EFEETEAE TSI mﬁ %m
FIEE K9k

New porous glass-ceramics

Hideo Hosono and Yoshihiro Abe
Department of Materials Science & Engineering,
Nagoya Institute of Technology

1. GLsHi

BIELT I v 7 RIEIEE 7 407 —REN
A s LTHEFELA TS, £/ BEOR
FALRBER Y34 A 57 /00— 5B TOIEH
LEFIRTVE, FofElhEy LTiRby
FAHRBAFOBROBE L ESBRO S
EEIEATSERIER T A T IR L v -
FATHEY, FOTuL )y IO T RE
by,

EILEH MBS TR (FFALEDY OFFEHE
SR 1934 RIS E B L2054 2= Br 5 L)
¥, Y ARCHERS LT AR G, Res 5307
A 2= 7 ROEERTH S Na,0-B,0,-510,
OEABEREITI I LI LD §0,-Ta, 0% Ko
FLOZLEL? S 7 RAERRL TS 72,
Kokubu & Yamane®{3 Ti0,-510,-A1,0,-Ca0-
MgO {(Na,0) %4 3 24 58ITL$E 39 nm @
Ti0, (#150%) -SIODELEL S 2 v ZAHNLL
NAEIERHEELTWA, RFFRETIIRE, Y
CEBIEOBL PR T A MILERMEA nm D
EILESSRET I 292y L BE S ELEEDY A
TIO,FERIE < B T0%), WAEI R am D E
TEXxZ s w729 MBT Lo TEL Py
0513 modified Vycor glass O8I B v T4
B3 aRSN—2 LTRESIHES
A, U RO RF IR TSN EREL
304

LR Lo EHERMLY T ARER LWL
D Ziurmsn T THE, 2, U i
BAEL GO EfiEr B I 7o THi-TH
D, SILRP R LB L, PoE/ Ny ¥
T ELEIHERCHLARI L IEOTHTS S
3. REETREBN2ODEAYE LTI I v T R
DR S IR RO IC o T R L 2,

2. NASICONRIBER#BIRE T3S EESL
Ho R
2.1 NASICON Bl R85

Na—#if 4 7 (X8 (Nog-Super fonic con-
ductor, NASICON} & L THIHA T35 NaZr,
(PO} ;-NaZr, {Si0,), BHA O E 7 Figl

Boa N ne

]

'
t L~

Fig. 1 Crystal structure of MT, (PO}, (M | alkali
ion, T . Ti**, Zr*, Ge**) The figure illus-
trates the structure of LiTL{PO,),.
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Raw Materials

C&CO;; N TLOE y Hg PO,

+ Nag CD3
1350°¢C melting & quenching
1 h
/
glass{A)
§90°C nucleation
24 h
/
glass{B)
760°C

48 h crystal growth

dense glass-ceramics(C)

phases:
8 -Cayg (PO, ); ~ 50 vol.%
CaTis (PO} ~ 50 vol.X%
IN HCL leaching
100 °c
\

microporous glass-ceramics{D)

phase: CaTi, (PO, }s

Fig. 2 Preparation procedures of porous glass
ceramics.
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Fig. 3 Changes in powder XRD patterns of glass-ceramics (C) with acid leaching,

Fig. 4 Photograph of {A) as-prepared glass, (B)
glass after first heat-treatment step, ()
glass-ceramic after second heat-treatment
step, and (D) glass-ceramic after leaching.
The color in (A) is due to Ti*"
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Fig. & Pore-size distribution of porous glass
ceramics, obtained by mercury intrusion
method.
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Table 1  Physical properties of porous glass-cerarnics obtained
from 45Ca0 » 25TI0; « 30P,0:+ 2Na0 glass

BET. surface area
Average pore radiug
Pore volume
Porosity

Bulk density

Apparent density

42 wi/g

13 nm

0.23 em¥/g
47 vol. %
1. 6gfeny
2. 8g/om’
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Powder XRIY pattern and EDX spectra of
the ceramics (a} before acid leaching and
{b) after acid leaching (P, NaCaPQ, | R,
ratile | and A, anatase). Note that halos
are seen around 26 =320,
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Fig. 7 Pore-size distribution of porous ceramics.
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Table 2 Physical priperties of porous TiQ:-5i0: ceramic

Property Value

Surface area 39 miy
Median pore diameter 1.2um
Pore volume .58 mi/g
Porosity 654%
Bulk density L.0g/mlL
Apparent density 3.0g/mL
Thermal expansion coefficient

(20° to 06°C)H 0% 107K

Fig. 8 SEM micrographs of porous ceramics,
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Abstract

Recently, we have reported porous glass-
ceramics composed of a phosphate skeleton for
the first time. In this veport their preparation
procedures and properties are introduced along
with some examples of their application. These
porous glass-ceramics with a median pore diam-
eter of 30 nm are composed of a skeleton of
NASICON type crystals such as CaTi(PQ.),
and NaTi,(PO,), and their monolithic body
can be obtained by a controlled crystaliization
of glass in the Ca0-Ti(,-P,O: system and
subsequent acid leaching. Monolithic porous
THOL679%)-S10,{33%) ceramic with a mean
diameter of approximately 1 gm has been pre-
pared via casting a melt in the Na,0-CaO-
Ti0,;-P,0,-510, system and acid leaching. Its
preparation precedure and properties are also

described.
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