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Abstract: Water pollution by contaminants such as toxic metals and dyes is now a major concern
due to their high toxicity and persistence in the environment. Advances in nanotechnology have
enabled the use of micro/nanomaterials to treat and purify water in various industries. In this study,
Bijoypur clay was modified with ethyldiamine and incorporated into an okra fiber (Abelmoschus
esculentus) micro-cellulose crystal (MCC) to produce a composite that could absorb copper (Cu),
nickel (Ni), and dyes like basic yellow (II) from industrial wastewater. Composites were prepared
using different percentages of MCC and clay. Atomic absorption spectroscopy (AAS) was used to
determine the concentrations of Cu and Ni whereas a UV–Visible spectrophotometer measured the
absorbance of basic yellow (II). The synthesized composites were extensively characterized using
a range of techniques including thermogravimetry (TG) and differential thermogravimetry (DTG),
Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and X-ray
diffraction (XRD). Results show that both the MCC and clay could absorb Cu, Ni, and basic yellow (II)
from the contaminated wastewater. The MCC and clay composite showed the maximum efficiency of
metals removal, which was up to 95% (24 mg/g) for Cu at pH 6, 20 min contact time, 2 g/L adsorbent
dose, and 100% (31 mg/g) for Ni at pH 8, 60 min contact time, and 2 g/L adsorbent dose, respectively,
at the initial concentration of 50 mg/L. The maximum dye uptake capacity of 85% (19 mg/g) was
observed by the MCC and clay composite under optimized conditions at the initial concentration of
50 mg/L, pH 8, 30 min contact time, and 1 g/L adsorbent dose compared to the pure clay, which had
an efficiency up to 26% for Cu and 24% for dye removal. All of the results indicate that incorporating
clay into MCC increases the absorption capacity of contaminants from wastewater, which could be
more effective for environmental applications compared to untreated cellulose.

Keywords: micro-cellulose; pollutants; dye; clay; micro-composite; remediation; wastewater

1. Introduction

Water is one of the world’s most precious natural resources. Only 1% of the planet’s
water is easily accessible drinking water [1]. The deficiency in water quality is of growing
global concern in the twenty-first century [2,3]. The environment, aquatic life, animals,
and humans are in serious trouble due to water being contaminated by heavy metals [4,5].
Unregulated industrialization and urbanization have created a severe threat to water
bodies worldwide [6], and hence it is very important to remove heavy metal ions from
polluted water [7–9]. However, Bangladesh is a developing country where its safe drinking
water resources are diminishing day by day. The surface water of Dhaka, the capital city
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of Bangladesh, and those of other metro cities has become highly polluted due to the
unsystematic discharge of raw waste containing potentially toxic metals and dyes from
textiles, tanneries [10], pesticides, fertilizers, municipalities, and other industries [11]. A
large population, poor drainage system, and urban encroachment are all making the water
pollution worse [12].

The current WHO tolerance levels of copper (Cu) and nickel (Ni) in groundwater
are 2.0 mg/L and 0.07 mg/L, whereas in Bangladesh, the drinking water guidelines are
1.0 mg/L and 0.1 mg/L, respectively [13,14]. Thus, there is a high demand to clean up Cu,
Ni and dye-enriched water sources to below the recommended values.

Some techniques such as adsorption, chemical precipitation, ion exchange, conven-
tional coagulation, reverse osmosis, electro dialysis, and electrolysis can remove water
containing dissolved materials such as hydrogen sulfide, parasites, bacteria, lead nitrate,
non-dissolved particulate matter, and other micropollutants from water and industrial
wastewater [15,16]. Due to its simplicity and cost efficiency, adsorption holds consid-
erable promise among the many technologies available for the removal of heavy metal
ions from aqueous solutions [17–21]. However, most adsorbents such as activated carbons,
biochars [22,23], clays [24], and zeolites [25] show weak binding affinities toward metal ions.
High efficiency can be achieved by introducing complex functional groups that improve
the metal uptake capacity into these porous materials [26–29]. Although there are some
restrictions because of its agglomeration nature, micro-cellulose has a high surface area and
a great capacity to purify water. By converting micro-materials to micro-composites, this
agglomeration of micro-cellulose can be reduced.

