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Abstract - In the present study, adsorption of Zinc ion on
modified Jute fiber (MJF) was done and the equilibrium
isotherms were studied. The raw jute fibers were treated by
sodium hydroxide and sodium chlorite in order to remove
lignin, coloring substances and other alkali soluble compounds
from the surface of the fiber. It was then modified by sulfuric
acid to increase the proportion of hydroxyl group in the MJF.
The MJF samples were characterized by Fourier Transform
Infrared Spectroscopy and Scanning Electron Microscopy. The
MJF samples were later applied as a potential adsorbent for
the removal of Zn (II) ion from aqueous solution. The
equilibrium sorption data ware fitted into Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich isotherms. The
Langmuir isotherm was best fitted with the experimental data
and the maximum monolayer sorption of 142.85 mg/g for Zn
(11) ion onto MJF adsorbent was found. The favorability of the
adsorption process was indicated by separation factor (Ry)
and sorption intensity (n) constants of Langmuir and
Freundlich isotherms respectively. The Temkin isotherm
indicates that the heat of sorption was positive and the process
was exothermic. The mean free energy determined by using
Dubinin-Radushkevich was 69 KJ/mol which clearly shows
that the system followed chemisorption process.

Key Words: Modified Jute Fibers (M]JF), Heavy metals, Zn
(11) ion, Adsorption, Isotherm

1. INTRODUCTION

Heavy metals are toxic and carcinogenic in nature, which
poses serious threats on the natural environment and living
organisms. They are released in natural aqueous system due
to different human activity such as industrial activity,
smelting operations, agriculture and mining work. The major
pollutants released from different industries are lead (Pb),
zinc (Zn), copper (Cu), arsenic (As), cadmium (Cd),
chromium (Cr), nickel (Ni) and mercury (Hg) [1]. There are
different techniques for removal of heavy metal ions from
solutions including chemical precipitation [2, 3], solvent
extraction [4]; coagulation and flocculation [5], and
membrane processes [6], osmosis [7] and adsorption [8, 9,
10]. Among these methods, adsorption is one of the most
efficient physico-chemical treatment for heavy metal
removal as it has overcome inherent limitations of other

techniques such as high cost, large amount of sludge
formation, low efficiency, and sensitive operating conditions
[11, 12]. There are several commercial adsorbent such as
graphene oxide [13] and activated carbon [14, 15, 16] widely
used for the removal of heavy metals. Despite their high
efficiency, they are not affordable for many small-scale
industrial concerns in many less developed countries [17].
To overcome this issue, Researchers are trying different low
cost, naturally available adsorbents and found that
agriculture waste material such as sugarcane bagasse [18,
19], raw rice bran[17], sawdust [20], ricehusk [21], neem
bark [22], coconut husk [23] and pine bark [24] to be a
viable alternative. To establish an adsorbate-adsorbent
system, the role of a well suited equilibrium isotherm is
unavoidable as it gives information about the maximum
adsorption capacity, adsorption system design etc. [25, 26,
27].

Jute fiber is one of the most produced natural fibers in India
(mainly West Bengal), Bangladesh, China, and Myanmar. The
abundance of jute fibers accounts for the feasibility of
choosing it as raw material in this paper. The principal
constituents of jute fiber are mainly cellulose (58-63 %),
hemicellulose (20-24 %), lignin (12-15 %), and some other
small quantities of constituents like fats, pectin, aqueous
extract etc. [28]. The hydroxyl and carboxyl functional group
present in cellulose helps to bind the metal ion by forming
complex [29, 30]. The raw cellulose fibers are reported to
have low efficiency compared to the treated one [31, 32, 33].

In this work jute fiber had been modified using chemical
treatment method. Biomass characterization was
determined with Fourier transform infrared (FT-IR)
spectrum and scanning electron microscope (SEM). The
modified jute fibers were then used to remove Zn (II) from
the aqueous solution and different two-parameter
equilibrium isotherms (Langmuir, Freundlich, Temkin and
Dubinin- Radushkevich) were studied to define the Jute
fiber-Zn (II) system.

2. MATERIAL AND METHOD
2.1. Materials

The modified jute fiber (MJF) was prepared from raw Jute
(Corchorus capsularis) which is the most available fiber of
Bangladesh. The jute fiber was purchased from the local
market of Bangladesh. Sulphuric acid (H.SO4) and Acetic acid

© 2020,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page5072



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 07 Issue: 06 | June 2020

www.irjet.net

p-ISSN: 2395-0072

(CH3COOH) were purchased from E. Merck, Germany.
Sodium hydroxide (NaOH) and Sodium chlorite (NaClO3)
were collected from UPL Ltd, India.

