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ABSTRACT

Oil spills contaminate water bodies and hence, cause the death of marine animals. The Niger Delta Oil contami-
nated water was treated by adsorption using sisal fibre activated carbon (SFAC) doped with silica nanoparticles
(SNP) synthesized from Ofada rice husk which was carbonized at temperatures 400 °C and 650 °C. The SNP was
synthesized at 600 °C (SNP-1) and 800 °C (SNP-2). The proportion in SFAC: SNP for both temperature values
was 4.8:0.2 with a basis of 5 grams of the adsorbent. The samples were characterized by SEM, BET analysis,
XRF and XRD. The adsorption equilibrium studies obeyed Langmuir adsorption isotherm; as the linear correla-
tion value was close to unity, with a separation factor of 0.004. SNP-1 shows amophous nature having Fe,O, and
SNP-2 shows crystalline nature which consist of quartz. SNP-2 was used for the study due to its high surface area
observed in the BET. High % removal efficiency of 99.84 was attained with silica nanoparticle (SNP-2) integrated

in sisal fiber activated carbon (SFAC carbonized at 400 °C).
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INTRODUCTION

Oil spills had been a regular occurrence for
about thirty years. It is one of the sources of pol-
lution in water bodies. In addition, the levels of
oil transport and weathering continues to rise due
to such factors as salinity, temperature and tides
[Doshi et al., 2018]. Statistics showed that the pe-
troleum industry in Nigeria had raised its rate of oil
spillage between 1976 and 2008 to around 80%.
However, the growth of petroleum activities inten-
sified oil spills and the consequent environmental
degradation [Egwu, 2012]. The 2010 Deepwater
Horizon oil spill brought approximately 4.9 mil-
lion barrels of petroleum into the Gulf of Mexico.
Various remedial techniques like chemical dispers-
ing agents, mechanical booms and skimmers have
been used to counter the risks of the leaked oil on
the setting [Nyankson et al., 2015].

On exploration, transportation and process-
ing of crude oil, the usage of its derivatives
causes a risk of spillage with the potential of
initiating significant environmental impact
[Ewida, 2014]. Oil spills and chemical leaks
occur regularly as oil production and marine
traffic expand. Previous studies revealed that
Europe suffered ten occurrences of petroleum
spills in four decades, while in a decade, Nigeria
witnessed 9,343 incidents [Kalejaiye, 2015].
This has made the nation one of the top five oil-
damaged places in the world [Anejionu et al.,
2015]. The pollution of water resulting from
such incidents have resulted in significant envi-
ronmental and ecological challenges and have
been a threat to the climate, human health and
national health [Liao and Wang, 2019].

The inefficient management of oil spills into
seawater is an issue of considerable concern

297



Journal of Ecological Engineering 2022, 23(9), 297-308

worldwide. Increasing understanding of eco-
logical and growing environmental policies
worldwide has spurred great interest in devel-
oping cost-effective and reliable strategies for
water-oil emulsions [Cambiella et al., 2006].
Contaminated water in the oil and gas indus-
try consists of intricate organic pollutants such
as radioactive substances, heavy metals and
other heavy inorganic oils [Ghimire and Wang,
2018]. In addition, gasoline, diesel, and lubri-
cating oils are products of petroleum refineries.
These products are integral to a nation’s eco-
nomic development. However, the waste water
from petroleum refinery contains many pollut-
ants, such as heavy metals, volatile phenols,
and polycyclic aromatic hydrocarbons [Abbas-
si and Livingstone, 2018]. For example, among
the natural compounds found in crude oil and
petrol industries are petroleum hydrocarbons
compounds which consists of benzene, toluene,
ethylbenzene and xylene [Mohammadi et al.,
2020]. These hydrocarbons are usually found
in surface and underground water due to the
activities in the industries, especially the pro-
cedure of handling of petrochemicals together
with the reservoir leakage. As a result, these
hydrocarbons are usually difficult to eliminate
in the course of regular wastewater treatment
processes [Pal et al., 2016; Wang et al., 2021].

