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Abstract 

This work aims to evaluate the performance

Pillared clay was prepared from natural bentonite

removal. The adsorption of humic acid 

experiments were carried out as a function

temperature. The maximum adsorption capacity

place at pH 3.0 from an initial concentration

tested to describe the kinetic data. As the

decreases from 90 to 65. The percentage 

isotherm data were fitted to the Langmuir,

parameters of each model. The Langmuir

correlation coefficient r
2
 and relative standard

Langmuir isotherm plot was 26.18 µmol g
-

allowed the calculation of the isosteric heat

spent PILC can be regenerated for further
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Introduction 

Naturally occurring organic matter (NOM) is 
water supplies. NOM is a heterogeneous mixture
organic materials including humic substances,
proteins, lipids, carboxylic acids, polysaccharides,
and hydrocarbons1. The dissolved components
occurring organic matter constitutes the 
fraction of NOM with regard to drinking water
supply, since they are partly removed 
conventional treatment processes.  
 
A major concern for water utilities is 
carcinogenic and regulated disinfection by-
from reactions between dissolved organic matter
other disinfectants/oxidants2. Humic acid is 
structure involving a large number of functional
carboxyl (-COOH) and phenol (-OH) groups
dissolved organic matters are derived from the
and animal residues and from microbial activities
are the main precursors of trihalo methane 
toxic to human beings5. The presence of humic
water and wastewater provides a yellow to 
also imparts a high BOD load to the liquid waste
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performance of aluminium pillared clay for humic acid adsorption

bentonite clay with aluminium chloride and was found to be

 onto Al-PILC has been dynamically and thermodynamically

function of solution pH, contact time, humic acid concentration,

capacity was observed at a pH of 3.0. The maximum adsorption

concentration of 15 and 30 µmol L
-1

, respectively. Lagergren first

the initial concentration increases from 15 to 60 µmol L
-1

 the

 removal of humic acid
 
increased with increasing ionic 

Langmuir, Freundlich and Scatchard isotherm equations to 

Langmuir model represents the experimental data fairly well

standard deviation (∆q%). The maximum adsorption capacity
-1

 at pH 3.0 and at 30 
o
C. Isotherm experiments conducted

heat of adsorption at different surface loading. The desorption

further use by 0.1 M NaOH. 

Pillared clay, Humic acid, Isotherm, Heat of adsorption, Desorption

 ubiquitous in fresh 
mixture of complex 

substances, hydrophilic acids, 
polysaccharides, amino acids 

components of naturally 
 most problematic 
water treatment and 
 from water by 

 the formation of 
-products resulting 

matter and chlorine or 
 having a complex 

functional groups, such as 
groups3. These natural 

the decay of plant 
activities4. Humic acid 

 which are highly 
humic acid (HA) in 

 brown colour and 
waste6,7. 

Removing natural organic matter (NOM)
treatment has attracted much environmental
and various methods for enhancing
been studied including oxidation8 
and chitosan coated granules9, 
Activated carbon is an effective
compounds11,12 especially for phenolic
adsorbents include coal ash13, clays,
oxide gels and organo clays14. Pillared
class of materials prepared by the
cation in swelling smectite type aluminosilicate
hydroxyl cation followed dehydration
Bentonite is a smectite type of layered
tetrahedral and alumina octahedral
is sandwiched between two silicate
Montmorillonite, coated and intercalated
hydroxides exhibits much higher adsorption
heavy metal ions, than that of natural
temperature calcination of intercalated
materials, where the polyhydroxy
irreversibly fixed to the layers. Aluminium
clay consists in the insertion between
referred to as Keggin molecule 
Pillared clays, first tested as cracking
acidic properties, have recently 
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adsorption from aqueous solutions. 

be effective for humic acid 

thermodynamically investigated. Batch 

concentration, ionic strength and 

adsorption of 90 and 80% took 

first order kinetic model was 

the percentage adsorption 

 strength. The equilibrium 

 obtain the characteristic 

well as is evident from the 

capacity (Q
o
) obtained from the 

conducted at different temperatures 

desorption data showed that the 

Desorption. 

