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Layered double hydroxides as potential chromate scavengers
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Abstract

The LDH of Ni with Fe, having the formula Ni1−xFex (OH)2(An−)x/n·yH2O (A = NO−
3 , Cl−; x = 0.25, 0.33), scavenges CrO2−

4 ions from

solution throughout the concentration range examined (0.00625–0.25 N). The CrO2−
4 uptake capacity is independent of the anion in the starting

LDH but is higher when x = 0.25 (3.60 meq g−1) as compared to x = 0.33 (2.40 meq g−1). These values are higher than those observed for control
compounds β-Ni(OH)2 (1.86 meq g−1) and FeO(OH) (1.26 meq g−1), which do not have any interlayer chemistry, showing that chromate uptake
takes place by its incorporation in the interlayer region by a stoichiometric anion-exchange reaction, rather than by adsorption. Nevertheless, the
interaction between the LDH and the chromate ions is weak. The weak interaction is due to the mismatch between the symmetry of the chromate
ions and the symmetry of the interlayer site, which introduces turbostratic disorder in the chromate-intercalated LDHs. The chromate ions can be
completely leached out by soaking the LDH in a sodium carbonate solution.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Common methods employed to remediate insidious anions
such as chromate, arsenate, phosphates, and iodides from waste
waters include (i) adsorption using materials with chemically
active sites and porous physical structure [1,2], (ii) precipita-
tion [3], (iii) coprecipitation [4], and (iv) ion exchange [5]. Of
the various methods, ion exchange confers on the solid the high-
est capacity for the contaminant. The solids which are currently
widely used comprise two structure types:

(a) Those such as silica and activated alumina that have a three-
dimensional structure and are therefore active only by ad-
sorption. This is a surface phenomenon where the bulk of
the solid is not used for remediation.

(b) Solids such as Mg(OH)2, Al(OH)3, ferrihydrite, goethite,
and boehmite [4] have a layered structure that enhances
the interfacial surface area. However, these solids comprise
charge-neutral layers and hence have no interlayer chem-
istry.
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The layered double hydroxides (LDHs) are related to the lat-
ter class of compounds. Structurally and functionally they are
the inverse of the better-known smectite-type cationic clays [6].
While cationic clays have negatively charged aluminosilicate or
magnesiosilicate layers [7], the LDHs are made up of positively
charged layers having the composition [MII

1−xM′III
x (OH)2]x+

(M = Mg, Ca, Ni, Co, Cu, Zn; M′ = Al, V, Cr, Fe, Ga,
In; 0.15 � x � 0.33) [8]. Anions are incorporated between
the layers to restore charge neutrality in much the same way
that alkali and alkaline earth metal cations are intercalated
in cationic clays. The resulting compounds have the formula
[MII

1−xM′III
x (OH)2]x+(An−)x/n·yH2O. We refer to these LDHs

as M–M′–An−.
The LDHs exhibit properties such as anionic mobility [9]

and surface basicity [10]. The LDHs also participate in anion-
exchange reactions and incorporate a wide variety of anions,
such as inorganic anions, oxometallates, carboxylates, phos-
phates and phosphonates, sulfates and sulfonates, amino acids,
peptides, and nucleotides. The complete range of exchange re-
actions and the resulting inorganic–organic hybrid compounds
have been extensively reviewed [11–13]. As an extension of
these properties, LDHs have been identified as potential sinks
for hazardous anionic contaminants in industrial and waste wa-
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ter systems. Cr(VI) in the forms CrO2−
4 and Cr2O2−

7 is among
the more insidious anionic contaminants in wastewater and the
Mg–Al LDH has been employed for chromate sorption from
aqueous solutions [14]. Chromate sorption from dilute solu-
tions (15–30 ppm) by Zn–Al LDH has also been reported
[15].

However, the utility of LDHs in immobilization of anionic
waste by exchange reactions suffers from severe limitations.

