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NASICON (Naj+,ZrSixP3.,012 : x=1,1.5,2,2.75) & H\7iz
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Relationship between Aging Time and EMF Change on Potentiometric CO; Sensor

Using NajxZr,;SixP3.5012 (0<x<3)

Kenji OBATA and Shigenori MATSUSHIMA

Abstract
Four kinds of NASICON (Na;.+Zr,Si,P;,0y,, x=1, 1.5, 2, 2.75) - based CO, sensors were combined with a
Li,C0O5-BaCO; (1:2 in molar ratio) auxiliary phase to investigate their CO, sensing properties. The EMF values of each

NASICON sensor were correlated linearly with the logarithm of CO, concentrations in the range of 250 to 2500 ppm at 450 °C.
When exposed to 250 ppm CO, for 200 h under dry condition, the EMF of each NASICON sensor decreased with aging time.
To research the cause of the EMF drift, a mixture that consists of NASICON and Li,CO; was heated at 750 °C in air. From
X-ray diffraction measurement, it was confirmed that alkali-rich crystal phases such as Li,ZrO; and NasZr(PO,); were formed
instead of Na;Zr,Si,PO,, and Na; 4Zr,Si, 4P 6O, phases. This suggests that the EMF drift relates with the formation of new
crystal phases at the interface between NASICON and auxiliary phase.
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Fig.1 Schematic drawing of NASICON sensor.
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Li,CO;, Au, air + CO, (1)
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2Li" + CO, + 1/20, + 2¢ = Li,CO; (2)
2Na" + 1/20, + 2¢” = Na,O (in NASICON) 3)
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(No.34-1334), ZrO,# (No.34-1084), U » & & £ 2 \»
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NasZr(PO,); 8 (No.37-0110)23fesR S vz, R D
HEIZ, PODBSREMICERT S LH#HEAIIND,
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N2,ZrSi0Os &' NasZr(PO,); fH3FERR S 4172 (Fig. 2 (d) ).
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NASICON (Nay+xZr:SixPs-xOn & x=1, 1.5,2,2.75) & Fi\ 7z %

BENRT AL VYO - v ZV0HEEREN & OBG

(d) x=2.75

Intensity / a.u.
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O :Na,Zr,Si,PO,, 0O:Na,ZiSi0;,  A:Zi0,

@ :Na, Zr,Si, P, 0,, @:NaZr(PO); x :unknown
Fig. 2 XRD patterns of NASICON powders after

calcination at 1200 °C for Sh. (a) x=1, (b) x=1.5,
(¢) x=2 and (d) x=2.75

LT3, 2B, WTFoREHIBWTH ., Siof
DEFEFEIIFER SN2 Do T2,

8Na2ZrZSiP2012 + 502 - 3Na3ZrZSi2P012 + NaZZrSiO5

+ NaSZr(PO4)3 + 821'02 + 7/2P40]0 + SlOz (8)
12Na2_5ZrZSi1_5P1_5012 — 7Na3ZrZSi2P012 + 2Na2ZrSi05
+ Naszr(PO4)3 . i 7Zr02 & 2P4010 + 25102 (9)

24Naj3 75215815 75P0. 25012 = 5Naj 4Zr,Si; 4P 601
+ 34Na,ZrSiOs + NasZr(PO,); + 3ZrO, + 20Si0, (10)
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FEERML, TR ODOCOBRMBEHEEZTA-, 3.
BhfBIZLi,CO5-BaCO; % FHV Y TNASICON (x = 2)& v ¥ %
ERLL . BBREEHKT, 450°CIZH1T 5 COMEn e % 38
~7z, Fig. 3 (a)& (DITiX. COLIE DRI izt
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BEHNEZ oy PLTW3S (Nemst u v R) , BV
P DOFESEIZ. 250ppmA> & 2500ppm D & FH TCO, M B
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Fig. 3 CO, sensing properties of NASICON (x=2) sensor:

EMF {13 CO, B EE O x5t il L 72, 250ppm 2> &
2500ppmCO, B EEILIZHR 35 AEMFiX, x =1, 1.5, 2.75
DEZBFIZOVTENTNR6T mV, 68 mV, 67 mVTh

(a) EMF response transients to stepwise changing
CO; concentrations and (b) relationship between
EMF values and CO, concentrations (450 °C, dry).
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Fig. 4 Relationship between EMF values and CO,
concentrations for various NASICON sensors
at 450 °C under dry condition: (a) x =1,

