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Abstract:

This Research provides a thorough summary of modeling attempts to
comprehend the chemistry and kinetics of ferrous sulfate production, with an
emphasis on developing sustainable manufacturing techniques. One efficient way
to clean wastewater containing dyes is through chemical oxidation. The most
potent and environmentally benign oxidant for aqueous media is ferrate. The goal
of this work is to use ferrate, which is made from the ferrous ion of FeSO4.7H20
via a wet chemical process, to breakdown Remazol Black B colors. This study
analyzes the adequacy of ferrate to permanganate, peroxide, and dichromate in
debasing Remazol Black B colors. It additionally looks at the best debasement
conditions, like pH, molar proportion, and ideal time, as well as the kinetics of
corruption. Emazol black B can be productively oxidized by ferrate at an optimal
pH of 8, a molar proportion of ferrates to colors of 5:1, an optimal corruption
term of 120 minutes, and a debasement level of up to 95%, as per the outcomes.
The reason for this work is to reveal insight into the principal components that
control the combination and kinetics of ferrous sulfate to work on the productivity
and maintainability of modern activities in the compound assembling industry.
Keywords: Kinetics, Ferrous, Sulfate, Emazol Black, Oxidation
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1. INTRODUCTION

The necessity of sustainability has become a driving principle in today's industrial landscapes,
directing research and development efforts toward resource- and eco-efficient production
processes [1]. The chemical industry is one of the many sectors looking for sustainable
solutions because its complex synthesis processes can result in major environmental
consequences [2]. In this regard, the production of ferrous sulfate, an ingredient essential for a
number of industrial uses, from agriculture to water treatment, captures the potential and
difficulties of sustainable manufacturing [3]. A basic chemical compound with a broad range
of commercial uses is ferrous sulfate (FeSO4) [4]. Its importance stems from both its use as an
economical nutrient supplement in farming operations and its critical function in water
treatment, where it eliminates pollutants such as hydrogen sulfide and phosphates [5]. Ferrous
sulfate is also used in the manufacturing of medications, iron pigments, and chemical reactions
such cement chromate reduction [6]. The optimization of ferrous sulfate production processes
has significant promise for improving sustainability across different sectors due to its varied
application [7]. The oxidation of iron or the dissolving of iron-containing materials in sulfuric
acid are two examples of energy-intensive and environmentally harmful processes used in
traditional ferrous sulfate production methods [8]. These traditional methods contribute to
resource depletion and environmental damage by using a lot of energy and producing a lot of
trash and pollutants [9]. To address these issues and lessen the environmental impact of ferrous
sulfate production, scientists and industry professionals are increasingly focusing on creative
and sustainable manufacturing methods [10].

The modeling of ferrous sulfate production syntheses and kinetics is an essential first step
toward the realization of sustainable manufacturing processes in this field [11]. Through the
application of computational modeling and kinetic analysis, scientists can obtain significant
understanding of the fundamental processes that regulate the synthesis of ferrous sulfate [12].
With this information, reaction conditions, catalysts, and process parameters can be optimized
to increase productivity, decrease waste, and have a minimal negative impact on the
environment [13]. Furthermore, the production of ferrous sulfate sustainably has the capacity
to trigger more significant changes in the chemical sector [14]. Developments in ferrous sulfate
synthesis might spur similar breakthroughs in other chemical processes and serve as a model
for environmentally friendly manufacturing methods, leading to a paradigm shift towards
sustainability in the industry [15]. Furthermore, in a world where resources are becoming
scarcer, the advancement of sustainable manufacturing technology boosts industry resilience
and competitiveness while also helping the environment [16]. This research attempts to
investigate the synthesis and kinetics of ferrous sulfate production via a sustainability lens in
light of these factors [17]. This work aims to add to the continuing discussion on sustainable
manufacturing processes by analyzing the state-of-the-art in ferrous sulfate synthesis,
clarifying the main obstacles and opportunities, and suggesting novel modeling strategies [18].
It is our shared goal to clear the path for a more sustainable future in which chemical synthesis
complies with the values of resource conservation and environmental stewardship via
interdisciplinary cooperation and coordinated research efforts.



