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NO, and CO, Sensing Properties of LISICON-Based Sensor Operative at Room

Temperature

Kenji OBATA, Shunya Motohi, and Shigenori MATSUSHIMA

Abstract

Four types of sensor were fabricated by combining solid-state electrolyte (LISICON or NASICON) disks with sensing electrode
materials, such as Au, ITO (indium tin oxide) and auxiliary phase (nitrate or carbonate). Their NO, and CO, sensing properties were examined
under 30% RH (relative humidity) in the temperature range of 30 to 100 °C. When the NO; sensor was operated in the range of 2 to 7 ppm NO;
at 30 °C, the LISICON sensor attached with ITO-NaNO; had the highest sensitivity to NO, and the EMF change was 41.4 mV. At 30 °C under
30% RH, the EMF values of the LISICON sensor attached with ITO-NaNO, were proportional to the logarithm of NO, concentration. Also,
when the CO, sensor was operated in the range of 250 to 2500 ppm CO, at 30 °C, the LISICON sensor attached with ITO-Li,CO3-BaCO; had the
highest sensitivity to CO, and the EMF change was 20.0 mV. At 30 °C under 30% RH, the EMF (electromotive force) values of the LISICON
sensor attached with ITO-Li,CO3-BaCO; were correlated linearly with the logarithm of CO, concentration. Subsequently, to examine gas
selectivity, the NO, selectivity of the sensor attached with ITO-NaNO, and the CO, selectivity of the sensor attached with ITO-Li,CO3-BaCOs
were evaluated at 30 °C under 30% RH. As a result, it was found that the LISICON and NASICON sensors attached with ITO-NaNO, were
fluctuated by the change in CO, concentration. On the other hand, although the NASICON sensor attached with ITO-Li,CO3;-BaCO; was
affected by the NO, concentration change, the LISICON sensor attached with ITO-Li,CO3-BaCO; showed a high CO, selectivity. From
thermodynamic calculations, it was considered that the chemical instability of NASICON and NaNO, under CO; led to the degradation of NO, gas
selectivity in the ITO-NaNO;-attached sensor, whereas that of NASICON under NO, caused the degradation of CO, gas selectivity in the
ITO-Li,CO3-BaCOs;-attached sensor.
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1. %

it

TWAR, =k 51z, NASICONF & v ik, {LFHIIC
Tﬁﬁfa‘aét&) COZ*‘?DNOJA%D X nEEZ S

BT, NOX'® R0CO,> 10 i+ 5721z, EEHK N5, AH5id, LISICON (Lit #A A 8EEE) % Fuv
DOERERE P RHE SN T3, fDI{ZtS g f:cozt‘/ﬁ@ﬁx*ﬁ%n%'rﬁzli\Noz KD BELIZE L
UL, BAETHY NG, ﬂ?%m%}im%ﬂ EZT VW EEMELTWSD, Fxt, LISICONE
HALTHERAAEZRHL TSz, BWRIRMEEZA L AW RS EAERE 2 L, HET AR

TWEM, LanLiens, 2hbolBHXE T RETLIFETHDEE R,
BERALFSOE 2 [ 3 2 729 12150°C L Rk L7 AL TIE, ITOL B (NaNO,, Li,CO3-BaCO;) %

Thide b7z, 202 LI, E%ﬁﬁf‘/*ﬂi HE A Y- EIEEBHFLISICONR Y 2ER L, 2o
ENORTHENES N TS 2 EKT 5, 72, NO, & CO B Zn4 P 1, AH %1 £ 30%, 30~100°Ciz 3\ T
B e — 2 —2fiA st o Yid, YL 2 IR FEMIC A X7, £7-. NASICONFR & v & L L,
b, Iz, BETERAT A EBRHTENE, E—F—F LISICONF & > ¥ DNO, & CO M En#s it % ki L 7=,
EORVY VAT LAERBTEDL1EAS, TORE, £

D YIE, L0/ THMICERTE, B TAESIC 2. HRABAFE
BB TXA5LHICRDEAD,
Z 21084, EERibd B 28RS L - EIRE AR B R BT BRI E MRz Ea Lz R

BEoHid, BRICBWTHLTAEZRTTE A2 L23#H FUE A A LB OB SR EEREED B LN D
BEENTNWA®2 @E, Zox A 7ot oL, B Wk 2 EmEEZHBRE L TS, B 21E. ITOL W)

BMREELT, ERTbRWAAVEEREZATD (NaNO, & % M Li,CO3-BaCO;) % {8 72 NASICON

NASICON (NasZr,Si,POy,) Z Ml L TIER &SN T 5, DELF VT, KX THEZ B BT,

L2>L7225 5, NASICONFR ¥ DA, "TEhA 4 f .

