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Nanoporous Materials Synthesized Using Supercritical Fluids
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goog

goboooboboobbooobooooo
gooobooooboobooboobooooo
goopooobbbboooooooooooo
gobboooobooobooooboboooo
gbooboooobooboobooboooobo
obooobooboobon

goboooboboobbooobooooo
gooobooooboobooboobooooo
gbooboooobooboobooboooobo
oboobooooboobooo

goboooboboobbooobooooo

ooooo

OO0O0OoOooooooono ( Nanoscale Casting;
NCO )ODOODOODDOODODDOODOOD
go0o0ooo0oooo0oooooooooooag
O00000000Dooooooooooogoo
OO00O0OmmOO00000C0OO0OO00OOemOOQCOd
O0000oo00ooooooooooooooag
go0o0ooo0oooo0oooooooooooag
O00000PtO0OOODOODODODODOOD
O0o0o0OdoOoCoO0OOnmOOOD0OCQCOODO
0000000000000 oooooooo
OO

goooooboobooboboboobogoboboon

Abstract

Supercritica fluids have high diffusivity, low
viscosity and controllable solubility. They are not
condensed in the liquid phase. Thus, they are
expected to overcome the limitation of diffusivity
and mass transfer of conventional solvents and
can carry effective amounts of substances into
fine spaces.

We demonstrated a novel method to synthesize
porous materials using supercritical fluids, called
the Nanoscale Casting (NC) process. The

precursors of the metals or metal oxides are
dissolved in supercritical fluids and are attached
to activated carbon templates. After removal of
the activated carbon templates, nanoporous
metals or metal oxides replicating the
morphology of the activated carbon over awide
range from nanometers to centimeters can be
produced. Supercritical fluids are shown to be
effective solvents for chemical reactions (e.g.,
sol-gel) in nanospaces.
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Fig. 1 Diagram of the apparatus for the treatment in

supercritical fluids.
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Fig. 2 Scanning electron microscopy (SEM) images of
(a) BW103 activated carbon cloth, (b) silica
sample treated in oxygen plasma, (c) silica
sample calcined in air at 873K, (d) titania sample
calcinedin air at 873K and (€) alumina sample
cacinedin air at 873K.
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Fig. 3 (DNitrogen adsorption-desorption isotherms for (a)

A-20 activated carbon fibers, (b) A-20 coated with
silicain supercritical fluids, (c) sample after
removal of A-20 by calcination in air at 873 K from
silica coated A-20 in supercritical fluids, (d) sample
after removal of A-20 by treatment in oxygen
plasma from silica coated A-20 in supercritical
fluids, (e) A-20 coated with silicaimmersed in
liquid silica precursor, tetragthylorthosilicate
(TEOS) and (f) sample after removal of A-20 by
calcinationin air from silica coated A-20in liquid
TEOS.

Nitrogen adsorption-desorption isotherms for (2)
titania sample treated in oxygen plasmaand (3)
aluminasample calcined in air at 873K.
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Fig.4  Relations between the size of the crystallites along
with a-axis Laand c-axis L c of activated carbon and
the average pore size of silica samples after the
removal of activated carbon by calcination in air
(closed squares) or in oxygen plasma (open circles).
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Fig. 5 Mechanistic pathway for the formation of
nanoporous replicas by the Nanoscale Casting
process using supercritical fluids.
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Table 1 Characterization data of nanoporous materials prepared by the Nanoscale Casting process.

activated carbon

; method for removal BET surface total pore
materia | template of activated carbon area (m?/g) volume (mL/g) note
calcination in air at 873K 1072 0.77 amorphous
BW103
treatment in oxygen plasma 608 1.08 amorphous
calcination in air at 873K 984 157 amorphous
A-20
. treatment in oxygen plasma 733 1.80 amorphous
slica
M30 calcination in air at 873K 1377 171 amorphous
treatment in oxygen plasma 889 193 amorphous
D7 calcination in air at 873K 480 1.16 amorphous
treatment in oxygen plasma 447 111 amorphous
o calcinationin air at 873K 63 0.15 anatase
titania BW103 -
treatment in oxygen plasma 387 0.68 anatase
Aum BW103 calcination in air at 873K 249 0.35 y- alumina
umina
M30 cacinationin air at 873K 332 053 y- dumina
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