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Abstract The hydrotalcite based upon manganese known
as charmarite MnyAl,(OH);,CO5-3H,0 has been synthes-
ised with different Mn/Al ratios from 4:1 to 2:1. Impurities
of manganese oxide, rhodochrosite and bayerite at low
concentrations were also produced during the synthesis.
The thermal stability of charmarite was investigated using
thermogravimetry. The manganese hydrotalcite decom-
posed in stages with mass loss steps at 211, 305 and
793 °C. The product of the thermal decomposition was
amorphous material mixed with manganese oxide. A
comparison is made with the thermal decomposition of the
Mg/Al hydrotalcite. It is concluded that the synthetic
charmarite is slightly less stable than hydrotalcite.

Keywords Charmarite - Rhodochrosite - Hydrotalcite -
Hydrocalumite - Synthesis - Thermal stability

Introduction

Hydrotalcites have been known for an extended period of
time [1-3]. Hydrotalcites, or layered double hydroxides
(LDH) are fundamentally known as anionic clays [4].
Hydrotalcites containing manganese are known [5-8]. The
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natural mineral is known as charmarite [9]. The application
of hydrotalcites containing manganese rests with their
application in catalyst science [7, 10-15]. Some of these
types of materials are used for adsorption and chemical
storage [8, 16, 17]. However the synthesis and character-
ization of hydrotalcites containing manganese remains
unexplored and not studied.

Hydrotalcites consist of stacked layers of metal cations
(M** and M*") similar to brucite (Mg(OH),). The struc-
ture of hydrotalcite can be derived from a brucite structure
(Mg(OH),) in which e.g. A" or Fe** (pyroaurite-sjogr-
enite) substitutes a part of the Mg>" [2, 18-20]. This
substitution creates a positive layer charge on the hydrox-
ide layers, which is compensated by interlayer anions or
anionic complexes. In general any divalent cation could
substitute for the Mg*" in the brucite-like layer, including
Mn*". Hydrotalcites consist of stacked layers of metal
cations (M*" and M*™) similar to brucite (Mg(OH),). For
hydrotalcite-like structures, the substitution of divalent
cations for trivalent ones (of similar radii), gives rise to a
positive charge on the brucite-like layers. In hydrotalcites a
broad range of compositions are possible of the type
[M2+1,XM3+X(OH)2]x/n.yH20, where M>" and M>** are
the di- and tri-valent cations in the octahedral positions
within the hydroxide layers with x normally between 0.17
and 0.33. A" is an exchangeable interlayer anion [21].
The positively charged hydroxyl layers are neutralised
through the intercalation and adsorption of anionic species,
therefore stabilising the structure. Anions that are interca-
lated between the hydroxyl layers need to meet certain
criteria, including having a high charge density and small
anionic radius.

This study is focused upon the synthesis, characterisa-
tion of hydrotalcites with manganese substituting for
magnesium in the brucite layer of hydrotalcites.
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Experimental
Synthesis of hydrotalcite samples

The hydrotalcites were synthesised by the co-precipitation
method using analytical grade chemicals. Two solutions
were prepared, solution 1 contained 2 M NaOH and 0.2 M
Na,COs3, and solution 2 contained Mn?* (MnCl,-4H,0) at
different concentrations, together with APT (AlCI5-6H,0).
Solution 2 was added at a steady rate to solution 1 drop
wise, under vigorous stirring. A separating funnel was used
to deliver solution 2 to solution 1. The precipitated min-
erals were washed at ambient temperatures thoroughly with
ultra pure water to remove any residual salts and dried in an
oven (85 °C) overnight. Table 1 shows the masses and
concentrations used to synthesise hydrotalcites with a
range of Mn/Al ratios.

Characterisation techniques

Thermal decomposition of approximately 50 mg of
hydrotalcite was carried out in a TA® Instruments incor-
porated high-resolution thermogravimetric analyser (series
Q500) in a flowing nitrogen atmosphere (80 cm®/min), at a
rate of 2.0 °C/min up to 1000 °C. X-ray diffraction
patterns were collected using a Philips X’pert wide angle
X-ray diffractometer, operating in step scan mode, with Cu
Ko radiation (1.54052 A). For more information on the
experimental and analysis techniques used, refer to previ-
ous work by the authors [22-27].

Results and discussion
X-ray diffraction

The powdered XRD patterns of the synthesised manganese
hydrotalcites together with probable impurities are shown
in Fig. 1. The natural mineral is known as charmarite
Mn4Al(OH),CO3-3H,0 [9, 28] and the XRD pattern of
this mineral is shown in Fig. 1. The XRD patterns show
that the compound equivalent to the mineral charmarite has

Table 1 Masses and concentrations for the synthesis of manganese
containing hydrotalcites with various Mn/Al ratios

Mn/Al ratio 2:1 2.5:1 3:1 3.5:1 4:1

Concentration of 067M 071 M 075M 0.77M 0.80 M
MnCl,-4H,0
Masses of MnCl,-4H,O 6.63 g 7.02g 742g 7.62g 792¢

Concentration of 033M 029M 025M 022M 020 M

AICl;-6H,0

Masses of AICI;-6H,O0 398 ¢g 345¢g 3.02g 268g 24lg
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Fig. 1 Powder X-ray diffraction of the synthesised manganese
hydrotalcites in the 2:1 to 4:1 ratio

been successfully synthesised over a range of concentra-
tions from 4:1 Mn/Al to 2:1. Some impurities are observed
in the synthesised manganese hydrotalcite including
manganese oxide (Mn3O,4), bayerite and rhodochrosite
(MnCO3). The formation of Mn/Al hydrotalcites, under
these specific synthesis conditions, does not appear to be
the most favourable reaction, especially as the concentra-
tion of manganese increases in solution. It is proposed that
the increase in cation size, compared to magnesium
hydrotalcites, restricts the formation of hydrotalcite and
allows for other manganese phases to form. It is observed
that manganese oxide (predominate phase) and rhodo-
chrosite form predominantly in high manganese concen-
trations. The d(003) spacing varies from 7.70 At07.79 A.
It is concluded that the hydrotalcite based upon divalent
manganese is successfully synthesised over a wide range of
Mn/Al ratios. It should be noted that sodium chloride is not
a true precipitate that forms, it is present due to the drying
process.

