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ABSTRACT

The industrial applications of layered double hydroxides (LDH) in sorption processes have been,
in certain cases, limited by nanometric/micrometric-sized particles. Herein, eco-friendly beads
were prepared by encapsulating hydrotalcite into an alginate matrix in accordance with a gelation
method using multivalent ions to avoid blocking the column membrane, for which a hydrotalcite
with a different ratio of Mg/Al was synthesized. The analysis of sorption kinetics and isotherms
in a batch reactor was performed for Methyl orange (MO) elimination. The LDH powder was ana-
lyzed before and after MO sorption by means of DRX and FIRT in order to confirm its structure
and better understand the MO sorption mechanism. Results proved that hydrotalcite and hybrid
hydrotalcite/alginate beads removed MO efficiently. However, the encapsulation process slightly
decreased sorption capacity in the batch system and it was demonstrated that diffusion coeffi-
cients depended on bead size. Packed column experiments were also conducted, and the influence
of flow rate and initial dye concentration on breakthrough curves were examined and simulated.
The diffusion mechanism appeared to be a limiting factor within a dynamic system since the sorp-
tion capacity drastically declined, and the best fit to the experimental results was achieved by a

diffusional model based on Fick’s Second Law.

Keywords: Layered double hydroxides; Hybrid alginate beads; Methyl orange; Sorption; Diffusion
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1. Introduction

Because of the effect contaminated water can directly
have on human health, adsorption is considered one of the
most attractive technologies for eliminating pollutants from
sewage. As a result, considerable effort has been devoted
to developing effective methods of removing heavy metals
[1], dye pollutants [2-6], and other organic pollutants [7]
from wastewater.

Layered double hydroxides (LDHs) or hydrotal-
cite-like materials [8], as represented by the general formula
[M}* MZ(OH),[*'[A™, -zH 0], are easily produced using low-

cost processes such as the co-precipitation technique. Their

* Corresponding author.

versatility in chemical compositions and physicochemical
properties offer a wide array of applications in (photo)catal-
ysis [9], anion sorption [10], and biological/pharmaceutical
fields [8]. Among these materials, the Mg/Al LDH corre-
sponds to a natural hydrotalcite and possesses a favorable
sorption capacity for anions [11]. Despite this, industrial
applications remain limited by the nanometric/micromet-
ric-sized particle, and thus, different granulation techniques
have become essential in LDH application. Among these
methods, encapsulation is an economical and mild pro-
cess, whereby the designated material is confined within a
hydrogel to obtain millimetric granular hybrid beads.

The annual expenditure involved in industrial waste-
water treatment is more than several billion dollars, and
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compared to other methods of wastewater purification, the
cost of the adsorption technique is relatively low, especially
for alginate application [12-14]. Alginate is an eco-friendly
biopolymer that has already been somewhat in wastewa-
ter treatment [15] with easily reproducible efficacy [13]. To
take advantage of these benefits, in this work, eco-friendly
hybrid hydrogel beads were prepared by means of encap-
sulating Mg/Al LDH into an alginate matrix via a simple
gelation method with multivalent ions. Among the many
sources of pollution, dyes, such as Methyl orange and meth-
ylene blue, pose a particularly great threat to the environ-
ment. High concentrations of dye have been recognized
for their impact on human and animal health [16]. Hence,
Methyl orange (MO) a dye introduced as a probe molecule in
sorption and catalysis studies, was chosen as the anionic spe-
cies for this work. Sorption kinetics and isotherms in batch
systems were studied to yield an in-depth understanding
of Methyl orange sorption characteristics. Continuous flow
conditions have been commonly used in industrial waste-
water treatment due to their simplicity, ease of application,
handling, and regeneration capacity while packed column
experiments have also been carried out, and the influence
of operational process parameters (i.e., flow rate and initial
dye concentration) on breakthrough curves examined and
simulated.

