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Abstract

Hydrotalcite (MgsAl2(OH)16C0O34H20) is a naturally occurring anionic clay with a layered crystal structure. Hydrotalcites is
classified as heterogeneous catalysts that exhibit an excellent separation post-reaction. Furthermore, commercial hydrotalcites
are environmentally friendly. Organically synthesised hydrotalcites have attracted numerous researchers. The compounds are
crucial solid base materials for several organic reactions, such as the Aldol condensation, Knoevenagel, Claisen-Schmidt, and
Michael addition reactions. The present review covers the synthesis of magnesium aluminide (MgAl) hydrotalcites with varying
magnesium to aluminium (Mg/Al) molar ratios employed to prepare the catalyst. Additionally, the characterisation of MgAl
hydrotalcites with X-ray diffraction (XRD), Brunauer-Emmett-Teller (BET), and scanning electron microscopy (SEM) are
highlighted. The instruments were utilised to identify the physicochemical properties of the catalyst, including crystallinity,
surface area, and morphology. The catalytic activity of MgAl hydrotalcite was explored in the isomerisation of glucose into
fructose as a model reaction for the catalytic performance.

Keywords: MgAIl hydrotalcite, Mg/Al molar ratio, physicochemical properties, catalytic activity

Abstrak
Hidrotalsit (MgsAl2(OH)16C034H20) ialah tanah liat anionik yang wujud secara semula jadi dengan struktur kristal berlapis.
Hidrotalsit dikelaskan sebagai pemangkin heterogen yang mempamerkan pemisahan selepas tindak balas yang sangat baik.
Tambahan pula, hidrotalsit komersial adalah mesra alam. Hidrotalsit yang disintesis secara organik telah menarik ramai
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penyelidik. Sebatian tersebut merupakan bahan asas pepejal yang penting untuk beberapa tindak balas organik, seperti tindak
balas kondensasi Aldol, Knoevenagel, Claisen-Schmidt, dan penambahan Michael. Ulasan semula ini meliputi sintesis
magnesium aluminida (MgAl) hidrotalsit dengan pelbagai nisbah molar magnesium kepada aluminium (Mg/Al) digunakan untuk
menyediakan mangkin. Selain itu, pencirian hidrotalsit MgAl dengan pembelauan sinar-X (XRD), Brunauer-Emmett-Teller
(BET), dan mikroskop elektron pengimbasan (SEM) diserlahkan. Instrumen ini telah digunakan untuk mengenal pasti sifat
fizikokimia mangkin, termasuk kehabluran, luas permukaan, dan morfologi. Aktiviti pemangkin hidrotalsit MgAl telah diterokai
dalam pengisomeran glukosa kepada fruktosa sebagai tindak balas model untuk prestasi pemangkin.

Kata kunci: MgAI hidrotalsit, nisbah molar Mg/Al, sifat-sifat fizikokimia, aktiviti pemangkin

Introduction
Hydrotalcite is a magnesium-aluminium hydroxy-
carbonate, a naturally occurring mineral with the
chemical composition MgsAl2(OH)16C0O34H,0 that
exhibits a layered crystal structure [1]. The layers
consist of positively charged hydroxide layers, while
the interlayers contain carbonate anions and water
molecules, as displayed in Figure 1. The general
formula of hydrotalcites is
[M2*(1_yM3*(OH)2]x+(Axin)™.yH20, where M?* and
M3+ are the metal components with divalent and
trivalent cations, respectively, and A" is an interlayer
anion [2]. Aluminium (Al) is partially substituted in
magnesium hydroxide (Mg(OH)2) and is a brucite
structure in magnesium aluminide (MgAl) hydrotalcite,
the typical representation of hydrotalcites [3]. The
charge imbalance when a trivalent cation replaces the
divalent is counterbalanced by the placement of
available anions, such as COs%*, NOs~, Cl-, SO4*, and
OH-, in the interlayers along with water molecules [4].

The MgAI hydrotalcites are solid bases that exhibit
potential catalytic activity and good stability under
required  reaction  conditions [6]. Moreover,
hydrotalcites possess two representative and prominent
properties, the ability to capture and exchange organic
and inorganic anions and the memory effect due to
their unique structures [7]. The unique characteristics
resulted in the wide range of applications of the
compounds as anion exchangers, absorbing agents,
stabilisers for polymers, catalysts, electroactive
materials, and pharmaceuticals. Hydrotalcite is

classified as a heterogeneous catalyst with numerous
advantages over homogeneous catalysts, including
catalyst reusability, high purity by-products, and good
separation and purification [8]. The wide applications
of hydrotalcite catalysts have brought more
functionality to the industry. Researchers in the
scientific field generally employ hydrotalcite catalysts
in organic synthesis reactions [9]. The catalysts are
regarded as crucial solid base materials for various
organic reactions, including Aldol condensation [10],
Knoevenagel [11], Claisen-Schmidt [12], and Michael
addition [13] reactions.

