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Abstract

In the present work iron particles was recovered by dry magnetic separation, from waste steel slag, doped with chitosan for adsorbent
prepared, characterized and evaluated for the removal of As(V) from an aqueous solution. The adsorption of As(V) was optimized
by using response surface methodology through Box-Behnken design model, which gave high correlation coefficient (R? = 0.9175), and
a predictive model of quadratic polynomial equation. Analysis of variance and Fischer's F-test were used to govern the parameters
which interrupt the adsorption of As(V).The adsorbent was characterized by FTIR, XRD and SEM. Optimal conditions, including
adsorbent dosage, pH, temperature, initial ion concentration and contact time for the removal of As(V), were found to be 0.8 g, pH 4,
308 K, 10 mg L™ and 3 h, respectively. Langmuir isotherm model fitted better compared to the Freundlich model having a maximum
adsorption capacity of 11.76 mg g™, a high regression coefficient value of 0.993 and least chi-square value of 0.1959. The process was
found to follow monolayer adsorption and pseudo-second-order kinetics. Thermodynamic parameters such as AS, AH and AG indicated

the feasibility, spontaneous and endothermic nature of adsorption. Successful regeneration of the adsorbent implies its applicability

to the removal of arsenic from real life wastewater.
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1 Introduction

Arsenic is a pervasive element in the environment and has
been known as a notorious toxic substance to man and living
organisms for centuries [1]. Groundwater arsenic is primarily
associated with oxidative weathering and geochemical reac-
tions. Carbon plays a major role in the mobilization of arsenic
in the sediments [2]. Over 100 million people in Bangladesh,
West Bengal, China, Mexico, Chile, Myanmar, and United
states [3] were affected by the arsenic contaminated water.
Long term exposure to arsenic in drinking water causes
skin diseases (pigmentation, dermal hyperkeratosis, and
skin cancer), cardiovascular, neurological, liver, kidney,
and prostate cancers [4]. To protect public health, the World
Health Organization has set a provisional guideline limit of
10 pg L for arsenic [5] in drinking water. The removal of

arsenic by various methods has been widely reviewed [6].
Co-precipitation, flotation, ion-exchange, ultra-filtration,
and reverse osmosis have been received more attention due
to its high concentration efficiency. Several adsorbents have
been found suitable for arsenic removal counting activated
carbon [7], activated alumina [8], red mud [9], etc. In the
last decade developments in the knowledge of biosorption
exposed high adsorption capacities, low costs and regener-
ability of natural biosorption materials [10]. However, chal-
lenges encountered for biosorbents with high uptake, low
cost and as well as in understanding the mechanism of bio-
sorption with heavy metals. Chitin, a major component of
crustacean shell and fungal biomass, on N-deacetylation
produced chitosan. Chitin availed enormously from seafood
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processing wastes. Chitosan has been found to have good
sorption capacity for many heavy metal ions, owing to its
high amino content [11], through complexation with the
amine groups present. The fact of a high attractiveness exist
between inorganic arsenic species and iron advanced to
develop Fe (III) bearing materials like goethite and hema-
tite [12], ferrihydrite [13], and iron-doped activated car-
bons [14] for arsenic adsorption. Studies also recognized the
applicability of chitosan-Fe nanoparticles for the removal
of hexavalent chromium. Therefore, iron-doped chitosan
nanoparticles should be a capable biosorbent for removing
heavy metals, due to the presence of the amine and hydroxyl
groups. In this study, a novel iron doped chitosan compos-
ite was prepared through a simple co-precipitation method,
their performance was characterized and the sorption, iso-
therms, kinetics and thermodynamic property for removing
arsenic from aqueous solution were investigated.

