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Abstract

In this work, Sb203 powder was synthesized by a simple hydrothermal method and its humidity
sensing properties were investigated. The material characterization showed that as-prepared Sb203
was crystallized in a cubic phase, presenting a micron-sized octahedral morphology and containing
abundant surface defects. Sb203 microcrystals were used as the sensitive layer to assemble an im-
pedance-type humidity sensor, and then the humidity sensing characteristics of the device were
evaluated. The results indicate that Sb203 exhibited excellent humidity sensing performance within
arelative humidity range of 11%~97%, especially with high sensitivity (1.23 x 105), short response
time (2 s), and small maximum humidity hysteresis (1.5%). Finally, the humidity sensing mech-
anism of the Sb203 sensor was discussed by combining the complex impedance spectrum with the
equivalent circuit. This work reports an excellent humidity-sensing material, and then laying a ma-
terial foundation for its applications in ecology, environment and other aspects.
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FEEREN K B ¥I(NayWO,-2H,0)FI A AL S (NaOH) Y T TR b T A4 BRI IR B BR A ] BT R A
Srprat, fEFRT TS — i,

2.2. BHER

A, FI R K HGERI S T SbaOs MEH9T. B%%, ¥ 2 mmol K(SbO)CsH40s:1/2H,0 (6.14 g) 5
2 mmol Na;WO4-2H:0 (1.65 @) HliEfET 8 mL Z&MR/K ™, Wi HE 10 min B5EA&WEM. Hik, ¥ ik
PR R S, FREI9ERE 10 min UBRIIAHE R . FIR, 1A EIBRER I 0.20 mL #E N 2 mol/L 1
NaOH R T4 +E 30 min, BHRGVERMN pH HETTE 9. )5, BIRAVELZE AR LGN F 50
mL KHEEd, 1F 180°CIRHF 24 he F/KAZARAHNERE)G, ¥ ERRSMEC, HEET/KME
IKCEEBR AR, £ 60°C F AT 12 h, HAMRB A AR,

23. FREFE

I H A Rigaku 2 ] 1) D/Max2500pc B X S 26478413 (X-ray Diffractometer, XRD)K A £} &
IR SYIAA R, PL Cu Kal (4 =0.15406 nm) 4@ 4R . FIHSEE FEI A R[] QUANTA FEG 25 4
f# FEL T~ 2 7UBE (Scanning Electron Microscope, SEM) UM K1) 2R 30, hiod fi s 5 kV . K H 1 [E PERSEE
ZHE TU-1950 BU484N - m] WL 966 i (Ultraviolet-Visible spectrophotometer, UV-Vis)3KHUR K} 58 4
- AT WG, DL BaSO4 4.

24. ERBFERSAR

eI 5 mg SboOs ¥y K B T IEHF R, NG RIK LB, BB RBPRY . KR8 51
FEAE Ag-Pd SR MR M (EUL BN, 85 A EEYS A 0.15 mm), SRR, BRI 71 A B 1 .

#E4b 5T Elite 24 7] ff] CHS-1 B8 A4 MR i@ Bk fe, A& 102 Hz Sl . 1V 22
JE o TEIRBPERE IR, 2R T (~20°C)idk & HIR 2R 6 DA AHRHEEIREE, 45108 11% (LiCl). 33%
(MgCly)~ 54% (Mg(NOs)2)« 75% (NaCl). 85% (KCI)H1 97% (K2SO4), H1%5 F AW AN L 15 v SR (i 1 B A 2
RGYPEE XN Se=Zo/Zru, FHo1, Zo RIRTE 11% A% I BE (Relative humidity, RH) T, BL SboOs #47K} 9
SR JZ FITAL AL AR M BEBUEL(Z), T Zrn AL AR AE — & AR IR 0 I BEBLAEL o 80 . BT 1) (s B P
B2 I 8] (2rec) 52 SCNTE R B B3 LB 25 11 R, A% I 2 23 308 B A BE BT AR 90% T 7 B IS [H) o d KU i
(AHmax) 78 SCNTE W I8 (O P 328 T T o) R0 i (O P 320 BT I R v A SR80 380 R [0 L (L P (1 g R A T
LR YR

