
CHAPTER 2: LITERATURE REVIEW 

2.1 METHODS OF DYE HOUSE EFFLUENT TREATMENT 

A number of advanced wastewater treatment schemes have been proposed for water 

quality enhancement such as coagulation, flocculation combined with flotation, 

electro-flotation, membrane filtration, precipitation, ion-exchange, ozonation, reverse 

osmosis, ultra filtration, electrolysis and adsorption. Most of these treatment methods 

use a combination of biological, chemical and physical processes. As dyes are toxic to 

microorganisms and stable to light irradiation and heat they cannot be easily removed 

by conventional wastewater treatment processes due to their complex structure and 

synthetic origins. 

Coagulation is one of the oldest practiced methods of wastewater treatment. When the 

raw, untreated wastewater, is discharged from the source it is mixed with chemicals 

known as coagulants. A commonly used coagulant is aluminum sulfate, or alum. In 

the presence of coagulant, impurities aggregate due to Van der Waals attraction. The 

wastewater is then pumped into a settling basin where the floes and contaminants sink 

to the bottom. This step removes most impurities. Although this process removes 

colour satisfactorily, sludge collection and high cost for chemicals are the major 

drawbacks. However coagulation is not a suitable method for all types of dyes. 

Membranes and membrane based separation techniques are faster and more efficient 

but membrane fouling and concentration polarization are the two main drawbacks, 

which reduce the performance of the membrane (Amarasinghe and De Silva, 2000). A 

membrane is a permeable or semi permeable phase, which restricts the motion of 

certain species in a mixture and introduces an interface between two bulk phases 

involved in the separation. Transport of selected species through the membrane is 

achieved by applying a driving force across the membrane. Membrane technologies 

have been widely applied to a range of conventionally difficult separations, such as 

food, biotechnological and medicine fields. However the membrane technology is 

expensive and industrialists are reluctant to use it for wastewater treatment. 

Ozone ( O 3 ) is one of the strongest oxidizing agents that is readily available. It is used 

to reduce color, eliminate organic waste, reduce odor and reduce total organic carbon 



in wastewater. Ozone is created in a number of different ways, including ultra violet 

(UV) light, corona discharge o f electricity through an oxygen stream including air, 

and several others. The ozone begins to break down fairly quickly, and as it does so, it 

reverts back into O2. Further it is difficult to store in practically, therefore it should be 

generated on a demand basis at the point of application. The capital cost o f ozonation 

is rather expensive, but it offers some basic advantage o f having no chemical 

requirement and it eliminates odors. 

Recently, treatment by activated carbon adsorption has been proven to be an effective 

replacement for the combined biological and chemical treatments although at a 

relatively higher cost (Voudrial et al, 2001; Marmagne and Coste, 1996; Kumar et ai, 

1987; Olaofe and Bosch, 1980). 

2.2 ADSORPTION AS THE BEST OPTION 

The adsorption operations exploit the ability of certain solids preferentially to 

concentrate specific substances from solution onto their surface. The adsorption 

phenomenon has become a useful tool for purification and separation, and widely used 

in industrial applications, such as removal of odour from gases and water, textile dye 

effluent treatment and removal of heavy metal ions from wastewater. In most cases, 

the processes are applied to remove dissolved organic substances by concentrating 

them on a large inner surface o f suitable, solid adsorbents. Adsorption is widely used 

in fol lowing industries in Sri Lanka. 

1. Water Treatment (Drinking Water, Industrial Waste Water, Ground Water) 

2. Food Production (Decolourisation and purification o f sugar and glucose 

syrups, citric, tarteric and edible o i l , food flavourings, wines) 

3. Pharmaceuticals (Purif ication of active compounds) 

4. Chemicals and petrochemicals (Purification o f organic and mineral chemicals, 

desulphurisation o f natural gases, hydrocarbons and catalyst support) 

5. A i r treatment (Solvent recovery, Volatile hydrocarbon recovery, air 

decolourisation and purification) 

The commonly used adsorbent for these purposes is Activated Carbon. It is produced 

by roasting organic materials and decomposing them in to granules o f carbon. 
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Coconut shell, wood, and bone are common sources of organic material. Activated 

carbon has a good capacity for the adsorption of organic molecules. In spite of this it 

suffers from a number of disadvantages. Activated carbon is quite expensive and 

regeneration produces additional effluent and results in considerable loss (10-15 %) 

of the adsorbent. Although activated carbon is a magnificent material for adsorption, 

its black color persists and adds a grey tinge if even trace amounts are left after 

treatment. These disadvantages have led many researches to search for cheap and 

efficient substitutes including peat, wood, chitin, fly ash, rice husk, various clays such 

as bentonite and sepiolite. (See Table 2.6) 

The other common industrial adsorbents are silica gel, activated alumina, zeolites and 

synthetic polymers & resins, because they present enormous surface areas per unit 

weight. 

Silica gel is a hard, granular, very porous product made from the gel precipitated by 

acid treatment of sodium silicate solution. It is used principally for dehydration of air 

and other gases, in gas masks and for fractionation of hydrocarbons. It is revivified for 

reuse by evaporation of the adsorbed matter. Alumina is hard, hydrated aluminium 

oxide which is activated by heating to drive off the moisture. The porous product is 

available as granules or powders, and it is used chiefly as a desiccant for gases and 

liquids. It can be reactivated for reuse. Synthetic polymeric adsorbents made from 

unsaturated aromatics such as styrene and divinylbenzene and useful for adsorbing 

non polar organics from aqueous solutions. Those made from acrylic esters are 

suitable for more polar solutes. 

In recent years low cost adsorbents have been produced from by-products of 

agricultural waste and their utilisation in textile effluent treatment has been attempted 

(Table 2.6). To be attractive commercially, an adsorbent should embody a number of 

features; 

1. It should have a larger internal surface area. 

2. The area should be accessible through pores big enough to admit the 

molecules to be adsorbed. It is a bonus if the pores are also small enough to 

exclude molecules it is desired not to adsorb. 

3. The adsorbent should be capable of being regenerated easily. 



4. It should not age rapidly, that is losing its adsorptive capacity through 

continual recycling. 

5. It should be mechanically strong enough to withstand the bulk handling and 

vibration that are part of any industrial unit. 

2.3 PRODUCTION TECHNIQUES OF ADSORBENTS 

There is a wide variety o f production and processing techniques used in manufacture 

of commercial adsorbents, these are depending on; 

1. Nature and type o f raw material available. 

2. Desired physical form of the adsorbent. 

3. Characteristics required for the intended application. 

The activation techniques that are principally used by commercial production 

operations are chemical activation and the steam activation. 

2.3.1 Chemical Activation 

This technique is generally used for the activation o f peat and wood based raw 

materials. The raw material is impregnated with a strong dehydrating agent, typically 

phosphoric acid or zinc chloride mixed into a paste and then heated to temperatures o f 

500-800 °C to activate. The resultant product is washed, dried and ground to powder. 