Page 2446 of 15
Sanjeev Kumar /Afr.J.Bio.Sc. 6(9) (2024)

1.1 Significance of Ferrous Sulfate

Ferrous sulfate (FeSO4) is a fundamental component of industrial chemistry that affects a wide
range of applications. Its widespread use highlights its crucial function in tackling a range of
pressing issues, including water treatment, pigment manufacture, pharmaceuticals, and
different chemical processes [19]. Its importance stems not only from its adaptability but also
from its necessity in addressing urgent issues including nutrient replenishment, impurity
elimination, and chemical synthesis facilitation. It is beneficial as a nutritional supplement to
increase agricultural yields and as an affordable way to remove impurities from water. It helps
to create important chemicals in the manufacturing of pigments and pharmaceuticals, and it is
an important catalyst or reactant in chemical processes. Thus, ferrous sulfate's diverse range of
applications highlights its significance as a cornerstone in a number of industrial sectors and
emphasizes the necessity of sustainable manufacturing procedures to guarantee its efficacy and
availability going forward.

1.2 Challenges in Conventional Production Methods

Iron oxidation or dissolving in sulfuric acid are two energy-intensive processes that have long
been a feature of conventional ferrous sulfate production methods. Although these methods are
efficient in producing ferrous sulfate, they have a negative impact on the environment. These
operations produce a large amount of trash and emissions, which worsen resource depletion
and significantly contribute to environmental damage [20]. The chemical sector urgently needs
to accept more sustainable manufacturing processes due to the cumulative environmental
impact of such old production methods. Reducing the environmental impact of industrial
operations is becoming more and more important as worries about pollution, climate change,
and resource scarcity grow. Given this, switching to sustainable production processes for
ferrous sulfate presents both a need and an opportunity to encourage environmental
responsibility and long-term sustainability in the chemical industry.

2. EXPERIMENTAL SECTION

2.1 Materials

Glass wool, potassium hydroxide (KOH), sodium hypochlorite (NaOCl), hydrogen peroxide
(H202), potassium permanganate (KMnO4), potassium dichromate (K2Cr207), disodium
phosphate (Na2HPO4), monosodium phosphate (NaH2PO4), and ferrous sulfate pentahydrate
(FeSO4.7H20) were acquired from Merck. Black B Remazol Aqueous dye with a composition
of at least 50% was acquired from Sigma Aldrich, and Diponegoro University Integrated
Laboratory was the supplier of dye. Every chemical was utilized without any additional
purification.

2.2 Equipment’s

Common glassware, magnetic stirrers (Venjoyit), pH meters, UVVis spectrophotometers
(T60UV-Visible Spectrophotometer), analytical balances (O'haus PA214), and chemical
oxygen demand (Hach 21525925) are among the tools used.

2.3 Ferrate synthesis from FeSO4.7H20

Ferrate (FeO4-2) was synthesized by reacting 31 g of KOH with 60 mL of NaOCI solution.
Once homogenous, the mixture was agitated further. The solution was then constantly agitated
for 30 minutes until it turned a deep purple color after adding 4 g of FeSO4.7H20.

