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Abstract

In this work the chitosan/carboxymethyl cellulose (CMC) composite was modified by reacting chitosan/CMC composite with
glutaraldehyde (GA) and ethylene diamine (EA) as a cross linker. The different amounts of chitosan/CMC composite as well
as different volumes of distilled water were used to prepare the modified composite samples. The resultant composites were
used to remove Cr (VI) from standard aqueous solution. The modified composite was characterized by the FT-IR, SEM and
TGA. The optimum conditions for adsorption of Cr (V1) on modified composite were found at pH range of 2.0-4.0 and stirring
time of 7 minutes. Kinetic study results showed that the adsorption process follows pseudo-second order model, while the
Langmuir adsorption isotherm provide the best fit with a maximum adsorption capacity from 33.77 to 89.24 mg/g at 25°C,
indicating that the rate limiting step in the absorption of Cr (VI) involves the best physical interaction physisorption.
Thermodynamic parameters in TGA analysis indicated an endothermic process and spontaneous adsorption of Cr (V1) on the
polymers. Results from this work demonstrated that the prepared composite possess great potential for removing Cr (V1) from
contaminated or waste water.
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Introduction

Chitosan is a modified natural cationic polymer composed
of B-(1—4)-linked D-glucosamine residues, obtained by
partial N-deacetylation of chitin. This polyaminosaccharide
polymer has polycationic characteristics, due to the presence
of numerous amino groups, M that’s why in recent days, the
chitosan is in greatest used. Chitosan is biodegradable,
economic and environmental friendly adsorbent with its
promising properties for the adsorption of heavy metals
from an aqueous media make it more useful to build the
multilayer structure for the adsorption purpose [ 2. The
modification of Chitosan/CMC Composite from different
methods (physical and chemical) considered as the most
favorable composite for the adsorption of heavy metal from
the aqueous media . Heavy metals, such as Cd (I1) and Cr
(1), cause water pollution and serious impact on the human
health. The chromium present as CrO*chromate and
Cr,07* dichromate anions and because of great solubility of
Chromium in water, the chromium Cr (V1) is very toxic to
organisms, and even carcinogenic 1. Bio composites of
natural polymer like Chitosan and CMC can be modified
chemically by introducing cross-linker like glutraldehyde,
ethylene  diammine, glyoxal, formaldehyde, and
epichlorohydrin. The chemical groups of these cross-linkers
could be capable of interacting with the pollutant [,
According to few research papers the adsorption properties
of chitosan is due to the presence of different functional
groups a position in its chemical structure. The modification
of chitosan, either with the grafting or cross-linking
reactions, the resultant chitosan derivatives enhance the
adsorption capacity. In the case of grafting reactions, the
addition of extra functional groups onto chitosan increases

the number of adsorption sites and also the adsorption
capacity. On the other hand, the cross-linking reactions
slightly decrease the adsorption capacity because some
functional groups of chitosan (i.e., amino or hydroxyl
groups) are linked with the cross-linker and cannot
intermingle with the pollutant, that’s why in more recent
years researchers have attempted to prepare chitosan-based
adsorbent materials modifying the molecules of chitosan [,
The present work is on the modification of Chitosan/CMC
composite with the cross-linker glutraldehyde and ethylene
diamine and the study of cross-linkers effects on the
adsorption capacity. To the best of our knowledge this
article is the first article to report on using modified
chitosan/CMC composites crosslinked with naturally
occurring and environmentally friendly glutraldehyde and
ethylene diammine cross-linkers for the removal of Cr (V1)
from aqueous solutions at ambient conditions.

