Applied Physics N F##, 2022, 12(3), 119-125 Hans X
Published Online March 2022 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2022.123014

SnOz‘FﬁEfT(E'JfF“‘ﬁ'\ RAELLBZNO, S B
LED

X AA, TR
WG IRVEITYE RS, BRI W /R

ks HiH: 20224F2A8H; FHHEM: 20224F3H16H; KA HM: 202243 H24H

wm B

ASCRIZK RAE 2 T SnOA0KAPRE BEFE T AR BRI R, SRR SR I BAIINO S
HBEAERRMREE. JHETSEM. XRD. TEM. IR. PLEXNHRHHOR S FBURHLIELHET T 247
XL RSB MR T T RE.

K217
SnO,FZER, SfEEEE, NO.

Preparation, Characterization and NO: Gas
Sensing Property of SnOz Hollow Spheres

Nannan Liu*, Jianbo Sun#

Harbin Normal University, Harbin Heilongjiang

Received: Feb. 8", 2022; accepted: Mar. 16", 2022; published: Mar. 24™, 2022

Abstract

In this work, the fabrication of Sn0O; hollow nanospheres is reported by enforcing a hydrothermal
method. The gas sensitive characteristic curve of the material is studied. The results show that the
material sensor has high sensitivity to NO; gas. The results show that the material sensor has high
sensitivity to NO, gas. The microstructure and sensitive mechanism of the materials were ana-
lyzed by SEM, XRD, TEM, IR and PL. These findings make it possible for gas sensors to be used.
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1. 518§

FEAMI(NOX) R IE R TIG R FZE N R —, BRI AR A EEH B4, NO, F 2RI
THRE RS DI RS TR RS, RARZ RS Wi E T ) F Z R A, Br NO,
Ab, HABEEALYIW AR E, B, EAEE R NO,, H NO, Sk 5K e kA N S 3R M B¢
IR . AN 73.2 ppm LA B T SEAL R 5~24 /NS, AT I SROAELE SRS BADIR, 0
PRI NACIRE —SEAE, AT FEUS M S AR ERAR[1] [2]. XA A F ST A
DUFRTIN, 8 G A SRS PR N B 2 A BB ME. Bk, BA SRR SR
AR SRR IR T 51 S T AT v B A

SnO, 2 —Fi B A 3.6 eV T BRI n B A RL, BT H SRR, JFHASZEHT
Beftrsomy, A AL R AL R BRI, MR TR RS . ORPHAE . MU AR
SRR, HRT, CHIE TSRS SnO, 450, WGKETRL. AUKEE. 9K, gk,
PR LRI M Z LGRS HIZE[3] [4] [5]. DA SnO, GUKMALIRES 2 M T4 NO,. Ha. CO.
CH3CH,OH. H,S &S 44[6] [7] [8] [9]. )& F M ML A ML H AT gl A2 4 Sk 5 &8 A e
SR B BRI [ 1) B AT R . 2SS IR SR BRHE A R R TR OGR4, s S
1A NO, XA BL R T R BRI T, PRI ) FB IR FEFRAIK, RIFERZJE RGN, MRk
Z AR 22 3 0, RPN . DRI S A JER S 1 AR T B A SRR BRE AR 2R T A
WA (I A, AT AT e Jok Fi B 19 A8 A e e W AR R ik 5 o

SN0, 1 Ay HiL 8L AR AR AR NO, B R UF IS MERE, (HAZBR TR BIRE /) L TARIREE, #1417 &
EREN SR B — SN . SCHREW, W MOV, oo RB, ZHMEINES,
R D REALEE 7120 AR TH SnO, BURFE[10] [11] [12]. Wang 25 il i K HGE 0 5 38 K i 512414 1
ZnO-SnO, £-&W), FIH n-n i 45 vl DR AEE S0 i A ELAE T, 46 v WA X IR B A e B R, i
B AT BEAT A RSO o ZRAEETE 5 ppm (19 NO, Z50El N 1 R BIURE A SRR 5 A%, i R Pk B2 15 [7] 43 331
o 272 s F11 5 min; Hyoun Woo Kim 5 A8 ik 518 K J7TVEAE SnO, K& &M T Co 4Kki+, 42
T Co UK RURLIT & g 9 MR RE, SR AFAE 2 ppm 1 NO, U T I R U REIA R 3.6 o4, HFAAIR
PRI HEST