(1) LDHs have a special affinity for carbonate ions and in-
corporate carbonates from CO2 present in the ambient.
The carbonate-containing LDHs are also the most stable
in comparison to LDHs with other anions [16]. Therefore
CO2−

3 -containing LDHs do not participate in any exchange
reactions and are ineffective in scavenging anionic con-
taminants. CO2 has to be rigorously excluded from ex-
change reactions, thus severely limiting the widespread use
of LDHs in the ambient.

(2) Generally Cl− and NO−
3 -containing LDHs are used for an-

ion sorption, and these are released into the environment.
Cl− and NO−

3 ions are themselves considered environmen-
tal hazards.

(3) As exchange reactions are activity-driven, the concentra-
tion of the incoming anion is maintained at two to five times
the stoichiometric requirement in the reaction medium
[17,18]. In water purification applications, often the anionic
pollutant is present at very low concentration.

(4) The LDHs have substantial solubility in water [16], and
many authors report bulk mass loss during anion exchange
[19–21]. In this case the LDHs themselves are sources of
heavy metals. This severely restricts the choice of LDHs
to those containing benign cations such as Mg2+, Ca2+,
Al3+, and Fe3+. The LDH solubility is driven by the solu-
bility of the salt of the divalent ion [16] and therefore LDHs
of Ca2+ and Mg2+ with their higher solubilities, compared
to those of transition-metal-cation-containing LDHs, tend
to be less efficient in scavenging anions. Thus, the Mg–Fe–
NO−

3 LDH fails to scavenge chromate ions [22].
(5) There is evidence that the anion-exchange reactions take

place by dissolution reprecipitation rather than topotacti-
cally [23]. Therefore unless the LDH composing the in-
coming ion is more insoluble than the original LDH, ex-
change reactions are unlikely to take place.

In light of all these issues, there is an urgent need to inves-
tigate the anion uptake characteristics of a model LDH system.
We have chosen the Ni–Fe LDH as a model, as it has a low sol-
ubility product (pKsp = 60.81) [24] compared to other LDHs,
by which extraneous factors arising from the solution chemistry
of the LDHs are mitigated.

2. Experimental

2.1. Synthesis of LDHs

All reagents were of analytical grade (Merck, India) and
were used without further purification. The M–M′–X (X = Cl−,
NO−
3 ) LDHs were prepared by drop-wise addition (3 ml min−1)

of a mixed salt solution (MX2 +M′X3) into a reservoir contain-
ing 10 times the stoichiometric requirement of X− ions taken
as its sodium salt. A 2 N NaOH solution was dispensed using a
Metrohm Model 718 STAT Titrino to maintain a constant pH at
precipitation (pH 7). N2 gas was bubbled through the solution
during precipitation and aging for 18 h at 65 ◦C. The precipi-
tate was rapidly filtered under suction, washed with deionized
(1015 � cm specific resistance), decarbonated water, and then
dried at 80 ◦C for 24 h. The Ni–Fe LDHs were also hydrother-
mally treated in a Teflon-lined autoclave (150 ml, 50% filling)
under autogenous pressure at 140–160 ◦C for 18 h to facilitate
crystal growth. The Ni–Fe–CO2−

3 LDH was prepared by the
method of Reichle [25] at a constant high pH > 11 and worked
up as above. The Ni/Fe ratio was varied from 3 to 2 correspond-
ing to x values of 0.25 and 0.33, respectively. β-Ni(OH)2 and
FeO(OH) were prepared by standard methods reported in the
literature and used as controls [26].

2.2. Characterization

All samples were characterized by powder X-ray diffrac-
tion using an X’pert Pro Philips diffractometer (CuKα source,
λ = 1.541 Å) fitted with a graphite monochromator. IR spec-
tra were recorded using a Nicolet Model Impact 400D FTIR
spectrometer (4000–400 cm−1, resolution 4 cm−1, KBr pellet).
The surface areas of the samples were measured using a NOVA
1000 Version 3.70 high-speed gas sorption analyzer. Wet chem-
ical analysis for CrO2−

4 was done by dissolving a preweighed
(0.2 g) quantity of the sample in acid (2 ml conc. H2SO4) and
titrating against standard ferrous ammonium sulfate (0.025 N)
potentiometrically.

