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ABSTRACT

In this study, magnetite nanocomposites coated with bentonite were synthesized as adsorbent material and
their effects in Cr (VI) adsorption were investigated. Magnetite nanomaterials (Bentonite-Fe;O,) were
characterized by surface morphology (SEM-EDX) and elemental analyses (FTIR). RSM was used to
investigate the optimum ambient conditions of parameters for the removal of Cr (VI) ions. Isotherm and
kinetic models were calculated to determine the mechanism of adsorption, and obtained results showed that Cr
(V1) adsorption by Bentonite-Fe;0, was more suitable for Tempkin isotherm (R%0.99) and second-order
kinetic model (R%1). The optimum adsorption efficiency (77.46%) of Cr (VI) ions in 6.5 mg/L concentration
was obtained at contact time of 60 min, pH 2.0, adsorbent dosage of 2.5 g/L and at 35 °C.

Keywords: Adsorption, bentonite, chromium, nanomagnetite, response surface methodology.

* Corresponding Author: e-mail: yuysal@mersin.edu.tr, tel: (324) 361 00 01 / 17092

1217


mailto:ca.igwegbe@unizik.edu.ng

P. Belibagh, B.N. Cifici, Y. Uysal 1 Sigma J Eng & Nat Sci 38 (3), 1217-1233, 2020

A e Y %@ 2N

85°C

Bentonite-Fe;0, Nanoparticles

1. INTRODUCTION

Industrial and domestic wastewater discharges containing heavy metal ions impair the quality
of surface and groundwater, and cause serious dam age to the water ecosystem and its flora-fauna.
[1]. Heavy metals are highly soluble in water and easily transferred to the food chain, so they pose
a serious threat to humans, animals and plants [2-5]. Great efforts are made to remove these
compounds from water systems due to their non-degradable, highly toxic, permanent properties
[6, 7]. Highly toxic and commonly used heavy metal ions by industries are chromium (Cr),
cadmium (Cd), arsenic (As), lead (Pb) and mercury (Hg) [8]. Chromium are mainly found as
either mobile and highly toxic Cr (VI) anions or insoluble Cr (11) hydroxide residues in water.
[9]. Hexavalent chromium can cause many diseases such as cancer and liver damage in mammals.
For this reason, it is important to remove Cr (V1) from wastewater before discharge to nature [10].
The removal of chromium ions from water is usually carried out by methods such as biological
treatment, coagulation, adsorption and chemical reduction [11].

Adsorption is one of the techniques used to eliminate heavy metal ions from solutions due to
its cheap cost, environmental kindness, and high performance [12]. A good adsorbent should
supply adequate binding areas for suitable adsorption of metal ions [13, 14]. Nanomaterials have
attracted attention in wastewater treatment due to their unique surface areas, low flocculant
production and high active groups found for easy binding of metal ions [15, 16]. Recently, many
nanomaterials are used as adsorbent due to their high pollutant removal efficiencies in wastewater
treatment, such as graphene oxide, chitosan, clays, etc. In the last few years, clay minerals have
attracted much interest because of their low cost, hydrophilicity and more active sites [17].
Bentonite is a type of clay which is abundant in nature, has low conductivity and cation exchange
capacity and has a high specific surface area [18]. Based on these advantages, the application of
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bentonite to adsorb heavy metal ions in wastewater has great research potential [19]. However,
the difficulty of separating bentonite from wa ter limits its practical application. In recent years,
magnetic materials such as Fe;0,, which can be easily separated from the solution using magnetic
fields, have been extensively used in water treatment [20-23]. The small particle size, high
surface area/volume ratio and superior magnetic property of Fe;O, nanoparticles give them a fast
and effective separation potential [24, 25]. The use of developed analytical systems and efficient
optimization instruments is most expedient for experimental assessment and optimization of
reaction models [26]. RSM is a program using statistical and numerical methods by optimizing
theoretical and laboratory data with different independent variables [27, 28]. The Central
Composite Design (CCD) method is one of the commonly used RSM's, and this method has
proven to be an efficient technique for the working parameters in many applications, especially
environmental implementation [29].

