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ABSTRACT 

The microwave assisted preparation and characterization of chitosan-surfactant modified NaMMT clay composite material is 
discussed, followed by its interesting application to detoxify heavy metal chromium. Cr(VI) could be effectively adsorbed in a 
weakly acidic medium (pH 5) from a large sample volume. The composite material before and after the adsorption of chromium 
was scrupulously characterized using FT-IR, SEM, XRD and EDX techniques. The XRD study revealed the crystalline nature of 
the composite material with sharp and symmetric peaks.  The bichromate ion forms an ion-pair with the protonated amine group in 
chitosan and this is reflected  in the appearance of a Cr=O peak at 916 cm

-1
 in IR study. The surface hydroxyl groups in clay can be 

protonated and this could also serve as a source of electrostatic interaction with the bichromate oxyanion.  The material exhibited a 
superior adsorption capacity of 133 mg g

-1
 and the adsorption data fitted well with Langmuir and Freundlich isotherm models. The 

composite adsorbent material exhibits a pore size of 3.5 nm at maximum pore volume of 0.16 cm
3
g

-1
. The BET surface area of the 

material obtained from N2 adsorption was found to be 52 m
2
g

-1
. The experimental data also showed a good correspondence to the 

pseudo second order kinetics and the sorption thermodynamics correlated to the endothermic nature of the adsorption. The 
adsorbent could be regenerated using ascorbic acid or sodium sulfite which is indicative of the greener aspect in the methodology. 
Copyright © 2011 VBRI press.  
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Introduction  

The environmental impact of heavy metals such as 
chromium emanating from industrial units is an important 

problem to be addressed [1]. Chromium in the +6 oxidation 
state is a known carcinogen, while the +3 oxidation state is 

vital for glucose metabolism [2]. Hence, there is an 
increasing need to develop biodegradable and efficient 
sorbent materials for effective detoxification of chromium 
from a large sample volume. Solid phase extraction is one 

of the best techniques suited for heavy metal adsorption [3, 

4]. Potato starch-silica nanobiocomposite is known for its 
excellent adsorption for heavy metal cadmium from 

aqueous solution [4]. In this context, biopolymers deserve 
special mention for their potential application in waste 

water treatment [5]. Cellulose modified with beta 
cyclodextrin and quaternary ammonium groups has been 
recently reported for the effective adsorption of chromium 

[6]. Polymer-clay composites have also found interesting 
and flexible applications ranging from packaging to drug 

delivery [7]. Poly (etheretherketone) clay composites are 

known for their high performance characteristics [8]. Some 
interesting mechanical properties and morphological 
characteristics of silicone/montmorillonite nanocomposites 
prepared by in-situ intercalative polymerization have been 

reported [9]. Chitosan is an interesting gluosamine 
biopolymer with free amino groups available for interaction 

with metals [10]. The composite chitosan-clay hybrid 
material offers more exciting properties in its application as 

electrochemical sensor for various oxyanions [11]. The 
mechanism involves the intercalation of chitosan as a 

bilayer in the clay matrix [12]. Carboxymethyl chitosan is 

known for its interesting application in drug delivery [13].  
Chitosan-alumina composite material has been utilized for 

the removal of arsenate [14] and chromium [15] 
respectively. Xanthated chitosan has also proved to be an 

effective sorbent for chromium [16]. The interaction of 
chromate with surfactant modified NaMMT has been 

studied [17]. It is worth mentioning here that 
conventionally prepared chitosan-NaMMT (unmodified 
clay) has been tested in preliminary batch study for the 

adsorption of chromium [18, 19]. However, with a view to 
enhance the adsorption capacity and to detoxify chromium 
from real industrial effluents, an unconventional 
methodology is proposed using surfactant modified 
NaMMT clay material and chitosan. Surfactant 
modification of clays is essential for effective compatibility 

between the hydrophilic clay and the biopolymer [7]. Upon 
treatment with long chain quaternary ammonium cations, 
the clays acquire organophilic character. CTABr is an 
excellent choice for such surface modification, where the 
alkyl ammonium cation replaces the Na

