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ABSTRACT

Transparent, crack-tree dried gel moenoliths with a composition of LiZr sSi:P:0.;; have been synthesized
by Lhe low temperature polymerization of the Sol-Gel technique using metal alkoxides as starting materials.
After initial reaction (20~40 min), each metal alkoxide closely paralleled each olher during the hydrolysis reac-
tions. The sale drying condiions of gels wilth no cracks the control of the shrinkage rate. The gels converted
mto the glass by heat treatment at 750°C . FTIR data indicated that the gels were phase separated nto silica-
rich and phosphate-rich regions with the lithwm. XRD results showed the formation ot crystalline LiHPO,.
The gels dried al 150C or fired at 7507 contained the residual water. The high 10me conductivity at room
temperature for these gels was allributed to the motion of prolons.
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Table 1. Composition of Starting Metal Alkoxide Solutions (mol%)

N ;‘;1 SOGH), | CiHuO.P Lr‘rtf:t‘a‘;“ ZHOCH,CH,CH)y J CHOH CHOH | 10
| No.
S1 1 1 05 0.75 6 3 0|
52 1 1 .5 (.75 a 3 1
53 1 1 D5 0.75 3] 3 2
S4 1 1 05 075 6 3 1

S1: no hydrolysis, 52: teos hydrolysis (1 day), $3: teos and tepp hydrolysis (1 day), S4: (eos hydrolysis (5 day)

Table 2. Solvent Used 1n Gelation of LISIGLASS (mol%)

F Sol No. Si{OCH; )

55
S6
57
58
59
510
S11
S12
513
S14

A 314 A6 E£(1994)

1

e S T G S WU

DMF GHOH | HO ] HO
| 3 | 35

3 8.3

3 11.5

3 0.04 3.5

3 0.04 53

3 {L04 115

15 15 35

15 15 9.3
15 15 115
L5 1.5 0.04 35
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Fig. 1. Flow diagram for Lhe preparation of LISIG-
LASS.
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Table 3. Appearance and Crack Formation in Gel Moneliths and Gel-Drived Glasses with Different Solvents

Sal Appearance Crack formation Gelling
No. At gelled Drying Sintering 1;5,;()3?[) 2830%? S;r,;gofgip time

S1 Transparent | Transparent | Transparent crack-free crack crack 25 day
S2 Transparent | Transparent | Transparent crack-lree crack-lree crack 15 day
53 Dpaque Very cpague | Very opaque | crack-free crack crack 10 day
54 Transparent | Transparent | Transparent crack-free crack crack B dav
55 Transparent | Transparent | Translucent crack-free crack-free crack-free 13.3 hr
S6 Transparent | Transparent | Translucent crack-free crack-free crack-[ree 13 hr
57 Transparenl | Translucent Opagque crack-free crack-free crack-free 0.3 hr
58 Transparent | Transparent [ Transparent crack-free crack-free crack-free 3hr
59 Transparent | Transparenl | Translucent crack-free crack crack 0.5 hr
S10 Transparent | Transparent | Translucent crack-free crack crack 0.0 hr
511 Transparent | Transparenl | Transparent crack-free crack-free crack 66 hr
S12 Transparent | Transparenl | Transparent crack-free crack-lree crack 39.3 hr
513 Transparent | Transparent | Transparent crack-free crack crack 1.3 hr
514 | Transparent Opagque Opucue crack-free crack cracl 20 hr
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Table 5. Jome Conducirvities of Dried Gels and Glass
at Room Temperature

State of sample G (S/em} j

gel(S5) 6.5>107°
gel(S8) 7.3%10°5
gel(S11) 85X 107
glass{S8) fired at 7507 0.6X1078
glass(58) fired at 800 ~5X1077
# #H-/B/B" Alumina®™" 1479

NH.*-f Alumina®" 1078

NASICON ceramics®
Na(Li)-p* Alumina®"

20X10°* (0.2 at 300T)
27x1072

A7k ek B @ Lis

rele] 9182 slela. AAE LR o)

oo Raps
o7 x5 A5 XRDe ZF« 4 M7 Lil,

ol2] AldE =k ET)

35 OI2HEE &5

AN S5vie] "Wrs] S48 E4ahy] 6| A
A4 AC F4 gl ubgE ARg-gc)h JdubEoe e
Aol AR Auglie ELdeda] ghglew
ez A 315‘]-'3%:— Hel A
A% {51
B3 afgAde] Al?:if—]-.