Adsorbents produced by chemical activation generally exhibit a very 'open' pore 

structure, ideal for the adsorption o f larger molecules. 

2.3.2 Steam Activation 

This technique is generally used for coal and coconut shell raw materials, which is 

usually processed in a carbonised form. Activation is carried out at temperatures of 

800-1100 °C in the presence o f steam. The resultant product is graded, screened and 

dedusted. Adsorbents produced by steam activation exhibits a ' f ine' pore structure 

ideal for the adsorption o f compounds from both the l iquid and vapour phases. 



2.4 HISTORY OF ADSORPTION 

Adsorption has been in use for thousands of years. Its first application was probably 

the use o f bone ashes to remove colour from syrups or alcohol. From the early days of 

using bone char for decolorization of sugar solutions and other foods, to the later 

application o f activated carbon for removing nerve gases from the battlefield, to today, 

adsorbent materials are widely used. For example, drinking water at water treatment 

plants is passed through activated charcoal to obtain purified water. The adsorption 

phenomenon has become a useful tool for purification and separation. 

2.5 THEORY OF ADSORPTION 

Adsorption is a surface phenomenon that is defined as the increase in concentration o f 

a particular component at the surface or interface between two phases. In any solid or 

l iquid, atoms at the surface are subjected to unbalanced forces o f attraction. These 

forces are merely extensions o f the forces acting within the body o f the material and 

are ultimately responsible for the phenomenon o f adsorption. In discussing the 

fundamentals of adsorption, it is useful to distinguish between physical adsorption, 

* involving mainly by Van der Waals forces and electrostatic forces between adsorbate 

molecules and the atoms which compose the adsorbent surface, and chemisorption, 

which involves essentially the formation o f a chemical bond between the sorbate 

molecule and the surface of the adsorbent. Although this distinction is conceptually 

useful, many cases are intermediate and it is not always possible to categorize a 

particular system unequivocally. 

Physical adsorption can be distinguished from chemisorption according to one or 

more of the fol lowing criteria. 

1. Physical adsorption does not involve the sharing or transfer o f electrons and 

thus always maintains the individuality o f interacting species. The interactions 

are ful ly reversible, enabling desorption to occur at the same temperature, 

although the process may be slow because of diffusion effects. Chemisorption 

involves chemical bonding and is irreversible. 

2. Physical adsorption is not site specific; the adsorbed molecules are free to 

cover the entire surface. This enables surface area measurements of solid 
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adsorbents. In contrast, chemisorption is site specific; chemisorbed molecules 

are fixed at specific sites. 

3. The heat o f physical adsorption is low compared to that o f chemisorption; 

however, heat o f adsorption is not usually a definite criterion. 

2.5.1 Adsorption Kinetics 

Adsorption o f various compounds, in aqueous systems, onto or into adsorbents is a 

time dependent process. Adsorption kinetics is applied to the predictive modeling and 

design o f f ixed bed adsorbers. Mechanism o f adsorption processes can be described 

by using the pseudo first order and the pseudo second order adsorption models. The 

first order rate expression o f Lagergren (Singh et al., 1988) is given as; 

l o g f e , - ? ) = l o g $ r . - ^ ! j j _ f (2.1) 

where qe, q are the amounts o f dye adsorbed on the adsorbent at equilibrium and at 

time t, respectively (mg/g) and kx is the rate constant o f first order adsorption (min* 1). 

The slopes and intercepts of plots o f log(^ c - q) Vs / are used to determine the first 

order rate constant kx. 

The second order kinetic model (Mckay et al, 1999) is expressed as; 

t _ 1 J_ 

where qe, q are the amounts of dye adsorbed on the adsorbent at equilibrium and at 

t imer, respectively (mg/g) and k2 is the rate constant o f second order adsorption (g. 

mg" 1 min ' 1 ) . The slopes and intercepts o f plots o f — Vs / are used to determine the 

second order rate constant k2 and qe . 

2.5.2 Adsorption Equilibria 

Adsorption from aqueous solutions depends on the concentration o f the solute on the 

solid surface. As the adsorption process proceeds, the sorbed solute tends to desorb 

into the solution. Equal amounts o f solute eventually are being adsorbed and desorbed 
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simultaneously. Consequently, the rates of adsorption and desorption w i l l attain an 

equilibrium state, called adsorption equilibrium. A t equilibrium, no change can be 

observed in the concentration of the solute on the solid surface or in the bulk solution. 

The position o f equilibrium is characteristic o f the entire system, the solute, adsorbent, 

solvent, temperature and pH. Adsorbed quantities at equilibrium usually increase with 

an increase in the solute concentration. The presentation of the amount of solute 

adsorbed per unit o f adsorbent as a function o f the equilibrium concentration in bulk 

solution, at constant temperature, is termed the adsorption isotherm. 

The shape o f the adsorption isotherm gives qualitative information about the 

adsorption process and the extent of the surface coverage by the adsorbate. Several 

models can be used to describe adsorption data. The Langmuir's and Freundlich's 

adsorption isotherms are the most commonly used models. 

2.5.2.1 Langmuir adsorption isotherm 

The Langmuir adsorption isotherm was developed by Langmuir in 1918. The basic 

assumptions underlying Langmuir's model, which is also called the ideal localized 

monolayer model are; 

1. The molecules are adsorbed on definite sites on the surface of the 

adsorbent. 

2. Each site can accommodate only one molecule (monolayer). 

3. The area o f each site is a fixed quantity determined solely by the geometry 

o f the surface. 

4. The adsorption energy is the same at all sites. 

In addition, the adsorbed molecules cannot migrate across the surface or interact with 

neighboring molecules. 

For adsorption from solution by solid adsorbents, the Langmuir adsorption isotherm is 

expressed as; 

/ m 

/ QbCe 
m ~ \ + bCe 

(2.3) 
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Where y = Amount o f solute adsorbed per weight o f adsorbent (mg/g) 

Ce Solution dye concentration at equilibrium (ppm) 

Q Langmuir isotherm constants also called monolayer capacity. 

b Langmuir constant related to the heat o f adsorption 

For linearization of the data it can be written in the form, 

1 1 1 1 

x/ bQCe Q (2.4) 

Plotting l /(x/m) against 1/Ce, a straight line having a slope 1/ (bQ) and an intercept 

1/Q, is obtained. The monolayer capacity Q, determined from the Langmuir isotherm, 

defines the total capacity o f the adsorbent for a specific adsorbate. 