Several mechanical, biological, and photo-
chemical methods have been used to remedy
this situation, Multiple methods, including a
range of filters, reverse osmosis, gravity isola-
tion, biological processes, chemical coagula-
tion, ultra-filtration, electro flotation, and ad-
vanced oxidation process, are available to treat
oil-contaminated water [Demirbas et al., 2017].
However, adsorption is the most frequently em-
ployed process among them [Burnstock, 2019].
Gupta and Tai (2016) found that in conjunc-
tion with being environmentally friendly, reus-
able, low density, and having excellent buoy-
ancy properties, most sorbents are durable and
chemically stable for handling spilt oil. For en-
vironmental applications, adsorption is an ef-
ficient technique, being considered one of the
most suitable means for wastewater manage-
ment. For environmental compatibility, green
adsorbents are generated using agro-industrial
waste as precursors. They are readily available,
cost-effective, biodegradable, and non-toxic,
making them suitable as sorbents in oil spill
response [Wolok et al., 2020]. Such precursors
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include sugarcane bagasse, palm kernel, rice
straw, coconut shell, corncob, rice husk etc.
However, a successful green adsorbent must
have the required adsorption properties with
the potential of regeneration [Rovani et al.,
2018]. While the natural fibre in several indus-
tries generates more than 50% of the waste oc-
cupying extensive sites, the farm and biological
waste fibre are still underutilized [Dungani et
al., 2015]. It will be necessary for the industry
to recycle these biomass and waste fibre such
as rice husk, flax, sisal fibre, jute etc. into, new
valuable products. They are activated carbon
(AC) precursors and, because of their low cost
(relative to commercial AC), accessibility and
recyclability, are a great substitute [Cao et al.,
2014]. The excellent adsorption efficiency of
carbonized bio-materials is due to their large
surface area and the high carbon content [Sil-
vani et al., 2017].

Sisal Fibre, which is a precursor for produc-
ing AC, is extracted from the leaves of Agave si-
salana. Itis an essential source of fibres for com-
posites due to its biodegradability, high tensile
strength and versatility [Hajeeth et al., 2015].
Its wide application is due to easy cultivation.
It is a high-cellulose fibre that contains both
hemicellulose and lignin. Thus, it is highly like-
ly to be used as a precursor for activated carbon
[Nuriyah and Muafiqie 2017]. Ofada rice husk,
on the other hand, is a by-product of the rice re-
fining process (of Nigerian origin), which is the
protective external shell of the rice grains. It is
readily available, as it is produced in a yearly
amount of about 120 million tons. They con-
tain about 3% crude protein, 20% silica, 21%
lignin, 21% hemicellulose, and 32% cellulose.
They can be considered useful adsorbents due
to their porous structure with plentiful floristic
fibres, water insolubility and chemical proper-
ties [Jaman et al., 2009]. Ofada rice husk can
be further processed into nano-silica for appli-
cation in adsorption by several techniques such
as the sol-gel method and the leaching and co-
precipitation method.

Studies have shown that single adsorbents
are not always sufficient alone in applica-
tions. Dawodu et al. (2020) used a feldspar-
banana peel biochar composite as a low-cost,
innovative adsorbent for removing crude oil
from an aqueous medium. The prepared ad-
sorbent brought forth a heterogeneous surface
that exhibited improved hydrophobicity and
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better adsorptive capacity for the adsorption
of crude oil. An experiment was conducted by
Malekmohammadi et al. (2016), who studied
and compared silica, activated carbon, and ze-
olite adsorbents in the removal of ammonium,
iron, COD, turbidity and phosphate pollutants.
It also investigated the effect of discharge on
the removal of contaminants. This experi-
ment showed that silica has a high potential
to extract adsorb iron and turbidity, reducing
the concentrations to allowable levels. Silica
also adsorbed ammonium, phosphorus, and
COD, but not to an unacceptable level. Zeolite
can adsorb ammonium and phosphate while re-
ducing them to an allowable amount. Howev-
er, its adsorptive capacity was relatively low
when it acted on iron and COD. Activated car-
bon significantly reduced turbidity, COD, and
other contaminants, not exceeding the maxi-
mum allowable drinking water amount.