HielAe HrldER gk o2 dFakEe 443
9 g Table Sof) vjelWlch Hr|Rmes A8 7 9o
~7x1077 Bfomel 32t FE 2 AeleE ~6x1070e
24 NASICON® } B-alummacl B sk gie 2z}
a2 elE AEelAY AFAERs Ad 58 g
Bol s AGE] <GS 93 gk 3R ERY
X EE 5o g o] def Fig, 110111’1 Bo]

=8 dslndd Hat A58 rldaiuial 23y

>w\n rlo

rf?’i

2= S8 = AL rldel ofE Iogo d IOOO/T—J
2Ye S0C AR E MY ez Fokekt o)5e £xeld
= A7 AEEr} FHAashar 150C 3 ola) Adges
F71gkct. DTAS] Pig 7ol 4 2eolZ o] f2l& 50T

ol &] ghapel] 2]3) F3a|3E Helx 3lew, Fig 12(a)
2] FTIR2] Z3ell 4] Belk A2l 4e o] el O-
0 Agsest dehd, DTAEJ SEEERSEEN
150C o] 4] 2xmoldz £o sl e o)
kA3 atekalc) mekd #17 XJF._E"] =7l £

Fvtele] protone] &g dA Al 2lgh Ao A

A e

- A4

FeE aadgel Be

* 7&"‘\%‘5“

G, ¥ :SB fired ot BOD"C

3L

, A :SB fired ot 750°C

log o (ﬂ'cm)—1
!

- 1 1 1
1.5 2.0 2.5 3.0 3.5

1000/T

Fig. 11. Piots of logo vs. 1/T for 58 glasses. The sym-
bols O and O represent conductivity values
measurerd on heating. 4 and ¥ represent va-
lues measured on cooling.

APEEIL este 4o Fo el da oF
75 protone] Zad WEeldn @wkd 4 alth,
Wiiol WAAelE Fig Tl 4] Yo) % 80C 7 A%

oli} o —E—EOHIIC'II iz 7kl ArldEEe] fHER
o} &4 ZohHayri 552 MpO-Pa05-Si0z 1] A«]4]
4T s fE H Wi oldE ARejde] Lit

olelut felz) vy FoFE 5.2%0E b A

X oglo) Amerl "y A deld He2 gz,
uhgel] 800C 717) 051131510% Fie]l A= ren
71HE M2 golal 58 AC)FE 04%)E 7}%611 7}
) FAE 7 g-9) 11!7"5?1 7R 2219 A5l e
722 logo o 1000/Te] 23& el 23} 7|32
Fatls Afun) E HTTE Folm glvh wehA o
7 4-ell= protonsf! —045’ 4le) Lito]2ube] £k #
Srb el ok 1— Table 54 Meol% AzAd
w2 Ar|HmEe) ".- E Fig 12(h)efl A Hol% S8
greFe] Afold| 23t ZE2E 79 I‘il’l—cﬂ] mE AYE
o 2= glu}, Az, 50T o) 4] dalal®) A, 23 800
TelA dAeg Ao 42 IAH 1471245E3Jr o1&
A dlgt Fig 12¢] FTIR 2 wlo|el2 Re|e 4Ll 2]
AANHEE e eo] F3 *1.‘:'-_011 =g f,ﬂ"d% &g
T gk
4.3 B

B



2ol 2)gE LiO-ZrOp-Pe05-Si0A fr2] 324 3 of] 2l o

Transmittance{arbitrary units)

R 2 ‘
4000 3800 36800 3400 3200 3000

-1
Wavenumber (em )

(a)

Ve

S

Transmittance(arbitrory units)
&

1 1 — L -

4000 3800 2600 3400 3200 3000

Wavenumber (cm—tj
{b}

Fig. 12. (a) FTIR spectra [rom 2800 to 3800 cm™' for
58 gel which were fired at 7507 and then
heal-treated for five hours at (b) 50C (o) 80°C
{d) 150C (e) 300C. The sample (@) and (D
are intacl 58 gel fired at 750T and at 800¢,
respectively.

(&) FTIR spectra from 2800 1o 3800 cm™' for
55, 88 and 511 ge!l dried at 1567,

A "EL g

L YFA=s Zuglan slo] o5 7liae
5 e Alzgd 2 dgzagel ohdy g9
A5l okid HELEEr= ~0060 /mintdn ME
Ao 2] *4?1% ol PELEE ] Aofo ooy Fgo)
WE FelE FPdes Azd S alyut

2, ﬁ;—@ﬂd% Abgske] A zEr B d¥xAde) fas
A7t @ st Ligh 3gie alside] g ofo
LR FAEY 9UsE o £ ogledok

A3 A6 E(1054)

A ze) 29 o]Lalg A

3. 750T A M el Aol fie) AEEY AL
42 Arldee ZREA 23 FES Bel} Te
e Litelee) 2§ Heg vehdcl 800T o4 o
A A A9 7| 5L Pt s Lite
A% A AEDE nalT}.