2. Materials and methods
2.1. Hydrotalcite-like materials

The hydrotalcite materials (LDHs) were synthesized
by following a co-precipitation method [17] with NaOH/
Na,CO,, using Mg(NO,),6H,0 and AI(NO,),,9H,0 as the
starting chemicals. The discrete 1:1 to 4:1 molar ratio of Mg/
Al was prepared by varying the precursor’s quantity and
then labeling it as L1 to L4. Calcination was performed in
an electric furnace at 550°C for 4 h. The crystalline struc-
tures before and after sorption were determined by X-ray
diffraction (XRD) recorded on a Siemens D5000 X-ray pow-
der diffractometer (CuKa radiation = 1.5418 A; 26 = 5°-70°).
Fourier-transform infrared (FTIR) spectroscopy was con-
ducted using a PerkinElmer Spectrum 65 in order to identify
the functional groups present in the samples. The substance
was finely ground and dispersed into KBr powder pressed
pellets, and absorbance data was obtained over a range of
wavenumbers from 4,000 to 400 cm™. Scanning electron
microscopy (SEM) analysis of calcined and uncalcined LDH
was conducted on a Philips XL 30 device using an acceler-
ation voltage of 10 kV. Zeta potentials were measured in
triplicate on a zeta photometer IV (CAD Instruments).

2.2. Hybrid beads

Hybrid beads were prepared using an ionic gelation
method [18]. Hydrotalcite (LDH) (1% w/w) was dispersed
in 100 mL of Milli-Q water, before an alginate suspension
(medium viscosity) (1% w/w; V = 100 mL) was added, and
the mixture (200 mL) was stirred for 2 h. The homoge-
neous mixture was forced through a micropipette tip by a
peristaltic pump, and the resulting droplets were collected
in a stirred reservoir containing 200 mL of 0.1 M CaCl,.

Two different bead sizes were obtained by modifying the
end disposable tip diameter. After 24 h, the beads were fil-
tered, washed several times with Milli-Q water and used
immediately after preparation.

Apparent bead volumes and densities were measured
by the volumetric displacement method and pycnometry
(AccuPyc 1330 pycnometer), respectively. The shape of the
hybrid beads was observed using a Motic BA200 digital
camera attached to a Nikon optical microscope, and bead
size was recorded by running Image] software. Composite
beads were dried at 40°C until achieving a constant weight,
and from there the experimental water content could be
calculated.

2.3. Sorption experiments

Nonlinear regression analysis was performed using
the STATISTICA 6.0 software package and suitability was
assessed on the basis of correlation coefficient (R?).

Methyl orange is an anionic dye within the pH range
of this study, for which a stock solution of Methyl orange
(abbreviated MO) was prepared in Milli-Q water, stored in
the dark at 4°C until it was required and was used without
further purification.

Kinetic studies in a batch system of the following were
conducted at room temperature and without pH adjust-
ment (pH = 5.5) by shaking: (i) 2.0 + 0.1 g of hybrid beads;
or (i) 0.1 + 0.01 g of powder hydrotalcite-like materials
(LDHs), each with 100 mL of a solution containing MO (200
and 400 mg L) at 200 rpm on a mechanical shaker (KS 501
digital - IKA). The samples were then withdrawn from the
shaker at intervals ranging from 0 to 1,440 min. Residual
MO concentrations were determined by UV-Visible spec-
trophotometry (VARIAN Cary UV) at 465 nm after filtra-
tion through a 0.45 um membrane. Isotherms were deter-
mined at ambient temperature by shaking the materials
(2.0 + 0.1 g beads or 0.1 + 0.01 g LDH powder) for 24 h
in 100 mL of a solution containing MO (0-1,000 mg L™).
Residual MO concentrations were identified in a manner as
described in the kinetic study.

The continuous-flow experiments were carried out
in a packed-bed reactor. The packed column has an inner
diameter of 2.5 cm and a length of 30 cm and MO solu-
tions were passed continuously and vertically through the
column using a peristaltic pump, whose constant flow rate
was frequently checked over the course of the experiments.
Various sets of experiments were conducted to distinguish
the effects of changes in concentration (5, 7.5, and 10 mg L)
and influent flow rate (0.015, 0.025, and 0.05 L h™). Samples
from the column outlet were regularly collected by a pro-
grammed fraction collector and then analyzed by spectro-
photometry at 465 nm.

