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ABSTACT

Removal of Orange - G in aqueous solution on Acacia Arabic Bark carbon (AABC) has been studied. The effect
of various experimental parameters has been investigated using a Batch Adsorption technique (BAT) to
obtain information on treating effluents from the dye industry. The extent of dye removal increased with
decrease in the initial concentration of the dye and increased with increase in contact time, amount of
adsorbent used and the initial pH of the dye solution. Adsorption data were modeled using the Freundlich
and Langmuir adsorption isotherms and first order kinetic equations. The kinetics of adsorption was found
to be first order with regard to intra-particle diffusion as the rate determining step. The adsorption capacity
of dye has been compared. The results indicate that AABC is one of the best adsorbents that can be used in

the wastewater treatment for the removal of colors and dyes.

Key words: Adsorption of Orange - G, Batch Adsorption technique, Acacia Arabic Bark carbon (AABC), adsorption isotherms,

Kinetics of adsorption.

Introduction

The rapid expansion of industries has led to the dis-
charge of large volumes of dye-laden effluents into
aquatic systems. During dyeing operations, nearly
15% of dyes fail to bind to substrates and are re-
leased into the wastewater (Ersoz, 2014). Dyes are
extensively used across various sectors, including
textiles, food, leather, plastics, mineral processing,
paper, rubber, cosmetics, and pharmaceuticals
(Alkaim et al., 2015). The resulting-colored wastes
severely degrade water quality and pose significant
ecological risks to aquatic organisms (Shirmardi et
al., 2013). Many dye-contaminated effluents are
mutagenic and hazardous to both aquatic life and
humans (Lucas et al., 2007). Therefore, the safe han-
dling and effective removal of these toxic pollutants

from wastewater has become a critical priority. Nu-
merous treatment methods have been explored to
achieve efficient dye removal (Hsini et al., 2021 and
Naciri et al., 2022) including ion exchange, adsorp-
tion, chemical oxidation, coagulation, filtration, and
electrochemical techniques (SenthilKumar et al.,
2019). However, these approaches often face practi-
cal limitations and drawbacks, reducing their over-
all applicability (Bhatnagar et al., 2015).

Among the various wastewater treatment strate-
gies, adsorption stands out for its high removal effi-
ciency and relatively low operational cost. A wide
range of adsorbent materials such as coal, wood, rice
husk, fly ash, activated carbon, cotton waste, clay,
and other porous solids have been investigated for
removing dyes from aqueous systems (Fu et al., 2019
and Arora et al., 2019). Activated carbon is recog-
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nized as one of the most effective adsorbents for dye
remediation; however, its large-scale application is
often limited by its high production cost (Al-Gheethi
etal.,2022). Orange G, a monoazo anionic dye exten-
sively employed in textile and printing industries, is
known for its harmful impact on human health due
to its carcinogenic and teratogenic properties
(Bhatnagar et al., 2007). In this study, activated car-
bon derived from Acacia arabica (Karuvelai) bark
was prepared and assessed for its potential to ad-
sorb and remove Orange G (OG) from aqueous so-
lutions.

In the present study removal of OG was studied
by batch adsorption model. The effect of process
parameters such as pH, adsorbent dose, contact time
and initial concentration were investigated. The ki-
netics of OG adsorption on CAC and AABC was
analyzed by fitting various kinetic models. Experi-
mental equilibrium data were fitted to the Freunlich
and Langmuir equations to determine the best fit
isotherm equation. The data thus obtained may be
helpful to design adsorption treatment systems and
establishing a continuous treatment plant for water
and wastewater.

