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PRODUCTION FROM SOLID PHASE
The starting material is a solid.
Most approaches are top-down strategies.
Processes include:
*Grinding

*Synthesis in solid phase
*Mechanochemical grinding



GRINDING

Mechanical energy is produced and transferred to the
coarse material in order to produce nanoparticles.

The breakage and aggregation mechanisms are not well
known.

The size of the particles ranges from some micron down to
hundreds of nano.

Grinding is performed by mills, such as:

*Impact
eAttrition
*Balls

In the figure below, calcium
carbonate by attrition mill
is shown.
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WET GRINDING

In order to inhibit agglomeration, grinding is
performed in presence of a liquid, sufficient to
cover the new formed particles with a liquid film.
Attrition mills appears to be the best device for
wet grinding, since high mechanical energies and

the mixing of the wetted solid
is possible simultaneously.
The final size is a function of
the grinding times.
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EFFECT OF THE DISPERSED ENERGY vs PARTICLE SIZE
(example: TiO,)
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There is a limit of the dispersed energy (critical) value
to use in mills: increasing this value, a minimum
particle size at fixed grinding time is reached; after
this, the size appears to increase again up to a point,
where a reduction is again obtained (at higher energy
costs).

In the figure below, the critical dispersed energy values
as a function of the applied forces are reported.
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SOLID STATE SYNTHESIS

Traditional process to obtain ceramics where a mild grinding
and mixing of the solid reactants is followed by calcination.

For example: BaTiO3 is produced by mixing BaCO3 and TiO2,
both solid powders, together. After this, heating at 900-
1200°C give rise to following reactions:

BaCO, + TiO2 — BaTiO; + CO2
BaCO,; + BaTiO; —»Ba,TiO, + CO,

Ba,TiO,+TiO, — 2 BaTiO,



UNDERSTANDING SOLID STATE SYNTHESIS

The high temperature promotes the diffusion of the solids, the
grinding have the purpose to minimize the distance between
the reactants (particles). A well performed grinding and mixing
allows to lower the operating temperatures of about 150°C.
On the other side, the high temperatures promotes
agglomeration and growth, resulting to obtain particles of
500nm or above.

By technological means, a minimum size of 300nm was reached
in l[ab: far away from 100nm.
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MECHANOCHEMICAL GRINDING

Macro image
of grinding



MECHANOCHEMICAL GRINDING

The particles have amorphous habit, given by
dislocation of the solid state used to perform the
breakage. With post treatment processes, crystalline
solid may be obtained.

The advantage is the ease of operation, but the
control of the final product is difficult.



MECHANOCHEMICAL GRINDING

Beside grinding and supplying
energy to the reaction (heat), a
third solid is used only to
reduce agglomeration of the
solid reactants (called sacrifice
solid).
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The temperatures required for
mechanochemical grinding are not high, since
energy is transferred to the system by direct
heating and attrition.

The final size of the particles may range from
few nano to 500nm.

A washing of the product is required for the
removal of the sacrifice solid (huge water
consumption). The drying process may lead to
severe agglomeration.



EXAMPLES

Reaction Metal volume ratio (o) S1ze (nm)
Fell, + 3N — Fe + 3Na(] 21 10-20
{'qu + MNa — Cu+ INall 11.6 20050
E.'chL+ INa + [.5MNaCl — Co + 3.5Na(] bty 10-20
NiCl + 2Na + 1.5NaCl — MNi + 1.5NaCl h. 5-10

Starting mixturcs Reaction products
ZAICE, + Cab - ALD, + 3CaCl;

£l + 2CalD —-I0, + 2Ca(l,

GdCl, + 3NaOH —*Gﬂnﬂ' + INaCl + 1.53H.0
Ce(Cl;, + MaOH —chD + INe(Cl +HD
Ma,Cr,0,+ 5 —-f:J.] + o, S50,

Jﬁlhﬂ[l + SNa O,
SnCl, + NaCDy + O
E_F:Eh + 3CalOH}
InCl,  + MNaC()

-+‘*4'th + lﬂl"'e’ali_—l + 5C0,
_.-"inﬂ-. + INaCl +C0y
~TFe0, + 3CaCl, + 3][-5
=Zn) + INaCl +CO,




