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ABSTRACT

This study reports tannic acid adsorption onto commercial activated carbon (ACC) in a batch
system. Adsorption process parameters namely pH, adsorbent dose (m,q), temperature (T),
initial tannic acid concentration (C,), and contact time () were studied and optimized.
Optimum pH and adsorbent dose were found to be 3.0 and 15 g/1, respectively. Equilibrium
contact time was found to be 7 h. Pseudo-second-order kinetic best fits the adsorption kinetic
data. Three isotherms namely Langmuir, Temkin, and Redlich and Peterson (R-P) isotherms
were studied and it was found that Langmuir and R-P isotherm generally fitted the experi-
mental equilibrium adsorption data. Endothermic nature of the adsorption of tannic acid
onto ACC was concluded, and heat of adsorption was found to be as 89.55k]J/mol. On
considering the cost of ACC, regeneration studies of Tannic acid (TA) loaded ACC have been
performed using solvent and thermal desorption methods.

Keywords: Tannic acid; Commercial activated carbon; Adsorption kinetics; Isotherms;

Regeneration

1. Introduction

Tannic acid (TA) is a phytic substance and occurs
naturally in surface and ground water from the break-
down of plant biomass [1]. Also, it is found in indus-
trial wastewater released from coir and cork process,
plant medicine, paper, and leather industries [2]. To
get better wash fastness properties of acid dyed
polyamide, TA is used as after treatment agent. It is
also used as a substitute for fluorocarbon after the
treatments to impart anti-staining properties to
polyamide yarn/carpets. But, a very fastidious and
distinctive application of tannic acid in textile is as
antistatic agent.

*Corresponding author.

Trihalomethane, a disinfection byproduct that can
form in presence of TA during chlorination process
for drinking water production which is carcinogenic
and can produce liver, kidney, or central nervous
system complications [3,4]. Being a water soluble
polyphenolic/humic compound, tannic acid has toxic-
ity for aquatic organisms such as algae, phytoplank-
ton, fish, and invertebrates [1]. Therefore, removal of
TA from water/wastewater is of great importance in
terms of protecting human health and environment.

Biological methods [5] and various physico—chemi-
cal treatment methods such as chemical oxidation,
electrochemical process, coagulation [6], and nanofil-
tration (NF) [7] are used to remove TA form water/
wastewater. Although biological methods circumvent
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using chemicals, but are capable of removing only 30—
50% dissolved organic matter from water/wastewater
[71 and are energy intensive, demanding much
controlling operating conditions [8]. Due to fouling
membrane severely, NF has limited TA removal and
is very expensive.

Adsorption treatment processes are very efficient
for removal of dissolved organic compounds from
water/wastewaters with simple operational condi-
tions. Few studies have been reported for the adsorp-
tive removal of TA [1-4,6,7,9-15]. Table 1 shows a
comparative assessment of the work reported in the
literature. Among these studies, only three studies
report TA adsorption on to ACC [11,13,14].

Moreno—Castilla et al. [11] conducted batch and
column adsorption study for the removal of herbicide
fluroxypyr and TA, using ACC commercial and ACC
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cloth. In this study [11], 4mg/l of TA concentration
was used, but in industrial wastewater TA concentra-
tion is very high. Moreover, detailed pH effect, kinetic
study, thermodynamics, and mechanism of adsorption
of TA are lacking.

Sarici-Ozdemir and Yunus Onal [13] used ACC
based on polymeric waste. Equilibrization, isotherms,
and kinetics has been studied and reported, however,
the effect of temperature on thermodynamic parame-
ters was not reported. Regeneration study of adsor-
bent is also lacking, which is very essential
considering the highcost of adsorbent.

Liu et al. [14] studied TA and phenol adsorption
on ordered mesoporous carbon (CMK-3) prepared
with mesoporous silica SBA-15 template and sucrose
as carbon precursor, and post activated with CO,,
coal-based ACC and nonporous pure graphite. Effect

Table 1
Various adsorption studies of tannic acid
Adsorbate Adsorbent Optimum condition/kinectic Reference