(NOM) from water in water 
environmental and health interests 

enhancing humic acid removal have 
 polypyrrole coated granules 

 chitosan hydrogel beads10. 
effective adsorbent for organic 

phenolic compounds. Other 
clays, zeolites, hydrated metal 

Pillared clays constitute a novel 
the exchange of an inter layer 

aluminosilicate by polymeric 
dehydration and dehydroxylation 15, 16. 

layered silicate having silicate 
octahedral (2:1), where Al-octahedron 

silicate tetrahedron layers. 
intercalated by aluminium 
adsorption capacity for some 

natural montmorillonite17. High 
intercalated clays results in ‘pillared’ 

polyhydroxy cationic species are 
Aluminium intercalation of a 

between the layers of ‘Al13’ 
 [AlO4Al12(OH)24(H2O)12]

18. 
cracking catalyst in view of their 

 been redirected to their 
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applications as adsorbents for the removal of hazardous 
inorganic and organic compounds19, 20. Smectite clays such as 
bentonite and montmorillonite are fundamental soil components 
and are abundant in nature. The present communication has 
been addressed to the use of natural bentonite clay which is 
found in large reserves in Gujarat (India), for the preparation of 
aluminium-pillared clay21,22. Present study explores the 
possibility of using Al-pillared clay for the removal of humic 
acid from aqueous solution in a series of batch experiments.  
 
Materials and Methods 

Materials: All chemicals were of high-grade quality and were 
used as received unless stated otherwise. A stock solution of 
1000 µmol L-1 of humic acid was prepared in double distilled 
water using humic acid obtained from Fluka, Switzerland in 
deionised distilled water. The AlCl3.6H2O and NaOH procured 
from E.Merck, India were used to prepare the pillaring solution. 
The HCl and NaCl were obtained from Loba Chemicals (India).  
 
The clay used for this work is natural bentonite clay obtained 
from M/S Ashapura Clay Mines, Gujarat, India. The chemical 
composition of the natural clay was estimated by the classical 
scheme of analysis23. The elements normally analysed and 
reported in the form of percentage oxide are SiO2, Al2O3, CaO, 
MgO, Na2O, K2O, TiO2 and loss on ignition. The clay samples 
for analysis were dissolved using HF, HNO3 and HClO4 acids 
according to the method described by Rump and Krist24. 
Calcination loss was established by weight difference after 
heating the sample at 1000oC.  
 
Preparation of Aluminium-Pillared Clay (Al-PILC): The 
aluminium-pillared clay (Al-PILC) was prepared according to 
the method described by Zhu et al.25. The Na saturated form of 
the starting clay was obtained by washing the raw clay several 
times, first with 1.0 M NaCl and then with deionised water. The 
pillaring solution was prepared by adding drop wise 0.5 M 
NaOH to 0.2 M AlCl3.6H2O by vigorous stirring to an OH/Al 
ratio of 2.4. At this hydrolysis ratio, Al13 is a major species in 
solution 26. The pillaring solution containing Al was added drop 
wise under vigorous stirring to a 1.0 wt % Na-bentonite 
suspension to a ratio of 20 meq Al/g bentonite. The slurry was 
aged overnight at room temperature and the clay was separated 
by filtration and washed with deionised water until the 
supernatant was chloride free as indicated by the AgNO3 test. 
The solid was washed, dried at 60 oC and calcined at 450oC in a 
furnace for 5 h. The aluminium pillared clay (Al-PILC) particles 
were sieved to obtain –80 +230 mesh size particle (average 
diameter 0.096 mm). 
 
