Applied Physics S7F#)8, 2022, 12(7), 395-402 Hans XMl
Published Online July 2022 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2022.127046

SnO,@EMNAKAESPENO,[&F
R

HTEFE, LK%, 8%, §HME
BRI EE TR A RE, BIRIL MR /RIE

Weks HiH: 20224F6 H1H; FHHEM: 20224F7H1H; KA HM: 20224F7H7H

R

AR T —MEE. FHHEISn0MAKREMENSEM BT 2~3 nmEISn0HRFRLY S I 7E
BOAKARRE . BHTHRIEHBRHRERAKR, 7LUOANOASRRME B HIEEL R . Sn040K
BURL S BRAE SR 2 1A i) B ) R B AU R T R B IR OE T 3242, T HIMH] T Sn0 7245 FId 72 A A A A
HX. Fril&Ksn0 B SRR APKRE MM B RIUVL BT M AL RER . ERAERNR, £ZET
Sn0;@CNHsZUKE EFPEIXTNO A RZE A LU AR SIS0, i « ASCHIRARTHE T SBUL B . 5
TFR B A AR L B BE .

X 5in
S48, MIKAEEY, NOAAELREE, =i

Sn0:@Carbon Nanohorns Nanocomposite
Based Gas Sensor

Mengyu Wan, Xinyao Ma, Xinru Guo, Yuyang Cao

College of Science, Harbin University of Science and Technology, Harbin Heilongjiang

Received: Jun. 1%, 2022; accepted: Jul. 1%, 2022; published: Jul. 7, 2022

Abstract

A facile and novel architecture design of Sn0O; impregnated carbon nanohorns nanocomposite
(Sn0:@CNHs) is presented. SnO; nanoparticles (2~3 nm) are homogeneously distributed on the
surface of spherical CNHs. Due to the large specific surface area, CNHs in the nanocomposite can
provide enough active sites for the detection of NO.. The intimate conductive contact between the
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Sn0; nanoparticles and the carbon framework not only provides a pathway for electron transfer
but also suppresses the growth and agglomeration of Sn0O; during the crystallization process. As
expected, the nanostructured materials exhibit preferable gas sensing properties. Remarkably,
the confined Sn0,@CNHs nanocomposite shows rapid detection of NO; at room temperature (RT)
than that of the corresponding SnO-.
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1. 518

BTGk G MR R AT DU 3 R s A R R, JE T 9K G5 (0 SR AR AR AR BB 51 T AT
PRI . A (SNO)TEN—Fh n BLSERERRY:- T8, RUFFRBIR NG EM B2 —[1]. BIHATA
1k, AT BB T8 TF R A R R SE IR 6 S A5 9K 45 6 ) g g i o () SRR B2, ik
BRL. 9K KA R GUR GBI R 22 IREEH[2]. R, BT55s FRMNK &R, 3
B SN0, AR IEARHIEH AE 200°C LA F IR B R TAE,  DABR Rk i R /s 82 ) R R R BB [3]. A4 IR 3% A HF
Sk, BN T AR ES AR . AT SRR B R, FRATTSIN T T BRI AR R ) 45 ok A kR
Ft SnO, K= iR Bt .

WEAESR, SO, MR A AR SIS 1T 12 5GTE . BRATRL, QB BERR K AL SRIG AR B, AT
LIS SnO, EAMENN G2, WAEE FOhBRAGREIRE[4]. SRERRDIK A (CNHS)IE R —Fiog 2L IR Bk
gkl BAERKHRTR. RIS MR 3E A LB ARS]. HAEEAT LAZE CNHs 4R35
e rofu e B SR FL, LA B AT CAEN CNHs [P 598K 25 1] . X AR RO 55T CNHs #2140 B 1)
PERE, HHAEVRZ B USROS IR A BT IS 5 A AR 6], E2, BERATFTAIES IR E T SnO,
YRR E A CNHs AL AR 7]

AR, I R I PR LR R A T SnO,@CNHs &R, SnO, 4Rk ik 14 41 Hh 5 £
CNHs k. fEXFE GBI, CNHs if LGNS ik, 24 SnO, $ ki 174 1Bt 72 1) Bk i 1@
.

2. SKER

CNHs &L SBA-15 JRHR 1] %5 . CNHs # K (15 mg) 4 B7E W 4i (9 HNO5 Y& HH7E 80°C [l 1 /Nt
1 HL B G MO R PRSP A 1. SIS AT 7 AR P R FE SR A 3 BRE 50 mL KB Tk, AN 2 KR,
¥ 2 mmol SnCl,-5H,0 1 1 mmol + ke SRR 2 LR b, FRHFEEUN . S8R5, B NHaH,0
N iR, BEE pH = 11. fa, 78 80°C NELSSIFHAN 8 /Mo {9 Pl RS Al 2k B8 Pk R
B, JEE80C FEZ T M. 4l SnO, 4 it FE A SnO,@CNHs KIFEF #[FI{EANE I CNHs.