It suggests that each adsorbent may elimi-
nate a particular form of pollutant. It also de-
picts the probable lapses for each of the ad-
sorbents while used separately, which now
encourages the combination of the adsorbents
for several applications. Thus, in this study,
sisal fibre would used as a precursor for mak-
ing AC and is doped with synthesized silica
nanoparticles from Ofada rice husk to treat the
oil-contaminated water effectively. The leach-
ing and co-precipitation method would be used
to synthesize nano-silica, as Ofada rice husk is
readily available for application. The efficiency
of the application of adsorption in the treatment
of contaminated water from the Niger Delta Oil
fields would be studied using the sisal fibre-
based AC alone and when doped with nano-
silica synthesized from Ofada rice husk.

MATERIALS AND METHODS

Materials

The precursors used in preparing the adsorbents
are sisal fibre and Ofada rice husk, both obtained
in Ogun state, Nigeria. Phosphoric acid (H,PO,) of
85% purity was used as an activating agent for pre-
paring the Sisal Fibre Activated Carbon (SFAC).
Distilled water was also utilized in washing the
activated carbon until it was neutral. Sodium Hy-
droxide (NaOH) from Fischer, with 98.8 % purity
and sulphuric acid (H,SO,) from Sigma Aldrich,
with 98 % purity were used in the synthesis of na-
no-silica from Ofada rice husk (RHA).

Preparation of sisal fibre
activated carbon (SFAC)

Sisal fibre was washed thoroughly with dis-
tilled water to remove impurities. The yarn was
then dried in an oven at 120 °C to remove the wa-
ter gained from washing. The washed fibre was
cut to 2-3 c¢cm in size and was wrapped tightly in
aluminium foil to be heated at 250 °C in the oven
until it was softer for grinding. The heated fibre was
ground using a mortar and a pestle before carbon-
izing the two samples in a muffle furnace at 400 °C
and 650 °C for 2 hours. Figure 1(a) shows a piece of
carbonized fibre. The carbonized sisal fibre (SFC-1
and SFC-2) was activated chemically by impregna-
tion with phosphoric acid (1 M H,PO,) in a ratio
of 3:1 (acid: precursor) for 24 hours. The produced
activated carbon was then washed repeatedly with
distilled water to remove the residual acid in the
sample, as shown in Figure 1(b). This was done un-
til there was an indication of a pH equal to 7. Then,
the sample was dried in a hot air oven. The first ac-
tivated carbon sample (SFAC-1) was prepared at

Figure 1. (a) Carbonized sisal fibre; (b) washing activating agent from carbon until neutral pH;
and (c) activated carbon dried in the oven after washing out residual acid
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400 °C while the second activated carbon (SFAC-2)
was prepared at 600 °C. The sample of the prepared
activated carbon is shown in Figure 1(c).

Synthesis of silica nanoparticles (SNP)

The silica nanoparticles were prepared with the
leaching and co-precipitation method [Jyoti et al.,
2021]. The Ofada rice husk obtained from a rice
mill was thoroughly washed to remove the contam-
inants present. It was then sun-dried for 12 hours
before being thoroughly pulverized in a grinder and
sieved to a size of 500 um. The pulverized Ofada
rice husk was divided into two samples; one was
burnt at 600 °C for 4 hours and the other at 800 °C
for 4 hours. The rice husk burnt at 600 °C is RHA-1,
while the rice husk burnt at 800 °C is RHA-2. A pic-
torial representation of the burnt rice husk is shown
in Figure 2(a). Burning the rice husk gave rise to
the production of rice husk ash, RHA-1 and RHA-
2. The sample was mixed with sodium hydroxide
(1 M NaOH) and subjected to stirring at a constant
speed at 80 °C for 2 hours, as shown in Figure 2(b).
In the step mentioned above, the silica content in
the rice husk ash was extracted with sodium hy-
droxide, yielding sodium silicate by filtration, as
shown in Figure 2(c). Silica gel was obtained when
the sodium silicate was further treated with sulfuric
acid (1 M H,SO,) in Figure 2(d). This was carried

Rice Husk Ash (RHA)

stirring at 80°C

Nanosilica (obtained from

out by a dropwise addition of 1 M H,SO, to the
sodium silicate with constant stirring at 50 °C. With
the dropwise addition, the pH was monitored, and
the formation of silica gel (see Figures 2 (e and 1))
was observed at a pH of 8. The yield of silica gel
was then dried for 2 hours at 200 °C in the oven
to obtain silica nanoparticles. The silica obtained at
600 °C from RHA-1 is SNP-1, while the other ob-
tained at 800 °C from RHA-2 is SNP-2. The silica
nanoparticles are shown in Figure 2(g).