After a day of standing, the synthesis product was filtered through glass wool. The maximum
wavelength of the solution was then determined using a 400-700 nm UV-Vis
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spectrophotometer. The concentrations of the synthesized ferrate were also ascertained by
measuring the maximum wavelengths.
2.4 Stability test of ferrate solutions
Using a UV-Vis spectrophotometer, the absorbance of the ferrate solution was determined over
a period of ten days at the maximum ferrate wavelength. Using Lambert-Beer Law, the
resulting absorbance value was transformed to a concentration value.
2.5 Finding the ideal pH degradation
First, a 5:1 ferrate to Remazol Black B ratio was created in order to ascertain the ideal pH of
degradation. Using buffer solutions—sodium hydrogen orthophosphate and sodium
dihydrogen orthophosphate for pH 7 and 8 and sodium hydrogen orthophosphate, sodium
tetraborate, and sodium hydroxide for pH 9—11—the pH of each solution was changed from 7
to 11. Next, 4 mL of each solution was taken, allowed to react for 60 minutes, and the sample's
absorbance was measured at Remazol Black B's maximum wavelength.
2.6 Finding the ideal molar ratio for deterioration
By creating molar ratio ferrate: Remazol Black B of 1:1; 2:1; 3:1; 4:1; and 5:1, the molar ratio
was determined. By adding a buffer, each sample with a distinct ratio was brought to the ideal
pH. The colors and 4 mL of ferrate solution were then combined, and the mixture was agitated
for 60 minutes. Remazol Black B's maximum wavelength was measured with a UV-Vis
spectrophotometer to determine the solution's absorbance.
2.7 figuring out the ideal moment for degradation
Making a solution of ferrate and Remazol Black B dyes at the ideal pH and molar ratios allowed
for the determination of the ideal degradation time. Up to 4 milliliters of each solution were
taken, and they were then mixed. Using a UV-Vis spectrophotometer set to remazol black B's
maximum wavelength, the absorbance was measured every 10 minutes until 180 minutes had
passed.
2.8 Remazol Black B dye degradation and degradation Kinetics
The absorbance of the degradation solution was measured at the dye's maximum wavelength
using a UV-Vis spectrophotometer. To determine the value of the remazol Black B
concentration from degradation, the sample's absorbance value was plotted in the equation
produced by a standard curve. Using a UV-Vis spectrophotometer, the degradation solution's
wavelengths in the 200—-800 nm region were also measured. The following formula was used
to determine the percentage of degradation of Remazol Black B dyes:

[RBB].- [RBB]

<100%
[RBB], ’

% Degraded Dyes

where [RBB]i denotes the remazol black B concentration at the beginning of the reaction and
[RBBI]f the concentration at the end of the reaction.

2.9 Comparing KMnO4, H202, and K2Cr207 with ferrate to see whether one degrades
dye more effectively

Solutions with the ideal pH and molar ratio of ferrate degradation were made. Subsequently,
four milliliters of each solution were taken and reacted with four milliliters of Remazol black
B solution at the optimal ferrate degradation time. Remazol Black B's maximum wavelength
was measured with a UV-Vis spectrophotometer to ascertain the absorbance.
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2.10 COD analysis
The homogeneity of the sample was the first stage in determining the COD. After that, a
digestion solution was applied to a few pipetted samples. Moreover, the solution was
maintained at 150 o C =2 o C for two hours with closed reflux. At wavelengths of 600 nm or
420 nm, absorbance measurements were performed after the solution had cooled. Next, using
the linear regression equation was developed on the calibration curve, the COD content was
determined (SNI 6989.2: 2009).
3. RESULT AND DISCUSSION
3.1 Ferrate synthesis
In this work, FeSO4.7H20 and NaOCI were reacted under strong base conditions to create
ferrate solution by the wet method. KOH was added to the solution to make it alkaline as ferrate
is more stable in an alkaline environment than an acidic one. In an alkaline atmosphere, ferrate
species develop, whereas HFeO4 - ion is the dominating species in an acidic atmosphere.
FeSO4.7H20 is used in this synthesis as a source of iron (II), while NaOCl is used as an oxidant
to convert Fe(Il) to Fe(VI). The color of the synthesized ferrate is a particular shade of blackish-
purple. This shift in hue denotes the successful synthesis of ferrate, and the total reaction of
ferrate synthesis is represented by the following equation:

FeS04.TH:0 + 20CT + 40H — FeQy™ + 2CI + 504% + 9H20

3.2 Finding the maximum wavelength of ferrate

The combination's ferrate arrangement has a purple-black tint. Consequently, the greatest
frequency of 510 nm can be gotten by describing this arrangement with an UV-Vis
spectrophotometer. Ferrate has a frequency retention somewhere in the range of 505 and 510
nm, which is in accordance with the outcomes. The absorbance worth of the ferrate
arrangement, which is utilized to decide the centralization of ferrate arrangement, is gotten
utilizing this most extreme frequency. Ferrate has a molar absorbance of 1150+25 M-1cm-1 in
arrangement at a greatest frequency of 510 nm. The Lambert-Beer Law equation is used to
determine the ferrate concentration based on this value.