Materials and Methods

1. Chemicals

Chitosan with deacetylation of 93% (Moisture < 10%, Faint
Beige to Beige powder) was obtained from Oxford Lab Co.,
Ltd (India) and carboxymethyl cellulose sodium salt (High
viscosity) was supplied by Trust Chemical Laboratories
(TCL) (India) and they were used as received. Citric acid
Monohydrate (2-hydroxy-1, 2, 3-propanetricarboxylic acid
monohydrate, M.W. 210.14) was supplied from CDH Fine
Chemicals (India). Acetic acid (99.5%, Extra Pure), was
purchased from LOBA Chemie LABORATORY
REAGENTS & FINE CHEMICALS (India). Sulfuric acid
was obtained from CDH Fine Chemicals (India). 1, 5-
diphenyl carbazide (m.p. 173-1760C, molecular mass=
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242.28 g/mol) LabChem (USA). Acetone, CDH Fine
Chemicals (India). Potassium dichromate (K2Cr207) was
purchased from CDH Fine Chemicals (India).
Glutaraldehyde solution 25%, (C5H802, glutaric
dialdehyde 25% solution, Pentane 1,5-dial 25% solution)
M.W 100.12) was purchased from SDFCL fine chemical
limited.  Ethylenediamine  for  synthesis (1, 2-
Diaminoethane) NH2.CH2.CH2.NH2, MW 60.10 was
obtained from CDH Fine Chemicals (India).

2. Madification of chitosan/CMC composite

Take 0.5g of Chitosan carboxymethyl composite
C11(DOl: 10.35629/5252-0311437451) in a 50ml of conical
flask, add 25ml of distilled water in it and stir it on hot plate
magnetic stirrer for 15 minutes. Add 2ml of glutraldehyde
and stir it for 15 minutes. Add 3ml of ethylene diamine, stir
it for 5 minutes, filter the solution, wash the residue with
distilled water and let it dry at room temperature

3. Removal of Cr (VI) from aqueous solution using
modified chitosan/CMC composites

For the preparation of 1000 ppm Stock solution of Cr (VI),
0.2829¢g of potassium dichromate was dissolved in distilled
water in 1 liter volumetric flask and completes it till mark.
From this stock solution of Cr (VI) another 50 ppm
concentration standard solution of Cr (V1) was prepared and
used for adsorption experiments. For the experiment, 10 ml
of 50 ppm stock solution was taken into 50ml a plastic
beaker and 0.02 g of modified composite was added and
stirred well. The beaker with its content was left for 24
hours at ambient conditions and FTIR technique was used to
determine the concentration of the remaining Cr (VI).

Fourier transform infrared analysis

The infrared spectra of CMC/chitosan composite and the
modified composite were obtained using Fourier transform
infrared spectrometer, FT-IR, Shimadzu (model 8400S -
Japan). Few milligrams of the each sample were mixed
thoroughly with sufficient amount of KBr and pressed to
form a transparent disk. The infrared spectrum was recorded
between 400 and 4000 cm-1 using a resolution of 4cm-1 and
8 numbers of scans.

Scanning electron microscopy

SEM was used to investigate the morphology of the
modified composite sample through an InspectTM Scanning
Electron Microscope (Inspect S50, Japan). The sample was
frozen under liquid nitrogen, mounted, sputter-coated with
gold and allowed to dry in a vacuum system. The dried
sample was viewed using an accelerating voltage of 5.00
kV.

Thermogravimetric analysis

Thermogravimetric analysis was carried out using a
Simultaneous Thermal Analyzer Neztsch STA449 F3
Jupiter. The analysis was carried out under nitrogen gas
flow from room temperature to 700°C at a heating rate of
10°C/min.

Effect of time on removal of Cr (VI) from aqueous
solutions

The effect of contact time on removal of Cr (VI) was
studied by using modified composite. Contact times of 1, 2,
3, 4,5, 7,10, 12 and 15 minutes were selected to carry out
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the experimental work. Standard solution of Cr (V1) with 50
ppm concentration was prepared from stock solution (1000
ppm) of Cr (V1) and used for adsorption experiments. In a
typical experiment, 10 ml of 50 ppm standard solution was
taken into a plastic beaker and 0.02 g of composite was
added and stirred well for 1 minute using a magnetic stirrer
at ambient conditions and the remaining Cr (VI) was
determined using UV/VIS spectrophotometry. Exactly
typical steps were repeated but at different contact times of
2, 3, 4,5 7, 10, 12 and 15 minutes. A plot of the
equilibrium adsorption capacity versus contact time was
carried out.