The main objective of this study is to investigate the Cr(VI) sorption potential of
bentonite/magnetite (Fes0,) composite synthesized as adsorbent material from an aqueous
solution by using Response Surface Methodology (RSM). The novelty of this study is to obtain a
new composite material from two materials, both of which have superior adsorption properties,
and to combine these superior properties in a single substance. At the same time, the generation of
high production costs by using only magnetite has been reduced by adding bentonite, which is
abundant in nature. Although bentonite is a substance with high adsorption feature when used
alone in its pure form, problems such as high dispersion in water and quite difficult to separate
from water are eliminated when used with magnetite. Thus, adsorption experiments were carried
out to determine this composite material on the sorption of Cr(V1) ions. The important factors
affecting adsorption efficiencies such as solution pH, contact time, and initial Cr(VI)
concentration were investigated. The Langmuir, Freundlich, Tempkin, and Scarthard isotherm
models were also used to study the equilibrium of the adsorption process. The best kinetic and
isotherm models were also found from experimental data.

2.2. MATERIAL AND METHODS
2.1. Synthesis of Bentonite-Magnetite Nanoparticles

The Bentonite-Fe;O4 nanoparticles were synthesized according to Petcharoen and Srivat [30].
Firstly, 6 g bentonite was dispersed in 300 mL of deionized water. Then a magnetite nanoparticle
(Fe30,) solution was prepared by adding 13.795 g FeCl3.6H,0 and 7.095 g FeSO4.7H,0 into 300
mL of deionized water under N, medium. When the solution temperature reached 85 °C, 25 mL of
25% purity ammonia (NHs) and bentonite solutions were added and stirred for 30 minutes to be a
homogeneous mixture. During the reaction, black color was observed in the solution, and this
color change was due to the formation of magnetite bentonite particles. The synthesized
Bentonite-Fe;O,4 particles were washed 4-5 times with deionized water and separated with a
neodymium magnet.

2.2. Adsorption Studies

Batch adsorption studies were carried out in 100 mL flasks, and these flasks were mixed
thoroughly using an orbital shaker at a constant speed. The optimum conditions were investigated
to find out effective parameters for the removal of hexavalent chromium ions such as Bentonite-
FesO, dose, contact time and initial Cr (VI) concentrations of the solutions. After that,
suspensions were centrifuged, and the concentrations of Cr (V1) in the supernatant solutions were
analyzed using a spectrophotometer (Hach-Lange DR-3900). All adsorption studies were done in
duplicate and mean values were reported. The Cr (VI) removal efficiency (%) was calculated
according to Eq 1 and 2, as below:
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Where; C, (mg/L); initial Cr (VI) concentration, C. (mg/L); equilibrium Cr (VI)
concentration, M(g); the mass of bentonite-Fe;0,4, V (L); volume of the solutions, ge (mg/g);
adsorption capacity of bentonite-Fe;O, nanocomposite

2.3. RSM-CCD model

The experimental data was analyzed and fitted by RSM using Design Expert 12 software.
RSM allows to find process optimization and possible effectiveness of all parameters with
minimum experimental studies. The effect of different operating parameters such as bentonite-
Fe;0, dose, reaction time, Cr (VI) solutions, and the interactions between them required full
factorial design when CCD was used to obtain the experimental design matrix. The factors of “n”
raise the number of studies for an all copy of the method which is given in Eq. (3):

N=2"+2n+n, (3)

Where; 2" factorial runs, 2n; axial runs and ng; center runs. A five-level CCD with four-factor
(reaction time, bentonite-Fe;O,4 dose, pH and chromium concentrations) was used to analyze the
effects of parameters. The ranges of the independent changeable were shown in Table 1. The
experimental design as suggested by Design Expert Software along with the actual and predicted
values were also given in Table 2.

