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ABSTRACT

In this study, a Fe-Ni/Kaolin catalyst was used to produce carbon nanotubes (CNTS) in a
chemical vapour deposition reactor (CVD). The produced CNTs were purified and
functionalized, and combined with silver nanoparticles. The functionalized CNTs were applied to
remove contaminants from fishpond wastewater using a column adsorption method with bed
heights of 2, 3 and 5 cm. Likewise, a nanoclay filter was developed via a beneficiation method
using sedimentation techniques to produce clay fractions, which were then purified, and a co-
precipitation method to produce magnetite nanoparticles, which were then combined with the
purified clay fractions. The developed nanoclay filter was used for continuous removal of
dissolved solids, bacteria, and heavy metals from fishpond wastewater at a flow rate of
10mL/min. The standard water analysis procedure was followed to determine the level of
pollutant removal, while heavy metals were analysed using an Atomic Absorption
Spectrophotometer (AAS). The data were analysed using analysis of variance (ANOVA) to

determine significant differences; the results were compared using a T-test, and the means of
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significant differences were separated using Duncan’s multiple range test. The percentage
removal efficiency of the heavy metals was in the order: Cu 48 %, Zn 89 %, Fe 98 %, Mn 100 %
and Total bacteria count (TBC) 95 %. The water quality indicators demonstrated the adsorbent's
effectiveness in removing effluent. The ceramic water filter successfully removed colour, odour,
and dissolved solids from the raw fishpond wastewater. It can be inferred from the analyses of
the raw and treated fishpond wastewater samples that the developed nano-clay-based filter at a
flow rate of 10mis/min and the nano-adsorbent at a column height of 5cm, used in a single
purification process, are suitable for fishpond wastewater treatment.
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INTRODUCTION

Water pollution is a global challenge that is on the rise in both developed and developing
countries; this, in turn, has greatly undermined economic growth and the physical and
environmental health of billions of people (Javier et al., 2017). Although global attention has
focused primarily on water quality through use, this has stemmed from poor wastewater
management, which has created serious water quality problems in many parts of the world,
worsening the water crisis (FAO, 2016). The change in water quality or composition directly or
indirectly as a result of both natural and human activities, such that it becomes unsuitable for
domestic, agricultural, fisheries and other purposes for which it would otherwise be quite
suitable in its uncontaminated state, is regarded as water pollution (Woodford et al., 2015).
These pollutants are usually pathogens, silt, and suspended solids, such as those found in soils,
sewage materials, disposed food waste, cosmetics, automobile emissions, construction debris,

and eroded river banks, as well as organic and inorganic chemicals (Akpan and Ajayi, 2016).

In fisheries, a rapid increase in fish farming has resulted in an increase in the discharge of
wastewater to the surroundings and the environment at large and has led to the pollution of the
environment, surface and underground water, and, in severe cases, algae bloom in surrounding
water bodies, which is a serious environmental problem (Javier et al., 2017). This kind of
wastewater contains toxic indicators such as high pH, total dissolved solids, alkalinity, chemical
oxygen demand, nitrate, phosphate, and heavy metals (Gautam et. al., 2014). The inability of

bacteria to degrade heavy metals results in their accumulation in humans, plants, and other
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organisms (Woodford et al., 2015). Conventional water treatment processes such as distillation,
chemical treatment, radiation, biofiltration, reverse osmosis, electrodialysis, and desalination are
not completely effective in treating agricultural wastewater (Konda et al., 2017). Some of these
processes, such as distillation, require a great amount of energy input. Activated carbon is not
efficient for nitrates, fluorides, microbes and heavy metals removal, while ultraviolet treatment is
expensive and inactivated by living contaminants. Also, coagulation and flocculation are
complex and less efficient process that requires continuous chemical input (Rashed, 2013). As a
result, there is a need to develop an alternative approach to address the limitations of other

treatment methods.