+
 in the clay matrix 

[20]. The various methods by which the biopolymer clay 
composites can be prepared are (a) melt intercalation (b) 

direct insertion of polymer in the host layer lattice [21]. 
Microwave assisted or dielectric heating is known for its 
increased efficiency and compact time for the preparation 
of polymer composites. A novel composite material 
prepared by microwave assisted reaction of sucrose with 
layered silicates is known for their potential sensor 

applications [22]. The microwave assisted graft 
copolymerization of sunn hemp fibers chemically modified 
with ethyl acrylate and binary monomers are known for 

their improved mechanical and thermal stability [23]. 
Chitosan grafted styrene prepared by microwave irradiation 
has been reported for very effective removal of 
chromium(VI) with an excellent adsorption capacity of 529 
mg g

-1
 in accordance with the Langmuir isotherm model 

[24]. 
To the best of our knowledge, there is no literature 

report on the application of microwave assisted preparation 
of chitosan-clay (surfactant modified) composite material 
for the removal of chromium from a large volume of real 
effluents. In the present work, we propose the microwave 
assisted preparation and characterization of surfactant 
modified NaMMT-chitosan composite material followed by 
its application to detoxify chromium from a large sample 
volume.  

 

Experimental 

Reagents 

Analytical grade reagents were used throughout. The 
aqueous solutions were prepared using MilliQ water (Elix 
3). 0.2828 g of potassium dichromate (Merck, India) was 
diluted to 100 mL to give 1000 mg L 

-1
 Cr(VI). A working 

solution of 70 mg L
-1

 Cr(VI) was prepared by appropriate 
dilution. Chitosan and montmorillonite clay were procured 
from Sigma Aldrich. Cetyltrimethylammoniumbromide 
(CTABr) was purchased from Sisco Research Laboratories, 
India, and a 0.01 mol L

-1
 solution was prepared by 

appropriate dilution with water. The pH of the medium was 
adjusted using sulfuric acid and sodium hydroxide (Merck, 
India) respectively. Ascorbic acid and sodium sulfite 
(Merck, India) of the required concentration were prepared 
by appropriate dilution. Methanol (Merck, India) was used 
as such without further purification.  
 
Instrumentation 

Characterization of the composite material: The composite 
material was characterized using FT-IR, XRD, SEM, EDX 
and BET surface area studies. The FT-IR study was 
performed using a Jasco- 4200 FT-IR spectrometer. XRD 
measurements were taken with Panalytical diffractometer 
using Cu Kα (40 kV, 35mA) radiation and a secondary 
beam graphite monochromator. The spectra were recorded 
in the 2θ range 5 to 55 degrees. Leica Stereoscan 440 
Scanning electron microscope was used for recording the 
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SEM images of the composite material. The energy 
dispersive X ray spectrum was recorded with Hitachi S-
3000H analyzer.  BET surface area, pore size and pore 
volume measurements were performed using a 
Micromeritics Porosimeter model ASAP2020 analyzer. 
 
Analysis of chromium: The batch adsorption study was 
performed using Orbital incubator shaker supplied by 
Biotechnics, India. Elico LI-127 model pH meter (Elico, 
India) was used for pH measurements. The concentration of 
chromium was determined spectrophotometrically by the 
standard diphenyl carbazide method using Jasco V-650 
UV-Visible spectrophotometer.  
 
Preparation of surfactant modified sodium montmorillonite 
(NaMMT) 
 
The MMT clay (6 g approx) was mixed with 200 mL of 1.0 
mol L

-1
 NaCl and the mixture was stirred magnetically for 

18 h [25]. The resulting suspension was centrifuged and the 
supernatant discarded. The clay suspension was washed 
several times with Milli-Q water until no precipitate was 
observed in the filtrate with AgNO3. This ensures the 
removal of chloride ions completely. The prepared 
NaMMT was dried and a small quantity of methanol (5 
mL) was added so as to craft the clay less sticky and 

adaptable [17]. The sodium form of the clay was stirred 
magnetically with 100 mL of 0.01 mol L

-1
 CTABr for 6 h. 

The mixture was centrifuged and the solid was washed with 
water and tested with AgNO3 for the absence of bromide in 
the solution phase.  
 
Microwave assisted preparation of the composite material 

About 3 g of chitosan was dissolved in 10 mL of 1 % v/v 
acetic acid and the pH was adjusted to 5.0 with NaOH 
solution. 6 g of the surfactant modified NaMMT clay 
material was dispersed in 10 mL of methanol and the 
chitosan solution was slowly added to the clay suspension 
and stirred magnetically for about 5 min to ensure 
homogeneity. The mixture was then irradiated under 
microwave conditions for 30 min with 1 min time interval. 
Every minute, a small quantity of methanol was added, 
made as a paste and further irradiated with MW. This 
process was continued for 30 min and the prepared 
composite material was dried in hot air oven at 120 

o
C for 6 

h. The composite material was then characterized by 
various analytical techniques and used subsequently for the 
adsorption of chromium.  
 
