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Abstract: Chitosan was prepared and coupled with Furfural. The resulting chitosan furfural Schiff base was charac-
terized using Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy (SEM) and Brunauer
Emmett Teller (BET) analysis. It was observed that Chitosan furfural Schiff base shows characteristic absorption peaks
at 3290.35cm™!,, 1644.47cm™!, 1552.69 cm™',, which confirms the stretching vibration attributed to OH and NH
groups of chitosan, NH=C (Imine linkage) of the Schiff base and aromatic ring of the furfural respectively. The SEM
analysis, showed a rough large pore surface, the BET analysis revealed a large surface area of 339.85 m?/g, a pore
diameter of 2.94nm, and a pore volume of 0.1194 cm?,/g. The material was used to adsorb aqueous 2, 4- Dinitrophenol
(2, 4-DNP). The results obtained were evaluated with Langmuir and Freundlich adsorption isotherm. The material
data fitted best with Freundlich isotherm R, value of 0.9690 when compared to Langmuir isotherm R, value of 0.8560.
This indicates that the material proved uptake onto heterogeneous adsorbent surfaces. The R, values are regarded as a
measure of the best fit of experimental data on the isotherm model.
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I. INTRODUCTION

Polluted water has caused significant threat to the ad-
vancements in agriculture and industry [1]. These sectors
release wastewater containing various harmful substances
like metals, dyes, pharmaceuticals, herbicides, phenols,
phosphates, and nitrates [2]. When these pollutants ex-
ceed safe levels, they pose a threat to organisms and the

Chitosan has demonstrated several promising biologi-
cal properties such as antimicrobial, antitumor, and hemo-
static effects, as well as the ability to accelerate wound
healing [8]. Chitosan possesses outstanding bioavailabil-
ity, biodegradability, adsorption capabilities, and is non-
toxic. These attributes render it highly valuable for a
wide range of applications across diverse fields, including

environment [3]; [4]; [5]. Therefore, it is crucial to elim-
inate these contaminants from wastewater. Numerous
methods have been employed for treating water pollu-
tants, including adsorption and ion bio — degradation [6];

[7].

wound healing, drug delivery, food packaging, dietary
supplements, chelation therapy, pharmaceuticals, bioma-
terials, and more.p [9]; [10]; [11]. As a result of the OH
and NH2 modification using sulfonation, [11], amination
[12] carboxymethylation reactions [13] and Schiff bases
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[71; [81; [14]; [15]; [16]; [17]; [18]; [19]. Due to its harm-
ful effects, there is a need to reduce its presence in the
environment hence its adsorption using Schiff base.

Schiff bases contains azomethine group (-HC=N-).
They are condensation products of ketones or aldehydes
with primary amines. Over the years, many chemist has
synthesized different Schiff bases, for example; [20] syn-
thesized a Thiophene Schiff base which he used for corro-
sion inhibition of steel. [21] synthesized a Schiff base us-
ing 2-Aminopyridine and 2-Methoxybenzaldehyde which
he used to form complex with Cobalt (II) and Nickel
(IT) for antimicrobial studies. [22] synthesized a Schiff
base using chitosan with phenol and cyclodextrin groups,
which they used for the adsorption of phenolic com-
pounds. This work is consigned with the use of adsorp-
tion using chitosan furfural Schiff base (CF-SB) for the
treatment of water containing different amounts of 2,4 —
Dinitrophenol (2,4-DNP).

II. MATERIALS AND METHODS
A. Materials
Chitosan, Fufural (C5H802), Sodium chlo-
ride (NaOH), Acetic acid (CH3COOH), Ethanol
(CH3CH20OH) where procured ed from Pyrex Chem-
icals, Ugbowo — Nigeria. They were used without further
purification.

B. Synthesis of Chitosan furfural Schiff Base (CF-
SB)[8]

The synthesis of Chitosan furfural Schiff base (CF-
SB) as proposed by [8]. Chitosan 1 g was dissolved in
acetic acid 50 mL of 2%, this was stirred using a magnetic
stirrer. Then we added Ethanol 10 mL containing furfural
0.125 mL slowly under stirring to form a homogenous
mix. Using a magnetic stirrer the solutions were stirrd
for 6 hrs at a temperature of 50°C. The formation of a
deep yellow gel signals the formation of the chitosan fu-
fural schiff base (CF-SB). The resulting solution was then
added to excess of sodium hydroxide 5% solution to form
a precipitate, this was filtered and the resulting precipitate
washed using Ethanol and Water, then dried at 60°C.

