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Abstract

The development of high-performance ethanol gas sensors holds significant importance in many
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fields, such as industrial safety, medical diagnostics and food safety. This study successfully synthe-
sized a composite material of tin dioxide (Sn0z) modified with two-dimensional (2D) layered gra-
phitic carbon nitride (g-C3N4) via a hydrothermal method. Benefiting from the abundant active sites
of the smaller spherical structure and the formed Type II heterojunction, the resulting 5wt% g-
C3N4/Sn0:2 sensor exhibits a high response value (Ra/Rg = 40.7), low detection limit (0.3 ppm), optimal
operating temperature of 200°C, and excellent selectivity. Compared to the pure SnO: sensor, its opti-
mal operating temperature was reduced by 175°C and the response value was doubled. On the basis
of successfully introducing g-CsN4 into Sn0O2z, Ag nanoparticles were further incorporated. 3wt% Ag-
5wt% g-C3N1/Sn02 composite exhibited the optimal gas-sensing performance, with an optimal oper-
ating temperature of 150°C and a response value of 45.6 toward 100 ppm ethanol. Compared with the
5wt% g-C3N4/SnO2z binary composite, the optimal operating temperature was reduced by 50°C. This
study provides an effective material design strategy for developing ethanol gas sensors with low op-
erating temperatures, high sensitivity, and high selectivity.
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1. 518

fEMRZ VOCs 11, LEAFA—MEEN T ER S HYER, HRMHCT ZBEREHRE, EBH. b
TR A i Tl 51 2 Ak [ 1]-[3]. K1, CEERIERNES 5 PRIMEAE AR A 7 . il A7 AN i O 2 rp i i
EN A SRR [4]. ARG IR 18, ARl KBTI 7T R 5] R, b2 AMRHZ
ML FR G5 I WP R T R L AR 5 [5] . %6 T CREXT NS FEAI Tk 22 A M e fa s, HRb 22 4 5 i e B
JA(OSHA) I E T IRV FE A PRAE, € L BE B2 VF 5 557K F-(PEL) 2 1000 ppm [6] [7]. tb4h, TEZ53HE5
ISP RS R P (BrAC) PR 7 5 S5 37 5, A0 I P TR R VAR FEAE 260 ppm gt Lk B8 P 48 b [8] - A L
LU BRI UER . POEA AR RO E B FER S MR IR, A P U R A B DR L
F LM AMCER . B R ORI A KSR i, CRCAI ) 2 AR R AR 2 —[9]. X
FAR IR IR0 TAENLHEE T &8 S SR RS B AR S AR R R 1 PR AR . 4 n BYG )8 4
W P R B T8 JE M SR (U B, SRS o 5 R TR B U A SRR, K4l 3 P H R T8 el Ak
Sr, 3 EOrE A R PH AR, e 0 I A R BE AR AL R AT SEELXS H RS SAR IASI.

THEAMB(SNO)ME A ML) n BY R AR A BAR(Eg = 3.6 eV), BRI AR SR T
LR 2 DL B 1 SUBOT RURE P, OO B AU 7 i) V2 AR 2 —[10] [11]. BFFEEEH, SnO:
BESARAL RET Z R RN EY), BFEOR. B RS, YR nrRI o R [12] . SR
MM, & SN0 A& R 3R AE S b S AR AR A7 76 B SR PR Fhdpeh: TR IR @ A, Ot H AR AR Bk 1
Bz, HAEARMREE SAREREE  fma SAE A PR [13] o £FXFIXEe a8, BFFEN 12508 T 2R skng, Aot
GERIEM . TTRB AU R RS [14] [15].

A B EAIR(Q-CaNGTE N —FP LU . BN EZE RS FIR AV SR, EF R BE A1
LUK AL 2 A S TSR B L T R B4 52 AT [16] [17] - g-CoNa FLAT KR —HE R M) L 28 IR B g
< e PRI 2 AR 1 DR PT VR FR HL - R Y 4 4, Tk R A L R A A TR AR ) B AR 1R [ 18] - SR T
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HH BB AE 7 51T g-CoNa AR F B MERR I, 5 80 1 L 1 67 a5 o) 1) P 2 2 AR S Ak i 2 2212 [19]

ARk, W0 A A B8 AH AR (9-CaNa) 5 HAth - S MR B G R R 4, AR 7 Ha
KA BHESRE, FEERF T HX CE AR ERE . 10, Meghana 55 A\ i a7 H ) AL BE Y
BIN T WOs/g-CoNg PR AR B, ZAPRE IR T X S EES AR RILH L T4 WOs Fma S FH . 2
BB AR E M, RO T RS TESR T AL B S A 5 THI R 7 [20]

RaREI( Ag. Pd. Pty Au)E4R Tt SnOz ST Ak i FH 1 B S g 2 — . Dong &5 R /K #2:
BT RF Ag SUEE IR LHUIR SN0, 90K KL, WF5LR I, Ag/iSnO2-2 £ 5A7E 300°C R Xt 200 ppm 2
L 1)) AP 15 80, W P (AT A 52's A 45 29's, JEPEME ok . Ag BT S8 A i s il A7 sy
P PR A I R DA R 1 R S T T R ok R RO AR TR R I S v B (2]