2 Materials and methods

2.1 Materials

Samples of desulfurized (De-S) fresh slag fines are col-
lected from Steel Authority of India Limited (SAIL) Salem
steel plant, chemical compositions of these slag fines are
presented in Table 1. Chitosan (CS, MW = 2.65 x 10° Da)
with > 80 % deacetylation degree, Sodium hydrogen arse-
nate (Na,HAsO,.7H,0), Sodium hydroxide and acetic acid
were of analytical grade, acquired from Sigma Aldrich.
Stock As(V) solution (1000 mg L™) was prepared from
sodium hydrogen arsenate. All the reagents and glassware
were prepared and rinsed with double de-ionized water.
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2.2 Magnetic separation of iron with a pilot magnetic
2.2.1 Drum separator

Slag fines of < 10 mm size have been grinded by Soft
Grinding (SG) methods for 30 min to recover fine parti-
cles of < 1 mm size. The SG mode has an advantage, over
Classic Ball Grinding (CBG), by avoiding overproduction
of fine particles which hamper the effectiveness of physi-
cal dry separation techniques. Dry magnetic drum separa-
tor, in Fig. 1, illustrates its working principle [15], which
has a fixed permanent magnet cluster, a revolving nonmag-
netic shell, and a splitter underneath the drum. On feeding
the steelmaking slag particles into separator, the revolv-
ing shell brings the slag fines towards the drum bottom.
More-magnetic particles gathered on the surface of the
shell and fall onto the more magnetic product pile, while
less-magnetic particles are thrown away from the drum sur-
face and fall onto the less-magnetic product split. The sep-
aration can be further tuned by changing the splitter posi-
tions either towards drum surface for higher iron grade or
away from the drum for higher yield of the more-magnetic
product. The operating features of the drum are rotation
at a constant speed of 36 rpm, field strength of 1650 gauss,
drum radius of 400 mm, drum flesh thickness of 2 mm and
splitter gap of 25 to 35 mm. The pilot magnetic drum sep-
arator used in this experimental work has the full features
of an industrial magnetic drum separator [16].

2.3 Preparation of iron doped chitosan composite
Briefly, the synthesis procedure is as follows, the FeO
particles (0.15 g) were dispersed in 2 % (v/v) acetic acid

Table 1 Chemical compositions of raw steel making slag fines (dry basis), wt%

Slag type ~ Sample MFe TFe SiO, ALO, MgO MnO P Cr,0, C S
De-S De-S1 12.34 34.51 9.19 2.16 29.86 5.21 1.89 0.18 0.14 3.32 0.561
De-S2 15.21 36.48 9.16 2.31 25.56 5.41 1.15 0.12 0.11 3.56 0.527

Fig. 1 SEM images of (a) pure chitosan (b) before As(V) adsorption (c) after As(V) adsorption of composite
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solution (100 mL). The chitosan (1 g) was then added, and
the mixture was agitated for 60 min, to reduce the agglom-
eration, followed by stirring. The subsequent precipitate
obtained by adding 1M NaOH, was heated at 75 °C for 4 h,
filtered, washed with deionized water, and finally dried
in a vacuum oven at 40 °C.

2.4 Batch adsorption experiments

Batch experiments were carried out in 100 mL polyeth-
ylene bottles with 50 mL of As solution having an ini-
tial concentration of 10 mg L™'. The investigation car-
ries the effect of various parameters such as temperature
(293 K —313 K), pH (2-10), reaction time (5 min—5 h),
and adsorbent dosage (0.1 — 2 g/50 ml) in order to find the
maximum uptake of arsenic ions. Samples were collected
at fixed intervals and the adsorbent was removed by cen-
trifugation at 6000 rpm for 6 min. The supernatant was
analyzed for As(V) removal by AAS. Blanks were used
for control in all the experiments. The amount of arsenic
adsorbed (mg g') was determined by using the Eq. (1):

ge=(Co—=C)xv/m, M

where C and C, are the initial and equilibrium concentra-
tions of the metal ion (mg L), m is the dry mass of iron-
doped chitosan (g) and v is the volume of the solution (L).
The % removal of As(V) from aqueous solution was cal-
culated by using Eq. (2):

