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A B S T R A C T   

Layered Double Hydroxides (LDH) have proven to be extremely versatile compounds, suitable for multiple uses 
in different fields of technology. In this work, a NiFe–NO3 LDH was synthesized, and its structure was confirmed 
by means of X-Ray Powder Diffraction (XRPD), FT-InfraRed Spectroscopy (FT-IR) and Field Emission Scanning 
Electron Microscopy (FE-SEM). The compound efficiency as adsorber of Cr(VI) in water solution was studied, 
planning the adsorption experiments through the use of the experimental design techniques (Design of Experi
ment – DOE). For the purpose to find a reuse of the LDH, after the chromium remediation process, according with 
the circular economy statements, the chromate capture mechanism was investigated. The results demonstrate 
that the chromate adsorption capacity is influenced mainly by the ratio LDH mass/solution volume and the initial 
concentrations of Cr(VI). As the adsorption mechanism, it consists of two different processes, the interlayer 
exchange and an entrapment of the chromate into the external octahedral sites of the layers.   

1. Introduction 

The layered morphology, coupled with the capacity to intercalate 
various anionic species (both inorganic and organic) in different com
positions, arouses a growing interest in the possibility to apply LDHs in 
research fields that are very distant from each other. A particularly 
widespread application consists in the removal of contaminants or pol
lutants from water, whether civil, irrigation drainage and industrial 
waste, such as for example phosphates, chromates, selenate, surfactants 
and dyes (Cardinale et al., 2023; Thite and Giripunje, 2022; Lei et al., 
2017; Zheng et al., 2019; Machrouhi et al., 2022; Li et al., 2019; Jiehu 
et al., 2020). Furthermore, the LDHs are applied in the immobilization 
and removal of anionic radionuclides and other compounds (Gu et al., 
2018; Sakr et al., 2018). Among those applications the removal of Cr(VI) 
from water is relevant, this last one, in fact, is one of the most warrying 
pollutants for humans (Aigbe and Osibote, 2020). Different methods can 
be used for chromium capture and ion exchange is considered one of the 
best options, combining cost-effectiveness and high efficiency (Peng and 
Guo, 2020). Until now the most important commercially used materials 
for this task are the ionic exchange resins that show, as the main prob
lem, to be susceptible of degradation and to the influence of pH while 
using (Marcu et al., 2021). To overcome this issue LDHs seems to be the 
perfect candidates, being stable in a wide pH range; a lot of experiments 
were done in this direction and several compositions of LDH were found 
to be very performing, in particular MgAl based LDH with its easy 

synthesis (Zeng et al., 2022). To satisfy the specific needs, considerable 
efforts have been made to design LDH with characteristics dedicated to 
the different applications (Li et al., 2022). First, there is a great variety of 
choices for the two cationic metals, with a consequent wide range of 
structural, physical and chemical properties (Naseem et al., 2019; Tang 
et al., 2020); secondly, the repetition of interlayer domains allows to 
design solids with a large surface/volume ratio; moreover, LDHs can 
host and exchange metal ions of mixed valence, water molecules and 
relatively complex organic molecules, intercalated in the interlayer 
space (Asiabi et al., 2017). 

1.1. Purpose of the work 

In contemporary discussions on water purification, it must be inev
itably addressed the entire proposed process, taking into account factors 
such as environmental impact assessment (EIA) (Fuentes-Bargues, 2018) 
and adherence to the Sustainable Development Goals outlined in the 
United Nations 2030 Agenda, with a particular emphasis on Goal 6: 
Clean Water and Sanitation. 

One of the most worrying problems for the latter is the disposal of 
spent material (rich in chromium), so it is vital to find a possible 
application according to the circular economy statements (Li et al., 
2021). Among the different metals and anions combination to build up a 
LDH compound the choice of Ni(II), Fe(III) and nitrate is based on the 
project to reuse the LDH after the adsorption process in electrochemistry 
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applications. Basing on previous studies (Fortunato et al., 2024) the 
NiFe based LDH are promising in this fields, offsetting the use of ele
ments such as nickel and iron with the possibility of a second life for the 
compound after the absorption of chromium. 

