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Abstract The carbon–alumina composite pellet was

developed for the adsorption of acid fuchsin from its

aqueous solution. The composite pellet was characterized

using Brunauer–Emmett–Teller method, scanning Electron

Microscopy and Fourier Transform Infrared Spectroscopy.

The adsorption capacity of commercial alumina, commer-

cial activated carbon and the prepared composite pellet was

investigated against acid fuchsin, and the adsorption

capacity was found to be increased in the order of alu-

mina \ carbon–alumina composite pellet \ activated car-

bon. Although the adsorption capacity of carbon–alumina

composite pellets was less than that of activated carbon, the

use of the pelletized form of the present adsorbent was

proven to be advantageous for the use in the packed-bed

column. The experimental data were fitted to Langmuir,

Freundlich and Temkin adsorption isotherms, and the

equilibrium behavior was well explained by Langmuir

isotherm. Besides, the kinetic behavior was well predicted

by pseudo-second-order kinetics. The effects of inlet dye

concentration (10–20 mg/L), feed flowrate (5–15 mL/min)

and bed height (2.54–7.62 cm) on the breakthrough char-

acteristics were investigated using a fixed-bed column. The

maximum removal capacity in the column study was found

to be 343.87 mg/L with an initial dye concentration and

flowrate of 20 and 10 mL/min according to Bohart–Adams

model. The breakthrough behavior was also effectively

described by the Yoon–Nelson and Clark models.

Keywords Acid fuchsin � Bohart–Adams model �
Carbon–alumina pellet � Clark model � Column study �
Equilibrium study � Yoon–Nelson model

Introduction

Dye is a major pollutant exuded by many industries all over

the world, especially textile, paper, printing, leather, food,

cosmetics, etc., which extensively use dyes to color their

final product. Among the Asian countries, more than 800

dye manufacturing units are situated in India, which

inevitably produce huge amount of colored waste water

everyday (Verma 2008). Most of theses dyes are reported

to be carcinogenic in nature and may be problematic if

broken down anaerobically in the sediment, leading to the

production of toxic amines. The presence of dyes in water

reduces light penetration, and it has a derogatory effect on

photosynthesis (Oguza and Keskinler 2005). The hemato-

logical process of some biota also affects when water-

containing colored substances enter into their system (Afaq

and Rana 2009). Various types of toxic dyes such as acid

dyes, basic dyes, reactive dyes and azo dyes are found in

the inland surface water, originating from their different

manufacturing sources and users. Among all these dyes,

acid dye is most widely used in various industries and has a

complex aromatic structure (Attia et al. 2006). Acid fuch-

sin is one of such dyes, which acts as an inhibitor of reverse

transpose of immunodeficiency virus (Baba et al. 1998), as

a copper corrosion inhibitor (Bastidas et al. 2003), in the

preparation of organic–inorganic hybrid nano-composite

(Hussein et al. 2004) and as a laboratory reagent. Various

conventional methods are applied for the removal of dyes

from waste water, but adsorption is worth mentioning

among all. The activated carbon is one of the versatile
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adsorbents because of its large surface area and highly

porous structure, but its high cost limits its widespread use.

Besides, the use of powdered form of adsorbent has the

great disadvantage of separation after being used. To

overcome this difficulty, the carbon may be used in its

pelletized form. In addition to carbon, alumina could be

used as a good adsorbent for acid dyes (Gupta and Suhas

2009; Adak et al. 2005). Therefore, the use of carbon–

alumina composite pellet could be a better alternative for

the removal of an acidic dye from their aqueous solutions

(Balint and Miyazaki 2009).

The alumina has high mechanical properties and strong

resistivity to thermal degradation (Massoud et al. 2004;

Mahmoud et al. 2009). It also exhibits a high affinity to

anionic dyes under basic condition and vice versa (Mah-

moud et al. 2010). However, a few studies have focused on

the removal of acidic dyes using polyurethane/chitosan

composite (Zhu et al. 2010), MnFe2O4/bentonite nano-

composite (Hashemian 2010), CuFe2O4/AC composite

(Zhang et al. 2007), Fe2O4/AC composite (Yang et al.

2008), but no approach has not made for the removal of

acid fuchsin using carbon–alumina composite in the

packed-bed column. Therefore, in the present investigation,

a composite material was developed from commercial

carbon and alumina using polyvinyl alcohol as a binder.