2.5.2.2Freundlich adsorption isotherm 

The Freundlich equation derived by Freundlich in 1980 is perhaps the most widely 

used mathematical description o f adsorption in aqueous systems. The Freundlich 

equation is an empirical expression and is expressed as; 

Ce = Solution dye concentration at equilibrium (ppm) 

K, n = Freundlich constants characteristic o f the system 

In most cases, this empirical equation is better suited to the description o f aqueous 

phase adsorption than the Langmuir equation. The Freundlich isotherm does not 

change to a linear isotherm in low residual concentration range and no maximum 

loading at high concentrations exists. Consequently, Freundlich equation can only be 

used to describe experimental data i f the validity o f the constants is restricted to 

limited concentrations ranges. 

(2.5) 

Where x/ 
/ m = Amount o f solute adsorbed per weight o f adsorbent (mg/g) 
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For linearization of the data, the Freundlich equation is written in logarithmic form; 

Plotting log (x/m) versus log Ce, a straight line is obtained with a slope of n, and log 

K as the intercept. The linear form of the isotherm can be obtained conveniently by 

plotting the data on log-log paper. The value of n obtained for adsorption of most 

organic compounds by activated carbon is <1. Steep slopes, that is, n close to 1 

indicate high adsorptive capacity at high equilibrium concentrations that rapidly 

diminishes at lower equilibrium concentrations covered by the isotherm. Relatively 

flat slopes, that is, n « < 1 indicates that the adsorptive capacity is only slightly 

reduced at the lower equilibrium concentrations. 

2.5.3 Adsorption VS Other Separation Processes 

Any potential application of adsorption has to be considered along with alternatives, 

notably distillation, absorption and liquid extraction. Each separation process exploits 

some difference between properties of the components to be separated. In distillation, 

it is volatility; in absorption, it is solubility and in extraction, it is distribution 

coefficient. Separation by adsorption depends on one component being more readily 

adsorbed than another. The selection of a suitable process may also depend on the 

ease with which the separated components can be recovered 

In the adsorption process, the binding of molecules or particles to a surface, must be 

distinguished from absorption, which involves the filling of pores in a solid. The 

binding to the surface is usually weak and reversible. Just about anything including 

the fluid that dissolves or suspends the material of interest is bound, but compounds 

with color and those that have taste or odor tend to bind strongly. 

2.5.4 Modes Of Operations 

Adsorption is unique in the very diverse nature of its applications. The operations used 

include both stage wise and continuous contacting methods, and they are applied to 

batch, continuous and semi continuous operations. 

(2.6) 
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2.5.4.1 Single stage operation 

The schematic flow sheet for single stage operation in either batch or continuous 

fashion is shown in the Figure (2.1). The circle represents all the equipment and 

procedures constituting one stage. The amount of adsorbent used is ordinarily very 

small with respect to the amount of solution treated, and since the solute to be 

removed is adsorbed much more strongly than the other constituents present, the 

adsorption of the latter can be ignored. Furthermore, the adsorbent is insoluble in the 

solution. The solution to be treated contains Ls mass unadsorbed substance or solvent, 

and the adsorbable solute concentration is reduced from Yo to Yi mass solute/mass 

solvent. The adsorbent is added to extent of Ss mass adsorbate free solid, and the 

solute adsorbate content increases from Xo to Xi mass solute/mass adsorbent. If fresh 

adsorbent is used, Xo is zero, and in the case of continuous operation Ls and Ss are 

measured in terms of mass/time. 

Ss Xo 

Ls Yo Y, 

Y 

Y, 

Yo Equilibrium curve 

Xo X, 
X 

Figure 2.1: Single stage adsorption 
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The solute removed from the liquid equals the solute picked up by the solid, 

Ls{Yo-Y{) = Ss(Xx -Xo) (2.7) 

On X, Y coordinates this represents a straight line, through points of coordinates (Xo, 

Yo) and (Xi, Yi) of slope -Ss/Ls. If the stage is a theoretical or equilibrium stage 

conditions are considered the effluent streams will be in equilibrium, and the point 

(XI, Yl) will lie on the equilibrium adsorption isotherm. This is shown in the Figure 

(2.1). The equilibrium curve used here should be the one that is obtained at the final 

temperature of the operation. 

If insufficient time of contact is allowed, so that equilibrium is not reached, the final 

liquid and solid concentrations will correspond to some point such as 'A ' in the Figure 

(2.1), but ordinarily equilibrium is approached very closely. 

The use of Equation (2.7) assumes that the amount of liquid mechanically retained 

with the solid (but not adsorbed) after filtration or settling is negligible. This is quite 

satisfactory for most adsorption, since the quantity of solid employed is ordinarily 

very small with respect to that of the liquid treated. 

2.5.4.2 Multistage Crosscurrent Operation 

The removal of a given amount of solute can be accomplished with greater economy 

of adsorbent if the solution is treated with separate small batches of adsorbent rather 

than in a single batch, with filtration between each stage. This method of operation, 

sometimes called split-feed treatment, is usually done in batch fashion, although 

continuous operation is also possible. The savings are greater the larger the number of 

batches used but are at the expense of greater filtration and other handling costs. It is 

therefore seldom economical to use more than two stages. 

A schematic flow sheet and operating diagram for a typical operation of two 

equilibrium stages are shown in Figure (2.2). The same quantity of solution is treated 

in each stage by amounts of adsorbent Ssi and Ss2 in the two stages, respectively, to 

reduce the solute concentration of the solution from Yo to Y2. 
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The material balances are, for stage 1 

i 5 ( y o - r , ) = &,(A r

1 -xo) 

And for stage 2, Ls(Yi -Y2) = Ss2(X2 - Xo) 
(2.8) 

(2.9) 

These provide the operating lines shown on the Figure (2.2), each of a slope 

appropriate to the adsorbent quantity used in the corresponding stage. Similar 

calculations and operating line construction can be extended for more stages. I f the 

amounts o f adsorbent used in each stage are equal, the operating lines on the diagram 

wi l l be parallel. The least total amount o f adsorbent w i l l require unequal dosages in 

each stage except where the equilibrium isotherm is linear, and in the general case this 

can be established only by a trial and error computation. 

Ss, Xo Ss2 Xo 

Ls 
Y , 

Ls Yo * L s Y 2 

Ss, X i Ss2 X 2 

Operating line 
stage 1 

Equilibrium curve 

Y 

Xo X 2 Xi 
X 

Figure 2.2: Two stage crosscurrent adsorption 
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2.5.4.3 Multistage Countercurrent Operation 

Even greater economy o f adsorbent can be obtained by countercurrent operation. The 

f low sheet of Figure (2.3) then becomes the ultimate, steady state result, reached only 

after a number o f cycles. A solute balance about the N p stages is; 

The above equation (2.10) provides the operating line on the Figure (2.3), through the 

coordinates o f the terminal conditions (X n p + i , Ynp) and ( X i , Yo) and o f slope Ss/Ls. 

The number o f theoretical stages required is found by drawing the usual stage wise 

construction between equilibrium curve and operating line in the manner shown. 

