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Effect of Zr on Na/ Li ion exchange behavior of Li;. 3Ti;. 7Aly. 3(POy)3

LOU Tarping, LI Dagang, LI Guo-zhi, LIU Ying, XU Jian
(School of Materials and Metallurgy, Northeastern University, Shenyang 110004, China)

Abstract: The lithium ion conductor Li; 3Ti; 7Al, 3(PO4) 3 is Nasicon structural functional material, which has very high ion ex
change selectivity to Na* . The effect of Zr on Na/Li ion exchange reaction and behavior for the Li; 3Ti; 7Aly 3( PO4) 3 in sodium
chloride solution was investigated. The experimental results show that the Na/ Li ion exchange mass and exchange fraction signift
cantly raise for Lij 3Ti;. 7 ,Zr, Al 3( PO4) 3 with Zr element increasing in the same infiltration time. The Na/ Li ion exchange reac
tion process was investigated by means of X-ray diffraction. It is shown that the reactants is Naj 3Ti; 7- 5 Zr,Aly 3( PO4) 3 during all
the reactive process. The ion exchange kinetics of Na/ Li for Lij 3Ty, 7- ,Zr, Aly 3( POy) 3 is analyzed and discussed. The Na/ Li ion
exchange kinetics process of Liy 3Ti; 7- ,Zr,Aly 3(POy) 5 in sodium chloride solution can be represented approximately by the equa

tion of JMAK.
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Fig. 2 XRD patterns for Lii 3Ti1 7- »Zr, Alo.3( PO4) 3 after different infiltration time in NaCl solution
(a) —x=10; (b) —x=0.6; (¢) —x=1.2; (d) —x= 1.7



514 55 9 R, 5 Ze X Liy sTi 7Aly 3(POs) 5 £6 3 A B Na/ Li B 75 S Y F 72 W ¢ 1517 -

2.0

Exchange mass/(mmol-g-1)
(3%

e 2

Exchange fraction/%

100
(b) d=3 um
-_—_—___,L——
80
_’—d—-
60 e
40 frogu— O
+— (0.6
a—12
201 a— 17
U L 1 | 1 L
5 10 15 20 25

t/h

I3 LiisTin7- «Zr.Alo.3(PO4) 3 #18H Na/ Li A2 H S 7B B[R] (19 2244
Fig. 3 Variation of exchange reaction of Na/Li in NaCl solution with
infiltration time for Lij 3T1;.7- »Zry Alp 3( PO4) 3
(a) —Fxchange mass; (b) —Exchange fraction

In(t/h)

0.8

| (®)

In(¢/h)

Bl 4 NFERLE Lig sTiy7- o ZryAlg 3(PO4) 3 Al In[ — In(1- F) Bl In ¢ A5 4L

Fig.4 Variation of In[ — In(1- F)] with In ¢ for Lij 3T1;. 7 4 Zr, Alg 3(PO4) 3 in NaCl solution
(a) —6 Um; (b) —3 bm

Ji R T AN B Liy 3Ty 7- o Zr,Alg 3 (PO4) 3 #4 KL H
Na/ LifZ A2 [ .1 8l 7 22 fE 2 A iE ) .

4 45k

BTN Zr 7038 EEAG) R 950N Bl FRRL RS 38 W] I8 2
P2t Liy aTiy.7- » Zr, Al 3(PO4) 3 #48LH Na/Li 155 F
YN . Lin 3Ty 7- « Zn, Alg 3( POs) 3 #4 81 H1 Y Na/
Li B A8 #k ) )3 ) 27 A2 T Bl IMAK 7 F#
ik .

REFERENCES

[ 1]

HE, XKL, BHTE, & BT ALK S MnO, K
FRS B T A HRIE R[] P HEA B E )RR,
2001, 11(5): 915~ 919.