Both from a scientific point of view and from the perspective of developing novel
structural and functional macroscopic materials, renewable resource-based micro-materials
are currently garnering a lot of interest [30,31]. Cellulose is the most abundant natural
macromolecule, and can be derived from plants, animals, and even marine organisms
on Earth [32]. Roughly 15–30% of the dry mass in the primary cell wall and more than
40% in the secondary cell wall of plants is cellulose [33]. Thus, many investigations have
concentrated on the top–down isolation of nanocellulose from abundant green resources
including various species of wood [34], pea hull [35], bamboo [36], sisal [37], soy hulls [38],
branch-barks of mulberry [39], cotton [40], pineapple leaf [35], hemp [41], coconut husk [42],
banana rachis [43], okra [44], sugar beet [45], rice straw [46], oat straw, wheat straw [38],
corn straw [47], needles grass [48], and so on. MCC are rod-like nanoparticles, and depend-
ing on the preparation route and origin of the cellulose, they vary in length between 100
and 2000 µm, having diameters ranging between 1 and 10 µm [49]. Strong acid hydrolysis
is well-known for isolating micro-cellulose from cellulose, which removes the amorphous
regions of cellulose fiber and produces micro-size fibrils [50]. Sulfuric acid reacts with the
cellulose surface hydroxyl groups to form sulfate half-esters, which leads to negatively
charged, and thus electrostatically stabilized, MCC particles [49]. For the selective removal
of contaminants from industrial and drinking water, micro-cellulose is a very promising
material for high-performance membranes and filters because of its chemical inertness,
high strength, hydrophilic surface chemistry, and excessive surface area.

A considerable amount of information is available in the literature [51,52] on organo-
clays, natural sediments and aquifer materials, soils, montmorillonite, and kaolinite as
adsorbents of various organic substances. There are three basic types of clays: kaolinite,
smectites (e.g., montmorillonite), and micas (e.g., illite) [53]. A huge reserve of white
clay exists in Bijoypur, in the Netrokona District in Bangladesh, which is kaolinite in
nature [54]. Chemically, kaolinite is a 1:1 layer sheet structured hydrated aluminum silicate
with a very fine particle size with single a silicon–oxygen (Si–O) tetrahedral layer and a
single alumina [Al2O3] octahedral layer (or expressed in another way, [Si2O5]2− sheet and
[Al2(OH)4]2+ sheet) with pseudo-hexagonal symmetry, bonded together through sharing
of apical oxygen that exists alternately. Its theoretical formula is Si2Al2O5(OH)4 (other
formulas are Al2O3·2SiO2·2H2O and Al2O7Si2·2H2O), which has a molecular weight of
258.16 g/mol [55,56]. Clay minerals are universal in nature and they have been used



Reactions 2023, 4 344

extensively as sorbents, catalysts, and catalyst supports [57,58]. They have been tested for
the selective removal of organic and inorganic pollutants from aqueous media [59] because
they have a high sorption capacity, localized acidity, shape specificity, restricted movement
of water molecules, etc. [60]. To attain magnetic nanoparticles, clay minerals can be used
as a matrix because of its unique physicochemical properties and high cation exchange
capability including large chemically active surface area, mechanical and thermal stability,
and unusual interlamellar surfaces [61–63].

Preference has been given to polymer–clay micro-composites for water purification
purposes. The objective of this study was to evaluate the effectiveness of a MCC and clay
composite to enhance the quality of contaminated water by removing Cu, Ni, and dye. The
specific aims of this work were to find a solution to the water pollution problem by using
agricultural waste to make this cost effective. For this end, a range of techniques includ-
ing thermogravimetry (TG) and differential thermogravimetry (DTG), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and X-ray diffraction
(XRD) were applied to characterize the synthesized composites, specifically to determine
the potential of the composite materials. This cost-effective treatment process can be de-
ployed instead of conventional or costly methods as it is environmentally friendly and
economically feasible.

2. Experimental
2.1. Reagents

All stock solutions were prepared from the analytical grade reagent (AR). Freshly prepared
deionized distilled water was used in all of the experiments. Acetic acid (CH3COOH) and
sulfuric acid (H2SO4) were obtained from BDH England, while sodium acetate (CH3COONa),
basic yellow (II), ethyldiamine [C2H4(NH2)2], sodium hydroxide (NaOH), and sodium
chlorite (NaClO2) were also sourced from BDH England.