Batch adsorption studies 

The batch adsorption was studied by equilibrating 0.5 g of 
the composite material in a conical flask containing 70 mg 
L

-1
 Cr(VI). The pH of the medium was maintained at 5.0 

and the reaction mixture was equilibrated in orbital 
incubator shaker at room temperature at 150 rpm at various 
time intervals and the amount of chromium(VI) adsorbed 
(qt)  can be expressed as: 
                             

(Co - Ct) x V

qt =

W
(1)

        

where Co and Ct are the initial and final aqueous phase 
concentrations of the chromium(VI) in mg L

-1
 , V is the 

volume of the solution (L)  and W is the weight of the 
adsorbent (g). The amount of Cr(VI) adsorbed on the 
composite material was calculated by measuring the 
concentration of chromium left in the aqueous solution 
spectrophotometrically after complexation with diphenyl 
carbazide in acidic medium.  

 

(a)

(b)

 

Fig. 1. FT-IR spectrum of the (a) composite adsorbent, and (b) obtained 
after chromium(VI) adsorption. 

 

Results and discussion 

Characterization of the chitosan-clay composite by FT-IR 
spectroscopy   
 

The infra red spectrum of the Chitosan-NaMMT (Fig. 1a, 

b) shows the combination of characteristic absorptions due 
to chitosan and the clay material as reported earlier in 

literature [12, 26, 27]. The FT-IR spectrum shows the 
following characteristic bands: 3627 cm

-1
(O-H stretching), 

3445 cm
-1 

(Hydrogen bonded water), 1645 cm
-1

 (O-H 
deformation). The band corresponding to 1867 cm

-1
 could 

be ascribed to the νCO stretching frequency of acetate ions 

associated with chitosan [12]. In addition, distinct bands are 
observed at 833 cm

-1
 (Al-Fe-OH deformation) 800 cm

-1
(Si-

O stretching) 694 cm
-1 

(Si-O
 
deformation) 613 cm

-1
 (Al-O 

and Si-O out of plane) 577 cm
-1

(Al-O-Si deformation), 
1472 (N–H bending), 1377 cm

-1
 (C-H bending) and 1051 

cm
-1

 (C–O stretching) respectively. There is a considerable 
modification in the spectral features after the adsorption of 
chromium(VI), Hexavalent chromium exists principally as 

bichromate ion (HCrO4
-
) in weakly acidic medium [28]. 

The vibrational bands at 1557 cm
-1 

corresponding to N-H 
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deformation mode in chitosan are shifted towards lower 
frequency with also considerable reduction in the peak 
intensity after the adsorption of chromium.  This indicates 
that the free amino group in chitosan plays an important 

role in the mechanism [12]. The primary amine group is 
protonated and the NH3

+
 cation is electrostatically bound to 

HCrO4
-
 in acidic medium.  This fact is also confirmed 

through the characteristic Cr=O peak at 916 cm
-1

 [29-31].  
 
Optimization of pH and mechanism of adsorption  

The optimisation of pH is an important factor in sorption 
studies. The optimium pH for the adsorption of Cr(VI) was 
found to be in the range 4-5 which corresponds to a weakly 
acidic medium. As mentioned earlier, in weakly acidic 
medium the bichromate ion forms an ion-pair with the 
protonated amine group in chitosan and this has also been 
substantiated by the IR study. It is also possible that in 
acidic medium, the surface hydroxyl groups in clay can be 
protonated and this could also serve as a source of 
electrostatic interaction with the bichromate oxyanion. 
Beyond pH 5 the percentage adsorption decreases and at 
alkaline pH there is a considerable decrease in the 
adsorption of chromium. This could be attributed to the 

deprotonation of the surface hydroxyl groups [32] in the 
composite material which causes the decrease in 
adsorption.   
 

(a)

(b)

 
 

Fig. 2. Powder XRD pattern of the (a) composite adsorbent, and (b) 
obtained after chromium(VI) adsorption. 

 

(a)

(b)

 
Fig. 3. SEM image of the (a) composite adsorbent, and (b) obtained after 

chromium(VI) adsorption. 

