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ABSTRACT

The paper examines the efficiency of nanoporous carbon modified with copper nanoparticles (hnC@CuNPs) for
the removal of microbial contaminants from polluted waters. The modified material was prepared by wet
impregnation of the unmodified carbon material in a solution of as-prepared Cu-nanoparticles. The materials were
characterized by UV-Visible Spectroscopy, Fourier Transform-Infrared (FTIR) Spectroscopy, and
Thermogravimetric Analysis. The materials were then investigated for their ability to remove copper and lead
using Atomic Absorption Spectroscopy (AAS), methylene blue using Ultraviolet-Visible (UV-Vis) Spectroscopy
and microbial contaminants from simulated polluted water. The results showed that in addition to retaining its
heavy metals (Cu and Pb), and methylene blue removal capacity, the modified material, n"C@CuNPs was efficient
in removing microbial contaminants (E. coli and Salmonella) from the polluted water. The study provides an
avenue for the provision of easy access to a range of such water purification materials to the increasing world
population and contributes towards meeting the United Nationals Sustainable Development Goals (UN SDGs).
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1.0 INTRODUCTION

Water treatment and purification remains a
fundamental research area in sustainable
chemistry. This is primarily because it aims to
provide easy access to clean water to the
increasing world populace, which is one of the
United Nations Sustainable Development Goals
(SDGs). Several materials have been studied and
applied in the treatment and purification of waste
or polluted water. These materials include
adsorbents such as zeolites, chitosan, clay
minerals and activated carbons (Yua & Han,
2015; Kozera-Sucharda et al., 2021).

The preparation of activated or nanoporous
carbon from a wide range of sources and its
utilization is several applications especially
water treatment is well-known as it is considered
one of the earliest and widely utilized water-
purification adsorbents (Tadda et al, 2016; Li et
al, 2020). Due to its high porosity and large
surface area, it is widely applied for the removal
of heavy metals and organics in waste water with
great efficiency (Thomas & George, 2015;
Mestre et al., 2019). Despite the wide use of
activated carbon in for removing heavy meals

and organics, not much have been reported in
terms of its application in treating microbial
contaminants, which are also major contaminants
in waste water.

Recently, it was reported that the immobilisation
of antimicrobial polyoxometalate ionic liquid
(POM-IL) on nanoporous carbon from coconut
shell support improved its capacity for the
removal of microbial contaminants from polluted
water (lzuagie et al., 2022a). This inspired the
idea whether modifying nanoporous carbon with
other antimicrobial agents such as copper
nanoparticles could improve its activity against
microbes in polluted water. Nanoparticles have
been reported for the treatment of polluted waters
(Nassar et. al, 2014). Copper and copper oxide
nanoparticles for instance are reported to have
antimicrobial properties (Ekthammathat, 2013;
Betancourt-Galindo et al., 2014 Verman &
Bharadvaja, 2022). They have also been applied
in controlling hematophagous parasites including
larvaes of Anopheles subpictus Grassi, filariasis
vector, Culex quinquefasciatus, Say (Diptera:
Culicidae), and the larvae of cattle tick
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Rhipicephalus (Boophilus)
(Ramyadevi et al, 2011).

microplus,

Also, there are several reports on depositing Cu
nanoparticles on carbon support for applications
in catalytic reactions (Sharghi et al., 2009;
Alonso et al., 2010; Alonso et al., 2011; Sharghi
et. al, 2011; Alonso et. al, 2012; Alonso et al.,
2013; Gawande et al., 2016). Hence, the current
paper aims the examine the efficiency of
nanoporous carbon modified with copper
nanoparticles for removal of microbial
contaminants in polluted water.

2.0 EXPERIMENTAL

2.1 General Procedures, Solvents, Reagents
and Instrumentation

All reagents and solvents used in this study were
procured from VWR, Fischer or Sigma Aldrich
and were used without further purification.
Double distilled water was used throughout the
study. Fourier Transform Infrared (FTIR) spectra
were recorded on a Bruker Alpha spectrometer
fitted with a Platinum ATR module (4000 — 400
cm™). Spectra were recorded for solid samples
after drying for at least 1 h. Ultraviolet-Visible
(UV-Vis) analyses were done on a UV-1800
Shimadzu UV spectrophotometer using 1-cm
guartz cells with a resolution of 1 nm between
200 and 800 nm. Thermogravimetric analysis
(TGA) of nC@CuNPs (sample weight 11.957 g)
was conducted using a NETZSCH TG 209F1
Libra instrument in pinholed aluminium crucibles
at a heating rate of 10.0 °C/min between 25 °C to
1000 °C under Nz purging (10 ml/min).
Simulated polluted and filtered waters were
analysed directly for heavy metals (Cu and Pb)
using Atomic Absorption Spectroscopy (AAS)
and for methylblue using UV-Vis.