Tannic acid
cetylpyridinium bromide

Tannic acid

Tannic acid

Surfactant-modified zeolites with loadings of

Amino functionalized magnetic nanoadsorbent

Amino functionalized magnetic mesoporous silica

model/isotherms

pH =4.0-7.0; pseudo-second-order;  [6]
Langmuir, R-P, and Silps

isotherms

pH =6.0; pseudo-second-order; 2]
Langmuir isotherms

pH=6.0, 25°C; pseudo-second-order [4]
Langmuir isotherms

Tannic acid Commercial resins Xad-7 and D-201 Freundlich isotherms [7]
Tannic acid and  Bi-function resin WJN-09 Pseudo-first-order and pseudo- [3]
Gallic acid second-order; Freundlich
Tannic acid Chitosan-montmorillonite pH =4.0; Freundlich isotherms [1]
Tannic acid, Composite of chitosan and activated clay Pseudo-first-order; Freundlich [9]
Humic acid isotherms
and dyes
Tannic acid Zirconium pillared clay pH =4.0-6.0; first-order reversible [10]
reaction; Langmuir and Freundlich
isotherms
Herbicide Activated carbon commercial and activated carbon = Langmuir isotherms [11]
fluroxypyr cloth
and Tannic
acid
Tannic acid Cationic surfactant-modified bentonite clay pH =3.0; pseudo-first-order; [12]
Langmuir and Freundlich
isotherms
Tannic acid Activated carbon based on textural waste Pseudo second-order kinetic model, [13]
Langmuir and Freundlich
isotherms.
Tannic acid and  Ordered mesoporous carbon (CMK-3) with Pseudo-second-order kinetic model, [14]

phenol

Tannic acid

mesoporous silica SBA-15 template and sucrose as
carbon precursor and activated with CO,
Leacril fibre

Freundlich isotherm

First-order kinetic

[15]
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of concentration of TA on kinetic parameters, and
effect of temperature on various isotherm parameters
were not reported. Moreover, thermodynamics and
regeneration study of adsorbents is completely
lacking.

This paper reports the adsorption of TA from
aqueous solution onto commercial ACC. The effect of
initial pH (pHj;) of the TA solution (2 < pH; < 10), adsor-
bent dose (m,4) (5<m,q<25g/1), contact time (t)
(0<t<7h), initial TA concentration (50< Cy<200
mg/1), and temperature (T) (291<T<311K) on the
sorption of TA onto ACC has investigated. Kinetics of
adsorption and equilibrium characteristics has also
been studied. Weber and Morris intraparticle diffusion
model were employed to explore the adsorption
mechanism. Two and three parameters equilibrium
isotherms such as Langmuir, Temkin, and Redlich-
Peterson (R-P) isotherms have been examined for their
suitability to signify the experimental adsorption data;
and isotherm parameters at different temperature were
evaluated. Thermodynamic study was also performed
to understand the effect of temperature on the TA sorp-
tion; and change in Gibbs energy (AGy), entropy (ASy),
and enthalpy (AHp) were determined at various
temperature. In view of cost of ACC, regeneration
studies of TA loaded ACC have been carried out using
solvent and thermal desorption methods.

2. Materials and methods
2.1. Adsorbent and TA solution

Coconut-based ACC was supplied by Pneumatic
Engineers Spares & Service, New Delhi, India. It was
used as procured, except for the removal of very fine
particles by sieving. TA was supplied by Merck,
Mumbai, India. All the chemicals used were of analyt-
ical reagent grade. TA stock solution of 1.0 g/1 concen-
tration was prepared by dissolving TA with distilled
water and it was diluted in distilled water as per
requirement of the experiments.

2.2. Instrumentation

ACC BET surface area was estimated by the stan-
dard adsorption of N, at 77.15K by using the Microm-
eritics ASAP 2020 surface area and porosity analyzer.
X" Pert PRO (PANanalytical, Philips, Netherlands)
with copper as the target was used for XRD analysis.
K-Alpha was maintained constant at 1.54060A.
Fourier Transform Infrared (FTIR) spectra were
obtained in range of 4,000-400cm ' with FTIR spec-
trometer (Perkin-Elmer, Schimadzu, Japan, model
2000) using KBr pellet technique. The determination

3303

of the concentration of TA prior and after adsorption
was performed by finding the absorbance at the
characteristic wavelength using a double beam UV-vis
spectrophotometer (Perkin—-Elmer, Schimadzu, Japan).
The wavelength corresponding to maximum absor-
bance (Aay) Was found to be 283 nm.

2.3. Experimental

For batch adsorption study, 250 ml stoppered coni-
cal flasks containing a known amount of ACC (g/1)
and 100ml of TA solution of known concentration
and pH were taken. Initial pH of the solutions was
adjusted by using H,SO, and NaOH solutions. The
flasks were transferred into a temperature controlled
orbital shaker and the mixture was agitated at a
constant speed of 150rpm at a pre-decided tempera-
ture for 7 h to attain equilibrium.