2.2 Preparation of modified Jute fiber (MJF)

Jute fibers were subjected to a washing pre-treatment to
remove impurities and other substances from the external
surface of fiber cell walls. The fibers were cut into small size
(about 2 cm) by using scissors and then milled into fine size
by using a mechanical milling machine. These fibers (25 g)
were dispersed in distilled water (500 mL) for 10 min at
room temperature and stirred for2 h at 50°C using a glass
rod and filtered in order to remove soluble extractives in
water. The dried fiber was mercerized with 2 % NaOH
solution at 80°C for 6 h with mechanical stirring followed by
thorough washing until neutralized and drying. This
treatment can remove natural and artificial impurities and
produce rough surface topography. Therefore, the
mechanical interlocking at the interface would be improved.
The dried fibers were then bleached with 2 wt.% NaClO; at
80 °C for 4h with mechanical stirring, washed and dried in
an oven. It was done to remove the coloring substance by
reacting with chromophores. When a solution of sodium
chlorite is acidified, bleaching species i.e. chlorine dioxide
(C102) and hypochlorous acid (HCIOz) and non-bleaching
species i.e. sodium chlorate (NaClO3) and sodium chloride
(NaCl) are formed. The produced chlorine oxide (Cl02) has
higher bleaching property. The bleached fibers were further
treated in a concentrated sulfuric acid solution (40 wt%
sulfuric acid in water) at 45°C for 10 h with mechanical
stirring. After the treatment, the hydrolyzed MJF samples
were neutralized by 30 wt% NaOH solution in water, and
then washed for four times. After each washing step, the
fibers were separated from the solution by centrifugation at
8,000 rpm for 10 min. Finally, the MJF was obtained after a
freeze drying for 48 hours.

2.3 Preparation of Zn (II) ion solution

The stock solution of Zn (II) ion was prepared by dissolving
zinc nitrate (Zn(NO3)) in de ionized water. By following the
dilution process, working concentrations in the range of 50
to 400 mg/L were prepared from 1000 mg/L of stock
solution.

2.4 Characterization

The Fourier transform infrared (FT-IR) spectrum of MJF was
measured ina JASCO FT/IR-4100 spectrophotometer in the
range of 4000-400 cm-1. The morphological structure of MJF
was examined using scanning electron microscope (SEM)
(Carry Scope JCM-5700, Jeol, Japan).The Atomic Absorption
Spectrophotometer (AA-6200, Shimadzu, Japan) was used to

determine the concentration of Zn (II) ion during the
adsorption studies.

2.5 Adsorption studies

The equilibrium sorption of the Zn (II) ions on MJF was
carried out by contacting 0.1g of the adsorbent with 0.1 L of
different concentrations from 50 mg/L to 400mg/L in 250
mL conical flask intermittently for 120 minutes on the
reciprocating shaker. The mixture was filtered and the
residual concentration of the filtrate was analyzed using
Atomic Absorption Spectrophotometer (AAS). The amount of
adsorbed Zn (II) ion (mg/g) was calculated using the
following formulae:

_ (Co - CE:IV (1)
e W
Where, qe = the amount of Zn (II) ion adsorbed from the
solution at equilibrium, V = Volume of Zn (II) ion containing
solution, Co = the concentration before adsorption, Ce = the
concentration at equilibrium and W = the weight in gram of
the adsorbent. The adsorption data was fitted into different
isotherms such as Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich. The removal efficiency was
determined by computing the percentage sorption using the
following formulae:

(C,—C,) % 100 2)
C

%4 Sorption =

o

Where, Co = the concentration before adsorption, C. = the
concentration at equilibrium.

3. RESULT AND DISCUSSION

3.1. Fourier Transform Infrared

Spectroscopy

(FT-IR)

The FT-IR spectrum of MJF has been shown in chart-1. The
major characteristic peaks of MJF have been indicated which
resemble all the functional groups present in the chemical
structure of cellulose in Jute fiber (Fig-1). The major
characteristic peak for MJF assigned in the FTIR are 3332
cm ! (O-H stretching bond of OH group) [34, 35], 2897 cm™!
(C-H stretching in SP3 hybridized bond)[34, 35], 1631 cm™
correspond to vibration of water molecule absorbed in
cellulose [34, 35], 1429 cm'1(C-H bending in cellulose) and
1037 (C-O stretching) [36]. The presence of these functional
groups in the following chemical structure strengthens the
evidence for using modified jute fiber as natural adsorbent.
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Chart-1: FT-IR spectrum of modified jute fiber (MJF)

CH,0H CHZOH CHZOH

|
I/H \N I/H \N \/H \[\0
|/| w " \/|

\} c—é/| \/ c—c

OH H OH H OH

Fig-1: Chemical structure of cellulose in jute fiber
3.2. Scanning Electron Microscopy (SEM)

Scanning Electron Microcopy (SEM) gives very important
information about the morphological structure of MJF. The
SEM image of the MJF is shown in fig-2. This SEM image gives
the clear external appearance of the MJF. It can be seen from
the figure that the MJF appeared in rod like structure.