2.2Preparation of Nanoporous Carbon (nC)
from Eggshells

Egg shells were collected from a local food seller
in Sokoto, Nigeria. The shells were washed
thoroughly with distilled water to remove dirt and
oven-dried at 60° C for 24 h. The dried eggshells
were then crushed and sieved through a 150-
micron mesh to obtain a fine power of the sample
which was stored in an air-tight container for
further studies. Nanoporous carbon were
prepared and characterized from the powered egg
shell sample as described previously in Izuagie et
al. (2022b). Briefly, 33 vol % HsPO4 was mixed
with the fine power in the ratio of 30% (30 g egg
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shell per 100 mL solution) and the mixture stirred
for 1 h and allowed to stand for 24 h for
activation. The sample was then filtered from the
excess acid and oven dried for 3 h before
carbonation. Carbonation was done using a tube
furnace in an atmosphere of N.. The furnace was
heated to 500°C at a rate 10°C/min and the
temperature was maintained at 500°C for 3 h.
After cooling to room temperature, the
carbonized material was washed thoroughly with
distilled water until the pH was about 7 and dried
at 110 °C for 1 h before further studies.

2.3 Preparation
(CuNPs)

The method of Khan (2016) was adapted in the
preparation of Cu nanoparticles via reduction of
copper (1) sulphate pentahydrate as precursor
and using starch as capping agent. In the
preparation, starch solution (1.2%, 120 mL) was
transferred into a round bottom flask. 0.1 M
copper (1) sulphate pentahydrate solution (19
mL) was added into the solution with vigorous
stirring for 30 min. 50 mL of 0.2 M ascorbic acid
solution was then added to solution under
continuous rapid stirring. Subsequently, 30 mL of
1 M sodium hydroxide solution was slowly added
to the prepared solution with constant stirring and
heating at 80 °C for 2 h. The colour of the solution
turned yellow to ocher. The ocher solution was
analysed using UV-Visible spectroscopy for
formation of Cu-nanoparticles and was used in
the preparation of the modified nanoporous
carbon material in 2.4.

of copper-nanoparticles

2.4 Preparation of Nanoporous Carbon
Modified with  Copper Nanoparticles
(nC@CuUNPs)

The prepared nanoporous carbon in 2.2 was
modified adapting the methods of Alonso et al.
(2012) by impregnation with the ocher solution.
The nanoporous carbon from egg shells, nC (3 g)
was added in the ocher solution and allowed to
stir vigorous for 24 h. The solution was allowed
to settle overnight and the supernatant solution
was then discarded cautiously. The material was
isolated from the solution by filtration and
washed three times with double distilled water
and ethanol to remove any excessive starch
bound with the nanoparticles. The dark brown
solid with a loading of 4% was dried at room
temperature and stored in a glass vial for further
studies.
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2.5 Water Filtration Experiment

The modified nanoporous carbon material
(Nc@CuNPs) was tested for its efficiency to
remove heavy metals (Cu and Pb) and methylene
blue from polluted water. The water filtration
experiment was as described elsewhere (Izuagie
et al, 2022a). Briefly, the adsorbent phase was
made using a Pasteur pipette, glass wool and the
prepared adsorbent materials (nC and
NC@CUNPs respectively). Small quantity of the
wool was used to plug the pipette and the
adsorbent material (0.6 g) was filled on top of the
wool and tapped gently to optimize the packing
of the adsorbent. Batches of simulated aqueous
solution (10 mL) containing Pb (2.2 mM) or Cu
(1.4 M), which is 45, 000 times the WHO
permissible limit of the respective metals (Pb =
0.01 mg/L or 0.048 uM and Cu = 2 mg/L or 32
uM)? or methylene blue (32 mM) were passed
over separate adsorbent phases of NC and POM-
IL@ONC at a flow rate of ca. 4 mL min.Y
Adsorption of the respective pollutant was
determined by measuring the concentration of the
pollutant remaining in the filtered solution using
AAS for Cu and Pb and UV-Visible
spectroscopy for methylene blue.