Table 1. All variable factors in CCD

Factors Term. Unit Low High
pH A - 2.0 10.0
Adsorbent dose B g 0.05 0.2
Cr (VI) con. C mg/L 5 10
Temperature (°C) D °C 25 45
Reaction time E min 5 120
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Table 2. RSM matrix, experimental (actual) and predicted values of adsorption efficiency and all
variable factors in RSM.

6 005 753560 2141 18.71 33 7.68 0.093 6.5308532.53 32.14
431 0.093 654085 5195 51.69 34 4.31 0.156 8.5404056.51 55.19
10 7.68 0.156 854040 39.73 39.86 35 4.31 0.156 8530405852 64.07
11 7.68 0.093 853085 24.16 27.78 36 4.31 0.156 6.5304074.32 76.16
12 7.68 0.156 854085 37.44 35.67 37 6 0.125 7.5256030 25.40
13 6 0.125 7.535120 50.98 45.62 38 7.68 0.093 6.5304024.02 2524
14 7.68 0.156 6.53040 56.89 53.22 39 4.31 0.156 6.5404062.18 63.85
15 7.68 0.156 653085 45.48 49.93 40 4.31 0.093 8.5408546.17 4541
16 431 0.093 653040 4855 50.86 41 6 0.125 10 356084.93 80.91
17 7.68 0.156 854085 46.30 4541 42 6 0125 75356043.13 41.98
18 6 0.125 7.53560 43.13 42.77 43 7.68 0.093 8.5304025.10 19.22
19 431 0.156 853085 61.34 59.07 44 6 0.125 7.5456020 20.14
20 6 0.125 7.53560 43.13 41.98 45 6 01255 356096.84 96.40
21 6 0.125 7.53560 43.13 41.98 46 6 0125 75355 3393 34.83
22 431 0156 854085 5422 57.36 47 7.68 0.156 8.5308539.86 39.97
23 7.68 0.156 654085 50.42 51.96 48 7.68 0.156 6.5404053.66 48.06
24 431 0.093 653085 52.29 54.39 49 4.31 0.093 8.5308543,48 49.57
25 7.68 0.093 6.54040 19.25 22.52 50 6 0.125 7.5356043,13 41.98

Run A B C D E Actual Predicted Run A B C D E Actual Predicted
1 6 0.125 753560 43.14 40.99 26 4.31 0.093 8.5304043.75 44.38

2 4.3 0.156 6.53085 70.35 69.50 27 2 0125 7535607197 64.46

3 4.3 0.156 6.54085 60.13 60.03 28 7.68 0.093 8.5404016.51 19.93

4 7.6 0.156 8.53040 38.19 4159 29 6 02 7535606214 60.38

5 431 0.093 854040 39.19 97.94 30 7.68 0.093 6.5408539.52 36.61

6 6 0.125 753560 43.13 42.77 31 6 0.125 7.5356043.13 42.77

7 10 0.125 753560 16.74 17.88 32 4.31 0.093 6.5404041.56 40.98

8

9

The relationship between the independent and dependent variables was examined in the CCD
by using the second-order polynomial model. The recovery percentage was calculated as shown
in Eq. (4):

k k Kk k
Y:ﬂo+;ﬂixi;ﬁiixf+;2ﬂijxixi+g
i= i= =1l j= (4)

Where 3, is the offset term; B; and B;; are the linear and quadratic effects of input factor of X;;
Bij is the linear effect between the independent factor for X; and X;; and ¢ is the error [31].

