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Inorder to evaluate the electrocatalytic properties, Mg/Al and Mg/Ca/Al hydrotalcite-like materials (LDHs)
and their corresponding mixed oxide were immersed in a carbon paste electrode matrix to obtain the
so-called modified carbon paste electrode (MCPE). Previous to preparation of MCPE, LDH materials were
characterized by different techniques, as XRD, FTIR and BET analysis. The electrochemical response of
the electrodes was characterized in neutral conditions using reactive blue 69 dye as a probe molecule.
Linear sweep voltammetry (LSV), cyclic voltammetry (CV), multi-sweep cyclic voltammetry (MSCV) and
open circuit potential transient techniques were employed. Different current magnitudes in the oxygen
evolution reaction (OER) were found as a function of thermal treatment and supporting electrolyte (pH).
On the other hand, in a solution containing 250 ppm of the probe molecule at neutral pH, peaks attributed
to blue 69 oxidation were found at ca. 0.65 and 0.95 V/SCE. The presence of calcium, as additional divalent
cation, and the rehydration of the mixed oxide, due to memory effect, have a positive performance,
increasing the magnitude of the electrocatalytic process.
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1. Introduction

Layered double hydroxides (LDHs) belong to the anionic clay
family or the hydrotalcite-like compounds. These materials have
been discovered in Sweden in 1842 [1], but majority of LDHs actu-
ally used are obtained by synthesis. LDHs result of the association of
divalent and trivalent metallic cations placed in the center of octa-
hedral structures. On the edges, hydroxyl groups are placed. Those
octahedral arrangements are joined to form a lamellar structure
consisting of brucite-like layers and compensating anions situated
in the interlayer space [2]. Hydrotalcite-like compounds can be
represented by the general formula:

(M MY OH), " (A1 | mHz0
where x varies from 0.1 to 0.34 [3].

Two of the most important properties of layered double hydrox-
ides are memory effect and anion exchange. In the first one, lamellar
structure of LDH is generally stable until 250 °C. Up to this temper-
ature, water physisorbed in the interlayer space is eliminated and
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the dehydroxilation of the layers and compensation anions decom-
position occurs [4]. Since LDH follows a thermal treatment up to
800 °C, periclase (Mg0O) and spinel (MgAl,04) crystalline structures
are identified. In the range of 450-600 °C, mixed oxide can be rehy-
drated to recover the original lamellar structure, as a function of the
chemical composition [1]. This property is called “memory effect”
and it is usually carried out in vapor phase or in aqueous solution
[5]. In the second one, LDH materials present high anionic exchange
capacity (2-5 meq/g)[2], which allows their application in different
fields. For example, they can substitute anionic exchange resins for
the water purification as trap of nitrates, chlorides or phosphates,
but also as adsorbents of heavy metals and radioactive elements.

In catalysis, hydrotalcite-like compounds have been tested in
several reactions such as epoxydation, aldol and Knoevenagel
condensations, halide exchanges, Michael additions, reduction of
aldehydes and ketones by hydrogen transfer from alcohols and
transesterification reactions, among others [6-8]. After calcination
of LDH, mixed oxide are obtained, which are basic solids. More-
over, the preparation of multi-metallic LDHs and their acid-base
properties have been widely studied [5,9-11].

Apart from catalysis, LDHs have applications in the very varied
domains such as adsorbents, medicaments (anti-acids), additives in
the cosmetic and pneumatics industries, PVC stabilizers, corrosion
inhibitors and flame retardants [1].
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Table 1
Chemical composition in wt.%, formula, molar ratio and surface area of the solids.

195

Sample Chemical composition (wt.%) Formula Molar ratio MM Sper? (mM2/g)
Mg Ca Al N C Solution Solid

Mg/Al-HT 21.18 0 7.98 2.12 0.22 Mgo740Al0251(OH)2(NO3 )0.130(CO3 o016 3 2.98 216

Mg/Ca/Al—l-[T 16.28 1.07 11.48 2.74 0.54 Mg0_597 Cag>024A10_37g(0H )2(N03 )0_174(CO3 )0_040 3 1.64 155

3 The surface areas were determined on the mixed oxide samples.

In this context, mesoporous materials [12], and layered dou-
ble hydroxides prepared by different synthesis methods, as well
as various chemical compositions [13], have been employed in
the preparation of modified electrodes. These last materials have
been also applied as electrochemical sensors, owing to their
anionic exchange capacity to oxidize organic molecules by metal-
lic complexes or surfactants inside the lamellar structure [14,15].
Idemura et al. [16] achieved the reduction of ferrate(Ill) ions
and ligand-exchange during an intercalation process on Mg-Al
hydrotalcite-like materials.

