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Hydrotalcites belonging to the family of Laminar Double Hydroxides (LDH), are

synthetic compounds of metal hydroxides structured in positively charged layers with

divalent and trivalent metal ions. These layers are stabilized by strong electrostatic

interactions with anionic species between the layers, favoring the adsorption of

anionic contaminants in water (Gautam et al, 2022; Huo et al, 2022). That is why

they have received greater attention due to their applicability in cases of

environmental decontamination (Goh et al., 2008).

Mg6Al12(OH)16CO3•H2O

As adsorbent, they have been widely used in the

elimination of fluoride in recent years and interest

is growing in the use of high valence metals as

part of the LDH structure (Wei et al., 2022).

The objective of this work is to incorporate Zr4+ in

the LDH structure due to its high affinity towards

fluorides, in different molar proportions to

investigate the impact on its structural and

morphological properties that influence the

removal of fluorides from water, since it is a

groundwater environmental problem that mainly

affects arid and semi-arid regions, representing

great pressure on supply sources worldwide

(Podgorski & Berg, 2022).
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Zr0.1 Weight

(% )
Atom

(%)
Element

Carbon 22.88 40.05

Oxygen 32.85 43.18

Magnesium 14.66 12.69

Aluminium 4.74 3.70

Zirconium 1.06 0.24

Silicon 0.12 0.09
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Zr0.05 
Weight

(% )

Atom

(%)Element

Carbon 21.30 37.64

Oxygen 33.56 44.52

Magnesium 15.90 13.88

Aluminium 4.66 3.66

Zirconium 0.30 0.07

Silicon 0.29 0.23
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100 nm 

Mg Al Zr

Zr0.075 Weight

(% )
Atom

(%)
Element

Carbon 25.59 42.03

Oxygen 34.62 42.68

Magnesium 14.73 11.96

Aluminium 4.41 3.22

Zirconium 0.29 0.03

Silicon 0.29 0.06

Adsorbent

Specific

surface

area (m2/g)

Volume 

(cm3/g)

Diameter

(nm)

Zr0.1 243 0.94 15.40

Zr0.05 261 1.04 16.0

Initial concentration

Adsorbent dosage

pH

Response Surface Method

12 mg/L

1 g//L

5 

98 %

Fluoride 

removal

Figure 6. Response surface graph

Conditions: contact time: 6 h, 150 rpm, 25ºC

Synthesis

LDH

Solution Preparation

1

A. Metal Solution B. Alkaline solution

Mg(NO3)2

Al(NO3)3

ZrO(NO3)2

NaOH  

Na2CO
3

Add 20 drops per minute dripwise

and vigorously stirring.

Co-precipitation

2 3

Aging

Washing pH=7

Stirring 65°C for 18 h 

ambient temperature

4 5 6 7

Drying
80°C, 24 h

Milling

Sieve

Calcined
350°C,

8 h

white powder

Molar ratio of Zr

0.1,0.075 and 0.05 M

Zr0.1

Zr0.075

Zr0.05

Fluoride Adsorption

The experimental design was carried out with

three independent factors (Table 2) and the

percent (%) removal as the dependent variable.

Response Surface Method

Dependent Variable High Center Low 

Initial concentration (mg/L) 5 10 15

Adsorbent doce (g/L) 0.5 0.75 1.0

pH 4 5 6

Figure 5. FTIR spectra of Mg-Al-Zr materials 

before and after calcination

The adsorption kinetics were carried out with the optimal conditions of the experimental design.

Adsorption Kinetics

The data were fitted

to the Pseudo-second

order models

R2
ajus= 98%

K2=0.015 (g/mg.min); qe= 12.58 mg/g 

Figure 2. XRD patterns of Zr0.01, Zr0.075 and Zr0.05

The XRD patterns of the absorbents, when compared

with the crystallographic chart of the LDH, exhibited

the characteristic reflections at the angles 2Ө ≈11°-

60° (Arhzaf et al,. 2020).

Figure 1. Hydrotalcite structure

Figure 3. N2 Physisorption, adsorption/desorption isotherms

Table 3. Textural properties of the samples.

Figure 4. SEM-EDS, Elemental mapping of adsorbents

Figure 7. Fluorides adsorption kinetics 

studies of mixed Mg-Al-Zr oxides.

Additionally, we will investigate the formation of beads from the most effective LDH

material for packing it into a column and creating a continuous flow system.

Figure 3 shows that the Zr0.05 material has a 7% higher surface area compared to Zr0.1. This is related to the EDS results, which show a lower

zirconium content (by weight %) in Zr0.05. A lower Zr content directly impacts the adsorption efficiency, leading to higher efficiency for Zr0.05

compared to the other adsorbents. The distribution of metals in the elemental mapping can be attributed to the fact that Zr is not entirely

intercalated into the structure. While the intensities and widths of the XRD peaks suggest the probable formation of some amorphous phases

(to a limited extent), reflections attributed to laminar LDH materials are still present, as confirmed by the SEM micrographs. However, Zr0.05 in

the RSM experiment shows removals greater than 98% of an initial concentration of 12 mg/L at 180 min, confirmed by adsorption kinetics.

Adsorption follows a chemisorption

process. 

Fluoride removal >99%

Zr0.05

Zr-modified LDHs with a molar ratio of 0.05M (Mg-Al-Zr) are effective in removing fluorides from

water, achieving an efficiency greater than 99% (qe= 12.58 mg/g). The intercalation of Zr (0.05M)

does not significantly affect the structural properties, as evidenced by the presence of laminar

compounds and a homogeneous distribution of Mg-Al metals. However, Zr appears dispersed,

suggesting the possible formation of a secondary zirconium oxide (ZrO2) phase. Despite this, a

portion of Zr remains intercalated within the LDH structure, contributing to a greater electrostatic

charge and consequently impacting the adsorption efficiency. .

Characterization

Table 2. Experimental design variables
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