3. RESULTS
3.1. Characterization of Bentonite-Fe;O, Nanocomposite

SEM surface analyses of the Bentonite-Fe;O, particles before and after the adsorption were
used to identify synthesized particles and were shown in Fig. 1(a-d). The Bentonite-Fe;O, was an
irregular polyhedron with a rough surface. In order to determine the elemental content of the
bentonite-Fe;O, nanocomposite Energy Dispersive X-Ray (EDX) analysis was carried out and
shown in Figure 1(e). In EDX analysis, only a small piece of material is selected from the surface,
and can only be examined qualitatively. The EDX spectrum showed that the chemical
composition of the nanocomposite produced was mainly composed of iron (50.92 %), oxygen
(30.13%), silicon (16.30%), aluminium (2.21%) and chromium 0.44%. According to SEM results,
average dimension of Bentonite-Fe;O, nanoparticles was found to be 8.404um.
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A HV: 15.0 kV WD: 9.0 mm

Figure 1. SEM-EDX of raw Bentonite-Fe;0, (a-b) and after adsorption (c-d) with adsorbed
Cr(VI)

FTIR analyses were made to compare the surface chemical composition of the materials on
which raw Fe;O, produced in this study, and Bentonite-Fe;O, particles (before and after the
adsorption), and spectra obtained were shown in Fig. 2. For raw Fe;O, spectrum, the peaks at
1593.15 cm ' and 549.93 cm™' belonged to the C=C stretching and Fe stretching vibrations,
respectively. Before the adsorption process, for Bentonite-Fe;O,, the peaks at 3010.61 cm™ and
3119.53 cm ' correspond to the stretching vibration of Al-OH, and HO-H. The peaks at 1002.98
cm ', 919.11 cm™! and 514.70 cm ™! belonged to the Si-O stretching, Al-O bending [32] and Fe
stretching vibrations [33]. As shown in Fig. 2, the adsorption peaks in the ranges of 514.70 to
1002.98 cm ' and 3332.45 to 2802.19 cm ™ were associated with the Fe;O, nanoparticles coated
with bentonite.
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Figure 2. FT-IR spectra of raw Fe;0,4, and before and after the adsorption of Bentonite-Fe;0,
3.2. Adsorption studies
3.2.1. Effect of pH

Based on the speciation diagram of Cr (V1) ions, it is normally present in three main anionic
forms of Cr,0,>", HCrO,” and CrO,*" which are controlled by the pH of the system and the
concentration of these ions in the solution. In an extremely acidic media (pH< 1.0), Cr (VI) is
found as alkali H,CrO,, and there are basically two basic forms of equilibrium, Cr,0,*" and
HCrO, in the 2.0 < pH < 6.0 pH range. The general trends for the removal results of Cr(VI) ions
reflected a continuous decrease in the percentage of removal efficiency with increasing the pH
values from pH 2.0 to 10.0 (Fig. 3a, b, ¢, d). The removal efficiency increased with increasing of
reaction time in the first 60 min, then reached to equilibrium. The maximum Cr (VI) removal
efficiency was obtained at pH 2.0 and contact time of 60 min. This result showed that adsorption
behavior was favorable under acidic conditions, because there were large amount of H" in
environment with lower pH value (Fig. 4). Common results in the literature regarding the removal
of Cr (V1) ions reveal higher removal efficiency in the acidic medium [32, 34, 35, 36].

3.2.2. Effect of Bentonite-Fe;O, dose

The effect of adsorbent dose on the adsorption process was shown in Fig.3f. The removal of
Cr (V1) increased when the adsorbent dosage increased from 0.05 to 2 g/L. This increase may be
due to the increase in the total available surface area of the adsorbent particles [37]. In the
removal of Cr (V1) ions from water, the adsorption duration to reach equilibrium was found to be
120 min. When the adsorption performances obtained against mixing periods were taken into
consideration, the metal ion uptake was found to be higher in the first minutes. Initially, the
adsorption rate was higher than the desorption rate. However, with the increasing of mixing time,
adsorption and desorption rates were equalized; thus the adsorption balance was established [38].
This result showed the optimum Bentonite-Fe;O, dose was to be 2 g/L (Figures 3b, 3e and 3f).