Alternatively, the adsorbent to solution ratio for a predetermined number o f stages can 

be found by trial and error location o f the operating line. 

In small scale processing o f liquids, there may be appreciable variation in the amounts 

of solution to be treated from one batch to the next. Furthermore, long periods of time 

may pass between batches, so that partially spent adsorbent must be stored between 

stages. Most o f the adsorbents may deteriorate during storage through oxidation, 

polymerization o f the adsorbate, or other chemical change, and in such cases the 

crosscurrent flow may be more practical. 

Ls(Yo-Ynp) = Ss(X]-Xnp+l) (2.10) 

Ss X , 

Ls Yo 
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Equilibrium curve 

Figure 2.3: Countercurrent multistage adsorption 

2.5.4.4 Fixed Bed Adsorption Operation 

This technique is very widely used and finds application in such diverse fields as the 

recovery o f valuable solvent vapors from gases, purifying air as wi th gas masks, 

dehydration o f gases and liquids, decolorizing mineral and vegetable oils, the 

concentration o f valuable solutes from liquid solutions and many others. The f luid to 

be treated is usually passed through the packed bed at a constant f low rate. The 

process is more complex than that in the three modes o f operations which reach 

equilibrium. In the fixed bed adsorption, the process is unsteady and overall dynamics 

of the system determines the efficiency of the process rather than just equilibrium. 

The f luid wi th initial solute concentration Co is passed continuously down through a 

relatively deep bed o f fresh adsorbent. The uppermost layer o f solid, in contact wi th 

the strong solution entering, at first adsorbs solute rapidly and effectively, and what 

little solution is left in the solution is substantially all removed by the layers o f solid in 

the lower part o f the bed. The effluent leaving from the bottom o f the bed is 

practically solute free as at Ca in the lower part o f the Figure (2.4). 
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Figure 2.4: The adsorption wave 

The distribution of adsorbate in the solid bed is indicated in the sketch in the upper 

part of Figure (2.4) at a, where the relative density o f the horizontal lines in the bed is 

meant to indicate the relative concentration o f adsorbate. The uppermost layer o f the 

bed is practically saturated, and the bulk o f the adsorption takes place over a relatively 

narrow adsorption zone in which the concentration changes rapidly, as shown. As 
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solution continues to f low, the adsorption zone moves downward as a wave, at a rate 

ordinarily very much slower than the linear velocity o f the f luid through the bed. At a 

later time as at b in the figure, roughly half the bed is saturated wi th solute, but the 

effluent concentration Cb is still substantially low. A t c in the figure the lower portion 

of the adsorption zone has just reached the bottom o f the bed, and the concentration o f 

solute in the effluent has suddenly risen to an appreciable value Cc for the first time. 

The system is said to have reached the breakpoint. The solute concentration in the 

effluent now rises rapidly as the adsorption zone passes through the bottom of the bed 

and at d has substantially reached the initial value Co. The portion of the effluent 

concentration curve between positions c and d is termed the breakthrough curve. I f 

solution continues to f low, little additional adsorption takes place since the bed is for 

all practical purposes entirely in equilibrium with the feed solution. 

The shape and time o f appearance of the breakthrough curve greatly influence the 

method o f operating a fixed bed adsorber. The curves generally have an " S " shape, but 

they may be steep or relatively flat and in some cases considerably distorted. I f the 

adsorption process were infinitely rapid, the breakthrough curve would be a straight 

vertical line as in the Figure (2.5). The actual rate and mechanism o f the adsorption 

process, the nature of the adsorption equilibrium, the f luid velocity, the concentration 

of solute in the feed, and the length of the adsorber bed all contributes to the shape of 

the curve produced for any system. Generally the break point time decreases wi th 

decreased bed height, increased particle size o f adsorbent, increased rate o f f low of 

f luid through the bed, and increased initial solute content o f the feed. There is a 

critical minimum bed height below which the solute concentration in the effluent w i l l 

rise rapidly from the first appearance o f effluent. In planning new processes it is best 

to determine the breakpoint and breakthrough curve for a particular system 

experimentally under conditions resembling as much as possible those expected in the 

process. 

I f the adsorption rate is infinitely rapid, the adsorption zone o f Figure (2.4) can then 

be idealized as reduced to a plane and the break through curve would be the vertical 

line at Ts, which can be located so that the Areas A i and A2 are equal. Depending on 

the system Y* can be zero. In practice adsorption process should be stopped at the 

breakthrough point, which is decided depending on the requirement. I f the operation is 
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stopped at Tb (breakthrough time) a part of the bed is unused. An equivalent height of 

the bed unused is called the length of the unused bed (LUB). 

Yo 
> 

C 
o 
CO 

h 
o 

U Y 

0 
T b Ts Tt 

T=Time o f effluent flow 

Normal Curve 

Ideal Curve 

Figure 2.5: Breakthrough curves 

At break through, the length o f the bed (Z) is taken to be the sum o f L U B and a length 

saturated wi th solute in equilibrium (Zs) with the feed stream. I f V = velocity o f 

advancement o f the 'adsorption plane', then at any time, Zs = V T, at time Ts, Z = V 

Ts, and at breakthrough, Zs = V Tb; therefore; 

LUB = (Z-Zs) = V(Ts-Tb) = —(Ts-Tb) 
Ts 

(2.11) 

When considering time T to (T+dT) on normal breakthrough curve, 

Tl 
The bed capacity per unit cross section = Ls' j(Yo—Y)dT (2.12) 

Where, 
Ls' = Inert f luid rate per unit cross section o f the column (Kg / S.m 2) 

Yo = Initial concentration of solute. 

Y = Solute concentration at time T. 

When A] = A2; bed capacity for normal and ideal breakthrough curves w i l l be equal. 
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Then, Ls' j(Yo-Y)dT=Ls\Yo-Y*)Ts (2.13) 
o 

In other words, 

Bed capacity per unit cross section = pZs{Xt — Xo) (2.14) 

Where, 

p = Bulk density o f the adsorbent. 

Xo = Initial concentration of the adsorbate. 

Xt = Final concentration of the adsorbate. 

Combining above (2.12) and (2.14), 

Then L U B can be easily calculated using the above equation. 

2.6 BED DEPTH SERVICE TIME (BDST) MODEL 

The Bed Depth Service Time (BDST) method is based on a model proposed by Bohart 

and Adams that was later Linearized by Hutchins (1974) has been reported as offering 

the simplest approach and most rapid prediction o f adsorber performance (Santhy et 

al, 2005). 

This model proposed a relationship between bed depth, Z, and the time taken for 

breakthrough to occur, and it assumes that the adsorption rate is proportional to both 

the residual adsorbent capacity and the remaining adsorbate concentration. According 

to Bohart and Adams, the BDST curves are described by, 

Ls\Yo- Y*)Ts = pZs(Xt - Xo) (2.15) 

By combining (2.11) and (2. 15), 

LUB = Z- Ls'(Yo-Y*)Ts 
p(Xt - Xo) 

(2.16) 

l n j ^ - 1 j = \n[exp(KNoZ IV)-1]- KCoT (2.17) 
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Rearranging by Hutchins; 

CoV KCo V 

Where, 

T = Service time. 