Removal(%) = [(Co—Ce)/Co]XIOO. ()

2.5 Design of experiments

The adsorption of As(V) process using the composite was
demonstrated and optimized by a Box-Behnken Method
(BBM) experimental design in RSM. For data analysis,
design expert software (Stat Ease, Inc., Trial version 11,
USA) was used. Batch experiments were performed
based on BBM to investigate the effect of all four param-
eters. Equation (3) explains the coded values of the pro-
cess variables:

x 2 Emx) i=1,230 . k, ©)]

where X, and x, are the coded and uncoded values of the
i variables, x . denotes the uncoded values of the i vari-
able at the center point, and Ax, is the step change value.
The levels of various parameters used in BBM design are
represented in Table 2.

Table 2 Factors and level of various parameters of BBM design
for As(V) adsorption

Level of factors

Variables Code -1 0 1
Temperature (K) X, 303 308 313
pH X, 3 4 5
Contact time (min) X, 120 180 240
Adsorbent dosage(mg L™") X, 600 700 800

The % removal of As(V) was determined by the follow-
ing second order polynomial equation (Eq. (4)):

4

Z Byx.x; +e&, “)

i, j=1(i#)

4 4
Y= »Bo +Zﬁi'xi +Zﬂiixi2 +
i=0 i=0

where Y is the response variable, 8 , 8, ﬁ,;,- and g, are the
regression coefficients for intercept, linear effect, double
interaction, and quadratic effects, respectively, x,, x,are the
independent variables, and ¢ is a random error. Statistical
analysis system and Tera plot software were used for the
study of Analysis of variance (ANOVA), response surface
studies and 3D surface plot generation respectively.

2.6 Analytical measurements

Fourier transform infrared spectra (FT-IR) and SEM anal-
ysis of the adsorbent recorded before and after As(V)
adsorption with KBr discs in the range of 500—4000 cm™
by Jasco-4200 and JOEL JSM-6360 scanning electron
microscope at 15 kv respectively. A Shimadzu AA 7000
model Atomic Absorption Spectrometer (AAS) was
used to measure the concentration of adsorbed arsenic
at 194 nm with an air-acetylene flame type.

3 Results and discussion

3.1 Instrumental analysis

Morphology study, (Fig. 1 (a), (b) and (c)), shows that
the adsorbent is porous in nature and entitles good com-
plexes with adsorbed arsenic ions. XRD diffraction peaks
in Fig. 2 (a), of the composite, are found consistent with the
standard XRD pattern of cubic FeO (JCPDS, n0.65-3107)
with Fig. 2 (b).The IR spectrum peak at 3450 cm ™' of pure chi-
tosan (Fig. 2 (a) confirms the primary alcoholic group [17],
and peak at 588 cm™ (Fig. 2 (b)) of Fe-O group [18] pres-
ence. After As(V) adsorption (Fig. 2 (c)), the peak shift
from 1655 to 1642 cm™', new bands at 1560 cm™ and
834 cm™ predicts the amine dislodgement [19], nitrogen
atom responsibility, and the existence of As(V) [20] in the
adsorbent respectively.
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Fig. 2 XRD patterns of (a) FeO-Chitosan composite (b) FeO only
(c) As(V) adsorbed FeO-Chitosan composite

3.2 Quadratic model for As(V) adsorption

The adsorbent As(V) removal capacity was optimized
by employing the BBM technique. Table 3, display the
29 runs of experimental designs, along with correspond-
ing adsorption results. The removal efficiency as func-
tions of temperature (x,), pH (x,), reaction time (x,) and
adsorbent dosage (x,) was correlated with the developed
second-order polynomial equation given in Eq. (5):

% removal of As(V)=-276.05000+13.506677x,
+11.55000x, +8.6667x, +0.213333x, +0.190000x, x,
—0.090000x, x, —0.003150x,x, +0.450000x, x,
+0.005000x, x, —0.000250x,x, —0.159167x,

-2.79167x,” =1.15417x,> —=0.000074x,”.
®)

The effect of independent variables on the adsorption
efficiency of As(V) was described by the above equation
predicts a maximum As(V) removal of 92 %.