Conventional treatment methods for wastewater and heavy metal removal include ion exchange,
chemical precipitation, membrane filtration, coagulation/flocculation, photocatalysis, biological
treatment, and adsorption techniques (Gautam et al., 2014). The ion-exchange treatment method
involves a solid that can exchange cations or anions with the surrounding materials. Synthetic
organic ion-exchange resins are commonly used in industry to remove heavy metals from
wastewater effluent. lon exchange cannot treat concentrated metal solutions due to frequent
fouling of the matrix by solids and organics in wastewater. It is also non-selective and highly

sensitive to the solution pH (Akpor et. al., 2014).

Chemical precipitation is a widely used technique for wastewater treatment and is also utilised to
remove heavy metals from inorganic-contaminated water due to its simplicity, convenient
operation, and economical equipment requirements. In this process, suspended effluents settle as
solid precipitate (Konda et. al., 2017). These are then removed from the liquid phase by
filtration. However, this method requires a large amount of chemicals to reduce the metal to a
permissible level for discharge (Barakat, 2011). The drawbacks of chemical precipitation include
its ineffectiveness in treating low concentrations of wastewater and the production of excess

sludge that requires further disposal (Fu and Wang, 2011).

In the ultrafiltration process, high-molecular-weight substances, colloidal materials, and organic
and inorganic polymeric molecules are removed. Despite its high efficiency, however, the major
deficiency of this method is its high permeate reflux and membrane fouling (Guo et. al., 2010).

The coagulation and flocculation method is complex and not economically viable; it is a less

efficient process that requires a high chemical input, produces large amounts of sludge, and

12



results in large particle formation. Coagulation occurs when a coagulant is added to water,
bringing suspended solids with similar charges in solution together by neutralising their charges
and settling the particles (Prakesh et al., 2014). Photo-catalysis has been utilised to enhance the
removal of heavy metals and organic pollutants that produce toxic by-products; its limited
duration and limited applications are its major deficiencies (Asharaf et al., 2014). In biological
wastewater treatment, the sensitivity of microorganisms to environmental factors is difficult to
control, microbial cells are damaged, and the process is neither cost-effective nor time-efficient
(Zare et al., 2018).

Carbon-based adsorbents are used for the removal of organic waste because they have high
adsorption capacity for a wide range of organic and inorganic contaminants. Oxidised carbon
nanotubes have high adsorption capacity for metal ions with fast kinetics. Their surface
chemistry can be tuned to target specific contaminants. They are also useful for the regeneration
and reuse of fish pond wastewater. Nanotechnology provides innovative solutions for water
treatment. Numerous economic and scientific facts revealed that a shortage of water or its
pollution can cause a severe decrease in productivity and death of living species (UNICEF,
2008). Contrarily, nano-remediation of wastewater via nanotechnology, in this respect, as
defined by the U.S National Nanotechnology Initiative (NNI, 2001), is “Understanding and
control of matter at dimensions of roughly 1 to 100nm where unique phenomena enable novel
applications. Current research in nanotechnology offers the possibility of developing technically
and economically viable alternative materials for wastewater treatment (Emir et. al., 2015). One
practical technique used in nanotechnology applications for wastewater treatment is adsorption.
It has been identified as one of the most efficient treatment techniques for removing organic,
inorganic, and microbial pollutants from wastewater (Jiancheng et al., 2017). Adsorption
technology offers significant cost savings, ease of application, greater availability, and improved
efficiency (Zhang et al., 2015). Adsorption is one of the most practical, efficient and effective
treatments for wastewater and heavy metals removal. This is because adsorption offers better
performance in terms of process flexibility, ease of operation, design simplicity, cost-
effectiveness, non-sensitivity to pollutants, and the absence of toxic substances in the treated
effluent (Burakov et al., 2018a). Adsorption is a method of purifying water by attaching
contaminants to a catalytic surface, the adsorbent. The adsorbents could be gel, clay, silica,