 Adsorption experiments: The adsorption experiments were 
carried out by batch technique using a series of Erlenmeyer 
flasks of 100 mL capacity. The effects of adsorbent dose, pH of 
the solution, concentration, shaking time, ionic strength and 
temperature were studied. For pH studies a series of flasks 
containing 0.1 g of the clay sample and 50 mL of solution with 

desired humic acid concentrations at various pH values were 
kept in a water bath shaker. The pH of the solution was 
carefully adjusted between 2 and 9 with 0.1 M HCl and 0.1 M 
NaOH. The flasks were shaken at 200 rpm and 30oC for a 
period of up to equilibrium was established. Preliminary 
experiments showed that the adsorption processes studied were 
complete after 6 h. Therefore a contact period of 6 h was used in 
all equilibrium tests. After this period the solutions were filtered 
using Whatmann No. 42 filter paper and analysed for the 
concentrations of humic acid remaining in the solutions by 
using a Schimadzu UV-Visible spectrophotometer at a 
wavelength of 350 nm. The amount of humic acid adsorbed by 
Al-PILC was computed from the mass balance: qe= (Co - 
Ce)V/m, where qe is the amount adsorbed (µmol g-1), m is the 
mass of the adsorbent and V is the volume the solution. Co and 
Ce are the initial and equilibrium liquid phase metal 
concentrations (µmol L-1), respectively. 
 
Kinetic studies were performed at 30oC using four different 
initial concentrations of humic acid ranging between 15 and 60 
µmol L-1. For this 0.1 g of the clay sample was added to each 50 
mL of humic acid solution at pH 3.0 and shaken at 200 rpm. At 
given time intervals, the solutions were filtered and the filtrate 
was analyzed for humic acid by UV-Visible spectrophotometer. 
To study the influence of ionic strength on humic acid removal, 
ionic strength was varied from 0.001 to 0.1 M. The NaCl 
solution was used as the electrolyte. The isotherm experiments 
were carried out between 30 and 60oC using different 
concentrations of humic acid in the range 15-175 µmol L-1 at 
fixed pH (3.0) and contact time (6 h). Each experiment was 
duplicated under identical conditions. The reproducibility of the 
measurements was within 5%. 
 
Desorption and regeneration studies: The experimental 
conditions for humic acid desorption were similar to those of 
batch adsorption studies. An amount of 0.1 g Al-PILC was 
treated with 50 mL of humic acid solution (15 µmol L-1) in an 
Erlenmeyer flask and after equilibrium time (6 h), it was 
filtered. The spent Al-PILC was then resuspended in 50 mL of 
0.1 M NaOH for 24 h. The solution mixture was filtered and the 
adsorbent was washed several times with distilled water in order 
to remove excess alkali. It was then treated with 50 mL of 
humic acid solution and the above procedure was repeated for 
four cycles using the same adsorbent.  
 
Results and Discussion 

Adsorbent characterization: Since the adsorption of a solute 
from aqueous solution onto solid surface is influenced by the 
characteristics of the adsorbent, physical and chemical 
properties of the original and modified clays were determined 
for the proper interpretation of humic acid adsorption. The 
natural bentonite clay and Al-PILC were characterized using 
different methods using X-ray diffraction patterns, infra red 
spectrum analysis, scanning electron microscopic technique, 
thermal analysis, surface area determination using BET method, 
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zero point charge (pHzpc), porosity and cation exchange 
capacity. The detailed characterization was reported in two 
published papers. 21, 22 

 
The FTIR spectra of PILC and HA-PILC are shown in Figure-1. 
The IR spectra of Al-PILC are as follows, the peak at 1044 cm-1 
was attributed to Si-O-Si asymmetric stretching mode; the peak 
at 814 cm-1 and weak band at 684 cm-1 were assigned to O-Si-O 
asymmetric stretching; the asymmetric bending mode of O-Si-O 
peak at 457 cm-1 as reported in silicate system. The spectra due 
to HA-PILC shows characteristic peak at 1050 cm-1

 is due to the 
deformation of alcohol -OH groups. The presence of carboxyl –
COOH is readily identified from the band with a maximum at 
1700-1720 cm-1. The intensity of those bands is highly variable. 
But here in this spectra that band at 1700-1720 cm-1