Numerous methods, such as co-precipitation, urea, sol-
gel, and hydrothermal synthesis, could be utilised to
prepare MgAl hydrotalcite [14, 15]. In this review, the
preparation of MgAl hydrotalcite via co-precipitation,
urea, and simple methods are discussed in detail.
Furthermore, the current review highlights the
characterisation of MgAIl hydrotalcites with X-ray
diffraction (XRD), Brunauer-Emmett-Teller (BET),
and scanning electron microscopy (SEM). The
instruments identified the physicochemical properties
of the catalyst, including crystallinity, surface area, and
morphology. The catalytic properties of MgAl
hydrotalcite as base catalysts were confirmed by the
isomerisation of glucose to fructose. The influence of
the preparation method on the physicochemical
properties and activity of MgAl hydrotalcites as solid
base catalysts based on the characterisation results and
the catalytic activities observed are discussed and
compared.
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Figure 1. MgAl Hydrotalcite Structure [5]

Preparation of MgAl hydrotalcite catalyst

Researchers have employed numerous methods to
synthesise MgAIl hydrotalcite catalysts, such as co-
precipitation, urea, and simple methods. The
techniques are applicable in the isomerisation of
glucose into fructose. The most common method to
prepare hydrotalcite catalyst is the co-precipitation
method. The pH of the solution plays a vital role in the
technique. If the pH of the solution utilised is low, not
all ions would precipitate, while a high pH would result
in the dissolution of the metallic ions present [5].
Consequently, it is essential to control the pH of the
solution to obtain the hydrotalcite catalyst successfully.
Park et al. [14] performed-the preparation of MgAl
hydrotalcite catalyst via the co-precipitation method by
adding aqueous solution B, sodium hydroxide and
sodium carbonate. in distilled water dropwise into
solution A that consisted Mg(NO3)..6H.0 and
AI(NO3)3.9H,0 dissolved in distilled water. During the
addition of solution B into solution A, the pH of the
solution need to be maintained at approximately 9.5.
The resulting solution was vigorously stirred at room
temperature for 18 h before proceeding with the
filtration process by washing it with distilled water
several times. Subsequently, the solid product was
dried overnight at 100 °C. The molar magnesium to
aluminium (Mg/Al) ratio utilised in the study was

three. The report found that the ratio resulted in a
promising-catalyst for various base-catalysed reactions
due to its excellent base catalytic properties.

The utilisation of varying Mg/Al molar ratios affected
the catalytic performance of the MgAIl hydrotalcites
catalyst obtained [16]. Kang et al. prepared MgAl
hydrotalcite via the co-precipitation method with
different Mg/Al atomic ratios of from 0.5 to 3.5, which
was dissimilar to the investigation by Park et al., where
the only Mg/Al molar ratio employed was three. In a
similar investigation to [14], Yu et al. reported
synthesising fresh, calcined, and rehydrated MgAI
hydrotalcite catalysts with the Mg/Al ratio of three
[17]. The calcined MgAl hydrotalcite was prepared by
calcining the synthesised MgAl hydrotalcite at 450 °C
for 10 h in an airstream. In contrast, the rehydrated
MgAIl hydrotalcite was obtained by hydrating the
calcined MgAl hydrotalcite in decarbonated water with
vigorous stirring in an inert atmosphere at 60°C for
a day followed by filtration and drying overnight at
80 °C.

Urea hydrolysis is one of the techniques employed to
acquire  MgAl hydrotalcite.  The  alternative
precipitating agent utilised in the method is urea, while
the co-precipitating technique employs Na,COs as the
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precipitating agent [5]. The MgAI hydrotalcite with
Mg/Al = 3 was prepared by Park et al. [16] according
to this procedure. A solution of Mg(NOs3)..6H.0,
AI(NO3)3.9H,0, urea, and distilled water was added
into a three-neck flask equipped with a condenser . The
reaction was conducted at 95°C for two days, while the
pH of the solution was measured every 15 min during
the hydrolysis. After the reaction was completed, the
resulting mixture was cooled in an ice bath for 30
minutes, filtrated, washed, and dried at 80 °C. Another
method employed by the same researchers was the
simple method. The technique was based on the
hydration of metal oxides obtained by calcination of
metal nitrates in the air at 450 °C for 10 h.
Subsequently, suitable amounts of MgO and Al.O3
were dissolved in distilled water, and the resulting
solution was aged at 60 °C for a week. A white
precipitate was obtained after the solution was filtered
and dried overnight at 80 °C. The method was simpler
than the other two techniques as no particular
controlled variables were involved with metal oxides

[7]1.

