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Abstract: The lithium ion-conductive solid electrolyte in the oxide systems of Li,O-Ti0,-Si0,-P,05 and Li,O-TiO,-
AlLOs-P,Os was prepared by solid-state reaction. The electrolyte pellets by cold-pressing method is 13 mm in

diameter, about 1 mm in thickness. Phase identification and surface morphology of the products were carried out

by X-ray diffraction and scanning electron microscopy. lonic conductivity of the pellets was investigated through

AC impedance. The results show that adulterate other cations can improve the ionic conductivity of the solid

electrolyte. The maximum ionic conductivity in the samples is 9.912 x 10 S<em™ in the Li,O-TiO,-SiO,-P,05

system.

Key words: Li,0-Ti0»-Si0»-P,0s; Li,0-Ti0,-ALO5-P,0s5; solid electrolyte; ionic conductivity

— BB ELAT NASICON 9 [ 4% 2% #4) 1 [ 1 H, £ Jo
ELA Y LS R 1 B2 E %, NASICON 19 & &
7& Na + Super + lonic + Conductor!!, 24 NaZr,(PO,);
PSRl Sit il A B £ AT LA B B A NASICON
ZERI I Na, ZrSiPs 0, KR HEA B EE 7 H
TR BRI AH R S5 A8 19 Ly, Ze,Si Py O 1R R 19 25 r%%
THFRERHNBM, X EHK LR KAD,
NASICON EZﬁim*ﬁzn*@%%¥Lﬁjﬁj§,W%T@

s fis H 1 .2006-04-11, W& ik H 1 .2006-08-20.
5 AR 6 VE BN F (No.60271009).

AR R, E-mail ; miaowang@css.zju.edu.cn; Tel :0571-87952024

P 17 ol F, S 38 T 2
B2 LiZr,(PO,); Y Ze* 8 B T2 A2 /N SE 1 Tyt
HMJ: JIi 43 LiTiy(POy); BB E 85 Lit AR A DB,
WA THE T ER A Hh SR 4w, (B
%?ﬁ?é@% LiTi,(PO,); & T SR WA S A
107 S-em™, MD4E TR I SL PR, 5ok AR,
AR R S B BH B 1 Ga’t G Se  In* 43
BUR LiTiy (PO, 1Y Tivh | B 7 SR &h B 2

SR 3, & 25 A WL F ST AR S BESE T 1 B JC AL I AR e A o) A e M RERIE ST



- 2218 -

kP

N %2025

2 U L Tiy lng,(POL); B % R LS R AT IK 1.9 x
10* Seem™ B, 5540, Aono SF2HE H AR B /N =
HrBHES T AP+ Sc? Y La®*#B 43 B LiTiy(PO,); (Y
Tit 25 L R A W] R 4

AT AR, ARG B 2 506 4 T Li0-
Ti0,-Si0,-P,05 il Li,0-Ti0,-AL,0s-P,05 [ 45 14 | K [
TR R R SR RS, | & 15 3 2 5 25 10 L A
T R, RS T AT B R | 2R T A R B T
HLGR

1 SEWHES

1.1 EFBEREEROTE

Fie Wy o ) i 2 EE R 0.65:2:0.3:2.7 1 L A543 51
FREL Li,CO5.Ti0,,Si0, . (NH)H,PO,, B 5 i 40 ¢,
KRG B A SRR b | 5o 5 & T A et
W TE 700 CCHNFA 2 h, ff Li,CO5. (NH,)H,PO, 73 f#
BCHIR A, PR WS | 51T A & I 900 CHE
B2 h, HRB A BFEE 15 Li,0-Ti0,-Si0,-P,05 & &
(R TR AR A K

Foe ) oL 1 22 L6 R 14:9:38:39 1 L 19143 1 Bk
I Li,CO5.ALO; TiO, (NH)H,PO,, B i 40 g, H
5 ERRIEEN T, &5 E] Li,0-TiO»ALOs-P,05
TR I [ AR A

R 0 B TC B 3R S R R (PVA) AT LUTE 95
CUAN BHOK s i, il i #E ¥ 3 ¢ PVA
LA 20 CAE A 100 mL &K 5853 8K 57
BRI 2 ) o () 3% 1 400 P 38 B2 70~100 r-min™,
1M J5 THEF 95 CZ2 A7 s g, THI R H K ¥ 18]
ATy 2 IR IR 2~2.5 h, BN WON -5 A I
NIRRT 28 HONEE M Mg S, RO AT &
M,