 disappears 
from the IR spectra and band appear at 1590 cm-1 due to the 
existence of humic acid in the ionized form, since humic acid is 
made a solution by dissolving it in NaOH solution. The peak at 
510 and 445 cm-1

 for humic acid PILC are due to the 
deformation oscillation of Si-O and Si-O-Al. Al-O-H bonding in 
both PILC and HA-PILC were confirmed by the presence of 
peak at 760 and 480 cm-1

 for PILC and 750 and 470 cm-1
 for 

HA-PILC. 
 

 
Figure-1 

FTIR spectra of Al-PILC and Humic Acid-PILC 
 

Effect of pH on humic acid removal: The effect of pH was 
studied by adjusting pH to different values in different flask. It 
is shown in Figure-2 that increasing pH led to decreased uptake 
of humic acid by Al-PILC; the higher the pH values the lower 
the adsorption. 
 

 
Figure-2 

Effect of pH on the adsorption of Humic acid onto Al-PILC. 
 
From the figure it is clear that the HA adsorption by PILC is pH 
dependent. Pillared clay exhibit maximum uptake at the pH of 
3.0, above and below this pH uptake was considerably low. For 
an initial concentration of 15 µmol L-1 the % removal was found 
to be 90% (6.75 µmol g-1) and for an initial concentration of 30 
µmol L-1 the percentage removal was found to be 80% (12 µmol 
g-1). 
 
It has been reported previously27 that of humic-sorption on clay 
minerals are pH dependent. It is reported that humic substances 
are weakly dissociable acids; the ionization of HA is heavily 
dependent on pH and can be depicted as shown by the equation 
(1) 

              (1) 
 
As the pH value increases, which causes the ionization of humic 
substance and hence concentration of anion A- also increases. 
As Al-PILC is having a zero point charge of 4.2, above this pH 
of 4.2 the clay surface is negatively charged. The electrostatic 
repulsion between A- and clay particle would increase above 
zero point charge resulting in the reduced adsorption of humic 
substances. In addition, increase in pH increases the solubility 
of HA. This also means decreased uptake as there is a nearly 
inverse relationship involves sorbate solubility and its adsorbate 
potential 28. 
 
Effect of adsorbent dose on the removal of humic acid: 

Aluminium pillared clay shows a greater affinity to adsorb 
humic acid compared to Na-bentonite. The experiment shows 
the variation of adsorption percentage as a function of adsorbent 
dose by Al-PILC and Na-bentonite. It is very much clear that for 
the complete removal of 15 µmol L-1 of HA in 50 mL require a 
minimum dose of 200 mg of Al-PILC and a dose 500 mg of Na-
bentonite. This indicates that Al-PILC is 2.5 times more 
effective than Na-bentonite for HA adsorption. This increased 
affinity of Al-PILC for HA may be due to increased surface 
area, porosity and d-spacing associated with Al-PILC compared 
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with Na-bentonite. The d-spacing has been increased from 14.31 
Å to 18.37 Å after pillaring 20, 21. It is also assumed that humic 
acid react with pillared clay by adsorbing on its external surface 
and also by entering into the interlayer space.  
 
Effect of contact time and initial concentration: Figure-3 
shows the variation of amount adsorbed for different initial 
concentration as a function of time. The effect of contact time 
and initial concentration on the adsorption of HA by Al-PILC 
were studied using separate batch experiments for each initial 
concentration ranging from 15 to 60 µmol L-1. With increase in 
initial concentration there is a decrease in the % uptake of HA. 
The % uptake decreases from 90% to 65% as the initial 
concentration increases from 15 µmol L-1 to 60 µmol L-1. This 
obviously shows that the percentage uptake dependent on initial 
concentrations. This is due to the fact that at higher initial 
concentration the ratio of initial number of moles of HA to the 
available surface area is very high, hence percentage uptake 
dependent on initial concentrations. It is clear from Figure-3 that 
there is an increase in amount adsorbed with increase in initial 
concentration. For the initial concentration of 15, 30, 45 and 60 
µmol L-1 the amount adsorbed were found to be 6.75, 12.75, 
16.88 and 19.50 µmol g-1 respectively. The adsorption process is 
a fast process as evident from the figure, since 90% removal 
was completed with in a short time of 30 minutes. The rest 10 to 
15% HA removal takes place with in a period of 330 minutes. 
So equilibrium time of 6 h was given in all the other 
experiments. 
 