C. Characterization of Chitosan Furfural Schiff Base

The Material was analyzed with FTIR of model Cary
630. The surface morphology of the compound was ex-

amined using TESCAN Vega Model scanning electron
microscope (SEM). Porosity and surface area of CF-SB
was analyzed using BET of model nova 4200e, USA. The
of phenol concentration in liquid samples was measured
using Shimadzu UV-2600, USA.

D. Adsorption Experiment[23]

The adsorption experiment was carried out by modi-
fying the method proposed by [23]. 2, 4 — Dinitrophenol
stock solution was prepared by dissolving 2, 4 — Dinitro-
phenol 1 g in distilled water 1 L. The batch adsorption
was carried out with different initial concentration of 2,
4-DNP from 10-50ppm, and was conducted at different
times (every 5 mins in 1 hour). For a typical experiment,
The prepared chitosan furfural Schiff base 1 g was added
to the prepared solution 10 mL.

E. Adsorption Isotherm

We used (1) to determined the adsorption capacity of
CF-SB at dierent times (qt)

g = el (1)

where V (L) is the 2, 4 — Dinitrophenol solution vol-
ume, C, (mg L) is the initial concentration. The ad-
sorption capacity of the Schiff base at equilibrium (qe)
was determined from Equation 2 [24]; [25].;

ge =) ()

Langmuir and Freundlich isotherm models are ex-
pressed by Equation 3 and 4:

— _qokice

de = Tikeug, - (3)

The langmuir equation can be linearized to plot a
graph. The values of qo and kl can be determined by

plotting the graph of Ce/qge versus Ce.
1

where ks and 1/n are the Freundlich constant and
adsorption intensities respectively, the equation can be
linearized in logarithmic form to plot a graph of log gqe
versus Ce using experimental data. The slope and inter-
cept gives the value of ks and 1/n respectively.

III. RESULTS AND DISCUSSION
A. Synthesis of Chitosan furfural Schiff base

The coupling of furfural molecules with chitosan are
present in the Figure below.



17

CHITOSAN

FURFURAL

Fig. 1. Scheme of Chitosan furfural Schiff base
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Fig. 2. FTIR spectroscopy of Chitosan furfural SB

The spectrum of CF-SB in Fig 2 exhibits main char-
acteristic strong broad band at 3290.35cm~! [7]. FTIR
result also revealed clearly the interaction which was
formed allying chitosan matrix and furfural through the
emergence of new Imine linkage established by the crest

at 1644.5cm 1. Also crests at 1552.69, 1150.38, 1022.02
cm~! signals the presence of the C=C aromatic ring, C-O
ether stretch, and C-O stretch of primary alcohol in -CHO,
of furfural.

B.  Sem Analysis

Fig. 3. SEM image of CF-SB.

In order to visualize the external morphology of the
synthesized CF-SB, scanning electron microscopy analy-
sis was carried out. Figure 3 above shows the SEM result
of the chitosan furfural Schiff base. The surface mor-
phology is rough with various pores indicating the porous
nature of the material due to the coupling of furfural to

chitosan matrix. Similar rough images were observed in
3-ethoxy-4-hydroxybenzylidene chitosan Schiff base [26]

C. Bet Analysis

Table 1 BET surface area, Pore volume and Pore di-
ameter

TABLE 1
BET SURFACE AREA, PORE VOLUME AND PORE DIAMETER
Material ~Surface Area(m®/g) Pore Volume (cm’/g) Pore diameter (nm)
CF-SB  339.85 0.194 2.94
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The specific surface area of a material measures how
much surface area is available per unit mass. The synthe-
sized material has a significantly higher specific surface
area (339.85 m?/g). This suggests that the material has
a larger exposed surface area, which can be indicative
of a material with more pores, finer particles, or a more
intricate structure. Higher specific surface area can be
desirable for applications such as adsorption, catalysis,
and filtration, as it provides more active sites for chemical
reactions or adsorption processes. Pore volume indicates
the total volume of pores within the material. CF-SB has
a high pore volume (0.194cm>/g). A higher pore volume
suggests that the sample contains a greater volume of
open spaces or pores within its structure, which could
be related to its larger specific surface area. Pore vol-