In this study was synthesized and characterized the 
[Ni0,66Fe0,33(OH)2](NO3)0,33 LDH compound, to study the best working 
conditions regarding the LDH adsorption of chromate ions in aqueous 
solution. The adsorption tests as a function of the various parameters 
studied (pH, contact time between the solid and the aqueous solution 
containing Cr(VI), initial concentration range of Cr(VI) and the ratio 
between the mass of LDH used and the volume of aqueous solution) were 
performed using the experimental design approach, allowing a detailed 
investigation of the effects of multiple factors on the desired response. 

In a previous work (Cardinale et al., 2023)a similar investigation 
procedure was applied to a MgAl–NO3 LDH to test the chromium 
adsorbance capacity. For the purpose to reuse the spent material (after 
adsorption LDH) in this work a NiFe LDH compound was tested as 
adsorber. Iron has well known electroactive properties, while nichel 
demonstrated to be electroactive (Fortunato et al., 2024), as interlay
ered was selected the nitrate anion due to its not interferent behavior, 
both in water solution and in lithium or post lithium batteries. 

This material, after the adsorption, is rich in nickel, iron, and chro
mium; all these metals are known as electrochemically active (Ahmed 
and Nabi, 2021; Yang et al., 2018; Zysler et al., 1994) and for this reason 
it can be very interesting for energy related applications. 

For an efficient reusage of the spent LDH the knowledge of the 
chemical-physical adsorption mechanisms is essential (Consani et al., 
2018). As the adsorption mechanism the most accredited hypotheses are 
those of Cavani et al. (Cavani et al., 1991), i.e. the simple exchange in 
the interlayer of anionic compounds, and of Wang and Gao (2006), i.e. 
an interlayer exchange followed by adsorption on the surface of LDH. 
For this reason, has been discriminated the two main processes involved 
in the chromium adsorption, interlayer exchange and entrapment in the 
external octahedral cages. The optimization of the adsorption proced
ure, together with the knowledge of the mechanisms underlying the 
adsorption itself, allow to improve the technological applications of LDH 
NiFe–NO3 in a broad range of fields, such as the environmental and 
industrial ones. 

2. Materials and methods 

2.1. Chemicals 

All chemicals were bought and utilized without additional process
ing. The starting reactants for the LDH synthesis were supplied by VWR 
CHEMICALS, Leuven-Belgium: Fe(NO3)3⋅6H2O (98.8% purity), Ni 
(NO3)2⋅6H2O (98.9 mass% purity) and NaOH (>98 mass% purity). For 
the chromium-adsorption experiments anhydrous potassium chromate 
(K2CrO4 > 99.0 mass% purity) were dissolved in water to obtain stock 
solutions at chromate concentration of 1000 mg L− 1, 1,5-Diphenylcarba
zide (C13H14N4O), acetone and sulfuric acid (H2SO4, 95–98 mass%) 
were all supplied by Sigma-Aldrich Co., LLC (St. Louis, MO, USA). All 
aqueous solutions were freshly prepared using deionized water gener
ated from a water purification system, at the point of use (M3/M6 
Chemical Bürger s. a.s, Genova, Italy). 