The adsorption characteristics were investigated through

batch and column study. The effects of different process

parameters such as dye flowrate, bed height and inlet dye

concentration on the breakthrough pattern were investi-

gated in a fixed-bed adsorber. The adsorption breakthrough

behavior was analyzed using Yoon–Nelson, Clark and

Bohart–Adams models.

The whole research work had been carried out in Indian

Institute Technology, Kharagpur, in the month of August

and September.

Materials and methods

Reagents

Commercial granular activated carbon was supplied by SD

Fine Chem. Ltd (Mumbai, India). The alumina powder for

the present work was procured from Merck Specialities

Pvt. Ltd (Mumbai, India). Acid fuchsin and polyvinyl

alcohol (PVA) were purchased from Loba Chemie Pvt. Ltd

(Mumbai, India).

Preparation of the adsorbent

The activated carbon (AC), alumina powder (Al) and PVA

as a binder were mixed together in a weight proportion of

2:2:1. Then, a small quantity of water was added to the

mixture in order to prepare slurry, which was then heated

up to 80 �C for 4 h in a constant temperature water bath.

The heating process was carried out till a sticky mass was

formed, and then, the mass was shaped into spherical

pellets.

The pellets were kept overnight in an air oven at 90 �C

and placed in tubular furnace where they were heated up to

300 �C for 2 h in a flow of nitrogen gas (300 mL/min).

Next the activation was accomplished by continuing the

heating for 1 h. The resulting pellets were then cooled

down to room temperature and stored in desiccator over

silica gel. The prepared pellets were designated as carbon–

alumina composite (CAC) pellets. The surface properties

of the composite materials were analyzed using BET

apparatus (Autosorb–1, Quantachrome, USA). The surface

morphology was investigated using scanning electron

microscope (SEM) (Hitachi model SU-70) image, and the

surface functional groups were determined using Fourier

transform infrared spectroscopy (FTIR) (Spectrum–100,

PerkinElmer, USA).

Preparation of dye solution

Acid fuchsin dye of commercial purity was used without

further purification. The dye stock solution of concentra-

tion of 1000 mg/L was prepared by dissolving desired

quantity of dye in distilled water. The experimental solu-

tions of different initial concentrations were obtained by

diluting the dye stock solution.

Equilibrium and kinetic study

Adsorption studies were performed by taking 100 mL of

acid fuchsin solutions of varying initial concentration

(25–175 mg/L) in a set of 250-mL conical flasks contain-

ing 0.1 g adsorbents. The flasks were agitated in an iso-

thermal mechanical shaker at 35 �C for 24 h to reach

equilibrium, whereas the samples were withdrawn at var-

ious intervals of time using micropipette for kinetic study

and centrifuged for 10 min to separate the adsorbent par-

ticles. The corresponding concentrations of acid fuchsin

were analyzed in a double-beam UV–Vis spectrophotom-

eter (Spectra scan UV 2600, Chemito, India).

Adsorption column study

A glass column of 1.2 cm i.d. and 12.5 cm length was used

for the column study. The column was packed with CAC

pellets followed by a layer of glass beads on both the sides

to provide uniform flow of solution. To avoid entrapping of

air bubbles inside the CAC pellets, the particles were

soaked in appropriate amount of water and agitated until no

air bubbles were detected in the solution. Dye solution of
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three different concentrations (10, 15 and 20 mg/L) was

percolated downward through the varying bed height

(25.4–76.2 mm) at a desired flowrate of 5, 10 and

15 mL/min. The samples were collected at various intervals

of time and analyzed using an UV–Vis spectrophotometer.

Results and discussion

The comparison of adsorption capacity of CAC pellets

with AC and Al

The adsorption capacity of the prepared adsorbent was

compared with pure alumina and commercial activated

carbon (Fig. 1), and the adsorption capacity was found to

be decreased in the following order.

Al\CAC pellet\AC

The maximum adsorption capacity of various adsorbents

was determined at the equilibrium by plotting the equi-

librium dye concentration (Ce, mg/L) against the amount

adsorbed (qe, mg/g). Although the adsorption capacity of

CAC pellets was less than that of AC, the use of the pel-

letized form of the present adsorbent was proven to be

advantageous for the use in the packed-bed column.

Characterization of the prepared CAC pellets

The surface area, total pore volume, micropore volume and

average pore size of CAC pellets were determined by BET

surface area analyzer.