Z = Depth of adsorbent bed. 

V = Linear f low rate. 

K = Adsorption rate constant. 

No = Adsorptive capacity. 

(Co ,\ 
~Cb \ ( 2 1 8 ) 

By plotting service time, T, against the bed depth, Z , from the experimental data No 

can be evaluated from the slope of the graph and K is obtained from the intercept at 

r = o . 

The BDST equation is easier to use in its simplified form; 

T = aZ-b (2.18) 

No 
Where, a CoV 

1 . l „ r ^ - 1

, 

KCo I Cb 

2.7 PREVIOUS LITERATURE ON ADSORPTION 

Number of investigators has conducted experiments on the use o f low cost adsorbents 

for removal o f colour and other contaminants from textile effluents (Table 2.6). 

First column o f the Table (2.6) shows the name or names of the researcher/s together 

with year, according to the ascending order o f the year. Neighboring column indicates 

the adsorbents investigated and column three gives the applications o f the adsorbents. 

It also indicates the types of adsorbates removed and the initial concentration of 

effluent used for the research. In some cases raw materials were subjected to 

pretreatment prior to use and some were not. The pretreatment carried out to the raw 

material is given briefly in column four. Column five gives the properties of these 
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adsorbents, basically surface area o f the adsorbent, because it is the most important 

property in adsorption phenomena. The final column summarizes the results obtained. 

In order to lower the material cost uses of chitin (Makay, 1984) rice husk 

(Amarasinghe & Gangodavilage, 2005; Lodha et.al., 1997; Laila & Badis, 1994) peat 

(Konduru et al, 1997) wood (Somboon et al.,) sawdust (Amarasinghe & 

Gangodavilage, 2005; Shen, 1993) and some other low cost materials were studied as 

alternative adsorbents (Table 2.1). Those investigations were primarily concerned 

wi th decolourisation o f wastewater and relatively little attention has been paid to the 

removal o f its organic waste content (Mal l & Kumar, 1997; Kumar et.al, 1987). In 

fact, heavy metal and Chemical Oxygen Demand (COD) removal o f the textile 

wastewater is also important as decolourisation (Netpradit et al, 2003; Zehra & 

Beyza, 2003; Mal l & Kumar, 1997; Marmagne & Coste, 1996; Sheng, 1993; Kumar 

et.al., 1987; Sahae/ al,). 

Table 2.1: Comparison o f low cost adsorbent performance with G A C 

Dye Adsorbent Co lour removal by Colour removal 
Low cost adsorbent % bv G A C % 

Basic Blue 9 Peat 99.3 64.0 
Furnace slag 4.0 99.9 
Bentonite clay 99.9 40 .26 
Fly Ash 93.8 99.9 

Acid Blue 29 Peat 86.0 100 
Furnace slag 46.5 100 
Bentonite clay 23.2 100 
Fly Ash 79.9 100 

Acid Red 91 Peat 6.0 91.1 
Furnace slag 74.0 99.4 
Bentonite clay 0.0 99.1 
Fly Ash 88.0 97.9 

Disperse Red 1 Peat 90.5 48.6 
Furnace slag 93.8 48.6 
Bentonite clay 99.2 48.6 
Fly Ash 91.2 42.15 

Konduru et al, (1997) has compared the dye removal performance o f some low cost 

adsorbents wi th granular Activate carbon (GAC). Table (2.1) gives the summary of 

the relative performance in terms of dye removals. The removals exhibited for each o f 

the dye-adsorbent combinations were compared with the performance o f GAC under 
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similar conditions. It can be shown that in most cases, low cost adsorbents exhibit 

better adsorption capacity than or similar as to GAC. 

2.7.1 Effect Of Surface Area On Adsorption 

To be attractive commercially, an adsorbent should essentially have a larger internal 

surface area. The surface area o f different adsorbents used by different researchers is 

compared in table 2.2 and table 2.3. 

Table 2.2: BET surface area for Rice Husk Table 2.3: Surface area o f the pyrolysed, 

based Activated carbon prepared by steam treatment activated, and raw guava seeds. 

Temperature BET Surface area m2/g 

°C before NaOH after NaOH 

wash treatment 

600 225 420 

700 350 710 

750 490 1020 

800 560 1200 

Pyrolysis t e m p e r a t u r e Surface 

( ° C ) a r e a ( m 2 / g ) 

Raw seeds 13 
(no pyrolysis) 

400 178 

600 308 

700 314 

700 activated 600 

The surface area increases significantly with the temperature o f the activation 

(Amarasinghe & Gangodavilage, 2005; Nakamura et al, 2003; Rahman & Saad, 

2003). According to Amarasinghe & Gangodavilage, (2005), increase in the surface 

area was observed, after chemical treatment for rice husk based activated carbon. 

Similar trend has been observed Rahman & Saad, (2003) after activation, the surface 

area o f the guava seed sample pyrolysed at 700 °C was doubled, thus creating a larger 

internal surface area or a maximum porous structure. The data is shown in the Table 

2.2 & 2.3 respectively. 

Furthermore, the decrease in particle size lead to an increase in the removal capacity 

because o f the increased surface area available for adsorption (Nakamura et al, 2003; 
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Walker & Weatherley, 1996; Balasubramanian & Muralisankar, 1987; Mckay et al, 

1984). 

2.7.2 Effect Of pH On Adsorption 

In some research, batch pH studies have been conducted (Voudrias et al., 2001; 

Konduru et al, 1997; Somboon et al.,). Figures 2.6 and Figure 2.7 show the changes 

in adsorption capacities of the different adsorbents for different dyes wi th changes in 

pH according to Konduru et al. (1997). 

Figure 2.6: pH studies on Acid Blue 29 Figure 2.7: pH studies on Basic Blue 9 

Ionic dyes upon dissolution release coloured dye anions or cations in solution. The 

adsorption o f these charged dye groups onto the adsorbent surface is primarily 

influenced by the surface charge on the adsorbent which in turn is influenced by the 

solution pH. 

As peat surface is negatively charged it has high adsorption capacity for cationic 

(basic) dyes. The adsorption o f anionic dyes is not as effective as cationic dyes as a 

result o f their repulsion by the negatively charged adsorption sites on peat. In any 

case, at decreased pH values, this repulsion towards anionic dye group is very much 

reduced and hence maximum removal o f acid Blue 29 was observed at pH 2. 
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2.7.3 Effect Of Other Properties On Adsorption 

The temperature has adverse effects on the equilibrium adsorption o f cationic and 

anionic dyes. According to Shi et.al.,(\998), high temperature is preferable to the 

adsorption o f anionic dyes on the treated and untreated sunflower stalks, while both 

cationic dyes, Basic Red 9 favor low temperatures. According to their results the 

adsorption processes o f anionic dyes on sunflower stalks are endothermic, while that 

of cationic ones are exothermic, though the effect o f temperature on adsorption is 

minimal. Table 2.4 indicates adsorption capacities o f dye adsorption on to sunflower 

stalks at different temperatures. 