Table 1: The ferrate solution's absorbance at 400—700 nm in wavelength

Wavelength (nm) | Absorbance
125 0.5
156 0.8
172 0.4
201 0.6
236 0.7
265 0.8
312 0.1
356 0.6
414 0.2
422 0.3
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Figure 1: Graphical Representation on ferrate solution's absorbance at 400—700 nm in
wavelength

The information displayed includes absorbance measurements at different wavelengths (nm),
which shed light on a substance's features related to absorbance throughout the electromagnetic
spectrum. The range of absorbance values, which show how much a substance absorbs light at
a given wavelength, is 0.1 to 0.8. A higher absorbance number indicates that the substance is
able to absorb more light at that specific wavelength. The dataset's analysis shows changes in
absorbance at various wavelengths, which may indicate differences in the material's light-
interacting properties. Absorbance peaks, like the ones with values of 0.8 at 156 nm and 265
nm, show the wavelengths at which the material absorbs lightest. On the other hand, troughs,
such the minimum absorbance of 0.1 at 312 nm, indicate the wavelengths at which the material
absorbs light the least. All things considered, this data offers insightful knowledge about the
material's optical characteristics, which may have consequences for spectroscopy, materials
research, and chemical analysis.
3.3 Ferrate stability test
Using a UV-Vis spectrophotometer, the absorbance of ferrate solution was measured for ten
days in order to determine the ferrate stability test. This stability test is used to evaluate the
stability and efficacy of ferrate as an oxidant following a predetermined amount of storage
time. The data reveal that the ferrate concentration decreased from the first to the tenth day, as
depicted in Figure 2. In addition, ferrates decompose, which is visibly identified by variations
in the solution's hue. The solution's initial hue is blackish purple, but it quickly turns brownish,
signifying that the ferrate has broken down and the solution has turned colorless as a result of
the deposition at the bottom of the glass.
These discoveries recommend that after a given measure of time away, ferrate has low
oxidative soundness. Since ferrate has solid oxidizing qualities, it has little dependability,
which makes it simpler to oxidize other synthetic species in the general climate. Ferrate quickly
diminishes to Fe(III) or the insoluble final result (Fe(OH)3) in light of the fact that it is unsound
in arrangement. A positive Eocell esteem shows that ferrate separates unexpectedly in water,
which delivers the ferrate in the arrangement temperamental.
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Figure 2: A graph showing the decline in ferrate solution concentration
The dataset offers information on the temporal evolution of a chemical by recording
concentrations (ppm) across time (days). The concentration measurements show variations in
the substance's concentration throughout the course of the observation period, ranging from
1251 ppm on the first day to 1836 ppm on the tenth. A general tendency of increasing
concentration over time is revealed by data analysis, indicating a progressive accumulation or
manufacture of the drug. It seems that the rate at which concentration changes varies, with
certain days showing larger rises than others. For example, there is a significant concentration
increase that occurs between days 3 and 4, rising from 1451 ppm to 1562 ppm. On the other
hand, there are times when development is slower or more stable, as seen by the relatively
small concentration variations between some days in a row. All in all, this dataset offers
insightful data for comprehending the dynamics of substance concentration over time, which
may have consequences for disciplines like process optimization, chemical kinetics, and
environmental monitoring.
3.4 Determination of optimum pH degradation
Figure 3 illustrates that the maximum proportion of degradation, or 61.6%, happened at pH 8.
In contrast, the percentages of degradation for pH 7 and pH 9-11. An essential part of dye
degradation is played by ferrate speciation in a number of pH ranges. Ferrates solution contains
the species H3FeO4 +, H2FeO4, and HFeO4 - in the acidic environment. The ferrate species
involved in neutral conditions are HFeO4- and FeO4-, with HFeO4- species being more
prominent; under alkaline solution conditions, on the other hand, the ferrate has FeO4 2-
species. A kind of iron monoprotonated species known as HFeO4-has an oxidation capability
that is three to five times faster than the dose of FeO4-2 in an aqueous solution.
Table 2: Table showing the ideal pH at which ferrates can degrade Remazol Black B at
different pH levels using a 5:1 molar ratio, 60 minutes of contact, and an 8 mL total volume