The values of surface area, total pore volume and

average pore size of CAC pellet were found to be

294.1 m2/g, 0.2643 cc/g and 35.95 Å. The surface mor-

phology of CAC pellets was determined using SEM image.

As shown in Fig. 2, Al particles are uniformly dispersed on

the surface of CAC.

The FTIR spectra of CAC pellets is shown in Fig. 3. The

presence of various surface functional groups such as

amine and alkene was detected at 1,019 and 1,020 cm-1 of

FTIR spectra. Besides, the C–H and O–H bonds were

detected at 1,422 and 3,350 cm-1, respectively (Kimberly

and Saliba 1995).

Kinetic study

The adsorption kinetics data are shown by plotting

instantaneous amount of adsorption (qt, mg/g) as a function

of time (Fig. 4a, b). As shown in Fig. 4a, a quasi-state

equilibrium is reached after 110 min. The experimental

data were fitted with pseudo-second-order kinetics at var-

ious initial dye concentrations as shown in Fig. 4b. In order

to find out the controlling mechanism for the given
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adsorption process, pseudo-first- and pseudo-second-order

kinetic models were investigated.

The equation corresponding to the pseudo-first-order

kinetic model is expressed as follows (Amin 2009):

log qe � qtð Þ ¼ log qe �
k1

2:303
t ð1Þ

where qe and qt refer to the amount of dye adsorbed (mg/g)

at equilibrium and at any time, t (min), respectively, and k1

is the equilibrium rate constant of the pseudo-first-order

sorption (min-1). Similarly, the pseudo-second-order

kinetic model is given by Eq. 2 (Song et al. 2010):

1

qe � qt

¼ 1

qe

þ k2t: ð2Þ

where k2 is the equilibrium rate constant of the pseudo-

second-order adsorption (g/ mg- min). It was observed

from the kinetic study that the experimental data were fitted

well with the second-order kinetics. Besides, the pseudo-

second-order model fitted at different dye concentrations

(50, 100 and 150 mg/L) is shown in Fig. 4. As shown in

Fig. 4, the adsorption of acid fuchsin increases with

increase in initial concentration and an adsorption capacity

of 39.15 mg/g is found with an initial concentration of

50 mg/L after 120 min. As the kinetic study was carried out

at varying initial dye concentrations (50–150 mg/L), three

different values of the rate constant (k2) were obtained, and

they are noted in Table 1. It is observed that at the lower

range of initial concentration, the k2-values increased,

whereas at higher concentration the k2-values became

almost constant. The values of good regression coefficient

(R2) were obtained for each concentration.

The adsorption isotherm

In order to investigate the equilibrium behavior, the

experimental data were fitted to Freundlich, Langmuir and

Temkin isotherms. The Langmuir isotherm represents the

unimolecular adsorption of the adsorbate molecule on the

adsorbent surface (Ozturk and Kavak 2005).

The Langmuir isotherm can be expressed as follows:

qe ¼
qmKLCe

1 þ KLCe

: ð3Þ

where Ce the equilibrium dye concentration, qe is the

equilibrium adsorption capacity, KL is the Langmuir constant

related to the energy of adsorption (L/mg), and qm is the

maximum amount of adsorption corresponding to complete

monolayer coverage on the surface (mg/g). Similarly, the

Freundlich isotherm can be used for non-ideal adsorption that

involves heterogeneous surface energy systems (Ergene et al.

2009) and is expressed by the following equation:

qe ¼ KFC
1
n
e ð4Þ

where KF is a rough indicator of the adsorption capacity,

and 1/n is the adsorption intensity. The Temkin isotherm

describes the heat of adsorption and interaction between

Fig. 4 a Pseudo-second-order model fitting at 50 mg/L. b Pseudo-second-order model fit at various initial dye concentrations

Table 1 Adsorption kinetic constant, modeled by a pseudo-first-

order equation

Initial concentration

(mg/L)

k2

(mg/L)

qeq, exp

(g/mg min)

qeq, calc

(mg g-1)

R2

(mg g-1)

50 0.0063 40.48 39.15 0.9974

100 0.0014 71.13 75.19 0.9866

150 0.0013 91.0 95.24 0.9910
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adsorbent and adsorbate molecules (Anbia et al. 2010), and

it can be expressed as follows:

qe ¼ Km logðhCeÞ ð5Þ

The experimental data fitted with different adsorption

isotherms are shown in Fig. 5. As shown in Fig. 5, the

equilibrium behavior is well described by the Langmuir

isotherm model. The values of parameters obtained for

various adsorption isotherms are given in Table 2. As

shown in Table 2, a high value of R2 is obtained in case of

Langmuir adsorption isotherm. The conformation of the

experimental data into Langmuir isotherm model indicates

the homogeneous nature of CAC surface.