Table 2.4: Effect o f temperature on the adsorption capacity 

Dyes Temperature Adsorpt ion capaci ty 

TO (mg/g ) 

Congo Red 25 155.2 

(Anionic) 50 191.0 

Basic Red 9 25 204 .6 

(Cationic) 50 183.3 

The figure (2.8) shows the amount of dye adsorbed by Activated Wood Carbon 

(AWC) as a function o f contact time drawn by Somboon et.al., the curve indicates a 

high dye adsorption rate during the first 2 hours and a lower uptake rate there after. 
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Figure 2.8: Adsorption kinetics o f A W C - D y e 
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In addition to that little attention has been paid to an agitation speed and time in batch 

experiments. It was shown that when the speed of agitation was increased the rate of 

colour removal was also progressively increased (Ajay, 1997). 

2.7.4 Adsorption Isotherms 

Adsorption isotherm data are commonly fitted to the Freundlich and Langmuir model. 

The effect o f isotherm shape on whether adsorption is 'favorable' or 'unfavorable' has 

been compared using Coefficient o f Correlation (R 2 ) . This parameter indicates the 

shape o f the isotherm accordingly, 

Table 2.5: Types o f isotherm 

R2 value Type of Isotherm 

R>1 Unfavorable 

R= l Linear 

0<R<1 Favorable 

R=0 Irreversible 

In every cases o f adsorption shown in table 2.6, R values at room temperature were 

found to be less than 1 and greater than 0. These results show that adsorption on the 

given adsorbent was favorable (Amarasinghe & Gangodavilage;2005; Somboon et al; 

Safa & Adnan,2004; Ming et a/,2003; Rahaman & Saad,2002; Voudrias et al, 2001; 

Viraraghavan & Ramakrishna, 1999; Weixing et al, 1998; Lodha et al, 1997). 

It can be seen that many different types of adsorbents were fitted better (R 2 = 1 or 

nearly equal to 1) with both the Langmuir and Frendlich isotherms (Amarasinghe & 

Gangodavilage; 2005; Voudrias et al, 2001; Weixing et al, 1998; Somboon et al.,) 

while some were wi th Langmuir (Safa & Adnan, 2004; M ing et al, 2003) and others 

with Frendlich (Rahaman & Saad, 2002; Lodha et al, 1997). 
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2.7.5 Batch Processes Vs Fixed Bed Processes 

Both the batch and fixed bed experiments were found in literature. Mackay et al, 

(1984) have predicted the performance o f batch adsorbers and the fixed bed 

adsorption o f dyestuffs. They have stated that batch type processes are usually limited 

to the treatment o f small volumes of effluent, but small adsorbent particle sizes may 

be used, hence large external surface areas are available for mass transfer. Fixed bed 

systems, however, would sustain high pressure drop losses i f fine adsorbent particles 

were used, but they have an advantage because adsorption depends on the 

concentration o f solute being treated. The adsorbent is continuously in contact with 

fresh solution. Hence the concentration in the solution in contact wi th a given layer of 

adsorbent in a column is relatively constant. Conversely, the concentration o f solute in 

contact wi th a given quantity of adsorbent is continuously changing due to the solute 

being adsorbed. 

When it comes to packed bed column operations, most research carried out on the 

adsorption o f dyes show breakthrough curves similar in profile to the " S " shape 

profile shown in Figure (2.5) (Amarasinghe & Gangodavilage, 2005; Netpradit et al, 

2003; Walker & Weatherley, 1996; Mackay et al, 1984). However, results indicate 

that the profile o f the breakthrough curve varies wi th bed height. The variation in 

concentration profile is due to the relatively large adsorption zone. 

In addition, Walker & Weatherley, (1996) had stated that decrease in linear f low rate 

produces better bed performance. Further more an increase in inlet sorbate 

concentration increases the slope o f the breakthrough curve. This may be caused by 

high adsorbate concentrations saturating the adsorbent more quickly, thereby 

decreasing the breakthrough time. In the finer particle size ranges, adsorption 

breakthrough curve fol low much more efficient profile than larger particle size ranges. 

This correlates wel l w i th results from batch studies, in that the rate of adsorption 

appears to increase wi th reduced particle size. 
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2.7.6 BDST model 

The analysis o f the experimental breakthrough data using the BDST theory yields a 

plot o f bed depth versus service time. The linearization o f the experimental data using 

this technique has been quite successful for the textile wastewater and the related 

adsorbent systems (Prakash Kumar et al, 2005; Walker et al, 2001; Mckay et al, 

1984). 

The BDST plot for various f low rates and for various initial dye concentrations were 

studied by Prakash Kumar et al, (2005), and their linearized results are shown in 

Figure 2.9 and Figure 2.10. 
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Table 2.6: Previous literature on adsorption 

RESEARCHER/YEAR ADSORBENT APPLICATION TREATMENT FOR RAW 
ADSORBENT MATERIAL PROPERTIES COMMENTS 

COLOUR/COD 

Olaofe O 
Bosch H 
1980 

Maize cob 
Rice husk 
Coconut husk 
Wood 

Methylene Blue Carbonization and pyrolysed at 
800 °C. Then activated by using 
steam. 

lOnrVg 
1 8 9 m 2 / g 
162 m 2 /g 
72 m 2 / g 

It was shown that those materials have good 
adsorption capacity. 

Mckay G 
Blair H S 
Gardner J R 
1984 

Chitin Acid Blue 25 
Acid Blue 158 
Moderent yel low 5 
Direct Red 84 
Phenyl Brown 3RL 
200 mg/dm 3 

500-1000 microns Batch adsorber design data are based on the 
Langmuir isotherm. Column operation 
indicated that chitin has a high capacity for 
acid blue 25, 158 and Moderent Yel low 5 
but low capacity for direct red 84 because o f 
much larger dye molecules. 

Bal Subramanian M R 
Muralisankar I 
1987 

Fly ash 
Tea waste Ash 

Reactive A z o dye Dried and incinerated to 
constant weight to prepare 
activated carbon. Sulfonated tea 
waste with small amount o f 
H 2 S 0 4 

Sulphonated tea waste has been found to be 
a better adsorbent than tea ash in both batch 
and column experiments. 