3. ER5118
3.1. HRFIE

1(a)E7~ T SboOs 1) XRD 79 16RE . HHUME AT AL, i AT S5 e SARHE L 7 A SboOs (PDF#43-
107 )AHXS R, R RINHI 4 T SboOs M kl. thAl, fTTIERCHRBIKA, HILAT A SboOs HA M4 fiE .
1E SbyOs KA B FE b, AR BN 3 B R TSR 15 o I N 58 i » S RRANAH < 2 1 W T4 wo2-
A Na B FAERE eI R P 5Bk . XRD AEFE AR S22 5 343 i AR AH S AT S g sl 5 54 o e Y
VIR S B, BEEAFTAS SboOs R HHH ST, AR . FIFHHLE FIREMEESU &
AU i P (1) ISR o TEAR TAE R, WOL 78 SboOs J\ A T il F2 Hh R ¥ 45 B ZEAE . [ 57 W05~
1 OH n] LA I F LA IR BRTE SboOs MR E @I AL, IR SR A% IR 2, FReloR T AN [R] & T A AR
K AR[9], AL\ INE . HE 1(0)FTRE SEM BB AT LR H, Sb,Os £ 5 2B N A S,
HAm B w R AF, R RIRIG . @i gt adrersn, AR RA KL S um. o, X
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Figure 1. (a) XRD patterns, (b) SEM image, (c) UV-Vis spectrum, (d), Lna-(hv) plot of Sb20s. Inset in (c): Tauc plot
B 1. Sbo0s B9 (a) XRD [, (b) SEM Bf, (c) UV-Vis iER (d) Lno-(h)El. (c) FHEEH Tauc XFH

it UV-Vis 2041 1 SbaOs B E R . 45 50 E 1(e)ian, SbaOs RIS L) 308 nm, 2% B Hxt
MG X IR T B AR R, BoR T A SRR . B L(OEEINARI Taue KR, SR
T SbOs AR FE[E(Bg) N 4.11 eV, KT ICHRRIELHR(3.34 eV) [7]. FJREET 56 % ] LU UM RHE
MBS R A T3, 32 m AR B BUIE(Zo), I A2 455 J 0 A4 0 7 58 0 AR 70 it e RO
s ARAE R E X, HIRENSE, KA T DU BRI R AR T B AR R R T, AT SE IR
FEAZ AL (1) 5 R AL BL . Urbach B & (Bu)A& RALF SRR I % B2 5 S TE P AR BE R OGS 28, HAUE
KNSR A B BE 2 AT LA . B 1(d) AT %0, SbaOs i EufH N 0.15 eV, KT SboO; i
(0.31eV) [10]. BREAREIIIIRDIGIN T SboOs J\ TR B 7 i o7 ) Sy WRAT R ME A2, AT A ) T2 sk
RIHHIR T EH HIER 5Bk (hopping)id 2 . IX —HFIEH SboOs J\HARY™ I EE T 58 BEARIT N, JLIE 1(c),
BRAK T SboOs MRHAHE B G5, DAy FLAE 1 P88 A S 2 v v R A 2 B4 5 1 ) B L it

3.2. RE4RE

P RO BE I e T A S M AR AR B B TR AR o 1 2()JE7R 1 SboOs IR EAL IR ARAE 11%~97%
RH FRARXTHEEE XA, 10~10° Hz (P00 i B A R B s o8 . RS R, £ T 107 Hz R X
6], AIRHE LA BT AR KA B FLUEE ) CHS-1 MK RS HL R EIR( GQ), SBUA AR K 3
BFRJEHEI N (10~10° Hz), B RH 3w, (LRESMEPUERC, RINBERRN. b, {8 10°Hz N@E
FRIRES R MR K BT, XA I AR TR S 1) RS e PRIE, 3%$F 107 Hz /F ViR
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FETAERHR . B 20)FT" A SbaOs M JEFEKARE 11% RH 5 97% RH 15 PR35 5] 48 PR U 0 2h 25 i 7
- KRN, MRS R IR, SbyOs AHRMEIRE N 11% RH W BHBLE AL 739 MQ, 17 97% RH T {IBH
PUE R 0.006 MQ, 5 REUZRIE 1.23 x10%, Ak, SbrOs MRMBERBLH BARII S A AT Ay, o
ST TN Tres = 2 s TR E BT TA] N trec = 98 s