 
Figure-3 

The variation of amount adsorbed as a function of time for 

different initial concentration at 30 
o
C 

 
The variation in the extent of adsorption may be due to the fact 
that initially all sites on the surface of adsorbent were vacant 
and the solute concentration gradient was relatively high. 
Consequently the extent of HA uptake decreases significantly 
with the increase of contact time depending on the decrease in 
the number of vacant sites on the surface of the adsorbent.  
 

Adsorption kinetics: The study of adsorption kinetics is quite 
significant in waste water treatment as it decreases the solute 
uptake rate, which in turn controls the residence time of solute 
uptake at the solid-solution interface. A simple kinetic analysis 
of adsorption is pseudo-first-order equation 29. 

( )
303.2

loglog
tK

qqq ad
ete −=−                 (2) 

 
Where kad is the adsorption rate constant (min-1), qe is the 
amount adsorbed (µmol g-1) at equilibrium, and qt is the amount 
adsorbed (µmol g-1) at time t. The straight line plots of log (qe-
qt) versus time for different concentrations (Figure-4) having r2 

(regression coefficient) greater than 0.97 indicates the 
applicability of the above equation for the present system and 
explain that process follows pseudo first order kinetics. At 30 oC 
and pH 3.0, the Kad values at initial concentration of 15, 30, 45 
and 60 µmol L-1 were found to be 1.12 × 10-2, 1.19 × 10-2, 1.15 
× 10-2 and 1.05 × 10-2 min-1 respectively. The values of Kad at 
different initial concentrations clearly indicate that this 
parameter is totally independent of initial concentration. 
 

 
Figure-4 

Lagergren plots for the adsorption of HA onto Al-PILC at 

different concentrations 
 

The rate of attainment of equilibrium may either be controlled 
by film-diffusion or pore-diffusion. In order to assess the nature 
of diffusion process responsible for adsorption the following 
equations 30 were tested, 

Ct
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D o
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Where Df and Dp are the film diffusion and pore diffusion 
coefficients, respectively. ro is the radius of the adsorbent (4.8 × 

10-3 cm), 
−

C /C is the equilibrium loading of the adsorbent, δ is 
the film thickness (10-3 cm) assuming spherical geometry of the 
adsorbents. According to Michelson L.D. et.al.30 for film-

0

5

10

15

20

25

0 100 200 300 400

Time (min)

q
t 
(µ

m
o

l 
g

-1
)

: 15 µmol L
-1

: 30 µmol L
-1

: 45 µmol L-1

: 60 µmol L-1

Adsorbent dose : 2 g L
-1

Agitation speed : 200 rpmpH : 3.0

-1.5

-1

-0.5

0

0.5

1

1.5

0 100 200 300 400

Time (min)

lo
g

 (
q

e
-q

t)
: 45 µmol L-1

: 60 µmol L-1

: 15 µmol L-1

: 30 µmol L-1

Adsorbent dose : 2 g L-1

Agitation speed : 200 rpm

pH : 3.0



Research Journal of Recent Sciences ____________________________________________________________ E-ISSN 2277-2502 

Vol. 5(ISC-2015), 71-78 (2016)  Res. J. Recent. Sci. 