A SnO, oS 9K BB BHE N EURARLEAT T 7T o 383 /K Pk B 4 T R Th s gk R,
T GERARHEAT T FESRRAE A S GO, &R A b S GKER G NO, A BT 1 ke

2. SERwERSy
2.1 MREER
TEASCHTHEAT IO SR o, 4 23 4 62 15k Sigma Aldrich T2 7 BRIk, oA 23t itk — B4tk
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SLICEAEUI R . SnO, PR ER UM T, 156K 0.1 g 1 P123 (—Fh =IRBILERY), FRR: B
¥ - BIE B - BRI = BILRY), 3.51 g W&k, 0.474 g & 4L#5(SnCl,-2H,0), 05 g
JRZ, 2.5 g HIAEHEAT 0.2 ml B R 73 WA RELE 30 ml K H A3 BT 3RAA, SR 5K BTORAATE 170°C N IEAT /K #4,
IKINIEE] A 15 /NI o R BIRA RS IIN 25 mil BERRAAW, JFRE sl 4 N, i uEvEE,
TESBEIN IR FE 450 CHRERE 3 AN/INIF A3 B K 4k €5 SnO, HH ZSERAE b

2.2. FRIE

F X SRRSO =) AR S5 M BEAT T S5 RIRAE(XRD), KA HA Rigaku D/max2600 fTHH%, 20
JEEI A 20°~70°. AR H T 218 (FE-SEM, SU70, Hitachi, Japan) &4 B 7 & %% (TEM, F20, FEI
Tecnai) XA i (1) FE SR AN 45 /) 3E 47 R AE . {8 Brunauer-Emmett-Teller (BET) 5 & & A & (15L& 20 A
R . SR S ROGBUR G(PLY R AT T RAEGHE(J-Y HRB00, V4 [H).

2.3. BRHHIERMNEH

ARG AR A IR I R FIDESHI K 20 mg 28 Sl R R — N 2 B T KR &, AR KL
P BSCORRIDIR BB A4 o A FH SRBR RKE B A 20 R AE 3 M A S 4 M EE R WEAE 10 L 1F& 0
AT, FES R BEARSMIEA TSRS SN . LKA, B RS I AR IR B b —
TERF IR SRS = SIRE 15 2 1 . F BT K % 75 3R (Fluke, 8846A, USA), Hijiiu [ 100 pA~100 mA,
HEBH Y (10 Q ~1 GQ, +£0.0024%) 54N N HEfiAH I » MRTE 20°C (£1°C)F1 10% (£2%) [ AH KR B 1 Fs e
AT . ARSI B E KN Rg/Ra B Ra/Rg.

3. ERITR
3.1. SNO, RE=HRIKHI S IRAE

ke 1(a)s & 1) NEEAFEFEECR (1 SnO, K BRI B R, T LAXLER 243 21 (1074 - 22
FEPERE Y, TAERAO ELARLE 500 nm~1 um Z 8], M J7 7T AT B R 45 40 22 el Tl oK BRI AN 40 K
R 51 1(c) N SnOp UKERIKE ST LB EIE, AT LU HR 8] XS €1 LD 2R IX ) B E ik — 2%, TAL I
F LA SE SnO, KB ON R 2 4544

Figure 1. (a) (b) SEM images of SnO, hollow nanospheres at different multiples; (c) TEM images of SnO, hollow nanos-
pheres

1. (a) (D) AN EMEEEY SnO, YAKTRIAHEE RER; (0) 73 SnO, RE=HKIKHIIEST B RER

3.2. SnO; PEHRIRHE AT 534
WP 2(a) o A AR ER SnO, 11 XRD RAL. MEH T LUE Y, 24 R s S hsiE R 7 SnO,
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B N2E SnO, M KL B 2(b)s I 2(c) rm IR dR ITCER 0 A 18, R7s 08 Sn AT O Ju R At L,
B BUEN] T AR TR Sn AT O 4, JFHIA M Ertin 1, H5 XRD M4 R & .

—— JCPDS No.71-652
SnO,

Intensity (a.u.)