Determination of Cr (VI) by UV/Visible
spectrophotometry

The Cr (IV) concentration in aqueous solutions was
determined by JENWAY 7205 UV/Visible-
spectrophotometer at 540 nm by using 1, 5-
diphenylcarbazide (DPC) method. Standard solution of Cr
(VI) with 50 ppm concentration was prepared from 1000
ppm stock solution of Cr (VI). Series of standard Cr (VI)
solutions having different concentrations of 0.2, 0.4, 0.5,
0.8, and 1ppm were prepared from the 50 ppm stock
solution of Cr (VI). 1.0 ml of each of the standard Cr(IV)
was mixed with 9.0 ml of 0.2 M H2SO4 in a 10 ml
volumetric flask then 0.2 ml of freshly prepared 0.25%
(w/v) DPC in acetone was added into the volumetric flask.
The mixture was stirred in a plastic beaker for 30s and then
let to stand for 15 minutes for full color development. The
absorbance of the colored solution was measured at Amax
540 nm using distilled water as a reference. The absorbance-
concentrations calibration curve was plotted with a
correlation coefficient, of 0.9998. For the adsorption
experiment, 10 ml of 50 ppm Cr (1V) standard solution was
taken into a conical flask and 0.02g of the modified
composite sample was added. The content was stirred for 7
minutes and the concentration of the remaining Cr (IV) was
determined following exactly the above given UV/Visible
spectrophotometry method for the standard Cr (1V)
solutions.

Absorbed Cr (V1) was calculated by equations 1 and 2:

- (co—c )V
Qo= )

_( 0~ )V
qu="Cocl™

O]

Where qe is the equilibrium adsorption capacity, qt
adsorption capacity at time t, Co and Cf are the initial and
final C r(VI) concentrations, respectively, V is the volume
of Cr (VI) solution in liter and m is the mass of the
adsorbent in grams.

Effect of pH on removal of Cr (VI) from aqueous
solutions

The effect of pH on the modified composite was determined
at different pH values 2, 4, 6, 8 and 10. The Cr (VI) standard
solution of 50 ppm concentration was prepared from 1000
ppm stock solution of Cr (VI) and used for adsorption
experiments. In a typical experiment, 10 ml of 50 ppm
standard solution was taken into 50 ml beaker and the pH
was adjusted to 2, 4, 6, 8 and 10 using 0.1M NaOH or 0.1M
HCI solutions with the aid of a pH-meter. 0.02 g of modified
composite was added to contents of the beaker and stirred
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for 5 min on a magnetic stirrer at 150 rpm and then allowed
to settle for 5 min to reach the equilibrium at ambient
conditions. The remaining Cr (VI) was determined using
UVIVIS spectrophotometry. A plot of the equilibrium
adsorption capacity versus pH was carried out.

Effect of initial concentration of Cr (V1) on adsorption of
Cr (VI) from aqueous solutions

The effect of initial concentration on adsorption of Cr (VI)
was studied at different concentrations 10, 20, 30, 40, 50
and 70 ppm. Standard solution of Cr (VI) with 50 ppm
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of Cr (VI) and used for adsorption experiments. In a typical
experiment, 10 ml of 10 ppm standard solution was taken
into a 50 ml beaker and 0.02 g of the composite was added
and stirred well for 7 minutes using a magnetic stirrer at pH
5 which was previously adjusted using 0.1M HCI or 0.1M
NaOH with the aid of a pH-meter. The remaining Cr (V1)
was determined using UV/VIS spectrophotometry. The
whole experiment was repeated again but using 20, 30, 40,
50 and 70 ppm of Cr (V1) in each case.