Fig-2: SEM image ofmodlfled jute fiber (M]F)

3.3. Equilibrium Isotherms

In the present study, four different equilibrium isotherms
(Langmuir, Freundlich, Temkin and Dubinin- Radushkevich)

least-squares method was used to correlate the sorption
data. The first two isotherms are important for optimizing
the design of the system and the latter two provide insights
on the sorption energy of the system.

3.3.1. Langmuir isotherm

One of the most widely used equilibrium isotherm is
Langmuir isotherm. This isotherm was derived under the
assumption that each active site of the adsorbent can host a
single molecule (monolayer) and have no lateral interaction
or steric hindrance among the adsorbed molecules. The
adsorption system is further presumed to be homogenous
i.e. all active sites have equivalent affinity [37, 38, 39]. The
equation is expressed as

. KC, (3)
9e = 9=711kcC,

Where, ., (mg/g) is the maximum adsorbed capacity, K
(L/mg) represents the Langmuir equilibrium constants, ¢ is
the amount of metal adsorbed per gram of the adsorbent at
equilibrium (mg/g) and C. is the equilibrium concentration.
Equation is linearized to determine the parameters

C. 1 1 (4)

“L=——t—c

9, Gl g,

The equilibrium constant can be used to characterize a
dimensionless constant; separation factor K, to define the

feasibility of the system [40].

R — 1 (5)
L1+ kG,

The system is unfavorable if B;, = 1;linear when B = 1;
favorable when @ <0 R; <0 1 anditindicates irreversibility
of the process for R; = 0.

For this study, equation (4) was used to determine the
equilibrium parameters (Chart-2). The maximum adsorption
capacity and the Langmuir equilibrium constants were found
to be 142.85 mg/g and 0.012 L/mg respectively. R2 value
(Table-1) shows that the data is completely in agreement
with the Langmuir model. . The adsorption capacity of MJF
and several other natural adsorbents for Zn (II) ion are
shown in Table-2. The adsorbent capacity of MJF is much
greater than any other adsorbents, proving the viability of

using MJF for this purpose. The R values for different initial

concentrations are shown in chart-3. It shows that for the
concentrations 50, 100, 200, 300, 400 mg/L, the values of

R; are smaller than 1 indicating that the system is

were studied and the results are shown in table-1. The linear
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favorable. It also shows that, as the initial concentration
increases, the Hj value become smaller expressing that as

the initial concentration increases, the favorability of the
system increases.

N
wu
1

0.5 . . .
0 100 200 300

Ce

Chart-2: Langmuir equilibrium isotherm for MJF-Zn (II)
ion adsorption system
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Chart-3: Plot of separation factor versus initial zinc
solution concentration.

3.3.2. Freundlich isotherm model

This equilibrium isotherm can be applied to adsorption
processes on heterogeneous, non-uniform surface and not
limited to monolayer formation [41]. This model assumes
that the stronger sites are occupied first in the process and
the adsorption affinity decreases as the system proceed
forward [37]. The model may be represented as follow [42]:

1

£ 6
g = Kf Ca n ( )
Where K.  represents Freundlich isotherm constant (mg/g),
the adsorption intensity is expressed as n. The linear form of

equation (6) is

1 (7)
logq, = logK;+ —logC,
n

The value of Kf and n can be determined from a plot of log

g versus log C.. The value of n signifies the adsorption

strength and type of adsorption. If the value of n is larger
than one, it signifies lower bond energy, indicating
unfavorable adsorption system. Chart-4 represents the
Freundlich isotherm fitting of Zn-M]JF system. The value of
1/n is found to be 0.524 and can be concluded that the
system follows normal adsorption [43, 44]. It is also well
established that if the value of n is within the range of 1-10,
the sorption process is favorable. In the discussed Zn-M]JF
system the value of n is 1.908, indicating the system is
favorable.

2.2 -
2_ 'y
% 'y
50 1.8 -
hg_ A
1.6
1.4 = : : :
1.2 1.6 2 2.4

log Ce

Chart-4: Freundlich equilibrium isotherm for MJF-Zn (II)
ion adsorption system

3.3.3. Temkin isotherm

Temkin isotherm discusses Adsorption-desorption relation.
Excluding extreme low and high concentration, the model
assumes that the heat of adsorption of all molecules will
decrease linearly rather than logarithmic with the increase
of surface coverage [45, 46]. This can be expressed by the
following relation [45]:

qa = BI”’(AI'CE) (8)

Equation (8) can be express in the following linear form,

q. = Blnd; + BiInC, 9
B — RT
br 9(@)

Where, A1 is Temkin isotherm equilibrium binding constant

(L/g), br is Temkin isotherm constant, Bis the constant
related to heat of sorption (J/mol), R is universal gas
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constant (8.314 J.K/mol) and T indicates Temperature at
298K.