Sheng H Lin 
1993 

Molecular Sieves 
Activated Alumina 
GAC/ PAC 
Diatomite 
Sawdust 

Disperse Red 60 
150 ppm 

C O D 

Dried at 100 U C for 24 hrs (270-325) 
(12-90) 
(8-30) 
(325-400) 

Data fitted with Langmuir isotherm & PAC, 
activated alumina and molecular sieves are 
equally effective for colour removal. C O D 
removal better with PAC and activated 
alumina. 

Laila B Khali 1 
Badie S Girgis 
1994 

Rice Husk Methylene Blue 
400 mg/L 

Impregnated with H 3 P 0 4 

followed by carbonization at 
673 °C - 773 °C — 

According to Langmuir and Frendlich 
isotherm data, pre impregnation o f rice husk 
with 50% H3PO4 & carbonization at 400 °C 
proved to be most effective in producing 
active carbon with good adsorption capacity. 

Walker G M 
Weatherley L R 
1996 

Granular Activated 
Carbon (GAC) 

Acid dyes 
5 0 - 2 0 0 mg/dm 3 

Produced by the gas activation 
o f bituminous coal in 
carbonization and activation 

1000-1400 microns Decrease in adsorbent particle size and 
decrease in linear flow rate produced a better 
Fixed bed performance. 



Table 2.6 (Contd...) 

RESEARCHER/YEAR ADSORBENT APPLICATION TREATMENT FOR RAW 
ADSORBENT MATERIAL PROPERTIES COMMENTS 

Marmagne O 
Coste C 
1996 

Activated Carbon Acid blue 113, 
Basic blue 41.1 
Etc . . . . 

COD 

High removal rates (over 90%) have been 
achieved using activated carbon for cationic, 
moderent and acid dyes. 
The highest removals o f COD (91%) have 
been achieved for Acid brown 298. 

Lodha A 
B o h r a K 
Singh S V 
Gupta A B 
1997 

Rice Husk Methylene Blue 
260 mg/L 

Sieved without any treatment 0.6-1.18 mm Isotherm 
Langmuir 
Freundlich 

Redlich Peterson 
Very small contact tim 
required for the systeir 

R 
0.82 
0.98 
0.80 

e upto 30 min was 
i to attain equilibrium. 

Ajay K Vanjara 
1997 

Refuse Derived Fuel 
(RDF) 

Methylene Blue 
50 mg/dm 3 

Not subjected to any 
pretreatment prior to use 

200-850 microns Increasing the rate of agitation and 
temperature increased the rate o f dye 
adsorption while the increase in particle size 
decreased the adsorption rate. 

Konduru R 
Viraraghavan T 
Ramakrishna KR 
1997 

Fly ash 
Furnace Slag 
Bentonite Clay 
Peat 

Basic Blue 9 
Acid Blue29 
Acid Red 91 
Disperse Red 1 
50 mg/l 

Not subjected to any 
pretreatment prior to use 

75-177 microns Data fitted with Langmuir, BET, Freundlich 
isotherms. Results showed that high 
removals (range o f 80-88 %) o f acid dyes by 
fly ash & slag while peat & bentonite exhibit 
high basic dye removals (around 99%). 

Weixing Shi 
Xiangjing X U 
Gang Sun 
1998 

Sunflower Stalks Methylene Blue 
Basic Red 9 
Congo Red 
Direct Blue 71 
Basic Blue 9 
50-1000 ppm 

Chemically modified using 
NaOH & 3- Chloro 2 -
Hydroxypropyltrimethylammon 
ium chloride 

25-45 mesh & 60 
mesh 

Dye 

Basic Red 9 

Congo Red 

Direct Blue 
71 

Basic Blue 9 

Treatment 

Untreated 
Treated 

Untreated 
Treated 

Untreated 
Treated 

Untreated 
Treated 

Langmuir R 2 | 

0.92 
0.96 
0.99 
0.95 
0.95 
0.99 
0.99 
0.99 



Table 2.6 (Contd...) 

RESEARCHER/YEAR ADSORBENT APPLICATION TREATMENT FOR RAW 
ADSORBENT MATERIAL PROPERTIES COMMENTS 

Viraraghavan T 
Ramakrishna KR 
1999 

Fly ash Basic Blue 9 
Acid Blue29 
Acid Red 91 
Disperse Red 1 
50 mg/1 

Not subjected to any 
pretreatment prior to use 

75-177 microns The first orde 
kinetic data. Is 

Dye 

r rate equation 
otherm data are 

Langmuir 
R 2 

tested on the 
as follows. 

Freundlich 
R 2 

Viraraghavan T 
Ramakrishna KR 
1999 

Fly ash Basic Blue 9 
Acid Blue29 
Acid Red 91 
Disperse Red 1 
50 mg/1 

Not subjected to any 
pretreatment prior to use 

75-177 microns 

Basic Blue 9 

Acid Blue29 

Acid Red 
91 

DisperseRed 

0.98 

0 57 

0.99 

0.96 

0.99 

0.68 

0.97 

0.93 
Markovska L 
Meshko V 
Noveski V 
Marinkovski M 
2000 

Natural Zeolite 
GAC 

Basic dyes Dried at 300 °C for 48 hrs for 
NZ. 
For G A C Dried at 100 °C for 24 
hrs 

For NZ 20-40 m 2 / g 

AC 950-1000 m 2 / g 

Fixed bed study data were fitted with 
Langmuir, Freundlich & Redlich Peterson 
isothems. 
A computer program based on the solid 
diffusion control model has been developed. 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

A 
R 2 Voudrias E 

Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

A Langmuir Freundlich 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

A 

1 2 3 1 2 3 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

Ac .984 .974 .988 .983 .969 .961 i 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

Fa .933 .981 .841 .967 .901 .876 ! 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

Bt .868 .838 .894 .916 .860 .997 \ 

Voudrias E 
Fytianos K 
Bozani E 
2001 

Activated Carbon 
Fly ash 
Bentonite 
Bleaching earth 

Cibacron Blue F R ( 1 ) 
Reactive Blue 21 (2) 
Cibacron Rot FB (3) 

Dried at 100 °C for 24 hrs 1000 m 7 g 
0.75-0.8 m 2 / g 
200 m 2 / g 
1000 m 2 / g 

Linear isotherm also considered. 

Rahman I A 
S a a d B 
2002 

Guava Seeds Methylene Blue 
10 mg/dm 3 

Dried, Milled & Activated by 
pyrolysis at temperature up to 
700 °C and by ZnCl 2 as 
chemical activation agent 

3 1 4 m 2 / g a t 7 0 0 ° C 

600 m 2 / g when 
activated 

Sample 

700 °C 

700 °C 
activated 

R 

Langmuir 

0.508 

0.713 

2 

Freundlich 

0.988 

0.999 



Table 2.6 (Contd...) 