Experimental curve fitting was evaluated to govern the
significant model for this system (Table 4). Each type of
model was calculated for Fischer F-test value. In general,
larger F- and lower probability values (p-values) with sig-
nificant terms were chosen. From the data given in Table 4,
a quadratic model was suggested for higher F-value (23.49)
and lower p-value (< 0.0001) with significant terms for this
experimental design on compared with other models.
The cubic model was found to be insignificant.

ANOVA justifies the significance of the quadratic model
by correlating the model with the response variables.
Table 5, shows the variables denoted in ANOVA was the
main effects, the interaction effects, and the error terms.
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Table 3 Experimental design with adsorption results

Coded levels

Std Run xlA(i() i xfih) X, (n]ljg L) O?Zn;(()\\/l?‘;)
4 1 313 5 3 800 89.7
6 2 308 5 4 800 90.1
8 3 308 4 4 900 89.8
12 4 313 4 3 900 88.8
275 308 4 3 700 91.3
23 6 308 3 3 900 85.5
7 7 308 4 2 900 91.1
9 8 303 4 3 700 82.9
6 9 308 4 4 700 89.6
1310 308 3 2 800 87.2
21 11 308 3 3 700 86.1
15 12 308 3 4 800 88.3
24 13 308 5 3 900 89.9
9 14 303 4 4 800 85.5
1 15 303 3 3 800 83.1
17 16 303 4 2 800 84.2
2 17 308 5 3 700 88.5
26 18 308 4 3 800 91.8
119 303 4 3 900 87.6
18 20 313 4 2 800 87.2
5 21 308 4 2 700 90.8
25 22 308 3 3 800 90.8
14 23 308 5 2 800 87.2
28 24 308 4 4 800 914
29 25 308 4 3 900 91.6
10 26 313 4 3 700 90.4
20 27 313 4 4 800 86.7
3 28 300 5 3 800 84.2
2 29 313 3 3 800 84.8

Table 4 Experimental curve fitting of optimization
Source SS(;Eers Sl\;[ zz;le Ifr -Ovba 1:; Remarks
E:;‘:r v 5349 4 133 192 0.140 -
12:12:: 1616 6 269 032 0917 -
SS“;’EI”“C 13155 4 328 234 <0000 Suggested
g;‘:;‘;avﬁsc 1252 8 157 133 03752  Aliased

The importance of these variables was represented by F'
and p values. In the quadratic model developed, the F-value
of 10.26 indicated that the model was statistically significant
and there is only a 0.01 % chance that an F-value this large
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Table 5 Analysis of variance for the quadratic model by BBM

optimization for As(V) adsorption

Sum of Mean p-value

Source Squares DF Square F-value Prob > F Remarks
Model 201.19 14 1437 10.26 < 0.0001 Sig*
x, (k) 33.67 1 33.67 24.05 0.0002 Sig*
X, 17.76 1 17.76 12.69 0.0031 Sig*
x, (min) 0.4408 1 04408 0.3149  0.5836 -
x, (mgL™) 1.61 1 1.61 1.15 0.3012 -
XX, 3.61 1 3.61 2.58 0.1306 -
XX, 0.8100 1 0.8100 0.5785 0.4595 -
XX, 9.92 1 9.92 7.09 0.0186 Sig*
XX, 0.8100 1 0.8100 0.5785 0.4595 -
x,X, 1.0000 1 1.0000 0.7143 0.4122 -
XX, 0.0025 1 0.0025 0.0018  0.9669 -
x 102.71 1 10271  73.36 <0.0001 Sig*
x 50.55 1 50.55 36.11  <0.0001 Sig*
x 8.64 1 8.64 6.17 0.0263 Sig*
x; 3.57 1 357 2.55 0.1327 -
Residual 19.60 14 1.40 - - -
Lack of fit 19.60 10 1.96 - - Not Sig#
Pure error  0.0000 4  0.0000 - - -
Cor total 220.79 28 - - - -
* Significant # Not Significant