The adsorbent and adsorbate was separated from
the mixture after 7 h by filtration with whatman No. 1
filter paper and filtrate was analyzed for residual TA
concentration. The percentage removal of TA was
calculated using the following relation:

(Co — C.)100

Percent removal = C
0

(1)

Similarly, equilibrium adsorption uptake, g. (mg/g)
was calculated as:

ge = 7(C°m_adCe)v (2)

where C, is the equilibrium adsorbate concentration,
V is the volume of the adsorbate (1), and m,q is the
mass of adsorbent (g).

3. Results and discussion
3.1. Characterization of adsorbent

Pore size distribution is shown in Fig. 1. Pore sizes
are classified as micro-pores (diameter (d)<20A),
meso-pores  (20A<d<500A), and  macro-pores
(d>500A) accordingly with the classification of IUPAC
[16]. Micro-pores are further divided into ultra micro-
pores (d<7A) and super micro-pores (7 A <d <20A).
For adsorption of larger sizes of liquid molecules, the
adsorbents should be mainly mesoporous in the struc-
ture. The BET surface area of ACC was found to be
222.33m* /g, whereas the BET average pore diameter
was found to be 26.56 A. Therefore, ACC has meso-por-
ous nature which is desirable for adsorption of high
weight molecules like TA.
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Fig. 1. Pore size distribution of ACC.

XRD spectra of ACC (Fig. 2) showed the presence
of Moganite (SiO,), Tamarugite [NaAIl(SO4),.6H,O],
Fersilicate (FeSi), and Siderazot (FesN,) as the chief
components. The broader peak in the XRD spectra
shows the presence of amorphous form of silica [17].

3.2. Effect of solution initial pH and adsorbent dosage
(mad)

Fig. 3 shows the effect of pH; on the TA removal
from aqueous solution by ACC at T=301K, t=7h,
Co=100mg/1, and adsorbent dosage (m,q)=20g/1.
Highest TA removal efficiency of 67.5 and 66.02%
were obtained at pH;=2 and 3, respectively. For all
3<pH;<5, very sharp decrease in TA removal
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Fig. 3. Effect of pH; on the TA removal by ACC (T=301K,
t=7h, C,=100mg/1, and mag.opt=20g/1).

efficiency was found. But, for all pH;>5, TA removal
efficiency varied from 35.63 to 27.54%.

TA molecules present in its molecular form at
solution pH<4.5. TA molecules are dissociated for
pH>4.5 and completely ionized at pH="7 [1]. There-
fore, there is higher removal efficiency for unionized
TA at pH; <3 [6]. At higher pH values, the dissocia-
tion degree of TA increases leading to the decrease of
TA removal efficiency in ACC. It also seems that, at
higher pH higher OH" ions concentration in the solu-
tion, compete with TA adsorption onto the ACC,
which reduces the TA adsorption. There is no signifi-
cant differences in the TA removal at pH;=2 and 3,
therefore, pH;=3 was chosen as optimum pH; (pH;.opt)
to save the acid used for pH adjustment.
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Fig. 2. XRD pattern of ACC.
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The effect of m,; value of ACC on the amount of TA
adsorbed was also studied in range of 5 <m,q <25g/1
at pHi.opt =3.0, while C,=100mg/1l, T=303, and t=7h.
As the m,y value was increased, the adsorption of TA
onto ACC first increased rapidly and it then became
constant. TA removal efficiency was found to be
65.15% at m,q=15g/1. For m,q>15g/l, TA removal
very minutely increased and becomes stable at 66%.
Therefore, considering the cost of ACC, optimum 1,4
(Mag-opt) Was taken as 15 g/1 for further study. Adsorp-
tion depends on both concentration of adsorbate and
available sites for adsorption. Increase in TA removal
with the increase in m,q values can be credited to avail-
ability of greater surface area and the more adsorption
sites. For m,gq = Maq.opr, TA removal efficiency depends
principally on the concentration of the solution, not on
the surface available [18].

Fig. 4 shows the FTIR spectra of blank and TA
loaded ACC. FTIR spectra of blank ACC show sharp
and high peaks at ~1,085, ~795, and ~461 cm . Peak
at ~1,085cm ' may indicate the existence of Alcohols,
Ethers, Carboxylic Acids, and Esters. Presence of the
phenyl ring has their vibrations at ~795cm ™.