Materials and Methods

Adsorbent

The raw materials of Acacia Arabic Bark (AAB)
were collected locally, washed, dried, cut into small
pieces, carbonized (at 300 °C). Then Acacia Arabic
Bark Carbon (EGBC) was taken in a beaker and
made in to slurry with 4N nitric acid. It was heated
for about 20 minutes, in a hot water bath at 80°C and
kept aside for over-night. It was then washed sev-
eral times with distilled water to remove acid and
impurities (Cheremisinoff and Ellerbusch, 1979 and
Kannan Pagutharivalan 2011). It was dried in an air-
oven at 120 °C for about six hours. Commercial Ac-
tivated Carbon (CAC) was procured from E Merck
(India)

Adsorbate

Orange G (OG) is an anionic azo dye, chemically
known as disodium 7-hydroxy-8-[(E)-
phenyldiazenyl] naphthalene-1,3-disulfonate (C.I.
16230), and it exhibits a maximum absorption wave-
length around 476481 nm.

Adsorption Experiments

The stock solution (1000 mg/1) was prepared by
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SO3Na
Fig. 1. Structure of Orange G

measuring the accurate weighed quantity of the dye
(MB) by dissolving it in the double distilled water.
While preparing the stock solutions the percentage
purity of the dye was taken into consideration. At
room temperature (30 = 1 °C), adsorption experi-
ments were conducted under batch mode (Dizge et
al., 2008). Through gradual dilution the experimen-
tal solutions of desired concentration were obtained.
The other chemicals used in this study were ob-
tained commercially and of reagent grade. All the
solutions and reagents were prepared by using the
double distilled water. To maintain the temp (30 +
1°C) thermostatic incubator shaker (Neolab, India)
were used. Exactly 50 ml of dye solution of known
initial concentration (Ci) was shaken at constant agi-
tation speed (200 rpm) with required dose of adsor-
bent of a fixed particle size (90 micron) for a specific
period of contact time (Table 1). The pH of the dye
solution was adjusted by adding either IMHCI or
1M NaOH solution and the pH values of dye solu-
tions were noted with digital pen pH meter (Hanna
instruments, Portugal). After equilibrium, the final
concentration (C ) of OG was measured. The values
of percentage removal of dye and amount adsorbed
(qin mg g*) were calculated using the following re-
lationships (Kannan and Pagutharivalan, 2011).

Percentage removal = 100 (C,-C)/C, .. (1)
Amount adsorbed (q) = (C,-C)/m - (2

Where C, and C_ are the initial and equilibrium
(final) concentration of dye (in mgL?), respectively
and m is the mass of adsorbent, in gL™".

Results and Discussion

The adsorption experiments were carried out at dif-
ferent experimental conditions (Table 1) and the re-
sults obtained are discussed below.

Effect of initial concentration

The effect of initial concentration of dye on the ex-
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Table 1. Effect of various parameters for the removal of dyes by adsorption technique

Variation Adsorbents Initial Contact Dose Initial Particle  Percentage Amount
concentration  time of ACs pH Size (W) removal Adsorbed
(ppm) (min) (8/1)
Initial Conc CAC 50-500(300%) 7.2 90 99.0 - 73.89 4.0-45.0
(ppm) AABC 50-500(200%) 30 7.2 90 3.8-80.5 14-234
Contact time CAC 300 2 7.2 90 75.4 - 94.09 18.8-23.5
(min) AABC 200 5-50 7.2 90 1.6 -65.6 94-122
Dose of ACs CAC 300 1.5-24 7.2 90 72.4-95.2 18.0 -23.8
(g/1) AABC 200 30 15-24 7.2 90 91.4-93.8 114 -11.7
Initial pH CAC 300 2 2-11 90 95.3-73.2 23.8 -16.71
AABC 200 30 2 2-11 90 97.8 -79.2 2.2-99
Particle size (i) CAC 300 - -45 93.85-88.33 70.35-66.25
AABC 200 30 7.2 -250

tent of removal of OG (in terms of percentage re-
moval) on various adsorbent AABC is studied at 30
+ 1 °C and the relevant data are given in Table 1.
The percentage removal decreased with the increase
in initial concentration of OG (Figure 1). This indi-
cates that there exists a reduction in immediate sol-
ute (dye) adsorption, owing to the lack of available
active sites required for the high initial concentra-
tion of OG. Similar results have been reported in lit-
erature on the extent of removal of dyes. Although,
the adsorption capacities of low-cost carbon (as re-
vealed by Q_ values in Table 1) is less, but still they
could be considered as alternatives to CAC for the
removal of dyes (Annadurai and Krishnan, 1996).