Furthermore, it was found that current observed in a clay-
modified electrode depends on the porosity, nature, number and
activity of the reactive sites [17]. Scavetta et al. [18-20] showed
that the electronic conductivity in Ni/Al HDT-like materials can
occur due to a complex mechanism involving an “electron hopping”
along the layers, which can be attributed to: (i) an inner redox reac-
tion between oxidized and reduced forms of the M!'/M! couple
and (ii) a migration of anions inside the interlayers to compen-
sate the positive extra-charge. This mechanism depends only on
the OH~ desolvation and the adsorption process onto the electrode
surface.

In this context, the treatment of wastewater-containing dye
compounds is a technological challenge because their catalytic
oxidation (treatment more commonly employed) presents some
disadvantages. It is well known that the main pollution problem
by dyes is their capacity of assimilation-adsorption in water, using
ordinary process, causing photosynthesis modification for flora. On
the other hand, dye compounds used in textile industry are highly
soluble in water, and they show high resistance to the action of
chemical agents.

Therefore, an alternative environmental method for the elim-
ination of these pollutants is the so-called advanced oxidation
processes (AOPs). AOP is a promising method for the treatment of
water contaminated with organic non-biodegradable compounds
[21-25].

Azo-dye blue 69 is a synthetic colorant used and wasted by tex-
tile industry. This compound shows two main absorbance peaks in
the UV-vis region: (i) aromatic ring at 320 nm and (ii) color absorp-
tion at 605 nm [26,27]. The main conjugated structures in the blue
69 molecule are the azo group, the benzene and the naphthalene
rings; due to the presence of the anion SO3~ linked to the naphtha-
lene rings, it can be used as a supporting electrolyte. The structure
of the molecule is presented in Fig. 1.

In this study, the electrocatalytic response on MCPE with Mg/Al
and Mg/Ca/Al hydrotalcite-like materials was evaluated during
the electrochemical oxidation of azo-dye blue 69. Electro- and
physico-chemical techniques were used to correlate the obtained
results.

Br

Vs
N e = XD
o NaSOj

H o

H
NaSQ,

Fig. 1. Chemical structure of dye blue 69.

2. Experimental
2.1. Material preparation

Layered double hydroxides (LDHs), with different M!/M!! molar
ratios were prepared by coprecipitation method at pH 10 of suitable
amounts of Mg(NOs),-6H,0, Al(NO3)3-6H,0 and Ca(NOs),-4H,0
(Aldrich, 99.99%, USA) with a 2.0 M solution of NaOH (Aldrich, 99%).
The addition of the alkaline solution and pH were controlled by
a pH-STAT Tritando apparatus (Metrohm, Switzerland). The sus-
pension was stirred overnight at 80°C, and then the solid was
separated by centrifugation, rinsed thoroughly with distilled water
(Na<100ppm), and dried overnight at 80 °C. The LDHs were heat-
activated in air flow at 450°C for 4h (heating rate: 2°C/min) to
yield the M!(M'"YO mixed oxide. Samples were labeled as Mg/Al-
HT, Mg/Ca/Al-HT, for the layered double hydroxides and Mg/Al-Ox
and Mg/Ca/Al-0x, for the corresponding mixed oxide solids.

2.2. Electrode preparation

Modified carbon paste electrodes (MCPEs) were prepared mix-
ing graphite powder (Alfa Aesar, 99.9995%, USA), silicon oil
(Aldrich) and the corresponding LDH at 20 wt.%. Then, the mixture
was mechanically homogenized and inserted in a 2 mm diameter
cylinder (0.0314 cm?). The surface contact on the MCPE was made
with a platinum wire.

