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Creation and New Functional Development of Fine Particles
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Progress in nano-technology in materials area is highly expected to create new
materials with the property of composites or unconventional characteristics. These
materials are being taken steps to put into practical use in various fields. Particularly,
when material size is micrified to the nanometer order (Inm= 10"m), the material can be
used as constituent material of functional thin membrane used for coating on glass
surface. Therefore, these materials potentially become key materials with the ability to
provide new added value for all sorts of wet coating.

This report explains synthesis, dispersion and membrane structure of functional nano-
particles used in membrane design for low reflection coating as an example. Some
characteristics which depend on specific particle size will be introduced.

Diameter of these nano-particles needs to be less than 50nm to suppress optical
scattering and to maintain transparency of the film. Examples for synthesizing particles
(Ag nano-particles, Ru nano-particles) with the equivalent diameter are presented.
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Taking into account with stabilization due to electrical double layer as the dispersion
mechanism of fine particles in solvent, quasi-stable state when fine particles consisted of
2 different oxides are mixed is confirmed by using surface charge measured amount and
TEM observation. Metal dissolution/precipitation was also carried out on Ag/Au-Pd
alloy nano-particles, and it was found that chained structure is formed among nano-
particles dispersed in solvent, that indicates influence on the membrane structure by
dispersion behavior of fine particles in solvent.

Surface geometry of Ag nano-particles membrane was observed by using AFM
(Atomic Force Microscope) to study on creation of new function. It is confirmed that
fusion at interface of particles can sufficiently proceed at 210°C. Plasmon resonance
absorption phenomenon is explained using Au nano-particles. An example where this
phenomenon is put into practical use for color tone control membrane is demonstrated.
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Fig.1 ESCA profile of the double layered coating.
Inner layer: ITO particles, Outer layer:sol-gel
SiO,.
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Fig.2 SEM image of the 2-layers film cross-section.
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Fig. 3 Spectral reflectance of the glass with anti-
reflective coating.

Fig. 4|2 & FEBYE T 7 k72 ] L 724K B g
D E M & FEEPUEO MM 2 7R, B KK
PUBIGERREE S K35, ATO. ITOEE
BB TH 5720, EBEELEOHIBRIEZ VAT,
W2 FRRF R SREPHE SN D SRk 170
M X B HEE. SR BAROWIN - ST

—105—



108 T
. -4-Ag i :
l;‘ 105 || —@—Agalloy | — _"_ , SR g W—
<3 —8— Au alloy i H
2 q0¢ | —O—ATO .
% —-1TO o
8 0 —
© i H
& ) 2 |
5 10 & ;
[ : i

10 -

50 60 70 80 90 100 110
Transmittance of the film (%)
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Fig. 5 TEM image of silver colloids.
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Fig. 6 TEM image of ruthenium colloids.
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Fig. 7 Surface electric charge of particles in the
different composite sol, as determined by the
streaming potential method.

Fig. 7& D ATOIZIERTiO DRI BT = A 72 v
A5 TH D . Fig. 85 5. TiO & ATOIXH
FHIZHT L TWBDTIE% <, TiIODE D IZATOAS
SAILTWRIRESBE SN S, Eo#RI D&
HEMEOR L 2B OR T O5HEREE LT

—106 —



Res. Reports Asahi Glass Co., Ltd., 57 (2007)

ATO particle

/ TiO, particle

h AL el e

Fig. 8 TEM image of TiO,-ATO sol.

7 u gk (ATO- TiO) 2L, Bk LT
HREREBZEE L, L Tw2boLifESh
%o

2.4 EHEBEEDOHK

RN TICE LT, T ZMERFL 2255
SR OB ZHE T2 LX), KTO
W ESR LD 5T L BMER L7 —BlE LT,
Fig. 9, 10(ZAg/Au-Pdfghi - O TEMI% % /39,

. ’, Q%

v. EA

r-";“ g
t!h

l".',:_.' %
n'. 2 [
; - ‘f‘:’." % l x ;
"‘ S - ng J*_'q, 1 100nm

Fig. 9 TEM image of metal colloid as prepared.

e
.‘ 100nm

LA THES

Fig. 10 TEM image of metal colloid after treated.
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Fig. 11 TEM images of colloids which are various
dispersive state.
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Fig. 12 AFM images of films with different colloids.
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Fig. 13 The proportion of atoms in particle surface
as a function of the size.
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Fig. 14 AFM images of silver particles film.
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Fig. 15 Coral pink glass.
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Fig. 16 Spectral transmittance of the coral pink
glass.
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Fig. 17 TEM image of the gold nano particles which
are dispersed in sol-gel matrix.
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