2.2. LDH synthesis procedure 

The synthesis of NiFe–NO3 with a molar Ni/Fe ratio of 2 has been 
carried out following the Boclair and Braterman (1999) method of 
co-precipitation. The whole synthesis needs to be performed in an CO2 
protected environment. The elimination of any form of carbonates is 
important because it is akin with the interlayers of the LDH. The two 
metallic salts were dissolved in deionized water, previously heated until 
boiling for about 5 min to remove carbon dioxide, while the sodium 
hydroxide solution was decarbonated by blowing nitrogen for about 10 

min. In a three-neck flask, containing the two nitrate solutions, under 
mechanical stirring, the NaOH 1 M was slowly added through a drip 
funnel. In addition, during the reaction, the equipment set up was 
insulated at the best from the environment. Under the above reaction 
conditions, the two metallic hydroxides formed were converted to the 
LDH precursor according to the reaction (1):  

Fe(OH)3(s) + Ni(OH)2(s) + NO3
−
(aq) ⇄ [NiFe(OH)2]NO3(s) + 3 OH−

(aq)(eq.1) 

At the end of the precipitation process, the pH was 13. The contents 
of the flask (the LDH precursor with its surnatant liquid) were subse
quently transferred into a dark glass bottle and placed inside a stove at 
70 ◦C for 48 h. During this digestion process LDH was formed. To isolate 
the solid from the supernatant solution several centrifugations were 
carried out at 5000 rfc for 5 min each, washing the precipitate each time 
with new decarbonated deionized water, the pH after the last wash is 7. 
The LDH was dried in the stove at 70 ◦C for 24 h. After drying the solid 
was pulverized with a mortar and sieved with a sieve of 120 mesh. The 
yield was about 70%. 

2.3. Characterization 

The structural properties and the composition of the synthesized 
samples were studied by the following techniques: X-ray analysis on 
powders (XRPD), Field Emission Scanning Electron Microscope analysis 
(FESEM) and FT-InfraRed Spectroscopy (FT-IR). X-ray powder diffrac
tion was performed, on the samples grounded in agata mortar, with a 
vertical diffractometer X’Pert MPD (Philips, Almelo, The Netherlands) 
equipped with a Cu tube (Kα1 wavelength: 1.54 Å). The patterns were 
collected in a 2θ range 10◦–100◦, applying a scanning rate of 0.001◦ and 
measuring time of 50 s/step. 

The obtained diffraction data were indexed by comparing them with 
existing literature or calculated data (Villarks and Cenzual, 2017), 
whereas the lattice parameters of the LDHs were calculated using the 
program LATCON (King et al., 2000). A FESEM analysis was performed 
to investigate the samples morphology. The samples, after being 
adhered on a conductive sample holder, have been analyzed applying an 
acceleration voltage of 5 kV for 50s, and a cobalt standard was employed 
for calibration. FT-IR spectra were obtained within the typical wave
length range of 4000 to 600 cm− 1, using a Spectrum 65 FT-IR Spec
trometer (PerkinElmer, Waltham, MA, USA) featuring a KBr 
beam-splitter and a DTGS detector. An ATR accessory with a diamond 
crystal was utilized for the measurements. To determine the concen
trations of the residual Cr(VI) in post-adsorption solutions and subse
quently for the determination of nitric nitrogen the UV-VIS spectroscopy 
has been used, the instrument was a Varian Cary 50 Scan UV/VIS 
spectrophotometer. To measure the Cr(VI) concentration the 1,5-diphe
nylcarbazide method is used (Petala et al., 2013), while for the nitric 
nitrogen the analytical procedure followed was the one proposed by 
(Monteiro et al., 2003). Data analysis for the experimental designs was 
conducted using ‘R,’ the open-source software environment for statis
tical computing and graphics (R Core Team, 2014), with the additional 
package CAT (Chemometric Agile Tool) by Leardi et al. (Leardi and 
Melzi, 2017). 

2.4. Adsorption tests experimental design 

The chromate adsorption tests have been planned using an experi
mental design (or design of experiments, DOE). This approach, 
increasingly widespread in this field (Machrouhi et al., 2022; Hosseini 
et al., 2022; Behbahani et al., 2021; Sayed et al., 2020), consists in the 
study of the effect of multiple variables at the same time, making it much 
more convenient than the classic univariate approach for several rea
sons: (i) by applying multiple regression techniques, it takes into ac
count the interactions among the variables; (ii) it requires fewer 
experimental runs; (iii) it allows to obtain empirical mathematical 
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relationships between the variables and the response (Benedetti et al., 
2022). 

