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ABSTRACT

Nasigels of composition NagmZrPSix0r: and NazZrPSi:0p have been synthesized by the sol-gel techmque
using metal alkoxide precursors. The monolithic dry gels of NapsZr,PSi0); with no crack have been prepared
by the control of the shrinkage rate, but gels of Na;ZrsPSi,0p were impossible to prepare without cracking.
The pels treated up to BOOT led to the formation of glass bul the glasses were converted to the crystalline
phases at above this temperature. Crystalline phases precipitated from the Nay ;Z2r,PSi:0; glass were NASICON-
like phase, Na,Si;0s. and free Zirconia. Phase that precipitated from the Na,Zr.PSi,0y was only rhombohedral
NASICON. For Nag;ZnPSi:0n gels, framework of POy tetrahedra and SiQ4(PO,) telrahedra formed al low
temperature but changed to that of 5i0; and $10,{(PO,) tetrahedras as it were crystallized. In the case of
NagZroPSisOyy gel, framework of 1solated PO, and SiQl, tetrahedras formed at low temperature bul changed
to Si0,(POy) tetrahedra framework which usually formed in the NASICON crysial after crstalhization at high
temperature. The gels treated up to 8007 contained the residual water. The ionic conduction was atiributed
to the motion of proton and Na' ion at low (up to 150~200C) and high temperatures, respectively. As the
temperature of heat treatment increased, ionic conductivity gradually increased with the extent of precipitation
of crystalline phase.
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Table 1. Amount of Raw Material and Chemical Composition Investigaled (mol).

No. |TEOS (%5;‘8?; S;“:;T’ ggz%;f; CHOH | C;H,OH | DMF | HCI | HO Solvent

Si1 | 1 | 05 | o038 1 45 | 15 | 15 | 0 | 1 | C.HOH DMF
ste | 1| 05 | 038 1 45 | 15 | 15 | 0 | L98 | CLOH DMF
st3 | 1| o5 | 038 1 45 | 15 | 15 | 0 | 329 | CHOH DMF
s.4 | 1| 05 | 038 1 45 | 15 | 15 | 0 | 494 | CHOH DMF
sis | 1| o5 | 038 1 45 | 15 | 15 | 0 | 98 | CHOH DMF
si6 | 1 | 05 | 038 1 45 | 15 | 16 | 0 | 1 | CHOH DMF
st | 1| o5 | 038 1 45 | 15 | 15 | 0 | 198 | GHOH DMF
st | 1| 05 | 038 1 45 | 15 | 15 | 0 | 329 | CHOH DMF
st | 1| 05 | 038 1 45 | 15 | 15 | 0 | 494 | C.HOH DMF
s-0° | 1| 05 | 038 1 45 | 15 | 15 | 0 | 988 | CHOH DMF
s21 | -1 | 05 15 1 8 | 15 | 15 | 0 | 1 | CHOH DMF
szz2 | 1 | 05 15 1 18 | 15 |, 15 | 0 | 22 | CHOH DMF
s23 | 1 | 05 15 1 18 | 15 | 15 | 0 | 367 | GHOH DMF
§24 | 1 | 05 15 1 18 | 15 | 15 | o | 55 | CHOH DMF
s25 | 1 05 15 1 18 | 15 | 15 | @ | 11 | CGHOH DMF
s26¢ | 1 05 15 1 18 | 15 | 15 | ¢ | 1 | CHOH DMF
sz | 1 05 15 1 18 | 15 | 15 | ¢ | 22 | GHOH, DMF
s28 | 1 05 15 1 18 | 15 | 15 | ¢ | 367 | CHOH DMF
$20* | 1 05 15 1 18 | 16 | 15 | ¢ | 55 | CHOH, DMF
s210¢ | 1 05 15 1 18 | 15 | 15 | o | 11 | CHOH DMF
SR 05 15 1 18 | 15 | 15 | 0 | 1 | CHOH DMF
2 | 1 05 15 1 18 | 15 | 15 | o | 22 | CHOH DMF
$33 | 1 05 15 1 18 | 15 | 15 | 0 | 367 | CHOH, DMF
s34 1 05 15 1 18 | 15 | 15 | 0 | 55 | CHOH, DMF
$35 | 1 05 15 1 18 | 15 | 15 | 0 | 11 | C.HOH DMF
s36% | 1 05 L5 1 18 | 15 [ 15 | 0 | 1 | COH DMF
S |1 05 15 1 18 | 15 | 15 | 0 | 22 | CHOH DMF
s3g% |1 05 L5 1 18 | 16 | 15 | 0 | 867 | CHOH DMF
$39¢ | 1 05 15 1 18 | 15 | 15 | 0 | 55 | CHOH DMF
S310% | 1 05 15 1 18 | 15 | 15 | 0 | 11 | C.HOH DMF
s311 | 1 0.5 L5 1 18 0 0 | 0 | 367 | CILOH DMF
$312 | 1 05 L5 1 18 0 o | o | o CH,0H

s313 | 1 05 L5 1 18 0 0 | 0 | 0 | CH{CHOH
53-14 1 0.5 15 1 18 0 0 0 3.67 GH-OH

$315 | 1 05 15 1 18 0 0o | o | n CH;OH

$316 | 1 05 15 1 18 0 0 | 0 | 0 | CHOH DMF
s37 | 1 | 05 15 1 18 3 0 | 0 | 367 | CHOH

s318 | 1 | 05 15 1 18 3 0 | 004 | 0 CH,OH

S319 | 1 | 05 15 1 18 | 15 | 15 | 008 | 0 | CuH:OH DMF
53-20 1 0.5 15 1 18 3 3 0 3.67 C.H:OH, DMF
sl | 1 | 05 15 1 18 6 0 | 0 | 367 | CHOH

s3e2* | 1 | 05 L5 1 18 6 o | o | n C:H:OH

s323* | 1 | 05 15 i 18 6 0 | 0 | 367 | CHOH

s34 | 1 | 05 15 1 225 | 6 0 | o | 367 | CHOH

s | 1 | 05 15 1 225 | 6 0 | o | o CH-OH

*CH0)P
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Table 2. Appearance, Precipilation, and Crack Foramtion m Gel Monoliths with Different Hydrolysis.