2.2. Preparation of MCC

A total of 20 gm okra fiber was scoured for 2 h in a solution containing 5 gm L−1

detergent in a 2 L beaker. The ratio of the fiber to solution was 1:50 during scouring. Finally,
the fiber was thoroughly washed with distilled water several times and dried at 80–90 ◦C
in an electric oven [64]. The fibers were treated in a 17.5% NaOH solution (fiber:NaOH
solution = 1:15) at room temperature for 2 h [37], followed by washing continuously with
deionized water and kept dry at 105 ◦C in an electric oven [64]. The alkali-treated fiber
was dipped into the 0.7% NaClO2 in 250 mL deionized water at 90 ◦C for 2 h at pH 4,
which was neutralized with a 5% acetic acid solution. This was followed by washing
with deionized water and drying at 100 ◦C for 6 h [65]. The acid hydrolysis was carried
out using a (60 wt.%) H2SO4 solution (fiber:liquor = 1:10 to obtain the maximum amount
yield) at 45 ◦C under continuous stirring conditions [66]. After 50 min, it was centrifuged
at 4000 rpm [67] for 40 min. The solid fraction was washed by distilled water until a
constant pH 7.0 was obtained [37,68]. Figure 1 represents the preparation of MCC from
okra cellulose.

2.2.1. Collection and Modification of Clay

The clay sample collected from Bijoypur mainly belongs to the kaolinite type of clay
with small amounts of quartz and trace amounts of illite and chlorite. Bijoypur clay was
treated with 5% ethyldiamine (to make the clay rough enough to adsorb metal ions) for 24 h
to remove the organic materials and increase the hydrophobicity of the clay [69]. Afterward,
the solution clay was oven dried at 105 ◦C and preserved in a desiccator.

2.2.2. Preparation of Composite

The clay and MCC were dispersed or diluted with alcohol and mixed as different ratios
at 100, 90, 80, 70, and 60 wt. % (clay/micro-cellulose). The mixture was homogenized using
a process homogenizer for 1 h and then stirred for 1 day using a magnetic stirrer at room
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temperature and filtered. The filtered MCC–clay sheet was put into a column resemble
mold for 2 days at room temperature [70]. The dried sheet was pressed by hand for 10 min.
Then, the prepared MCC–clay composite was transferred into a filtration column, as shown
in Figure 2.
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2.2.3. Sample Preparation

Five types of columns (Table 1) were prepared by mixing different ratios to clay and
micro-cellulose in order to test the metal and dye removal efficacy from the wastewater.

Table 1. Composition of the column, clay, and micro-cellulose.

No. of Column % of Clay % of Micro-Cellulose Filtering Time (h)

Column 1 100 0 1
Column 2 90 10 1.5
Column 3 80 20 2
Column 4 70 30 2.5
Column 5 60 40 3

2.3. Characterization
2.3.1. Thermogravimetric Analysis (TGA)

Thermogravimetry (TG) and differential thermogravimetry (DTG) techniques were
employed to analyze the thermal stability of okra fibers. Analysis of the okra fiber was
conducted using a thermogravimetric analyzer (Seiko, Tokyo, Japan, Model: Seiko Extar
TG/ DTSA-6300) to measure the weight loss of a sample as a function of temperature. In
the TGA set-up, the fiber was heated at 20 ◦C/min. For all of the TGA experiments, 5 mg
of fiber, a peak heating temperature of 600 ◦C, 10 min holding time, and N2 gas flow rate
100 mL/min were used.

2.3.2. FTIR Spectroscopy

The FTIR measurements were carried out on a Shimadzu IR Prestige-21 Fourier
Transform Infrared Spectrometer (Kyoto, Japan) to establish the functional group of the
okra fiber and modified fiber with MCC. These samples were analyzed using solid-state
Fourier transform infrared (FTIR) spectroscopy analysis on a Spectrum by a spectrometer.
This was armed with a universal attenuated total reflection (ATR) sampling accessory and
a scan range of 400−4000 cm−1.

2.3.3. SEM Analysis

Morphological analysis of the surface of the produced MCC–clay composites, okra
fiber, and clay was conducted using a JSM-6490 F model SEM machine manufactured by
JEOL (Peabody, MA, USA).

