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Abstract

A fundamental investigation on the uptake of bromide ion from contaminated water by calcined and uncalcined MgAIl-CO; layered double
hydroxides (LDHs) were conducted in batch mode. The uptake capacity of calcined LDHs (CLDH) is higher than that of uncalcined LDHs, due
to their different mechanisms which are confirmed by powder X-ray diffraction, FT-IR spectroscopy and TG-MS measurements. The former
mechanism is based on the reconstruction of CLDH to Br-LDHs, whilst the latter is related to the surface adsorption. It has been found that the
LDHs calcined at 500 °C with Mg/Al molar ratio of 4 represents the highest capacity to remove bromide ion from aqueous solution. The equilibrium
isotherms of uptake of bromide by CLDH were well fitted by the Langmuir equation, and thermodynamic parameters such as AG°, AH® and AS°
were calculated from Langmuir constants. The negative value of AH? confirms the exothermic nature of adsorption. Three kinetics models were
used to fit the kinetics experimental data, and it was found that the pseudo-second order kinetics model could be used to describe the uptake process
appropriately. The value of E, was calculated to be 79.9 kJ/mol, which suggests that the process of uptake bromide is controlled by the reaction

rate of bromide with the CLDH rather than diffusion.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Layered double hydroxides (LDHs) or hydrotalcite-like com-
pounds (HTIc) can be represented by the general formula
M2 _ M3 .(OH) ** (A" )y/-mH, 0, where MZ* and M3+ are
di- and trivalent metal cations for example Mg>* and AI**,
that occupy octahedral sites in the hydroxide layers. A"~ is
an exchangeable anion, and x is the ratio of M>*/(M** + M3*)
and the layer charge will depend on the M**/M3* ratio [1].
Carbonates are the interlayer anions in naturally occurring
hydrotalcite. LDHs have large surface area (20-120 m?/g) and
high ion-exchange capacities to adsorb/ion-exchange the variety
of anionic pollution. On the other hand, the LDHs decompose
at 500-800 °C to a magnesium—aluminium oxide solid solution
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which rehydrates and reconstructs the original structure from
water containing anions [2], and hence could also be a potential
adsorbent for anionic solutes. Calcined layered double hydrox-
ide (CLDH) is an especially exciting adsorbent because it has
the potential to remove fluoride, chloride, and other anions toxic
anions from contaminated water [3-9].

Bromide is a natural, albeit minor, constituent of all waters.
Bromide concentrations in water depend primarily on the geo-
chemistry of the materials in which the water has come into
contact [10]. High bromide concentration is typical in surface
and groundwaters in the coastal areas [11]. Although bromide
ion is not harmful to human body, it can be converted to bro-
mate (BrO3;™~) which is suspected carcinogenic potential, in
drinking water treatment during oxidation and disinfection with
ozone. On the other hand, Grignard regents have been applied
extensive in chemical industry, especially in pharmacy. A mass
of bromide-containing wastewater was produced after reaction,
and ozonation these organic contaminants can produce bromate
and other brominated pollutants [12,13]. The US Environmental
Protection Agency (EPA) has established a maximum contam-
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inant level of 10 wg/L for bromate in finished water [14,15].
Brominated by-products are suspected to be more harmful to
health than their chloride-containing analogues [16]. Therefore,
it is necessary and significant to removal the DBPs (disinfec-
tion by-products) precursor bromide. Enhanced coagulation, a
traditional precursor removal strategy, and anion exchange, a
more novel precursor removal strategy, are two areas of active
research for controlling DBPs formation, which are generally
known as nanofiltration membrane processes and activated car-
bon adsorption processes [17,18].

In this work, the uptake of bromide by calcined and
uncalcined MgAl-COs LDHs has been studied. Their dif-
ferent mechanism is confirmed by X-ray diffraction, FT-IR
spectroscopy and TG-MS measurements. The kinetics and
equilibrium of CLDH on removal bromide have also been inves-
tigated in detail. The equilibrium isotherms were fitted by the
Langmuir and Freundlich equations, respectively. Furthermore,
three kinetics models were used to fit the experimental data,
including first order kinetics model, pseudo-second order kinet-
ics model and intraparticle diffusion model, and it was found
that the pseudo-second order kinetics model describes the uptake
process the most appropriately.