Characterization of MgAl hydrotalcite catalyst

The formation of MgAIl hydrotalcite was confirmed
with various characterisation tools such as XRD, SEM,
and BET. The XRD is one of the most common
characterisation tools employed to confirm the layered
structure of hydrotalcite. Park et al. [16] reported that
the typical XRD pattern of MgAl hydrotalcite exhibits
definite crystalline phases observable in fresh catalyst
obtained from every ‘method, attributing to the
reflections of 20 = 11.6° (003), 23.3° (006), 34.8°
(009), 60.7° (110), and 62.0° (113), as shown in
Figure 2. The results indicated that the MgAl
hydrotalcite with Mg/Al = 3 retained the layered
double “hydroxide structures even though they are
prepared differently. The XRD patterns in Figure 2(b)
demonstrated a slight shift of the peaks at the (003)
plane, depending on the preparation method employed.
The observation was due to the different anions located
in the interlayer spaces of the hydrotalcite procured
from the three preparation techniques.

Figure 3 displays the XRD pattern of the MgAl
hydrotalcite synthesised by Yu et al. [17]. Only the

synthesised and rehydrated MgAIl hydrotalcites
exhibited the characteristic hydrotalcite XRD peaks
similar to the planes reported by Park et al. [16]. No
XRD peaks corresponded to the layered structure of
hydrotalcite in the calcined MgAl hydrotalcite due to
the destruction of the structure by the calcination
process. Conversely, the calcined MgAl hydrotalcite
maintained the spinel structure of MgAl mixed oxide.
Surprisingly, the rehydrated MgAl- hydrotalcite
preserved the layered structure of hydrotalcite, proving
the memory effect of hydrotalcite.

Figure 3 exhibits the XRD peaks for (003) planes in the
rehydrated MgAIl hydrotalcite, which was much
broader compared to the synthesised MgAI
hydrotalcite. The = observation was due to the
exfoliation -and vertical breaking of layers in the
structure of hydrotalcite, resulting in a smaller
crystallite size of the rehydrated MgAI hydrotalcite. A
report’ demonstrated the XRD patterns of MgAl
hydrotalcites synthesised with different Mg/Al atomic
ratios between 0.5 and 3.5 (Figure 4). The catalysts
with the Mg/Al atomic ratios of 0.5 and 1.5 were the
least developed. The lower the Mg/Al atomic ratio, the
more the peaks shifted towards higher values,
attributing to a decreased d-spacing between the
hydroxide layers, resulting in reduced distance between
layers of MgAI hydrotalcite as the Al content was
elevated [16].

The XRD peaks on the (003) plane were applied in the
Scherrer equation to calculate the crystallite size of the
MgAl hydrotalcites. Specific surface areas (Sger) of the
MgAI hydrotalcites were determined via the BET plot.
Park et al. found that different preparation methods of
MgAI hydrotalcite significantly impacted the crystallite
size and Sger. The MgAI hydrotalcite prepared via co-
precipitation (HT_P) demonstrated the smallest
crystallite size and the highest Sger compared to the
urea (HT_U) and simple (HT_S) techniques (Table 1).
Yu et al. [17] reported that the crystallite size of the
synthesised (HT_A) and rehydrated MgAl (HT_R)
hydrotalcites could be calculated as the catalysts
prepared through the co-precipitation method but under
different conditions retained their LDH structure.
Nonetheless, the calcined MgAl (HT_C) hydrotalcite
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did not produce results for crystallite as the structure of
the catalyst was destroyed during the calcination
process.

Kang et al. [16] concluded that as the Mg/Al atomic
ratio decreased, the Sger increased even at the Mg/Al
ratio of 1.0 (Figure 4). Nonetheless, based on the XRD
characterisation, the 1.0 sample exhibited lower Sger
due to the unsuccessful formation of layered structures.
Additionally, the catalyst produced with the Mg/Al

ratio of 1.5 demonstrated the most significant Sger and
the smallest crystallite size. Consequently, the
crystallite size was strongly affected by the preparation
method as the growth of the hydrotalcite layers and the
degree of layer stacking differed greatly depending on
the preparation method. Resultantly, the surfaces of the
active sites had different exposures to reactants,
resulting in varying catalytic activities of the MgAl
hydrotalcites [14].
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Figure 2. XRD patterns of MgAl hydrotalcite catalyst (HT_P = Co-precipitation, HT_U = Urea, HT_S = Simple &