sieves, and cotton fibre (Segneanu et al., 2013).
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Nanomaterials are fabricated with features such as high aspect ratio, reactivity, tunable pore
volume, and electrostatic, hydrophilic, and hydrophobic interactions, which are useful for
adsorption, catalysis, sensing, and optoelectronics (Das et al., 2014). Nanotechnology-enabled
processes are highly efficient, modular, and multifunctional, providing high-performance,
affordable water and wastewater treatment solutions. Nanomaterials are durable and
characterised by a high specific surface area (SBET). In other words, a large surface-to-volume
ratio controls interactions with pollutants and/or bacteria (Qu et al., 2013). Nanotechnology-
enabled processes for water treatment constitute major challenges to existing methods.
Nanotechnology can also be applied to economically purify and utilise unconventional water
sources. Nanotechnologies are advantageous for treating wastewater, as they eliminate
contaminants and support recycling to produce purified water. This leads to reduced labour, time,
and expenditure for the industry, thereby solving various environmental issues (Kanchi, 2014).
The various limitations of the conventional treatment technologies, such as high cost or poor
treatment efficiency, are what bring about the need to develop an alternative treatment method
that will complement the existing ones. The adsorption method using a nano-adsorbent has been
identified as an alternative treatment method for the efficient removal of heavy metals from
wastewater (Lu & Astruc, 2018).

Adsorption is a surface process in which pollutants bind to a solid surface. It is a surface
phenomenon that transfers atoms and molecules between phases. The treated wastewater
produced from adsorption is usually of high quality (Sophia & Lima, 2018). There are two types
of interactions that occur during adsorption between the adsorbent and adsorbate: physisorption
(physical) and chemisorption (chemical) (Santhosh et al., 2016). Physisorption is reversible,
nonspecific, and may form a monolayer or multilayer of adsorbate on the adsorbent.
Chemisorption, on the other hand, is an irreversible, highly specific form of monolayer of
adsorbate on adsorbent (Burakov et. al.,, 2018a). The flexibility, ease of application, non-
production of toxic pollutants, and simplicity of the adsorption process make it a leading
technology for wastewater treatment. The adsorption operation is of two types: batch or

continuous. (Bankole et al., 2019).

Among the world’s most important and useful industrial minerals, clay minerals are of great
significance. Clay is used in a number of geological applications, such as stratigraphic

correlations, indicators of depositional environments, and indicators of temperature for the

14



generation of hydrocarbons. In agriculture, clay minerals are a major component of soils and a
determinant of soil properties. Clay minerals are important in construction, where they are a
major constituent of brick and tile. Up to date, clay and clay-based minerals need improvement
due to their utilisation and demand.

In times when technology was not at the core of human civilisation, clay minerals were used as
an important material to produce a variety of products. Its softness, plasticity, porosity,
tangibility, pliability, and climatic adaptability, all at an affordable cost, were viable
characteristics that recognised its usefulness and led to the introduction of several products.
Today, when nanotechnology is the hallmark of the scientific world, the contribution of clay
minerals is clearly evident as highly useful fillers or additives in polymers to achieve desired
effects. Therefore, this study applies nanotechnology to treat fish pond wastewater, addressing
both water and environmental problems using a carbon nanotube/silver nanoparticle-based

filtration system. Nanotechnology provides innovative solutions for water treatment.

MATERIALS AND METHODS
Chemicals and materials

The chemicals used in this study include: Iron (lll) nitrate nonahydrate, nickel (Il) nitrate
hexahydrate, Iron (11) and Iron (I11) chloride, and Silver nitrate. All the chemicals and reagents
used in this study are of analytical grade, with purity ranging from 95 to 99%, and are used
without further purification. The raw clay samples were collected from four different clay
deposits in Nigeria for characterisation, including Afuze, Edo state; Ahoko, Kogi state; Ubakala,

Abia state; and Wase, Plateau state.
Production of carbon nanotubes

The procedure described by Bankole et al. (2019) was adopted to produce the CNTs. A known
weight (0.5g) was loaded into a quartz boat (120mm 15mm) at room temperature, and the boat
was placed in the centre of the quartz tube. Heating in the furnace was carried out at 10 °C/min,
and argon was allowed to flow over the catalyst for 90 min to purge the system of air before the
reaction commenced. Once the temperature reached 700 °C, the argon flow rate was adjusted,

and the acetylene flow rate was also introduced. The reaction was then allowed to proceed until
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the 45-minute reaction time was reached. After which, the acetylene flow was stopped, and the
furnace was allowed to cool to room temperature under continuous argon flow. The ceramic boat

was then removed and weighed to determine the quantity of CNTs produced.