(b) x=1.5 and (c) x =2.75.
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Fig. 5 Relationship between EMF values and aging
time for various NASICON sensors (x = 1, 1.5,
2,2.75) at 450 °C under dry condition
containing 250 ppm CO,.
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(x=2) BV OREHIL. =V EME bICED
L. BIEBRLED R 70R R 41 - BRYEBAME(LIZ0.2 mV/h
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R CTEEEMPZELTITNE S, 70
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Pk, M2 T—EDEMFEICEGE L. K2008/7 1%
FTCEETHoT-,
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0:Na,Zr(PO,), A:Zr0,
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Fig. 6 XRD patterns of the mixture that consists of
NASICON (x =1, 1.5, 2, 2.75) and Li,COj after
heated at 750 °C: (a) x=1,(b)x=1.5, (¢)x=
2 and (d) x = 2.75.

K F750°CT 105y MBVLER L /2, XRDBEIE ZEH L7
(Fig. 6); & DFER . Fig. 5THER X1 5 NayZr,Si,PO,,,
Nas 421,515 4P 6010, Na,ZrSiOs #8 23 JH & L T . LiyZrO,
(N0.20-0647), ZrO,, Na,Zr(PO,),, NasZr(PO,)FH 351 7= 12
AR LT, LiyZrOs, Zr0,, NayZr(PO,),, NasZr(PO,)#H D A&
bk, DA1)-(150Z77F K 5 12, Li;CO; & Na;Zr,Si,PO,,,
Najs 4Z1,81; 4P 6015, NapZrSiOstH & ORISR E T 5 & &
BB,

(Na,Zr(PO,4), ¥ D A %)
2Na3Zr,Si,PO;, + nLi,CO;5 (0 <n < 3)
— 7NayZr(PO,), + 2Na,SiO; + 2Si0, + nCO,
+ nLi,ZrOs + (3-n)ZrO,
5Naj 4715515 4P 601, + mLi,CO; (0 <n <9)
— Na,Zr(PO,), + 6Na,SiO; + 8Si0, + mCO,
+ mLi,ZrO; + (9-m)ZrO,

(1)

(12)

(NasZr(PO,);H8 D A AR)
3Na;Zr,Si,PO, + nLi,CO; (0 <n <5)
— NasZr(PO,); + 2Na,SiO; + 4Si0, + nCO,
+ nLi,ZrO; + (5-n)ZrO,
5Naj 471,515 4P 601, + mLi,CO; (0 <n <9)
—> NasZr(PO,); + 6Na,SiO; + 8SiO, + mCO,
+ mLi,ZrOs; + (9-m)ZrO,

(13)

(14)

(Na,ZrSiOs#8 DH )

NaZZrSios + L12C03 - NaZSi03 + LiZZrO3 + COZ (15)
UEORERERERORG)EL Y., FU 7 MRS, RO6)EEE
T5HEIBEOER, BIb (1) Li,CO;DLi'HEEDO R,
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(2) NASICONH MNa,OfF B D, (3) NASICONH (DNa'
BEEOBIMCER T2 EExb5, ER()iE. Li,CO,
& NASICON gX 45  ( NagZrSi,PO;, & 5 W 1%
Nay 4Z1,Si, 4Po 6012) °Na,ZrSiOs & DRGSR EREETH 5,
EH((2)TiX. LiyCO; & ORIGIZ & W NASICONRL 45 A3 43
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TP TiE, NaTEEOELA I S, NASICONFR
YHOFTHLROVBHRT -V SRR LI EE R
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5 EBbn3[15], :
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2.75) AL, BIRXBETHE % E/ Lz, TORk
B NASICON (x =2) Tit1200 °CERZ I EDZ0,
BROENDDAHATH DN, LI DONASICON (x =1,
1.5 BTN 2,75) CiXNayZrSiOs =° NasZr(PO,); & DR
WS AR LT,

(2) AFEEDONASICONZFEH L C, 4B OV FT%
ERLL . 2N 0 DCOMMMBFHEEFART-, TORE, 4
TEE O NASICONRE TIZCO BB DR E HEICIT K
XRENR LN D 5T,

Q) =— VIR L EEBM L OBREAL A,

NASICON(x=2.75)& > ¥ D FEHEBAL M3 IR T
EAL Lz,

(4) NASICON (x = 1, 1.5, 2 KU 2.75)813K & Li,CO, 5
DRIGHEEZXRDBIEIC L VTR E Z A, BREHRE
| RERYEREBNAE O R EICAER L7285 LV RN BE
DO RY 7 MBS LTV B AREESRR I,
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