2. Experimental
2.1. Materials

Mg(NO3)7-6H,0, AlI(NO3)3-9H,0O, NaOH, Na,COs,
NaNOj3, KNO3 and KBr were A.R. grade and used as received
without purification. All the water used was deionized. The
bromide aqueous solution used in this study was a synthetic
wastewater. The standard bromide solutions used in the
experiments were prepared from anhydrous KBr.

2.2. Preparation of MgAl-CO3 LDHs and CLDH

LDHs containing carbonate as the interlayer anion was
obtained by using a conventional coprecipitation method pre-
viously developed by our group [19,20]. Mg(NO3),-6H,O
(0.36 mol) and AI(NO3)3-9H,O (0.09 mol) were dissolved in
deionized water. A second solution containing NaOH (0.72 mol)
and NayCOj3 (0.36 mol) was prepared. The two solutions were
simultaneously added to a colloid mill with rotor speed of
5000 rpm and stirred for 2 min. The resulting slurry was removed
from the colloid mill and aged at 100 °C for a specified period.
The final precipitate was filtered, washed throughly, and dried at
80 °C for 24 h to obtain MgAIl-CO3; LDHs. CLDH was obtained
by calcining LDHs in a muffle furnace at 500 °C for 3 h.

2.3. Characterization

Powder X-ray diffraction pattern of the samples were
obtained using a Shimadzu XRD-6000 diffractometer with Cu
Ka radiation (40kV and 30 mA) at a scanning rate of 5°/min. FT-
IR spectra in the range 4000—400 cm ™! of samples as KBr pellets
were recorded with a Bruker Vector 22 spectrometer. TG-MS
measurements were carried out on a Pyris Diamond TG/DTA

instrument equipped with a mass spectrometer (ThermoStar
TM) under N, atmosphere. The temperature-programmed rate
was 10°C/min, and the measured range from 30 to 1100 °C.
Gaseous emission was analyzed at intervals of 1s. Elemental
analysis was performed by inductively coupled plasma (ICP)
emission spectroscopy with a Shimadzu ICPS-7500 ICP instru-
ment using solutions prepared by dissolving the samples in dilute
HNO;.

2.4. Removal of bromide ion

All uptake studies were carried out in a series of 100 mL
conical flasks by subjecting a given dose of LDHs or CLDH to a
period of shaking together with the bromide wastewater (50 mL)
in a thermostatic water shaker.

Batch equilibrium isotherms studies on CLDH were con-
ducted with a range of different concentrations of bromide
solutions by contacting a constant mass (0.05 g) of CLDH for
a period of 24 h at 30, 40, 50, 60 & 1 °C, using the maximum
shaking rate of 200 rpm. After equilibration, CLDH was filtered
from the solution, and the filtrate was analyzed using a selective
electrode for bromide ions.

The amount of the bromides loading (mg) per unit mass of
CLDH, g., was obtained by the following equation

Vv
e = (Ci = Ce) ey

where Cj and C,. are initial and equilibrium concentrations in
mg/L, m is the mass of adsorbent in grams, and V is the volume
of solution in liters.

Kinetic experiments were carried out by dispersing CLDH
samples (2.0 g) in 2000 mL of bromide solutions with a concen-
tration of 100 mg Br~/L and stirred for 6 h under N, atmosphere.
5 mL aliquots were extracted at selected time intervals, separated
by filtration, and diluted to 50 mL for the determination of Br™.
The solid remaining at the end of the experiment was character-
ized by X-ray diffraction, FI-IR and TG-MS. Bromide uptake
by the CLDH was calculated by the following equation:

\%
qr = (Ci — CI)Z (2)

where ¢, is the adsorption capacity of CLDH at time ¢ in mg/g,
V is the volume of solution in liters, C; and C; are initial and at
time ¢ concentration of bromide in mg/L, and m is the mass of
adsorbent in grams.

3. Theory
3.1. Equilibrium isotherms

For the liquid—solid system, the Langmuir and Freundlich
isotherm equations are usually employed. The well-known
Langmuir equation, which is obtained by combining the adsorp-
tion and desorption rate equations, can be described as following
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Eq. (3) when the adsorption process reaches equilibrium.

KrgmCe

— _damre 3
1+ K1.Ce 3

qe

where K1, =kyqs/kq is the Langmuir constant related to the load-

ing and energy of adsorption; g, the maximum loading capacity;

ge the adsorption loading at equilibrium (mg/g), and Ce is the

equilibrium concentration of bromide in the solution (mg/L).
The langmuir equation can be rearranged as follows:

e B Kigm 4qm

1
Ce s @

The values of g, and K1, can be calculated from the slope and
the intercept of the linear plots Ce/g. versus Ce.