 

 International Science Community Association            75 

diffusion to be rate limiting, the values of Df should be in the 
range of 10-6-10-8 cm2 s-1. For pore-diffusion to be rate limiting, 
earlier workers 31, 32 reported in this direction that the values of 
Dp should be in the order of 10-10 cm2 s-1. Since the value 
obtained for the Dp were in the order of 10-10 cm2 s-1 it was 
concluded that the process of adsorption of humic acid onto Al-
PILC was pore diffusion controlled. The kinetic data obtained 
for different initial concentrations were used to calculate 
diffusion coefficients for the adsorption humic acid and the 
results are presented in Table-1.  
 

Table-1 

Film and pore diffusion coefficients for the adsorption of 

HA onto Al-PILC 

Concentration  

(µmol L
-1

) 
Df (cm

2
 s

-1
) Dp (cm

2
 s

-1
) 

15 2.97 × 10-11 1.86 × 10-10 

30 4.73 × 10-11 1.97 × 10-10 

45 7.63 × 10-11 1.91 × 10-10 

60 9.75 × 10-11 1.74 × 10-10 
 

Effect of ionic strength: The effect of ionic strength on the 
adsorption of HA was studied at pH 3.0 with different ionic 
strength of 0.001, 0.005, 0.01, 0.05 and 0.1 M at a fixed initial 
concentration of 45 µmol L-1. It was observed that with increase 
in ionic strength adsorption % increases from 78.1 to 93.5 for an 
increase in ionic strength from 0.001 to 0.1 M. The 
experimental result showed that adsorption of HA increases 
with increase in ionic strength. If electrostatic attraction is the 
significant mechanism for the adsorption process, adsorption 
phenomenon is sensitive to change in ionic strength. The effect 
of ionic strength on humic adsorption is two fold. According to 
surface chemistry theory, when two phases such as mineral 
particles and humic acid are coming into contact with each 
other, they are bound to surround by an electrical double layer 
due to electrostatic interaction33. Based on Guoy-Chapman 
theory of the diffused double layer, the thickness can be 
significantly compressed by the presence of NaCl34,35. Such 
compression helps the mineral particles and the humic acid 
molecules to approach each other more closely, by then the 
attractive forces such as vander Waal’s forces becomes 
significant, leading to the increased uptake of humic acid. 
Secondly, the solubility of humic acid decreases with increase in 
ionic strength and this also favours the transfer of humic acid 
from the solution face to particle surface as a result of lyophobic 
effect.  
 

Adsorption isotherm: The adsorption isotherms have been of 
importance in the water purification by adsorption technique as 
it provides approximate estimation of the adsorption capacity of 
adsorbent. All the experimental results for the adsorption 
isotherms, qe (µmol g-1) versus Ce (µmol L-1) plots of HA show 
the H type behaviour, according to the classification of Giles et 
al.,36 similar to them are shown in Figure-5 for PILC. 
 

 
 

Figure-5 

Isotherm models for the adsorption of Humic acid onto Al-

PILC. Lines are isotherm model curves. 

 

 
 

The equilibrium isotherm data at controlled temperatures were 
correlated using the Langmuir, Freundlich and Scatchard 
adsorption models.  
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The linear form of Langmuir model can be represented by Eq. 
(5), where Qo and b are Langmuir constants related to maximum 
monolayer adsorption capacity and affinity constant or energy 
of adsorption respectively. The values of Qo and b at different 
temperatures were calculated using the least square methods 
through a regression analysis and are given in Table-2 with their 
coefficients of correlation (r2) and normalized standard 
deviation, ∆q (%). The Langmuir constants Qmax and b 
decreased with temperature showing that adsorption capacity 
and intensity of adsorption are enhanced at lower temperatures. 
With decrease in temperature the value of Qo were found to be 
23.87, 26.18, 30.03 and 32.89 respectively for 40, 30, 20 and 10 
oC. The linear form of the Freundlich adsorption isotherm model 
can be represented using Eq. (6); KF and 1/n are Freundlich 
constants related to adsorption capacity and energy of 
adsorption respectively. A plot of log qe against log Ce would 
give KF and 1/n. The KF value also show a gradation with 
temperature as shown in the Table 2. Scatchard isotherm 
equation is shown in Eq. (7), where o