could occur due to noise. The model suggested was highly
significant due to its p-value of < 0.0001. The Table 5 shows
the six significant terms with low p-values were x, x,, x,x,,
x7, x;and x;. Other significant terms were not discussed
because of their high p-values. The above model accuracy
could be assessed by the fortitude of regression coefficient
R?. The value of R? = 0.9112, in the present study, indicated
that only 9 % of the total variables were not explained by the
model. The adjusted coefficient value (R? adj = 0.8225) was
not in realistic arrangement with observed R?. The model
has undesirable lack of fit by the indication of lack of fit
p-value (> 0.05) suggested that it is not significantly relative
to the pure error and, thus, above quadratic equation and
the model were accurate for the experiment [21]. The value
of signal to noise ratio was found to be 10.238, ratio > 4
is desirable, indicated an adequate signal to navigate the
design space. The Fig. 3, of the graph, plotted between
actual and predicted values for removal of As(V), indicated
that the distribution of actual values were relatively close
to the straight line which, specifies the quadratic model
was necessary for predicting the efficient removal of As(V)
under the parameters studied.

Predicted Vs Actual

Removal of As(v):

82.9 [ 9.8

Predicted Removal of As(v)%

T T T T
82 84 86 88 90 92
Actual Removal of As(v)%

Fig. 3 Comparison between actual and predicted values of RSM model

on optimized parameters for As(V) removal

The plot between studentized residuals and run num-
ber, in Fig. 4, showed that the random distribution of resid-
uals around £3.9 (limit is < +4.00) [21] was a good sign of
well fitted experimental data with the model.

3.3 Effect of process variables on removal of As(V)

To optimize the process variables of equilibrium conditions,
from batch experiments, it was necessary to study the impact
of each variable on the adsorption process. Hence, three-di-
mensional curves were plotted between the variables of tem-
perature, pH, reaction time and adsorbent dosage. Fig. 5 (a),
represents the effect of temperature and pH indicated that

Residual Vs Run

4.00-3.93041

Removal of As(v):
82.9 N 91.8

2.00

0.00 0\

-2.00+

Externally Studentized Residuals

-3.93041

-4.00

| LI I T 1T | LI | T 1T | T 17T | LI I LI |
1 5 9 13 Al 21 25 29
Run Number

Fig. 4 Plot of studentized residuals versus experimental run number
on optimized parameters for As(V) removal.
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Fig. 5 3D surface mapping plot for multiple effects of (a) temperature and pH (b) temperature and time (c) dosage and temperature (d) time and pH

(e) reaction time and adsorbent dosage on As(V) removal.
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the adsorption reaches maximum at 308 K on pH 4 and then
decreases, infers that the process is dependent on pH and
temperature. It may due to desorption, at higher pH and tem-
perature, the decreasing trend in adsorption continues.

The correlation of temperature and reaction time is as
shown in Fig. 5 (b). The optimal adsorption efficiency
of 91.8 % was reached within 180 min at temperature
of 308 K. The observation found that as contact time
(> 180 min) and temperature (> 35 °C) increased, the
adsorption rate decreased.

The plot of temperature versus adsorbent dosage in
Fig. 5 (c), shows that the degree of adsorption increases
with increasing adsorbent dosage, up to 800 mg on 308 K,
due to high surface availability. While beyond 800 mg
dosage and 308 K it has equilibrium and decreasing trend
starts for the variables respectively infer, that the tempera-
ture plays a major role in the adsorption procedure.