Results and Discussion

concentration was prepared from stock solution (1000 ppm) FTIR analysis
Ik
2
A
3 1 v__cs < T
2 L J3 i Rde
- 4 g g : g §
' ~ .3.. . ‘:— —~—+ "
bt 8g 3 |\,
= 8 LA |
,;‘ g | i | v a
\ ; g —& i
\ )./‘i’_— g | 2.‘ - .I
§ = : —— 1 1 L]
| | | |
3500 3000 ‘
zsoc:‘k 2000 1500 1000
{cm-1) o l
Date: Mon Oct 21 12:52:38 2019 (GMT-07.00) Composite t
cans: 8

Fig 1: Chitosan/CMC Composite

Figure 1, shows the infrared spectrum of composite. The
band at around 3000 to 3600 cm™ could assign to aromatic
secondary amine N-H and —OH stretching vibrations . The
absorption band at 2909 cm™ is the C-H stretching
vibration. The band at 1637 is due to the bending vibration
of —OH group and the adsorption band at 1598 cm™ shows
the presence Of C=C asymmetrical stretches. The presence
of symmetrical band C=C are confirmed by the bands at
around 1637 cm™ [¥1, The presence of CH, and-C-N bands

are attribute at around 1423 and 1382 cm™, respectively.
The asymmetric stretching of the C-O-C bridge absorption
band showed at 1149 cm™ and the bands at 1095 and 1029
cm—1 correspond to C-O stretching. The band at 3398
cm? corresponds to O—H stretching vibrations. The band at
2918 cm™ represents saturated C—H stretching vibration and
the peak at 1075 cmrepresent the C-O-C stretching
vibration. The presence of a peak at 1736 cm™ represents
the formation of ester linkages [1%.

Fig 2: Modified Chitosan/CMC Composite (C11)
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Figure 2 shows the FTIR spectrum of the modified
composite. The comparison of composite and modified
composite spectra showed that the peak area near 3200 cm™*
to 3450 cm* increased for the amino N-H and O-H groups.
The peaks of 1033 cm™ 1034 cm™ and 1064 cm™
corresponded to the C-O, while the peak at 1660 cm™ was
assigned to the carbonyl group of the amide [11]. On the
other hand, it was observed that 3291 cm (a wide O-H
band), 2900cm-(aliphatic C-H stretching),2360cm™ (C=C

Fig 3

The SIM images(Figures 3,4) of surface morphology clearly
showing the smooth surface with distributed cross linker
groups on the surface of modified composite, the resulting
the modified composite has strong affinity for the removal
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stretching) and 1634 cm™(N-H bending) are characteristic
bands [*?l. These results confirmed that amino groups were
introduced onto the adsorbent surface and modified
composite was successfully synthesized. In conclusion, the
modified composite had more amino groups. The remaining
peaks are typically similar to the ones that are shown
already in Figure 1.

Scanning electron microscopy

of chromium [231,

Thermo gravimetric analysis
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Fig 5a
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Fig 5b

In (Fig. 5a) the thermograms of composite in the
temperature range of 30-600 °C shows few steps
degradation. The first step takes place in the range of 30—
100 °C. The small amount of weight loss occurs due to the
loss of moisture contained in composite. In a second step the
major degradation occur due to breakdown of
polysaccharide structure in the range of 200 °C to 300 °C
results in the weight loss of around 55% and the final loss of
25% gradually takes place in the range from 300 to 600 °C.
Fig. 5b illustrates the clear degradation pattern of modified
composite which is very different to that of composite. In
the first step degradation about 10% of weight loss takes
place in a temperature zone of 30-100 °C and is due to the
loss of water molecules. In the second step, the weight loss
is observed in the temperature zone of 200-300 °C and is
due to the decomposition of the chitosan followed by

decomposition of CMC in the temperature range of 300-600
°C. About 29% of the compound remained as residual
matter and the changes in mass are decreased from 69 to
67% 41,

Effect of time on removal of Cr (VI) from aqueous
solutions

The effect of time on removal of Cr (VI) from it is aqueous
solutions were investigated using three different
concentrations. The initial and the final concentrations of Cr
(VI) were determined using UV/Visible spectrophotometry.
The results are displayed in Figure 6. As can be seen from
the Figure, the equilibrium adsorption capacity was
increased with time gradually and reached its plateau
between 6 to 8 minutes, so 7 minutes were chosen as the
optimum time for adsorption experiments.

data B(50 ppm)
- data c(25 ppm)
data D(10ppm)
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1 "
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Fig 6: Effect of time on removal of Cr (V1)
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Figure 6 illustrates the result of comparative study of
contact time by using composite. It is evident that optimum
contact time for the composite was found to be 7 min with
maximum removal. The trend of percentage adsorption was
shown that with increased contact time there is more time
for the Cr (V1) to make complex with the adsorbent.