2.3. XRD, IR and BET analyses

Chemical analysis of the samples as prepared was performed
at the Service Central d’Analyse du CNRS (Solaize, France). XRD
patterns of the samples, as prepared or calcined at 450°C, were
recorded on a D8 Focus Bruker AXS instrument using Cu-Ka1 radi-
ation (A=1.542A, 35kV, and 25mA). N, sorption experiments at
77 K were carried out on samples previously calcined at 450 °C and
outgassed at 280°C (10 —4Pa), with a Micromeritics ASAP 2000
instrument. Specific surface areas were calculated using the BET
method. Absorption/transmission IR spectra were run at RT on a
Magna-IR Nicolet 750 spectrophotometer, working in the range of
wavenumbers 4000-400cm~! at a resolution of 4cm~! (number
of scans 64).

2.4. Electrochemical measurements

Electrochemical characterization was performed in a conven-
tional three-electrode cell. Carbon rod and saturated calomel
electrode (SCE) served as counter and reference electrodes, respec-
tively. Electrochemical techniques, such as cyclic voltammetry
(CV), linear sweep voltammetry (LSV), multi-sweep cyclic voltam-
metry (MSCV) and transient open circuit potential, were employed
using a Potentiostat-Galvanostat (Autolab PGSTAT30-2, Switzer-
land). Distilled water-solution of blue 69 was used as supporting
electrolyte and probe molecule. The electrode was immersed into
the solution until the open circuit potential (Egcp) was stable. Prior
to use, the solution was purged with argon for at least 15 min.
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Fig. 2. X-ray diffraction patterns of solids: (a) Mg/Al-HT, (b) Mg/Ca/Al-HT, (c) Mg/Al-
0x, (d) Mg/Ca/Al-Ox.

The potential was scanned toward anodic direction from Egcp to
1.3 V/SCE at scan rate of 20mVs~1.

3. Results and discussion

3.1. Physico-chemical characterization of LDHSs previous to
preparation of MCPE

3.1.1. Chemical composition and textural properties

Chemical composition of synthesized hydrotalcite samples and
specific surface areas of the calcined solids are reported in Table 1.
The M!/M" molar ratio in sample Mg/Al-HT is very similar to that in
the nitrate solution used for coprecipitation. Although, molar ratio
of sample Mg/Ca/Al-HT was different in the solid to corresponding
initial solution, this variation could be attributed to pH synthesis
used during the precipitation step. It should be noted that inconsis-
tent results concerning this point are reported in the literature for
Ca-containing LDHs [28-30]. On one hand, Grover et al. [28] used
a pH of 10 for the LDHs synthesis with different molar ratios; they
mention that dissolution could happen due to changes of pH. On
the other hand, other authors indicate that only at pH of 11.5 Ca/Al
LDH material can be obtained [29,30]. In our case, a low portion
of calcium was precipitated, thus, a high quantity still remained
in solution. As a consequence, the Al content in the solid resulted
higher than expected.

3.1.2. X-ray diffraction

In Fig. 2a and b, all LDH samples showed XRD patterns typical of
hydrotalcite-like compounds (JCPDS card 22-0700). The reflections
observed are indexed as hexagonal lattices with R3m rhombohe-
dral symmetry, as is usual for LDH’s crystalline structure. It should
be noted that the (003) and (006) lines are broad and the (110)
and (113) lines are well defined in two LDH samples. For the
calcined solids (c and d), they present characteristic peaks corre-
sponding to the periclase phase of MgO (JCPDS file 04-0829), Mg/Al
and Mg/Ca/Al mixed oxide are formed, resulting from the collapse
of the layered structure.

3.1.3. Infrared spectroscopy

The FTIR spectra in the 4000-400cm~! region of the as-
synthesized Mg/AI-HT and Mg/Ca/Al-HT are shown in Fig. 3. For
Mg/Al-HT, the wide band at 3465 cm~! is assigned to the hydrogen-
bonding stretching vibrations of OH~ groups. This band can be
mainly attributed to the Al-OH bond, but it can be perturbed
by nearby Mg cations [31]. In the case of Mg/Ca/Al, this band is
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Fig. 3. FTIR spectra of hydrotalcite-like materials.

observed at 3480 cm~!. This shift can be due to the presence of Ca
ions in the brucite-like sheets. At lower wavenumbers, Mg/Al-HT
exhibits two main bands located at 1637 and 1384 cm~!. The first
band is due to the v-OH bending from water trapped in the inter-
layer region, whereas 1384cm~! band is assigned to the nitrate
v3 antisymmetric stretching modes. No appreciable changes were
noted in the band positions of Mg/Ca/Al-HT, since these bands are
observed at 1637 and 1382 cm~!. Finally, the region <1000 cm~!
gives information about lattice vibrations and M-OH stretching
and M-OH-M’ bending vibrations. Bands situated in this region
are sensible to compositional variations as observed for the 478
and 443 cm~! bands shown by Mg/AI-HT and Mg/Ca/Al-HT, respec-
tively.