Fig. 5 (d) shows the effect of time and pH. The adsorp-
tion capacity was almost constant with respect to time
in the pH range 3-3.7. When the pH was beyond 3.7 the
adsorption increases and reaches maximum at pH 4.
The relation of reaction time and adsorption dosage plot-
ted in Fig. 5 (e), fairly indicates that the adsorption rate is
almost constant on increasing time and gradually increases
with respect to dosage and reaches maximum adsorption
level at 180 min and 800 mg respectively.

From the above, process variable correlations studied,
it was evident that the adsorption rate was remarkably
affected by temperature and pH, while the contact time
and adsorbent dosage had fringe effect only. The above
fact is supported by the contour plot, in Fig. 3, between
pH and temperature which also shows that the experimen-
tal and predicted removal efficiency was 91.8 % and 92 %
respectively with a difference of minimum 0.2 % under
the optimal conditions. By the observation, the adsorp-
tion is endothermic in nature and takes place by diffusion
and complexation process [22] respectively. The increase
in the adsorption capacity was due to both the increase of
the diffusion rate of As(V) and the rate of complexation
with the functional groups present in the adsorbent [23].

3.4 Adsorption isotherms

The isotherm equations could be used to describe the
sorption data, sorption mechanism, the surface properties
and the affinity between sorbent and sorbate. The various
isotherms models employed in the linear form [24], equi-
librium parameters, linear regression analysis, and com-
puted constants were shown in Table 6.

Table 6 Comparison of equilibrium parameters at different temperature

Temperature (K)

Model Parameters
298 303 308
K, (L/mg) 10.86 10.98 11.76
q, (mg/g) 0.0355 0.0440 0.0573
R? 0.981 0.985 0.993
Langmuir
R, 0.7380 0.6944 0.6357
RMSE 0.4999 0.4547 0.3284
Ve 0.3192 0.3754 0.1959
K, (mg/g) 0.7298 0.7953 0.9231
n 1.4684 1.6583 1.6694
Freundlich R? 0.897 0.982 0.985
RMSE 3.8007 4.3404 4.7157
1 13.827 15.64 16.8591

3.4.1 Langmuir isotherms
The linear form of the isotherm can be explained by Eq. (6)
represents monolayer sorption:

C 1 C
R 6)
qe Klqm qm

The maximum adsorption capacity, ¢ = 10.86 —
11.76 mg g, and higher regression coefficient, R? = 0.993
were obtained from the Langmuir isotherm plots (Fig. 6),
suggesting that the surface was homogenous. The dimen-
sionless factor (R, = 1/1 + bC ) was calculated as < 1,
indicates favorable adsorption and follows monolayer
process [25]. The certainty of the isotherm was commit-
ted by the least RMSE and y? values than other isotherm
model employed.

14

12+

-
o =]
1 1

ColaqlaL™)
T

. . . . —
0 20 40 60 80 100 120
A
C.(mgL™)

Fig. 6 Langmuir isotherm plot for the adsorption of As(V) ion
by composite adsorbent. at different temperatures



3.4.2 Freundlich isotherm
The isotherm is employed by Eq. (7):

1
logg, =logK, +—logC,, @)
n

which describes the sorption on an energetically heteroge-
neous surface and the distribution of active sites and their
energies [26]. The value of n (intensity) obtained, from
the Freundlich model (Fig. 4), in the range 1-10 signifies
the good performance of FeO doped chitosan adsorbent
towards As(V) adsorption.

3.5 Residual Mean Square Error (RMSE) analysis

The R? values does not represent the errors in the isotherm
curves. To evaluate the fit of the isotherm equations, the
RMSE [27] analysis is employed.

RMSE =\/ 1 : > (Goy ~ o) ®

n—4q

Doy Decal and n are the experimental, calculated val-
ues and number of observations respectively. The smaller
the RMSE value the better the curve fitting. From Table 7,
it assures that the process best fit was affirmed for
Langmuir model.