 

Effect of amount of adsorbent 

The amount of the composite adsorbent was varied from 
0.2 g to 1.0 g with a constant initial concentration of 70 mg 
L

-1
 and agitation time of 40 min. The extent of adsorption 

(%) enhanced with increase in the amount of adsorbent. 
The availability of increasing number of active adsorption 
sites ensured the enhanced uptake of chromium(VI). This is 
a common phenomenon in adsorption, when the number of 
active sites or the effective surface area is increased. The 
quantitative adsorption efficiency (>99 %) was attained 
with 0.5 g of the composite adsorbent material. However, 
beyond 0.5 g the % adsorption is constant, due to the 
saturation of effective adsorption sites for the retention of 
Cr(VI).  
 
Powder XRD, SEM and EDX analysis of the composite 
material 
 
The wide angle X ray diffraction (WAXRD) of the 
composite material shows sharp and symmetric diffraction 

peaks (Fig. 2a, b) at 2θ values corresponding to 8.84
0
, 

17.88
0
, 19.70

0
, 26.92

0
 which is indicative of the crystalline 

and exfoliated nature of the material.  Considerable degree 

of exfoliation is known in polar polymers [33].  The SEM 

images (Fig. 3a, b) also show good difference in the 
surface morphology after the adsorption of chromium with 
the appearance of glossy particles on the surface of the 
adsorbent. The intercalative or exfoliated nature of the 
polymer composite depends on the amount of the added 
clay. When the amount of added clay is less, the silicate 
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layers would be dispersed or exfoliated in the polymeric 

matrix [34]. The organophilicity of the clays leads to a 
better interaction with the biopolymer chitosan, resulting in 
a good dispersion and tendency to exfoliate in the matrix. 
The significant sharp peaks at higher 2θ values indicate a 
relatively more ordered distribution of clay layers in the 
biopolymer composite. At lower angles (<10

0
) peak 

sharpening is slightly reduced and this could reflect a less 

ordered morphology [33]. After the adsorption of 
chromium, the crystallinity of the composite material is 

retained with the appearance of a new sharp peak at 2 
value corresponding to 35.20

0
 which is characteristic of 

chromium adsorption and this is in close agreement with 

the earlier reported value in literature [35]. The adsorption 
of chromium on the surface of the composite material was 

confirmed from the energy dispersive X ray spectrum (Fig. 

4) which shows the presence of chromium (observed in the 
range 5-6 keV) with the other elemental constituents. 
 
 

 

Fig. 4. Energy dispersive X ray spectrum of the adsorbed Cr(VI) on the 
composite material  

 
Adsorption hysteresis 

The adsorption hysteresis can be classified as Type IV 

isotherm with an inflexion at P/Po= 0.4 (Fig. 5a). The 
shape of the isotherm indicates the mesoporosity in the 

composite material [36]. The Barret-Joyner-Halenda (BJH) 

pore size distribution curve (Fig. 5b) for the composite 
adsorbent material gives a pore size of 3.5 nm at maximum 
pore volume of 0.16 cm

3
g

-1
. The BET surface area of the 

material obtained from N2 adsorption was found to be 52 
m

2
 g

-1
. The effective surface area, mesoporous nature of the 

composite material and the nano pore size reflect the 
effectiveness in the adsorption of chromium.  
 
Adsorption isotherm 

The experimental data were fitted into the Langmuir and 

Freundlich isotherm models [37, 38].
 
The Langmuir model 

assumes monolayer adsorption and the maximum 
adsorption capacity was obtained from the expression   
                              

qob Ce

1+bCe

qe= (2)

                                                               
 
where Ce is the equilibrium concentration of the metal ion 
in mg L

-1
 qe is the amount of Cr(VI) adsorbed at 

equilibrium in mg g
-1

, qo is the maximum adsorption 
capacity in mg g

-1
,  and b (L mg

-1
) is the Langmuir 

constant. 
 

(a)

(b)

 
Fig. 5. (a) Nitrogen adsorption and desorption isotherm, and (b)  BJH 
pore distribution curve. 

