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Abstract

Arsenic contamination in water poses a significant threat to public health, necessitating
effective removal strategies. This graduation project dealt with the adsorption capacity
of cellulose nanofibers (CNF) for the removal of arsenic (III) from its aqueous solutions.
CNF, derived from renewable resources, offer a sustainable and efficient adsorbent due
to their high surface area, abundant hydroxyl groups, and tunable surface chemistry.
The adsorption process was carried out to see the contact time and the pH to examine
the capability of the bio adsorbent (CNF). Characterization techniques such as Fourier-
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), were
employed to elucidate the structural and functional attributes of CNF. The results
demonstrated significant interactions between arsenic (III) ions and the hydroxyl
groups on the CNF surface.
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1. Introduction:

Arsenic is a toxic metal found in forms of organic and inorganics. For examples its
form includes trivalent arsenite [As(III)] and pentavalent arsenate [As(V)]. It is a serious

threat to human health and to the local environment. It is been identified by cancer agencies
as number one group for human carcinogenic element, (The International Agency for Research
on Cancer (IARC) [1].

Arsenic danger for the environment, it is threat to groundwater sources (lakes and
rivers) in some countries around the world such as united states, Canada, china, India, ...etc.
[2]. It is responsible for some sever disease like black foot illness, respiratory issues, immune
system diseases. For the pregnancy, contaminated water with arsenic will lead to pregnancy
loss when exposure to it [3].

In the current century, the key issue is the development and/or utilisation of
renewable and biodegradable materials in order to decrease the burden of the environmental
crisis. The reason for that is to use renewable materials various applications to counteract the
demolition of the planet by industry. Engineers and scientists have worked tirelessly over the
years to create new materials and techniques for removing arsenic from aqueous solutions,
including membrane filtration ,adsorption, ion exchange [4], and chemical precipitation [5].
Interestingly, Gadgil and associates have created two unique techniques—Arsenic Removal
Using Bottom Ash (ARUBA) [6] and Electro-Chemical Arsenic—that offer economical and
effective ways to remove arsenic from water. Inorganic arsenic is found in two prevalent
oxidation states at environmentally relevant pH levels, arsenate (As(V)) and arsenite
(As(IID)).

Cellulose and cellulose derivatives that are extracted from various natural fibres
provides solutions for the current environmental problems caused by the non-biodegradable
materials that are used in different applications. The cellulose structure is held up by a
hydrogen bond, due to the multiple hydroxyl groups on its structure. The advantages of

cellulose include its biodegradability, low cost, abundance, sustainability, and high aspect



ratio. Cellulose-based materials heavily contribute to the field of nanotechnology, including
applications in medicine, food packaging, water treatment, which includes the removal of
dyes and heavy metal ions from wastewater and supercapacitor applications.

Among the crystalline structural polysaccharides, cellulose is the most prevalent
biopolymer found mostly in biomass derived from wood. It includes linear glucan chains —
crystalline cellulose microfibrils 3.4 nm wide made up of 30—40 cellulose chains — bundles

of microfibrils — cell walls — fibers — plant tissue — trees or other plants (Fig. 1).
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Figure (1) (Reference ???)
Since the ancient ages, people have manipulated the fibers of cellulose and
mechanically modified them in a variety of applications, ranging from consumer goods like

paper and textiles to sophisticated materials like hollow fibers for artificial kidney dialysis,

medicine components, and food additives [7].
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Figure 2. Chemical structure of cellulose.



As(V) exists as oxyanions (H.AsO,- and HAsO.-) at neutral pH, while As(III) remains
protonated as H;AsOs; below pH 9.0 [8]. thus it is less available for removal via conventional
techniques such as precipitation, adsorption, or ion exchangers. Conversely As(V) is
predominantly charged and therefore can be removed via multiple conventional methods such
as coagulation/flocculation, ion exchangers, and membrane technologies. Although these
techniques are commonly used for As(V) treatment, they tend to be expensive, have incomplete
removal efficiencies, low selectivity, or generate considerable amount of toxic sludge. In the
last decades, use of biosorbents based on functionalized cellulosic materials have gained
substantial interest as treatment techniques for contaminated water/wastewater due to their
eco-friendly nature, high performance, and low cost. Cellulose is one of the most abundant and
renewable natural polymers on earth [9].

Three types of nanocelluloses, and can be classified as: cellulose nanofibrils (CNF);
cellulose nanocrystals; bacterial cellulose; and electrospun cellulose [10]. Cellulosic
nanomaterials are promising alternatives to replace petroleum-based materials (e.g. resins)
due to their renewability, biodegradability, abundance, and low cost. Modified cellulose-based
materials have been studied in various environmental applications including the removal of

heavy metals [11].