T PEAE JEERAE AN [R] RH T U I A8 A 23 77 A 0 BT i UL 5328 17 8 e A% S 38 FRITEE A 2 o 151 2(¢) M SbaOs
FERBRAE 11%~97% RH RIEIVEEE NS - BB ik, i 2(d) MBS B2 15 H, A5 BB AHma
A 1.5% RH. B 0 REUE . PR ifma SAT 2 LA/ N U B SboOs MEHELA R TR B e,
A BN AR L B S BT R IE AR 2 —

TEIR FEAR IR, SboOs MR R FH AR 78 v Ab THI AR R By, H TAUE — e SCERIRGE T Sb,O5 R
FEANFREBE N IBEBTARA[8]. & 1 VL& T SbyOs \THIfAH 7 MO BB EIERe . X He s Bon, A TAE
[l SboOs FEHE AL I AR AE R AU L WA SIS 8] S I = 5 T 2 2 35 0 T BR AR ) o X — PR BEAL AU
2T SboOs M BHEWE B A% B AU I E R BT 5%, RIS AR UE 1 A 78 TAE A Q8T M5 S B (8
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Figure 2. (a) Z-RH relationships at different working frequencies, (b) the dynamic response-recovery curve between 11% RH
and 97% RH, (c) the moisture adsorption-desorption curve at different RH, (d) and the humidity hysteresis of Sb203

2. SboOs 7E (a) REISAETHI Z-RH X &, (b) 11%~97% RH [EIHRMZNZSMEL - WE#LZ, (c) ZEFRE RH T
TR - BiRrhZe, LA (d) BIFER

Table 1. Performance comparison of humidity sensors using different metal oxides

# 1. FTRIEBREMHNERE R MTRELLE

Materials Se Tres/Trec (S) AHmax (% RH) Range (% RH) Reference
Sbo03 3.6 -/ - 0~100 [8]
SnO» 1.34 x 103 84/576 0.94 11~94 [11]
ZnO 220 600/3 5 12~96 [12]

Sn02/Si02 100 14/16 2 11~96 [13]

Zn0O/Sn0O2 371 197/54 - 40~90 [14]
Sb203 1.23 x 10° 2/98 L5 11~97 BET A
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3.3. BN IE

& B FHPTIE (Complex Impedance Spectrum, CIS)&: & 2524 F % (Equivalent Circuit, EC)i £ T Sb,0;
FERIR IR LR, W 3. B 3(a) B TR & T A8 R8I Nyquist B: 24 RH 4 11%H, CIS i
N—kEL, RULBIEEAE S IFE A, T SboOs R 7K 7 1R, #E 1R F(H)
DABRIRIE NS 5 R [4]; 24 RH M 11%Z#T N E] 33%, P3| 54%, CIS E#iid s, SRy
PRI B (R 7K 3 IR AN IE S K Z, Rt T H KA S B FH0NE L 51, KH Grotthuss Jii +
fEFHE] . [E 3(a) PAREDARIR &1 NSRRI B, A R — S — 82 s FAl i e B
(Rs), 53 & R BURZ I B IH(R) S THARA T4 (CPE) FEEX .

EERR AT, WE 3b)is, FEPTE RN, Hd R R GRS E A T, RlER
AN HLER - R T BT ) BT Warburg FHAT) . UEINREE RH 48228800, CIS R BB WA /N, R2EH
TR, R RRER, KT 2 EYEWE SbOs R RIESIKZE, 1ENBEMERIBEESFT
H'5 H;ORIEFRE, it Ditm 1 ShyOs ARG HL T H . Wil 3(b) iR, BC 5L EE/E(R RH i
AEARL, P AS [) 1) 2 s U 2 (%) U RHL B P BEL(R) AIEL AR A7 76 44 (CPE2) £ BT

(a) 1000 (b) 3
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Figure 3. CIS of the Sb2O3 sensor at (a) lower and (b) higher RH ranges, respectively. Insets in (a, b): the corresponding ECs
B 3. Sbo0: 1R AR A RIFE () 1A (b) SIRSEER CIS. #EE: MY ECs
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