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Abstract
Water pollution is a huge problem in the world we live in today. Over 80% of industrial waste is
untreated when discharged. Such industrial waste contains heavy metal ions and industrial dyes
that damage the delicate balance in the ecosystem and harm the overall environment. Our
study focused on the synthesis of peanut husk-calcium alginate-copper (II) oxide nanoparticle
composite and evaluating the adsorption capability and versatility of such a composite in the
adsorption of Cu2+ and Zn2+ ions, as well as the cationic dyes methylene blue and brilliant green
and investigating its antibacterial properties. A comparative analysis was done on the
adsorption capability of the composite against its constituents and the ratio of peanut husk and
copper (II) oxide nanoparticles to sodium alginate during synthesis of the composite was also
varied to analyse the impact of the ratio of the constituents in the composite on its adsorption
capability. In this study 0.5g of adsorbent was left in 25ml of 20ppm pollutant solution in an
orbital shaker for 3 hours and the concentration of the remaining solution was evaluated.
Compared to its constituents, the composite was shown to have a higher adsorption versatility
and capability of different pollutants. Antibacterial tests against Escherichia Coli (E.Coli) were
conducted, and the composite was found to display antibacterial effects as well. The composite
combines the strengths of its various constituents into a multi-purpose adsorbent. The ease of
removal of such a composite due to its solid, round nature, coupled with its adsorption capability
and versatility and antibacterial properties, makes it a viable option for commercial use.
Introduction
Recently, there has been a growing social and ecological concern in environmental pollution, or
more specifically, water pollution by heavy metal ions and industrial dyes. Heavy metal ions are
defined by metals which has a concentration that exceeds 5g per cubic centimetre. Due to the
heavy metals’ industrial applications and with rapid advancements in the world’s technology, the
amount of human exposure to heavy metal ions has seen an exponential increase. This drastic
increase can be severely detrimental to our society as such metals even in the smallest of
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concentrations can cause serious health effects, including reduced growth and development,
cancer, and in extreme cases, death (Barakat, 2011).
As of today, past studies have shown that the most conventional process to remove heavy
metal ions in wastewater treatment is chemical precipitation. However, there are also drawbacks
of chemical precipitation including its excessive sludge production that requires further
treatment, slow metal precipitation, and the long-term environmental impacts of sludge disposal
(Aziz et. al, 2008). One major disadvantage would be the need for pH and alkalinity correction.
As a result of the chemical dosing, alkaline water needs to be supplemented in areas with high
acidity. This is to ensure that the pH level of the system is above 7.0, and this is also to
minimise corrosion of concrete structures (Hass, Wentzel & Ekama, 2000). As such, more
renewable and environmentally-friendly methods of adsorption are required in reducing the
environmental effects of heavy metal ions.
Peanut husks, one of the biggest and cheapest food industry waste products, has been found to
have the capability to extract environmentally damaging copper ions from wastewater
(Inderscience Publishers, 2007). It also has the ability to adsorb cationic dyes (Besharati,
Alizadeh & Shariati, 2019). It is thus a suitable constituent of our composite, with the ability to
adsorb both heavy metal ions and industrial dyes.
However, wastewater often contains harmful bacteria in addition to pollutants such as heavy
metal ions and industrial dyes. As such, copper (II) oxide nanoparticles (CuO NPs) were also
chosen to be part of our composite. CuO has strong antimicrobial effect on microbial plaque
growth and colonization. Nanoparticles have also been shown to enhance toxicity towards
bacteria (Slavin, 2017), making it an effective antibacterial option. In addition, CuO NPs possess
numerous active sites which allows it to adsorb high amounts of heavy metal ions (Hassan,
2017), making it a suitable constituent of our composite.
Calcium alginate is a substance that is formed from the addition of aqueous sodium alginate to
aqueous sodium chloride. It is coated onto the peanut husk and CuO NPs by introducing peanut
husk and CuO NPs mixed with sodium alginate into the calcium chloride solution. It is used as a
coating due to its high strength, low shrinkage and high porosity (Martinsen, Skjåk-Bræk,
Smidsrød, 1989) and is therefore able to entrap the peanut husk and CuO NPs. Calcium
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alginate also has a high adsorption of heavy metal ions and is able to adsorb industrial dyes
relatively well (Rathinam A et. al, 2006)
Objectives and hypotheses
The objectives of this experiment is to investigate the adsorption capability and versatility, as
well as antibacterial properties of a peanut husk-calcium alginate-copper (II) oxide nanoparticle
composite. It is hypothesised that the peanut husk-calcium alginate-copper (II) oxide
nanoparticle composite has a high degree of adsorption capability and versatility when
compared to each of its constituents, that the composite demonstrates significant antibacterial
properties and that increasing the concentration of peanut husk and copper (II) oxide
nanoparticles in sodium alginate solution during synthesis of composite will produce composites
with an enhanced overall adsorption capability and antibacterial properties.
Materials and Methods
Chemicals
The chemicals used in our experiment are as listed: Copper (II) sulfate, zinc nitrate, Methylene
blue anhydrous, brilliant green anhydrous, sodium alginate, calcium chloride, Peanut husk,
cupric chloride dihydrate, sodium hydroxide, nutrient agar, nutrient broth, Escherichia Coli
(E.Coli)
Apparatus
The apparatus used in our experiment are as listed: volumetric flasks, colorimeter flasks,
centrifuge tubes, vials, sieve, filter paper, measuring cylinder, funnel, beaker, dropper, petri dish
and pipette.
Equipment
The equipment used in our experiment are as listed : UV-Vis spectrophotometer, colorimeter,
Buchner funnel, centrifuge, electronic balance, orbital shaker, oven, hotplate, blender, incubator,
fridge and furnace.
Preparation of heavy metal ion and industrial dye solutions
The various stock solutions of heavy metal ions and industrial dyes were prepared in
concentrations of 500 ppm in a 1L volumetric flask. 0.2774g of zinc nitrate was dissolved in