TA loaded ACC FTIR spectra explains shifted and
changed peak height indicating that the functional
groups at these wave numbers are involved in the TA
adsorption. TA loaded ACC FTIR spectra shows some
additional peaks at ~3,853, ~3,745, ~3,615, ~3,419,
and ~3,204cm™! which correspond to phenols con-
firming TA adsorption. The adsorption peaks at
3,420 cm ™! are ascribed to the vibrations of water mol-
ecules [19]. Peak ~1,600cm™! has been observed in
both loaded and blank ACC due to C=C stretching
absorption [20].

3.3. Adsorption kinetics and controlling mechanism

Fig. 5 shows the effect of contact time of adsorbent
(ACC) with adsorbate (TA) by data points for Cy=50-
200mg/1, pHiopt=3, Madg-opt=15g/1, and t=7h. It can
be seen that TA adsorption reaches to equilibrium
value after 1, 4, and 5h for C, values of 50, 100, and
200mg/1, respectively. This increasing equilibrium
time with C, conclude that TA adsorption on to ACC
is limited by TA concentration.

To investigate the kinetics of adsorption pseudo-
first-order and pseudo-second-order kinetic models
were studied.

Pseudo-first-order model is given as [21]:

e = qe[1 — exp(—kit)] (3)
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where g, is TA adsorbed (mg/g) at time (#) (min) and
k¢ is the rate constant of pseudo first-order adsorption
(min ).

Pseudo-second-order model is represented as
[22,23]:
thsg?
ge = 17 thege (4)

The initial adsorption rate, 1 (mg/gmin), at t—0 is
defined as,

h =kq2 (5)

where k; is the rate constant (g/mg min).

Kinetic experimental adsorption data were fitted to
these two kinetic models using nonlinear regression
fit. Marquardt's percent standard deviation (MPSD)
error function was used to evaluate error [24]. The
best-fit estimated parameters values of the model, cor-
relation coefficients, and MPSD values are given in
Table 2. R? values are higher (0.91, 0.97, and 0.98) for
pseudo-second-order kinetic model in comparison to
pseudo-first-order kinetic model (0.78, 0.95, and 0.96).
Also, MPSD values are lower for pseudo-second-order
kinetic model. These data confirms that the pseudo-
second-order kinetic model best-fit the adsorption
kinetics of TA on to ACC. The fitting of pseudo-sec-
ond-order model with kinetic experimental data is
shown in Fig. 5 by solid line. The value of g. was
found to increase with an increase in Cy, whereas, kg
decreased with an increase in C, (Table 2), indicating
kinetics is limited by TA concentration.

Since the adsorption process was assured good mix-
ing with ACC and high concentration of TA, therefore,
it may be possible that the intraparticle pore diffusion
is the rate-controlling step during the adsorption pro-
cess [25]. Intraparticle diffusion model proposed by
Weber and Morris [26] was studied for this purpose,
which is expressed by following equation:

qt = kidtl/z =+ I (6)

where kg is the intraparticle diffusion rate constant
(mg/gmin'/?) and 1 is the intercept representing
thickness of the boundary layer. Higher value of inter-
cept explains thicker boundary layer [18]. Plot of g; vs.
t7 should be linear and passed through origin, if
intraparticle pore diffusion is rate controlling, if not,
intercept is measure of boundary layer thickness [27].
If data shows multi-linear plots, adsorption process is
controlled by two or more steps.
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Fig. 4. FTIR spectra of (a) blank and (b) tannic acid loaded ACC.

Fig. 6 shows a representative g, vs. t*° plot for
adsorption onto ACC for C,=200, 100 and 50mg/1
at 301K, pHiop=3 and Mag.opt=15g/1. Two linear
plots were found, which indicate more than one
process is controlling the adsorption. The first por-
tion is attributed to the slow equilibrium stage with
intra-particle diffusion dominating, and second linear
portion is the final equilibrium stage where intra-
particle diffusion is very slow due to the extremely
low residual TA concentration in the solution.

Slopes of first linear portions (kig;) are higher
for higher C,, (Table 2) which shows an accelerated
diffusion of TA through meso-pores due to greater
driving force at higher C, Also, deviation of
straight lines from the origin indicates that the both
surface adsorption and intra-particle transport within
the pores of ACC controls the TA adsorption onto
ACC.