A comparison may be made with the d-spacings of
natural hydrotalcites. There exists in nature a significant
number of hydrotalcites which are formed as deposits from
ground water containing Ni*" and Fe’™ [29]. These are
based upon the dissolution of Ni-Fe sulphides during
weathering. Normally the hydrotalcite structure based upon
takovite (Ni, Al) and hydrotalcite (Mg, Al) have basal
spacings of ~8.0 A, where the interlayer anion is
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carbonate. If the carbonate anion is replaced by sulphate,
then the mineral carrboydite is obtained. Similarly reeve-
site is the (Ni, Fe) hydrotalcite with carbonate as the
interlayer anion, which when replaced by sulphate the
minerals honessite and hydrohonessite are obtained.
Among the naturally occurring hydrotalcites are carrboy-
dite and hydrohonessite [30, 31]. These two hydrotalcites
are based upon the incorporation of sulphate into the
interlayer with expansions of 10.34-10.8 A.

Thermal analysis—TG and DTG

The TG and DTG curves for the thermal decomposition of
the synthesised charmarite are displayed in Fig. 2. The
DTG curve of the manganese hydrotalcite resembles those
observed for magnesium hydortalcites, Fig. 3. The main
difference between these different hydrotalcites is the
stability of the interlayer water within the hydrotalcite
structure. However, the three main decomposition steps
observed for magnesium hydrotalcite structures are
observed in the manganese hydortalcite: (1) removal of
adsorbed water, (2) removal of interlayer water, (3) dehy-
droxylation and decarbonation of the hydrotalcite structure.
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Fig. 3 TG and DTG curve of the 3:1 Mg>"/AI’* hydrotalcite

A series of TG steps are observed with maxima in the
DTG curves at 44, 169, 211, 305, 531 and 793 °C. The first
mass loss at 44 °C is ascribed to the loss of adsorbed water.
The theoretical formula based on the molar ratio of Mn*"
and APPT in solution is MngAl,(OH);sCO;-4H,0. The
number of moles of water associated with the structure has
been calculated from the theoretical formula and the
combined mass loss between 0 and 260 °C, Appendix. The
broad mass loss, ranging from 115 °C to 264 °C, is
attributed to the loss of water in the interlayer region. The
total mass loss for these two steps is 9.67% (respectively
3.48 and 6.19%). Compared to the mass losses at higher
temperatures, a considerable amount of adsorbed water is
associated with this structure. The following thermal
decomposition is proposed for the removal of water:

MH6A12(OH)]6CO3-4H20 — MH6A12 (OH)]6C03 + 4H20

The decomposition of the hydroxyl layers of the HT
structure occurs as a broad peak centred at around 305 °C.
The OH units of the brucite-like layers decompose to its
corresponding oxides, shown by the decomposition equation
below:

3MH6A12(OH)]6CO3 — 5MII304 + 3C02 + 3MHA1204
+ 16H,0 + 3/20,

The peak at 531 °C is assigned to the decomposition of
MnCOs3. A mass loss of 2.41% is observed, (MnCO5; —
MnO + CO,). XRD did not find MnO in the TG residue,
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Fig. 4 XRD of the products of the thermal decomposition of
manganese containing hydrotalcite
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however, due to the small concentration of this phase it is
proposed XRD is not sensitive enough to detect this phase.
A higher temperature mass loss at around 793 °C of
10.62% is observed and is assigned to the decomposition of
the residual salt. The XRD of the product of the thermal
decomposition of charmarite is provided in Fig. 4. The
product shows a great deal of amorphicity. The main
product according to the XRD is manganese oxide.

Conclusions

The hydrotalcite mineral charmarite with different Mn/Al
ratios have been successfully synthesised. Manganese
hydrotalcite thermally decomposes in stages with mass
loss steps at 170 °C attributed to water loss, and at
315 °C assigned to the loss of carbonate and OH units.
The impurity MnCOj; is proposed to decompose between
400 and 660 °C to CO, and manganese oxide. The
thermal analysis of the residue showed all compounds
decomposed to manganese oxide. The synthesised
charmarite also thermally decomposes in steps with
principal peaks in the DTG curve at 169, 211 and
305 °C, corresponding well to the decomposition of
magnesium hydrotalcites. It is concluded that the thermal
stability of charmarite is similar to but slightly less stable
than magnesium hydrotalcites.
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Appendix

Calculation of water content for Mn>T/AI**
hydrotalcite

Proposed composition MngAl,(OH),,CO5-xH,O

Total mass of hydrotalcite analysed: 26.852 mg

% mass loss of water up to 264 °C: 9.67%

Mass of water removed up to 264 °C: 2.5966 mg
Molar mass of water: 18.02 g mol '

Moles of water removed: 0.144095 mmol

Mass of dehydrated mineral: 26.852 — 2.5966 =
24.2554 mg

Molar mass of dehydrated mineral: 715.738 g mol ™'
Moles of dehydrated mineral: 0.033888 mmol

@ Springer

Calculation of x:

1 mol dehydrated mineral: x mol H,O

0.033888 mmol dehydrated mineral: 0.144095 mmol
H2O

x =4.2521 — 4 mol

Formula: MngAl,(OH),CO5-4H,0
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