2.3. Chromate uptake studies

Preweighed (0.20 g) batches of the LDH were suspended
in 25 ml of decarbonated water and stirred for 30 min to en-
sure complete wetting. To this slurry 25 ml of K2CrO4 solution
(0.0125–0.25 N, pH 8.2) was added and stirred for 5 h at the
ambient temperature (23–25 ◦C), after which the slurry was
centrifuged and the chromate concentration of the centrifugate
determined by means of potentiometric titration versus stan-
dard (0.025–0.1 N) ferrous ammonium sulfate (FAS) solution.
For low chromate concentrations (�0.00625 N), a larger vol-
ume (50–100 ml) of the K2CrO4 solution was used to effect
the chromate uptake. Chromate uptake was also measured from
K2CrO4 solutions, which were made 1 N in the potassium salt
of the outgoing ion. In this manner, the concentration of the out-
going ion was maintained nearly constant to study the effect of
relative activities of the anions on the uptake of chromate ions.
The chromate uptake by the LDHs was calculated from the dif-
ference in the initial and final chromate concentrations and is
reported in milliequivalents per gram of the LDH taken. From
this data, isotherms were plotted.

In the case of the Ni–Fe–CO2−
3 LDH, the suspension was

first titrated versus an HCl solution (0.05 N) containing the stoi-
chiometric requirement of acid required to decompose the inter-
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calated carbonate. The pH during the titration was maintained
at 4.5. This titration is expected to yield the chloride-containing
LDH. Chromate solution was then added and the mixture stirred
at ambient temperature (23–25 ◦C) for 5 h. The pH was main-
tained at 4.5 throughout the reaction to exclude CO2.

Conventional anion-exchange reactions were carried out by
suspending preweighed (0.25 g) batches of the LDH in 30 ml
of K2CrO4 solution containing 10 times the stoichiometric re-
quirement of chromate ions to effect complete exchange of
the anions in the starting LDH. The reaction was carried out
for 5 h with stirring, after which the solid was separated by
centrifugation and washed with deionized, decarbonated water.
The chromate uptake observed in these experiments is referred
to as the “chromate exchange capacity” and is compared with
the theoretical exchange capacity computed from the molecular
formula.

3. DIFFaX studies

The nature of structural disorder in the LDHs was studied by
simulation of the PXRD patterns using the FORTRAN-based
computer program DIFFaX [27]. The details of DIFFaX sim-
ulations of LDHs are described in our earlier papers [28,29].
In this paper, the structure of the Zn–Al–Cl− LDH (ICSD No.
91155, space group R-3m, a = 3.0842 Å, c = 23.4706 Å) is
used as the model to describe the layer. Turbostratic disorder
was introduced by stacking the metal hydroxide layers using
the vector (x, y, 1/3) (x, y are random numbers). Within the
DIFFaX formalism, the particle size is described in terms of
the disc diameter and thickness. The former is a measure of
the crystallite size in the a–b plane and the latter defines the
number of layers stacked along the c crystallographic axis. Re-
stricting particle thickness selectively broadens the basal reflec-
tions, whereas a small disc diameter broadens all reflections.
The broadening is nonuniform, with the hk0 being affected
the most. The thickness value was varied systematically till a
good visual fit was obtained between the calculated and ob-
served PXRD patterns in the 2θ range 10◦–25◦ which con-
tains the basal reflections. A good fit in the high-angle (>25◦
2θ ) region was obtained by the inclusion of turbostratic disor-
der.

