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Nano Composite with High Light Stability and
High Optical Transparency
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We developed new technology to disperse titanium oxide nano particles having high
wavelength dependence of refractive index in amorphous perfluoropolymer CYTOP® with
high content. The obtained organic-inorganic nano composites were studied on the optical
properties for the possibility as a diffraction grating material. Several kinds of composites
were also prepared with the combination of metal oxides and organic matrices with the
same concept.

Titanium oxide has a characteristic of decomposing the matrix because of its photo
catalytic activity. We found that the process of the surface treatment of titanium nano
particles followed by the introduction of barium and the re-precipitation of the resulting
barium titanate (BTO) solved the problem. The composite of BTO instead of titanium nano
particles was confirmed to perform the appropriate light resistance and optical transparency.

YRS TR TS N A RHGR
“AGCT VT /8v 7 4 v 7 k&t
*AGCTL 7 bu=2r AfAstk

_37_



1. [EU®HIC

BBz EVEN L RS Y 7 APICHERRL T2
RSB ARREER T VR Y Yy ME. HEIcEbE7:
YWEOTEPBEL MR E LTSN Tw 5, ARk
BarRYy FofEEIIBW TR, BUKTEO M
W% B S5 72012, KL% it L CBok:z
59 %, RFEHEOLETEWREEREIND /2
By MEPERE LD DTN S WEERR T2 IV 5 4
YD B W TIZ/MELIZRR N, B BEE L
R b0, REFIIHAL, LEE T %KL
HHHDWKRS 5o D720, X ) AROERLIEHK] T
WM AR ) a VR Y Y D BT A LD
b

BRI 72D QMR T & LT, IRERT
FINvaz=r7o, mERSITIEF Y =T D KT
MWD ENZW Y L L, F4 = 73k
AR AT L7012, BENRELZ > 723 VR
Ty MRS WY, JBITERYF F =TI T
eGP N F & VRN T AR T Ak
WEZ HNAD, FKNLH L EOEER I s 2
Rz, REDPBALENF5 VBN
ADF ) RFFIERSE S N h o7,

2. £79FHBECYTOP*ADF 2T
BLF D EBASEY

AGC @ CYTOP"id. m\ ki & k%
Fiorza7 v FWIETH 5 (Figd)o HEITEIL
CYTOP*%~< b 7 2k L, T /W T % 5
UL, FEMIEERES e (KT v ~Bk) A
BRSO R Yy MRS (Fig2), RIS 2)E
Pz A U7z & S0 A RO R 75%
ZoNb, EBIZIE, AT M) 2 A, LDbiFaT
v FZWETH B CYTOP®IZ, Mo m it F /) ki
T35 E X2 L v CYTOP® IR ~ DA 1A
W NIIE T 5 720, FRKTI~NT—F 1 v 7
T A BRI A LB L 5, FRRC, B
K% CYTOP®HUZ ik S 2 A 12iE, HERSR 1120
LBL7 v FALTHUHEIT) TR ENEZOND,
WINTH T v FREIEREE A T aiEREE A R4
W7 o BZANEBITESR RS 7RI Ty T
) v 7 RITCREMLIES % Jike SRR SN TE Y,
LA UBRIAEE L 72512, A A0S G e &, K
PIENC X Dot I, FEFICH LW &0
Twb,

Fxld, FVFOTVFNERET B HNVKR R
CYTOP*AHICTFORALTHBL 2 & T CYTOP®
\2F 8 =T DF KT EREHRINETHHIEL T L
WS L7z Ty LTFICZ DR 2 78X 5o

_38_

JEASF-WF7E 8 66 (2016)

20

Refractive index (nD)

CYA’OP”

S0 80 70

60 50
Abbe No.( ¥ d)

40 30 20 10 0

Fig.2 Refractive index and Abbe number of the
composite consisted of CYTOP® and titania
nano particle (blue numbers represent the
weight percentage of titania nano particle
respectively.). PMMA = Polymethyl methacrylate,
PS= Polystylene. 25wt. % titania containing
CYTOP® composite has lower refractive index
than PMMA and lower abbe number than PS.
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Fig.3 Before (left) and after (right) separating tltanla
nano particles from the acidic sol in CYTOP®A-
type solution.
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Fig.4 Transparent membrane of the CYTOP®A-type

composite including the content of 50 wt. %
(33vol.%) of titania.
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Fig.5 SEM image of the CYTOP®A-type composite of
Fig.4.
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Fig.6 TEM image of the titania sol (left) and CYTOP®A-
typ(e composite solution shown in the right of Fig.
right).
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Fig.7 Schematic image of polar pockets in the CYTOP®
A-type aggregated at carboxylic terminals. Rf:
perfluoroalkyl

: Titania nano particle
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Fig.8 Schematic image of nano particles incorporated
CYTOP*A-type assisted by tridecafluoroheptanoic
acid.
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Fig.9 Zeta potential of amino silane treated and untreated
glass plate. In acidic environment (pH3), the
treated glass plate showed positive zeta potential.
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Fig.10 N-acetylcysteine. Glay: Carbon, Red: Oxygen,
Blue: Nitrogen, White: Hydrogen and Yellow:
Sulfur.

A g

Fig.11 En-thiol - zirconia composite. The content of
zirconia was 0.6, 27.5 and 15.5wt. % (left), 22.1
wt. % (middle), and 32.5wt.% (right). The
composites are milky because the particle
diameter of the zirconia was around 80nm.
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Fig.13 “The law of acid”. The pH number of the sol
(in the case of STS-01, around 2.) should be
higher than the pKa number of the carboxylic
acid and should be lower than the IEP number of
the nano particle. IEPY: isoelectric point
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Fig.14 TEM image of the particle of BTO derived from
STS-01 by conventional hydrothermal reaction.
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Fig.15 Presumed scheme of the mechanism of forming
the BTO nano particle from titania nano particle
and barium hydroxide in the micelle of silane
coupling reagent (KBM-7103).
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Fig.16 Calculated relation between the particle size and
the element ratio. Lattice constant was assumed
to 0.4nm .
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Titania nano particles as raw material
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Fig.17 TEM image of titania nano particles as raw material and BTO nano particles respectively.
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Fig.18 XRD charts of nano particle obtained from the
original reaction; heating the surface treated with
titania nano particle with silane coupling reagent
and barium hydroxide. The molar ratio of Ba/Ti
was changed sequentially. From the top to the
bottom, the charts corresponding to Ba/Ti = 0.60,
Ba/Ti = 0.65, Ba/Ti = 0.70, Ba/Ti = 0.75, Ba/Ti =
0.83 and Ba/Ti = 1.0 respectively. The bottom
chart represents the BTO particle (¢ 100nm, Ba/
Ti=1) obtainedfromtheconventional
hydrothermal reaction. As the Ba/Ti increased,
representative TiO, peak (observed at 26 = 25°,
T25) lowered. When Ba/Ti = 0.83, T25 was almost
disappeared.
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Fig.19 Image view of the particles with a diameter of 6.4
nm surface-treated with KBM-7103 replaced by a
9mol% of ODS.
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Fig.20 The result of the light resistance test of the 5 um
thick composite membrane containing 10 vol% of
BTO and TiO, in 2-hydroxybutyl acrylate. The
vertical axis indicates the ratio (initial=100%) of
penetrated energy of 405nm laser. Whereas the
degradation occurred immediately after the start
of the test in the TiO,-containing film, in the BTO-
containing film was observed a certain stable
period.
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Fig.21 CYTOP®S-type composite piece (0.5mm thick)
including 33 vol. % of hollow silica.
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