GU Ying ying, DENG Yong-da, JIA Lrying, et al. Synthe
sis of cryptomelane type hydrous manganese dioxide and its
iorr exchange selectivity[ J]. The Chinese Journal of Nonfer
rous Metals, 2001, 11(5): 915 ~919.

England W A, Goodenough J B, Wiseman P J. lorr exchange
reaction of mixed oxides[ J]. Journal of Solid State Chem-
istry, 1983, 49: 289 ~299.

R KF, FERHN, & 7%, %%, LipMgSisOp Fa,
H,MngOye® 1. 4H20 1 Liy 3Tiy 7Al 3( PO4) 5 7E =1 3K 5 54
B E W B 7 S HAT A (1] B AL 2 4R,
2003, 19(9): 839 ~ 843.

LOU Tar ping, LI Dagang, PAN Rong, et al. Ion exchange



* 1518 o A 8 E R 2004 429 H
behavior of LioMgSis019 o, H,MngO6 . tivity of solid electrolytes based on lithium titanium phos-
1. 4H,0 and Li; 3Ti;.7Alp.3(PO4) 3 in  higlr concentration phate[ J]. J Electrochem Soc, 1990, 137(4): 1023 ~
lithium chloride solution[ J]. Acta Phys Chim Sin, 2003, 19 1027.

(9): 839~ 843.

Hong H Y P. Crystal structures and crystal chemistry in the
system Nay, , ZroSiyPs- , O2[ J]. Mat Res Bull, 1976, 1:
173 ~ 182.

Mbandza A, Bordes R E, Courtine P. Preparation and struc-
tural properties of the solid state ionic conductor Cul'iz( POy) 3
[J]. Mat Re Bul, 1985, 20: 251 ~257.

Subramanian M A, Subramanian R, Clearfield A. Lithium
ion conductors in the system AB(IV) »(POy4) 3( B= Ti, Zr and
Hf) [J]. Solid State Ionics, 1986, 18/19: 562 ~ 569.

Aono H, Sugimoto E. Ionic conductivity of lithium titanium
phosphate [ Lij, 4M,Ti- ,(PO4)3, M= Al, Se, Y and La]
[J]. J Electrochem Soc, 1989, 136(2): 590 ~ 591.

SUH I, RFFIT, BRILSF. Lin o2 PO, HIE BOK I
HETHRSEED. TEA SRR, 2001, 11
(2): 328 ~332.

JIA Mrying, SONG Xiir gin, CHEN Rurfen. Synthesis of
Liis 20Zn;j- ,POy4 and its ionic conductivity[ J]. The Chinese
Journal of Nonferrous Metals, 2001, 11(2): 328 ~ 332.

Aono H, Sugimoto E, Sadaoka Y, et al. Ionic conduc

[ 10]

[ 11]

[12]

Ono A. Preparation and properties of HZr,P301; and related
compounds| J]. J Mat Sci, 1984, 19: 2691 ~ 2695.

Gulens J, Hildebrandt B W, Canaday J D, et al. Influence
of water on the electrochemical response of a bonded nasicon
protonic conductor[ J]. Solid State lonics, 1989, 35: 45~
49.

R ECM BEHE T FAE Lin a2 ALMg -
Tip- o ,SiuPs- O R MBI J]. ThREFSEL, 2001,
32(5): 510~ 511.

ZHANG Yurong, WANG Werrji. The study of new lithium
fast ion conductors Lip 2.4 20ALMg,Tip- = Si,P3- ,Op
system[ J] . Journal of Functional Materials, 2001, 32(5):
510 ~ 511.

FRER, EI04k. BRE T AL, 0- ALTLGey oy
Si,Ps_ 0 RGHIWESE[J]. DHREAMRL, 2002, 33(2):
178 ~ 182.

ZHANG Yurong, WANG Werr ji. The study of new lithium
fast ion conductors Lij, 5, ALTi, Gey ,_ = Si,P3_ ,Opp sys
tem[ J] . Journal of Functional Materials, 2002, 33(2): 178
~182.

(9 BRES)