3. Results and discussion
3.1. Hydrotalcite: characteristics and sorption properties

A preliminary survey was conducted regarding the
sorption properties of hydrotalcite-like materials with an
Mg/Al ratio varying from 1:1 to 4:1 (L1 to L4). Subsequently,
the Langmuir model [Eq. (1)] was used to fit the experi-
mental isotherm data:
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where g, q,, and C, represent the MO adsorbed at equilib-
rium (mg g7), the maximum adsorption capacity (mg g™),
and the MO concentration in solution at equilibrium
(mg L), respectively, while K, corresponds to the Langmuir
constant (L mg™).

The sorption capacity rose from 587 to 822 mg g ' as
the Mg/Al ratio increased from 1:1 to 4:1 (as shown in Fig. 1
and Table 1). A similar evaluation was reported in previous
work [19] for phosphate adsorption onto Mg/Al LDH, with
the ability for phosphate adsorption increasing from 53.39
to 81.83 mg g as the Mg/Al molar ratio rose from 2 to 4
[19]. This assumption was likely supported by the varia-
tion in zeta potential vs. molar ratio. For each molar ratio,
the positive zeta potential, which favored the sorption of
anionic species, was observed to be 3 mV (L1), 4 mV (L2)
and 25 mV (L3, L4), respectively. Typically, calcination does
not significantly influence zeta potential (22 for CLDH),
thus, based on the results obtained, an Mg/Al ratio = 3
(i.e., L3) was selected for the hybrid bead syntheses.

The LDH structure was then examined by means of XRD
(Fig. 2a). The patterns revealed sharp and symmetrical reflec-
tionsat20=11.2°,22.9°, and 34.6°, which were ascribed to the
diffraction planes (003), (006), and (009) [20,21]. The lattice
parameters for L3 were calculated for a hexagonal unit cell
on the basis of the rhombohedral 3R1 structure. Parameter
a [20] (0.35 nm = 2d , ) is correlated with the cation—cat-
ion distance within the brucite-like layer, while parameter
¢ (241 nm = 3d,,) is correlated with the brucite-like layer
thickness and the interlayer distance [20]. From this assess-
ment, an interlayer free spacing was calculated by subtract-
ing the brucite sheet thickness (0.480 nm) from the basal
spacing d ., yielding a distance of 0.324 nm [20]. The aver-
age crystallite sizes, upon applying the Debye—Scherrer rela-
tionship, were 6.8 nm (003) and 17.6 nm (110). Subsequently,
the basal spacings d(003) for L1 to L4 were determined to be

900

increasing from 7.69 to 8.04 A over the range of Mg/Al ratios
from 1 to 4. Moreover, the interlayer free spacing increased
from 0.289 to 0.324 nm, that is, a change similar to that of
the values observed earlier [22]. This additional interlayer
spacing may correspond to another factor explaining the
increase in sorption capacity with Mg/Al ratio. Notably, the
d(003) of L3 increased from 8.04 to 8.12 A after MO sorption,
while the interlayer spacing changed from 0.324 to 0.332 nm,
which was considered to be due to some MO ions being
intercalated into the LDH interlayer by anion exchange with
COZ [23]. Calcination led to the formation of mixed oxides
as instanced when the layered structure disappeared after
calcination [20], so the (200) and (220) reflections could be
attributed to the mixed cubic MgO-like oxide [21]. However,
the DRX patterns of CLDH after MO sorption became iden-
tical with those of L3. Consequently, it may be claimed that
after calcination, the mixed oxides in solution were revers-
ibly transformed back into the original double-layer struc-
ture, demonstrating the “memory effect” or “reconstruction
procedure” [24].

