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ABSTRACT 

The contamination of water by toxic heavy metals is a worldwide problem. The presence of 
hexavalent chromium in waste water is a potential hazard to aquatic life and humans. Biosorption of heavy 
metals is an important technique used in the removal of toxic metals from various sources like industrial 
waste, aqueous systems and municipal waste waters. Metal removal technique using industrial waste as 
adsorbents are cheap because of the low cost of adsorbents used and many represent a practical 
replacement to conventional processes. There are various mechanisms such as kinetic models and 
adsorption isotherms employed for the efficient removal of hexavalent chromium from various sources. 
The present review discusses brief findings of hexavalent chromium removal with the maximum metal 
uptake by using industrial waste as adsorbents.  
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INTRODUCTION 

Water contamination with heavy metals is a very severe problem all over world1-3. 
The world production of chromite ore is several millions of tons in a year. Ferrochromite is 
obtained by direct reduction of the ore while chromium metal is produced either by chemical 
reduction (the aluminothermic process) or by electrolysis of either CrO3 or chrome alum 
solutions. Chromium and its compounds are extensively used in industry with important 
sources from metal finishing, leather tanning, electroplating, textile industries, and chromate 
preparation4. In aqueous phase chromium mostly exists in two oxidation states, namely, 
trivalent chromium (Cr+3 and Cr (OH)2+) and haxavalent chromium (HCrO4

–, CrO4
2– or 
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Cr2O7
2–, etc). Most of the hexavalent compounds are toxic, carcinogenic and mutagenic. For 

example, it is reported that Cr2O7
2– can cause lung cancer5,6. 

Chrome plating, the result of which is often referred to simply as chrome is a 
technique of electroplating a thin layer of chromium on to a metal7. The chromed layer is 
attractive and provides corrosion resistance, easy cleaning and surface hardness. There are 
two types of chrome plating baths; hexavalent and trivalent, although the latter are not 
common. Hexavalent chromium baths are widely used. About 35% of used chromium is 
discharged in the effluent as trivalent and hexavalent chromium. 

Cr (III) and Cr (VI) have major environmental significance because of their stability 
in the natural environment, Cr (VI) is known to have 100 fold more toxicity than Cr (III) 
because of its high water solubility and mobility as well as easy reduction8. International 
agency for Research on cancer has determined that Cr (VI) is carcinogenic to humans9. 
Therefore, the World Health Organization (WHO) recommends that the toxic limits of 
chromium (VI) in waste water at the level of 0.05 mg/L, while total Cr containing Cr (III), 
Cr (VI) and other species of chromium is regulated to be discharged below 2 mg/L9. The 
toxicological effect of Cr (VI) originates from the action of this form itself as an oxidizing 
agent as well as the formation of free radicals during the reduction of Cr (VI) to Cr (III) 
occurring inside the cell10. 

Hexavalent chromium shows adverse effects on growth parameters and also causes 
accumulation of chromium in plants11-14; via plants, it enters the food chain. Chromium also 
shows toxicity towards different animals. Studies have shown the toxicity of chromium 
picolinate in renal impairment, skin blisters and pustules, anemia, hemolysis, tissue edema, 
liver dysfunction, neural cell injury, impaired cognitive, perceptual and motor activity, 
enhanced production of hydroxyl radicals, chromosomal aberration, depletion of antioxidant 
enzymes and DNA damage in mice15. 

Several methods are used to remove chromium from the wastewater. These include 
reduction followed by chemical precipitation16, ion exchange17, reduction18, electrochemical 
precipitation19, solvent extraction20, membrane separation21, evaporation22 and foam 
separation23. The chemical precipitation method involves a two step process. The first step is 
the reduction of Cr (VI) under acidic conditions, followed by the precipitation of Cr (III) 
hydroxide. Commonly used reducing agents are sulfur dioxide, sodium sulfite, sodium 
bisulfate and ferrous sulfate. The process requires addition of other chemicals, which finally 
leads to the generation of a high water content sludge, the disposal of which is cost intensive. 
An ion exchange is a solid capable of exchanging either cations or anions from the 
surrounding materials. Commonly used matrices for ion exchange are synthetic organic ion 
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exchange resins. The anion exchange sorption process is used for the removal of hexavalent 
chromium from the waste water. Chromium removal efficiencies by electrochemical 
precipitation are greater than 99% and the residual chromium concentration is less than           
0.5 mg/L. Electrochemical precipitation consumes huge amounts power. In solvent 
extraction of chromium, several ion-association systems have been used such as 
triphenylsulfonium, ammonium, triphenylphosphonium, tetraphenylstibonium and 
triphenylselenium cations24. The solvents used for the extraction of Cr (VI) are diethylether, 
isobutyl ketone, ethylacetate, hexane, tri-n-butylphosphate and chloroform24. 