& RO TH 5 Na,ON BB TIE AL ET Au | NASICON | Auxiliary phase, ITO (1)
CFEHR T ONORCO, & 5 5 I K Z & DMET , _ .

i);m]i\.;ﬁgv 20) 2%3 2&1?&%@?%#6%;:%2 ZORA DR YT, ITOD L 5 & @It

6 O MBI K AS . WEHED L 5 TR S BV, (2), ()T

% & .NASICON X DIV T A = NasPO N - .
5% 74 7O POBIHLINGPO, o S e s & £ B R A (NO,RCO,)

. COMMHMBEDHILICEE L TWA Z &bl S



74

ZRBNEMGICE R 2 bFA A U (NO,R°CO5%)
WEHT D, I 52, FHOREICE T 2101 4 0 F
(NO, 2 CO.%) & M BAH (NaNO, < Li,CO3) & D D E &AL
FRSE. FREn@), (@)X TEx6nh5,

NOZ +e = NOZ- (2)
CO, + 1/20, + & = COs* )
Na* + NO, = NaNO, (3)
2Li* + CO4% = Li,CO4 (3)

2NO, & CO M BUGIE, RN TEHERZBILD,

Na* + NO, + e" = NaNO.. (4)
2Li* + CO, + 1120, + 2¢" = Li,COs. @)

—7 . AuE EOSBMEIGIE, KN TEZ 6D,
2Na* + 1/20, + 2¢” = Na,O (in NASICON). (5)

NernstziZ VN 5 &0 &SR(4), (4°), (B) (21T % Elik
EALIL, NEIZ(6), (6), X THEAZBND,

E;=Cy+ (RT/nsF) In (aNa+2'PN02 / aNa11>1202) (6)
E; = Co + (RT/ngF) In (aLis”-Pcoz:Po2 1 aLiacos) (6)
Es = C3 + (RT/ngF) In (aNa+2'P021/2 ! anaz0) Q)

Z 2T, Ny, Ny, NglE %% NO,, CO,, O, D BARSSITLE S
B, PIESE, RIZREES, TIXEHEE, Fix7 7 7
T B, ClIEmAE (BEAREMRE, Btz L) Tk
E XN D IEHEBMBEN, ald4~ Na*, NaNO,, Li*, Li,CO;,
NASICONH O Na,OD{EETH 5, Bl HiELE
(EMF: electromotive force) %, M%nii & £ it & OO
WLAEE LTEZLND, RIZ, Pok OBALFREDTE &
DRER AL X, B SN DHEMF (Enoy & Ecop)
1, kchEzbn5,

Eno2 =Cy4 + (RT/F):In (PNOZ'aZNaZO | na+ Nano2)- ) (8)
Ecoz = Cs + (RT/ 2F)-In ((aLi+)“*Pcoz-anazo / ((Ana+) *aLizcos)
(8)

P HP E THRIG AT A PREE DAL 5 g BRI 72 i
%A (AEMFyo and AEMFeoy) 1. FHZF1(9), (9°)
RTRbahb, Z 2T UISE TN SOHK@G), (4)
R L9, ENEhn =1,n,=2Th %,

AEMFy02 = (RT/F)*In(P”’no2/P’no2) 9)
AEMFco, = (RT/2F)*In(P’’ coo/P-co2) )

Bz 1%, YEENREE30°CIZ BV CNernst A2+ 5 &,
2~TppmE TONOL R E L TIX, AEMFyop/E32.9mV T
HD, —J7. 250~2500ppm % TDCO, I E AL * 3
HAEMFcopld. 30.1mVTH D ERBELOND,

3. EBRIJik

3.1 RAEoFRR

LISICON¥ K iZ. Li,COs, TiO,, (NH,),HPO, % Hi%8 5k}
ELTHBLEY, chooBRiz, BBk R—
Jb 2L CRARE R RS S 7z, LISICONRTBR AR R,
B O NTIRAH AR & AU -C800 °C, 12FEMI S &
Wioth, A/ UHS TR D X 5 TR
W45 Z & THEfiF Sz, LISICONT 4 A 7 BEFRE K1,

LT T2E R F R P AR SE R 554575 (20124F1H)