Adsorption Isotherms

In order to determine the adsorption potential, the
study of sorption isotherm is essential in selecting an
adsorbent for the removal of dyes (Bhattacharya and
Venkobachar, 1984). The adsorption data were ana-
lyzed with the help of Freundlich and Langmuir iso-
therms.
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Fig. 2. Effect of Initial Concentration

Freundlich isotherms: log q = log k + (1/n) log C,

N E)]

Langmuir isotherms: (C,/q) = (1/Q_b) + (C_/Q,)
. (4)

Where, k and 1/n are the measures of adsorption
capacity and intensity of adsorption, respectively. q
is the amount dye adsorbed per unit mass of adsor-
bent (in mgg™) and C_ is the equilibrium concentra-
tion of dye (in mgl™ or ppm); Q_and b are Langmuir
constants, which are the measures of monolayer
adsorption capacity(in mgg™) and surface energy (in
g 17), respectively.

The adsorption data were fitted to these isotherm
equations by carrying out correlation analysis and
the values of slope (1/nand 1/Q ) and intercept (log
K'and 1/Q b) were obtained. The adsorption iso-
therm parameter along with the correlation coeffi-
cients is presented in Table 2. The observed linear
relationships are statistically significant at 95% con-
fidence as evidenced by the r-values (very close to

Table 2. Results of correlation analysis on testing the ap-
plicability of adsorption Isotherm

S.No Parameters CAC AABC
1 Freundlich isotherm
Slope(1/n) 0.635 0.586
Intercept (log k) 44.58 45.57
Correlation coefficient(r) 0.995 0.996
2 Langmiur isotherm
Slope (1/Qo) 0.0102 0.0198
Intercept (1/Qob) 0.148 0.257
Correlation coefficient(r) 0.995 0.994
Qo (mg/g) 36.45 32.457
b(g/L) 0.689 0.457
R, 0.175 0.159
Aq (%) 0.008 0.005
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Fig. 3. (A) - Freundlich and (B)-Langmuir adsorption isotherms for the removal of OG onto

CAC and AABC

unity), which indicate the applicability of these two
adsorption isotherms and the monolayer coverage
of adsorbate on adsorbent surface (Kannan and
Meenakshisundaram, 2002).

Further, the essential characteristics of Langmuir
isotherm can be described by a separation factor R ;
which is defined by the following equation:

R =1/1+bC .. (5)

Where, C, is the initial concentration of dye (in
mg 1" or in ppm) and b is the Langmuir constant (in
g 1"). The separation factor R , indicates the shape of
the isotherm and nature of the adsorption process as

given below;
R, value Nature of the Process
R >1 Unfavorable
R =1 Linear
0<R <1 Favorable
R =0 Irreversible

In the present study, the computed values of R
(Table 3) were found to be in the range 0.007 indicat-
ing that the adsorption process was favorable for
this low-cost adsorbent.

Effect of Contact Time

The effect of contact time on the amount of dye
adsorbed (q, in mg g*') was studied at the optimum
initial concentration of dye (Table 1). The amount of
OG adsorbed by these carbons increased and
reached a constant value with the increase in contact
time (Figure 4).

The decrease in the removal of dye adsorbed af-
ter reaching a constant value (in some cases) may be
due to the desorption process. The increase in extent
of removal of dye after a particular contact time is
less and hence it is fixed as the optimum contact
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Fig. 4. Effect of Contact time

time. Similar results have been reported in literature
for the removal of dyes. The adsorbate species nor-
mally forms a surface layer, which is only one mol-
ecule thick, i.e., a monolayer on the surface of the
adsorbent (Kannan and Murugael, 2008)).