3.6 Chi-square (y*) statistical test 200 Ehek R?=0972
The »* test confirms the suitability of a particular iso- 250
therm model [28], in describing the experimental data.
Equation (9) is given as: 200 4
2 (qe,exp - qe,c'al )2
y =y () 150
qe,cal s-"
=
The y? value would be less if the adsorption data cor- L
related concurs with experimental values. By which, from :
. T . 50 4
Table 7, the adsorption suitability more correlate with the
Langmuir model than other models. 0
I e 1 b 1 L 1 Ly )

3.7 Adsorption kinetics modeling

3.7.1 First order and pseudo-second-order Kinetics
Kinetics study revealed the information on the sol-
ute uptake and the reaction pathways. It was evaluated
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using the First order and pseudo-second order equa-
tions. The pseudo-first-order linear equation elucidate
mechanism of adsorption and rate controlling steps [29],
explained by Eq. (10):
Kt
lo -q )=logg ———. (10)
g(g. ~4,)=logq. = =
However, a pseudo-second-order equation analyzed
the effective adsorption capacity, initial adsorption rate
and rate limiting step [30]. The linear form of pseudo-sec-
ond-order equation can be represented as follows (Eq. (11)):

o o
a9 kg q,

The initial adsorption rate, 2 (mg ¢! min™'), as t — 0,
can be defined by the Eq. (12):

h=kq. (12)

The kinetic parameters were obtained through the
Pseudo first order plot (Fig. 5) and second order plot
(Fig. 7), presented in Table 7.

Table 7 shows a higher regression coefficient and % val-
ues of 0.994 and 0.0878 respectively, obtained from the
Pseudo second order model, exposed its applicability,

v LA I N LS N
-20 0 20 40 60 80 100 120 140 160
t (min)

Fig. 7 Pseudo-second-order kinetics plot for the adsorption of

As(V) ion at different temperatures

Table 7 Kinetic parameters of As(V) adsorption at different temperatures

Pseudo first order

Pseudo Second order

Temp Doy

(K) (mg/g) Decal k,/min R b ecal k,/min R
(mg/g) ’ (mg/(g min)) (mg/g) ’

298 0.5578 0.5359 0.0133 0.968 0.0758 0.5715 0.2326 0.972

303 0.5775 0.5467 0.0148 0.973 0.0816 0.5792 0.2432 0.986

308 0.5860 0.5575 0.1610 0.984 0.0878 0.5866 0.2549 0.994
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chemisorption and rate limiting step nature of reaction [31]
in the adsorption process.

3.8 Adsorption thermodynamics

The thermodynamic parameters AG, AH, and AS were
utilized to elucidate the feasibility of adsorption [32].
The Van't Hoff plot, Fig. 8, (In k_, equilibrium constant,
against 1/7) relates the parameters can be explained by
Egs. (13) and (14):

Ink, =ﬂ+A—S, (13)
RT R
AG =-RTnk,. (14)

The calculated values of the energy parameters AG,
AH, and AS are given in the Table 8.

The negative AG, free energy values, positive value
of enthalpy, AH = 6.0724 (< 80 kJ mol™) suggested the
feasibility, spontaneous and endothermic process respec-
tively [33]. The positive value of AS, entropy, reflects the
affinity and structural changes in adsorbent and adsorbate
during adsorption process [34].

4 Conclusions

In this study, a novel iron doped chitosan biosorbent was
prepared, characterized, evaluated, and successfully
employed for arsenic removal. The main variables opti-
mized by Box-Behnken Design of RSM model (R*=0.9112)
were in good agreement with arsenic adsorption process.
The maximum sorption capacity for As(V) was found
to be 11.76 mg g' from the Langmuir isotherm and fol-
lows pseudo-second-order kinetics. Thermodynamic stud-
ies revealed the process is feasible, spontaneous, and endo-
thermic in nature. Interfering ions had marginal effects
on adsorption. Thus, it concluded the iron doped chitosan
composite, from waste steel slag, would be a potential can-
didate for arsenic filtering units, due to its biocompatibility.
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