The hydrotalcite structure of L3 was also corroborated
by FTIR (Fig. 2b). The vibrations at 3,420 and 1,650 cm™ were
assigned to the (OH) and d(OH) modes, respectively [25,26].
The presence of carbonate was highlighted by the bands
at 1,385; 665 and 870 cm™ [25,26], while the bands close
to 555 and 450 cm™ were attributed to AI-OH and AlOY,

Table 1
Isotherm studies. Langmuir parameters for L1 to L4 and LDH
after calcination

9o (Mg.g o)

Material q, (mgg™) K, x10* (L mg™) R?
L1 587 + 215 02+0.1 0.98
L2 760 + 147 0.3+0.1 0.98
L3 827 + 62 1.8+0.3 0098
L4 822 + 68 2.7+0.5 0.99
CLDH 598 + 116 0.3+0.1 0.98

A L4

= L3

® |2

+ CLDH

* L1

— Langmuir

0 100 200 300
Ce(mg.L™)

400 500 600

Fig. 1. Adsorption isotherms curves and Langmuir model parameters of Methyl orange. Operating conditions: ambient temperature;
t=24h;m=0.1+0.01g; [MO] =0-1,000 mg L'; V=100 mL. 1, 2, 3, 4 are corresponding to the Mg/Al ratio and CLDH to the calcined
L3 material. The solid lines represent the fits with the Langmuir model.
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Fig. 2. [a] X-ray diffraction patterns of L1 to L4 and CLDH before and after MO sorption and [b] FTIR spectra (a) L3; (b) after Methyl

orange sorption onto L3.

respectively [21]. The sorption of MO was suggested by the
bands at 1,180; 1,115 and 995 cm™ (Fig. 3b). The weak inten-
sities of these bands across the FTIR spectrum were ascribed
to the low MO concentration on the external surface of L3.
The SEM analysis provided further evidence of the LDH
structure (Fig. 3), and Fig. 3a confirms its sheet structure.
After calcination (Fig. 3b), it became amorphous (as implied
by the disappearance of the LDH structure) and more
porous, which is in agreement with the results obtained by
Lin et al. [27].

Fig. 1 shows that the calcination of LDH decreases their
sorption capacity for MO, perhaps as a result of the disap-
pearance of ion exchange sites between LDH interlayers.
The MO sorption mechanism on LDH was probably imple-
mented by the ion exchange between MO and COZ/OH™ [23]
as, after calcination, the amount of carbonate decreased,
causing a drop in sorption capacity. A similar observation
was obtained in an earlier study [28] for the phosphate sorp-
tion by LDH wherein after calcination, sorption capacity
decreased from 45.3 to 11.5 mg g™

3.2. Hybrid beads: sorption properties in batch systems

Spherical hybrid hydrotalcite (L3)/alginate beads
(denoted by HHB_, ) were prepared using two different end
disposable tips. The average diameters of the beads pro-
duced from these tips were 2.9 and 4.6 mm, with a density
of 1.01 g cm™ and experimental water content of 96%.

Kinetic studies, along with a set of experiments, were
completed in order to explore the effect of various operat-
ing conditions: encapsulation; initial concentration; contact
time; and bead size. The reaction equilibrium was reached
at 8-10 h and results were in good agreement with a
pseudo-second-order model as below:

2k t
g, = . q.%; @)
+ qekzt

where g, represents the amount of pollutant adsorbed at
equilibrium (mg g™), g, the amount of pollutant adsorbed
at time t (mg g'), and k, the pseudo-second-order rate



L. Zhao et al. / Desalination and Water Treatment 237 (2021) 241-250

constant (g mg™ min™). The sorption parameters appeared
to be dependent on both initial concentration and bead
size (Table 2).

Sorption implies that the reaction has occurred in the
presence of a diffusion mechanism at the hydrotalcite sur-
face. Effective diffusion coefficients (D) could be obtained
from experimental data according to the procedure given
by Reichenberg [29]:

0 2.2
F (t)—qt—l—iZ;exp(—”R’I Det] @)

By means of Fourier transform application and integra-
tion, Reichenberg derived the following approximation for
F(t) <0.85:

(1) |
Bl

B-t=|n— @

which features the substitution B = Dy(nz/Rf,), where R, is
the bead radius (m), and D, is the diffusion coefficients.
From Eq. (3), g, and g, represent the amounts of pollutant
adsorbed at equilibrium and at time t (mg g™), respectively.