2.3.4. XRD Analysis

XRD analysis of the pure fibers, clay, and composites was undertaken to find the
crystallinity, which was carried out at room temperature with a D-8 ADVANCE Bruker
diffractometer operating at 40 kV and 30 mA, using radiation (λ = 0.1546 nm) in a 2θ range
of 5–35◦ at a scan rate of 4◦ min−1. The crystallinity (Xc) values of these specimens were
estimated from these X-ray diffraction measurements using Equation (1) [71]:

Xc(%) = 100 × Sc

Sa + Sc
(1)

where Sc and Sa are the crystalline and amorphous diffraction peak areas, respectively. The
percentage of crystallinity (Xc) was calculated by a paper-cutting method using the paper weight
of the respective areas, which is described in the Supplementary Materials (Figure S1) [71].

2.3.5. Metal Analysis by AAS

The Cu and Ni contents of the samples were analyzed by the atomic absorption
spectrophotometric (Model-SpectrAA-220, Varian, Belrose, NSW, Australia) method [72].
First, the calibration curve was established using the working standard solutions from
different concentrations of the certified reference material (CRM). The Cu and Ni contents
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were measured using a direct flame method (air acetylene) at the wavelength of 327.4 and
232.0 nm, respectively. The efficiency of the okra MCC and clay composite for removing
Cu+2 and Ni+2 from aqueous solutions was calculated quantitatively via Equation (2):

Removal e f f iciency (%) = 100 ×
Ci − C f

Ci
(2)

where Ci is the initial metal ion concentration (mg/L) and Cf is the final (residual) metal
ion concentration (mg/L). All determinations of Cu+2 and Ni+2 ions in the solution were
carried out in triplicate.

2.3.6. Dye Absorbance Analysis by UV–Vis Spectrophotometer

UV analysis was carried out by a Shimadzu UV-1601 PC UV–Visible double beam
spectrophotometer at a 190–1100 nm wavelength range. This served to find the absorbance
capacity of the dye.

3. Result and Discussion
3.1. Okra Fiber and MCC Analysis
3.1.1. Thermogravimetric Analysis

Differential thermal analysis or DTA shows the phase change or melting point of a
component. Figure 3 shows that the thermal degradation of MCC was greater than that
of the raw fiber. This was due to the micro size and the larger number of the free end of
the chain of MCC, which decomposes at a lower temperature. Sulfuric acid facilitates the
decomposition of cellulose by removing some of the –OH groups either by direct analysis
or esterification [44]. Thermogravimetric analysis or TG% shows the change in mass over
time. Pure cellulose has less TG% than raw okra fiber. Raw fiber has more mass change
due to having more of the other constituents such as lignin, hemicellulose, and other non-
cellulosic materials. The TG curve of okra fibers shows three weight loss steps, whilst their
decomposition occurs in two main stages. The initial weight loss (6%) observed between 30
and 110 ◦C can be attributed to the vaporization of water from the fibers, while the onset
degradation for the okra fibers occurred at a higher temperature, precisely after 250 ◦C.
Above this temperature, it can be seen that the thermal stability gradually decreased, and
degradation of the okra fibers occurred [44].

The first stage (250–310 ◦C) is associated with the thermal depolymerization of hemi-
cellulose, pectin, and the cleavage of glycosidic linkages of cellulose, while the second one
occurs in the range 310–390 ◦C and corresponds to the degradation of a-cellulose present
in the fiber (weight loss 64.6%) [73]. Generally, the decomposition of lignin, due to its
complex structure, occurs slowly within the whole temperature range. In fact, the lignin
is composed of aromatic rings with various branches [74]. In MCC, all the hemicellulose,
lignin, pectin materials are removed, leaving behind only cellulose, which shows a drastic
change in weight loss at the initial stage [75]. Raw okra fiber has lignin, hemicellulose, and
other non-cellulosic materials that show moisture loss in a wider range of temperature,
while purified cellulose (Figure 3) is involved in relatively uniform sorptive forces, causing
the loss of moisture within a narrow temperature change. In the case of MCC, sulfuric acid
behaves as a dehydrating agent and sulfated groups reduce the affinity toward moisture
absorption. The small quantity of moisture absorbed on the surface on MCC, and at a much
lower temperature, it evaporated off from the surface [44].