Purification and functionalization of carbon nanotubes with silver nanoparticles

For the purification of the raw CNTs, acid treatment was used as described by Wang et al.
(2018). The synthesised carbon nanotubes were purified by acid treatment to remove iron, nickel,
amorphous carbon, and other impurities likely introduced by the used catalyst. The
HNOs/H2S0, acid mixture was used at a 1:3 ratios. The mixture was filtered to obtain a wet
carbon nanotube residue, which was then dried in an oven at 100 oC for 48 hours. The obtained
carbon nanotube was then analysed. The biosynthesis of silver nanoparticles was carried out in a
dark room. A known weight of (Silver nitrate salt (AgNO3)) was prepared, and 95 mL of the
solution was placed in a conical flask on a magnetic stirrer at 60 0C after which 5 mL of the
plant extract was added drop by drop under continuous stirring. The solution begins to change
from clear to dark brown, indicating the reduction of silver nitrate to silver nanoparticles. The
surface Plasmon resonance of the sample was determined using a UV-spectrophotometer. To
functionalize the carbon nanotubes, a known weight (0.1 g) of the carbon nanotubes was
dispersed in 40 mL of silver nanoparticles, and the process was eventually scaled up. The
mixture was then heated in a water bath shaker at 60 °C for 3 hours to enhance the dispersion of
the carbon nanotubes within the silver nanoparticle blend. The blend was then filtered, and the

pH was checked at approximately 7; it was then oven-dried at 120 °C for 12 hours (33).

Nano-clay production and characterization

Beneficiation was performed using sedimentation to produce clay fractions and remove excess
non-clay impurities. The grounded samples were then sieved through a 150 um sieve and stored
in laboratory sample bottles until required for characterisation. The co-precipitation method was
used to produce magnetite nanoparticles. FeCl3 (anhydrous) and FeCl.4H20 were used as ion
precursor. The leaf with the highest phenol content, Magnifera indica extract, was used as a

reducing agent. The ferron chloride (Fe3+) and Ferric chloride (Fe2+) salts were then combined
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to obtain 100 mL of the precursor. The mixture was then used immediately to prepare various
magnetite nanoparticle formulations to prevent oxidation of Fe2+ to Fe3+. The colour of the
reaction changed instantly from golden yellow for the iron precursors and brown for the aqueous
mango leaf extract to black. This shows the formation of magnetite nanoparticles. Samples were
taken from each of the suspensions for UV-visible spectrum analysis. A known weight of the
precursor volume was added to 20 g of activated clay. The mixture was then heated and stirred at
70 oC for 30 mins. The plant extract was also heated separately at 70 OC. After stirring the clay
precursor for 30 minutes, 150 mL of the plant extract was added to the mixture. A black mixture
formed instantly, indicating the formation of magnetite within the clay structure. The slurry was
then dried in the oven. The dried sample was now washed with deionised water to remove excess
plant extract from the synthesised composite. The washed sample was dried in the oven at 100
oC. It was thereafter calcined at 400 oC and 700 oC respectively. The dried samples were ground

and stirred before characterisation.

Pond wastewater characterisation

Pond wastewater was collected from a commercial fish farm, Minna, Niger State, Nigeria.
Immediately after collection, the wastewater was characterised. All analyses were carried out in
accordance with standard methods for water and wastewater analysis. The inorganic composition
method was determined using the American Public Health Association (APHA) method.
Turbidity (Turbidity Meter), pH (a multi-parameter analyzer C3010), electrical conductivity (a
multi-parameter analyzer C3010), dissolved oxygen (DO) (DO2 Meter), chemical oxygen
demand (COD), biochemical oxygen demand (BOD), total dissolved solid (TDS), alkalinity, the
total amount of nitrate, calcium, magnesium, chloride, total bacteria count (TBC), total hardness
and total alkalinity were determined using instruments by HACH, USA. All these analyses were
carried out at the WAFT department laboratory, Federal University of Technology, Minna.
Adsorption capacities of purified CNTs (P-CNTSs), functionalized CNTs, and a nano-clay filter

were investigated using a column adsorption process in wastewater treatment.
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Colum adsorption analysis