HT_C = Purchased from Sigma-Aldrich) [14]
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Figure 3. XRD patterns of MgAl hydrotalcite catalyst (HT_A = Synthesized MgAl hydrotalcite, HT_C = Calcined
MgAl hydrotalcite & HT_R = Rehydrated MgAl hydrotalcite) [17]
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Figure 4. XRD patterns of MgAl hydrotalcite catalyst with different Mg/Al atomic ratio (1.0 — 3.5) [16]

Table 1. Crystallite size and specific surface areas of the Mg-Al hydrotalcite catalyst

Catalyst  synthesis Method Mg/Al Atomic . Crystallite Size ("M) g (m?g!)  Ref
Used Ratio (At (003) plane)
Mg-Al Co-precipitation (HT_P) 3.0 5.80 141.0
Urea (HT_U) 3.0 12.6 36.6 [14]
Simple (HT_S) 3.0 21.3 13
Mg-Al Co-precipitation (HT_A) 3.0 9.9 68.9
(HT_C) 3.0 - 158.5 [17]
(HT_R) 3.0 4.1 88.8
Mg-Al Co-precipitation (HT_1.0) 1.0 } 86.3
(HT_1.5) 1.5 3.9 204.5
(HT 2.0) 2.0 4.7 110.7 [16]
(HT 2.5) 2.5 4.6 130.1
(HT_3.0) 3.0 4.1 109.0
(HT_3.5) 35 5.2 89.1
Mg-Al Co-precipitation (HT_1.0) 1.0 7.9 147
(HT_1.5) 1.5 8.4 131
(HT_2.0) 2.0 10.3 110 [18]
(HT_3.0) 3.0 8.1 37
(HT_5.0) 5.0 6.8 23
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Upare et al. [18] reported XRD patterns for all the
samples with rehydrated Mg/Al ratios from 1.0 to 5.0
(Figure 5). Based on the XRD characterisation, an
increase of Mg/Al ratio was slightly shifted to a lower
angle on the (003) plane at 20 of 11.4° corresponding
to the interlayer anion. This observation indicating that
the interlayer spacing and unit cell parameter increased
with Mg/Al ratio of the rehydrated hydrotalcite [18].
Additionally, the crystallite size increases from 7.9 to
10.3 nm as the rehydrated hydrotalcite with Mg/Al
ratio increases from 1.0 to 3.0. Conversely, the
crystallite size decreases from 10.3 to 6.8 nm as Mg/Al
ratio decreases from 3.0 to 5.0.

Apart from XRD and BET analysis, SEM analysis also
can be employed to confirm the structure of MgAl
hydrotalcites and to prove the crystallite size calculated
from the XRD analysis. The characteristic layered

structures of the synthesised MgAI hydrotalcites were
composed of platelet-like particles that agglomerated in
different ways depending on the preparation method, as
shown in Figure 6. In particular, the HT_P MgAl
hydrotalcite with the smallest crystallite size exhibited
a sand-rose morphology (Figure 6(a)) [14]. Kang et al.
[16] observed a similar sand-rose morphology,
indicating that the co-precipitation method successfully
produced the layered MgAIl hydrotalcite structure
(Figure 7). The findings might be due to the surfaces
being easily exposed to reactants, which strongly
affected the catalytic activity of the catalysts [14].
Consequently, Park et al. reported that MgAI
hydrotalcites prepared according to the co-precipitation
procedure could be expected to exhibit superior activity
over other ~hydrotalcite catalysts in base-catalysed
reactions [14].
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Figure 7. SEM images of MgAl hydrotalcite with different Mg/Al atomic ratio [16]

Catalytic reaction in the isomerization of glucose to
fructose

Glucose isomerisation was employed as a model
reaction to explore the catalytic activity of the
synthesised MgAIl hydrotalcites. The isomerisation of
glucose into fructose is a critical step in biomass
conversion  technologies [19]. Generally, the
isomerisation of glucose into fructose was conducted in
a batch-type glass reactor with glucose as the reactant,
MgAIl  hydrotalcite as  the  catalyst, and
dimethylformamide. The reaction was conducted at
100°C for 3 h. After the reaction was completed, the

reactor was cooled in an ice bath, followed by filtrating
the resultant solution to separate the catalyst. Lastly,
the filtrate was analysed with HPLC equipped with a
UV-Vis detector. Table 2 tabulates the catalytic
activity of the synthesised MgAl hydrotalcite as a solid
base catalyst in the isomerisation of glucose into
fructose, as reported by Park et al., Yu et al., and Kang
et al. [14, 16, 17]. According to Park et al. [14], the
MgAl hydrotalcite prepared by co-precipitation
produced the highest fructose yield at 25% compared
to the other methods. Moreover, since the method
fabricated the smallest crystallite size with abundant
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surface base sites, numerous researchers utilised MgAl
hydrotalcite catalyst prepared with the co-precipitation
technique to convert glucose into fructose [14].