3.4. Adsorption isotherm modelling and thermodynamics

To study the correlation between the amount of the
adsorbate adsorbed (g.) with concentration in the aque-
ous phase (C,) at equilibrium, various isotherm models
were used to validate the experimental data. For this
TA adsorption onto ACC was studied at different T
ranging from 291-311K with Cy=50-200mg/],
PHiopt=3, Maqopt=15g/1 and t=7h. TA adsorption
onto ACC was found to increased with an increase in T
concluding that TA adsorption onto ACC is endother-
mic (Fig. 7). This increased capacity of ACC at higher
temperature may be due to activation of the ACC sur-
face and/or creation of new active sites on the adsor-
bent surface [17]. This could be due to degree of
penetration within ACC structure overcoming the acti-
vation energy barrier and enhancing the rate of
intraparticle diffusion [18,28].
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Fig. 5. Effect of contact time on the TA removal by ACC.
Experimental data points given by the symbols and the
lines predicted by the pseudo-second-order model.
T=301K, mag-opt=15g/L

Langmuir [29], Temkin [30], and Redlich and
Peterson (R-P) [31] isotherms were used to validate
the isothermal equilibrium experimental data using
non-linear regression fit. Table 3 shows the values of
R? and various other isotherm parameters associated
with various isotherms (Langmuir, Temkin and R-P
isotherms) fitting to the experimental data. It may be
seen that, there are marginal difference in R’ values
for different isotherms. Therefore, any of the
isotherms can be used for isotherm modeling. But
generally, it may be concluded that R-P isotherm best-
fits the equilibrium adsorption of TA onto ACC at all

Table 2
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Fig. 6. Weber-Morris plot for the TA removal by ACC.
t=7h, C,=50-200mg/1, and maq.op:=15g/1.

temperatures. The validation of various isotherms
studied with experimental data points is shown in
Fig. 7 by solid lines. g, was found to increased with
increase in temperature showing higher affinity to
adsorbent at higher temperature and endothermic nat-
ure of adsorption of TA on to ACC.

To study the thermodynamics of adsorption of TA
on to ACC, Gibbs free energy change, AG° (kJ/mol),
change in enthalpy, AH°(kJ/mol), entropy change,
AS° (J/molK) and equilibrium adsorption constant (K)
were calculated from classical thermodynamics equa-
tion of the adsorption process [32]:

Kinetic parameters for the TA removal by ACC (t=7h, Co=50-200mg/1, amd mag.opt=15g/1)

Pseudo-first-order model

Co (mg/1) Jeexp (ME/ Q) Je,calc (Mg/g) k¢ (min ") R? MPSD

200 7.341 7.344 0.013 0.96 25.54

100 4.343 3.783 0.048 0.95 24.60

50 2.547 1.967 0.043 0.78 28.20
Pseudo-second-order model

C, (mg/1) e,cale (MG/g) ks (g/mgmin) h (mg/g min) R? MPSD

200 9.092 0.001 0.119 0.97 19.32

100 4.220 0.017 0.303 0.97 15.82

50 2.199 0.025 0.123 0.91 17.11

Intra-particle diffusion

Co (mg/1) ka1 (mg/g min'/?) I (mg/g) R? kia. (mg/g min'’/?) I, (mg/g) R?
200 0.386 0.99 0.96 0.126 9.92 1

100 0.103 2.32 0.992 0.0292 3.74 0.995
50 0.0649 1.07 0.974 0.0294 1.81 0.999
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model. t=7h, C,=50-200mg/1, and Mag.opt=15g/1.

_ —AG, AS, AH,1

InK =0 =0 ==t

"~ RT R T @)
where T is the absolute temperature (K), R is the uni-
versal gas constant (8.314 x 10 *kJmol 'K™") and K
(= g¢/Ce) is the single point or linear sorption distribu-
tion coefficient.

AHy and AS° can be found from linear van’t Hoff
plot (In K vs. T-") (Fig. 8). Thermodynamic parame-
ters obtained are shown in Table 3. Positive value of
AH® confirms the endothermic nature of TA adsorp-
tion on to ACC. Positive value of AS° shows the affin-
ity of ACC to TA molecules [33] and the negative
value of AG® advocates that the adsorption process is

feasible and spontaneous without any induction per-
iod [13]. Generally the value of AG® for physisorption
is between -20 and 0.0kJ/mol, and that for chemi-
sorption is between —400 and -80kJ/mol [34]. Value
of AG® in this study indicates that TA adsorption on
to ACC is physisorption.