LISICONRTBR K K & E AR 10mm, JE X 1mmd T 1 A 7
PRITHERR U7, 22791900 °C T2 BERk 42 = &
T B 72, NASICONDRIBRATR KL, =% / —n i
#T L aFx L R o Si(OCHs)s, Zr(OCsHg)s PO(OC4Ho)s,
NaOC,Hs % A& DL Bt & 725 X QB & w5
LT LD, oo X ) — VBRI, it LT
DEDHNO; XD X ) — VIRIRICINZ =14, Wi
FEFWE LN 560 CIZRFFINTZA A N ANZAFTH
BEh7-, 29 LTELNET /La®y R, fik
BT D& TMARGRRES T, MAKSIRIZE Y AERK
L 7= Al AL, fofgds 120 °CC24MF [ REM: S 714,
B ERET D70IC, ZBRHT750 °C, 1REMEGLEE X
Nz, 29 LTHEBNIZNASICONBTEL A AR 1L, SEAIRL
A2 % O T 2tlem? T — @l I0E S, EA&L10mm, B &
1mmD T 4 A7 PRI 372, NASICONT « A 7 K
BIX, 20T 4 A7 REEHE 28K 711200 °CCHIRFRE Z AL
MY pZ L CHELNL,
32 B YR OER KR OT AR FEHIE

AEE O YL, BEEEME (LISICON® 5 Wi
NASICON) & #nEMmA £ (Au, 1TO, fHBIFH(NaNO,&»
5 XLi,CO5-BaCO,) Z#HA®E TER L= (Fig. 1) .
BEEIREE X, Li,COz¥ K & BaCOs K& 1:200F /LT
BA L, AulIHEHS 2 V) CZ2E4 1750 °CTT10%) L EE
T5HZ L THE LD, &R LT, KR TE
COMEENREA AT 2 1TO (Sn-doped 1n,05) % 34R L7219,
10at.% Sn-doped In,Osf3KI%, 1L FEimkt TInClz & SnCl, %
TRA U T2 KD & i L7-, ITOR AL, 1000 °C ThIRFH
BERR S5 2 & TEBIL,

<SE: sensing electrode>
Air+NO2, CO2

Nitrate
or Carbonate

Inorganic Au electrode

. _—
adhesive
Glass tube

<RE: reference electrode>

Figure 1  Schematic drawing of solid-state

electrolyte- based sensor.
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Figutr 2 Experimental set-up for measuring sensor
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Figure 3 EMF changes to the change in NO,

concentration under 30 % RH between 30 and
100 °C: (a) theoretical value, (b) Au
—attached, (c) |ITO-attached and (d)
ITO-NaNO,-attached LISICON sensor.
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Figure 4 NO, sensing properties under 30 % RH at

30°C

for the ITO-NaNO,-attached LISICON

sensor: (a) EMF response transients to stepwise
changing NO, concentration and (b) relationship
between EMF values and NO, concentration at
various temperatures.
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Figure 5 EMF changes to the change of CO,

concentration under 30 % RH between 30 and

100

°C: (a) theoretical value, (b) Au

-attached, (c) ITO-attached and (d) ITO-
Li,CO3;-BaCOg;-attached LISICON sensor.
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Figure 6 CO, sensing properties under 30 % RH at
30°C for the ITO-Li,CO5;-BaCO;-attached
LISICON sensor: (a) EMF response transients to
stepwise changing CO, concentration and (b)
relationship between EMF values and CO,
concentration at various temperatures.
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Figure 7 EMF values of the ITO-NaNO,-attached
LISICON and NASICON sensors to the change

in gas concentration under 30 % RH at 30 °C:

(a) NO, sensing
properties.

properties and (b) CO, sensing

Table 1 CO, and NO, sensitivities for the ITO-
NaNO,-attached sensors.