The Nano-clay filter was immersed in deionised water for 2 hours to open the pores. It was then
placed under a glass column, and the flow rate was set for 10 mL/min. Samples were then
collected for water analysis using the atomic absorption spectrometer. Wastewater was passed at
a flow rate of 10 mL/min through the nanoclay filter, and the partially treated water was further
passed through a glass column packed with the adsorbent at heights of 2 cm, 3 cm, and 5 cm.
The treated water was then collected in a beaker and analysed for the various physicochemical

parameters and residual concentration of heavy metals.
Statistical analysis

The data from the physicochemical parameters and heavy metal tests before and after treatment
using a nano-clay-based filter were analysed using analysis of variance (ANOVA) to determine
significant differences. The results were also compared using a t-test, and p<0.05 was considered
statistically significant. While the means of significant differences were separated using
Duncan’s multiple range tests. The colour, odour, total bacterial count, and levels of some heavy
metals, such as zinc, copper, iron, and manganese, were determined before and after wastewater

treatment using the nanoclay filter.
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Figure 1: Schematic of Nano- Clay Based Filtration Process
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RESULTS AND DISCUSSION
Physicochemical properties of fishpond wastewater

The physicochemical parameters of the fishpond wastewater were analysed, and the results

obtained are presented in Table 1

. Table 1: Physiochemical Parameters of Pond Wastewater before and after treatment

AgCNTSs +
] AgCNTSs + AgCNTSs + i WHO

Parameter RAW Nano-Clay Nano-Clay (2 cm) Nano-Clay (3 cm) Nanocrcri)lay S Limit
DO (mg/L)  3.07£0.12¢  648+£039  4.50=0.26¢ 6.00 + 0.34b 8.00+0.51¢ g'g‘
COD (mg/L) 124.20+5.94% 96.00+599  88.00% 537« 112.00£5.97°  80.00 +4.23¢ 10
BOD (mg/L) 1.00+0.07¢  4.00+0.09°  6.00+0.872 3.5040.17 3.50+0.08" 5.0-20
pH 6.91+048  7.11+£045  7.08+0.43 7.01+0.420 7.06+ 0410 6.5-8.5
Conductivity o1 0 432,000 370.00 +23.26" 365.00 £ 22.52%  353.00421.32%  332.004 19.44c 500~
(uS/cm) 1500
?r%?ﬂ?lty 119.00+8.000 77.0044.47>  80.00+5.20b 83.00+5.12b 77004423  50-100
'("rsg/dl_”)ess 118.00+9.00¢ 145.00 +8.94% 155.00 4 9.532 156.00 + 9.38 138.00 = 8.45 20
E:rﬁé‘;:i’)m 35744251 58.45+3.66° 2649+ 1.60¢ 42.69+2.675 33.64+1.99 75-150
Chloride 48440349  629+039  822+049 9.19+0.55¢ 9.67+0.57° 250
(mg/L)
'(\fnzgﬂ‘;s'”m 7.00+£050c  0.54+0.04¢ 21.68+131¢ 12.46 4 0.72" 13.18 4 0.78" 50
Nitrate (mg/L) 3.26+£0.24c  5.38+0.33%  5.17+0.31 3.93+0.240 3.90+0.38 20-60
(thg/SE;‘ate 15840.11°  0.62+0.04>  0.39+0.03¢ 0.43 +0.03¢ 0.52 +£0.03¢ 0.005
TDS (mg/L)  0.78£0.05*  0.62+£0.04>  0.500.024 0.56+0.03¢ 0.46 +0.03¢ iggg
TBC (cfu/mL) 86.00=7.00* 12.00%0.89°  10.000.87% 8.00 = 0.85¢ 4,00+ 0.85¢ 10
Fe(mg/L)  0.812£0.057 0.111£0.008 0.136=0.008  0.118£0.008*  0.016+0.009¢  0.30
Cu(mg/L)  0.072+0.005 0.046=0.003° 0.037+0.002¢  0.045+0.003*  0.038+0.003 2.0
Mn (mg/L)  0.048+0.003 — - - - 0.1-0.5
Zn(mg/l)  3.490+0.240¢ 0.630+0.035° 0.540+0.036*  0.510+0.034 036040025 3.0