3.5. Regeneration of ACC

Two methods, solvent desorption and thermal
desorption were studied for desorption of TA from
ACC [35,36]. Solvent desorption study was performed
by shaking 250mL conical flasks containing 50 mL of
aqueous solutions of 0.IN of C,HsOH, acetone
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Table 3
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Isotherm and thermodynamics parameters for the removal of TA removal by ACC (t=7h, C,=50-200mg/l, and

Mad-opt=15g/1)

Isotherms Parameters Temperature (K)
291 301 311
Langmuir Ky (L/mg) 0.0027 0.003 0.0038
mI< Ce
Ge = LKECC Im (mg/g) 25.428 40 47.9
R? 0.962 0.995 0.998
Temkin B 3.924 2.254 2.053
ge = BrIn(KrCe) Kt (L/mg) 0.051 0.248 0.779
R? 0.988 0.985 0.967
Redlich—Peterson ag (L/mg) 0.00 2.6476 9.4584
Ge = % Kg (L/mg) 0.066 2.144 15.141
p 0.00 0.499 0.600
R? 0.95 0.998 0.99
Thermodynamics parameters
Kx1072 1/ kg) 68.04 231.59 735.269
AGy (k] /mol) —10.21 —13.63 -17.07
AHj (k] /mol) 89.55
ASy (k] /mol K) 342.79
7.0
L 70 1 Treatment
- B Thermal @@ Acetone @ NaOH @ Ethanol
65+
60 1
[ =
554 3
- g
i [ &
Es50f =
. 8
45 _
35 t t t t f
320 325 330 335 340 345 3.50

1T x 103K

Fig. 8. Van't Hoff plot of adsorption equilibrium constant.

(CH;),CO, and NaOH at 301K for 24h in the orbital
incubator shaker with separated TA loaded ACC from
TA solution after adsorption [35]. For thermal desorp-
tion study, dried TA loaded ACC (at 378K for 2h)
was placed in a muffle furnace at 623K and after 4h
the samples were taken from the furnace and kept in
the desiccator.

After solvent and thermal desorption process, the
ACC was again used as adsorbent for removal of TA
at C,-100mg/1 and 301 K. This adsorption-desorption
cycle was repeated five times.

Fig. 9. TA removal efficiency of ACC after various
desorption—-adsorption cycles with Heat, Acetone, NaOH,
and Ethanol.

Fig. 9 shows the TA removal efficiency of ACC
after five desorption-adsorption cycles. In solvent
desorption study, least desorption of TA was
observed with the NaOH and ethanol which is nearly
same, and acetone showed maximum desorption of
TA from ACC. It can also be seen in Table 4 that g,
value decreased from 3.56 to 2.14, 2.83 to 1.26, and
2.82 to 1.2mg/g (for cycles 1-5) for acetone, NaOH
and ethanol, respectively. Therefore, ACC can be
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Table 4
de (mg/g) values of ACC after various adsorption-
desorption cycles (C,=100mg/1, and m,q.opt=15g/1)

Desorption method

ge (mg/g)

Adsorption—desorption cycle

1 2 3 4 5
Heat treatment 4.23 4.12 4.03 3.84 3.77
Acetone 3.56 3.25 2.83 2.48 2.14
NaOH 2.83 2.36 1.86 1.49 1.26
Ethanol 2.82 2.10 1.62 1.40 1.20

reused for several times for adsorption of TA followed
by desorption with acetone effectively giving 32.1%
TA removal efficiency.

In thermal desorption study, thermally desorbed
ACC from TA was again used for adsorption of TA at
Cp-100mg/1, maq-15g/1, T=301K, and t=7h. Once
again, TA-loaded ACC was exposed to thermal
desorption by the same procedure. This adsorption—
desorption cycle was repeated five times and results
are shown in Fig. 9. From cycles 1-5, q. value
decreased from 4.23-3.77mg/g (Table 4) giving 56.6%
TA removal efficiency after fifth adsorption—-desorp-
tion cycle, which is maximum. Therefore, it can be
concluded that thermal desorption method is more
efficient than solvent desorption for TA from ACC,
and ACC can be reused many times with effective TA
removal efficiency.

4. Conclusion

Intra-particle diffusion study indicated that the
both surface adsorption and intra-particle transport
within the pores of ACC controls the TA adsorption
onto ACC. TA adsorption study at various tempera-
tures showed increased capacity of ACC at increased
temperature indicating TA adsorption onto ACC is
endothermic. g, was found to increase with increase
in temperature showing higher affinity to adsorbent at
higher temperature.

Solvent desorption study showed least desorption
of TA with NaOH and ethanol, and, acetone showed
maximum desorption. Thermal desorption method
was found more efficient than solvent desorption for
TA from ACC; and ACC can be reused many times
with effective TA removal efficiency.
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