Column study

The performance of the packed-bed column can be ana-

lyzed using breakthrough curves. The breakthrough curve

mainly describes the adsorption characteristics of acid

fuchsin in the fixed-bed column. The breakthrough curves

were obtained by plotting the normalized concentration

(Ct/C0) (ratio of influent and effluent concentrations) versus

time or volume (Aksu and Gonen 2004). The total dye

adsorbed Q0 (mg/g) in the fixed-bed column was calculated

using the following equation (Taty-Castodes et al. 2005):

Q0 ¼
ZVT

0

C0 � Ceð ÞdV

m
ð6Þ

where m is the mass of the adsorbent (g).

The value of Q0 was affected by flowrate, initial dye

concentrations and bed heights. Therefore, the effect of

flowrate, bed height and initial concentration were studied

subsequently.

Effect of flowrate

The effect of flowrate on the acid fuchsin adsorption was

investigated by varying the flowrate of acid fuchsin from

5 to 15 mL/min, while the bed height and the initial feed

concentration were held constant at 5.08 cm and

20 mg/L, respectively. The breakthrough curve is shown

in Fig. 6. The breakthrough time (tb) decreased from 20

to 2 min as the flowrate increased from 5 to 15 mL/min.

In case of lower flowrate, the breakthrough occurred

earlier as the fuchsin acid had more time to contact with

the CAC bed, which resulted into lower fuchsin acid

concentration in the effluent. The breakthrough curve

became steeper with increasing flowrate, and this phe-

nomenon may be well explained on the basis of mass

transfer fundamentals (Ko et al. 2000). Increase in

flowrate caused increase in rate of mass transfer and

poor residence time, resulting in increasing outlet con-

centration and faster breakthrough. The similar result

was also obtained when the removal of reactive black by

granular activated carbon was studied in a fixed-bed

column (Aksu et al. 2007). The standard deviations were

calculated for the above case, and the corresponding

deviation was found to be 0.000562.

Effect of initial feed concentration

The effect of initial feed concentration on the breakthrough

curve is shown in Fig. 7. As shown in Fig. 7, the break-

through time decreased and the slope of the breakthrough

curve increases with increasing feed concentration. This

may occur due to lower concentration gradient at higher

feed rate which further causes a small diffusion coefficient

or mass transfer coefficient. Therefore, the diffusion pro-

cess is concentration dependent. Besides, the dye loading

rate increased with increasing feed rate resulted into a

decreased adsorption zone length. The result obtained was

in good agreement with the work done by Uddin et al.

(2009). In case of effect of initial concentration, the stan-

dard deviation was found to be 0.000603.
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Table 2 Equilibrium model parameters

Isotherm model Kinetic parameters

Freundlich KF = 95.46885; n = 4.99

qe ¼ KFC1=n

Langmuir KL = 0.696; qm = 181.82

qe ¼ KlqmCe

1þKlCe

Temkin Km = 25.941; h = 34.87436

qe ¼ Km logðhCeÞ
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Effect of bed height

To study the effect of bed height, the breakthrough

experiments were performed at varying bed heights of

2.54, 5.08 and 7.62 cm, while the feed concentration and

the flowrate were held constant at 10 mL/min and

20 mg/L, respectively. The respective breakthrough curves

are shown in Fig. 8.

The breakthrough time increases with increasing bed

height. This happens because at higher bed height acid

fuchsin remains in contact with the adsorbent for a longer

duration, thus resulting in higher adsorptive capacity. As

the bed height increased, the amount of adsorbent was also

increased, which provided more surface area and adsorp-

tive sites for adsorption, resulting in decreased solute

concentration in the effluent (Goel et al. 2005). The slope

of the breakthrough curve was decreased with increasing

highest bed height, which in turn increased the length of

mass transfer zone. The maximum adsorption capacity was

obtained at a bed height of 5.08 cm after which no

appreciable change in effluent concentration was observed

with further increase in bed height. The value of standard

deviation was also calculated in case of effect of bed

height, and it was found to be 0.0000004.