KPR L = 1.5418 A 5 Cu Ko $H2E57 4 (XRD, D/max2600, Japan) i il £ 7= 4 ) di 74 45 #4334 71
Fto KM RSB (SUT0, Japan)xf FHIESEAT 7 RAE. FIECA REE Gl X F OGS A0E S 7 5
BT R AR LA 5 . P 2 e AR SR B K 488 nm RO PRI B B OGS AT T RAE. RH
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NOVA2000E i 5E 1 77 K I F %00 B /e 243 2%

L IRAR I S B S R 5 L B TR A, IR EE A WA PtEARI/ NS b, TERCE 14
H B HIESNNA R ST O, IR SUE RS % U . RIS 38 T S A RN
M=, M oE R —MEEER, RERNR=ER L, HERSIFEET R IRE .. FHEFRE T HE
(Fluke, 8846A, U.S.A.)ill &A% & &5 45 2 SR B bR TR I HLRH o A5 28 1 ma 8 SR SR S = (Ry
— R)/Ry % 100%3 & J5 A4 [ (Ry — Ra)/Ra X 100%, R, Al Ry 737 A& A% 15 25 A0 H b AR P i bl .tk
A1, e B T) 38 SR NI A i HEBELIA 31 P15 1Y) 9000 5 MBS [, Wk A R AR IR SR A B T 4%
SIRGEE 10% 5T 75 I A] .
3. Rt

CNHs 11 SnO,@CNHSs & 44 K- XRD #4014 1(a) A& 1(b) Fi 7% - SnO,@CNHs 44K &2 A4 44 KL #E 26.6°,
33.9°, 51.8°, 64.7°F1 65.9°4b) - FEik 5 SnO, (JCPDS No 41-1445) [ VY 77 45 My 755 & AR I . T 7
SnO,@CNHs &k, 7£ 26°Ab MR WA SMER H CNHs. SnO,@CNHs 44K 5 & 44k 1) 5 i 22 1]
FALBRORL I RN o FATTE— 2B L 2065 R € CNHs 1A s fEH . anf&l 1(c) Bz, 1340
1580 cm " PR A PN SRS 43 i T T0 R (D ) Fh SRR (G ) AT T PR Eh . 7F 1340 em Ak
() D W B E BN T4 B aE M T AEIE B . 7E 1580 cm ! AL B T Raman-active By £ 3X, IXiESZ 1
CNHs HEZE P sp? B 45 # I AELE
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Figure 1. (a), (b) The XRD patterns of CNHs and SnO,@CNHs (c) The Raman spectrum of SnO,@CNHs
B 1. (a), (b) CNHs #1 SnO,@CNHs K E AR X 5141575 (c) SNO,@CNHs 42K & & RIHIRL 8 ik

IR B S B XT CNHs. SnO,@CNHs F14fi SnO, FIROW 45/ HE4T 7R AE. 141 2(a)y CNHs FJ3i% 1 H
B HEZRZ N 100 nm FEEERIE A . Wil 2(b) 8/~ CNHs & /NEDIRGE I R Y, BAHENE, 7%
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HEfI N 20°. SnO,@CNHs K E &M EHIE S A RAE I 3()Ban, FURMEHERE T SnO, 52
BRI . A0l 3(b) BT 1 15 43 % S MG T 2% 17 0.33 nm 84 1T (/] 2655 SnO, 1¥1(110) & i — 4,
SNO, YK UKL T35 R <P 2508 2~5 nm. X B/ SnO, #iF5 XRD RS i HY B 72 A 0gAH — . 1%
IR SRR T SnO, 9K Bkl fa ke [ 52 £ CNH _E, KB CNHs A1 SnO, Z IAI ) B IF%4% . & 3(c) N E &4
BHORES FH SR TiZEAMEH C. SN fl O R4, Cufs S REBH BB . N T HiE SnO,
A1 C 53 A 1E L, FATTX SnO,@CNHs 9K E G4 EHEAT 1 63 4341 LAE. A Sn.O F1 C ()t & 1] 3(d)~(f)
ol CAE H, FRATATLAHERTH SnO, 9 KRS S M/ A 7E CNH )i . MILLZ R, 7EBA CNHs [
BLR, SN0, YRR £ BLRF IR EE R LN LAGK(E 4@) R 4(b)), FBH CNHs FI5I AT LB 2L
1 SnO, A, BHAE T S i FR P I HTEE, iR R T AR 3R A IR SR SR FHEH .

lwm o

Figure 2. (a) The TEM image and (b) High magnification TEM image of CNHs
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Figure 3. SnO,@CNHs nanocomposite (a) The TEM image (b) The high resolution TEM image (c) The EDX spectrum
(d)~(f) The elemental mapping images of Sn, O and C
3.Sn0,@CNHs K E &K} (a) EHERE (b) SHPWEHEBEE (c) ALk (d)~(f)Sn. OF CHTRNHE
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Figure 4. (a) The TEM image and (b) High magnification TEM image of SnO,
4. £ Sn0, (a) EHEIER (b) SEEHBERE