Dat WD b——

S5E 102

5

Fig. 3. SEM analyses for L3 before (a) and after calcination (b).

Table 2
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The plots of Bt vs. time are shown in Fig. 4, whose lin-
earity and zero Y-intercept value indicate that the mass
transfer process was controlled by internal diffusion [29].

The diffusion coefficient, as determined under various
conditions, is presented in Table 2. A significant increase
in both the diffusion coefficient and kinetic constant was
observed with the use of a larger bead size. This finding can
be explained by the greater amount of water in the 4.6 mm
beads than as contained in the 2.9mm beads, with a hydro-
gel whose properties are very similar to those of water. The
diffusion coefficient in water is normally greater than that
of hydrogel and as per previous work [30], this property
of vitamin B,, in water was shown to be between twice or
three times greater than as in alginate gel. Furthermore,
the kinetic constant decreased significantly upon encapsu-
lation, an observation that was concluded to be due to the
presence of alginate gel, which could potentially limit the
contact between MO and LDH inside the beads.

In accordance with previous kinetic studies, the equi-
librium time adopted for the isotherms was set at 24 h.
The analysis of equilibrium isotherms was critical and the
data obtained with HHB provided an adequate fit with the
Langmuir model. In contrast, no MO sorption was observed
when alginate beads (AB) were used (Table 3), hence, the
sorption property was only associated with LDH inside the
beads and the sorption parameters were applied to the LDH
mass inside the hydrogel.

Det wp F——m
SE 100

AccY  Spot Magn

V 36 1500x

20 um

Spherical hybrid hydrotalcite (L3)/alginate beads. Kinetic studies in batch systems: pseudo-second-order and homogeneous

diffusion coefficients

Pseudo-second-order Reichenberg
Materials C (mgL?) k, (g mg™ min™) R? D, (m?s™) R?
L3 400 (54+1.1)=x10* 0.98 n.d. n.d.
HHB, 400 (1.5+04) x 10° 0.99 (2.6 +0.2) x 101 0.96
HHB,, 200 (34£0.8) x 107 0.98 (1.0 £0.1) x 101 0.99
HHB, 400 (1.1+0.2) x 10+ 0.98 (8.9+0.2) x 10 0.98
HHB, , 200 (5.6 +0.9) x 10° 0.99 (2.6+0.1) x 101 0.97

HHB: Spherical hybrid hydrotalcite (L3)/alginate beads. 2.9 and 4.6 are the diameter (mm) of the spherical beads;
m=2.0=0.1g; [MO] =200, 400 mg L*; V=100 mL; T = ambient; = 0-24 h.
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Fig. 4. Homogeneous diffusion coefficients determination. The solid lines represent the fits with the Reichenberg equation.

This result showed that sorption capacity decreases
with encapsulation (Table 3). As with the kinetic studies,
alginate gel limits MO dispersion and MO molecules can-
not access the entire reactive surface of LDH nanoparticles.
The Langmuir constant decreases slightly with bead size,
a possible cause being that the smaller beads allowing for
solute diffusion on a larger fraction of the three-dimen-
sional gel, particularly in the middle of the bead. To better
understand the sorption mechanism in both LDH and HHB,
a mechanism diagram is presented in Fig. 5. MO sorption
on LDH was achieved by an anion exchange between the
MO molecule and CO;*, along with the external surface
sorption on LDH [23]. For HHB, sorption was initiated by
MO molecule diffusion in the alginate gel and then fixed by
LDH inside the beads.

The maximum removal efficiency towards MO with
some of the materials studied in the literature is compared
in Table 4 [31-36], and this capability was much higher in L3
and HHB than in the organic-inorganic composite. Among
the hydrotalcite-like materials, L3 (Mg/AILDH) appears
to be one of the best materials for removing MO.