The Bohart–Adams model

The Bohart–Adams model is widely used for designing

fixed-bed column. The model is based on surface reaction

theory (Kiran and Kaushik 2008), and according to this

model, the rate of adsorption is proportional to fraction of

adsorption capacity that still remains on the surface of the

adsorbent (Lehmann et al. 2001). The Bohart and Adams

model describes a fundamental relationship between the

normalized concentration (Cb/C0) and the bed height (Z),

and the relationship can be described by the following

equation:

tb ¼
N0Z

C0v
� 1

kABC0

ln
C0

Cb

� 1

� �
ð7Þ

where C0 and Cb are the initial and breakthrough

concentrations in mg/L, respectively, kAB is the Bohart–

Adams model constant (L/mg min), N0 is the adsorption

capacity of the adsorbent in mg/L, Z is the bed depth in cm,

v is the linear velocity in cm/min, and tb is the

breakthrough time (min). The above equation can be

written in a linear form as follows:

0

0.2

0.4

0.6

0.8

1

1.2

0 20 40 60 80 100 120 140

time (min) 

C
t/C

0

20 mg/l

15 mg/l

10 mg/l

Fig. 7 Breakthrough curves for the removal of fuchsin acid by CAC

at different initial fuchsin acid concentration at constant bed height of

2.54 cm and feed flowrate of 10 mL/min
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tb ¼ aZ þ b ð8Þ

where

a ¼ N0

C0v
ð9Þ

b ¼ ln
C0

Cb

� �
� 1

� �
� 1

C0kAB

ð10Þ

The iso-removal lines are constructed by plotting dif-

ferent bed heights (0.3, 0.4 and 0.5 cm) against break-

through times at constant flowrate (10 mL/min) and initial

dye concentration (20 mg/L) as shown in Fig. 9.

The adsorption capacity (N0) and the rate constant of

adsorption (kAB) were calculated from the slope and

intercept of the isothermal lines. The values of N0 and kAB

that can be further used in column design are shown in

Table 3. Therefore, using the respective linear equation,

the breakthrough time for a particular bed height for new

feed concentration or flowrate can be predicted easily

(Y.H. and Nelson 1984). The modified slope (af) for a new

feed concentration was calculated directly by multiplying

the original slope (ai) by the ratio between the original and

new feed concentration (Cf).

af ¼ ai

C0

Cf

� �
ð11Þ

The modified intercept was also calculated by the fol-

lowing equation:

bf ¼ bi

C0

Cf

� �
lnðCf � 1Þ
lnðC0 � 1Þ

� �
ð12Þ

where bi and bf are the original and modified intercept for a

new feed concentration.

Similarly, the modified slope constant for a new flowrate

was calculated as

af ¼ ai

V0

Vf

� �
ð13Þ

where V0 and Vf are the original and new flowrate.

The predicted breakthrough time calculated from the

above equations was compared with observed breakthrough

time, and the corresponding values are shown in Tables 4 and

5. A high value of regression coefficient was obtained when

these predicted values of breakthrough time were plotted

against the observed values of breakthrough time. Therefore,

model developed can be further utilized for modeling of a

contentious column under different experimental conditions

such as varying flowrates and feed concentrations.

Yoon–Nelson model

This model is based on the assumption that the rate of

decrease in the probability of adsorption for each adsorbate

molecule is proportional to the probability of adsorbate

adsorption and the probability of adsorbate breakthrough

on the adsorbent (Singh et al. 2009).

The Yoon–Nelson model is less complicated than other

models. The linearized form of the Yoon–Nelson model for

a single component system is expressed as:

ln
Ct

C0 � Ct

¼ kYNt � skYN: ð14Þ

where kYN is the rate constant (min-1), and s (min) is the

time required for 50 % adsorbate breakthrough. The values

of kYN and s shown in Table 6 are determined from the

slope and intercept of the linear plot of ln [Ct/(C0 -Ct)] and

t according to Eq. (13). The 50 % breakthrough time (s)

was increased with increasing feed concentration (C0) and

decreasing bed height (Z). Besides, the rate constant (kYN)

was increased with decreasing feed concentration and

increasing bed height. The results obtained were in a good

agreement with the experimental results of Ahmad and

Hameed (2010).