3.1.2. FTIR of Different Okra Fiber

The peaks in the region 3600–3100 cm−1 corresponded to the characteristic O–H
stretching vibration and hydrogen bond of the hydroxyl groups, which were observed in
all spectra [76]. A vibration at 2980 cm−1 associated with C–H stretching vibrations was
only found in the MCC spectra, which was for crystalline cellulose [77]. The shoulder,
centered at 1602.85 cm−1 in the spectrum of raw okra fiber, can be attributed to the C=O
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stretching of the acetyl and uronic ester groups of hemicellulose or the ester linkage of the
carboxylic group of the ferulic and p-coumaric acids of lignin and/or hemicellulose [38,78],
which disappeared after alkali treatment and bleaching (Figure 4). The peaks in the region
between 1650 cm−1 and 1630 cm−1 were attributed to the adsorbed water [79]. The peaks of
raw okra fiber at 1580 cm−1 were assigned to the skeleton vibration of C=C at an aromatic
ring of lignin, which disappeared in the alkali-treated and bleached fiber, indicating the
removal of lignin after chemical treatment [80]. The C=C stretching from the aromatic
ring of the lignin showed peaks at 1508 cm−1 and C–O–C (aryl-alkyl ether) at 1247 cm−1

in the spectra of the raw fiber and alkali-treated fiber. These two peaks decreased in the
spectrum of the fibers after bleaching [78,81], which strongly suggests that bleaching is an
effective way to remove lignin. In the spectrum of cellulose whiskers, no difference was
found compared with that of the extracted cellulose.

Thus, in the case of hydrolysis, the molecular structure of cellulose did not change [35,39].
Another two peaks around 1060 cm−1 and 895 cm−1 were found in all of the spectra
and were associated with the C–O stretching and C–H rocking vibrations, which means
that cellulose was present [38]. In all of the spectra, we saw no change in the cellulose
composition, which means that no chemical change occurred during various chemical
treatments for cellulose. In fact, only non-cellulosic substances such as lignin, hemicellulose,
and other dirt materials were removed.
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3.1.3. XRD Analysis

Figure 5 shows the XRD spectra of the raw fiber, alkali treated fiber, bleached fiber,
and microcrystalline cellulose (MCC). From the spectra, it can be seen that a broad peak
in 2θ = 20–25◦ became sharper from the raw fiber to MCC. This indicates the presence of
cellulose and the sharp peak reflects the increasing portion of the crystalline structure of
cellulose. The crystallinity of the raw fiber, alkali treated fiber, bleached fiber, and MCC
were 40.54%, 55.26%, 65.84%, and 81.08%, respectively. This indicates that there was no
change in cellulose during the chemical treatment, however, only the crystallinity was
increased. The crystallinity was increased undoubtedly due to the removal of hemicellulose
and lignin, which exist in amorphous regions. This leads to the realignment of cellulose
molecules to a more crystalline structure in MCC and supports the reported results [38]. The
raw fiber showed diffraction peaks at around 2θ = 16.2◦ and 22.3◦, which corresponded to
the (101) and (002) planes, respectively, which is for the cellulose I structure. Additionally,
the peak at around 2θ = 16.2◦ may have a combination of two peaks, highlighting the
presence of a small amount of cellulose II structure [82]. The spectrum of MCC also showed
a new peak at around 12.36◦, which was indexed for the plane (110), revealing the presence
of cellulose II crystallites [43].

3.1.4. SEM Analysis

Figure 6A–D presents the SEM photographs of the raw, bleached, alkali, and acid-
treated okra fibers, respectively. In Figure 6A, it appears that the fiber contained fatty and
waxy materials, lignin, hemicellulose, and other impurities. Figure 6B shows that fatty
and waxy materials, lignin, and other impurities were mostly removed after bleaching
treatment. Figure 6C confirms that hemicellulose was removed after alkali treatment,
which decreased the fiber’s diameter. After treatment with H2SO4, the cellulose fibers were
separated into individual micro-sized fibers (Figure 6D). In fact, these micro-sized fibers
were reportedly composed of strong hydrogen bonding nanofibers, and individualized
nanofiber bundles with a width of 300 nm to several micrometers can be seen on the surface
of the micro-sized cellulose fiber (Figure 6D). These support the reported results [48,65].
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3.2. Characterization of Clay
3.2.1. SEM Analysis of Clay

A topographical and morphological evaluation of clay materials was carried out
bySEM examination of the samples. Close examination of these images revealed that the
clay materials did not display any particular morphology; instead, they indicated the
presence of small crystallites of dissimilar sizes [54]. Figure 7A,B shows the SEM analysis
of untreated clay, where the surface of the clay was very smooth. Figure 7C,D reveals that
after the treatment of clay, the surface became very rough.
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3.2.2. XRD Analysis of Clay