3.2.3. Effect of Cr (VI) Concentration

The effect of initial Cr (V1) concentration on the adsorption process was illustrated in Fig. 4e.
As expected, initial Cr (V1) concentration constantly increased, the reason for the decrease in the

1223



P. Belibagh, B.N. Cifici, Y. Uysal | Sigma J Eng & Nat Sci 38 (3), 1217-1233, 2020

removal efficiency was due to the limitation of the number surface area to be adsorbed [39].
However, Cr (V1) removal efficiency increased with increasing of Bentonite-Fe;O, dose in the
solution. Optimum Cr (V1) removal was obtained in the Cr (V1) concentration of 6.5 mg/L (Fig 4c
and 4e).

3.2.4. Effect of Temperature

The effect of temperature on the adsorption process was shown in Fig. 4d. It can be seen that the
adsorption of Cr (VI) increases when the temperature rases from 25 to 35 °C. It was found that the
adsorption efficiency decreased as the temperature continued to increase. With further increasing
the adsorption temperature, the adsorption efficiency decreased. The results showed that the
optimum temperature was 35 °C.

3.3. Modeling and statistical analysis

All experiments of this study were created using the Response Surface Method (RSM) on
Desing Expert 12 software. Cr (V1) concentration, pH, Bentonite-Fe;O, dose and reaction time in
the medium are important for the removing of Cr(VI) from the aqueous solution by using
Bentonite-Fe;0, particles. RSM design was used to investigate the combined effects of different
parameters on the process. In this study, linear, two-factor interaction (2FI), quadratic and cubic
types were used to analyse experimental data to obtain regression equations. The model equation
representing efficiency (%) was expressed as functions of pH (A), Bentonite-Fe;O,4 dose (B), Cr
(V1) concentration (C), and temperature (D) for coded units as given below Eg. (5). From Eqg. (5),
it can be seen that the pH, Bentonite-Fe;O,4 dose, Cr (V1) concentration, and temperature had a
positive effect on the Cr (V1) adsorption. A positive value represents an effect that favors the
optimization, while a negative value indicates an inverse relationship between the factor and the
response [40].

Efficiency (%) = 43.69 — 248.86A+ 216.53B+ 29.89C 14.53E+ 6.68AD+ 13.52BE+
6.71DE+238.16C*+ 45.23D? (5)

The analysis of variance (ANOVA) was also studied for the determination of the importance of
the suggested model (Table 2). The ANOVA results demonstrated that the regression model was
highly significant as a large F value and a very low P-value [41]. The model F-value of 42.69
implies the model is significant. There is only a 0.01% chance that an F-value this large could
occur due to noise. P-values less than 0.0500 indicate model terms are significant. In this case A,
B, C, E, AD, BE, DE, C?, D?are significant model terms. Values greater than 0.1000 indicate the
model terms are not significant so the temperature is an insignificant model term. The value of
predicted correlation coefficients (R%:87.46) is reasonable in agreement with the value of adjusted
correlation coefficients (R%94.57) and the difference is less than 0.2. Adeq Precision measures
the signal to moise ratio. A ratio greater than 4 is desired, and the value of this study shows an
adequate signal with a ratio of 30.592. The data were also analyzed to check the "actual" and
"predicted" model results as shown in Fig. 4. Figure 4 showed that the data was understandably
close to a straight line (R%0.9457). There with shows that the developed model is sufficient to
estimate the experiments response factors since it is distributed close to the "actual axis" (Table
2).
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Figure 3. Effect of a) pH-Reaction time on Cr (V1) removal, b) pH-Bentonite-Fe;0, dose on Cr
(V1) removal, ¢) pH-Cr (VI) concentration on Cr (V1) removal, d)pH-Temperature on Cr (V1)
removal, €) Cr (V1) Concentration-Bentonite-Fe;0, dose on Cr (V1) removal and f) Bentonite-

Fe;0, dose-reaction Time on Cr (V1) removal
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Figure 4. Predicted and actual values for Cr (V1) removal by Bentonite-Fe;0y,.