ume is important in applications where materials need
to hold or store liquids or gases, such as in adsorbents
for gas separation or storage. The average pore diame-
ter gives you an idea of the size of the pores within the
material. The synthesized sample has a slightly larger
average pore diameter (2.94 nm). A larger average pore
diameter in the sample could indicate a somewhat coarser
pore structure. The average pore diameter is crucial for
applications where the size of the molecules or particles
being adsorbed or transported is important. It can af-
fect the selectivity and efficiency of the material. The
BET result above is in line with that obtained from Ni
(IT)-Vanillin-Schiff base [27]; [28]; [29]; [30]; [31].

D. Effect of Initial Concentration

TABLE 2
EFFECT OF INITIAL CONCENTRATION ON ADSORPTION

Initial C. Amount % Removal q, C./q. LogC., Loggqe
Conc. (C,) Absorbed (mg/g)
10 3.729  6.271 62.71 0.0627 5947 0.572 -1.203
20 7.119  12.881 64.405 0.12881 55.28 0.852 -0.89
30 10.169 19.831 66.103 0.198 51.36 1.007 -0.703
40 11.525 28.475 71.188 0.285 40.44 1.062 -0.545
50 12.881 37.119 74.238 0.371 3472 1.11 -0.431
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Fig. 4. Graph of % removal as a function of initial concentration Co

Table 2 shows the effect initial 2, 4 — Dinitrophenol
concentration on it adsorption on CF-SB. From the Table,
the graph of % removal against initial concentration was
plotted in Fig 4. It was observed from the graph and
Table that the 2, 4 — Dinitrophenol percentage removal
increased gradually with increase in 2, 4 — Dinitrophe-
nol initial concentration, the percentage increased from

62.71% to 74.238%. The phenomenon was attributed to
increase in the number of active sites on the surface of
the adsorbent. At high concentration the available sites
of the adsorbent increases. The behavior results from
the competitive diffusion process of the ions through the
pores of the adsorbent.
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Fig. 5. Langmuir isotherm of 2,4 — Dinitrophenol on CF-SB
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Fig. 6. Freundlich isotherm of 2, 4 — Dinitrophenol on CF-SB

The rate of adsorption of 2, 4 — Dinitrophenol unto
CF-SB can be studied using Langmuir (Fig 5) and Fre-
undlich (Fig 6) isotherm models, upon comparism Fre-
undlich isotherm with R? value of 0.9690 was found to fit
better to the adsorption data compared to the Langmuir

1.2

0.6

0.8 1

y=1.3768x-2.0219 ~
R?*=0.9693 [

Log Ce

isotherm model with R? value of 0.8560. Thus the fre-
undlich isotherm is more suitably used to describe the
relationship between the amounts of 2, 4 — Dinitrophenol
adsorbed by CF-SB, although langmuir isotherm can also
be used for this purpose.

TABLE 3
FITTING PARAMETERS FOR ISOTHERM MODEL
Isotherm Langmuir Freundlich
K -2.606 1.3738
Qe 71.129 -
1/n - 2.0219
R? 0.856 0.969

IV. CONCLUSION

Chitosan furfural Schiff base was synthesized using
appropriate methodology and this was characterized using
FTIR, SEM and BET. FTIR result, confirm the presence
of CF-SB characteristic absorption peaks at 3290.35cm ™!,
1644.47cm™", 1552.69 cm™ ", which confirms the stretch-
ing vibration attributed to OH and NH groups of chitosan,
NH=C (Imine linkage) of the Schiff base and aromatic
ring of the furfural respectively. The BET result shows
that the compound has a large surface area, pore size and
pore diameter, hence it is suitable for use in the adsorbing
of liquid or gaseous samples. Also through the SEM anal-

ysis, it was found that the compound appeared rough with
large pore surface, thereby allowing substances to bind to
its surface. It was also found out through the adsorption
experiment that CF-SB is a good adsorbent for the re-
moval of aqueous 2, 4 — Dinitrophenol and this study has
demonstrated the application of Chitosan furfural Schiff
base.
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