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Abstract

The abstract would summarize the entire study. It would state the problem—the environmental challenge posed by spent SBM
and its heavy metal content. It would introduce the solution: using activated carbon derived from a local source (e.g., coconut
shells, sawdust, agricultural waste) to treat the waste. The abstract would mention the key methods used, such as batch
adsorption experiments, and the results, including the removal efficiency of specific heavy metals (e.g., lead, chromium,
cadmium). Finally, it would conclude with the significance of the findings, highlighting the potential for a sustainable and

economical waste treatment process.
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Introduction

The introduction would set the stage for the research. It
would start with a broad overview of the oil and gas
industry and the generation of drilling mud, specifically
focusing on synthetic-based mud (SBM). It would then
narrow down to the environmental problems associated with
spent SBM, particularly the presence of toxic heavy metals.
The introduction would explain why these heavy metals are
a concern, referencing their persistence and bioaccumulation
in the environment.

Next, it would discuss existing methods for treating SBM,
such as chemical precipitation and filtration, and their
limitations (e.g., high cost, secondary waste generation).
This would lead to the central theme of the paper: the use of
adsorption as a superior alternative. The introduction would
introduce activated carbon as a highly effective adsorbent
due to its high surface area and porous structure. It would
then propose the novelty of the study: using activated
carbon produced from local, abundant, and low-cost
materials, which makes the process more economically
viable and sustainable.

The introduction would conclude by stating the research
objectives and hypotheses, such as investigating the
efficiency of the locally produced activated carbon in
removing heavy metals from SBM and optimizing the
adsorption process parameters (e.g., contact time, pH,
adsorbent dose). It would also briefly outline the structure of
the rest of the paper.

Methods (Conceptual Framework)

This section would detail the experimental procedures used
to investigate the effect of locally produced activated carbon
on the removal of heavy metals from spent synthetic-based
mud. The methodology would be designed to be replicable
and robust.

= Materials and Reagents: A comprehensive list of all
materials and chemicals used would be provided. This
would include the raw material for activated carbon
(e.g., coconut husks, sawdust), the activating agent

(e.g., zinc chloride, phosphoric acid), and the heavy
metal salts used to create the synthetic spent mud
solution (e.g., lead nitrate, cadmium chloride).

Preparation of Activated Carbon: The procedure for
preparing the activated carbon would be described in a
step-by-step manner. This would include:

Preprocessing: The raw biomass would be washed,
dried, and crushed to a specific particle size to increase
the surface area available for activation.

Carbonization: The biomass would be heated in a
controlled environment (e.g., a furnace) at a specific
temperature (e.g., 400-600°C) for a defined period to
convert it into a carbonaceous material.

Chemical Activation: The carbonized material would
be impregnated with a chemical activating agent,
followed by heating at a higher temperature (e.g., 700-
900°C). This step is crucial for creating the porous
structure characteristic of activated carbon.

Washing and Drying: The activated carbon would be
washed repeatedly to remove residual activating agents
and then dried to a constant weight.

Characterization of Activated Carbon: To
understand the properties of the adsorbent, various
analytical techniques would be employed.

Surface Morphology: Scanning Electron Microscopy
(SEM) would be used to visualize the surface structure
and porosity.

Surface Area and Pore Volume: The Brunauer—
Emmett-Teller (BET) method would be used to
determine the specific surface area and pore
characteristics. A high surface area is a key indicator of
good adsorbent performance.
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Functional Groups: Fourier-Transform Infrared
(FTIR) spectroscopy would be used to identify the
chemical functional groups (e.g., carboxyl, hydroxyl)
on the surface of the activated carbon, which act as
active sites for heavy metal binding.

Preparation of Simulated Spent Synthetic-Based
Mud (SBM): Given the variability of real-world waste,
a synthetic solution mimicking the heavy metal
composition of spent SBM would be prepared. The
concentrations of heavy metals would be specified.

Batch Adsorption Experiments: These experiments
would be the core of the study, designed to evaluate the
activated carbon's performance under various
conditions. Each experiment would be conducted in
triplicate to ensure reliability.

Effect of Adsorbent Dose: A series of experiments
would be conducted with a constant initial heavy metal
concentration and varying amounts of activated carbon
to determine the optimal dose for maximum removal
efficiency.

Effect of Contact Time: Experiments would be run for
different durations to determine the time required for
the adsorption process to reach equilibrium. This helps
to understand the kinetics of the process.

Effect of pH: The pH of the heavy metal solution
would be adjusted using acid or base to study its impact
on the adsorption efficiency. The pH of the solution is
critical as it affects both the speciation of the heavy
metal ions and the surface charge of the activated
carbon.
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The BET analysis would report a high surface area,
confirming the success of the activation process. For
example, a value of over 500 m?/g would be indicative
of a good adsorbent.

FTIR spectra would be presented and analyzed to
confirm the presence of key functional groups that are
critical for heavy metal binding.