The Freundlich isotherm is purely empirical and commonly
presented as Eq. (5):

de = KFCZ 5)

where Kr and n are the Freundlich temperature-dependent con-
stants, and g, is the adsorption loading at equilibrium (mg/g),
respectively.

3.2. Distribution coefficient

The distribution coefficient Kp can be employed to describe
the binding ability of adsorbent surface for an element. The Kp
values of the adsorption were calculated as Eq. (6):

Cs

Kp=—
D Cw

(6)
where Cj is the concentration of bromide in solid particles (mg/g)
and Cy, is the concentration of bromide in water (mg/L).

3.3. Kinetic models

To identify the correct mechanism, several models must be
checked for suitability and consistency over a broad range of
system parameters. The key features of the three different kinetic
models used to fit the experimental data can be summarized as
follows:

3.3.1. First order kinetics model

The first order kinetics adsorption model was suggested by
Lagergren for the sorption of solid/liquid systems [21]. It has
been used by many authors [22-24] and can be expressed in
integrated form:

In(ge — q0) = In(ge) — k1t N

where k; is the rate constant of adsorption (min~') and ¢, and
q; are the adsorption capacity of bromide (mg/g) at equilibrium
and at time ¢ (min), respectively. The equilibrium capacity ge
(mg/g), is calculated from the Langmuir adsorption isotherm.
By plotting In(g. — g;) against ¢, a straight line is obtained and
the value of the rate constant k; can be calculated.

3.3.2. Pseudo-second order kinetics model
The pseudo-second order kinetics model [25,26] is expressed
as

o 1 +t ®)
a kg qe

where k> (gmg~! min~!) is the rate constant of pseudo-second

order adsorption. Plotting #/q, against ¢, a line is obtained and
the rate constant k» as well as g, can be calculated.

3.3.3. Intraparticle diffusion model

In aliquid—solid system, the fractional uptake of the solute on
a particle, F, varies [27,28] with the function Doto‘s/rz. Hence
there is a linear relationship between F and - for most of the
adsorption process. F can be defined as

_ Ci —Ct
= Ci

F

€))

The diffusion rate of the bromide in a particle, &;, can be calcu-
lated from the following linear equation [29]:

qr = kit®? (10)

1 0.5)

where k; is the intraparticle diffusion rate (mg g™ min™

4. Results and Discussion

4.1. Effect of varying structure of adsorbents

The uptake of bromide ion by the as-synthesized LDHs and
LDHs calcined at various temperatures were tested. The adsorp-
tion was carried out by dispersing 0.05 g of CLDH in a constant
volume of 50 mL bromide ion aqueous solution, with initial con-
centration of bromide 100 mg/L at 30 °C. The uptake capacity
of bromide ion increases with increasing calcination tempera-
ture between 200 and 500 °C, but decreases from 500 to 800 °C,
with a maximum (94.0 mg/g) for LDHs calcined at 500 °C. The
uptake capacity of bromide ion by uncalcined LDHs (27.5 mg/g)
is the lowest of all. This result is consistent with the structure
transformation of LDHs upon calcination. When LDHs is cal-
cined at 200 °C, only the surface and interlayer water is disposed,
with the presence of the interlayer carbonate, so the uptake
capacity of bromide ion is lower (30.8 mg/g). Upon further
increasing the calcination temperature, carbonate is decomposed
from interlayer region of LDHs, and the layered structure of
LDHs transforms to aluminum and magnesium oxides which
have higher capacity to rehydrate in aqueous medium. The
interlayer carbonate of LDHs is decomposed completely when
calcined at 500 °C. When the calcination temperature is above
500 °C, CLDH partly transformes into a spinel which does not
exhibit the property of reconstruction, resulting in the observed
decrease in the loading for anions (600 °C, 44.2 mg/g; 800 °C,
5.1 mg/g).

The effect of varying Mg/Al molar ratio on the removal of
bromide ion was also investigated. It was found that the retention
of bromide ion by the CLDH with Mg/Al molar ratio 4 is the
best of all, reaching 94.0 mg/g, while the uptake capacity of
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Fig. 1. Power XRD patterns for (a) MgAI-CO3 LDH, (b) LDH after uptake of
bromide ion, (c) CLDH and (d) CLDH after uptake of bromide ion.