2.6 Antibacterial Analysis

The antimicrobial activity of the samples (nC and
NC@CuNPs)  were  determined  against
Escherichia coli and Salmonella (both Enteric
bacteria) by measuring turbidity (absorbance)
using UV-Visible Spectrophotometer as
described in Akinduti (2019). The isolates of E.
coli and Salmonella were obtained from the

Inhibition rate (%) =1 —

Where:
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Department of Microbiology, Faculty of Science,
Sokoto State University, Sokoto. Their purities
were confirmed using standard methods and the
colonies from the subculture plates were
suspended in 10 mL of Luria Bertani (LB) broth
(Tryptone 10.0 g, Yeast extract 5.0 g, NaCl 10.0
g in 1000 mL distilled water) and incubated at 37
°C for 18-24 h in an orbital shaker at 150 rpm to
attain logarithmic phase culture. Sterile Muller-
Hinton Broth (MHB (g/L) (Beef infusion: 300;
Casein hydrolysate 17.5; Starch: 1.5: pH 7.2+0.2)
was prepared. The media was sterilized at 121 °C
at 15 Ibs for 15 min. For each bacteria species
(Escherichia coli and Salmonella), 4 mL of
prepared Mueller Hinton Broth (MHB) was
dispensed into four sterilized test tubes. The
standardized test materials (nC and nC@CuNPs)
were added into two of the test tubes, Gentamycin
was added to one as a positive control whereas
the fourth contained only the broth. A loop full of
the diluted bacteria cultures adjusted to a 0.5
McFarland turbidity (1x10® CFU mL™) was then
inoculated into all the test tubes. After a period of
pre-incubation (15 min), the absorbance of each
of the test tubes (samples, positive control and
broth) were measured at zero hour (T0) using a
Lasany Advanced Microprocessor UV-Vis
Spectrophotometer at 600 nm. The test tubes
(samples, positive control and broth) were then
incubated at 37°C for 24 h and the absorbance of
the test tubes were again measured at 600 nm
(T24). The absorbance of each test tube which is
proportional to the turbidity of the bacteria
growth was noted while the rate of inhibition (%)
was calculated using the formula:

T24'test - Totest

x 100

T24broth - Tobroth

T24s = Absorbance of test samples (mixture of MHB + sample + bacteria cells) at 24 hours
TOwst = Absorbance of test samples (mixture of MHB + sample + bacteria cells) at 0 hour
T24u0th = Absorbance of broth culture (mixture of MHB + bacteria cells) at 24 hours

TOwroth = Absorbance of broth culture (mixture of MHB + bacteria cells) at 0 hours

For the positive control:

T24s: = Absorbance of Gentamycin (mixture of MHB + gentamycin + bacteria cells) at 24 hours
TOwst = Absorbance of gentamycin samples (mixture of MHB + gentamycin + bacteria cells) at 0 hour

2.7 Statistical Analysis

Analyses were performed in triplicates and
results were expressed as mean + SD. SPSS 19
was used to determine statistical significant
difference (P>0.05) in parameters among groups
using one-way ANOVA.

3.0 RESULTS AND DISCUSSION

3.1 Characterization of Cu-nanoparticles via
UV-Visible Spectroscopy

The change in colour to ocher during the
preparation of Cu-nanoparticles indicate the
reduction of Cu?* to zero-valent copper. The
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formation of Cu-nanoparticles was confirmed by
subjecting the ocher solution to UV-Visible
analysis. The spectrum obtained is shown in
Figure 1. The spectrum shows a peak around 570
nm which is attributed to the surface plasmon
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band of nanoparticles. This is within the range
570 to 580 nm stated in Pan et al. (2020) and lies
between 566 nm reported by Sierra-Avila (2015)
and 575 nm reported by Ramyadevi (2011) for
Cu-nanoparticles.

500 520 540

560 580 600

Wavelength (nm)

Figure 1: UV-Visible spectrum of Ocher solution of synthesized cu-nanopatrticles.

3.2 Preparation of Cu-nanoparticles-modified
nanoporous carbon (NnC@CUuNPs)

As described in Alonso et al. (2012), a
preweighed amount of nanoporous carbon was
modified by adding a given amount in the ocher
solution and stirring it for 24 h to obtain a 4%
loading dark brown solid, which was subjected to
FT-IR and TGA analysis.