A plot of q, versus In C, (Chart-5) provides the value of B

and Ar. In the present study, the value of by was positive
(32.25]/mol), which indicates that the system is exothermic.
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Chart-5: Temkin isotherms for MJF-Zn (II) ion adsorption
system

3.3.4. Dubinin-Radushkevich Isotherm

Dubinin-Radushkevich isotherm determines the adsorption
process with a Gaussian energy distribution onto a
heterogeneous surface and usually suitable for data within
intermediate concentration [47, 48].

q. = q.exp(—K,=5) (10)

Where,

3 1 11
g5, = RTIn(1+ C—j ()

Equation (10) can be expressed as follow [52]

Ing, = Ing, — K,=5 (12)

Here, gsrepresents Dubinin-Radushkevich model constant
(mg/g); K- expresses the Dubinin-Radushkevich model
constant (mol2/kJ%) and &p is the Polanyi potential. The
Dubinin-Radushkevich model constant can be used to
determine mean energy of sorption, E, by the following
relation:

E = (2K,)™%® (13)

The mean energy of adsorption can be used to predict the
adsorption mechanism. If the value of E is less than 8, the
system follows physisorption [49]. However, if mean
energy of adsorption, E within the range of 8 to 16, the
adsorption process is indicated to be ion exchange [50] and
if the value of E is greater than 16, the system indicates
toward the chemisorption [51]. In the present study, a plot

of Ing_ versus €2 (Chart-6) was done to determine the

value of gs and K. Mean energy of adsorption, E was
calculated using equation (13). The values are enlisted in
table-1. The value to E (69 KJ/mol) indicates that the
adsorption mechanism follows chemisorption.

4.8

4.4 4%

Inge

3.6 A

A

32

T T T
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Chart-6: Dubinin-Radushkevich Isotherm for MJF-Zn (II)

ion adsorption system

Table-1: Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm parameters obtained by linear fitting for the

MJF adsorbents
Langmuir Isotherm Freundlich Isotherm
qx(mg/g) | K(L/mg) R R? 1/n n Kr (mg/g) R?
142.85 0.012 0.167 0.994 0.524 1.908 6.295 0.949
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Temkin Isotherm Dubinin-Radushkevich Isotherm
Ar(L/mg) [ b B (J/mol) R | q.(mg/g) | Ke(mol/K) | E(K/mo) | R
0.1125 76.82 32.25 0.990 93.69 1.05*10"-4 69 0.906
Table-2: Maximum adsorption capacities (4,,) for some 60 -
Iy
natural adsorbent for Zn (II) ion removal 50 4 4
T 40 - *
Adsorbent 7 ..(mg/g) | Reference 3 .
E 30 -
g A
Phosphoric Acid Modified 101.01 [53] ® 20 4
Rice Husk 10 -
Sulfuric acid modified 3111 [54] 0 ' ' ' '
0 100 200 300 400
Bagasse
Co
Bael Leaves 2.083 [55]
Chart-7: The relation between initial Zn (II) ion
Clarified sludge 15.53 [56] concentration and removal rate.
Rice husk ash 14.30 [56] In the experiment it was observed that as the initial
concentration increases, the rate of removal of Zn2+
Neem bark 13.29 [56] decreases linearly. The observations were made from a
range of 50 to 400mg/L and were found that as the removal
Bark 5.965 [57] o o
rate decreased from 56% to 27%. The probable reason for
Bagasse 8228 [57] thlS. phenc.)menon is as the concentration 1n?reases, 'Fhe
available sites on the adsorbent decreases, causing a decline
Bark+Bagasse 7.481 [57] in the removal rate.
CaClztreated Dried marine 128.8 [58] 4. CONCLUSIONS
green macroalga
In this paper, Adsorption capacity of MJF was found to be
HCI treated Carrot 2961 [59] very high and can be concluded that MJF can be used as a
residues potential adsorbent for the removal of Zn (II) ion from waste
water. The equilibrium data of the experiment was fitted in
Modified Jute fiber 142.85 This four two-parameter isotherms. The Langmuir isotherm
(MJF) study model showed the best fit indicating towards monolayer

3.4 Effect of initial concentration on the removal of

Zn (II) ion

The effect of initial zinc ion concentration on the removal

rate of Zn (II) ion is shown in chart-7.

formation. From Freundlich, Temkin and Dubinin-
Radushkevich isotherms, the system was found to be
favorable, exothermic and follow chemical adsorption

mechanism respectively.
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