2Theta (degree)
(@)

MAG: 20.0kx HV: 15kV. WD: 11.3mm % MAG: 20.0kx HV: 15kV_WD: 11.3mm
(b) (©
Figure 2. (a) XRD pattern of the SnO, hollow nanospheres; (b) (c) Sn and Ti element distribution map of the SnO, hollow

nanospheres

[ 2. (a) /3 SnO, =YK IKEI XRD FAE; (b) () SN0, PELAKIR TR 2 El 1%

3.3. SnO, PEHRIR S I RERMIX LR HATRE 4R

K 3(a) a2 SnO, UL AR XS 10 ppm NO, iR AL TAFIR M. Bl FAEVE By 20°C 2]
180°C. APRHm N BRI BT M e, IR T 100°C Ry, maNiFE IR B b T A, X2 AP T
T O RS B METE BRI OF, 225MA NO, "L, B RAR I UIERAK. SN0, UL k2%
I RLAE 100°CIEE] T i KAE, BRI SnO, UL I A 1 B AR 9 100°C, REEE AR/ 9.8, Wil
TR Z7 30 704k, YRS TEIZ28 90 7%k, wig LAY &I RI B RT BE F 1 B B f 5 ZE IR BE A 25 151 3(b)
FEALIEARAE 10 ppm NO, Ul T AITEFA IR, AL RN NO, UM, AFHFRAE 2 W1 E ETF, HiU2 NO,
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S, HBRERTCATRRE, HAKE BRI, Ui A R NO, SR AT RIS B SnO, Sk
FE AR HIR BE MR R AE ] 3(c) s TERAE TAEIRE 100°CHIZM R, SnO, AL BRI S B 25 I3
SRR B INE — BN, S BRA S EIRANRA, UL AR IR AR XS NO, S A 2 i () B Y [l
FEEETZ 15 1 3(d) N SnO, SR E LS ST 100 ppm T3S AT 10 ppm NO, FIEFE MR, T4k
N CHsOH. CO. C3HgO. Hyv CH,O. H,S, bA: 7 7EIR — TARIREE FX &M RAE 100°C T [k
Ji, X e B AR BEE ARG T A A, X NO, S 3 B
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Figure 3. (a) Response curve of the SnO, sensor to 10 ppm NO, at different working temperatures; (b) Distribution of the
response and recovery curves of SnO, sensor to NO,; (c) Response curve of SnO, to different concentrations of NO, at
100°C; (d) Selectivity of the sensor to various gases

3. ()47 SnO, S AL REJ/AEAR R TEIRE T 10 ppm NO, SAHING R R S #hiZk; (b)A SnO, S L &R X NO, HY
MR R R E BhZE (c) SnO, SAMERARRTE 100°CRY NO, BIIREMEL (d) SnO, S A& R & FS 4 (C,HsOH. CO.
C3HgO\ Hov CH,O. H,S. NO,)AIIERE M

el 4(a) i SO, A GRKERFDEBUR GBI . AT LA S BIRHEE R 7E 575 nm &b, HRHENE 322
Fe TSR LA S A R (R0, D] R AU ) 558 P 2 S R R S S L I 2 DA O, R e 5 PR A v
YU AT DA A R o A R P A AR R BB s 5] 4(D) 79 SnO, S R ERIX) 0 UIRME P 452
Tk, RAETHELEA, SnO, P PORIRIFLE AN 165 nm /47, HERMAKN K 54.8 m’lg, Xk
HISHIAT BT NOp AR B B LA R B L fY Dol (B S 41 1 T g
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Figure 4. (a) The photoluminescence (PL) spectrum of SnO, hollow nanospheres; (b) The isothermal curve of nitrogen ad-
sorption and desorption of SnO, hollow nanospheres

[ 4. (a) /3 SnO, AR IKAINH L K (PL)EE; (b)79 SO, F=HURIKEI R SR MR Lk

3.4. SEHE

S AR ARAR SRS A B LI 5 B2 SR 23 1 5 A% ORI R B A R A S R S LA )
FEZSH, B T IRBRI S| i B I EA R R TR, £ &R AR T AL (0, « O 0%).
PPRL R R TR ST NO, HI NO, S 73— FIA% B 25 2 I 480 B 149 FL 1 R A SRR 5 S R A0
AT, BRIC TAPRM I I IR, AR I BRI O . S R AR AN R

NO,(g)+0; +2e" (h) > NO; +20°

4. B4

g LRTid, AR FKPGERIIE] T SN0, HASgKER, Sl sZiGRATAIL SnO, H 28 KBRS 44
LA X NO, SRS M e Bl 1, %FF 10 ppm NO, SUARFE 100°C I i N 29 4y 9.8, i N K 5 1)
5] 24 30 min 190 min, R M N FI R S I ) KARE B PR R, 177 HLGE NO, AR BEYa B, b —2b
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