Si0y(s)(inash) + 2NaOH(,q) —

(1)
g Na2 Si03(l) + HZO

Naz 5103(]) + ZHCI(aq) -

@
- SIOZ(S) + 2NaCl(aq) + HZO(aq)

Experimental batch study

A basis of 5 grams of adsorbent per 100 ml of
wastewater was used for the sorption experiment.
The adsorbent applied was SFAC doped with the
two SNP in in the same proportions of 4.8:2 and
only SFAC at 5:0. The wastewater was analyzed
for the attainment of heavy metal concentrations.
A hot plate magnetic stirrer was used for the ad-
sorptive study with a contact time of 30, 60, 90

RHA + Sodium Hydroxide (NaOH)

.
. w,

Sodium Silicate Sodium Silicate + H,SO, stirring and

progressively forming silica gel

drying the silica gel) Silica gel

Figure 2. (a) Rice husk ash; (b) rice husk ash + NaOH stirring at 80 °C; (c) sodium silicate obtained as
filtrate from the stirred mixture; (d) sodium silicate + H,SO, stirring and progressively forming silica gel;
(e) formation of silica gel; (f) silica gel; and (g) nano-silica obtained by drying the silica gel in the oven

Formation of Silica gel
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and 120 minutes for each run. The adsorption ca-
pacity was measured using the equation 3:

Vi (Co — Ce)

qe = M (€)

where: g, is the adsorption capacity;
V is the solution volume;
M is the mass of adsorbent;
Co and Cp are the initial and equilibrium
adsorbate concentrations, respectively.

Adsorption isotherm

The Langmuir and Freundlich isotherms were
applicable in investigating the behavior of the ad-
sorption, as they provide some insight into the
underlying adsorption mechanism and the affinity
of the sorbent for the solute [Chowdhury et al.,
2011]. The Langmuir and Freundlich isotherms
are expressed in equations (4) and (5) respectively

Ce_ 1, C
de QmKL dm

“4)

where: Ceistheequilibriumconcentrationofsolute;
ge is the amount of solute adsorbed per
unit weight of adsorbent;
K, is the adsorption capacity, or a mono-
layer capacity, and qp, is a constant.
The K}, can be used to calculate the sepa-
ration factor, R;, which shows the extent to
which the adsorption process is favorable

Log q. = Log Kz + 1/n logC, Q)

where: Kr and 1/n are the constant characteris-
tics of the system, the adsorption capacity
and the adsorption intensity respectively.

The percentage removal efficiency (RE) was
calculated using equation 6.

C,—C
%RE = ‘Tf x 100 (6)

4

Table 1. BET surface area of the SFAC samples

RESULTS AND DISCUSSION

BET surface area and yield

The BET surface area of the SFAC and SNP
samples was calculated using a N, adsorption-
desorption isotherm at 77 K with a Micromer-
itics ASAP-2020 surface analyzer. Table 1
shows that a higher BET surface area was ob-
tained when sisal fibre was carbonized at 650
°C as against 400 °C. This indicates a linear
relationship between the BET surface area and
the carbonization temperature. Dizbay-Onat et
al. (2017) [29] also drew the same conclusions
when the sisal waste activated carbon samples
were prepared. The BET surface area increased
from 1075.3 m?/g to 1245.3 m%*g with an in-
crease in carbonization temperature from 550 °C
to 650 °C. The total pore volume (in Table 4.1)
has also depicted a linear relationship with the
carbonization temperature of the SFAC samples.
Burning the samples at higher temperatures will
give room for the release of volatile matter, al-
lowing the development of pores on the surface
of the adsorbent.

According to Table 2 for the SNP samples,
as the calcination temperature increased, total
pore volume and BET surface area decreased.
This clearly shows that increasing the calcina-
tion temperature reduced the pore volume, spe-
cific surface area, and porosity of the silica sam-
ples. However, from observation, increasing
the calcination temperature increased the de-
gree of crystallization of silica nanoparticles.
The average pore diameter results have also
shown that the mesoporous silica nanoparticles
were synthesized from the Ofada rice husk. As
a result of their high porosities, large surface
areas, tunable pores and structural strength,
mesopores are more efficient than macropores
and micropores.