Foam separation is based on surface adsorption. It is a process, in which solute 
substances adsorb at the gas-liquid interface between a dispersed phase and a liquid phase. 
This method can remove surface active agents or non-surface active materials, which can 
adsorb or combine with surfactants. The foam is collected and collapsed in the bubble 
collector, and the collapsed formate solution containing chromium is much more 
concentrated in the surfactant than in the initial solution25. 

The above cited conventional chromium elimination processes are costly or 
ineffective at small concentrations and may also lead to environmental problems from waste 
disposal. In recent years, biosorption research is focused on using readily available biomass 
that can remove heavy metals. This process involves the use of biological materials that 
form complexes with metal ions using their ligands or functional groups. It is particularly the 
cell wall structure of certain fungi, bacteria, algae and plants that is responsible for this 
phenomenon. This process can be applied as a cost effective way of purifying industrial 
waste water whereby drinking water quality can be attained. A lot of research was focused 
on bio-adsorbent materials which can efficiently remove heavy metals from aqueous bodies. 
These materials are identified as bioadsorbents and the binding of metals by biomass is 
referred to as biosorption. 

In this article, The major advantage of biosorption over conventional process include 
easy available source, low cost, high effectiveness, ecofriendly, minimum waste disposal, 
etc. On this basis, it is reviwed the literature of collection and analysis of data on hexavalent 
Cr (VI) removal from waste water using industrial waste as adsorbents 

Biosorbent materials 

A large number of materials have been investigated as biosorbent for hexavalent 
chromium removal. A fundamentally important characteristic of good adsorbents26,27 is their 
high porosity and consequent larger surface area with more specific adsorption sites. Most 
adsorbents, which have been used in pollution control have porous structure. The porous 
structure not only increases surface area and consecutively adsorption but also the kinetics of 
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the adsorption. A better adsorbent is one with large surface area and which requires less time 
for adsorption equilibrium. Hence, one generally looks to adsorbents with high surface area 
and faster kinetics for the removal of pollutants. Some of the important adsorbents used in 
pollution control and various industrial operations are discussed herein. 

Industrial wastes as adsorbents 

Wide spread industrial activities are producing large amount of solid waste materials. 
Some of these materials are being put to use while others find no proper utilization and are 
dumped elsewhere. The industrial waste material is available almost free of cost and causes 
major disposal problem. If the solid wastes could be used as low cost adsorbents, it will 
provide a two-fold advantage in reducing the pollution. Firstly, the volume of waste 
materials could be partly reduced and secondly the developed low cost adsorbent can reduce 
the pollution of wastewaters at a reasonable cost. With this view, a number of industrial 
wastes have been investigated with or without treatment as adsorbents for the removal 
pollutants from wastewaters. Important industrial wastes with their metal uptake such as fly 
ash waste slurry, blast furnace slags etc are shown in Table 1. 

Table 1: Reported adsorption capacities (mg/g) for various industrial wastes 

Material Cr (VI), 
mg/g Isotherms followed Kinetics followed Reference 

Iron (III) hydroxide 0.47 Langmuir, Freundlich --- [28] 

Blast furnace slag 7.5 Langmuir, Freundlich 1st order [29] 

Activated red mud 1.6 Langmuir, Freundlich --- [30] 

Bagasse fly ash 260 Langmuir, Freundlich --- [31] 

Tea factory waste 54.65 Langmuir, Freundlich 1st order, I-P-Model [32] 

Tannery waste 177-217 Langmuir, 2nd order [33] 

Chestnut tannins 42 Langmuir 2nd order [34] 

Mimosa tannins 38 Langmuir 2nd order [34] 

Oak wood & Oak 
bark char 

4.93 & 
7.51 

Langmuir, Freundlich, 
R-P-Model, Sips model, 

Toth model, Radke Model 

2nd order [35] 

Clarified sludge 26.31 Langmuir, Freundlich 2nd order 
I-P-Diffusion model 

[36] 
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Modeling of adsorption 

Mathematical models can describe the behavior of the biosorption processes 
operating under different experimental conditions. They are very useful for scale up studies 
or process optimization. A number of models with varying degrees of complexity have been 
developed to describe the metal biosorption systems. These are of two types: kinetic models 
and equilibrium models. 