3

deionised water to prepare the 500ml Zn2+ solution. 1.966g of copper sulfate was dissolved in
deionised water to prepare the 1L Cu2+ solution. 0.5g of methylene blue anhydrous was
dissolved in deionised water to prepare the 1L methylene blue solution and 0.5g of brilliant
green anhydrous was dissolved in deionised water to prepare the 1L brilliant green solution.
Preparation of peanut husk
Peanut husk was oven-dried, ground into a fine powder using a blender, washed with deionised
water and oven-dried overnight.
Synthesis of copper (II) oxide nanoparticles
0.1 mol dm-3 copper chloride solution was prepared by dissolving 1.345g of copper chloride per
100ml of deionised water. Solution was poured into a beaker and stirred. Sodium hydroxide
solution was added dropwise to the copper chloride solution until pH14 was achieved. The
beaker containing the suspension was removed from the hotplate and the precipitate was
separated from the suspension using a Buchner funnel. The precipitate collected was then
washed with deionised water and absolute ethanol until pH7 was achieved, before being
oven-dried overnight and calcined at 550oC for 3 hours. After calcining, the CuO NPs were
ground into fine powder using a pestle and mortar.
Synthesis of calcium alginate beads
A 2% w/v sodium alginate solution was prepared by dissolving 2g sodium alginate per 100ml of
deionised water. The suspension was heated on a hotplate at 50 degrees Celsius and stirred for
15 minutes until all the sodium alginate had dissolved. A 400ml 4% w/v calcium chloride solution
was prepared by dissolving 16g of calcium chloride in 400ml of deionised water. Using a
dropper, the sodium alginate was dropped slowly into the calcium chloride solution to form
beads.The resulting beads were soaked in the calcium chloride solution overnight. The following
day the calcium alginate beads were filtered, rinsed and soaked in deionised water repeatedly
until no more chloride was present in deionised water the calcium alginate beads were soaked
in. The beads were then oven-dried overnight.
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Synthesis of peanut husk-calcium alginate-copper (II) oxide nanoparticle composite
(1:1:50/1:1:100)
Peanut husk and CuO NPs were submerged homogeneously in a 1g:1g:100ml / 1g:1g:50ml
ratio in sodium alginate solution and stirred on a hotplate for 15 minutes. Using a dropper, the
suspension was dropped slowly into a 4% w/v calcium chloride solution to obtain the beads. The
resulting beads were soaked in the calcium chloride solution overnight. The following day the
composite beads were filtered and rinsed in deionised water repeatedly until pH neutral. The
beads were then oven-dried overnight.
Characterisation of copper (II) oxide nanoparticles
CuO NPs were sent for SEM imaging. Fourier-transform infrared (FTIR) spectroscopy was used
to analyze the different functional groups of the CuO NPs through the KBr pellet method.
Characterisation of peanut husk
FTIR spectroscopy was used to analyse the different functional groups of peanut husk through
the KBr pellet method.
Characterisation of composite
The composite was sent for SEM imaging to analyse the morphology of the composite.
Adsorption tests for Cu2+ ions and Zn2+ ions:
25 ml of a 20 ppm solution of Cu2+/Zn2+ ions were prepared. 0.5g of the adsorbent (peanut husk,
calcium alginate, CuO NPs or composite) was submerged in the solution. The centrifuge tubes
were allowed to shake in the orbital shaker overnight. Sieve or centrifuge the adsorbent from the
solution. The solution was diluted by a dilution factor of 2, and the concentration of the diluted
solution was evaluated in a colorimeter. The procedure was repeated for each of the
constituents, with 5 replicates carried out per adsorbent.
Adsorption tests for methylene blue and brilliant green:
25 ml of a 20 ppm solution was prepared. 0.5g of the adsorbent was submerged in the solution
and the mixture was allowed to shake in the orbital shaker for 3h at 200rpm. The adsorbent was
separated from the solution by centrifuging the solution at 8000 rpm for 15 min or by sieve. The
solution was diluted by a dilution factor of 4. The concentration of the diluted solution was
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evaluated using the UV-Vis spectrophotometer. The procedure was repeated for each of the
constituents, with 5 replicates carried out per constituent.
Antibacterial test:
Colony count test was done for CuO NPs, composite of 1:1:50, composite of 1:1:100 and a
control, at dilution factors of 10-2, 10-3, 10-4 and 10-6 respectively. The control used did not
contain any test sample.
Results and discussion

Fig 1a: SEM imaging of CuO NPs

Fig 1b: SEM imaging of composite

Fig 1c: FTIR of copper (II) oxide nanoparticles

Fig 1d: FTIR of peanut husk
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Characterisation of copper (II) oxide nanoparticles
Fig 1a shows the SEM image of CuO NPs which shows that the CuO NPs are agglomerated to
a large extent and the particles have flower like morphology. This is similar to the SEM image of
CuO NPs in literature (Kumar M et. al, 2017). Also, the diameter of the CuO NPs sample is

around 90 nm, similar to the diameter of CuO NPs in literature (Singh J et. al, 2016). Fig 1c
shows the FTIR spectrum of the freshly prepared CuO NPs sample. Appearance of the peak at
1641cm-1 and 1612cm-1 indicates stretching vibration of the Cu–O bond of CuO NPs (Prasanta
et. al, 2014).
Characterisation of composite
Figure 1b shows the SEM image of the composite, which displays round and spherical
morphology.
Characterisation of peanut husk
Fig 1d shows the FTIR spectrum of peanut husk. The bands at 3423 cm-1 show that there are
many hydroxyl groups present (Qin, L. et. al, 2007).
Results from adsorption tests

Fig 2a: Adsorbents’ effectiveness on Cu2+ ions Fig 2b: Adsorbents’ effectiveness on Zn2+ ions

Fig 2c: Adsorbents’ effectiveness on methylene blue Fig 2d: Adsorbents’ effectiveness on brilliant green
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Discussion of results
The respective data sets were compared and analysed using the Mann-Whitney statistical tests
to conclude whether a significant difference exists between the adsorption capabilities of the
adsorbents. The ratio represents the ratio of mass of peanut husk: mass of CuO NPs : volume
of sodium alginate solution.
Difference in adsorption of composite of 1:1:50 compared to its constituents, as well as
to composite of 1:1:100