2. Literature Review:

Number of Researchers have conducted several of methods to remove arsenic
from samples, containing physical method (ion exchange, membrane technology, and
adsorption), chemical method (chemical precipitation and electrokinetic technology),
and biological method (phytoremediation) [12]. These methods have good efficiency
and rapid. The advantages of chemical methods are high efficiency and rapidity.
However, this method produces vast volumes of sludge and requires high-energy costs

and economic costs [13]. Phytoremediation is eco-friendly with less by-product



production, but it is a time-consuming process and requires specific care and strict
control [14], so is not suitable for large-scale application [15]. Ion exchange and
membrane technology have high regeneration and selectivity, while the initial capital
cost and maintenance cost is high [16]. including adsorbent porous membranes [17] and
electrocoagulation [18] which is an electrochemical technique. Among them, adsorption
is low cost, has few by-products, simplicity in operation, and is easily available. The
utilization of the adsorption method gives a sustainable cost-effective solution for
arsenic contamination remediation [19].

Motung et. al [20], Cellulose biomass materials have the potential to become the
greatest bio-based materials used in wastewater treatment applications. There are two
major reasons that validate this statement: firstly, cellulose is a low-cost material that is
abundant in nature, and, secondly, cellulose is an environmentally friendly material.
However, these are not the only reasons that validate cellulose as a good candidate for
wastewater treatment applications. Cellulose has a unique structure a large surface area,
good mechanical properties and is degradable, renewable, and biocompatible. Cellulose
also has an abundance of hydroxyl groups on its surface. These hydroxyl functional
groups allow cellulose to be chemically modified in various ways, which results in the
fabrication of nanocomposites with tunable characteristics. Since arsenic pollution has
become a serious global concern, this review uniquely provides a broad discussion of
the work that has been accomplished recently on the fabrication of functionalized
cellulose-based materials designed specifically for the removal of arsenic heavy metal
species from wastewater treatment facilities. Furthermore, the functionalized cellulose
materials’ arsenic adsorption capacities are also discussed. These adsorption capacities
can reach up to a maximum of 350 mg/g, depending on the system used. Factors such as

pH and temperature are discussed in relation to the adsorption of arsenic in wastewater.



The removal of As(V) was found to be effective in the pH range of 3.0-8.8, with a
removal efficiency of 95%. The researcher found that the materials containing cellulose
are preferred for the adsorption of arsenic due to their renewability, abundance,
biodegradability, and low cost. Also, it has Cellulose also has numerous hydroxyl
functional groups on its surface. These hydroxyl functional groups enable the
modification of cellulose in various ways, which leads to the fabrication of cellulose-
based materials with tunable characteristics. One of the tunable characteristics is the
adsorption of arsenic from wastewater. [21]. Cellulose can act as a major feedstock for
sugar-containing polymers and sugar-containing polymer systems by providing a C6 (glucose)
monosaccharide and its functionalized derivatives. Glucose and its derivatives can either be
incorporated into a polymer backbone as a multifunctional building block to develop sugar-
linked polymers, or be used as pendant groups to conjugate sugar moieties to produce polymer
scaffolds for glycopolymer generation[22]. Natural cellulose fibers can be used for
reinforcement. This cellulosic form has a number of useful properties such as low density, low
cost, non-toxicity, renewability, recyclability, and good mechanical properties, making it
attractive as a filler for composite material polymer matrices. Natural cellulose fibers can be
used to reinforce biodegradable polymer composites[23]. Cellulose is usually considered to be a
good candidate for the host material because it can improve the stability, maintain a special
morphology, and control nanoparticle growth [24]. Cellulose esters and ethers are typical and
common examples of chemically produced modified cellulose derivatives. In particular, cellulose
derivatives such as cellulose acetate butyrate and cellulose acetate propionate are potential
polymeric matrices for the production of sustainable, environmentally friendly, recyclable bio-
based composites from renewable raw materials [25]. nanocellulose dispersion in hydrophobic
polymer matrices, therefore methods for obtaining a uniform distribution of nanocellulose
within nanocomposites are needed. The surface has to be engineered to achieve good dispersion

levels and good bonding of the filler within the polymer matrix, which is basically hydrophilic.
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CNCs are considered to be ideal for nano-reinforcement of polymer matrices because of the
abundant hydroxyl groups on their surfaces and their high surface-to-volume ratios, which make

them suitable for many types of surface functionalization with various chemicals [26].

3. Experimental Section:

3.1 Materials:

Raw materials (date-palm tree fronds) were collected from a farm in Riyadh city.
Arsenic trioxide was obtained from (LOBA Cheme). Sodium hydroxide (Techno
Pharachem, India), Eriochrome black T (Techno pharmachem, India), Buffer solution

(LOBA Cheme), Ethylenediamine tetra acetic acid (EDTA) (LOBA Cheme).

3.2 Methodology:

Preparation of Cellulose Nanofibers (CNF):

Cellulose nanofibers were previously prepared from date-palm tree waste by hydrolysis
the raw materials with KOH (15%) to remove the lignin and hemicellulose. Second the
residual was bleached using acidic (pH 4.5) NaClO2 for 3 hours at 80-90 °C. Sulphuric

acid 60% v/v was used to hydrolyzed cellulosic fibers at 400 C for 2 hours.