To investigate the adsorption properties and effectiveness of the 
LDHs concerning Cr(VI), the chosen parameters (or factors) to be 
investigated were the ratio mass of LDH/solution volume, the pH, the 
initial concentration of Cr(VI) and the mixing time between the solid 
and the chromate solution. For each factor, the experimental domain (i. 
e. the minimum and maximum values) were set by taking into consid
eration tests carried out in previous work (Cardinale et al., 2022). 
However, to choose the values of initial concentration of Cr(VI), a pre
liminary univariate screening was performed, changing the Cr(VI) 
concentration from 5 ppm to 140 ppm at a mass of LDH/solution volume 
of 1 g/L. Each test has been conducted by placing the LDH and the so
lution on a rotating stirrer for 2 h. After mixing the samples were 
centrifuged to separate the LDH from the solution, the solid recovered 
has been analyzed by PXRD to check any changing in the crystal struc
ture, while the residual solution was analyzed by UV-VIS with the 
diphenylcarbazide method to determine the residual concentration of 
CrO4

2− ions in the solution. This preliminary test results in a variable 
absorption capacity, with an absorption range of between 12 and 20 
ppm. 

The selected DOE for the adsorption tests was the Doehlert (Bene
detti et al., 2022), a response surface design which allows to build a 
quadratic model of the response as a function of the variables. In 
particular, this design is able to explore the k factors at different number 
of levels: in this study (k = 4), one factor is studied at 3 levels, one at 5 
and two at 7. A total of 42 experiments were performed, consisting of 
two distinct replicates of 21 conditions (Table 1). To minimize the in
fluence of systematic trends, the experiments were performed randomly. 

3. Experimental results and discussion 

3.1. Characterization 

Prior to be used for adsorption purposes the synthesized LDH has 
been characterized focusing on the crystal structure, the composition 
and the morphology. Fig. 1a) shows the PXRD pattern which confirms 
the typical turbostratic LDH structure (space group R-3m), with the 
characteristic symmetric diffraction peaks (003) at 11.3◦, (006) at 22.5◦, 
(009) at 33.8◦, and the asymmetric “fin-like” ones (102) at 34.6◦, (105) 
at 38.7◦, (108) at 45.8◦ and (110) at 60.0◦. The cell parameters are a = b 

= 0.3075 nm, c = 2.3350 nm and the interlayer region, calculated as 
suggested by Conterosito et al. (2013), is approximately 0.30 nm. 

The FTIR spectrum in Fig. 1b) reveals the O–H stretching vibrations 
of the hydroxyl groups and the presence of water molecules in the 
interlayer of LDH (the intense and broad adsorption band centered at 
about 3370 cm− 1), this band results from the overlapping of the O–H 
bond stretching of both the hydroxyl groups (at 3300 cm− 1) and inter
layered lattice water bonded with the transition metals (2850 cm− 1). 

Ongoing through the lower wavenumbers the band at 1620 cm− 1 is 
due to the bending of water and at 1460 cm-1 there is a slight shoulder 
related to a small amount of undesired carbonate anion, unavoidable 
even if the synthesis was carried out in an inert atmosphere. At 1330 
cm− 1 a sharp characteristic absorption band, corresponding to the 
stretching vibration mode of NO3

− , confirms the nitrate anion in the 
interlayer of the synthetized LDH. 

The morphology of the material is depicted in the FESEM image 
(Fig. 2). The material is homogeneous and characterized by a columnar 
structure formed from multiple layers of compound that are slightly 
misaligned, such structure is typical of turbostratic materials like LDH 
synthesized through co-precipitation. 

3.2. Adsorption 

As the chromium adsorption measurements, the acquired data were 
subsequently analyzed through multiple regression tests using the CAT 
software (see Materials and Methods), producing a mathematical model 
capable of describing the concentration of (Cr(VI) adsorbed as a function 
of the four factors under evaluation in the interesting domain (Eq 1). 
Overall, the obtained model showed an excellent fitting, able to explain 
95.6% of the variance of the system.  