3.3 FT-IR Analysis of Materials

The prepared nanoporous carbon (nC) was stirred
in the ocher solution of the Cu-nanoparticles to
prepared the Cu-nanoparticles-modified
nanoporous carbon (NC@CuUNPs). After the

preparation, both nC and nC@CuNPs were
subjected to FT-IR analysis in a bid to ascertain
the groups present in the materials. The FT-IR
spectra are shown in Figure 2. The spectrum for
nC showed notable bands especially a broad peak
around 1404 cm'* associated to carbonate and Ca-
O vibrations and peaks at 1074, 924 and 874cm
assigned to P-O group. The spectrum for the
modified nanoporous carbon (NC@CuNPs) was
similar to that of nC except for minor changes in
the peaks position which was due to the presence
of Cu-nanoparticles in the modified material.
This is in line with the observation in Sierra-Avila
(2015).
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Figure 2: FT-IR spectra of nanoporous carbon and cu-nanoparticles modified nanoporous carbon.
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3.3 Thermogravimetric Analysis of nC@CuNPs
The nC@CuNPs material was further subjected
to TG analysis. The thermogram of nC@CuNPs
shown in Figure 3 exhibits two major weight loss
events: The first with an onset degradation
temperature at about 300°C (about 24% loss)
possibly due to devolatilization arising from
degradation of some functional groups present
and the second at around 780 to 800°C (about
7.79% loss). No weight loss was observed prior
to these, indicating the anhydrous nature of the

material. Generally, a residual mass of 68.13%
was obtained up to a temperature of 999.4°C
indicating the material to be thermally stable.
This is consistent with literature where fixed
content of activated carbon of 67.60 to 75.61%
and onset degradation temperature range of
225.45 to 295.99 °C where reported for different
activated carbons from coconut shells (Sumaila et
al., 2022).
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Figure 3: TGA thermogram of cu-nanoparticles modified nanoporous carbon.

3.4 Heavy Metals Removal
Materials

The nanoporous carbon and modified materials
were firstly tested for their ability to remove
heavy metals (Cu and Pb) from polluted water
and the results are shown in Figure 4. The results
show that the modified material retained its

Efficiency of

capacity for removal of heavy metal as over
99.9% of the heavy metals (Cu and Pb) were
removed from the polluted water compared to the
unmodified materials. The efficiency of activated
carbon materials for heavy metals remediation is
well-known (Gupta et al., 2015).
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Figure 4: % Removal of Heavy metals by nC and nC@CuNPs.

3.5 Methylene Blue Removal Efficiency of
Materials

The nanoporous carbon and modified materials
were further analysed for their methylene blue
removal ability and the results are shown in
Figure 5. It can be observed that the contaminated
solutions that passed through both nC and

NnC@CuNPs materials show no UV-Visible
absorption for methylene blue indicating that
virtually all the contaminants had been removed
by the adsorbents. Thus the results equally show
that the modified again retained its capacity to
remove methylene blue from polluted solution.
This agrees with previous report (lzuagie et al,
2022a).

Original MB Solution

nC

nC@CulNPs

Absorbance

b

200

Waveleng‘th (nm)

Figure 5: % Removal of methylene blue by nC and nC@CuNPs.

3.6 Antimicrobial Studies

In a bid to determine their ability for removal of
microbial contaminants from waste water, the
materials (nC and nC@CuNPs) were equally

subjected to antimicrobial studies against E. coli
and Salmonella, which are both Enteric bacteria
and are common in polluted water especially in
developing countries. The results (see Table 1)
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indicate that the modified material, n"C@CuNPs
exhibited significantly higher inhabitation rate on
both organisms (E. coli and Salmonella) than the
unmodified nanoporous carbon. This is attributed
to the presence of the Cu-nanoparticles on the
modified carbon materials. Copper nanoparticles

https://doi.org/ 10.57233/ijsgs.v8i4.360

have been reported to show antimicrobial
properties (Ekthammathat, 2013; Betancourt-
Galindo et al., 2014 Verman & Bharadvaja,
2022). The activity of nC@CuNPs was however
less than the control (Gentamycin).

Table 1: Antimicrobial Activity of nC and nC@CuNPs materials

Inhibition Rate (%)

E. coli Salmonella
Nc 2.10 1.75
nC@CuNPs 86.34 73.49
Gentamycin (Positive control) 91.20 89.45

4.0 CONCLUSION

This study has successfully prepared a copper
nanoparticles-modified  nanoporous  carbon
material (NC@CuNPs), which showed an
improved ability as compared to the unmodified
carbon material (nC), to remove microbial
contaminants from waste water in addition to
removing both heavy metals and organic dyes
such as methylene blue. This improved ability of
nNC@CUuNPs has been attributed to the presence
of Cu-nanoparticles in the material. This result
has great implication for the provision of clean
water to the ever-increasing world population and
contributes towards meeting the UN SDGs.
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