Fig 3a: Results from Mann-Whitney test of adsorption of composite to peanut husk

Fig 3b: Results from Mann-Whitney test of adsorption of composite to calcium alginate

Fig 3c: Results from Mann-Whitney test of adsorption of composite to CuO NPs

Fig 3d: Results from Mann-Whitney test of adsorption of composite 1:1:50 to composite 1:1:100
From Fig 3a, there is no significant difference between the adsorption of composite and peanut
husk of Cu2+ ions, whereas there is a significant difference for adsorption of Zn2+ ions,
methylene blue and brilliant green.
From Fig 3b, there is no significant difference between the adsorption of composite and calcium
alginate of Cu2+ ions, whereas there is a significant difference for adsorption of Zn2+ ions,
methylene blue and brilliant green.
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From Fig 3c, there is a significant difference between the adsorption of composite and CuO NPs
of Cu2+ ions, Zn2+ ions, methylene blue and brilliant green.
From Fig 3d, there is no significant difference between the adsorption of composite of 1:1:50
and composite of 1:1:100 of brilliant green, whereas there is a significant difference for
adsorption of Cu2+ ions, Zn2+ ions and methylene blue.
Overall, the composite has high adsorption capabilities of all four pollutants. It is also noticed
that the greater the concentration of peanut husk and CuO NPs in a composite bead, the
greater the composite’s adsorption capability.
Colony count results

Fig 4a: Graph showing effect of set-up on number of colony forming units per ml

Fig 4b: Results from Mann-Whitney test of composite of 1:1:50 to CuO NPs and the control, as
well as to composite of 1:1:100
Discussion
From fig 4a and fig 4b, the composite displayed antibacterial properties. Although CuO had a
greater antibacterial effect on E.Coli compared to the composite, the composite was still

effective against E.Coli, with there being a significant difference in number of colonies per ml
when the composite is present compared to when there was not (control). Fig 4b also shows
that there is a significant difference between the antibacterial properties of composite of 1:1:50
compared to 1:1:100, with the composite of 1:1:50 displaying much more antibacterial
properties than the composite of 1:1:100.
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Conclusion
This experiment involved the synthesis of a peanut husk-calcium alginate-copper (II) oxide
nanoparticle composite at different ratios of peanut husk to CuO NPs to sodium alginate and a
comparative analysis of the adsorption of the composite to its constituents for Cu2+ ions, Zn2+
ions, methylene blue and brilliant green. The composite was hypothesised to have a higher
adsorption capability and versatility compared to its constituents. Adsorption tests were carried
out with 0.5g of adsorbent and 25ml of 20ppm pollutant solution for a period of 3 hours on an
orbital shaker at 200 rpm. The composite was found to have better adsorption capabilities for all
pollutants as more peanut husk and CuO NPs was incorporated into it. Antibacterial properties
of the composite were also investigated. The results showed that the more CuO NPs in each
composite bead, the greater its antibacterial effect. As such, with peanut husk, calcium alginate
and CuO NPs as constituents, a cheap composite with high adsorption capability and versatility
has been produced.
Recommendations for future work
Our experiment has many possible extensions that can be investigated. In this experiment the
pH of the solution is not controlled as it is not one of the factors we have chosen to focus on.
Future work can include investigating the pH at which the adsorption capability of the composite
for each solution is the highest, and when leaching starts to occur. Anionic dyes such as methyl
orange and direct red could be experimented on as well to see the effectiveness of the
composite on both cationic and anionic dyes. The ratio of peanut husk to CuO NPs can also be
varied to find an ideal ratio that achieves maximum adsorption capability of the composite.
Adsorption-desorption cycles could be carried out on the composites to find out the regeneration
ability of the composite and how the ratio of its constituents affects the regeneration capability.
Also, we only managed to test our composite on a gram-negative bacteria, Escherichia Coli. As
such, antibacterial tests on gram-positive bacteria such as Staphylococcus epidermidis c ould be
carried out as well.
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