4. Results and discussion

In Fig. 1 is shown the chromate uptake by the Ni–Fe–NO−
3

(x = 0.25) LDH at different initial chromate concentrations. At
each concentration, sufficient volume of the K2CrO4 solution
was fed to achieve maximum uptake. The saturation uptake
increases with the initial concentration and reaches a maxi-
mum at an initial concentration of 0.2 N. The maximum uptake
(3.60 meq g−1) agrees with the chromate exchange capacity
obtained from a conventional exchange reaction. This value is
higher than the cation carrying capacity of smectite-type clays,
which is typically 0.87 meq g−1 [7]. Clearly the large chromate
uptake involves the incorporation of chromate ions into the in-
terlayer region.
Fig. 1. Chromate uptake isotherms of Ni–Fe–NO−
3 LDHs.

Fig. 2. Powder X-ray diffraction patterns of the Ni–Fe–NO−
3 (x = 0.25) LDH

(a) before and (b) after chromate exchange.

4.1. Powder X-ray diffraction (PXRD) studies

The PXRD patterns of the LDH and the product obtained
after chromate exchange are shown in Fig. 2. The starting ma-
terial exhibits all the reflections expected of the LDH. The
low-angle reflection appearing at 11.1◦ 2θ (d = 8.0 Å) corre-
sponds to the interlayer spacing. Its higher harmonic appears
at 22.6◦ 2θ (d = 4.0 Å). In the mid−2θ (30◦–50◦) region a
broad peak with a sawtooth lineshape is observed. This is at-
tributed to structural disorder [29] arising out of stacking faults
and therefore no attempt is made here to index it. At high
angles, a single broad band composed of the 110 and 113 re-
flections is observed. The LDH can be indexed to a hexagonal
cell (a = 2d110 = 3.068 Å; c = 8.0 Å). These features are es-
sentially retained after chromate exchange (see Fig. 2b) except
for a slight broadening of the peaks. This enhanced broaden-
ing is on account of the tetrahedral symmetry of the CrO2−

4
ion. The sites available in the interlayer region of the LDHs
are compatible to anions having D3h symmetry [30]. When an-
ions having other symmetries enter the interlayer region, the
registry between successive layers is lost, resulting in what is
known as turbostratic disorder [31]. The random orientation of
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Fig. 3. IR spectrum of the Ni–Fe–NO−
3 LDH (a) before and (b) after chromate exchange.
the layers about the c-crystallographic axis results in the saw-
tooth lineshape of the hk0 reflections [29]. Incorporation of
CrO2−

4 ions does not affect the interlayer spacing as reported
elsewhere [32].

4.2. IR spectroscopy

Evidence for chromate incorporation can be found in the IR
spectra (see Fig. 3). The starting compound exhibits strong ab-
sorption due to the interlayer nitrate at 1383 cm−1, while after
the sorption experiment, the nitrate absorption has gone down in
intensity and absorption due to intercalated CrO2−

4 can be seen
at 866 and 917 cm−1. The tetrahedral chromate ion has only two
IR-active modes, namely, the antisymmetric stretch (ν3) and the
symmetric deformation mode (ν4). The latter is expected to ap-
pear at 330 cm−1. The observed features are therefore due to
the triply degenerate (F2) ν3 mode of the chromate. Using Hal-
ford’s rules, the c-crystallographic axis is treated as the main
axis of symmetry of the intercalated chromate, so that the lat-
ter behaves as if it belonged to the C3v symmetry [33]. In this
lower symmetry, the antisymmetric stretching vibration splits
into two modes (A1 + E). The symmetry is lowered due to
grafting, hydrogen bonding, and other interactions with the hy-
droxide layer [34].

4.3. Chromate uptake studies

The anion exchange reaction takes place according to the
equation
[
Ni1−xFex(OH)2

]
(An−)x/n·yH2O + x

2
CrO2−

4

�
[
Ni1−xFex(OH)2

]
(CrO4)x/2·yH2O + x

n
An−.

The chromate exchange capacity would then depend upon
(i) the positive charge on the hydroxide layer, x; (ii) the leaving
tendency of the outgoing ion, An−; and (iii) the thermodynamic
stability of the CrO2−

4 -containing LDH.