RESEARCHER/YEAR ADSORBENT APPLICATION TREATMENT FOR RAW 
ADSORBENT MATERIAL PROPERTIES COMMENTS 

Nakamura T 
Tokimoto T 
Tamura T 
Kawasaki N 
Tanada S 
2003 

Coffee Grounds Acid Orange 7 Dried & Carbonized in a 
furnace at 800, 1000 and 1200 
°C 

0.17, 13.98 and 
61.71 m 2 /g 

Freundlich equation was used to measure the 
adsorption capacity. 
The specific surface area and pore volume of 
charcoal from coffee ground were increased 
with the increase in carbonizing temperature. 

Armagan B 
Turan M 
Celik S M 
2003 

Zeolite Reactive A z o dyes Modified its surfaces with 
quaternary amines 

1 1 . 8 m 2 / g Modified zeolite gave adsorption density in 
the range o f 2.9 to 7.6 mg/g while natural 
zeolite with negative or slightly positive 
value. 

Zehra Sapci 
Beyza Ustun 
2003 

Waste Pumice Colour 
COD 

Sieved and Burned at 550 °C 
for 20 min. 

300 microns The combination o f Ca (OH) 2 , F e S 0 4 and 
adsorbent gave maximum colour & C O D 
removal efficiency, 87%&91% respectively. 

Netpradit S 
Thiravetyan P 
Towprayoon S 
2003 

Metal Hydroxide 
Sludge 

Reactive Red 141 
30 mg/1 

COD 

150-300 microns Using the fixed bed depth o f 5cm and the 
flow rate o f 0.55 ml/min c m 2 , 87% colour 
and 78% COD could be remove 

Ming Shen Chio 
Pang Yen Ho 
Hsing Ya Li 
2003 

Chitosan Beads Acid Dye ( A A V N ) 
Reactive Dye (RB4) 
0.002 g /cm 3 

Chemically cross linked with 
Sodium Tripolyphosphate 
(TPP) 

D c R 5 

Langmuir Freundlich 

A A V N 1 0 .9998 0.6742 

RB4 0.9980 0.6606 

Calculated first and second order kinetic rate 

constants 
Safa Ozcan A 
Adnan Ozcan 
2004 

White Sepiolite Acid Blue 294 
250 mg/ d m 3 

A 

Crushed, ground, sieved and 
dried at 120 °C for 2 hrs 

63 micron The results o f the kinetic studies showed that 
adsorption o f A B 2 4 onto white sepiolite can 
be obeyed with the pseudo second order 
kinetic model. 

Isotherm R 2 

Langmuir 0.989 

Freundlich 0.629 



Table 2.6 (Contd...) 

RESEARCHER/YEAR ADSORBENT APPLICATION TREATMENT FOR RAW 
ADSORBENT MATERIAL PROPERTIES COMMENTS 

Moura L M 
Goncalves E P R 
Amorim M T 
Vasconcelos L A 
Beca C G G 
2 0 0 4 

Gallinaceous feather Wool Reactive Dye 
Yel low Lanasol 4G 
250 mg/l 

Washed with water and 
detergent, rinsed with water and 
dried in the air at room 
temperature and cut into small 
pieces 

Amarasinghe B M W P K 
Gangodavilage N C 
2005 

Rice husk 
Saw dust 
Tea dust 

Cibacron Blue 
Methylene Blue 

Chemical treatment with ZnC12 
and pyrolysed at 700 °C for 2 
hrs. 
Carbonized raw materials in the 
temperature range o f 500 °C to 
800 °C with the presence o f 
steam. 

325-1200 mVg 
Adsorbent 

R 
Langmuir Freundlich 

ZnCl 2 

Rice Husk 

Saw dust 

Tea dust 

0.9854 

0.9384 

0.9641 

0.9921 

0.9988 

0.9928 

Tea dust 

Steam treated 

0.9967 0.9974 

Both Fixed bed and batch experiments were 
studied. 

Somboon W 
MutitamongkolP 
Tanpaiboonkul P 

Wood Charcoal (WC) 

Activated Wood 
Charcoal (AWC) 

Cotton Direct dyes 
(Blue 2 0 1 , Red 23 
violet 9) 
250 mg/L 

& 
Ground, sieved and cleaned for 
several times with de-ionized 
water & dried at 103 °C for an 
overnight for W C 

Dipped in NaCl and activated at 
700 °C for A W C 

2 0 - 4 0 mesh 

Dye Adsorben 
t 

Langmui 
r 

Frendlich 

Dye Adsorben 
t 

R 2 R 2 

Blue 
201 

WC 1.000 0.918 Blue 
201 A W C 0.995 0.955 

Red 
23 

WC 0.953 0.993 Red 
23 A W C 0.979 0.999 

Violet 
9 

WC 0.996 0.901 Violet 
9 A W C 0.999 0.974 

AWC has higher adsorption capacity than 
WC. 



Table 2.6 (Contd...) 

RESEARCHER/YEAR ADSORBENT APPLICATION 
TREATMENT FOR RAW 

ADSORBENT MATERIAL PROPERTIES COMMENTS 

HEAVY METALS / COD/ORGANICS 
Mall I D 
Vivek Kumar 
1997 

Bagasse Fly ash Organic matter from 
Distillery effluents 

COD _ 
Langmuir and Freundlich isotherms were 
used. 

Wafwoyo W 
Chung W Seo 
Marshall E W 
1999 

Peanut Shells Metal Ions 
C d ( l l ) , C u ( l l ) , 
N i ( l l ) , P b ( l l ) & Z n 
(11) 

Treatments consisted o f either 
no wash, water wash or base 
wash followed by no 
modification or modification 
with citric acid or H 3 P 0 4 

— 

Percent o f metal ion adsorbed for base 
washed samples were higher than water 
washed or unwashed shells. ( 19 - 34 % and 
5.7 % respectively) 

Uzun I 
G u z e l F 
2000 

Chitosan 
Agr 
Activated carbon 

Mn, Fe, Ni , Cu The adsorption isotherms were seen to be 
consistent with Freundlich adsorption 
isotherm. 

Horsfall M 
Abia A A 
Spiff A I 
2003 

Cassava waste 
biomass 

C u ( l l ) , Z n ( l l ) Soaked cassava waste biomass 
in excess 0.3 M H N 0 3 for 24 
hrs, washed with distilled 
deionized water, filtered and air 
dried. 

100 microns The uptake capacities o f the two metal ions 
tested on the untreated and acid treated 
cassava waste biomass were 71.3 & 85.2 
mg/g for Cu (11) and 43.4 and 58.1 mg/g for 
Z n ( l l ) . 
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Cocoa shells Pb Cocoa shells were dried 
overnight at 65 °C and sieved. 

— 

Lead removal from very acidic conditions 
was studied. 
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Tea Waste Pb, Cd, NI Washed at the first step and 
then rinsed with distilled water. 
Then dried at 100 °C. 

10 mesh 94 -100% lead removal, 77-78% cadmium 
removal and 85-90% nickel removal were 
achieved. 


