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Abstract

Layered double hydroxide (LDH) is one of the promising clay minerals that show great potential in various applications owing to its
versatile structural properties. Prominently known for its high anion exchange capacity, this allows LDH to be considered as one of the
most effective adsorbents in removing anionic toxic. However, the structural property of LDH hinders it from removing cationic toxic.
Therefore, LDH have been functionalized to enhance its adsorption properties. In the present work, we aim to summarize the recent
progress of functionalized LDH with different compounds for removal of both anionic and cationic toxics. The adsorption isotherm
and effect of pH on absorption capacity also have been briefly reviewed.
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1 Introduction
Layered double hydroxide (LDH) is an anionic clay with positive
charge, created by the mixed hydroxides layer. The structure con-
tributes greatly to its anionic exchange capacity. In their work, (Ca-
vani et al., 1991) represented LDH by the general formula as follows:

[MII1-xMIIIx(OH)2] x+ [An-]. mH2O
Where,

MII : Divalent metal cations
MIII : Trivalent metal cation
An- : Exchangeable anion

Additionally, the layered crystal structure of these compound
depends upon the nature of cation (x) and ratio of MII and MIII,
where the true phase can be observed when 0.2 < x < 0.3 with ra-
tio 2:1 to 4:1 of MII and MIII. As demonstrated in Figure 1.0, LDH
possesses divalent and trivalent metal cations that are connected
by -OH unit which lead to the formation of brucite-type octahe-
dral sheets. The space between the layer contains exchangeable
anions such as carbonate and nitrate, along with water molecule.
Interestingly, LDH’s lack of crosslinking between the cation layers
allows the contraction and expanding interlayer spacing which al-
low anion to be intercalated between the layers (Dietmann et al.,
2020)
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Figure 1 Structure of LDH (Bi et al., 2014)
The overview of available literature showed that LDH pos-

sesses great potential to be utilized in many applications includ-
ing as adsorbents (Rathee et al., 2020; Zhao et al., 2021) , wastewa-
ter purification (Teixeira et al., 2014), anion exchanger (Alibakhshi
et al., 2020) and environmental application (Zaghloul et al., 2020;
Zhang, Ai and Lu, 2020). The wide range of applications are con-
tributed by its versatile structural properties such as anion ex-
changeability, compositional flexibility, biocompatibility, and high
chemical stability. Uniquely, LDH exhibits memory effect; a con-
dition which refers to the capability of decomposed LDH to recon-
struct into its original structure when put in contact solution of an-
ions.

The majority of scientific reports emphasized on the applica-
tion of LDH to remove anionic toxic due to its capability to undergo
anion exchange. However, the presence of different types of toxic
compound with different charges in synthetic dye in industry re-
quires the usage of adsorbents capable of removing both anionic
and cationic toxics.Hence, to enhance the adsorption properties of
LDH, numerous studies have attempted to modify LDH with other
materials which allow LDH to remove anionic as well as cationic
toxics.
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In this paper, the method to functionalize LDH and the capac-
ity of functionalized LDH in removing anionic and cationic tox-
ics are discussed. Next, adsorption isotherm and effect of pH on
adsorption effectiveness of functionalized LDH are also presented
briefly.

2 Synthesis of LDH and functional-
ized LDH

Recently, major effort has been pushed toward synthesizing
LDH as it allows researchers to design and manipulate the compo-
sition and structure of LDH as well as producing LDH in high pu-
rity. Till present, several methods have been proposed to synthesis
these lamellar solid, both simple and complex methods, including
co-precipitation, ion exchange, hydrothermal synthesis, and ion
reconstruction.

Among the aforementioned methods, co-precipitation is fre-
quently used because it is simple, cost effective, can be applied in
a large scale, and easy to handle (Hu et al., 2017; Yang et al., 2020). In
short, co-precipitation is a direct method to produce LDH contain-
ing various layer of cations and interlayer anions involving simul-
taneous precipitation of divalent and trivalent metals. The mecha-
nism of co-precipitation as the process of condensation of soluble
source of divalent and trivalent metal together with interlayer an-
ion in order to form a brucite-like layer.