Mean values with different superscript along the rows are significantly different (p<0.05)

from each other

DO- Dissolved Oxygen; COD- Chemical Oxygen Demand; BOD-Biochemical Oxygen Demand; TDS- Total

Dissolved Solid; TBC- Total Bacterial Counts; Fe- Iron; Cu- Copper

Mn- Manganese; Zn- Zinc
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The column adsorption process results showed that dissolved oxygen was low for the raw
wastewater (3.07), which could be attributed to decaying of organic matter, overfeeding of the
fish, or unconsumed feed, high level of plankton turbidity, consumption of oxygen at night for
respiration, the accumulation of waste or overcrowding in the culture medium (FAO, 2016a). A
high oxygen level indicates that the pollution level in the culture medium is low. After treatment,
it improved from 3 to 8 mg/L, which can be attributed to the removal of decaying organic matter
and water agitation. The dissolved oxygen concentration in water ranges from 0 to 14 mg/L (Liu
et al., 2016). The chemical oxygen demand (COD) indicates the presence of organic matter in a
water body, and the major sources of COD are agricultural, industrial, and domestic activities.
The COD of the raw wastewater (124 mg/L) exceeded the permissible limit, but after passing
through the clay filter, it was reduced to 80 mg/L. The permissible discharge level for COD in
effluents is less than 75 mg/l (Geerdink et. al., 2017). The BOD is inversely proportional to the
DO. The best BOD value of 6 mg/L was obtained with a 2 cm adsorbent column height, and it
falls within the standard limit (EPA, 2012). The pH of water can adversely affect the mobility,
solubility, and toxicity of chemicals, increasing the risk of their absorption by aquatic organisms
(Jaishankar et al., 2014). A pH below 2.5 causes irreversible damage to skin and organ linings,
while outside the 6.5- range causes damage and corrosion to systems and pipes, thus increasing
heavy metal toxicity in water (Campelo et al., 2017). The pH of the treated water ranged from
7.01 to 7.08, which is neutral and safe for aquatic organisms. The conductivity of the raw
wastewater was 464 pS/cm, and it reduced to 332 uS/cm at a 5 cm column height of the
adsorbent. Conductivity aids in determining water quality because an increase in conductivity

indicates the presence of dissolved ions (Tiwari, 2015).

Alkalinity is a measure of water's buffering capacity. Water with low alkalinity is highly
susceptible to pH changes. The alkalinity of the raw 119 wastewaters was reduced to 77 at 5 cm,
which falls within the permissible limit. The total hardness of water is a measure of the quantity
of divalent ions in water. High hardness could result from high magnesium concentrations with
little or no calcium present (William, 2016). The hardness result falls within the standard
permissible limit (Jaishankar et al., 2014). Although calcium concentrations increased, they
remained within the permissible limits for all treatments. The chloride level increased in the

treatments applied, but remained within the recommended limit of 250 mg/L (Gautam et al.,
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2014). The nano-clay filter was effective in reducing the magnesium content of the raw
wastewater, and the adsorbent treatment result also falls within the WHO water quality standard
of 50 mg/L. Excessive nitrate concentrations can be harmful to humans and wildlife. The nitrate
result falls within the permissible limit of 50 mg/L. The phosphate level of the raw 1.58 declined
to 0.39 upon application of both the clay filter and the adsorbent. However, only the 2 cm
adsorbent column height reaches the permissible limit of 0.50 mg/L, due to the presence of
heavy metals (EPA, 2012). The total dissolved solids values obtained showed a reduction from
the raw values and fell within the permissible limit (Jaishankar et al., 2014). All the treatments
applied removed TDS from the wastewater, with the highest removal at 5 cm from the column
base. The total bacteria count in the raw wastewater was 86 cfu/mL. In adsorption-based
wastewater treatment, bacteria were effectively removed, especially with the application, which
can be attributed to the growth-inhibitory and cell-death activities of the AQCNTSs.