4.3.1. Effect of layer charge
Two aspects limit the maximum positive charge on the hy-

droxide layer.

(1) In the LDH structure, all cations occupy octahedral sites.
No two neighboring sites can afford to accommodate triva-
lent ions because of the large cation–cation repulsion. Thus
isotypic trivalent hydroxides such as Al(OH)3 have one-
third of cation sites vacant in each metal–hydroxide slab,
and where such vacancies are not permitted, some of the
hydroxide ions turn into oxides to yield compounds of the
type MO(OH) (M = Mn, Co, Ni) [35]. None of these have
any interlayer chemistry. Among the LDHs the value of x

is limited to the range 0.2 � x � 0.33 [8].
(2) The number of interlayer sites is fixed and amounts to 1 site

per cation. This site is shared between the oxygen atoms
of the anion and intercalated water [30]. The number of
crystallographically defined interlayer sites in a carbonate-
containing LDH is limited to CxO, where (3x)O atoms
belong to carbonate and (1 − 3x) belong to the intercalated
water [30]. Therefore the positive charge on the layer is also
limited by the packing of anions in the interlayer. Naturally
occurring LDHs have x = 0.25 and 0.33.

To determine the dependence of the CrO2−
4 carrying capacity

on x, Ni–Fe–NO−
3 LDH with x = 0.33 was also prepared. The

CrO2−
4 uptake and the chromate exchange capacity of the Ni–

Fe–NO−
3 (x = 0.33) was found to be only 2.40 meq g−1, lower

than its x = 0.25 counterpart (see Fig. 1). The lower capacity
of the LDH with a higher x value is on account of the higher
electrostatic attraction between the An− species and the metal
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Fig. 4. Chromate uptake isotherms of Ni–Fe–Cl− LDHs.

hydroxide slab. This makes the An− species a poorer leaving
group when the x value is large. Among the cationic clays, too,
the micas with high negative charge do not participate in ion-
exchange reactions.

4.3.2. Effect of leaving group
To study the effect of the leaving group, chromate up-

take studies were carried out with the Cl−-containing Ni–Fe
LDH (x = 0.25) (see Fig. 4). The maximum chromate uptake
equals the chromate exchange capacity and was found to be
3.19 meq g−1. Although this value is apparently lower than that
of the NO−

3 -containing LDH (3.60 meq g−1), the capacity com-
puted as mmole of chromate per mole of the LDH is 0.12 for
the Cl−-LDH and 0.14 for the NO−

3 -LDH, while expected the-
oretical capacity is 0.125. The higher than theoretical value for
the nitrate-LDH is attributed to formation of binary chromates.
The two anions therefore have comparable leaving tendency, in-
dicating that the leaving tendency is determined by the charge
on the anion rather than the size.

4.3.3. Effect of anion charge
To examine the effect of the charge on the anion, the chro-

mate uptake by Ni–Fe–CO2−
3 (x = 0.25) LDH was studied. It

did not exhibit any chromate uptake, showing CO2−
3 to be a

poor leaving group. There are two reasons for this.
(i) Higher valent ions in general have a poor leaving tendency,
owing to the stronger electrostatic forces of attraction to the
host lattice. Even in the case of cationic clays, the monova-
lent cations are readily replaced by the divalent cations, but
not vice versa.

(ii) The LDHs generate prismatic interlayer sites [36], which
accommodate CO2−

3 ions with their planes parallel to the
layers. Such a mode of incorporation maximizes the H-
bonding interactions between the carbonate moieties and
the protons on the hydroxyl groups. Removal of carbonate
ions therefore involves the loss of a significant amount of
hydrogen bonding and the corresponding enthalpy. In con-
trast, nitrate ions bind with their planes perpendicular to the
hydroxide layers.