I [ 425 4 B 2R P i A B0 3% PVA W W AE R
KGR0 38 2ok AR ARG 5 R A R AT, G R
RILA B H AN EEE T E=E T 100
kN LT3 BB B L4331 LA 20 30,50 kN -em™ [ JE
J1#% Li,0-Ti0,-Si0,-P,05 74 5 1 [ 9 44 853 2K e il B
FES R A B .C; 430 L 20,30 .40 kN« em™ HY % J)

1 Li,0-Ti0,-ALO-P,05 14 5 114 [ 425 4445 2 1 i U FE
MR D EF, HARYHR 13 mm JFEAH 1 mm,
K I O RE S R A R R Y E 1000 CTRBESS 1 h,
FI ARV 1) | Fie o A5 30 [ A FRL A SRR I
1.2 ZHFRESHEEENR

K X5 4 3 (XRD , 777 X 2S5 R Rigaku
D/Max-2550pc) FAR S50 1 H i 51 b 1 = 2 AH 20
%, [k S L T BB (SEM, L5 JSM-
SS10LV) FH T 0L F A S5 [ s 44 b oK 1) 2 R 45
K A2 i BT 2 (D 104X 2% 4 5 . EG&G Princeton
Applied Research. Potentiostat / Galvanastat Model
273A.) I et B - 0 32 A BELPT I, R 0t [ A P
B SR T BT T IR L )
JiT, S gk AR . e 800 2K 4 IR AR KE A ff J5
R TS T, T AE AR R PR AR AR R
F S0 AL AR FTAR 1 T 1 T A O S I A T 1 TR
gt T J5 A B R T A8 I 600 °C, HRIK AL 5
7T FEL e 0 0 0B I A P O R R e AR
5 1A PR b S L v 2 UL F vl BELT I AR
JUHI 1 Hz~1 MHz,,

2 HR5HE

2.1 XRD##f

T T HEBAE R B.D R 3 A
GO @ @FER), LA K 3 b AT R 94 40
AiAs R, B R 2 4B 2 SRR R XRD

H XRD A B R B M D #0022 fhAS bR}
FE AR LiTi, (PO, HA S Ml R, 4l
LiTi, (PO,); M & 4% %053 5l & 0=0.851 18 nm,c=
2.08495 nm, B A Si 5 AR FE S B Y A A% £
A PR, W] T AR S5 R R B TR TR R AR
(1) 22 522, P*(17 pm)<Si*(41 pm), H1 SLAL UL H T 7E 58
ghid e St B AW BT P AR B R A

SCHRFRIE B A AP LiTi,(POy)s T AP
G HUAR Tites S BOH A% H 8 S 210 LiTi, (PO, FH L
SR P B TR AR L Tit(60.5 pm)> AL
(53.5 pm), 1HFE S D B AR A% #5055 40 LiTiy(PO,), #H

1 ¥MBDODWEIERZEMBEEH
Table 1 Major crystal and lattice parameters of the sample pellets B, D

Major crystal

Lattice constants

Sample

@® @ ©) a/ nm b/ nm
Li,0-Ti0,-Si0,-P,05 (B) LiTi,(PO,); LiTiPOs Li,Si0; 0.875 24 2.174 45
Li,0-Ti0,-ALOs-P,05 (D) LiTiy(PO,); LiTiPOs AIPO, 0.847 48 2.175 07
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Fig.1 XRD pattern of sample B in the Li,O-TiO»-Si0,-
P,0Os system
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Fig.2 XRD pattern of sample D in the Li,0-TiO,-SiO,-
P,05 system
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Fig.3 SEM micrographs of the specimens powder

before cold-pressing
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Fig.4 Nyquist Ac impedance spectra of Li,0-Ti0,-Si0,-P,05 system
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Fig.5 Nyquist Ac impedance spectra of Li,0-TiO,-Al,05-P,05 system
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Fig.6  Equivalent circuit of solid electrolyte sample
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Table 2 Thickness, resistance, room temperature ionic conductivity and Ac impedance

spectrum of the various of electrolytes

Sample d / mm o/ (S-em™) Impedance spectrum
A 0.996 1.672 x 10° 4.488 x 107 Fig.4a-square
B 0.905 6.879 x 107 9.912 x 10™ Fig.4b-circle
C 0.918 5.570 x 10 1.242 x 10™ Fig.4a-triangle
D 0.855 1.087 x 10™ 5.927 x 10™ Fig.5a-square
E 0.973 — Fig.5b-circle
F 0.829 3.751 x 10 1.665 x 10™ Fig.5a-triangle
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