Table 3. ANOVA analysis of variance table

Source SS Df MS F-value p-value

Source SS Df MS F-value p-value

Model 13341592 20 670.80 43.69 <0.0001

A 3821.11 1 3821.11 248.86 <0.0001
B 332467 1 3324.67 216.53 <0.0001
C 458.88 1 458.88 29.89 <0.0001
D 52.92 1 5292 345 0.0736
E 223.14 1 22314 1453 0.0007
AD 102.58 1 10258 6.68 0.0150
BE 207.62 1 207.62 1352 0.0010

DE 103.04 1 103.04 6.71  0.0148
c’ 3656.83 1 3656.83 238.16 <0.0001
D’ 69455 1 694.55 45.23 <0.0001

R? 0.9679 Adjusted-R*>  0.9457
IAdeqg-Pr 30.5921 Predicted-R?>  0.8746

SS: Sum of Square, MS: Mean of Suqgaure, A: pH, B:
Bentonite-Fe;04 Dose, C: Cr (VI) Concen.,
D:Temp., E:Rx Time, Pr: Precision

3.4. Adsorption Isotherms and kinetics

The adsorption isotherms were used to understand how the adsorbed molecules were
distributed between the aqueous and solid phases under equilibrium conditions [42]. The
experimental data were applied to the Langmiur, Freundlich, Tempkin, and Harkins—Jura
isotherm equations. The constant parameters of the isotherm equations for these adsorption
process were calculated by regression using linear form of the isotherm equations. The constant
parameters and correlation coefficients (R) were summarized in Table 3 and Figure 5 (a,b,c,d).
According to Freundlich isotherm, 1/n value obtained for Bentonite-Fe;O, were less than 1
indicating that Cr (VI) could be easily adsorbed onto the Bentonite-Fe;O, surface. The results
show that adsorption was more suitable for the Tempkin isotherm model.
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Figure 5. The isotherm modeling results of Cr(\V/1) adsorption by Bentonite-Fe;0,

Table 4. The isotherm models and constants

Langmuir Isotherm Model

Freundlich Isotherm Model

1 1 1 | K 1I
de  banC,  Gm nde = InKe+ 5 InCe
Q (mglg) 0.28 K (mg/g)(L/mg*™) 5.51
b (L/mg) 2.90 n 0.53
R? 0.7073 R? 0.9523
Tempkin Isotherm Model Scarthcard Isotherm Model
R.T 1 B 1
qe = K . ll’l(AT. Ce) g = (K) - (K) lOgCe
B, 17.09 Ks 1.08
Kt (L/g) 0.39 Qs 2.79
R? 0.9922 R, 0.9810

ge: amount adsorbed, b: Langmuir constant, C.: equilibrium concentration g, monolayer
adsorption capacity, K and n: Freundlich constants, R: constant, T: temperature, bt and Ag:
Tempkin isotherm constant, A and B: Harkins-Jura constants.

Kinetic studies are important for the prediction of optimal terms in the full-scale adsorption
mechanism [43]. Kinetic modeling provides useful information about adsorption mechanisms and
possible rate-controlling steps [44]. Kinetic constants and correlation values (R?) were
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summarized in Table 4 and Fig. 6. The results showed that adsorption was more suitable for the
Pseudo-second-order model, so that chemisorption could be the rate-limiting step.

qt

-0,024
y=-0.0004x-0.1465
R’=0.9230
-0,026 - L
-0,028 +
A
Z -0,030 A
=3
o
-0,032 +
-0,034 + °
a) Pseudo-first-order kinetic model
-0,036 T T T T T
35 40 45 50 55 60 65
t
32
y=-0.5085x-0.5399
30 4 R*=1
28 q
g 26
24 4
22
b) Pseudo-second-order kinetic model
20 T T T T T
35 40 45 50 55 60 65
t
1,935
y=-0.0119x-1.8408 L[]
R*=0.9375
1,930 A
1,925 A
1,920 A
1,915 A
[
c) Intraparticle diffusion model
1,910 T T T T T T T T
6,2 6,4 6,6 6,8 7,0 72 7.4 7,6 78 8,0
05