Zratel 2

2 ATE IS ZEY Axs)E ol 9572 (Minis
try of Education Research Fund for Advanced Mate-
rials in 1992)el] 2fsle] alFe]on] of« Zhaj2
Rk

REFERENCES

1. R.AA. Huggins, in “Critical Materials Problems in Ene-
rgy Production,” ed. by C Stem{Academmc Press)
1976,

2. RM. Dell, in “Electrode Processes in Solid State Io-
nics,” ed. by M. Kleitz and J. Dupuy(D. Redel Pub)
1. 389, 1976,

3. M. Vonav, in “Electrode Processes 1w Solid State To-
mies,” ed. by M. Kleitz and J. Dupuy(D. Reidel Pub)
p. 431, 1976,

4 C. Wagner, “Electrochemmstry ol loruc Crystals” J.
Chem. Phys, 21 (1953).

5. K. Kwkkola and C. Wagner,
nic Cells Invelwing Salid Electrolytes™ [ Flectrochem
Soc. 104, 308 {1957).

8. JA. Kafalas. Monthly Progress Reports on DOE Cont-
ract No. E(49-18)2295, Linceln Laboratory (1977-1978),

7. JP. Boilot, J.P. Salanie, G. Desplanches and D. Le Po-
tier, “Phase Transformation in Nay .. 54,7215 - O Co-
mpounds,” Matey. Res. Bufl. 14, 1469 (1979),

. MLL. Bayard and G.G Barna, "A Cemplex Impedance
analysis of The Iome Conductivily of Sedium Zirca-
nium Silicon Phosphorous Ouides (Nap, Ze,81.P,-,0,)
Ceramics,” [ Electroanal Chene. 91, 201 (1978).

9 B.A. Beukamp, ID. Rastrick, C. Ho, YW. Hu and R.A.
Hugzins,
ductar at Standford,” Presented ai the Imilernational
Conference on Supeniernue Conduclors Chemistry,
Physics and Application, Schenectady, N.Y. May 12,
19706,

10. B.E. Taylor, AD Enghsh and T Berzins, “New solid
tonie conduclors”™, Mai Res Bull, 12, 171 (1977).
11. JP Boilol and Ph. Calomban, “Soidum and Lithmum

Superionic Gels and Glasses.” [ Mal Sef Lett, 4. 22
(1985),
12, GW Scherer.

"Measurements of Galva-

o5

"Recent Developments m Lithwm Ion Con-

“Theory of Drying," | Am. Ceram Sor.



13.

14.

15.

i -

73(1), 3 (1990).

CJ. Brinker and SP. Mukherjee, “Conversion of Mo-
nolithic Geis to Glasses m a Multicomponent Silicate
Gl stem,” [ Mat Sef, 16, 1980 (1981).

L.  .uch, “Use of Drying Control Chermical Additi-
ves (DCCAs) in Controlling Sol-Gel Processing,” p. 52-
64 in Science of Ceramic Chemical Processing, ed.
by L.L. Hench and D.R. Ulrich, A Wiley-interscience
Publication, 1986.

E.A. Hayri and M. Greenblatt, “The Preparalion and
Ionic Conductivity of Sol-Gels m the LiO-Py0s-S10,
System,” [ Non-Cryst. Solids, 94, 387 (1987).

A7)

-6

al .
"

16.

17.

18.

()

AR

LN. Chakraborty and R.A. Condrate, Snr, “The Vibra-
tronal Spectra of Glasses in the Nay0-Si0:-P.0; Sys-
tem with a 1:1 St0x:P0s Molar Ratio,”Phy. Chem.
Glasses, 26(3), 68 (1983).

Ph. Colomban, "Raman Study ol the Inorganic Poly-
mer—Superionic NASICON Transformation: Dynami-
cal, Static Orientational Disorder and Superonic Con-
ductivity,” J Mol S#, 143, 191 (1986).

E.A Bayr, M. Greenblatt, M.T Tsa and P.P. Tsai,
"Tonic Cinductivdy in the MpO-P20s-Si0Q, (M=H, L,
Na, K) System Prepared hy Sol-Gel Methods,” Sofid
State Ionics, 37, 233 (1990).