For instance, Tran et al. (2018) have used co-precipitation
method to intercalate LDH with different types of amino acid in-
cluding phenylalanine, tyrosine, and serine. In a recent study
conducted by Zhu et al. (2020), this method was also employed
to functionalize LDH with ATMP. The authors described that the
process starts with the drop-wise addition of ATMP into 100 mL
Zn/Al LDH containing 0.02 mol Zn(NO3)2•6H2O and 0.01 mol
Al(NO3)3•9H2O with mild agitation at pH 8. Different ratio of diva-
lent and trivalent metal is significant in affecting the final product
type of LDH (Manzi-Nshuti et al., 2009; Fahad et al., 2019). There-
fore, this is crucial to optimize the ratio and carefully select type of
salt for specific purpose. Next, the resulting gelatinous precipitate
is aged at certain condition. The aging of the solution is vital to en-
sure high crystallinity of LDH (Manzi-Nshuti et al., 2009). Follow-
ing this, the precipitate is filtered, dried, and ready to be collected.

Nowadays, various types of synthetic LDH can be synthesized
using different types of metal cation such as Mg/Al and Zn/Al. Ta-
ble 1.0 reviews the specific application of different metal cations as
a source to synthesize LDH.

Table 1 Synthesizing LDH using different metal cations in specific
application.

Divalent/trivalent Application References
Mg/Al Control release of

non-steroidal anti-
inflammatory drug

(Dasgupta,
2017)

Zn/Al Removal methyl orange
from aqueous solution

(Mahjoubi et
al., 2019)

Li/Al Sensor for reversible sens-
ing

(Huang et al.,
2019)

Co/Al Enhance performance for
brackish water desalina-
tion

(Mutharasi et
al., 2021)

Co/Fe Capacitive deionization (Li et al., 2021)
Ni/Al Self powered generator (Tian et al.,

2020)
Ca/Al Removal of selenium from

caustic solution
(Li et al., 2020)

Cu/Al Antibacterial properties (Tabti et al.,
2020)

Additionally, many studies have employed other materials such
as oxalic anion (Badri et al., 2020), zeolite (Gustavo, Bieseki and
Ribeiro, 2019), indigo carmine (Starukh and Levytska, 2019), amino
acid (Tran et al., 2018), ATMP (Zhu et al., 2020a), polyoxomelate,
and amino triethylene phosphonic acid to remove anionic and
cationic toxics. In a recent study conducted by Badri et al. (2020),
oxalic anion was intercalated within Mg/Cr LDH via ion exchange.
To prepare the sample, 50g of Mg/Cr LDH was mixed with water
before it was added to a solution of oxalic acid at pH 9. The sus-
pension was stirred for 24 h under nitrogen atmosphere and finally,
the mixture was dried at 100℃ (Badri et al., 2020). LDH also can be
functionalized with heteropoly blue using ion exchange method to
enhance the adsorption of cationic toxic by LDH. The sample was
prepared under nitrogen atmosphere (Bi et al., 2011).

3 Adsorption : cationic and anionic
Lofrano et al. (2016) defined adsorption as “a mass transfer pro-

cess which involves the accumulation of substances at the inter-
face of two phases, such as liquid–liquid, gas–liquid, gas–solid, or
liquid–solid interface”. According to Burakov et al. (2018), adsorp-
tion refers to the process that occurs when a liquid solute gath-
ers and forms a molecular film on the surface of a solid adsorbent.
In the adsorption process, the term “adsorbed” refers to the sub-
stance being adsorbed, while “adsorbent” refers to the adsorbing
material (De Gisi et al., 2016). The rate of adsorption usually in-
creases with increase in the following factors: adsorbent dose, pH,
contact time, temperature, stirring speed, and initial concentra-
tion (Burakov et al., 2018). The common mechanism of adsorption
by LDH and functionalized LDH are ion exchange, electrostatic in-
teraction, physical adsorption, and chemical bonding.