CLDH with Mg/Al ratios of 3 and 2 are 74.0 and 55.8 mg/g,
respectively. This is attributed to the larger radius of bromide
ion (0.196 nm), which is more suitable to lower charge density
of slabs with an Mg/Al molar ratio of 4 than that of with 2 and
3.

The XRD pattern of the MgAI-CO3 LDHs (Fig. 1a) shows
sharp and symmetric peaks at lower 26 values, which are charac-
teristic of hydrotalcite-like compounds, and the material consists
of a single crystalline phase [1]. However, the LDHs after uptake
of bromide ion give a basal spacing of 0.780 nm (Fig. 1b), which
is almost the same as that of LDHs precursor. Because the affin-
ity of bromide ion towards LDHs is much lower than that of
carbonate, the ion-exchange of bromide ion for carbonate in
LDHs interlayer is difficult. As a result, the uptake of bromide
by MgAIl-CO3; LDHs mainly occurs on the surface of LDHs.
After the MgAl-CO3 LDHs was calcined at 500 °C the lay-
ered hydrotalcite-like structure is absent (Fig. 1c), leading to
the formation of a mixed magnesium aluminum oxide. How-
ever, rehydration of CLDH (Fig. 1d) has been observed to take
place after bromide ion adsorption, giving a material with basal
spacing of 0.802 nm, which is larger than that for MgAI-CO3
LDHs as precursor (0.769 nm) and similar to that of Br-HTlc
(0.795nm) [1]. This indicates that the formation of MgAl-Br
LDHs.

The FT-IR spectrum of the MgAl-CO3 LDHs precursor
shows a band at 1359cm™! (see Fig. 2a) attributed to the
absorption of CO32™, as reported previously [1]. It can be seen
in Fig. 2b that the bands between 400 and 800cm~! could
be due to the superposition of the vibrational absorptions of
magnesium and aluminum oxides. The shoulders observed at
1628 and 1412 cm™! are characteristic vibrational absorptions
of reversibly adsorbed H,O and CO; on oxide surfaces (Fig. 2b).
After adsorption of bromide, the band at 1359 cm~! shifts to
higher frequency 1384 cm™! (Fig. 2c). This could be due to the
reconstruction of the layered material in the presence of bromide.

Transmittance

359

3437

4] T ¥ T ) T % T 4 T L} T 4 T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 2. FT-IR spectra for (a) MgAI-CO3 LDH, (b) CLDH and (c) CLDH after
uptake of bromide ion.

The TG-MS measurements (see Fig. 3A and B) show that the
reconstructed LDHs has three stages of weight loss upon heating
between 30 and 1100 °C: the first one from room temperature
to 230 °C can be attributed to the removal of surface adsorbed
water and interlayer water molecules according to MS spectrum
of HyO (m/z 18) (Fig. 3B), corresponding to the endothermic
peak at 212°C in the DTA curve (Fig. 3A); the second step
(230-500 °C), involving a gradual weight loss, is the result of
the deintercalation of carbonate (MS:m/z 44 (CO,), 392 °C) and
dehydroxylation of the brucite-like layers (MS:m/z 18 (H,0),
413 °C), and meanwhile the bromide ion of interlayer has also
been observed by MS, corresponding to the endothermic peak
at 401 °C in the DTA curve; the third step (500-1100°C) is
assigned to the deintercalation of bromide ion (MS:m/z 79 (Br),
80 (Br) and 81 (HBr)), corresponding to the endothermic peak
at 900 °C.

Chemical analysis indicates that the material formed after
reaction of CLDH with bromide has an Mg/Al molar ratio of
4.15:1, close to that of both the LDHs precursor (4.12:1) and
CLDH (4.08:1).

Base on the results above, it can be concluded that the uptake
capacity of bromide ion by CLDH is higher than that of LDHs
precursor, due to their different uptake mechanism. The for-
mer is based on the reconstruction which the calcined product
CLDH (Mg 80Alg2001.1) can be rehydrated with incorporation
of bromide, to reform a layered structure. And the latter is due
to surface adsorption. Therefore, LDHs calcined at 500 °C with
Mg/Al molar ratio of 4 was chosen to carry out the experiments
in the following section.