3.3. Hybrid beads: sorption properties in a dynamic system

HHB, , was used in packed bed columns, for which the
breakthrough curves are plotted in Fig. 6. The effects of
two variables, the superficial velocity via flow rate modi-
fication (0.015, 0.025, and 0.05 L h™; Fig. 6a), and MO con-
centration (5, 7.5, and 10 mg L7; Fig. 6b), were investigated,
while the experimental sorption capacity or adsorbed MO
quantity g, was calculated by using Eq. (5):

t=total C
0oy =QC, j [1 —C’jdt )

t=0 0

As shown in Fig. 6a, the breakthrough curves become
steeper with increasing flow rate, while a decrease in flow
rate from 0.1 to 0.03 m h™! increases sorption capacity from
12.8 to 184 mg g (Table 5). These improvements were

Table 3
Isotherm studies. Langmuir parameters for alginate beads (AB),
L3 and HHB

Material q,(mgg™) K, x10* (Lmg™) R?
L1 587 £ 215 02+0.1 0.98
L2 760 + 147 03+0.1 0.98
L3 827 + 62 1.8+0.3 0098
L4 822 + 68 2.7+05 0.99
AB 0 n.d. n.d.
HHB, 766 + 42 0.6+0.1 0.99
HHB 753 +45 05+0.1 0.99

4.6

possible due to the longer contact time between adsorbate
and adsorbent, behavior that could be explained by the fact
that sorption was affected by solute residence time in the
column, solute diffusion into the pores, and limited access
to the active sites.

As expected, increasing the initial MO concentration
from 5 to 10 mg L™ raised the sorption capacity g, from
14.5 to 38 mg g (Table 5), a trend that matches sorption in
batch systems, where sorption capacity increased from 18
to 37 mg g™ across the same range of MO concentrations.
This trend was also confirmed by results recorded in litera-
ture [37].

The Thomas model [Eq. (6)] was then used to describe
the breakthrough curves. This model relies on the Langmuir
isotherm for equilibrium and second-order reversible reac-
tion kinetics. It assumes a constant separation factor but
is applicable under both favorable and unfavorable sorp-
tion conditions, thus being suitable for sorption processes
devoid of external and internal diffusion limitations.

== ©)
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In Eq. (6), k, is the Thomas rate constant (mL h™ mg™),
g, the equilibrium uptake capacity (mg g'), m the mass
of sorbent packed in the column (g), and Q the volumet-
ric flow rate (L h™). C and C, are the MO concentrations
(mg L) in the effluent and influent at time ¢ (h), respec-
tively. Table 5 lists the calculated Thomas constants from
the experimental data.

These results suggest that better column sorption is the
result of a higher MO concentration (C,) but with a lower
feed flow rate (u). The adsorbed quantity in the column
was lower than the values predicted by sorption isotherms,
which was conjectured to be caused by an equilibrium not
being reached in the fixed-bed reactor.

The comparison between capacities determined by the
Thomas model (g,) and calculated capacities (. revealed
a poor description of some experiments (Table 5). From

a
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Table 4
Comparison of sorption maximum capacities of various adsor-
bents for MO

Brucitic sheet

MO —,
MO diffusion in alginate gel -
— MO

MO —

; MO
MO — yng

Fig. 5. MO sorption mechanism on (a) LDH [19] and (b) HHB.
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Materials Maximum capacity ~Reference
(mg &™)
Activated carbon 217 [31]
MgO/chitosan composite 60 [32]
LDH Ni/Fe 206 [33]
LDH Zn/Al calcined 200 [34]
LDH Co/Fe 1219 [35]
v-Fe,O,/Carbon/Chitosan 61-66 [36]
L3 827 This study
HHB,, 766 This study
MO molecule
Interlayer
spacing

—
mechanisms a

5
QE
g
o

o :5mglL’ |

: o :75mglL!