Effect of Adsorbent Dose: The results would show a
plot of removal efficiency (%) against adsorbent dose
(g/L). Typically, the plot would show a sharp increase
in removal efficiency as the dose increases, followed by
a plateau. This would identify the optimal dose needed
to achieve maximum removal without wasting
adsorbent.

Effect of Contact Time: A graph showing the
relationship between removal efficiency and contact
time would be presented. The graph would likely show
a rapid initial adsorption phase, followed by a slower
phase as the available active sites become saturated.
The time at which equilibrium is reached would be
highlighted.

Effect of pH: The results would demonstrate the
critical role of pH. A graph would show that removal
efficiency is low at acidic pH due to competition from
hydrogen ions and electrostatic repulsion, and increases
significantly as the pH becomes neutral or slightly
alkaline.

Effect of Initial Heavy Metal Concentration: A graph
would show that while the percentage removal might
decrease with increasing initial heavy metal
concentration, the actual amount of heavy metal

Effect of Initial Heavy Metal Concentration: Experiments
with different initial heavy metal concentrations would be
performed to understand the adsorption capacity of the concentrations, there is a greater driving force for the
activated carbon and to model the adsorption using isotherm heavy metal ions to move from the solution to the
models. adsorbent surface.

adsorbed per unit mass of activated carbon (adsorption
capacity) would increase. This is because at higher

Analytical Methods: The concentration of heavy
metals in the solutions, both before and after
adsorption, would be measured using an appropriate
analytical technique, such as Atomic Absorption
Spectroscopy (AAS) or Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). The removal efficiency
and adsorption capacity would be calculated using
specific formulas.

Adsorption Isotherms: The experimental data would
be fitted to common adsorption isotherm models, such
as the Langmuir and Freundlich models. The R2 values
and model parameters would be presented in a table to
determine which model best describes the adsorption
process. A good fit with the Langmuir model would
suggest a monolayer adsorption mechanism, while a
good fit with the Freundlich model would suggest a

multilayer, heterogeneous surface adsorption.

Results (Conceptual Framework)

This section would present the findings of the experiments = Adsorption Kinetics: The data would be analyzed
in a clear, objective, and organized manner. The data would using kinetic models, such as the pseudo-first-order and
be supported by tables, figures, and graphs to facilitate pseudo-second-order models. The results would reveal
understanding. which model best describes the rate-limiting step of the
adsorption process. A strong fit to the pseudo-second-
order model would suggest that chemisorption is the
rate-limiting step.

= Characterization of Activated Carbon: The results of
the characterization would be presented first.

= SEM images would show a highly porous, well- = Overall Performance and Comparison: The final
developed surface structure. rsesults would summarize the maximum removal
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efficiency and adsorption capacity for each heavy
metal. A table would compare the performance of the
locally produced activated carbon with other reported
adsorbents from the literature, highlighting its cost-
effectiveness and efficiency. This section would serve
as the bridge between the data and the discussion,
setting the stage for the interpretation of the results.

Discussion

Assessing the necessity of a lightning protection system
(LPS) at Abubakar Tatari Ali Polytechnic, Bauchi, Northern
Nigeria, involves several key considerations, including the
prevalence of thunderstorms, the risk to personnel and
infrastructure, and the economic viability of installation.
Lightning Activity and Geographic Location Northern
Nigeria, particularly the Bauchi region, is known for its high
incidence of thunderstorms, especially during the rainy
season from April to October. The Keraunic level, which
measures the number of days per year that thunder is heard,
is significantly high in this area. A higher keraunic level
directly correlates with an increased probability of lightning
strikes. This meteorological data alone suggests a strong
need for an LPS.

Risk to Personnel and Infrastructure

The polytechnic campus houses numerous buildings,
including administrative blocks, lecture halls, laboratories,
workshops, and student hostels. Many of these structures
contain sensitive electronic equipment and are occupied by
a large number of people. A direct lightning strike on an
unprotected building can lead to several catastrophic
outcomes:

= Structural damage: A lightning strike can cause fires,
shatter brickwork, and damage roofs.

= Equipment failure: The powerful electrical surge can
destroy computers, servers, and sanother valuable
laboratory equipment.

= Risk to human life: Lightning strikes pose a direct
threat of injury or death to students and staff.

Economic Viability

The cost of installing an LPS must be weighed against the

potential cost of damage and disruption caused by a

lightning strike. The price of a comprehensive LPS, which

includes air terminals, down conductors, and a grounding

system, is a significant upfront investment. However, this

cost is minimal compared to the potential financial losses

from:

= Building repairs or reconstruction.

= Replacement of expensive electronic and scientific
equipment.

= Business interruption and loss of academic time.

= Liability claims from injuries or fatalities.

Moreover, an LPS can also protect the polytechnic's power
supply from surges traveling through utility lines, a common
occurrence during thunderstorms, which can also damage
internal electrical systems.
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Conclusion

Based on the high frequency of thunderstorms in Bauchi,
the potential for significant damage to critical infrastructure,
and ths
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