Kinetics of Adsorption

The kinetics of adsorption of OG by AABC have
been studied by applying various first order kinetic
equations proposed by Natarajan and Khalaf as
cited by (Kannan and Vanangamudi, 1991),
Lagergren as cited by (Pandy et al., 1996) and
(Bhattacharya and Venkobachar, 1984).

Natarajan and Khalaf equation : Log [C, / C ] = (k

/2.303) t .. (6)
Lagergren’s equation: Log (q, - q,) = Log q, -
[kad/2.303] t . (7)

Bhattacharya and Venkobachar equation : Log (1-
U (T)] = - [kad/2.303] t . (8)
Where C, and C, are the concentration of dye (in
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mg L or ppm), at time Zero (initial concentration)
and at time t respectively; q_and q, are the amount
of dye adsorbed per unit mass of the adsorbent (in
mg g') and at time t respectively, U(T) = (C,-C)) /
(C,-C), C_is equilibrium dye concentration (in
ppm) and k and k_, are the first order adsorption
rate constants (in min™). The values of Log (C, / C),
Log(q, / q) and Log (1-U (T)) were correlated with
time (Kannan and Pagutharivalan, 2013). The values
of first order rate constants along with the correla-
tion coefficients are given in Table 3.

Intra particle Diffusion Model

The adsorbate (OG) species are most probably trans-
ported from the bulk of the solution to the solid
phase through intra-particle diffusion/transport
process, which is often rate limiting step in many
adsorption processes, especially in a rapidly stirred
batch reactor. The possibility of intra — particle dif-
fusion was explored by using the intra — particle dif-
fusion model (Al-Gheethi et al., 2022).

qf:kp t1/2+C “en (9)

Where q, is the amount of dye adsorbed (in mg g
') at time t; C is the intercept and kp is the intra —
particle diffusion rate constant (in mg g™ min ). The
values of q, were found to be linearly correlated

log CofCt

Contact time {min)

24

log (q:-q.)
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with values of t * the k_values are calculated and
given in Table 3.

Table 3. Results of Correlation Analysis of Adsorption

Data
S. Parameters Values
No. CAC AABC
1 Natarajan and Khalaf equation
k Value 6.248 5.573
r Value 0.997 0.934
Aq(%) 8.562 12.456
2 Lagergren equation
k Value 15.128 12.458
r Value 0.999 0.956
Aq(%) 7.892 9.455
3 Bhattacharya and Venkobachar equation
k Value 15.619 17.258
r Value 0.998 0.983
Aq(%) 6.782 7.84
4 Intra- particle study
k Value 178.5 14.256
r Value 0.928 0.986
Intercept 6.247 4.459
Aq(%) 1.256 2.149
5 log (%R) Vs log (time)
Slope 0.429 0.414
r value 0.989 0.936
Aq(%) 15.456 13.247

Contact time (min)

5+log[1-(C-Cf Co-C]

* CACa 0G
< AABCE 0G
—— Limear Regre=ion

Contact time {(min)
Fig. 5. (A)- Natarajan & Khalaf, (B)- Lagergren and (C)- Bhattachary & Venkobachar Plots
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The results indicate the presence of intra - particle
diffusion process as rate determining step. The intra
particle diffusion plots are given in Figure 6. The
values of intercept (C) give an idea about the bound-
ary layer thickness i.e., the larger the intercept, the
greater is the boundary layer effect (Kannan and
Pagutharivalan, 2012).