Gas Solid-state A EMF  Theoretical value
electrolyte / mV I mvV
NO NASICON 415 201
2 LISICON 414 ’
co NASICON 25.2 220
2 LISICON 17.0 '
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Figure 8 EMF values of the ITO-Li,CO;-BaCOs-

attached LISICON and NASICON sensors to
the change in gas concentration under 30 % RH
at 30 °C: (a) CO, sensing properties and (b)
NO, sensing properties.
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Table 2 NO, and CO, sensitivities for (ITO,
Li,CO5-BaCOs)- attached sensor

Gas Solid-state A EMF  Theoretical value
electrolyte / mV / mV
NASICON 29.0
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LISICON 1.0
NASICON 27.6

co, 32.9
LISICON 20.0
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Na,O (in NASICON) + CO, — Na,CO; (10)
2NaNO; + CO, — Na,CO; + 2NO, + 1/20, (11)
Na,O (in NASICON) + 2NO, + 1/20, — 2 NaNO;  (12)

Fig. 9 1%, FERTEME, MiBHHE, MR 2 (NO, CO,)
LB IR L OBIfRZ R L T 5, Fig. 9(a), 9(b),
9(c) 1%, 2ppmNO, & 250ppmCO, % & Te 2 HIZ BT D X
JHER(L0), (11), 12)D AGETORMREE Yy F LT 5,
Fig. 9(a) (Z7="¥ & 912, 300~500KIZHBWVTAG<0 Th
D . COMETE F DIEBHEE TIENa,Olx 272 0 REETH
L2 EERELTWD, Fig 9(b) 1283 X 512, 306KLL
ETIEAG <0 THhALIITRZ D, BI)FHEENS
31 °CLL F ?250ppmCO,H Tik, NaNOJEAZETH D &
Ez b5, Fig. 9(c) (R T X 9, 300~500KIZF\
TAG <0 TH Y, NOLSFIE T TIENaOlL» 72 ¥ R E T
HDHZLERELTWDS, L0+ 2B Zr D
FRFEIXAT » TR WA, COFEMA 231 5 LISICON
H OLi,0D B Z R IT. NASICOND Z 3L & bRl L ¢,
KXV ZETHDHEEDND, ZNHDOREIT. NaCOs
R°NaNO; D L 9 72 #fiBiAH A% | NASICONZK i IZ AT 2 &
WOREZZFFL T D, BFENFED D COETE
TIZ 351 5 NASICON & #f B #H O AL 2 R 2 EPE DS |

AL T2 SR B P R JE i A5 2 4575 (20124F1 )

ITO-NaNO# At >V ONOLIEIRMEDIKR T ORIA & 72 -
TW3, —JF., ITO-Li,CO3-BaCO 2 #4 L= & % D CO,
BIRMEOMK T X, NOFEA T FIZR 1T 2 NASICOND LRy
REEMHICERLTWA EEZBND,
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Figure 9 Gibbs free energy change (AG) under dry air
condition containing 2ppm NO, and 250 ppm CO,
at various temperatures for the reaction of (a)
Na,0 (in NASICON) + CO, — Na,COs, (b)
2NaNO; + CO, — Na,CO;3; + 2NO, + 1/202 and
(c) Na,O (in NASICON) + 2NO, + 1/20, —
2NaNOs.
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5. fEW

AWFECiE, BEREME (LISICON, NASICON) & Au,
ITO, #HBhFE (RHEAYE & 2V TIREEHR) ZAY D Z & T
EEHROB oV EERL L 72, NO,y & COLUZX T 5 0 Ak
FNEFMEIT, 30%RHIZF UV TIRFEHFIPA30~100°C TH 7=,

(1) 30°CITH VT, 2~TppmD B EHiH TNO, & > ¥ % 1B
5L, ITO-NaNO,Z #4 L7ZLISICONt® > 973
b B ONOJRIE 2 R L, % OEMFIENO, B O 5f #
Wl L7,

(2) FIBEIC, 30°CITIVN T, 250~2500ppm D i FE i ©
COyE v ¥ ZFBIX® 5 &, ITO-Li,COs-BaCOs; & B2 G
L7ZLISICONE > ¥ Ml b @V COJEEE R L, FD
T OEMFEIX. COMRE OXFEIZ B L7z,

(3) ITO-NaNO, #4& > ¥ id, CO IREE{L D FEE = 1
770 & D—77 ITO-Li,CO4-BaCO; & #4 L 7= NASICON
TUtiE., NO, BELE(OREEZZ T 22,
ITO-Li,CO3-BaCO; Z##%4 L7z LISICON > ¥i%, &
W COyiEIRMEZ R LT,

(4) B E NS |, CO, 47 T2 % NASICON &
1 EFE DAL BB R 22 ENEDS . ITO-NaNO, B4 & > ¥
NO, BIRMDOIE FTORK &> TWVWDL, —J7,
ITO-Li,CO3-BaCO; %A Lz CO, BIRMED
KT, NO, #:AF FIZH1F 5 NASICON DILFEHIAR L
EHICER L TWb EBXxoN5,
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