Effect of pH on removal of Cr (VI) from aqueous
solutions

The effect of pH on removal of Cr (VI) from it is aqueous
solutions were investigated using three different pH
solutions. The results are displayed in Figures 7a and 7b. As
can be seen from the Figure, the equilibrium adsorption
capacity was increased with pH decreases and reached its
maximum between 2 to 4 pH, as well as percentage removal
is at its peak on PH 2. With increasing the pH level, the
electrostatic repulsive forces between chromium ions and
negative charge on the surface of the adsorbent becomes
strong and resultant reduces the adsorption capacity [, The
results of other researches similarly indicate the effect of the
pH level on chromium adsorption capacity by different
adsorbents [16: 171,
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Fig 7b: effect of PH on Percentage removal

Adsorption isotherms
To study the relationship between absorbed amount (ge) and
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aqueous concentration (Ce) at equilibrium, adsorption
isotherm models like Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich (DR) isotherm are widely working,
in which Langmuir and Freundlich equations are most
widely used 8. The Langmuir model assumes that the
uptake of adsorbate molecules occurs on a homogenous
surface by monolayer adsorption without any interaction
between adsorbed molecules. Freundlich model is suitable
for non-ideal adsorption on heterogeneous surfaces. The
heterogeneity is caused by the presence of different
functional groups on the surface, and various adsorbent—
adsorbate interactions [°. The Langmuir isotherm is
represented by equation 3.

Ce 1 Ce
+

qe B KLgm qm (3)

Equation 3, where ge was the quantity of Cr (VI) adsorbed
per unit weight of adsorbent (mg/g) at equilibrium, Ce was
the equilibrium concentration (mg/L) of Cr(V1) in solution.
The constant gm gives the theoretical monolayer adsorption
capacity (mg/g).Straight lines were obtained by plotting
Celqe against Ce as shown in Fig 2. The linear plot of Ce/ge
against Ce indicated the applicability of Langmuir
adsorption isotherm. Langmuir constants, ge and b were
calculated from the slopes and intercepts of plots of Ce/qe
versus Ce, respectively, and are given in Table 1 along with
correlation coefficients (R2). The essential characteristics of
the Langmuir isotherm can be expressed by a dimensionless
equilibrium parameter, RL, also known as the separation
factor to investigate the fundamental characteristics of the
adsorption processes where an adsorption process is

favorable (O<RL1), Linear (RL = 1), or irreversible (RL=0)
[20],

1
RL = 1+KLCo 4)

Where KL describes the affinity of the surface for the solute
and Co is the initial Cr (V1) concentration. The values of RL
which indicated the favorable adsorption of Cr (VI) on the
surface of modified composite. As shown in Table 1, the
Langmuir model provides a determination coefficient (R2 =
0.911) higher than the other models, indicating the
monolayer adsorption of Cr (IV) on modified composite. As
shown in Figure 1, the RL value was 0.003, indicating the
favorability of Cr (V) adsorption on modified composite in
the studied concentration range 241,

4.5 1 Langmuir isotherm

T T T T T
200 0 200 400 600 800 1000 1200 1400
Ce(mg/L)

Fig 8: Langmuir adsorption isotherm
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The Freundlich isotherm has the form

ge = Kf +1/n Ce (5)
The logarithmic form of the equation is given below:

log ge = log Kf + 1/n logCe (6)

where ge is the uptake of metal per unit weight of
biosorbent (mg/g), Ce the equilibrium concentration of
metal ions in solution (mg/L), Kf the Freundlich constants
denoting adsorption capacity (mg/g) and n is the empirical
constant, indicating of adsorption intensity (L/mg). The
value of Kf and 1/n were found by plotting the graph
between log ge and logCe, which is the residual chromium
concentration and is calculated from the laboratory data.
The value of logKf is the intercept and value of 1/n is the
slope of the plot. After finding the logKf, its antilog is found
out to calculate Kf which was 0.326. A high ‘Kf’ and ‘n’
value is indication of chemical absorption throughout the
concentration range. A low ‘Kf’ and high ‘n’ indicates
physical adsorption throughout the studied concentration
range 2. The ‘n’ value (2.86) indicates physical good
adsorption at strong solute concentration.