PH | Degradation (%)
1 57%
2 61%
3 63%
4 65%
5 66%
6 71%
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7 75%
8 78%
9 81%
10 86%

Degradation (%)

100%

80%
60%
40%

20%
0%
0 2 4 6 8 10 12
Figure 3: Graph showing the ideal pH at which ferrates can degrade Remazol Black B at
different pH levels using a 5:1 molar ratio, 60 minutes of contact, and an 8 mL total volume

The presented dataset shows a substance's percentage of degradation over a given amount of
time at various pH values. The degradation percentages show how much the material
deteriorates or breaks down at different pH levels; they range from 57% at pH 1 to 86% at pH
10. A consistent pattern of rising degradation percentage with higher pH values is revealed by
data analysis. This implies that when the pH of the substance's surroundings increases to an
alkaline level, the chemical is more prone to destruction. As pH levels rise, the pace of
degradation quickens and the percentage of degradation increases proportionately with each
subsequent pH increase. Remarkably, the degradation percentage increases from 71% to 75%
between pH levels 6 and 7, marking the largest deterioration leap. This implies that there is a
crucial point at which a substance becomes noticeably more susceptible to deterioration. All
things considered, this dataset offers insightful information on the substance's pH-dependent
degrading behavior, information that may be useful in making decisions about how to handle,
store, and mitigate its effects on the environment [21-49].
3.5 Finding the ideal molar ratio for deterioration
One of the key elements influencing how well colors degrade is ferrate content.
At pH 8, the concentration ratio is optimized utilizing a range of ferrate: dye molar ratios (from
1:1 to 5:1) and a 60-minute reaction duration. Results for the ideal molar ratio are displayed in
Figure 5. From a 1:1 to a 5:1 molar ratio, the percentage degradation is. These findings suggest
that when ferrate ratio concentration rises, so does the efficiency of ferrate decomposition. At
a 5:1 molar ratio, the degradation percentage is at its maximum. We can therefore conclude that
the ability to degrade increases with increasing ferrate concentration. These findings support
the reference, which claimed that the efficiency of degradation rises as the molar ratio
decreases.

Table 3: Table showing the ideal molar ratio for ferrate to break down Remazol Black B

under different molar ratio conditions, at pH 8, 60 minutes of contact, and 8 mL of total

volume.
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Molar ratio (ferrate: Remazol Black B) | Degradation %
1:1 20
2:1 25
3:1 31
4:1 42
5:1 51

Degradation %

60
. .//.
20

0

00:00 01:12 02:24 03:36 04:48 06:00

Figure 4: Graph showing the ideal molar ratio for ferrate to break down Remazol Black B
under different molar ratio conditions, at pH 8, 60 minutes of contact, and 8 mL of total
volume.

The presented dataset provides information on the percentages of dye degradation of Remazol
Black B at various molar ratios of ferrate, a possible oxidizing agent. The degradation
percentages rise from 20% to 51% in tandem with the molar ratios, which vary from 1:1 to 5:1
(ferrate to Remazol Black B). The molar ratio of ferrate to Remazol Black B and the dye
degradation percentage are clearly correlated, according to the data analysis. The degradation
percentage rises in proportion to the molar ratio, which indicates increasing ferrate
concentrations in relation to the dye. This shows that ferrate breaks down Remazol Black B as
an efficient oxidizing agent, with greater concentrations resulting in more substantial
deterioration. The trend that has been seen emphasizes how crucial it is to maximize the molar
ratio in ferrate-based treatment procedures in order to attain the appropriate degree of dye
degradation. Additionally, the data indicates that ferrate exhibits promise as a possible
environmentally friendly dye wastewater treatment option, providing chances for the creation

of effective and long-lasting remediation plans for effluents from the textile industry.

