engine plays a lubricating role,
and the addition of algae oil Biodiesel to the fuel can effec-
tively reduce the wear and corrosion of parts [43].

4.2.4.1. Viscosity

The commercial Biodiesel (ASTM Standard) has kinematic
viscosity ranging from 1.9 to 6.0 mm?/s at 40 °C and here
prepared Biodiesel kinematic viscosity has been calculated
by viscometer time flow method at 40°C is 2.8 mm?/s. The
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Figure 11. Effect of the oil ratio for the conversion of an Algae oil into
FAME (Biodiesel).
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Figure 12. Effect of Reaction temperature for the transesterification of an
Algae oil into FAME (Biodiesel).

prepared biodiesel viscosity is found closer to ASTM stan-
dard value as shown in Table 2.

4.2.4.2. Density

The commercial biodiesel (ASTM Standard) has a density
of 0.87 g/cm? at 40 °C, and the prepared biodiesel density
has been calculated by the specific gravity bottle method and
is found to be 0.95 g/cm? at 40 °C. The prepared biodiesel
density is found closer to the ASTM standard value as
shown in Table 2.

4.2.4.3. Flash point

The flash point for biodiesel is 138 °C and according to
ASTM Standards is 100 — 170 °C. The prepared biodiesel
flash point is found closer to ASTM standard value as shown
in Table 2.

4.2.4.4. FT-IR analysis of Algal oil and prepared
Biodiesel

FT-IR analysis of algal oil and biodiesel shows almost
identical peak positions, as shown in Fig. 13. The -CH-
stretching frequency of the methyl group appeared within
2830 — 3005 cm™!. The Carbonyl stretching frequency of
oil containing an acid functional group occurred between
1730 — 1744 cm™!. The carbonyl group (CO) stretching
frequency of biodiesel containing an ester functional group
occurred within 1744 — 1847 cm~!. The slight variation
peak is observed for C-O-R at 1027 cm™!. This indicates
the formation of the ester group in biodiesel.

4.2.4.5. Gas chromatography (GC) analysis of Algal oil
and prepared Biodiesel

Fatty acid compositions of the sample were analyzed on
a Shimadzu Gas chromatography GC-2014 model (Japan)
using an FID detector as shown in Fig. 14. The injector
and detector temperatures were set to 250 °C Nitrogen was
used as carrier gas with a flow rate of 1 mL per min. The
column used was DB-23 (Length 60 m, [.D. 0.25 mm, Film
thickness ~ 0.20 um, column max temp 250 °C, Make-
Shimadzu). The oven method for the analysis was oven
temperature 150 °C, hold for 3 min, raise temperature to
230 °C at a rate of 3 °C per min, hold for 3 min, again
raise temperature to 250 °C, and hold for 5 minutes. Total
method time was 42.33 min. The standards of the fatty
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Table 2. Comparison of fuel properties of Algal oil Biodiesel with ASTM Standards.

Entry  Physical property  Calculated value =~ ASTM standard
1. Viscosity 2.8 mm?2/s 1.9 to 6.0 mm?/s
2. Density 0.95 gm/cm? 0.87 gm/cm?
3. Flash point 1380C 100 —170 °C

acids were already injected on the same instrument using
the same method.

The GC analysis of algal oil is conducted to determine the
composition of free fatty acids in the corresponding oil. It
shows the presence of Palmitic acid 9.26%, Stearic Acid
3.40%, Oleic acid 29.68%, Linoleic acid 55.23% as shown
in Table 3.

The GC analysis of converted Algal oil to biodiesel (FAME)
has been done. It shows the presence of Palmitic ester at
retention time 11.243 with peak area 16.17%, Oleic ester at
retention time 15.749 with peak area 27.65%, and Linolic
ester at Retention time 17.14 with peak area 56.17%. This
indicates sufficient conversion of fatty acid to fatty acid
methyl ester using copper ferrite as the catalyst, as shown
in Table 4.

5. Conclusion

In the present report, the Photocatalytic degradation of
Methylene Blue (MB) dye is successfully carried out
using copper ferrite nanoparticles. The XRD analysis of
copper ferrite nanomaterials confirms their crystallization
in both tetragonal and cubic phases, as verified by standard
JCPDS data. The Williamson-Hall (W-H) analysis indicates
the presence of microstrain within the crystal lattice,
with non-uniform strain contributions across different

crystallographic directions. A positive slope in the W-H
plot confirms lattice strain, while the observed trend of
decreasing dislocation density and microstrain with in-
creasing crystallite size suggests improved lattice ordering
and reduced structural defects. The estimated average
crystallite size of ~ 42.30 nm, calculated using Scherrer’s
formula, further supports the well-crystallized nature of the
copper ferrite nanomaterials. The SEM analysis confirms
the suitability of copper ferrite as a catalyst, with its high
surface area, rough morphology, and structural integrity, all
contributing to its performance in biodiesel production and
dye degradation. Almost 94.2% of the MB dye is degraded
after 180 minutes. After that catalyst, copper ferrite is
recovered with the help of a magnet and utilized for the
production of biodiesel. The biodiesel was successfully
prepared from algae oil using copper ferrite nanoparticles
as a catalyst. In previous research on biodiesel production,
homogeneous catalysts like NaOH and KOH were used,
but those are non-recoverable. In previous research,
heterogeneous catalysts like CaO and MgO were also used,
but those are non-magnetic and hence also non-recoverable.
In the present report, we used heterogeneous catalysts like
copper ferrite for biodiesel production, which is recovered
and reusable. Also, we used Algae oil for the production
of biodiesel. Algae is a naturally occurring biofeedstock
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Figure 13. FT-IR analysis of an Algal oil and Biodiesel.
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Figure 14. Gas chromatogram (GC) of Algae oil and product (FAME).

and hence is easily available in lakes, stagnant water, and
rivers. So, overall, this report presents a cost-effective way
for biodiesel production. As the catalyst dose increases,
conversion of Algae oil into biodiesel also increases. The
prepared biodiesel from algal oil and the free fatty acid
composition of algal oil have been confirmed by GC and
FT-IR techniques.
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Table 3. Showing the composition of Algal oil (free fatty acids).

Peak# Name Ret.

Time Area% Area

1 Palmitic acid 11.

254 9.263 701989

Stearic acid 15.24 3.404 257953

2
3 Oleic acid 15.
4

Linoleic acid 17.

989 29.689 2249861
376 55.233 4185615

Table 4. Showing the composition of prepared Biodiesel (FAME).

Peak# Name Ret. Time Area%  Area
1 Palmitic ester 11.243 16.174 21518
2 Oleic ester 15.749 27.651 36788
3 Linoleic ester 17.14 56.175 74735
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