3 & :10mglL” |

0 100 200 300 400 500

Time (hours)

Fig. 6. Experimental and simulated (solid lines) breakthrough curves. [a] Influence of flow rate and [b] influence of initial Methyl
orange concentration. The simulated curves were calculated from the Thomas model.
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this observation, a simple diffusional equation, based on
Fick’s Second Law and previously employed to model dif-
fusion processes in biopolymeric networks [38], was used
to derive Eq. (7), which predicts how diffusion causes the
concentration to change over time. For simple geometri-
cal cases (spheres in our case), the equation is modified
to become Eq. (8):

9, =4, (1-bexp(-k-t)) @)
With

t Ct
%=QC, Iil —Co]df @®)

where g, is the sorption capacity at time ¢ obtained by inte-
grating the experimental breakthrough curves with respect
to time (mg gv), g, the sorption capacity at equilibrium
(mg g™), k the mass transfer coefficient (m h™), and b a coef-
ficient based on experimental conditions.

The Fick’s Law model yielded good predictive ability for
the breakthrough curves, as illustrated by the goodness-of-fit
between the model and experimental data (Fig. 7, Table 5).

Table 5

L. Zhao et al. / Desalination and Water Treatment 237 (2021) 241-250

However, Fick’s Law does seem to overestimate the sorp-
tion capacities at equilibrium. Even so, the concentration
affected sorption capacity as shown where the breakthrough
curve did not significantly change with initial concentration
since the adsorbed amount increased linearly in the range
of the concentrations used. The low flow rate resulted in
improved reactor performance thanks to the increased solu-
tion residence time within the column.

4. Conclusion

This work has explored the sorption capabilities of Mg/
Al powder LDH and the LDH trapped in alginate beads
towards anionic species (the exemplar in this study being
Methyl orange, MO). Results have shown that the MO
removal efficiency of the LDH powder and hybrid beads
is quite high. The sorption capacity increased with Mg/
Al molar ratio due to a widening of the LDH interlayer
space, but decreased after calcination of LDH, a result of
disappearing ion-exchange sites. Encapsulation in a hydro-
gel matrix implies that the sorption reaction occurs in the
presence of a diffusion mechanism. diffusion coefficients
were determined by following the procedure detailed by
Reichenberg and were found to depend on both the beads’
concentration and their size. Bead encapsulation was shown

Column data with Thomas and Fick models parameters for MO sorption on the hybrid hydrotalcite beads with a diameter of

2.9 mm (HHB,,) and height of 0.15 m under different conditions

Thomas model

Diffusional equation: Fick model

u(mh?) C (mgL") g, (mgg") 4, mgg") q,(mgg) k x10° R? q, (mgg™) kx10° b R
(Lh™ mg™) (m h")
0.1 5 12.8 18+3 11.6+1.0 250+0.07 0.972 15.8+0.1 12.0+0.1 098 +0.01 0.999
0.05 5 145 18+3 135406 121+003 0981 184+0.1 528+005 098=0.01 0.999
0.03 5 18.4 18+3 17503 137+004 0938 21.7+02 3.56+0.06 0.98=0.01 0.999
0.05 75 29.7 28+4 191+1.1 076+003 0965 269+04 535+0.18 1.00+0.01 0.995
0.05 10 38 37+6 354+1.1 056+0.02 0981 41.6+05 529+0.16 1.00+0.01 0.995
1 50
o [b]
= 40
" E
§ 2
€ © 30
< 2
& 0
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O il =
: D" m.h I5 10 =
o :0.05mh’ ﬁ L F i
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Fig. 7. Experimental and simulated (solid lines) fixed bed sorption capacities vs. time. [a] Influence of flow rate and [b] influence of
initial Methyl orange concentration. The simulated curves were calculated from the diffusional model based on Fick’s law.
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to decrease the kinetic constant and sorption capacity. MO
can be entirely eliminated in a continuous system since
results demonstrated that the lower flow rate and higher
initial MO concentration led to greater sorption in the col-
umn. The diffusion mechanism appears to be a limiting
factor in a dynamic system since the sorption capacity was
drastically diminished by comparison, and the best fit to
experimental results was achieved by a diffusional model
based on Fick’s Second Law.
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