Adverse effects of iron include carcinogenic, intestinal damage, irritation of the respiratory tract,
nausea, diarrhoea and death. (Gautam et al., 2014). The iron content of the wastewater falls
within the permissible limit of 0.50 mg/L (Jaishankar et al., 2014) at 5 cm from the top of the
adsorbent column. Similarly, high levels of copper in water could cause liver damage, irritation,
insomnia, brain damage and diarrhoea (Barakat, 2011). The copper present in the wastewater
was reduced upon contact with the filter and adsorbents; all treatments effectively reduced the
copper content to a permissible level of 1.0 mg/L (Jaishankar et al., 2014). Moreover, manganese
causes liver damage, pneumonitis, inflammation, neurotoxicity, and birth defects when it is
present in water in excess of 0.50 mg/L (Gautam et. al., 2014). The clay filter and the different
adsorbent heights effectively removed 100% of the manganese from the wastewater.
Nevertheless, high concentrations of zinc (> 2.0 mg/L) in water cause depression, lethargy,
neurological signs, cancer, nausea and zinc toxicosis (Barakat, 2011). The raw wastewater
contained 3.49 mg/L of zinc, which decreased to 0.63 mg/L using the clay filter and to 0.63
mg/L at 5 cm of adsorbent column height. Overall, the clay filter shows an effective removal
capacity and abilities for the treatment of fishpond wastewater so as to remove pollutants from it,
although the developed adsorbent was also efficient, but not as efficient as the nano-clay.
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Characterization of the Purified and Functionalized CNTS and Nano-clay filter

2000 EHT = 500KV Signal A= InLens Dale :11 Feb 2015 EHT = 5.00kV Signal A = InLens Date :20 Feb 2015
WD = 88mm Mag= 3000KX Time :10:54:11 WD= B0mm Mag= 3000KX Time :12:33:20

Fig 2: High resolution scanning electron microscope images of the (a) unpurified and
(b)purified CNTs

Fig 3: High resolution transmission electron microscope images of the (a) unpurified and
(b)purified CNTs
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Fig 7: (a) EDS spectra of AQCNTs and (b) FTIR of CNTs with AgCNTSs
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Fig 8: Scanning electron microscope of (a) Raw and (b) beneficiated Afuze clay
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Fig 10: Pond wastewater sample before and after treatment using nano-clay and AgCNTs
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The high-resolution scanning electron microscope image in Figure 2 shows the analysis carried
out to determine the surface morphology of the unpurified and purified carbon nanotubes; the
results indicate an interwoven tube-like structure for the unpurified carbon nanotube, whereas the
purified carbon nanotube shows a clear tip bundle interwoven tube-like structure. The clear
surface morphology of the purified CNTSs indicates the effectiveness of the purification process.
The TEM analysis, as shown in Figure 3, was performed to determine the shape, size, and purity
of both unpurified and purified carbon nanotubes. The analysis of the unpurified sample shows
the tubular shape of the graphite carbon with a metal catalyst and amorphous impurities on the
CNT surface, while the purified CNTs show a significant removal of the metal catalyst and
amorphous impurities, indicating the purification effectiveness. The selected-area electron
diffraction (SAED) pattern of the unpurified and purified carbon nanotubes, shown in Figure 4,
indicates white spots around the concentric rings. This shows that both are crystalline. However,
the white spots on (b) appear to be more evident than in (a), which is due to the removal of
metallic and amorphous impurities from the unpurified CNTs during the purification process.
The energy-dispersive spectroscopy results in Figure 5 indicate that 96% carbon was identified
in the unpurified carbon nanotubes, but this decreased to 94% in the purified carbon nanotubes.
This reduction could be attributed to the loss of amorphous carbon impurities during the
purification process. The elemental composition of iron and nickel particles obtained in the
unpurified carbon nanotubes was also reduced in the purified carbon nanotube. This reduction in
iron-nickel metal particles shows that the purification process was effective in removing metallic

impurities.