Effect of Dose

The effect of dose of adsorbent on the amount of dye
adsorbed was studied (Table 1). The relative extent
of removal of OG (in terms of q) is found and 2gL™
for AABC, which fixed as the optimum dose of ad-
sorbent. The value of %R increased exponentially
with increase in dose of adsorbent (Figure 7). The
amount of dye adsorbed was observed to vary expo-
nentially in accordance with a fractional power term
of the dose of adsorbent i.e., (dose)™ where n = frac-
tion. The plots of log (dose) vs log (% removal) are
found to be linear (rH”1.0). This suggests that the
adsorbed species / solute may either block the ac-
cess to the internal pores or cause particles to aggre-
gate and thereby resulting in decrease in the avail-
ability of active sites for adsorption (Kannan and
Karuppasamy, 1998).
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Effect of Initial pH

To study the influence of solution pH on the adsorp-
tion capacities of CAC and AABC for Orange G dye
at equilibrium conditions, experiments were carried
out using various initial pHs varying from 2 to 11.
As shown in Figure 8, the amount of adsorption of
solute increases as the pH is decreasing. When the
pH is changed from 2 to 11, the adsorption will de-
crease from 23.8 mg/g -16.7 mg/g (CAC), 12.22
mg/g to 9.90 mg/g (AABC). Higher adsorptions at
lower pH values could be well explained by proto-
nation properties of the adsorbent. At low pH, i.e.,
higher hydrogen ion concentration, the negative
charges at the surface of internal pores are neutral-
ized and some more new adsorption sites are devel-
oped as a result the surface provides a positive
charge for anionic Orange G dye to get adsorbed.
The change in initial pH values of dye solution sig-
nificantly affect the adsorption studies of anionic
dye, indicating that removal of OG (acidic dye) is
enhanced by acidic solution (Kannan and
Vanangamudi, 1991).
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Fig. 8. Effect of Initial pH Variation

Percentage Removal

Effect of Particle Size

The amount of OG adsorbed increases linearly with
the increase in particle size of the adsorbent. This is
due to the increase in available surface area with the
increase in particle size. The effect of particle size of
AABC (except CAC) on the amount adsorbed is
shown in (Figure 9). There exists a linear relation-
ship between the amount adsorbed and particle size,
as evidenced by the r- values close to unity in the
kinetics and dynamics of adsorption of OG (Kannan
and Pagutharivalan, 2012). The effect of particle size
of the adsorbent on the extent of removal of dyes by
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indigenously prepared activated of (AABC) was
studied under constant optimum experimental con-
ditions by varying the particle size. Since its particle
size is uniform and constant at 90 microns. The ef-
fect of particle size variation of an adsorbent on the
extent of removal of dye, indicates that the rate of
dye uptake increases with the decrease in particle
size (Figure 9). This is due to the increase in the
availability of surface area of the adsorbent with the

decrease in particle size (Kannan and
Pagutharivalan, 2012).
100
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Fig. 9. Effect of Particle Size

Characterization Studies
UV - Visible spectrophotometer

A stock solution of OG (1000 mgl™) was prepared
and suitably diluted to the required initial concen-
tration. The initial concentration (C) of OG was also
checked by observing absorbance at 475 nm (Imax)
in UV- visible double beam spectrophotometer
(model no: 1700 made by Shimazu Japan) and then
interpolating it into the standard curve
(Nagarethinam Kannan e t al., 2012; Pagutharivalan
and Kannan, 2012). We observed mainly three ab-
sorption bands located at 475, 320 and 170 nm re-

spectively.

Eco. Env. & Cons. 32 (January Suppl. Issue) : 2026

FT-IR Spectroscopic Studies

Fourier Transform Infrared Spectrophotometer (FT
IR) to elucidate the functional groups present in
sawdust before and after activation. For measuring
IR spectra, 5mg of powdered raw sawdust and
modified sawdust was encapsulated in 400 mg of
KBr. Translucent disk was made by pressing the
ground mixed material with the hydraulic pellet
press for 1 min. The spectra were recorded on a
FTIR within the range of 400 - 4000 cm™. The IR
spectrum of sawdust exhibit broad bands at 3395.60
and 3359.29 cm™ are due to the OH stretch group.
These broad bands show high concentration of phe-
nol and alcohol (Sankari et al., 2025). The FT-IR spec-
tra of CAC and AABC before and after adsorption
of og were used to determine the frequency changes
in the functional groups in the adsorbents. FT-IR
spectra of the adsorbent displays number of absorp-
tion peaks, indicating the complex nature of studied
adsorbent (Alvarez et al., 2004). Table - 4 presents
the fundamental peaks of the adsorbent before and
after use.