¥ 5 4 CNHs #1 SnO,@CNHs 44K 52 & 14 K U b i S5 iR 2 it 4. CNHs. SnO,@CNHs Fl4 %
B EE R AR 2 70 931.0. 218.4 F1145.1 m*g*. 7E SnO,@CNHSs 45k 5 &k, 41t Sno, I
JF ) SNO,@CNHs, LA M CNHs ] 931.0 m*g ™" & /b 3] 218.4 m*g™, XAl g b1 T FLERHE 7E it
. {A546 SnO, ML, SnO,@CNHs K& &R B AR m MR, B HAs U5 R 1=
TR AR R IS PEAL i, BT R ISR A 8 i 77
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Figure 5. Nitrogen adsorption-desorption isotherm of CNHs, SnO,@CNHs and SnO,
5. CNHs\ SnO,@CNHs 44K & &R FN5E SnO, B9 N, IR - ARIRZFiE Lk

FATHE SnO,@CNHs PR E G AR AE CNHs AT T BURINK. 18 6 45t TERRT
SnO,@CNHs #4K & & 1R Al CNHs #1485 200 ppm I NO, Rk E #i2k. HEW 41, 44 NO, < ik
NS, APRM BRI TR, REEFIA)E, BB SOKE BIWIMGE, X EER KN NO, AR
M, SRR R B R AR O, AR AR R b, T ETH 4 ) SnO,@CNHs 44K 5 & 44k 2 31
P AP RAEME, BRI B IR 8 S g, ROV HBE T R, EIPARE IR, SnO,@CNHs
XF 200 ppm ] NO, i 21 S I 18] )y 298 s F1 249 s, Jir& ety 526 I bk HAT S50 bR reg v 2 TP 52 B 1) 60 5 iy
R

74 T ARFIREE NO, RO BL, nf RIS NO, iR L3 K, WAl R} R A5 #i7E 14K H
SnO,@CNHs & &1 R BU% i 746 CNHs. 45 5UEK B T 24 CNHs fiTdb NO, # % J9: 10, 50. 100, 150,
200 ppm i, REUE AN 0.85%. 1% 2.21% . 4.1%. 557%. 24 SnO,@CNHs fitit NO, #JE HN:
10. 50. 100. 150. 200 ppm i, RELE> 5 1.5%. 2.1%. 3.8%. 6.7%. 9.3%. Zit SnO,@CNHs i
ITHRE G IR BEAEE T4 CNHs 5271 1 Wi o Ui B SRR 8] (1 B R/ E F A R T AR SO 1 5T
WP R AR IR — N KR . IR AR BRI, & 8 B, SnO,@CNHs
HT CNHs P AT NO, Fmi 82 B 2 v T HAd A A, B R R i £ 1k
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Figure 6. Dynamic response-recovery curves of CNHs and SnO,@CNHs based sensors to 200 ppm NO, at room tempera-
ture
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Figure 7. Response curves of CNHs and SnO,@CNHs sensors to NO, with different concentrations at room temperature
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Figure 8. The response of CNHs and SnO,@CNHSs based sensors to different gases at room temperature

& 8. Z£=iR T SnO,@CNHSs F1 CNHs Ffh#A Rl 3} 7[5 S 44 a4 M B2

ALK T SnO,@CNHs MBI BHLEL I 9. R EMBERE T2 M5, LT Sno,
ANORBURL T 1 SRR I T R R, TR =S 1 [8]. AR A MBI RRER T NO, AR, AR
MR BRI 5 SN0, 4K RORE 2 1] (6 2 ) 96 A 45 52 5 R ek i PR BEL A 26 42 2% 932 4K [9] - T SnO, 5 CNIHs
Z B P-N 45[10]. 25 NO, A5 SnO,@CNHs #Zfiif, ERZMIA RIS —FRZ IR,
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Figure 9. Gas sensing mechanism of SnO,@CNHSs nanocomposite
[l 9. SnO,@CNHs #LiH| &

4, &Eig

A I T I BRI G FEAR, 3547 T SnO,@CNHs E & # K. SnO, #1 CNHs I R, 45tk
fE. SEERE T T & I A CNHs &/ NEPIRESI I REY, RAHENE, fE7E 7T Sno, 51 2XkE
JEZS . SnO,@CNHs &+ kL CNHs (1951 N 1T LA &4 SnO, 4E K, BHIE T 45 g R %, bt
BRI THA RBRARTHER . Bm R EA, B8 H bR 5 1R P R 028 1 R N AR AR
B VEAL 25, BAT R B R K R 1y . B2 5d SnO,@CNHs #4745 A J5 1) R BB AH EL T4 CNHs
T TS UL E S AR TR B [FE A R T AR BUE B A . B SnO,@CNHSs FiT CNHs P4
KL NO, [ ma Bz B & v - HABMR Sk, HA R R RIEREE. Bl & rA R AR TH RIS B SnO,@CNHSs
HAEPRHRAE T E I HEIS MR A IR 1R

E&WMAE
VT AR KA AEAE AL I ZRit-RIT5 H (s202110214070).
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