4.2. Effect of dosage of CLDH

The effect of the dosage of adsorbent on the uptake of bro-
mide with initial concentration of 100 mg/L. was studied, and
the results are shown in Fig. 4. It can be seen that the amount of
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Fig. 3. TG-MS profiles for CLDH after uptake of bromide ion. (A) TG-DTA
and (B) MS.

adsorbent significantly influenced the removal of bromide. The
percentage removal of bromide was 73.4% for 0.2 g/L of CLDH,
while it greatly increased to 91.6% for 1.0 g/L of adsorbent.
However, there was only a small change in the extent of bro-
mide adsorption when the dosage of adsorbent was over 1.0 g/L.
For example, the percentage removal was 93.9% for 4.0 g/L of
adsorbent.
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Fig. 4. Effect of dosage of CLDH on the uptake of bromide ion. (@) uptake
capacity vs. dosage of CLDH; (UJ) percentage removal vs. dosage of CLDH;
(#) distribution coeffient Kp vs. dosage of CLDH.

Furthermore, the higher adsorbent dose results in lower
adsorption capacity of CLDH at a fixed bromide concentration
(100 mg/L), as shown in Fig. 4. This is consistent with the argu-
ment that the surface sites of the adsorbent are heterogeneous
[30]. The distribution coefficient Kp increases with increasing
adsorbent dose in the range 0.2-1.0 g/L. while decreases with
increasing adsorbent dose in the range 1.0—4.0 g/L (see Fig. 4),
which also implies that the surface of CLDH is heterogeneous.
If the surface is homogeneous, the Kp values should not change
with adsorbent concentration.

4.3. Equilibrium isotherms

Fig. 5A is the equilibrium isotherms of bromide on CLDH at
different temperature, which indicates that the uptake capacity
increases upon increasing equilibrium concentration of bromide
and decreasing temperature. The observation shows that the
interaction between adsorbate and adsorbent is exothermic in
nature, even though the change in the temperature does not influ-
ence the equilibrium time and the removal curve is smooth and
continuous.

300 400 500 600

Ce(mg/L)

0 100 200 700

Fig. 5. Equilibrium isotherms for the uptake of bromide ion by CLDH. (A) Equilibrium isotherms and (B) Langmuir fitting.
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Fig. 6. Van’t Hoff plot for uptake of bromide ion by CLDH.

The data were further analyzed by the Langmuir and Fre-
undlich equations, respectively, and it was found that the
Langmuir model gave a satisfactory fit to the experimental data,
as shown in Fig. 5B and Table 1.

Thermodynamic parameters such as Gibbs free energy
(AGY), standard enthalpy change (AH®), and standard entropy
change (AS?) for the process were calculated using the equa-
tions:

AGY = —RTIn Ky, (1)
n K AS®  AHO (12)
n = — — ——

L= R RT

where R is universal gas constant, 7 is temperature (K), and
K1 is Langmuir constant. The values of AGY, AHO and ASO
are also listed in Table 1. The negative AG® value indicates the
spontaneity of the removal of bromide process. AH? and AS®
were calculated from a Vant’ Hoff plot (see Fig. 6, correlation
coefficient R =0.999) using the slope and intercept by regres-
sion method, respectively. The negative value of AH? confirms
the exothermic nature of uptake of bromide by CLDH which
has been predicted earlier from Fig. SA. The negative value of
AS? suggests the decreased randomness at the solid/solution
interface for the removal of bromide on CLDH because of its
reconstruction to Br-LDHs.

4.4. Uptake kinetics

Temperature is a highly significant parameter in the adsorp-
tion process. Fig. 7 displays the adsorption curves obtained

Table 1

50
i . #
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Fig.7. kinetics and effect of temperature on the uptake of bromide ion by CLDH.
(V=2L, [Br~]=50mg/L, [CLDH]=1.0 g/L).
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Fig. 8. Arrhenius plots for uptake of bromide ion by CLDH.

under different isothermal conditions. The rate of adsorption
increases significantly while the time taken to reach equilibrium
decreases with the increase of temperature, and whether this is
due to a chemical reaction or diffusion control mechanism will
be discussed later. Fig. 8.