sQ and qe represent 

adsorption maximum and equilibrium amount adsorbed 
respectively. The validity of the isotherm model is tested by 
comparing the experimental and calculated isotherm data 
(Figure 5). The Langmuir model represents the experimental 
data fairly well as is evident from the correlation coefficient, r2 
and normalized standard deviation, ∆q (%). For humic acid 
adsorption on activated carbon 11 the values of Qmax and b were 
reported to be 12.4 µmol g-1 and 9.5 × 10-2 L µmol-1 respectively 
at 30 oC. Chang and Juang, 37 reported the adsorption of humic 
acid onto activated clay, and was found to show Qmax of 28.2 g 
kg-1, Zhang and Bai 38, reported a Qmax of 0.407 mg g-1 for the 
adsorption of humic acid onto chitosan coated granules. The 
adsorption capacity (Qmax) at 30 oC for Al-PILC was found to be 
26.18 µmol g-1 for humic acid is higher than the activated 
carbons, activated clay and chitosan reported in the literature. 
 

 
Figure-6 

Variation of ∆HX with respect to surface loading 

 

Table-2 

Isotherm constants and regression coefficients for the 

adsorption of HA onto Al-PILC 

Isotherm 

constants 
Temperatures (

o
C) 

10 20 30 40 

Langmuir 

Qo(µmol g-1) 32.89 30.03 26.18 23.87 

b (L µmol-1) 0.207 0.165 0.158 0.143 

r2 0.996 0.998 0.999 0.999 

∆q (%) 11.52 10.51 10.04 7.89 

Freundlich 

KF 11.48 8.54 7.08 6.47 

1/n 0.030 0.276 0.287 0.282 

r2 0.977 0.967 0.931 0.933 

∆q (%) 15.11 13.54 12.11 11.87 

Scatchard 

Qo
s 28.08 27.13 24.98 22.85 

Ks 1.42 0.347 0.21 0.185 

r2 0.962 0.881 0.921 0.965 

∆q (%) 12.31 11.36 11.56 11.86 
 

Desorption studies: Application of PILC for the removal and 
recovery of humic acid from aqueous solutions may require that 
the adsorbent be regenerated efficiently so that the adsorbent 
can be reused. In the present study, attempts were made to 
regenerate the adsorbent as well as desorbed humic acid from 
the spent adsorbent using NaOH, since adsorption of humic acid 
is highly pH dependent. The total desorbed amount was 
calculated and compared to the initial sorbent amount. The 
percentage desorption increase with increase in pH and reaches 
96% at pH 11.0., the results clearly show that the quantitative 
removal of HA from PILC and regeneration of the adsorbent 
can be done efficiently at higher pH. At alkaline medium OH- 
ions compete with the adsorption sites and leading to desorption 
of negatively charged humic acid from Al-PILC. The results 
also indicate that HA is adsorbed by the adsorbent through 
physisorption. 
 

Conclusion 

Effect of surface modification was studied using Na-bentonite 
and Al-PILC for the adsorption of HA. It was observed that Al-
PILC is 2.5 times more effective than Na- bentonite. Studies on 
the effect of pH on the removal of HA were conducted. The 
results showed that the adsorption capacity of HA by Al-PILC 
was dependent on pH. Adsorption is found to be maximum at a 
lower pH of 3.0. The rate constant for the removal of HA onto 
Al-PILC was determined using pseudo first order model as 
suggested by Lagergren was used. It was observed that the value 
of Kad decreased with increase in temperature, showing 
exothermic nature of adsorption. The equilibrium isotherm 
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study was conducted using Langmuir and Freundlich and 
Scatchard models. Langmuir explained the equilibrium isotherm 
data for various initial concentrations at temperature between 10 
and 400C. The spent adsorbent can be reused by alkaline 
treatment. 
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