3.2. Linear and cyclic voltammetry characteristics

Fig. 4 shows the i-E characteristics obtained during the
positive-negative going scan in a solution containing 250 ppm of
azo-dye blue 69 at scan rate of 20 mV/s for LDH samples (Fig. 4A),
and calcined samples (Fig. 4B, corresponding to M"'(M")O mixed
oxide). In this figure, profiles (a) represent the unmodified carbon
paste electrode (UCPE), whereas profiles (b) correspond to the mod-
ified carbon paste electrode (MCPE) with Mg/Al-HT and Mg/Al-Ox,
and (c) to Mg/Ca/Al-HT and Mg/Ca/Al-Ox.

These characteristics exhibit two anodic peaks at ca. 0.65 and
0.95 V/SCE and a cathodic peak at 0.55 V/SCE. The anodic processes
could be associated to oxidation in two different positions (i.e. at
the azo or aryl group) [26,27,32]. The low current magnitude in the
negative-going scan, corresponding to a reversible process, should
be due to the stability of the products formed at the interface during
oxidation.

The intensity of these anodic processes depends on the MCPE
nature and heat treatment. According to this, Mg/Ca/Al (profile c)
showed the major activity during the positive going scan. Moreover,
the current magnitude is more intense for the mixed oxide samples
(Fig. 4B-c). Therefore, for these samples in contact with colorant
aqueous solution, the LDH structure is recovered (memory effect)
trapping OH~ ions from water. At these conditions, colorant must
be adsorbed in the interlayer space due to the presence of -SO3~
species, generating and increasing current intensities associated
to oxidation reactions. Conversely, in HT samples, the adsorption
of colorant presents more kinetic-diffusion difficulties due to the
presence of NO3~ ions, making the oxidation process less intense.
This fact could be associated to low anion exchange ratio between
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Fig. 4. Cyclic voltammograms of blue 69 (250 ppm) (a) UCPE, (b) Mg/Al, (c) Mg/Ca/Al, (A) HT, (B) mixed oxide.

NO3~ and SO3~ at the electrode surface. It is also well known that
activation step in LHD materials by calcination and rehydration
increases anion exchange capacity as well as basic properties [5].
In this case, it should also be noted in Table 1 that Mg/Ca/Al has an
anion exchange capacity greater than Mg/Al sample in agreement
with electrochemical process described above.

In order to observe a possible effect of the supporting electrolyte
on the oxidation process described previously, similar experiments
were carried out with Mg/Ca/Al modified electrodes in 250 ppm
blue 69+ NaCl 0.1 M as electrolyte. The results are shown in Fig. 5
(Fig. 5A for HT and Fig. 5B for the corresponding mixed oxide
samples). In this figure, only the positive going scan is shown for
simplicity. As it is observed, the profiles exhibit similar character-
istics than those obtained in Fig. 4. However, the current intensity
in absence (profile a), is higher than in solution-containing NaCl
(profile b). This behavior could be associated to the nature and pref-
erence of exchange anions at the interlayer space, which is in the

order OH™ >F~>Cl~ >Br~ >NO3~ >1~ [2]. Therefore, the adsorption
in the interlayer space is dominated by Cl~ ions instead of blue 69
molecule. Based on these results, it can be suggested that the evo-
lution of electrochemical processes in blue 69-based solutions is
associated to: (i) nature of the UCPE, (ii) heat treatment and (iii)
supporting electrolyte.