The IR spectra of the various indigenously pre-
pared ACs are found to be different peaks observed
and some common peaks were noted. A vibrational
peak around 1100 cm™ exists in all the ACs, which

Alvarbamce

T T T T T T T
AlMl 4E0 &1 LT ik nEn TIMI TEm =i

Wavelenpih (nm)

Fig. 10. UV Visible Spectrum of Orange G

Table 4. FT-IR Spectroscopic characteristic frequencies (v in cm™) of CAC and AABC before and after adsorption of

OG.
Adsorbents O-H C-H >C=0 >C=C< C-O -CN =
stretching stretching stretching bending stretching stretching
CAC 3446-3454 2424-2432 1631-1660 1612-1550 1119-1121 —_—
CAC-0OG 3437-3440 2969-2719 1631-1657 1380-1385 1118-1123 1526-1532
AABC 3385-3448 2924-2938 1708-1891 1611-1600 1032-1082 —
AABC-OG 3444-3448 2244-2253 1733-1893 1444-1458 1037-1084 1560-1568
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Table 5. Peak temperatures (Tin °C) and weight loss (rm in %) for the two Stages of degradation of CAC, CAC loaded

with Dye and AABC, AABC loaded with Dye.

Adsorbents & I stage II stage Total weight
Adsorbents with Dye T (°C) rm (%) T (°C) rm (%) loss (%)
CAC 296.0 15.67 888.0 16.65 17.73
CAC-0G 245.5 11.56 868.0 17.66 30.52
AABC 228.5 12.08 848.0 17.94 29.98
AABC - OG 286.5 13.25 889.0 1.75 31.31

may be due to saturated sec-C stretching, a, b -un-
saturated / cyclic / tert-C stretching and vibrations
due to aromatic esters, 1,4-disubstituted benzene
rings, thioketones and aliphatic amines. An IR ab-
sorption peak at 1600 cm™ may be due to =C = O
and mono and di-substituted benzene rings
(Silverstein et al., 1991 and Socrates, 1981). The
peaks at around 3400, 2900, 2800, 1380, 1120, 1023
and 760 cm™ indicates stretching —H bonded in -OH,
saturated C-H, Carbonyl C-H, C-H bend in isopro-
pyl, C-O in tertiary alcohol, in plane C-H and out
plane C-H stretching respectively. This is because of
the nature of raw materials (agricultural wastes / by
products) used for the preparation of ACs.

The peak around 3385.9 cm™ and 1708.5 cm™ rep-
resented bonded hydroxyl group and C=0 stretch-
ing. The peak observed at 1708.5 cm™ corresponds to
C=0 stretching. The peaks around 1614.7cmcorre-
sponds to the C=C stretching and at 1037.4 cm™ cor-
responds to C-O band. The observed peak of -OH,
C=0 and C-O bands are shifted to 3448, 1891 and
1082 cm™ when CAC and AABC are loaded with OG
(Figures 11). It seems that these functional groups
participate in dye binding on the surface of CAC
and AABC.

The IR spectra of dye loaded ACs, indicate that
there is a slight shift in the frequency of this peak at
1600 cm™ to lower frequency region and decrease in

1404 cuc
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intensity, which may be due to the adsorption of
dyes on the surface of ACs. The FT - IR spectra of
ACs indicate the presence of various surface func-
tional groups like =C = O, -OH, - COOH, =C =C=,
= C =S5, etc,. These surface functional groups are
responsible for the adsorption of dyes is given in the
table.

Textural Studies using SEM

Scanning Electron Microscope (SEM) studies pro-
vide useful information regarding the textural /mor-
phological characteristics of the surface of the
adsorbents (Mariamichael and Krishnamoorthy,
1997). The scanning electron micrographs (SEMs) of
the AC samples before and after adsorption of dyes
are recorded. The typical SEM photographs of AC
samples, before and after adsorption of dyes are
shown in Figures 12.