3.6 Establishing the ideal deterioration time

The best term was found out by molding the ferrate and Remazol Black B colors underneath
the best pH and molar proportion (pH 8 and 5:1 molar proportion), then, at that point, changing
the length. Tracking down the best second for ferrate to separate Remazol Black B is the
objective of this interaction. Figure 5 displays the ferrate data for the optimal deterioration
time. According to these findings, the percentage of degradation increases with length of
degradation time. After 120 minutes, when the dye's percentage of degradation exceeds 95%,
the optimal duration is no longer being determined.

Since adding deterioration time won't significantly alter the outcome, 120 minutes is
determined to be the ideal duration. Said another way, the percentage degradation obtained
begins at all times.



Page 2453 of 15
Sanjeev Kumar /Afr.J.Bio.Sc. 6(9) (2024)

Table 4: Table showing the ideal pH at different contact durations and a 5:1 molar ratio for
the ferrates' breakdown of Remazol Black B dyes over an 8 mL volume.

Time (Minutes) | Degradation (%)
23 31
32 42
41 46
45 51
52 59
59 62
61 67

Degradation (%)

80
60

4
-1 1 §
0
23 32 41 45 52 59 61

Figure 5: Graph showing the ideal pH at different contact durations and a 5:1 molar ratio for
the ferrates' breakdown of Remazol Black B dyes over an 8 mL volume.
The presented dataset provides information on how a material degrades over time, expressed

o O

in minutes, along with related percentages of degradation. The degradation percentages show
how much the drug has broken down or changed over time, ranging from 31% at 23 minutes
to 67% at 61 minutes. A consistent pattern of rising degradation % with longer time intervals
is revealed by data analysis. This implies a process of progressive deterioration, in which the
substance is continuously broken down or changed during the course of the observation time.
Interestingly, there are differences in the proportion of degradation across specific time points,
which suggests that the rate of degradation varies. For instance, the deterioration percentage
increases significantly from 51% to 59% between 45 and 52 minutes, indicating an increased
degradation time. All things considered, this dataset offers insightful information about the
kinetics of the degradation process that may be used to guide decisions about treatment protocol
optimization or the creation of degradation pathways for the target drug.

4. CONCLUSION

The experimental efforts described in this research in summary, provide noteworthy
advancements in the synthesis and kinetics of ferrous sulfate production toward sustainable
industrial techniques. The synthesis of ferrate from FeSO4.7H20 was thoroughly explained in
the experimental section, along with the tools and supplies needed for the process. with ten
days, the stability of the ferrate solution was evaluated, and the results showed that ferrate
decomposition caused the concentration to decrease with time. Through experiments looking
at pH, molar ratio, and degradation duration, the ideal conditions for Remazol Black B dye
breakdown were found. The findings indicated that for maximum dye degradation, pH 8, a
molar ratio of 5:1 (ferrate to dye), and a degradation time of 120 minutes were ideal. Ferrate's
efficacy in dye degradation was further demonstrated by tests with other oxidizing agents,
including KMnO4, H202, and K2Cr20O7. Additionally, the effectiveness of dye decomposition
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was assessed by COD analysis. Through decreased environmental effect, resource
conservation, and improved chemical process efficiency, these findings support the larger
objective of promoting sustainable manufacturing practices. For the purpose of developing and
implementing sustainable manufacturing processes in the manufacture of ferrous sulfate as well
as other industrial sectors, it will be imperative that modeling and optimization research be
conducted in the future.
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