 
The maximum adsorption capacity, qo and the constant 

b obtained from the slope and intercept of the plot of Ce/qe 

against Ce (Fig. 6a) were found to be 133 mg g
-1 

and 
0.0884 L mg

-1
 respectively. The Langmuir isotherm model 

also provides another vital parameter, RL, a dimensionless 
constant expressed as 1/ (1 + b.C0). It is known in many 
adsorption systems that the value of RL in the range 0 to 1 

signifies favorable adsorption [39].  In the present 
investigation, the value of RL for the adsorption of 
chromium on the composite material was found to be 
0.1391 and this indicates effective adsorption under the 
optimized experimental conditions. The well known 
Freundlich isotherm expression for adsorption from 
aqueous solution is represented as 

                 
KF.Ce

1/n
qe= (3)  

 
where Ce is the equilibrium concentration of the metal ion 
in mg L

-1     
qe is the amount adsorbed in mg g

-1
,  KF and n 

are the Freundlich constants which indicate the adsorption 
capacity and the adsorption intensity respectively. The 
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constants KF and n were found to be 11.51 mg
1-1/n 

g
-1

 L
1/n

 
and 1.4355 obtained from the slope and intercept of the 

plot of log qe against log Ce (Fig. 6b). The regression 
coefficients obtained from the Langmiuir and Freundlich 
plots were found to be 0.99 and 0.98 respectively and this 
indicates the applicability of both these isotherm models to 
the experimental data.    
 

(a) (b)

(c) (d)

(e) (f)

 

Fig. 6. (a) Langmuir isotherm, (b) Freundlich isotherm, (c) Pseudo second 
order kinetic plot, (d) Pseudo first order kinetic plot, (e) Plot of qt versus 
square root of time, and (f) Van’t Hoff plot showing the variation of lnKc 
against reciprocal of temperature. 

 

 

Kinetics of adsorption 

The rate of adsorption increased with time and reached its 
maximum at 40 min. The first order and pseudo second 
order models were used to fit the experimentally obtained 
adsorption data. The first order [40] and the pseudo-second 
order rate equations [41] can be expressed as follows.     
 

k1

log (qe - q t)= log qe - x t

2.303

(4) 

                             
 

The plot of t/qt versus t (Fig. 6c) and log (qe –qt) versus t 

(Fig. 6d) gives the kinetic parameters.  The adsorption data 
was well in agreement with the pseudo second order model 

in view of the higher regression coefficients (Table 1).  
Moreover, the qe value obtained from the second order 
model and the qevalue obtained experimentally were found 
to be 8.779 mg g

-1
 and 8.125 mg g

-1
, respectively. The 

close agreement between the experimental and calculated 
values further confirms the applicability of the second order 
kinetics. A plot of qt against the square root of time gives a 

straight line with a definite intercept (Fig. 6e). This plot is 
linear and the slope gives the intraparticle rate constant kint 

[42]. The nonzero intercept indicates that diffusion is not 
the only process that controls the adsorption of the metal 
ion on the composite material. Boundary layer control 
could also reflect on the adsorption process. This fact is 
consistent with the literature reports on similar phenomena 
observed in various other adsorbent-adsorbate interactions 

[43].  
 

t 1 t

= +

qt k2qe
2 qe

(5)

                      
 
 

Table 1. Kinetic parameters for the sorption of chromium (VI) on the 

composite material. 

 

qe (mg g-1) K2 (g mg-1 min-1)
Regression 

coefficient
k1 (min-1)

Regression 

coefficient

kint

(mg.g-1 min -1/2)

8.779 0.1968 0.99 0.1222 0.94 0.1509

 

 
Sorption thermodynamics 

The free energy, enthalpy and entropy change associated 
with the adsorption process was obtained from the sorption 
thermodynamics at different temperatures. The change in 
Gibb’s free energy which reflects the spontaneity of the 
adsorption is related to the equilibrium constant by the 

well-known expression [44].  
 
ΔG

0
 = -RTlnKc                          (6)                     

      
The equilibrium constant (Kc) is obtained from the ratio 

of the concentration of the adsorbed chromium in the 
composite material to the concentration left in solution. The 

well known Van’t Hoff equation [44] also relates the 
equilibrium constant with enthalpy and entropy changes as 
a function of temperature. The equilibrium constant values 
were obtained at various temperatures and a plot of lnKc 

against 1/T (Fig. 6f) gives the corresponding 
thermodynamic parameters. The free energy values were 
found to be ascendingly negative with rise in temperature. 
The negative free energy is a good indication of 
spontaneous adsorption. The enthalpy change (ΔH

0
) was 

found to be positive which indicates the endothermic nature 

of adsorption (Table 2). The endothermic nature of 
adsorption has also been reported earlier for chromium 
adsorption using kaolinte clay in the absence of biopolymer 

[45]. The entropy of adsorption (ΔS
0
) was also found to be 

positive and this is indicative of increased randomness at 
the adsorbent-solution interface. These facts demonstrate 
the efficacy of the composite material as an useful material 
for chromium(VI) adsorption. 
 