The SEM photographs of AC samples clearly re-
veal the surface texture and porosity of the samples.
The SEM photographs also show that the particles
can be roughly approximated as spheres or glob-
ules, if the roughness factor is included to account
for the irregularities. At higher magnification (viz.,
1x3000) the globules are distinctly visible and they
appear to be quite uniform with internal porous
structures or holes.

The SEM photographs indicate the presence of
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Fig. 11. FTIR Spectrum of before and after adsorption of OG on CAC and AABC
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holes or internal pores, on the particles of the ACs.
The size of the internal pores of ACs is roughly of
the order of 15-30 microns (Sarkar et al., 1997). Thus,
the SEM photographs depict the porosity nature of
the carbonaceous materials and the presence of
grains in it. The adsorbed dye molecules are either
engulfed or surrounded by the porous adsorbent
particles (Lefrank et al., 1989). The colour of ACs is
found to be black and blackish-gray and when
viewed under powerful microscope, the presence of
the spherical particles is also noted. The results of
the SEM studies indicate that the dye molecules are
adsorbed on the surface of the ACs, which are indig-
enously prepared from agricultural wastes/by-
products. Hence, it is concluded that these ACs
could be employed as adsorbent materials for the
removal of dyes by adsorption from water and
wastewater.

X220 -200pmre 16 29 SEI

Fig. 12. SEM images (A, B) & (C. D) of before and after
adsorption of OG on CAC and AABC
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Thermo gravimetric Studies

The thermograms recorded for the various indig-
enously prepared ACs and dye adsorbed ACs are
presented in Figures 13. It has been found that the
samples undergo two stages of thermal degradation
in the temperature ranges of 35.5- 300 °C and 300 -
900 °C respectively. The first stage of degradation is
a single step, while the second stage of degradation
involves three steps, which are indistinguishable
with lesser increase in the quantities of weight
losses. The peak temperature (T in °C) and weight
loss (“m, in %) for the two stages of degradation of
the AC and AC-dye samples are listed in Table 5.
About 15.67-13.25 % and 16.65- 11.25 % of the total
weight losses are observed in indigenously pre-
pared AC and AC-dye samples respectively. CAC
has been reported by E Merck, India, that the loss on
ignition (LOI) of sample is 95 % and hence the resi-
due left after ignition of CAC at 600 °C is approxi-
mately only 5%, whereas for the prepared ACs the
LOI is of the order of 15.67 -13.25 % of the total
weight loss at 900 °C.

The peak temperature (T in °C) for the degrada-
tion depends on the nature of the dyes and ACs.
Thus, the thermal stability of ACs and AC-dye
samples may be due to the preparation of the ACs at
high temperature, high mineral content and greater
extent of char formation. The order of thermal stabil-
ity of ACs and AC-dye samples could be predicted
from the total weight loss. This may be mainly due
to chemical adsorption or chemisorption rather than
physisorption. This observation is similar to the one
reported in literature (Hiroyuki et al., 1992;
Annadurai and Krishnan, 1997, Kannan, 1991). The
order of thermal stability of ACs and AC-dye
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Fig. 13. TGA Spectrum of CAC and AABC before and after adsorption of OG
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samples could be predicted from the total weight
loss, as follows,

Conclusion

The conclusions derived from the present investiga-
tion are the percentage of removal of OG increased
with decrease in initial concentration of dye, particle
size of AABC and increases in contact time, dose of
adsorbent and initial pH of the dye solution. Ad-
sorption data obeyed Frendlich and Langmuir ad-
sorption isotherms and first order kinetic equations.
The intra-particle diffusion is one of the rates deter-
mining steps, and prepared AABC could be em-
ployed as adsorbent for the removal of dye / color
in general and orange G (OG) in particular.
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