Sample BET surface area, m?/g Total pore volume, cm®/g Average pore diameter, nm
SFAC-1 980.260 0.5642 3.1672
SFAC-2 1230.250 0.6354 3.2454

Table 2. BET Surface Area for the Silica samples

Sample BET surface area, m?/g Total pore volume, cm®/g Average pore diameter, nm
SNP-2 440.50 0.6044 3.2535
SNP-1 340.650 0.6020 3.1525
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X-ray fluorescence

The elemental analysis was accessed by
X-ray fluorescence to determine the inorganic
chemical composition of the samples, as shown
in Tables 3 and 4. From these results, the silica
content in the RHA samples and the purity of
the silica samples were deduced. In Table 4.4,
twelve compounds/elements were detected in
the sample. RHA-1 and RHA-2 have shown the
silica content up to 73.2% and 95.2%, respec-
tively. This outcome can be attributed to the cal-
cination temperature of the rice husk. Burning
the rice husk at a higher temperature gave room
for the loss of impurities in the sample, which
maximized the silica content in the sample.

In the results from the XRF analysis, a higher
percentage purity of silica was detected in SNP-1
(97.3%) compared to SNP-2 (94.5%). The XRD
results for the silica samples have shown the crys-
talline phase (quartz) in SNP-1 and the presence of
amorphous silica in SNP-2. From the experimental

Table 3. XRF for the rice husk ash samples, RHA-1
and RHA-2

Compounds (%) RHA-1 (%) RHA-2 (%)
Sio, 73.2 95.2
ALO, 3.25 0.24
Fe,O, 1.75 0.12
MnO 0.67 0.05
CaO 4.35 0.80
PO, 8.75 0.72
K,O 5.35 1.50
TiO, 0.25 0.01
MgO 0.3 0.45
Na,O 0.03 0.03
SO, 0.15 0.1

Others <2.00 <0.8

Table 4. XRF for the silica samples, SNP-1 and SNP-2

Compounds/Elements SNP-1 (%) SNP-2 (%)

Sio, 97.3 94.5
ALO, 0.5 0.24
Fe,O, 0.4 0.31
MnO 0.28 0.35
CaO 0.03 0.80
P,O, 0.2 0.72
K,0 0.4 0.95
TiO, 0.25 0.31
MgO 0.3 1.60
Na,0 0.34 0.22
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procedure of synthesizing the silica nanoparticles,
the rice husk ash (RHA-1 and RHA-2) from cal-
cination was treated with sodium hydroxide to
extract the silica in the form of sodium silicate.
Therefore, the efficiency of this process is deter-
mined by the solubility of the silica in the alka-
line medium. Amorphous silica is more soluble in
alkaline media than crystalline silica, as its mol-
ecules are less tightly packed than the latter. This
can also be subject to mass loss in the sample from
burning at a higher temperature. On attaining the
crystalline silica, stronger bonds are gained that
aid the formation of coarse masses of silica and
reduce its solubility in an alkaline medium.

X-ray diffraction

The XRD patterns of the SNP-1 and SNP-2 are
shown in Figure 3, which depicted the amophous
nature of SNP-1 having Fe O, and the crystal-
line nature of SNP-2, mainly as quartz. The XRD
patterns of SNP-1 show broad diffraction with a
maximum intensity of around 22 °C, indicating
the presence of amorphous silica in the sample.
It further shows a characteristices broad band of
ferrihydrate with d-value of 2.0 which is weak
in Fe,O, with a predominate proportion of Fe. A
slight peaks were further developed in a budding
with weak crystallization process. For SNP-2,
the intense peaks of diffraction were shown with
maximum intensity up to 5000, marking the preva-
lence of crystalline silica in the sample. This could
be credited to calcining the Ofada rice husk at a
higher temperature of 800 °C. However, with the
crystalline phase, quartz in SNP-2, there is also an
indication of magnesium oxide (MgO) at lower
intensities. The prevalence of crystalline silica in
the quartz form can also be accredited to the high
surface area observed in BET (Table 2). Hence,
only SNP-2 will be considered for further adsop-
tion experiment because it is envisage that there
would be diffusion at the interface between the
nanoparticle and the metal ions. SPN-2 depicted
high surface area high average pore diameter.