Figure 8 presents the XRD profiles of the untreated and treated clay. From this fig-
ure, it was revealed that the two profiles showed similar peaks of ‘K’ and ‘Q’, where ‘K’
stands for ‘Kaolinite’ and ‘Q’ stands for ‘Quartz’. There was no change in the chemical
composition after treatment by ethylene diamine. The peaks at the 2θ value of 26.6 was
attributed to the presence of the quartz mineral and support the reported results [54]. After
treatment, impurities dissolved and hydrophobicity was increased. Analysis of the XRD
data showed that Bijoypur clay is mainly a kaolinite type of mineral (aluminum silicate
hydroxide, Al2Si2O5(OH)4). However, the X-ray data did indicate small amounts of quartz
(silicon oxide, SiO2) and trace amounts of chlorite (sodium aluminum silicate hydroxide
hydrate, Na2O•Al2O3•SiO2(OH)4•xH2O) and illite (potassium aluminum silicate hydrox-
ide, KAl2Si3AlO10(OH)2) present in the clay samples. Some weak lines of chlorite and illite
were not observed in the X-ray films, which may be due to the fact that the amount of
chlorite and illite is minute in the local clay [54].

3.3. Characterization of Column
3.3.1. Metal Analysis by AAS

From Figure 9, it can be seen that the amounts of copper (Cu) and nickel (Ni) removal
in water as the percentage of MCC increased in the column. Filter 1 contained 100% of



Reactions 2023, 4 352

clay while Filter 2 contained 90% clay and 10% MCC. Filter 3 contained 80% clay and 20%
MCC. Filter 4 contained 70% clay and 30% MCC. Filter 5 contained 60% clay and 40% MCC.
Therefore, it was observed that both clay and MCC had more absorption capacity. However,
MCC had more absorption capacity than clay. This absorption also increased continuously
until the ideal limit was reached, which is 30% MCC. After that, the absorption capacity
declined. The MCC contains very fine pores and after using more than 30%, the wastewater
takes more time to pass through it. Moreover, both clay and MCC were enhanced to absorb
the metal molecule. As the amount of clay decreased, the absorption increased until a
certain point was reached. After reducing the amount of clay, the absorption of metal
molecules will decrease. Therefore, the percentage that obtained a minimum value of Cu
(0.07 mg/ L) was 30% of MCC and 70% of clay. The maximum adsorption of Cu and Ni,
which were almost 94% and 100%, respectively, were observed in Filter 4, containing 70%
clay and 30% MCC. The maximum Cu removal efficiency was reported as 30 mg/g at pH 5
using dolochar; 0.04 mg/g using the polyhydroquinone/graphene nanocomposite, and
96.33% at pH 5 in past studies [83–85]. Bartczak et al. [86] reported a higher Ni sorption of
61.27 mg/L by peat at pH 4. In a recent study, Al-Abbad et al. [87] used Jordanian natural
zeolite, which had a high Ni removal capacity of 153.85 mg/g with a 4 h contact time.
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3.3.2. Dye Absorbance Analysis by UV–Vis Spectrophotometer

The absorbance of the dye solution was 0.720 nm (520 nm range). Filter 1 contained
100% clay and its absorption value was 0.55. Filter 2 contained 90% clay and 10% MCC,
and their absorption value was 0.45. Filter 3 contained 80% clay and 20% MCC, and their
absorption value was 0.39. Filter 4 contained 70% clay and 30% MCC, and their absorption
value was 0.29. Filter 5 contained 60% clay and 40% MCC, and their absorption value
amounted to 0.11. The maximum absorbance of dye was observed in Filter 5 and was
almost 85%. Looking at Figure 10B, the absorbance capacity decreased with the increase
in MCC. Conversely, the absorption capacity of the dye molecules increased with the
increased amount of clay. Both the nanocellulose and clay samples could enhance the
absorption of dye molecules from wastewater, while the micro-cellulose could absorb dye
molecules from the wastewater at a minimum quantity; adding clay increased the capacity
of the absorbance of dye molecules from wastewater [88].
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3.3.3. XRD Analysis of Packing Columns

The curves indicated by packing columns 1, 2, 3, 4, and 5 are illustrated in Figure 11.
Packing 1 was composed of 100% clay; packing 2 was composed of 90% clay and 10% MCC;
packing 3 consisted of 80% clay and 20% MCC; packing 4 was made up of 70% clay and
30% MCC; packing 5 was composed of 60% clay and 40% MCC. In Figure 11, all the curves
showed the same peaks of ‘K’ and ‘Q’, where ‘K’ stands for ‘Kaolinite’ and ‘Q’ stands for
‘Quartz’. Based on the XRD analysis, it is evident that after the purification of water, no
change in the chemical composition of clay occurred.
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3.3.4. SEM Analysis

Figure 12 represents the SEM micrograph of the 100% clay column. The 100% clay had
a poorer absorption capacity of the dye and metal ions from the solution when compared
to the other percentage-containing column. Here, no MCC was used, which can amplify
the absorption capacity of clay.
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Figure 12. SEM analysis of the 100% clay packing column.