In order to verify the results already discussed, experiments in
solutions free of colorant were performed. Fig. 6 presents the i-E
characteristics for MCPE in NaCl 0.1 mol/L as supporting electrolyte
for UCPE (profile a), Mg/Ca/Al-HT (profile b) and Mg/Ca/Al-Ox (pro-
file c) samples. It is interesting to observe that no peaks associated
to probe molecule interaction are evidenced, as expected. The pro-
files found in these characteristics are assigned to the oxygen
evolution reaction (OER) promoted by the OH~ ion concentration
and the nature (pH) of the supporting electrolyte as well as the
electrode in turn. Thus, at these conditions, Mg/Ca/Al-Ox electrode
presents higher catalytic activity toward OER than Mg/Ca/Al-HT
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Fig. 5. Linear voltammograms of blue 69 (250 ppm) (a) free of NaCl, (b) with 0.1 M NaCl, (A) Mg/Ca/Al-HT, (B) Mg/Ca/Al-Ox.
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Fig.6. Linear sweep voltammogramsin0.1 M NaCl, (a) UCPE, (b) MCPE Mg/Ca/Al-HT,
(c) MCPE Mg/Ca/Al-Ox.

sample, associated to the ionic charge transfer mechanism, which
depends only on the OH~ desolvation, and adsorption processes
onto the electrode-electrolyte interface [18-20], the UCPE showed
lower activity, as predictable.

3.3. Open circuit potential as a measure of surface state

The open circuit potential (Egcp) is a measurement without a
net current flow through the external circuit of electrochemical sys-
tems. It has been established as a sensitive and effective measure for
monitoring spontaneous phenomena at zero current occurring in
the electrode-electrolyte interface such as in metal corrosion [33],
for monitoring of cation exchange in electrodes modified with zeo-
lite [34] and for interfacial interactions of ionic species and gases
[34-36]. Therefore, temporal transients of open circuit potential
(Eocp-t) applied to the MCPE-solution interface could be a sensitive
resource for a major understanding on the behavior of electro-
chemical phenomena with regard to anionic exchange dynamics.
For such an approach, the OCP evolution for HT and mixed oxide
modified electrodes was monitored (Fig. 7). These measurements
were compared among NaCl (profile a), NaCl+blue 69 (profile b)
and blue 69 (profile c¢) solutions. The initial OCP in Mg/Ca/Al-Ox
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Fig. 7. OCP evolution versus the immersion time of MCPE, (A) Mg/Ca/Al-HT, (B)
Mg/Ca/Al-0x, (a) in 0.1 M NaCl, (b) 250 ppm of blue 69+0.1 M NaCl, (c) 250 ppm of
blue 69.

electrode (Fig. 7B) is more negative than HT sample, and the OCP
changes with the immersion time, until reaching a maximum. This
phenomenon is associated to the adsorption of anions during the
recovery structure (memory effect) of the LDH structure; while that
for HT sample, an ionic exchange occurs spontaneously between
anions of the supporting electrolyte nature: Cl=/OH~ (profile a),
Cl~/OH~/blue 69-SO3~ (profile b) and OH~/blue 69-SO3~ (profile
¢) and the NO3~ ions compensate the charge in HT sample; until
reaching thermodynamic potential.

3.4. Multi-sweep cyclic voltammetry (MSCV)

Fig. 8 shows the multi-sweep cyclic voltammetry profiles for
azo-dye based solution (400 ppm) at neutral pH for MCPE with
Mg/Ca/Al-HT (Fig. 8A) and Mg/Ca/Al-Ox (Fig. 8B). Notice that these
profiles are similar to those found by cyclic voltammetry (see Fig. 4).
The current magnitude in these characteristics decreases consider-
ably after the first cycle, indicating a strong adsorption of blue 69
on MCPE [37]. However, the current ratio is higher in the calcined
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Fig. 8. Multi-sweep cyclic voltammograms of blue 69 (400 ppm), electrode modified with (A) Mg/Ca/Al-HT, (B) Mg/Ca/Al-Ox. First scan is the red line and the last scan is the
blue line. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)
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sample (Mg/Ca/Al-Ox). Under these conditions, the probe molecule
interacts with the electrode interface in the first cycle. During the
interval of the immersion time, large quantities of azo-dye are oxi-
dized, becoming electrochemically accessible for charge transfer
redox reactions.

3.5. Effect of scan rate and blue 69 concentration

3.5.1. Scan rate

The analysis of the blue 69 faradic current as a function of scan
rate for the MCPE with Mg/Ca/Al-HT is presented in Fig. 9A. The
results obtained in these characteristics reveal a linear relation-
ship (Ip versus v1/2) for both main oxidation peaks. This behavior
indicates that the oxidation of blue 69 on MCPE is an adsorption-
controlled process, as discussed in Section 3.4. Moreover, it can
be established that the electrode process is highly irreversible
(see Section 3.2). Taking into account these assumptions, Laviron’s
equation (1) [38] can be used to calculate some electrochemical
parameters related to the redox process, as usually employed for
electrochemical studies [37,39].