To utilize LDH as an adsorbent to remove cationic and anionic
toxics in wastewater from oil industry simultaneously, LDH have
been functionalized with zeolite, a material with high cationic ex-
change capacity. The cationic and anionic exchange capacities ex-
hibited by LDH and zeolite, respectively, allow them to exchanging
cation and anion toxic in aqueous solution. The resulting func-
tionalized LDH, Zeo-LDH has been proven to successfully remov-
ing 85–100% of cationic and 56–99.7% of anionic in water produced
from petroleum production (Gustavo, Bieseki and Ribeiro, 2019).

In multiple studies, functionalized LDH has been utilized to
adsorb methylene blue (MB), a cationic dye. In a recent study done
by Starukh and Levytska (2019), they combined Zn/Al LDH with in-
digo carmine (IC), an anionic dye. Initially, the Zn/Al LDH alone
was unable to remove MB, but once combined with IC, 320 mg/g
of MB was successfully removed from aqueous solution (Starukh
and Levytska, 2019).

An earlier study by Zhao et al. (2017) attempted to remove MB
by functionalizing LDH with poly(ledopa). It has been reported
that catechol groups of poly(ledopa) have a strong affinity to ad-
sorb MB. In this work, the authors used the strategy of mussel-
inspired chemistry to remove the cationic dye. In brief, simple
dip-coating of LDH with levodopa (DOPA) was performed, allow-
ing DOPA to self-polymerized and forming poly(levodopa) on the
surface of LDH (Zhao et al., 2017).

4 Adsorption isotherm towards an-
ionic and cationic toxics

Adsorption isotherm is conducted to predict the amount of pol-
lutant being adsorbed to adsorbing agent and to investigate the
adsorption uptake capacity which is important to design adsorp-
tion mechanism. Some of the commonly used model isotherms
including Langmuir, Freundlich, and linear model for homoge-
nous and heterogenous surface of material. Several reports show
that functionalized LDH follows Langmuir model. This indicated
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that the interaction between toxic compound with adsorbent is
stronger than that of between solvent and adsorbent (Starukh and
Levytska, 2019).

5 Effect of pH
Following functionalization of LDH, it has been reported that

the effectiveness of functionalized LDH in adsorbing pollutants
are influenced by pH. pH poses significant effect on the surface
charge and ionic chemistry solution. At high pH (pH 3–5), the ad-
sorption effectiveness of functionalized LDH is enhanced for the
removal of cationic toxic. This is owing to the fact that the sur-
face of LDH becomes more positive at high pH which allows them
to undergo electrostatic attraction between carboxylate group in
LDH and cationic metal.

In contrast, anionic toxics removal is more favorable at low pH
because in this condition, the surface of LDH becomes more pos-
itive, allowing it to interact with negative charge of anionic metal.
It can be explained that at low pH, hydroxyl group in LDH are con-
verted to -OH2+ resulting the surface of LDH to become more pos-
itive (Tran, Lin and Chao, 2018). That is consistent with the result
presented by Zhu et al. (2020).

To sum, the adsorption capacity to remove cationic is ineffec-
tive at low pH and significantly increases with increasing pH. How-
ever, the adsorption experiment is conducted at pH lower than 6 in
order to prevent precipitation heavy metal ion. Overall, the current
research data suggests that the optimum pH in removing cationic
toxic is at pH 5.

6 Conclusion
In this review, the current research progress in functionalized

LDH to enhance the adsorption capacity in removing anionic
and cationic has been briefly reviewed. In order to improve the
adsorption properties, many attempts have been made such as
functionalizing LDH with zeolite, amino acid, oxalic anion, and
indigo carmine. The resulting the functionalized LDH with each
compound exhibited great performance in removing both types
of toxic. In addition, a brief discussion on adsorption isotherm
is included in this review where the isotherm model used is de-
pendent on the compound used to functionalize the LDH. Last
but not least, the effect of pH demonstrated that functionalized
LDH favors in removing anionic and cationic toxics at pH 3 and
pH 5, respectively. It is quite evident from this review that with
the appropriate choice of compound to intercalate the LDH, the
resulting functionalized LDH possesses great impact in alleviating
the pollution issue in our environment through adsorption and
wastewater purification.
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