Cr(VI)ads = 7.273–6.583 R – 0.131 t + 3.586 C – 0.515 ⋅ pH + 0.036 R t - 
2.683 R C + 2.172 R ⋅ pH + 0.328 t C – 0.639 t ⋅ pH – 0.599 C ⋅ pH +
3.975 ⋅ R2 + 0.346 t2 + 0.030 ⋅ C2 – 0.483 pH2                          (eq. 1) 

In the equation, R, t, C and pH are the four factors, i.e. ratio mass of 
LDH/solution volume, mixing time between the solid and the chromate 
solution, the initial concentration of Cr(VI) and pH, respectively. 

Coefficients significant at the 95% confidence level are highlighted 
in italic, while those significant at the 99.9% confidence level are 
highlighted in bold. 

The coefficients are also depicted in Fig. 3a, in Fig. 3b is shown the 
contour plot for the two more significant variables. 

In this experimental domain, equilibration time and pH showed no 
significant effects on the response, while both the ratio LDH mass/so
lution volume and the initial chromium concentration demonstrated 
significant and robust influences (99.9% confidence level) and interac
tion (95% confidence level). In particular, the amount of adsorbed Cr 
(VI) increases by decreasing the LDH mass/volume and by increasing Cr 
concentration (Fig. 3b). 

To deeper investigate the relationships among the adsorption effi
ciency and the two more relevant parameters, a further set of mea
surements has been carried out following a new experimental design, 
extending the experimental domain to higher values of Cr(VI) concen
tration (range 30–90 ppm) and reducing the maximum value of the ratio 
LDH mass/solution volume (range 1–4 g/L). 

The equilibration time and pH were maintained at 30 min and 7, 
respectively. The selected design was the face-centered central com
posite design (CCD), another response surface design which provides a 
quadratic model. It explores the factors at the same number of levels for 
all the factors, i.e. three (− 1, 0, +1). A total of 12 experiments were 
performed, consisting of 8 conditions at the vertices of the domain and 4 
replicates of condition 9, i.e. the center point (Table 2). Also, in this case 
the experiments were performed randomly, however four replicates of 
the center point were consistently conducted throughout the analysis 
sequence to provide an estimate of the experimental variance. 

Table 1 
Experimental conditions of the Doehlert design for the first performed adsorp
tion tests.  

Experiment LDH/ 
solution 
(g/L) 

Equilibration 
time (min) 

Cr(VI) 
concentration 
(ppm) 

pH Adsorption 
Rate (%) 

1 5.50 60.0 40.0 7.0 100.0 
2 10.00 60.0 40.0 7.0 100.0 
3 7.75 86.0 40.0 7.0 100.0 
4 7.75 68.7 56.3 7.0 100.0 
5 7.75 68.7 44.1 9.0 100.0 
6 1.00 60.0 40.0 7.0 50.0 
7 3.25 34.0 40.0 7.0 97.0 
8 3.25 51.3 23.7 7.0 100.0 
9 3.25 51.3 35.9 5.0 99.7 
10 7.75 34.0 40.0 7.0 100.0 
11 3.25 86.0 40.0 7.0 96.5 
12 7.75 51.3 23.7 7.0 100.0 
13 3.25 68.7 56.3 7.0 92.3 
14 7.75 51.3 35.9 5.0 100.0 
15 3.25 68.7 44.1 9.0 71.7 
16 5.50 77.3 23.7 7.0 99.7 
17 5.50 42.7 56.3 7.0 99.9 
18 5.50 77.3 35.9 5.0 99.9 
19 5.50 42.7 44.1 9.0 99.7 
20 5.50 60.0 52.3 5.0 100.0 
21 5.50 60.0 27.7 9.0 100.0  
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After data elaboration, a mathematical model with an explained 
variance of 94.7% was obtained, using equation (2):  