Figure 13 depicts the SEM analysis of the columns represented by A, B, C, and D,
which were composed of 90% clay and 10% MCC, 80% clay and 20% MCC, 70% clay and
30% MCC, and 60% clay and 40% MCC, respectively. When MCC was incorporated into
clay, its capacity to adsorb dye and metal ions was enhanced. This is because clay and MCC
both have their own absorption capacities and when they are combined, clay amplifies
the absorption capacity of MCC. However, for MCC, the absorption capacity is increased
up to a certain limit for MCC (30%). After that, the absorption capacity diminishes with
the filtration time due to the small pore size of MCC (300–600 nm), which was measured
during the SEM analysis of MCC. This was observed as hindering the ability of water to
pass through the filter.

Reactions 2023, 4, FOR PEER REVIEW 15 
 

diminishes with the filtration time due to the small pore size of MCC (300–600 nm), which 
was measured during the SEM analysis of MCC. This was observed as hindering the 
ability of water to pass through the filter. 

 

Figure 13. SEM analysis of packing column 1 (A), packing column 2 (B), packing column 3 (C), and 
packing column 4 (D). 

4. Conclusions 
Micro-composites were prepared by Okra MCC and treated micro-clay, then applied 

to remove Cu and Ni from wastewater. Both MCC and clay enhanced Cu, Ni and dye 
(basic yellow II) absorption capacity from wastewater. The efficiency of metal and dye 
absorption is up to 26% for Cu and 24% for dye (basic yellow II) when utilizing pure clay, 
whereas the efficiency of metal absorption is up to 95% for Cu and 100% for Ni by MCC 
and clay composite. UV visible absorption shows a remarkable result for the MCC and 
clay composite, which can absorb as much as 85% of basic yellow (II) dye from 
wastewater. As the percentage of MCC rises, the percentage of absorption of dye also 
increases. Further research is warranted to provide detailed and technical insights on the 
effect of a series of different columns on MCC’s efficiency in removing Cu and Ni, in both 
mono and binary sorption (competitive) systems. It is imperative to explore what are the 
most efficient approaches to safely treat the Cu, Ni and dye residues of spent MCC after 
adsorption. This refers to the elemental desorption, bioleaching, and/or stabilization of 
Cu, Ni and dye-rich MCC. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1, Figure S1: Determination of crystallinity (%) by paper cutting method using 
Sc and Sa. 

Figure 13. SEM analysis of packing column 1 (A), packing column 2 (B), packing column 3 (C), and
packing column 4 (D).



Reactions 2023, 4 355

4. Conclusions

Micro-composites were prepared by Okra MCC and treated micro-clay, then applied
to remove Cu and Ni from wastewater. Both MCC and clay enhanced Cu, Ni and dye
(basic yellow II) absorption capacity from wastewater. The efficiency of metal and dye
absorption is up to 26% for Cu and 24% for dye (basic yellow II) when utilizing pure clay,
whereas the efficiency of metal absorption is up to 95% for Cu and 100% for Ni by MCC
and clay composite. UV visible absorption shows a remarkable result for the MCC and clay
composite, which can absorb as much as 85% of basic yellow (II) dye from wastewater. As
the percentage of MCC rises, the percentage of absorption of dye also increases. Further
research is warranted to provide detailed and technical insights on the effect of a series of
different columns on MCC’s efficiency in removing Cu and Ni, in both mono and binary
sorption (competitive) systems. It is imperative to explore what are the most efficient
approaches to safely treat the Cu, Ni and dye residues of spent MCC after adsorption.
This refers to the elemental desorption, bioleaching, and/or stabilization of Cu, Ni and
dye-rich MCC.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/reactions4030021/s1, Figure S1: Determination of crystallinity (%)
by paper cutting method using Sc and Sa.
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