Kinetic models 

The study of adsorption dynamics describes the solute uptake rate, and this rate 
controls the habitation time of adsorbate uptake at the solid-solution interface. Chemical 
kinetics gives information about reaction pathways and times to reach equilibrium. Sorption 
kinetics shows a large dependence on the physical and /or chemical characteristics of the 
sorbent material. Different models have been used to investigate the mechanism of sorption. 
The conformity between experimental data and the model predicted values was expressed by 
the correlation coefficients (R2 values close or equal to one). A relatively high R2 value 
indicates that the model successfully describes the kinetic of Cr (VI) adsorption. 

Pseudo-first order or Lagergen kinetic model 

It is the first equation for sorption37,38 of liquid/solid system based on solid capacity. 
The pseudo first order equation is generally expressed as – 

 )(1 te qqk
dt
dq

−=  …(1) 

Here qe and qt are the adsorption capacities at equilibrium and at time t, respectively 
(mg/g) and k1 is the rate constant of pseudo first order adsorption (min-1). Eq (1) can be 
arranged to obtain the more useful form. 

 tkqqq ete )
303.2

(log)log( 1−=−  …(2) 

The values of log(qe-qt) were linearly correlated with t. The plot of log(qe-q) vs t 
should give a linear relationship from which k1 can be determined from the slope. Eq (2) 
differs from a true first order equation in two ways: (i) the parameter k1(qe-qt) does not 
represent the number of available sites, and (ii) the parameter log qe is the adjustable 
parameter and often it is found not equal to the intercept of the plot of log(qe-qt) vs t where 
as in a true first order log qe should be equal to the intercept. 
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Pseudo–second order kinetic model 

The pseudo-second-order adsorption kinetic rate equation is expressed as - 

 2
2 )( te qqk

dt
dq

−=   …(3) 

Where k2 is the rate constant of pseudo second order adsorption (g-1min-1). Eq (3) 
can be rearranged to obtain more useful form as - 

 tk
qqq ete

2
11
+=

−
 …(4) 

The linear form is - 

 
eet q
t

qkq
t

+= 2
2

1  …(5) 

And k2 is obtained from plot of t/qt vs t. The model is best fit for hexavalent 
chromium removal by many agents. 

Intra-particle diffusion model 

The adsorption of hexavalent chromium on a porous adsorbent is the combination of 
four consecutive steps39; diffusion in the bulk solution, then diffusion across the thin film 
surrounding the adsorbent particles, followed by intra-particle diffusion and adsorption 
within the particles39. According to Weber et al.40, if the rate limiting step is the intra-particle 
diffusion, then amount of adsorbed at any time should be directly proportional to the square 
root of contact time t and shall pass through the origin which is defined mathematically in 
Eq. (6). 

 5.0tkq idt =  …(6) 

A linearised form is Eq (6) where qt is the amount of Cr (VI) adsorbed. t is the 
contact time. Kid is the intra-particle diffusion coefficient. 

 tkq idt log5.0loglog +=  …(7) 

A plot of log qt against 0.5 log t should give a straight line with a positive intercept 
for intra particle diffusion controlled adsorption process. The value of kid can be calculated 
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from intercept of such plot. Higher values of kid illustrate an enhancement in the rate of 
adsorption. Intra particle diffusion coefficient values have been calculated by various 
workers to bring a better understanding of the process. 

Elovich kinetic equation 

The Elovich Eq (8) incorporates α as the initial adsorption rate (mg/g min), β (g/mg) 
is the desorption constant related to the extent of the surface coverage and 

 tqe
dt
dq βα −=  …(8) 

qt is the amount of gas chemisorbed at time. Eq. (8) can be simplified to Eq (9) 
by considering αβ >> t and by applying the boundary conditions qt = 0 at t = 0 and qt = qt 
at t = t. 48 

 )ln(1)ln(1 tqt β
αβ

β
+=  …(9) 

If the hexavalent chromium adsorption fits the Elovich model, a plot of qt vs ln(t) 
should give a linear relationship with a slope of (1/β) and an intercept of (1/β) ln(αβ).  

Equilibrium model 

An adsorption isotherm is used to characterize the interaction of the metal ions with 
the adsorbents. This provides a relationship between the concentration of metal ions in the 
solution and the amount of metal ions adsorbed to the solid phase when the two phases are at 
equilibrium. 