Sample Appearance Precipi- Crack formation
No. At gel point After aging 150T tation* (at 1507T)
51-1 Transparent Transparent Transparent X crack
81-2 Transparent Transparent Transparent X crack-free
51-3 Transparent Transparent Transparent X crack-free
51-4 Transparent Transparent Transparent X crack-free
S1-5 Transparent Transparent Transparent X crack-free
S1-6 Transparent Transparent Transparent X crack
S81-7 Transparent Transparent Transparent X crack-free
51-8 Transparent Transparent Transparent X crack-free
519 Transparent Traunsparent Transparent X crack-free
51-10 Transparent Translucenl Translucent X crack-free
52-1 Transparent Translucent Translucent 0 crack
S22 Transparent Translucent Translucent 0 crack
S2-3 Transparent Translucent Transhicent ] crack
S52-4 Transparent Translucent Opaque O crack
S52-5 Translucent Opaque Opaque 0 crack
52-6 Transparent Translucent Translucent 0 crack
s2-7 Transparent Translucent Translucent O crack
52-8 Transparent Translucent Translucent 8] crack
52-9 Transparent Translucent Opaque O crack
52-10 Translucent Opaque Opague 0 crack
52-11 Opaque translucent Translucent 0 crack
52-12 Translucent Transparent Transparent X crack
52-13 Translucent Transparent Transparent 0 crack
52-14 Opague Translucent Transhicent 0 crack
52-15 Very opague Opaque Opaque 0 crack
52-16 Opaque Translucent Opaque 0 crack
52-17 Opagque Translucent Transiucent 0 crack
52-18 Opaque Translucent Opaque O crack
52-19 Opaque Translucent (Opaque O crack
52-20 Opaque Translucent Cpaque Q crack
52-21 Opaque Translucent Opaque 0 crack
S2.22 Translucent Translucent Translucent X crack-free
52-23 Translucent Transparent Transparent 0 crack
52-24 Transhucent Translucent Translucent 0 crack
32-25 Translucent Translucent Opaque X crack
*X: No Precpitation, O: Precipitation
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} Table 3. Some Properties of S1-3 Gel Heated at Dife-
§00 for 10hr rent Temper
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_ / Temp.] SSA | PV [ PORO-|MPD| BD | AD
_; 800 - " () | m¥e) | em¥ | SITY | &) (g (g
g Healing rata , 0 1.'C,‘m|n —_: /_/1;[ Shr g) (%) Cms) CmB)
& 400t o & Gimin o~ 150 | 249 | 0279 | 39 82 | 14 | 229
= v 450 | 212 | 0042 | 84 | 54 | 201 | 22
s00 | a0 750 | 91 [0037 | 83 | 41 | 224 | 244
o tor 2ahy S.5.A; Specific Surface Ares, P.V: Pare volume, M.P.D;
0 ’ . ‘ ) , . Median Pore Diameter, B.D: Bulk Density, A.D: Appa-
D a0 &0 30 120 150 180 rent Density
Time(hr)

Fig. 6. Heating schedule of the sintering process for Hog AzEcTable 3). Zah} Axsk] adslux
conversicn of the gel into the gel-derived glass. %1,% emolAe) sldelzE oAl rpe] A=A
eghel,
139 S A dsel 4o% dbAhl 85 P Tad (F S|, 2 24 29 4P 22 209
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Table 4. Infrared Absorption Frequencies {in cm™!) for Reference Materials.
Si0; glass'™ P.0;s glass® Na;0-25i0, glass™ SiP,0; glass'* NASICON
IR | Assignmemt | IR | Assignmemt | IR Assignmemt IR Assignmemt IR | Assignmemt
1331 {P=0y,
1170
1180 (51-0n, 1285 P=0), 1145
1050 (51-0-5i), (P-0), of P-O-P PO,
. . 1100 . 1030
11006 | (Si-0-Si), and Si-Q-P 1005
1150 (5i-0). of Si-0-5i
1040 ,
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780 .
950 | (S0 950| (5107 hending of
) ) 794 | P-O-P, S-O-P | 933
and O-P-0 500 05104
750
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760 (S1-0-51), 630
650 (F=03, 602
475 0-P-O 572
(00 87 (0P-0) R %)
H40
550 | (O-Si-07 ) 505
600 | doubly degene-
rated bending
460 0-5i-0 470 | triply d -
(O0-51-0h ntps; bengle 453 combination of 408 (X 0,)
ated bendin,
' ¢ (Si-0-P),
(5i-0-51),
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Fig. 7. {a) FTIR spectra of $1-3 gel heated up lo 1200C.
(b) FTIR spectra of S2-22 gel heated up lo 12007T.
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Fig. 8. Plot of log vs. T for S1-3 glasses, The alpha-
betic symbols represent the heat-treated tem-
perature; (a) 7507, (b} and (c) 800T, (d) 800%,
and (e) L000T. The symbol, ¥ represents the
values measured on cooling for (h) sample,
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Fig. 9, FTIR spectra of samples used to measure the
electrical conductivity.
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