Figure 6. The kinetic modeling results of Cr (V1) adsorption by Bentonite-Fe;0,
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Table 5. The kinetic models and constants

Pseudo-First Order Kinetic  Pseudo-Second Order Kinetic  Intraparticle Diffusion

Model Model Model
ks e R? ks e R? Ko C R?
(/min)  (mglg) (I/min) (mglg) (9.dk*%  (mglg)
0.0009 1.92 0.9230 3.7 0.5 1 0.01 1.84 0.9375
_ kq 1 1 1 qe = kpt®> +C
IOg(Qe qt) - logqte 2.303 qr - [kz % qez] + qe *t
*

ki first-order constant, k,: second-order rate constant, k. intra-particle diffusion rate constant, C:
boundary layer thickness.

4. CONCLUSION

In the present study magnetite nanocomposites coated with bentonite were successfully
synthesized as adsorbent materials. According to the characterization results, Bentonite-Fe;O,4 had
a structure similar to an uneven surface and irregular polyhedron. In ANOVA results, F value
(42.69) indicated that the model was significant, and the parameters affecting the adsorption
process such as pH, Bentonite-Fe;O, dose and Cr (VI) concentration were important model
conditions. RSM was used to investigate the optimum ambient conditions of parameters to
remove Cr (VI), and the effects of the square of each parameter were optimally significant with
the CCD method. According to the results, optimum adsorption efficiency of Cr (V1) removal
(96.84%) was obtained in 7.5 mg/L initial metal ion concentration at contact time of 60 min., pH
2.0, adsorbent dosage of 1.25 g/L and temperature of 35 °C. Comparing the adsorption efficiency
of bentonite-Fe;O, with the previous studies in the literature is important to put forward the
importance of adsorbent (Table 6). Table 6 shows that Bentonite-Fe;O,4 used in this study is a
convenient and useful adsorbent for adsorption of Cr (V1) from the aqueous medium. In addition,
the advantages include easy separation of bentonite from water, an abundance of bentonite in
nature, magnetite part activating bentonite surface area, and short contact time of the adsorption
process.
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Table 6. Comparison of the maximum efficiency and adsorption capacities of Cr(V1) on various

adsorbents
Adsorbent Conditions Efficiency (%0) / Ref.
Adsorption Capacity (mg/g)
Kaolinite pH 3.0-10.0 90 % [45]
Dose 20 g/L
Cr (VI) 5.2 mg/L
Time 24 h
Temp. 25 °C
Natural Bentonite pH 1.0-13.0 98.46 % [46]
Dose 0.2 g/L 624 mgl/g
Cr (V1) 10.4- 270 mg/L
Time 24 h
Temp. 25 °C
Fire Clay pH2.0 0.11 [47]

Dose 2.5 g/50 mL
Cr (VI) 2-10 mg/L
Time 90 min
Temp. 20 °C

Illite pH 3.0-10.0 60 % [45]
Dose 20
Cr (VI) 5.2 mg/L
Time 24 h
Temp. 25 °C

Kaolin pH 2.0 0.38 [48]
Dose 25 g/L
Cr (VI) 200 mg/L
Time 60
Temp. 25 °C

Poly(tannin- pH 2.0 397.52 mg/g [49]
tetrathylenepentamine) Dose 50 mg

Cr (VI) 200 mg/L

Time 48h

Temp. 35 °C

Activated carbon coated glasspH 2.0 96.54 % [50]
fiber fabric Dose 2 g/L 22.62 mglg

Cr (VI) 50 mg/L

Time 2 h

Temp. 45 °C

Chitosan/Bentonite pH 2.0 89.13 % [51]
Dose 0,25 g
Cr (VI) 500 mg/L
Time 150 min
Temp. 20 °C

Bentonite-Fe;O,4 pH 2.0 77.46 % This Study
Dose 2.5 g/L
Cr (VI) 6.5 mg/L
Time 60 min
Temp. 35 °C
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