Therefore the carbonates have to be first discharged by reac-
tion with a mineral acid (HCl) in order to facilitate chromate
uptake. CO2−

3 ions were decomposed under pH stat condi-
tions at pH 4.5. The resultant chromate carrying capacity is
5.79 meq g−1, which is much higher that the theoretically ex-
pected value (3.45 meq g−1). This is due to the formation of
binary compounds. During the discharge of the intercalated car-
bonate ions from the LDH by acidification, there is considerable
bulk dissolution followed by precipitation of binary nickel chro-
mate. The PXRD pattern of the exchanged sample in the case of
Ni–Fe–CO2−

3 (data not shown) is poor, showing a high degree
of disorder and pointing to the presence of binary compounds
with poor crystallinity.

The chromate uptake by the LDHs at different concentra-
tions is listed in Table 1.

4.3.4. Surface contributions to uptake
The chromate carrying capacity of a LDH is expected to

arise due to (i) adsorption of CrO2−
4 onto the surface of the LDH

particles and (ii) CrO2−
4 incorporation in the interlayer region

by anion exchange. To estimate the former, sorption studies
were carried out on two related compounds, β-Ni(OH)2 and
FeO(OH). Both these compounds comprise charge-neutral lay-
ers and they do not posses any interlayer chemistry. They were
found to have a sorption capacity of 1.86 and 1.26 meq g−1, re-
spectively. These values reflect the contribution of the surface.
The higher values observed among the LDHs are clearly due
to chromate incorporation into the interlayer region of the bulk.
Table 1
Results of chromate uptake studies on different LDHs

Concentration
of K2CrO4 (N)

Ni–Fe–NO−
3 (x = 0.25)

(meq g−1)

Ni–Fe–NO−
3 (x = 0.25)

HT 140 ◦C (meq g−1)

Ni–Fe–NO−
3 (x = 0.33)

(meq g−1)

Ni–Fe–Cl− (x = 0.25)
(meq g−1)

Ni–Fe–Cl− (x = 0.25)
HT160 ◦C (meq g−1)

Ni–Fe–CO2−
3 (x = 0.25)

(meq g−1)

0.00625 2.00 1.80 1.13 2.08 1.96 1.08
0.0125 1.98 1.84 1.14 2.09 1.98 1.40
0.025 2.07 1.93 1.38 2.28 2.07 1.92
0.05 2.30 2.11 1.40 2.38 2.27 3.24
0.10 2.70 2.50 2.22 2.70 2.39 3.66
0.15 3.25 2.90 2.30 2.90 2.65 4.00
0.20 3.60 3.14 2.39 3.14 2.89 4.91
0.25 3.59 3.12 2.40 3.19 2.90 5.79
0.30 3.59 3.05 2.40 3.19 3.00 *

Note. HT: hydrothermally treated.
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Fig. 5. Powder X-ray diffraction patterns of the pristine (a, b) and hydrothermally treated (c, d) LDHs. (a, c) Ni–Fe–Cl− (x = 0.25) LDH; (b, d) Ni–Fe–NO−
3

(x = 0.25) LDH. The DIFFaX simulations are also shown.

Fig. 6. Pore size distribution in the (a) pristine and (b) hydrothermally treated Ni–Fe–Cl− (x = 0.25) LDH. Inset shows the N2 adsorption–desorption isotherms.
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The surface contribution is dependent on the surface area of
the sample, while the bulk contribution is expected to be inde-
pendent of the surface area, especially given the high diffusion
coefficients of anions in the LDHs [9].