Langmuir model 

The Langmuir isotherm41 was derived originally from studies on gas adsorption to 
activated carbon. The Langmuir isotherm model is used to estimate the adsorption of 
adsorbent used and suggests that uptake occurs on a homogeneous surface by monolayer 
sorption without interaction between adsorbed molecules. In addition, the model assumes 
uniform energies of adsorption onto the surface and no transmigration of the adsorbate. The 
Langmuir adsorption isotherm is represented as Eq. (10). 

 
e

e
e bC

bCqq
+

=
1

max  …(10) 
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Here qe is the metal concentration adsorbed in solid (biomass), Ce is the metal 
residual concentration in the solution. qmax is the maximum specific uptake corresponding to 
sites satuation, and b is the ratio of adsorption/desorption rates. Two derivatives of the 
Langmuir equation are Eq. (11) and Eq. (12). 

 
maxmax

1
q
C

bqq
C e

e

e +=  …(11) 

 
ee bCqqq maxmax

111
+=  …(12) 

Freundlich model 

The Freundlich isotherm, first proposed in 1906, is based on multilayer adsorption 
with interaction between adsorbed molecules42. The model applies to adsorption onto 
heterogeneous surfaces with a uniform energy distribution and reversible adsorption. The 
Freundlich isotherm is the earliest known relationship describing the adsorption equation. 
The application of the Freundlich Eq. (13) suggest that adsorption energy exponentially 
decreases on completion of the adsorptional centers of an adsorbent. For adsorption from 
solution, the Freundlich isotherm is represented by Eq. (13). 

 nefe CKq
1

=  …(13) 

Here Kf is the Freundlich constant and is also known as Freundlich capacity and n 
stands for adsorption intensity. qe is the amount of chromium adsorbed at equilibrium and Ce 
is the residual concentration of Cr (VI) in solution. The Freundlich equation is expressed 
linearly as Eq. (14). 

 efe C
n

Kq log1loglog +=  …(14) 

The values of Kf   and n can be obtained from slope and intercept of a plot of log qe 
versus log Ce. Both the parameters Kf and n affect the adsorption isotherm.  

Langmuir-Freundlich model 

In this model43, the surface of the sorbent is considered to be homogeneous and 
sorption is a cooperative process due to adsorbate-adsorbate interaction. The Langmuir-
Freundlich model is represented in Eq. (15). 
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 n
e

n
e

e bC
bCqq /1

/1
max

1+
=   …(15) 

Tempkin model 

The Tempkin isotherm model contains a factor that takes care of the adsorbent-
adsorbate interactions44. Tempkin considered the effects of some indirect adsorbate/ 
adsorbate interactions on adsorption isotherms. Tempkin noted experimentally that heats of 
adsorption would more often decrease than increase with increasing coverage. The nonlinear 
form of Tempkin equation is given by Eq. (16) and the linear form in Eq. (17). 

 )ln( eT
T

e CA
b
RTq =  …(16) 

 eTTTe CBABq lnln +=  …(17) 

Here BT= (RT/bT). T is the absolute temperature. R is the universal gas constant. 
Constant bT is related to the heat of adsorption. AT is the equilibrium binding constant 
corresponding to the maximum binding energy. A plot of qe versus ln Ce at a fixed 
temperature will give Tempkin isotherm constants, AT and bT.  

Redlich-Peterson model 

The Redlich-Peterson isotherm contains three parameters, which may be used to 
represent adsorption equilibrium over a wide concentration range, and can be applied either 
in homogeneous or heterogeneous systems due to its versatility45,46. It is described in Eq (18). 

 
Rb

eR

eR
e C

CKq
α+

=
1

 …(18) 

The linearised form is Eq. (19) 

 )ln()ln(
1

ln ReR
e

eR Cb
q

CK α+=
−

 …(19) 

It has three isotherm constants KR, αR, and bR. The Redlich-Peterson isotherm 
constants can not be obtained using graphical methods because of the three unknown 
parameters. A professional graphics software package is ideal for this. 
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BET model 

The Brunauer, Emmer and Teller (BET) model is an extension of the Langmuir 
model47, and represents the isotherm with a multilayer adsorption at the adsorbent surface. It 
assumes that the Langmuir equation is applicable to each layer and a given layer may not be 
completely formed before the next layer forms Eq. (20). 

 ])1(1[max

s

e

es

e
e C

CB
CC

BCqq −+
−

=  …(20) 

Where Cs is the saturation concentration of the solute. B is a constant relating to the 
energy of interaction with the surface and other symbols are as previously described.  

CONCLUSION 

Industrial wastes as adsorbents are cheap for the removal chromium from waste 
water, those represents an efficient and potential and also a practical replacement to the 
conventional processes. In spite of profile use of activated carbon in wastewater treatment, 
its use is sometimes restricted because of its high cost. To replace the expensive activated 
carbon, a wide range of inexpensive industrial wastes as adsorbents were investigated 
utilizing waste products of different industries. Some of them were found to be quite 
satisfactory. However, it is utmost important to dispose of the spent adsorbents in an 
environment friendly. Only limited information is available in the literature about safe 
disposal of spent adsorbents. More efforts should be made in this direction. 
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