Scale up to a larger sample volume 

The above mentioned study of various optimized 
parameters has demonstrated the applicability of the 
material for detoxification of chromium from a larger 
sample volume. The polymeric composite was packed in a 
small glass column upto a height of 4 cm. A known volume 
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of 150 mg L
-1

 Cr(VI) was transferred into the column at a 
flow rate of 4 mL min

-1
. Cr(VI) was effectively retained on 

the column at pH 5.0 and this was confirmed by measuring 
the concentration of chromium spectrophotometrically in 
the solution phase. A maximum breakthrough volume of 
500 mL could be achieved by this column study at 150 mg 
L

-1
 concentration of Cr(VI).  

 
Table 2. Thermodynamic data for the adsorption of chromium (VI) on the 
composite material. 

 

Temperature   

(K)

Conc.

(mg L-1)

Equilibrium constant 

(K)

Free energy change 

(ΔG0 k Jmol-1)

Entropy change   

(ΔS0J mol-1K -1)

Enthalpy change 

(ΔH0 k J mol-1)

300 70 22.33 -7.74

276.09 76310 70 45.66 -9.84

320 70 139 -13.12

 

 

Table 3. Comparison of the adsorption capacity of the composite material 
with other sorbents. 

 

Sl. 

No

Adsorbent Method of preparation Max adsorption capacity 

(mg g-1)

References

1 Surfactant modified

Na MMT

Conventional 41.42 [17]

2 Chitosan-Na MMT 

(unmodified clay)

Conventional 9.36 [18]

3 Chitosan -Na MMT 

(unmodified clay)

Conventional 41.67 [19]

4 Cross-linked chitosan

.

Conventional 50 [48]

5 Chitosan- surfactant 

modified Na MMT

Microwave assisted 133 Present 

work

 

Regeneration of the composite material 

The regeneration of the composite material is an important 
fact that needs to be considered in the adsorption process. 
Since, Cr(VI) is toxic and carcinogenic, it is advisable to 
convert the chromium in +6 oxidation state to the less toxic 
+3 state. The adsorbed Cr(VI) could be effectively reduced 
with 0.1 mol L

-1
 sodium sulfite as well as 0.2 mol L

-1
 

ascorbic acid respectively. These well-known reducing 

agents [46, 47] were found to be equally effective  in the 
reduction of Cr(VI) with >99 % efficiency thereby 
regenerating the sorbent.  
 
Application to a real industrial effluent 

The performance of the composite material was tested for 
chromium detoxification from a leather tannery effluent. 
The effluent sample which contains Cr(III) as its major 
constituent(in addition to the organic matter) was  oxidized 
to the +6 oxidation state using hydrogen peroxide in 

alkaline medium [47]. The organic constituents were 
decomposed initially by boiling the sample with nitric acid-
sulfuric acid mixture. A known volume of the effluent (300 
mL) was passed through the glass column containing the 
composite material at pH 5.0. The composite material could 
retain chromium quantitatively and the regeneration of the 
column was also equally effective.  
 
Evaluation of performance efficiency of the composite 
sorbent 
 
The effectiveness of this composite material for chromium 
removal is well illustrated by the adsorption capacity. The 
sorption capacity of the biopolymer composite was 
compared with other similar materials prepared by 

conventional method. As can be seen from the comparison 

data (Table 3), the composite chitosan material prepared 
under microwave conditions shows a higher adsorption 
capacity and is of admirable utility in the treatment of real 
industrial effluents containing chromium. 

 

Conclusion 

In conclusion, the chitosan-NaMMT clay composite 
prepared under microwave conditions has proved to very 
effective in the adsorption and removal of chromium from a 
large sample volume. The biopolymer composite exhibits 
an adsorption capacity of 133 mg g

-1
 and interestingly the 

crystallinity of the composite material was retained after 
adsorption of chromium. The mesoporous nature and the 
nano pore size prove to be a value addition for the retention 
of chromium. The study of the sorption thermodynamics 
indicates spontaneity and the endothermic nature of 
adsorption.  The material could also be regenerated by 
using simple reducing agents, thereby making the process 
eco-friendly and benign. 
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