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Abstract. Mn3Al2Si3O12 were obtained in a hydrothermal experiment from gel with different
percentages of Na. After XRD and SEM analysis we can see what type of crystals we have inside the
sample (like “leaves” or cubic) and we can see the flat faces good for later applications.
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1. INTRODUCTION
The Mn3Al2Si3O12 crystals belong to the garnet group; this is an advanced
material. This group is composed of crystals of the general formula X3Y2Z3O12
where X = Mg, Fe2+, or Ca; Y = Al, Cr, or Fe3+; and Z = Si. The X-site is
8-coordinated, the Y-site is 6-coordinated (octahedral) and the Z-site is
4-coordinated (tetrahedral).
The crystal structure of garnet shows its framework like the structure of
octahedra and tetrahedra. In the cubic structures, all oxygens are identical and are
each bonded to one tetrahedron and one octahedron and to two of the divalent
dodecahedral sites (circles). Oxygen lies in a general position (point symemtry 1),
and there are 96 per unit cell.
Some important data of spessartine [Mn 3Al2Si3O12 ] garnets:
– molecular weight M = 495.03 g/mol; Z = 8; molar volume V = 117.88;
– density ρ = 4.199 g/cm3;
– crystal system: Cubic with unit cell: a = 11.612 Å and V = 1565.7 Å 3;
– point group: 4/m32/m; space group: Ia3d;
– thermal expansion (volumetric): α = 17.2 grad–1; a0 = 0.2927; a0 = 0.2927;
a1 = 0.2726; a2 = –1.1560.
– elastic parameters Ks = 168.4 GPa; G = 108.9 GPa.
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2. EXPERIMENT FOR OBTAINING MN-AL SILICATES
1→
[Mn(NO3)2·4H2O] + [Al(NO3)3·9H2O]+ (C2H5O)4Si + NaNO3 ⎯⎯
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Mn3Al2Si3O12 + another material
where the steps of the process for obtaining a hydrothermal Mn3Al2Si3O12 crystals are
1 : gellation process by adding excess of NH4OH;
2 : drying process to 110°C;
3 : heating process to 800°C in Ar/H2 atmosphere;
4 : HPT experiment at a pressure of p = 3 kbar, temperature of t = 600°C and for
different period for example T = 0 days .
Another material can be Albite (NaAlSi3O8) and Tephroite.

3. RESULTS

In the XRD experiments of spessartine with different percentages of Na we
can see (as in Fig. 1) that for the crystal where there is 5% of Na after the
hydrothermal experiment at a pressure of 3 kbar and a temperature t = 600°C we
can observe much more amorphous material than in the case where we have 25%
Na (see in Fig. 2) after the hydrothermal experiment at a pressure of 3 kbar,
temperature t = 650°C and a time of 7 days. The experiment was done with a
liquid–solid ratio of mL/mS = 2.066. We can see also in Fig. 2 very clearly the
peeks which represent the crystalline material inside the sample.
Differences in Figs. 1 and 2 are not only in the percentage of Na but also in
the time for the HTP (height temperature and pressure) experiment. For a longer
HTP experiment we obtained much better and nicer crystals. For a shorter HTP
experiment we obtained more amorphous material.
From Scanning Electron Microscopy determinations of spessartine with
different percentages of Na in Mn3Al2Si3O12 crystals we can see as in Fig. 3 where
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Fig. 1 – XRD pattern for spessartine + 5% Na after the hydrothermal experiment at a pressure of
3 kbar and temperature t = 600°C.

Fig. 2 – XRD pattern for
spessartine + 25% Na after
the hydrothermal experiment
at a pressure of 3 kbar, temperature t = 650°C and a time
of 7 days, with a liquid–solid
ratio of mL/mS = 2.066.

we have spessartine with 5% of Na with a liquid-solid ratio of mL/mS = 2.066 and
after an increase of the temperature up to 600°C and a very fast decrease of the hydrothermal experiment at a pressure p = 3 kbar, and temperature t = 600°C (after only
a short HTP experiment) that the crystals obtained are like leaves very sharp and
thin. We can see here very well the flat faces which are very good in later applications.
In Figs. 4 and 5 we can see nice cubic crystals. Here we have spessartine with
25% of Na.
In Fig. 4 where we can see spessartine with 25%Na with a liquid-solid ratio
mL/mS = 2.066 and after an increase of the temperature up to 600°C and a very fast
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Fig. 3 – spessartine + 5% Na with a liquid-solid ratio and after an increase of the temperature
up to 600°C and a very fast decrease of the hydrothermal experiment at a pressure p = 3 kbar,
and a temperature t = 600°C (after only a short HTP experiment); spessartine crystals with
28800 × magnification.

Fig. 4 – spessartine + 25% Na with a liquid-solid ratio mL/mS = 2.066 and after an
increase of the temperature up to 600°C and a very fast decrease of the
hydrothermal experiment at a pressure p = 3 kbar, and temperature t = 650°C and
7 days of hydrothermal experiment. The smallest cubic crystals are spessartine.
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Fig. 5 – spessartine + 25% Na with a liquid-solid ratio mL/mS = 2.066 and after an
increase of the temperature up to 600°C and a very fast decrease of the hydrothermal
experiment at a pressure p = 3 kbar, and temperature t = 650°C and 7 days of hydrothermal experiment; spessartine crystals are shown with a 12000 × magnification.

decrease of the hydrothermal experiment at a pressure p = 3 kbar, and temperature t
= 650° C and 7 days of hydrothermal experiment. We can see the smallest crystals,
spessartine, dominant {112} and minor {110}. In Fig. 4 we can see these flat faces
with 1600 times magnification. In Fig. 5 we can see spessartine with 25%Na with a
liquid-solid ratio mL/mS = 2.066 in a hydrothermal experiment at a pressure
p = 3 kbar, and temperature t = 650°C and 7 days of hydrothermal experiment.
In Fig. 5a we can see those flat faces with a magnification of 3200 times and in
Fig. 5b we can see the same flat faces with 12000 times magnification.
4. CONCLUSIONS

We can see that for 5% of Na the spessartine crystals show the crystals like
“leaves”, which are very thin and for 25% the dominant {112} and minor {110}
are very clear. For 25% of Na we can see the characteristic cubic crystals .
For a longer HTP experiment we obtained much better and nicer crystals. For
a shorter HTP experiment we obtained more amorphous material.
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