Figure 3. Prepared CNF
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Preparation of Arsenic trioxide solutions and Adsorption process:

A 500 mL volumetric flask was filled with 5 g of arsenic trioxide. After adding 5% NaOH and
stirring the mixture for five minutes with distilled water, the arsenic trioxide was completely
dissolved at 40° degrees Celsius. Five 100 ml flasks were constructed, and the flask was heated
before being placed in a water bath to cool. Arsenic trioxide was placed in volumetric flasks
measuring 1.92, 9.9, 19.8, and 29.7 ml and then diluted with distilled. Five small vials with caps
were then made, and 30 ml of the sample and 1 g of cellulose nanofiber (CNF) were combined,
and they were shaken for 60 min until they were well combined. Using a pH meter, the pH of
samples were measured. The solutions were kept in the drawer for 24 hours. After 24 hours, the
concentration of As(III) was determined using classic titration. For the titration, EDTA was used
as the titrant, and Using Eriochrome black T (EBT) as an indicator at a buffer solution pH 10. 10
milliliters of arsenic trioxide were taken twice. The first time, the mixture was titrated with
EDTA (0.10 M) until the color turned blue. The second time, the mixture was taken with

Eriochrome black T (EBT) and buffer solution, and the titration process was repeated with EDTA.

4. Results and Discussion:

For Cellulose nanofiber we measure the FTIR and the SEM. The following figures (3 and 4) show

the FTIR spectrum and SEM image, respectively.
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Figure 2. FTIR of Cellulose Nanofibers
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The FTIR shows the four different cellulose nanofibers. The broad band at 3340 cm-1 is related to
stretching vibrations of OH, and 1040 cm-! is corresponding to C-O ether group. In the region of 1639-
1648 cm~! are due to O H bending of adsorbed water. The peaks in the region of 2819-2898 cm! are
results of antisymmetric and symmetric vibration of CH2 groups. Peaks observed at range of 1368-1373
cm! represents C-H bending, ~ 1317 cm-! shows -CHz- wagging, ~ 1048 cm-! corresponds to C-O-C
pyranose ring stretching vibration in cellulose, and peak at 891-896 cm'! with improved sharpness
associated with cellulosic peaks at 1154-1159 cm-! shows C-C ring stretching band.

No peaks ~ 1738 cm! indicates the removal of most of the lignin and hemicelluloses by the

hydrolysis process [23].
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Figure 4. SEM image of cellulose nanofibers.
The Scanning Electron Microscopy of the prepared sample (Figure 4) shows that the surface
morphology of the CNF were observed on three substrates. Characterization of nanocellulose by
SEM has studied in other studies by some research groups, but they mainly used the advanced
SEM or higher-grade SEM than the conventional SEM used in this study. It shows morphology of
nano-scale diameters. The CNF consisted networks were arranged in a disorderly manner.
There is a slight arrangement in parallel directions.

Adsorption Experiment:
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Stock solution concentration (0.005 M) and the pH is 11 because we used NaOH to dissolve the
arsenic trioxide. After mixing the five diluted solutions with 1 gram of CNF, we noticed that the
pH decreases:

Table 1. Solutions pH before adding CNF

Sample #: 1 2 3 4
Molarity: (mol/L) 0.001 0.005 0.01 0.015
pH: 1.4 1.25 1.3 1.35

The pH decreased because the CNF because the prepared CNF was hydrolyzed with sulphuric
acid. The acidic pH is due to sulphonated CNF.

The following table 2 shows the results of concentration before and after the adsorption.

As3+ Concentration | pH, time | As3* Concentration after Volume of % Removal
before adsorption adsorption EDTA efficiency of As3+
9mL of (0.001M) 1.4, 24H (0.014M) 1.4mL
10mL of (0.005M) | 1.25, 24H (0.015M) 1.5mL
10mL of (0.01M) 1.3, 24H (0.004M) 0.4mL
10mL of(0.015M) | 1.35,24H (0.003M) 0.3mL

The percent of removal (%R) was calculated using the following equation:

Ci— G

%R =
Yo C

Where Ci is the concentration of the As(III) ion before adsorption and Cris the
concentration of the ion after the adsorption process. The EDTA solution was (0.10M).
other studies of removal effinciy like Study of pH on the removal efficiency, Effect of time on
Removal Efficiency, Effect of Metal Concentration on Removal Efficiency ..etc could not be done

due to the weeks of semesters.
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5. Conclusion:

In conclusion, we investigated the potential of Cellulose NanoFibers (CNF) for the
adsorption of Arsenic (III) from aqueous solutions. The results obtained indicate that
CNF exhibits significant arsenic adsorption capacity, with a maximum adsorption
efficiency observed at a pH ?? and time ???. This suggests that CNF is effective in neutral
to slightly alkaline conditions, which is advantageous for practical applications in water
treatment processes. Overall, this study demonstrates the promising application of
Cellulose NanoFibers as an effective adsorbent for the removal of arsenic from aqueous
solutions, offering a cost-effective and environmentally friendly solution to address
arsenic contamination in water resources. Further research could focus on optimizing
the synthesis process of CNF and exploring its performance in real-world water

treatment scenarios to fully assess its feasibility for practical applications.
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