RT RTk RT
_ g0, S kil
Epa=E"+ anF In anfF | anF Inv (M

Table 2
Parameters of Eq. (1) obtained from Fig. 9 and reaction order (m) calculated from
Fig. 10.

MCPE
Mg/Ca/Al-HT Mg/Ca/Al-Ox
E=0.6V
ks (seg™1) 11.49 13.88
an 1.38 1.86
m 1.0915 1.072
E=09V
ks (seg™1) 7.58 8.42
an 1.18 1.42
m 1.1 1.056

where Ep, is the potential of anodic peak, « is the transfer coef-
ficient, ks is the standard rate constant in the vicinity of the
electrode surface, n is the number of electrons transferred, v is
scan rate, EC is the formal potential, T=298 K, R=8.314]/mol K and
F=96,480 C/mol. In this equation, E is obtained from data given in
an Ep, versus v plot at v=0 (figure not shown); the corresponding
EO values obtained were 0.62 and 0.93V for the two main anodic
processes observed in Fig. 4. On the other hand, according to Eq. (1)
an and ks can be calculated from data in Fig. 9B.

Table 2 summarizes the parameters obtained from Fig. 9, it
can be observed that an and ks values are higher for Mg/Ca/Al-Ox
electrodes, the results are associated to the major electrocatalytic
activity in mixed oxide samples.

3.5.2. Blue 69 concentration

With the purpose to determine the reaction order, experiments
with different initial concentrations of reactant (50-400 ppm) were
carried out. The reaction order can be determined from the slope
(m) of straight lines obtained of log(i) versus log(blue 69) illus-
trated in Fig. 10 [40]. Consequently, and using this information,
the reaction order calculated is approximately 1 (Table 2). In addi-
tion, the profiles show that the anodic current behavior is linked to
dye-molecule concentration.

3.6. Temperature effect

As in the case of concentration, studies as a function of tem-
perature were carried out in the modified electrodes. The results
are reported (Fig. 11) in terms of charge (Q, pC) for Mg/Ca/Al-HT
(O)and Mg/Ca/Al-Ox (4) samples at two different potentials corre-

Log(i) (uA)

1 " 1 N 1

1.0 —_—
16 1.8 2.0 2.2 24 2.6

Log[blue 69] (ppm)

Fig. 10. Current versus blue 69 concentration (C) profile, electrode modified with
(O) Mg/Ca/Al-HT, (#) Mg/Ca/Al-Ox.
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sponding to the two main oxidation peaks. It should be mentioned
that the charge was associated to the area under the curve from the
graph current versus time (not shown). In these experiments, the
charge was calculated between 0.5-0.8 and 0.8-1.1 V. According to
these profiles, the catalytic behavior of the hydrotalcites promotes
an important enhancement versus dye oxidation as temperature
increases.

Therefore, the electrochemical processes at the vicinity of the
electrode surface and the diffusion of reactive species toward it are
improved by the dye-concentration and temperature conditions,
increasing the adsorption capacity onto the hydrotalcite-layer
mixed in the carbon-support matrix.

4. Conclusions

LDH like materials, dried and calcined, mixed in a carbon
matrix were evaluated in blue 69 azo-dye oxidation, they showed
a catalytic effect in the electrochemical process due to their
adsorption capacity. No significant changes were observed by
FTIR spectroscopy on typical band assignment between Mg/Al-HT
and Mg/Ca/AI-HT samples, in agreement with those reported by
XRD.

The presence of calcium in LDH structure (Mg/Ca/Al) promotes
better catalytic performance than its counterpart Mg/Al caused by
an increase of the adsorption capacity due to M!/M!! molar ratio, as
demonstrated by electrochemical techniques. In addition, the heat
treatment enhances such as performance due to LDH-structural
modification obtaining the mixed oxide structure that, after rehy-
dration, samples recover the hydrotalcite phase by memory effect
property. Finally, studies as a function of solution temperature and
dye-concentration indicated that the kinetic-diffusion processes
can be improved, increasing the adsorption capacity onto the LDH-
interlayer space and in the carbon-support matrix.
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