255
250 Freundlich Isothemn

2.45—-
2.4El—_
235 ;
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2.20
215
2.10
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1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
InCe{mg/L)

Fig 9: Freundlich adsorption isotherm

The Temkin isotherm model involves a factor that fully
allows for including the interactions between adsorbents and
adsorbates. Temkin model accepts the following conditions:
(i) the adsorption heat of all molecules present in the layer
linearly decreases with the coverage which is because of
adsorbent-adsorbate interactions; (ii) a uniform distribution
of binding energies, up to maximum binding energy, is used
to characterize the adsorption 2%l The Temkin isotherm is
commonly used in the form of following equation

ge= B In(KTCe) (7

Where B = (RT/AT) and KT is Temkin constant. KT (J/mol)
is the change of the Temkin adsorption energy between two
neighboring adsorption sites, T (K) is the adsorption
temperature and R (kJ/ mol K) is the universal gas constant.
To simplify plotting and calculation of Temkin constant, the
above equation is often rearranged as the linear form offered
below. The values of KT and B can be calculated from the
linear plot of ge versus In(Ce).

ge=B InKT +B In Ce (8)
The linearized form of the Temkin adsorption isotherm
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presented (Eq. (8)) was used to analyze the equilibrium data
and the data is shown in Table 1.
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Fig 10: Temkin adsorption isotherm

The Dubinin—Radushkevich isotherm equation was used to
distinguish between the chemical and physical adsorption
241 The linear form of this model is expressed by:

Inge=Ingm-K p.r*2 )
&=RTCIn(1+1/Ce) (10)

Where, gm (mg/g) is the D-R maximum biosorption and
KD-R (mol®> / kJ? shows the mean free energy of
biosorption. The value of ¢ represents the Polanyi potential,
R is the universal gas constant (8.314 J/mol/K) and T
represents temperature in kelvin. The apparent energy of
adsorption (E) (kJ/mol) was estimated using Eq. (11).

E K=1/\2K (11)

From the plots of In qe versus €2 (Fig. 4) the values of Ek
and gm were determined by the slope and intercept of the
linear plot. The statistical results along with the isotherm
constants are also given in Table 1. The magnitude of E
gives information about the type of adsorption/ion exchange
mechanism. E value lying between 1-8 kJ/mol indicates that
the type of adsorption is physisorption while 8-16 kJ/mol
specify ion exchange mechanism 1, As our results showed,
adsorption of Cr(VI) by modified composite was
physisorbtion.
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Fig 11: Dubinin-Radushkevich adsorption isotherm
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Table 1: Different isotherm parameters for adsorption of Cr
(V1) ions on modified composite at 293 K.

Langmuir isotherm parameters
R2 0.9118
gm (Mg/g) 0.003
b (L/mg) 434.2
RL 0.003
Freundlich isotherm parameters

R2 0.8205

n 2.86

1/n 0.350

Ke (L/g) 0.326

Temkin isotherm parameters
R2 0.8111
Kr (L/g) 0.300
B (J/mol) 167.8
DR isotherm models

R2 0.5469

Es (kJ/mol) 15.63

Langmuir isotherm parameters

Adsorption Kinetics

The amount of metal ion adsorbed by the adsorbent depends
on the contact time and thus, kinetics of adsorption of Cr
(VI) was explained through pseudo-first-order and pseudo-
second order Kinetic intraparticle diffusion and Elovich
kinetics models. The studies were carried out using different
concentrations of Cr (VI) solution viz. 10, 20,30,40,50,60
and 70 mg/L. The solutions were equilibrated with 0.02 g/L
of adsorbent at 298 K and pH 4.0 for different time intervals
(1-7 min). The results obtained have been summarized in
Table 2.The pseudo-first-order Kinetics is given by the
equation

K
Log (qe-qt) = log qe — —23:)3 t (12)