Yu et al. [17] found that the highest fructose yield
(30%) was obtained when the rehydrated MgAl
hydrotalcite catalyst was employed. The results were
due to the abundant and selective surface base sites for
glucose isomerisation were produced during the
rehydration process. Meanwhile, Kang et al. [16]
studied the effects of Mg/Al with different ratios on the
catalytic activity of MgAl hydrotalcite. They reported
that the MgAl hydrotalcite with an Mg/Al ratio of 1.5
produced the highest fructose yield (42%). The
increased catalytic activity of the MgAl hydrotalcite
during the isomerisation of glucose into fructose was
assumed to be due to the small crystallite size obtained
by co-precipitation of Mg/Al with the molar ratio of
1.5. Theoretically, the larger the surfaces of the MgAl
hydrotalcite exposed to the reactants, the catalyst
would exhibit a better catalytic activity.

A report demonstrated by Upare et al. on glucose
isomerization, 1-butanol was used as the solvent. It is
noted to be very effective in preventing the formation
of humin based on their previous study [18]. The

uniqueness of 1-butanol as a solvent for glucose
isomerization showed that there is no leaching of Mg
ions from the hydrotalcite catalyst compared to other
solvents such as water, ethanol and dimethylformamide
[18]. Notably, the rehydrated MgAIl hydrotalcite
catalyst with Mg/Al ratio of 2.0 is the excellent catalyst
for the isomerization of glucose into fructose with the
highest percent yield (51%). The fructose vyield
increased from Mg/Al ratio of 1.0 to 2.0, however, it
decreased from Mg/Al ration of 2.0 to 5.0. These
results showed that the high rehydrated Mg/Al ratio
were not favourable in the formation of fructose [18].

Apart from using the combination of 1-butanol and
hydrotalcite catalyst in glucose isomerisation, ethanol
is one of the solvent used in this reaction. Yabuhita et
al. found that the use of ethanol enhance the fructose
yield and thus, obtained 50% yield which is quite
higher compared to other results (Table 2).
Furthermore, the removal of ethanol after the reaction
is much simpler as its boiling point is quite low than
water [20]. By having Mg/Al molar ratio of 3,
Yabushita et al. [20] successfully acquired the
formation of fructose within a short time.

Table 2. Recent studies on MgAl hydrotalcite for Isomerization of Glucose into Fructose

Conversion of

Synthesis Mg/Al Conditions Selectivity of Yield for Ref
Method atomic ratio glucose (%) fructose (%) fructose (%)
Co-precipitation 38 65 25
Urea 3.0 AL 100°C for 22 69 14 [14]
Simple 3h 21 71 13
Co-precipitation
Synthesized HT 48 53 25
Calcined HT 3.0 AL100°C for 75 32 23 [17]
Rehydrated HT 5h 63 47 30
Co-precipitation
HT 1.0 25 98 24
15 At 100°C for 62 71 42
20 5h 58 73 41 [16]
25 55 70 39
3.0 48 81 40
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35 47 79 38
Co-precipitation
Rehydrated 1.0 46 65 30
(HT/l_ButanoI) 15 At 120°C fOI’ 59 83 49

20 5h 62 82 51 [18]

3.0 66 70 46

50 72 58 42
Co-precipitation
(HT/Ethanol) 3.0 At 90°C for 61 83 50 [20]

2h
Conclusion and Da Costa, P. (2017). A short review on the

Based on the comprehensive literature review, it could
be concluded that the preparation method of MgAl
hydrotalcite strongly influenced the growth and
stacking of its layers and the type of anions intercalated
during the formation of the layered structure. The
unique characteristics of the MgAl hydrotalcites led to
varied crystallite sizes and morphologies. The co-
precipitation method was more favourable than the
urea and simple methods to fabricate MgAI
hydrotalcites with surfaces that consist of numerous
basic sites. Furthermore, different Mg/Al molar ratios
also affected the formation and catalytic activity of the
synthesised MgAl hydrotalcite. The catalytic activity of
the synthesised MgAI hydrotalcite was observed in the
isomerisation of glucose into fructose. The MgAl
hydrotalcite prepared via co-precipitation produced the
highest fructose yield as its small crystallite size and
sand-rose morphology result in significant exposure of
its surface active sites to the reactants.
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