Cr(VI)ads = 14.656–2.002 R + 3.188 C + 0.903 R C + 0.080 ⋅ R2 – 0.781 ⋅ 
C2                                                                                            (eq. 2) 

The coefficients plot and the response surface are reported in Fig. 4a 
and b, respectively. The results in this experimental domain confirm the 
findings obtained with the first DOE, with strong opposite influences of 

the two factors, which also interact with each other. However, when 
expressing the response as a percentage of adsorbed Cr(VI), the trend is 
the opposite (Fig. 4c). 

The results demonstrate that a high quantity of NiFe–NO3 LDH rea
ches saturation in an environment with a low concentration of Cr(VI) 
but, conversely, the ratio Cr(VI) adsorbed/LDH mass highly increases 
when operating with a lower LDH ratio in a solution with a high con
centration of chromate ions. 

To determine the saturation point, as the maximum quantity of 
chromium adsorbed by 1 g/L of LDH, at pH = 7 and a mixing time of 30 
min, a new set of measurements were carried out under the aforemen
tioned conditions, by varying the concentration of Cr(VI) in the range of 
12–90 ppm. In Fig. 5 is reported the adsorption trend, that follows a 
regular pattern up to 40 ppm of chromium starting concentration, 

Fig. 1. a) XRD powder pattern of NiFe-nitrate LDH. b) FT-IR spectrum of the NiFe-nitrate LDH.  

Fig. 2. FE-SEM image of the NiFe–NO3 LDH.  

Fig. 3. (a) Coefficient significance of the Doehlert design. The error bars represent the confidence interval of the coefficients at p = 0.05. (b) 3D Contour plot for 
binary influence of Cr(VI) concentration vs. LDH mass/solution volume. 

Table 2 
Experimental conditions of the CCD for the second performed adsorption tests.  

Experiment LDH/solution (g/ 
L) 

Cr(VI) concentration 
(ppm) 

Adsorption Rate 
(%) 

1 1 30 47.3 
2 4 30 100.0 
3 1 90 20.6 
4 4 90 68.7 
5 4 60 91.1 
6 2.5 90 48.1 
7 1 60 26.5 
8 2.5 30 87.7 
9 2.5 60 60.0  
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followed by an irregular increase in the adsorption capability. 
Moreover, the trend observed in Fig. 5 suggests a change in the 

mechanism of adsorption, over the initial concentration of 40 ppm, as 
suggested by (Wang and Gao, 2006), moving from a simple pure inter
layer exchange process, in which chromate substitutes nitrate, to an 
absorption of the chromate anion in the external octahedral cages of the 
LDH hydroxyl layers. 

To discriminate between the two implied adsorption mechanisms a 
measurement of the nitrate anion released in the solution after the 
adsorption process has been carried out. Nitrogen, in solution after the 
adsorption process, has been measured under saturation conditions or 
rather a ratio solid/solution 1 g/L and a chromium initial concentration 
ranging from 30 ppm to 80 ppm. All the tests have been carried out in 
duplicate. Table 3 reports the results and Fig. 6 shows the ratio between 
the nitrogen released and chromium adsorbed Vs the initial chromium 
concentration. 

At an initial chromium amount of 30 ppm the quantity of the 
released nitrogen is almost twice the amount of Cr(VI) adsorbed, as 
expected with the hypothesized interlayer exchange mechanism in 
which one divalent chromate anion substitutes two monovalent nitrate 
anions. Increasing the amount of chromium in the solution the adsorp
tion results show a very slow increasing while the nitrogen released 
doesn’t change appreciably, consequently the ratio slowly decreases 
(Fig. 6), this is accordance with literature (Wang and Gao, 2006) and 

suggests that up to a concentration of about 30 ppm chromium (near to 
the adsorbance plateau in Fig. 5) the adsorption can be ascribed to a 
simple interlayer mechanism, while increasing the initial Cr(VI) amount 
and approaching to the saturation condition the further chromium 
adsorbed is attributable to a insertion in an external cage space. 