Scanning electron microscopy of SNP

The surface morphology and the porous
structure of the synthesized silica nanoparticles
are depicted in Figures 4a and 4b. Figure 4a rep-
resent 0.2 g silica nanoparticle (SNP-1) at 600 °C
while Figure 4b shows 0.2 g silica nanoparticle
(SNP-2) at 800 °C. The SEM images exhibited
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Figure 3. XRD Patterns for (a) SNP-1; and (b) SNP-2

different sizes of spherical particles with 0.2 g at
800 °C, showing smaller spherical particles. Both
images displayed a favored size distribution and
monodispersity, which contribute a crucial role in
the formation of nanometer-scaled roughness [e]
for the synthesis of silica nanoparticle from rice
husk. The configuration of silica spheres forms
several interspaces or cavities amid each sphere,
which can roughen the surface of the rice husk
in nanometer-scale [e]. In addition, SNP-1 shown
in Figure 4a, the sphericity of the particles very

visible. For SNP-2, the accumulation of silica
nanoparticles was established, thus developing
larger coarse particles. This is attributed to cal-
cining the Ofada rice husk at a higher tempera-
ture (800 °C over 600 °C) which aided the full
development of the particles to coarse granular
masses. This is confirmation of the XRD parttern
observed in Figure 3b. Azmi et al. (2016) [30]
confirmed this when they characterized silica de-
rived from rice husk. Again, for this reason, only
SNP-2 will be considered for further experiment.
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Figure 4. SEM micrograph of silica nanoparticle (a) SNP-1 and (b) SNP-2

303



Journal of Ecological Engineering 2022, 23(9), 297-308

Scanning electron microscopy (SEM)
of activated carbon composite

In the same vein, the surface morphology
of sisal fiber activated carbon (SFAC) at dif-
ferent carbonization temperature and its com-
posites with silica nanoparticle are depicted in
Figures 4a, 4b, 4c, and 4d. All images in Fig-
ure 4 show a non-uniformity in the surface of
the sample, with Figures 4a and 4b showing
very little spherical particles. Some fibre-like
strands are also observed in Figure 4a which
was the sisal fiber carbonized at 400 °C, even
whitish in color, indicating the ash content in
the Figure. While the sisal fiber carbonized at
650 °C (Figure 4b) does not show a fiber-like
strand nature; it shows more of ash content.
The morphology in Figures 4c and 4d changed
such that there was very little observable spheri-
cal particle in Figure 4c and no observable
spherical particles in the samples in Figure 4d.
With this, it is obvious there was an increase
in surface area as a result of integrating silica

nanoparticle synthesized at higher temperature
(800 °C) in the sisal fiber activated carbon. The
increase in the surface area can be attributted to
the to the high surface area observed in BET (Ta-
ble 2), which will favour the adsorption process.
Hence, for this study only the SNP-2 synthesized
at higher temperature will be considered because
it is expected that there would be diffusion at the
interface amid the sisal fiber activated carbon
(SFAC) with the integration of SNP-2 and the
metal ion [Horsfall and Spiff, 2005].

Effect of carbonization temperature on the
SFAC/SFAC-SNP adsorbent for adsorption

The effect of carbonization temperature on
the SFAC/SFAC-SNP adsorbent was studied us-
ing a basis of 5 grams of adsorbent for SFAC
alone and 4.8 g:0.2 g of SFAC/SNP at differ-
ent carbonization temperature (see Figure 6).
It was observed from the results that the per-
centage removal efficiency of all the samples
increase along with time. It was also observed

20KV; Mag x6000; 10MM; NTF; OMM; LJ; 100u

Figure 5. SEM micrograph of (a) sisal fiber activated carbon (SFAC; carbonized at 400 °C);
(b) sisal fiber activated carbon (SFAC; carbonized at 650 °C); (c) SFAC
carbonized at 650 °C-SNP-1; (c) SFAC carbonized at 400 °C -SNP-2
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Figure 6. Removal Efficiency against time for SFAC/SFAC-SNP-2 adsorbent

that the silica nanoparticle (SNP-2) integrated
in sisal fiber asctivated carbon (SFAC car-
bonized at 400 °C) gave the highest percent-
age removal efficiency at 120 min. This is at-
tributed to the high surface areca of the SNP-2
obtained from the BET analysis in Table 2.
This result is in accordance with the theory of
adsorption, which says that adsorption decreases
with an upsurge in temperature and molecules
initially adsorbed on a surface have the tendency
to desorb from the surface at elevated tempera-
tures [Zhang et al., 2012; Sanchez et al., 2021].