The X-ray diffraction pattern, as shown in Figure 6, was used to study the phase structure of the
silver nanoparticles and the diffraction peaks are shown. This result shows that the sample
contains Ag+ ions, and the sharp, intense peaks indicate the crystalline nature of the silver
nanoparticles. The XRD diffraction peaks show five sharp, intense peaks at 20 angles of 38.32°,
44.50°, 64.59°, 77.55°, and 81.81 °. Similarly, HRTEM analysis was carried out in Figure 8 to
determine the microstructure, morphology, and crystalline nature of the biosynthesised silver
nanoparticles. The HRTEM image of the silver nanoparticle shows a spherical morphology and
demonstrates bound particles, likely due to sonication, which is responsible for the sample's

uniform dispersion.
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The elemental composition of the silver nanoparticle was estimated using energy dispersive X-
ray spectroscopy, and the spectra are shown in Figure 7. The major compositions of CNTs are 94
% carbon and 4.61 % oxygen. The 0.79% iron and 0.60% nickel were metallic impurities
encapsulated within the CNTs' walls during the purification process. The CNT-Ag nano
adsorbent has 80.6 % carbon, 6.5 % oxygen, 9.6 % silver and negligible 1.9 % and 1.4 % of iron
and nickel. The absorption peaks corresponding to the functional groups formed during the
reaction were analysed by FTIR. The appearance of definite peaks in the result can be attributed

to the functionalization of carbon nanotubes with silver nanoparticles.

In the biosynthesis of silver nanoparticles via green synthesis, phytochemical screening of
aqueous leaf extracts of Carica papaya and Vitellaria paradoxa was performed to detect
flavonoids, tannins, and phenols. Based on previous research, plant extracts have been reported
to be of great importance in the biosynthesis of metallic nanoparticles (Mamba et. al., 2010). The
compounds present are of great importance due to their reductive and antioxidant properties. It
has also been reported that tannins can be used as reducing and stabilising agents for the
synthesis of silver nanoparticles (Smith et al., 2007). The adsorption peak at 420 nm for silver
nanoparticles largely depends on temperature, silver nitrate concentration, and the volume of the
extract. For this study, it was found that the optimum temperature for synthesising silver
nanoparticles was 60 oC, concentrations of silver nitrate solution (0.001 M), and volume of
extract (5 m/L) to obtain 419 nm for Carica papaya produced silver nanoparticles and 413 nm
for Vitellaria paradoxa extraction.

The magnetite nanoparticles formed using Magifera indica show a distinct peak at 258 nm. This
indicates the synthesis of a single-phase component, and this peak also falls within the range of
peak formations for the synthesis of magnetite nanoparticles with plant extracts (Pattanayak and
Nayak, 2013). In this study, the filter's performance was evaluated to determine its effectiveness
in removing heavy metals at different flow rates. The raw wastewater from the fish pond,
containing heavy metals such as iron, copper, manganese, and zinc, was passed through the filter
at flow rates of 5, 10, and 15 mL/min. The study shows that each heavy metal in the pond
wastewater was efficiently reduced, and the results indicate significant (p<0.05) differences
between the raw and treated wastewater. A flow rate of 10 mL/min was used for the column
adsorption filtration process. This result is in line with that of a previous researcher (Egbosiuba,

2018) who used Ag-clay to treat industrial wastewater.
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CONCLUSION

In conclusion, the development of the nano-adsorbent by doping carbon nanotubes with silver
nanoparticles for the removal of effluents, and the production of magnetite nano-clay for the
removal of dissolved solids, odour, colour, and heavy metals, was successful. The adsorbent was
used in a column adsorption process, and the result shows the removal efficiency in the

wastewater.

The ceramic water filter successfully removed colour, odour, and dissolved solids from the raw
fishpond wastewater. It can be inferred from the various analyses conducted on the raw and
treated fishpond wastewater sample that the developed nano-clay-based filter at a flow rate of
10mls/min and nano-adsorbent at a column height of 5¢cm in a single purification process are

suitable for fishpond wastewater treatment.
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