Where ge and qt refer to the amounts of Cr(VI) adsorbed at
equilibrium and at time t with the first- order rate constant
k1.The plot of log (ge — qt) against t gives pseudo-first-order
rate constant Fig. 12 [261,

25 Pseudo 1% order kinetics

2.4

time(min)

Fig 12: Pseudo 1% order

The pseudo-second-order equation is given as

t 1

=~ 4+1¢
ql K2qo qge (13)
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Where k. is the pseudo-second-order rate constant in
g/mg/min. For all the concentrations, the plot of log t/qt
against t gives pseudo-second-order rate constant Fig. 13.
From Table 2 it is cleared that the values of experimental ge
obtained in pseudo-second-order rate model had close
agreement with that of calculated ge indicating the fitment
of experimental data in pseudo-second- order rate model 27,

0030
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Fig 13: Pseudo 2" order

During adsorption, whether intraparticle diffusion is the rate
determining step can be confirmed by Weber—Morris model
(Weber & Morris, 1963).

qt=kpt*2+c (14)

Where kpt is the intra-particle diffusion rate constant (mg/g
minl1/2), and the value of C (mg/g) represents the thickness
of the boundary layer. In the case of the intra-particle
diffusion model, the increase in the C values with an
increase in initial Cr(\VI) concentrations corresponds to the
increase in boundary layer thickness, and the resistance to
the external mass transfer increases. The linear plot was not
passed through the origin Fig 14 indicating that the intra-
particle diffusion was not the only rate controlling step and
some other mechanism presided over the Cr(VI) adsorption
process along with intra-particle diffusion [281,

500

intra particle diffusion model

450 .
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Fig 14: Intra-particle diffusion

The Elovich model which assumes multilayer adsorption is
given by the expression
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InL =InKE qm- Lz
ce qm

(15)
9=(1/p) In(af)+(1/B)Int (16)

Where KE and gm are characteristic of the Elovich
equilibrium constant and the adsorption capacity, «
represents the rate of chemisorption at zero coverage (mg g1
minl) and B is related to the extent of surface coverage and
activation energy for chemisorption (g mgl). These

www.allsubjectjournal.com

constants were calculated from the slope and intercept of the
plots of q vs Int (Fig. 15). This suggests that the sorption
systems studied belong to the second order kinetic model
based on the assumption that the rate determining step may
be chemisorption involving valence forces through sharing
or exchange of electrons between adsorbent and adsorbate.
The relevant Elovich isotherm parameters are obtained from

the Elovich plot relating In (ge/Ce) against ge given in Table
1129,

S0
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0.6 0.8 1.0 12
Int

Fig 15: Elovich Kinetics

Table 2: Kinetic parameters for adsorption of Cr (V1) ions
on modified composite

Pseudo 1st order

R2 0.6057
ge (mg/g) 0.366
k1 (min—1) 0.0248
Pseudo 2nd order
R2
ge (mg/g) 3.67
h (mg/g-min) 0.029
t1/2 (min) 123.9
k2 (g/mg-min) 0.021
Intra-particles diffusion model
R2 0.3686
C (mg/g) 33.77
kipd (mg/g-min) 4.08
Elovich model
R2 0.8645
o (mg/g-min) 2.49
B (g/mg) 163.4

Conclusion

In conclusion, the resultant modified composites had more
adsorbent properties than C11 composite with the reference
DOI: 10.35629/5252-0311437451 and it was used to
remove Cr (VI) from standard aqueous solution, and
characterized by the FT-IR, SEM and TGA. The optimum
conditions for adsorption of Cr (V1) on modified composite
were found at pH range of 2.0-4.0 and stirring time of 7
minutes. Kinetic study results showed that the adsorption
process follows pseudo-second order model, while the

Langmuir adsorption isotherm provide the best fit with a
maximum adsorption capacity from 33.77 to 89.24 mg/g at
250C, indicating that the rate limiting step in the absorption
of Cr (IV) involves the best physical interaction
physisorption. Thermodynamic parameters in TGA analysis
indicated an endothermic process and spontaneous
adsorption of Cr (V1) on the polymers.
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