Batch adsorption studies

The concentration of observed in the waster-
water when analyzed in shown in Table 5, while
the final concentration is shown in Table 6. It was
found the concentration of Cr decreases with in-
cease in time of adsorption while the concentra-
tion of other metals found in the wastewater were
completely removed. Hence, the adsorption study
will only be based on chromium.

The adsorption process was studied with
the Freundlich and Langmuir isotherms to
check which data best fits. This inference was
made from R? value from the graphs. For the
Langmuir isotherm, a plot of Ce/qe against Ce
to obtain a slope as 1/qp; and an intercept of
1/qmKi. The Freundlich isotherm shows the
plot of Log g against Log C, to obtain a slope
of 1/n and an intercept of Log Kr. From Fig-
ure 7, the slope of the graph is 24.647 and q,
was calculated as 0.0406. From the intercept,
the Langmuir constant, K; was calculated as
101.6111. The separation factor Ry, was calcu-
lated to infer the affinity of the adsorbent for
the adsorbate, which is 0.004. Because the Rj,
value is less than one, it indicates that the ad-
sorption of the metals unto the SFAC/SNP ad-
sorbent is favorable. From Figure 8, the inter-
cept of the graph, -1.2893, was used to obtain
the value of Kr as 0.0514, the value of n was
also calculated from the slope of the graph as
6.274. Because the value of n is more signifi-
cant than one, it demonstrates good adsorption

Table 5. Initial Concentration of metal ions in the wastewater

Metal ion Cr Pb As Mn Cd Ni
Concentrations (mg/L) 2.21 0.030 0.0001 0.022 0.002 0.01
Table 6. Removal concentration of metal ions in the wastewater at different time of adsorption process
Metal ion Cr Pb As Mn Cd Ni
30 min (0.034) 30 min (0) 30 min (0) 30 min (0) 30 min (0) 30 min (0)
Concentrations | 60 min (0.034) 60 min (0) 60 min (0) 60 min (0) 60 min (0) 60 min (0)
(mg/L) 90 min (0.007) 90 min (0) 90 min (0) 90 min (0) 90 min (0) 90 min (0)
120 min (0.002) | 120 min (0) 120 min (0) 120 min (0) 120 min (0) 120 min (0)
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Figure 8. Langmuir Isotherm Model

through a physical process. This also indicates
a weak adsorbate-adsorbent interaction, which
may result from the distribution of surface sites
on the adsorbent. The correlation coefficient
(R?) values of Figure 8 have indicated- that the
data best fits the Langmuir isotherm model,
showing an R? value of 0.9649 for the removal
of hydrocarbon adsorption to the surface SFAC
or SFAC/SNP.

CONCLUSIONS

This study showed that the silica sample
synthesized at a calcination temperature of 600
°C was amorphous while silica synthesized at a
calcination temperature of 800 °C was crystal-
line. It was also observed that the amorphous
silica synthesized at 600 °C has a lesser purity
than the crystalline silica obtained at 800 °C,
which was 94.5% and 97.3% respectively. Si-
sal Fibre Activated Carbon (SFAC) and SFAC-
SNP-2 exhibited a high surface area, making it
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a good adsorbent at carbonization temperature
of 400 °C. The Sisal Fibre Activated Carbon
doped with silica nanoparticles has been proven
a suitable adsorbent for treating oil-contaminat-
ed water. The process was found more effective
for the removal of chromium. In addition, other
metals found in the wastewater were completely
adsorbed. The adsorption process fits the Lang-
muir isotherm model, which shows that the ad-
sorption is favorable, with a separation factor of
0.004. Thus, it has been recommended that silica
nanoparticles be doped with sisal fibre activated
carbon for the effective treatment of oil-contam-
inated water from Niger Delta Fields, as there
was an observable decrease in pollutant concen-
tration on the application of as little as 0.2 grams
of silica nanoparticles.
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