The results in Fig. 5 reveal that at an initial concentration of 40 ppm 
of chromium the interlayer exchange saturation point has been almost 
reached and, in these conditions, the adsorption capacity qe can be 
calculated by equation (2))  

qe = V(c0 - ce) / m                                                                         (2) 

Here, m denotes the mass of sorbent utilized in a liquid hold-up volume 
V, c0 denotes the initial concentration (mg/L) of the pollutant, and ce 
indicates the chromium concentration in the liquid phase in equilibrium 

Fig. 4. (a) Coefficient significance of the central composite design. The error bars represent the confidence interval of the coefficients at p = 0.05. (b) 3D Contour 
plot for binary influence of Cr(VI) concentration vs. LDH mass/solution volume (response as concentration of adsorbed Cr(VI)). (c) 3D Contour plot for binary 
influence of Cr(VI) concentration vs. LDH mass/solution volume (response as percentage of adsorbed Cr(VI)). 

Fig. 5. Concentration of chromium adsorbed vs chromium initial concentra
tion. The dotted line extrapolates the regular increase in the adsorption. The 
error bars represent the standard deviation of the measurements (n = 2). 

Table 3 
Nitrogen released in solution after chromium adsorption and ratio between the 
two values.  

Cr initial 
concentration 

Cr adsorbed 
concentration 

N released N released/Cr 
adsorbed 

ppm mM mM mM mM/mM 

30 0.58 0.30 0.58 1.93 
40 0.77 0.31 0.55 1.77 
50 0.96 0.35 0.57 1.63 
60 1.15 0.33 0.56 1.71 
70 1.35 0.34 0.56 1.64 
80 1.54 038 0.60 1.58  

Fig. 6. Nitrogen released in the solution after the adsorption process vs chro
mium adsorbed at different initial concentration. The error bars represent the 
standard deviation of the measurements (n = 2). 
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with the chromium adsorbed in the solid phase at concentration qe. At 
40 ppm concentration qe = 16 mg/g. 

The removal rate r, specifically, the percentage of solid adsorbed 
relative to the initial concentration, can be written as: 

r = ((c0 – ce)/c0) x 100 and assumes the value r = 40. 
The adsorption performance of the NiFe LDH can be evaluated 

against that examined by (Zheng et al., 2019). Despite they consist in the 
same cations, but are still different as concern the anions, a comparison 
deserves to be made. In similar saturation conditions the LDH studied by 
(Zheng et al., 2019) shows a qe of about 30 mg/g, that is slightly higher 
than the one studied in this work. This result is offset by the reusage in 
electrochemical application if the interlayered anion is nitrate. 

4. Conclusions 

A NiFe-nitrate LDH was synthesized and characterized to be tested as 
a Cr(VI) adsorbent for remediation purposes. The experimental design 
was employed to optimize the configuration of the experimental mea
surements. The physicochemical interactions between the LDH and the 
chromate anion were examined, to discriminate between two different 
capture processes. According with the experimental results, the 
following conclusions can be drawn:  

• The synthesis of NiFe-nitrate LDH is straightforward and can be 
reproduced consistently.  

• Incorporating an experimental design (DOE) in the measurement 
setup significantly reduces the number of experimental tests 
required, enabling a comprehensive understanding of the entire 
system’s behavior.  

• The maximum adsorption capacity is 16.0 mg/g at neutral pH 
conditions.  

• As the influence of the different adsorption parameters investigated, 
as predicted, the chromium adsorption increases for high LDH/so
lution volume ratios and low concentrations of Cr(VI).  

• For this LDH the adsorption mechanism, which can be inferred from 
the experimental results, consists of two different processes, an 
interlayer anionic exchange (predominant up to the saturation point) 
and an entrapment of the chromate from the solution to the external 
octahedral cages. 
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