y = 2.185x - 0.4667
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Fig. 9 Iso-removal lines for 10, 20 and 30 % breakthrough for

different bed heights at constant feed concentration of 20 mg/L and

flowrate of 10 mL/min

Table 3 Bohart–Adams model constants for the fixed-bed column

study

Iso-removal ai bi N0 kAB R2

Percentage (min/cm) (min) (mg/L) (l/min mg)

10 2.185 -0.4667 193.15 0.4708 0.9903

20 3.09 -0.1667 273.16 0.8278 0.9818

30 3.89 -0.1333 343.87 0.6356 0.9943
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Clark model

The Clark model introduces a new procedure to simulate

the breakthrough curves using the Freundlich isotherm

constant (Batzias and Sidiras 2007). The linearized form of

the model can be represented as

ln
C0

Ct

� �n�1

�1

" #
¼ �rt þ ln A ð15Þ

where r (min-1) and A are the Clark model parameters.

The predicted model parameters calculated using a

Freundlich constant of n = 4.99 are shown in Table 7.

As shown in Table 7, values of r increased with increase

in initial concentration and decrease in bed height. Besides,

the value of A also increased with decrease in bed height.

The Yoon–Nelson and Clark models were further fitted to

the experimental breakthrough data (Fig. 10), and it can be

seen that the behavior of the adsorption process can be well

described using Yoon–Nelson model.
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Fig. 10 Fitting of Yoon–Nelson model to the experimental break-

through data

Table 4 Predicted breakthrough time form Bohart–Adams constant for a new feed concentration

Break point

(%)

ai bi Ci Cf Ci/Cf af bf Z Predicted tb (min) Observed tb (min)

10 2.185 -0.467 20 10 2 4.37 -0.69 2.54 10.40 15.5

20 3.09 -0.167 20 10 2 6.18 -0.25 2.54 16 21

30 3.89 -0.133 20 10 2 7.78 -0.19 2.54 20 24.5

10 2.185 -0.466 20 15 1.33 2.91 -0.56 2.54 6.82 10

20 3.09 -0.167 20 15 1.33 4.10 -0.19 2.54 10.21 15

30 3.89 -0.133 20 15 1.33 5.2 -0.15 2.54 13.05 18

Table 5 Predicted breakthrough time form Bohart–Adams constant for a new flowrate

Break point

(%)

ai bi Vi Vf Vi/Vf af Z Predicted tb (min) Observed tb (min)

10 2.185 -0.467 10 15 0.66 1.44 2.54 3.6 2.5

20 3.09 -0.167 10 15 0.66 2.03 2.54 16 21

30 3.89 -0.133 10 5 2 7.78 2.54 20 24.5

Table 6 Parameters for Yoon–Nelson under different experimental

conditions

Initial

concentration

(mg/L)

Bed

height

(cm)

Flowrate

(mL/min)

kYN (1/

min)

s
(min)

R2

20 2.54 10 0.0514 14.72 0.9594

15 2.54 10 0.0386 16.67 0.9401

10 2.54 10 0.0299 18.71 0.9413

20 5.08 10 0.0460 19.88 0.9456

20 7.62 10 0.034 24.11 0.9405

Table 7 Clark model under different experimental conditions

Initial

concentration

(mg/L)

Bed

height

(cm)

Flowrate

(mL/min)

r (1/

min)

A R2

20 2.54 10 0.0318 1.88 0.9853

15 2.54 10 0.0174 1.25 0.9828

10 2.54 10 0.0155 2.05 0.9827

20 5.08 10 0.0386 4.48 0.9790

20 7.62 10 0.0179 2.32 0.9020
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Conclusion

The CAC pellets were prepared and successfully applied

for the removal of acid fuchsin dye from its aqueous

solution. It was observed that the prepared adsorbent had

maximum adsorption capacity (181.82 mg/g) for fuchsin

acid in batch adsorption study. The isotherm data fit well

with the Langmuir adsorption isotherm. In the column

study, the effects of different parameters such as bed

height, initial concentration and flowrate were investigated,

and it was found that the initial concentration and bed

height had significant effect on the adsorption of fuchsin

acid. The experimental breakthrough data were fitted to

Bohart–Adams, Yoon–Nelson and Clark models, and it

was found that the Yoon–Nelson model fitted well to the

column data. It can be seen from Bohart–Adams model that

with an increase in percentage breakthrough the values of

N0 increased from 193.15–343.87 mg/L, respectively.
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