4.3.5. Effect of surface area
To examine the effect of surface area on chromate uptake,

the LDHs were hydrothermally treated. The chromate uptake
by the hydrothermally treated LDHs is given in Figs. 1 and 4.
Hydrothermal treatment promotes crystal growth and this man-
ifests in the sharper reflections observed in the PXRD pattern
of the hydrothermally treated sample. In Fig. 5 are shown the
PXRD patterns of the Ni–Fe–X LDHs (X = Cl−, NO−

3 ) before
and after hydrothermal treatment. Also shown are the DIFFaX
simulations incorporating the effects of particle size and tur-
bostratic disorder. In Fig. 6 are shown the results of illustrative
BET measurements performed on the Ni–Fe–Cl− LDH. The
particle size estimated from DIFFaX simulations and the spe-
cific surface areas obtained from BET studies for all the LDHs
are given in Table 2. It is clear that on hydrothermal treatment
there is a 200–300% increase in particle size while the specific
surface area falls to 10–20% of the original value. In Table 2 are
also given the chromate exchange capacities of all the LDHs.
The chromate uptake capacity declined marginally by about 6–
12%, showing that chromate uptake is more in the interlayer,
adsorption on the crystallite surface making only a minor con-
tribution. It is evident that the chromate uptake is independent
of particle size as the interlayer region is a characteristic of crys-
tal structure and independent of the morphological attributes.

4.4. Nature of chromate uptake

The question now arises as to the nature of the chromate
uptake process. The chromate uptake data in Figs. 1 and 4 have
the characteristics of a Langmuir isotherm. Many authors have
treated the anion uptake process by LDHs within the limits of
Langmuir adsorption [37]. This is not strictly correct, as the
Langmuir adsorption process is valid only when [38]

(i) the active sites are empty or
(ii) the outgoing ion is present in sufficient excess for its con-

centration to be treated as constant.

In the case of the LDHs, the sites of chromate sorption are
previously occupied by NO− or Cl− ions. Therefore chromate
3
Fig. 7. Chromate uptake isotherm of the Ni–Fe–NO−
3 (x = 0.25) LDH in the

presence of excess dissolved KNO3.

uptake by the Ni–Fe–NO−
3 (x = 0.25) LDH was also studied in

the presence of a large excess (1 M) of NaNO3. The results are
shown in Fig. 7. It is clear that at low concentrations, there is no
uptake, and chromate uptake begins only at an initial concen-
tration of 0.15 N. The resulting isotherm is of Type V, which
is typical of a weak adsorbate–adsorbent interaction, chromate
uptake being the result of cooperative forces, once some ini-
tial uptake has taken place. Subsequent to the initial uptake, the
bonding of nitrate ions in the neighborhood of chromate ions
weakens, facilitating further uptake of chromate ions.

The weak interaction of chromate with the LDH is under-
standable from a crystallographic view, as the chromate ion
symmetry is incompatible with that of the interlayer site. This
results in turbostratic disorder, making the chromate–LDH ther-
modynamically unstable. The instability of the chromate–LDH
is evident when the LDHs are dispersed in Na2CO3 solution
(see Table 2). The leaching studies indicated that chromate
could be fully leached out by the CO2−

3 ions. This is understand-
able given the thermodynamic stability of carbonate-containing
LDHs [16].

5. Conclusion

In conclusion, the use of LDHs for water purification by
amelioration of anionic contaminants is fraught with many lim-
itations, mainly arising from the solubility of LDHs. The Ni–Fe
LDH chosen as a model system efficiently sorbs chromates
Table 2
Comparison of the specific surface areas and chromate exchange capacities of the LDHs before and after hydrothermal treatment

LDH (x = 0.25) Specific surface
area (m2 g−1)

Crystallite size from
DIFFaX simulations (Å)

Chromate exchange
capacity (meq g−1)

CrO2−
4 leaching

(meq g−1)

Ni–Fe–NO−
3 71.23 112 3.60 3.44

Ni–Fe–NO−
3 5.03 280 3.14 3.09

HT 140 ◦C

Ni–Fe–Cl− 56.65 96 3.19 3.24

Ni–Fe–Cl− 13.27 288 3.00 2.91
HT 160 ◦C

Note. HT: hydrothermally treated.
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ions from solution over a wide concentration range (0.00625–
0.30 N) by an anion-exchange reaction, leading to chromate in-
corporation into the interlayer region. The resulting chromate-
containing solid is turbostratically disordered and thermody-
namically unstable.
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