Table 2 presents the results of fitting experimental data
to first order, pseudo-second order and intraparticle diffusion
models, respectively. It can be seen from Table 2 that the
correlation coefficient (R?) varies in the order: pseudo-second
order > intraparticle diffusion > first order model under all exper-

Langmuir constants and thermodynamic parameters associated with bromide ion removal onto CLDH

Temperature (°C) qm (mg/g) K1 (L/mol) In Ki. AG (KJ/mol) AH® (KJ/mol) ASO (J/mol/K)
30 362.3 44525 8.401 —21.18

40 348.4 3495.7 8.159 —21.25

50 337.8 2776.1 7.929 —21.31 —17.96 —1052

60 330.0 2359.4 7.766 —21.51
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Table 2

Experimental conditions, kinetic parameters and regression coefficients (R?) for the three kinetic models

Pseudo-second order Intraparticle diffusion

Geexp Fist order

Temperature

“0)

[CLDH]
(g/L)

[Br~lo

Run no.

(mg/L)

(mg/L)

RZ

R? ki (mg/g min)

kr x 1074 (g/mg min)

Qe cal (ME/g)
63.65

R2

ki x 1072 (min~ 1)

e cal (Mg/g)

0.991

431
3.96
4.57
7.59
8.53
10.84

0.926

1.23
6.97
12.67

39.31
102.76

0.977

1.05
1.32
2.49
6.33
5.05

23.8

50.04
39.81

49.01

20
30
40
50
60
80

1.0
1.0
1.0
1.0
1.0
1.0

50
50
50
50
50
50

0.923

0.992

47.01

0.908

48.23
46.42

0.973

0.996

0.954 49.78
0.768

39.87
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0.968

0.999

45.56

44.59

46.40
45.60
45.49

0.998

0.999

45.05
46.49

0.855

24.92
25.71

0.998

0.999

356.18

0.761

Table 3
Relationship between the bromide removal capacity and the number of regen-
eration cycles

Cycle number 1 2 3 4 5
Bromide removal capacity (mg/g) 91.6 91.3 90.7 90.9 89.7

T=30°C, [Br ]1=100mg/L and [CLDH]=1.0 g/L.

imental conditions, which indicates that the pseudo-second order
model is the most satisfactory in describing the uptake kinetics
of bromide on CLDH. The experimental g, values agree well
with the calculated ones obtained from the pseudo-second order
kinetics model. The pseudo-second order equation is based on
the uptake capacity of the solid phase and is in agreement with
a chemisorption mechanism being the rate-determining step.
Another advantage of the pseudo-second order model is that
it predicts the behavior over the whole range of the adsorption
process.

An Arrhenius plot (not shown here) of the adsorption rate
against the reciprocal temperature was performed using the
kinetic data of Table 2, giving a reasonably straight line
(R*=0.990). The gradient of this plot is — (E,/R), according
to the well-known Arrhenius expression given in Eq. (13), and
the activation energy can thus be calculated:

ky = Ae (Ea/RT) (13)

For diffusion-controlled processes, the activation energy of
adsorption is lower than 20kJ/mol. The calculated E, value
in our case, 79.9 kJ/mol, indicates that the process of bromide
removal is controlled by the reaction rate of bromide with the
CLDH rather than diffusion.

4.5. Regeneration and recycling studies

In order to recycle the adsorbent, it is necessary to regener-
ate the LDHs resulting. The regeneration studies were carried
out using Na,COj3 aqueous solution (0.1 M). The mixture was
stirred for 6 h, and the resulting solid was then filtered, washed
thoroughly with deionized water, and calcined in a muffle fur-
nace at 500 °C for 3 h. As can be seen from Table 3, the CLDH
regenerated five times keep the almost same capacity to uptake
bromide as a fresh one. So it can be concluded that the uptake of
bromide is a reversible process, thereby facilitating the recycling
of the material for further use.

5. Conclusions

The CLDH reconstructed to Br-LDHs after uptake of bro-
mide, even as we expected, which is known as merry effect.
The uptake capacity of LDHs precursor is lower than that of
CLDH, due to their different uptake mechanism. The percent-
age removal of bromide increased upon increasing dosage of
CLDH. The uptake capacity of CLDH increased with increasing
equilibrium concentration of bromide and decreasing tempera-
ture. Thermodynamic parameters such as AG?, AH?, and AS°
for the process were calculated from Langmuir constants. The
pseudo-second order model is the most satisfactory in describ-
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ing the adsorption kinetics of bromide on CLDH. E;, value was
calculated to be 79.9 kJ/mol, using the kinetic data, indicating
that the process of bromide removal is controlled by the reaction
rate of bromide with the CLDH rather than diffusion.
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