BT Lid o, AR EAIEDE g-CiNs 5 Sn0, E& AT Ag B7%, Wi mEMERE LIS
Fe. ST AR5 2% H ) g-CaNa (3Wit%, Switd%, 7wto)%F SnO, UM B IsL sl i, RGO RN E &4
BHEAN A LA 5 (150°C~400°C) T X% 100 ppm LB BLRFE, I 5wit% g-CaNa/SnO2 A M fE
W e W AR AE PR AR R b, 3806 P 5 IR AL R 5N AS [ 5T B Hi (2wit%, 3wit%, 4wt%,
5wt%) ] Ag 49K HURL(10~15 nm) X} g-CsNa/SnO, — et kHEAT i & @ e ih, itk Ag iSRG, t
BT AE Ag B4 EE A MEHE 100°C~400°C TAF 5L RE 6 B P 1 OB 2R, ff e S TARIR B 5500
E A1, AR AL AN 1 2 B (1~200 ppm) P 31245 Wi AR 14 e 6 e I — R B2 I () S DR S PR RE S 4L,
N e SR SRR IR AR I TE R AR AEHT (AR TH AT R AR 4

2. SEERERSY
2.1. RS

ASCRIE ST B B ROAG 2 2 i BRI A4 FR . SHORIAEF T 2K, W& 1 R, A ok ki,
XA 2 24 KR LR, AN AR B AR A

Table 1. Materials and reagents
%=1 IWAREHR

EW B Fikk e Y/
FETIK - S % [ il
Te7K 2, (C2HsOH) SHTal AR FEE T AL R R G IR A
JRE % (CH4N20) 99% REFZTRHARAF
= KA B R EI(NazSn03-3H20) T4l AR REEZE TR R AR
YRRV 1000 ppm IR R T A A B B A B A 7]

2.2. SnO, EE AW RIEIHIE

W PR FAET BN I EAH A 2°C/min (0 #GE FEAE 550°C N HEAT #UB K, ARG EE Sy R Er 2 /)
i, AEIEEEEAR g-CaNa A . KA ) g-CaNa Ky K 4% A []35 25% Lh 51l (3wt%, Switd%, 7wt%)5 50 mL
ZE TR A IR 40 min JE IR 1 h L= AE 351 o duk . SRS NN 2.6674 g NaSnOs-3H20 #i K 4%
SEERE 1 h BRI SHR AT, FHRA BRI 20 mL ZFE 5K 3R i i B 78 A RV 206 1A
il He 38 N AR 180°C IFORHF 24 h, W 215 B0 IFFE 60°C T4 12 h JFUEEM K. A5 Edk AR m)
IR A R UG SnO2, AN K g-CaNao
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TEA L) 5wWit% g-CaN4/SnO, BAMEERE b, BBt HEZdt— S5 N Ag Gkl % Ag-g-
CsN4/SnO, = L A EL. AT Ag GUKBRCARMEIE S, Kife 10~15 nm, PAZEEERIE A MRTE . B,
K& T AN g-CaNa/SnO2 i AR I 2 577K, A ALER 20 min 8095, B, #Hksk
EL 451 (2wit%, 3wit%, Awto, Swi%) 7 Hil IR N & ) Ag Q9K BURIVER, E =00 FHFEiEE 3 he HitdkgR
Ja» BB A RGOS, WEITE LB TR K 2B B Bk 2~3 IRLAE R R 73k 1 Ag Bk .
B, BIREKEREYET 60°CTEM T 24 h, BRI =0E &M K Ag-5wit% g-CsNa/SnO,.

2.3. tEREARAYHIZ R

LL g-CsNo/SnO, B & M RHME AR B, K& BRI RL S 2 8 5 /KIR & i B ST IR H6 R Rt
I Au RIS SR B IR L, S50 B IR TR, 7931 g-CoNa/SnO2 HL°7 HI AR IR A%, 58

Bl g R s 1R
thermally annealed — stir for 40 min and
at 550 °C for 2h v“ — ultrasound for 1h
) & ﬁ\g ... EEEEEE—— Q
CH,N,0 -GN,

add
Na,SnO; - 3H,0
and stir for 1h

hydrothermal at 180 °C
for 24h

centrifuge and dry at
60 °C for 12h

uniformly coated on the
forked electrode

A

g-C;N,/SnO, white powder the final sensor chip

Figure 1. Schematic diagram of the synthesis process for the g-C3N4/SnO2 sensor
1. g-CsNa/SnO: E &M RN E T IEREE

SRR YE =IRIAEE R, FIH Sino Aggtech 2 ] ] CGS-MTD Mini 4 £ I e R4 & R 4L 58 .
ZF AN MERA IR T, O —NERL N 5 L S E. —/MREETURE . — s
R P IR A DL R b v (A e 1. BRSO FR I T s & AR RS R e 3 TR e, SRR ORILH
W5 Z 48 VY RET TE R R G BRAR ik o 380 RGP B0 28R 1 TARIR S o RAERASINAVE, M ki
TR W PE 0 H bR AR, RIS I A0 42 (R 0RG 25 5 38 1 18 I i Rr 22 I B 38 A RS 5, JRiE
LabVIEW 4 SEi KA G . B34 (i B2 (Response) & SUN Ro/Rg,  FLH Ry Al Ry 23 i A28 A4 45 23 S A
H bR o fe e HPEAE,  #R BEIA 21 3T e FELFK) Q0% BT 75 114 B 170 43 Sl ik g i Jo2 Bt i) A ¢ A2 B )

3. R MiTie
3.1. MREEMRRIE

P 2(a) 7R 1 4l SN0z 5wt% g-C3Na/SnO; 2 3wt% Ag-5wt% g-CsNa/SnO; 1) X S 2& AT 5 (XRD) i
BT i AT S 06240 5 00 5 4 204040 SnO, ik Fr (PDF# 41-1445) = E W& . g-CaNag BL R Ag 5N FF
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REEIR SN0z G L1 AT A5, MORMREE T RIUFIISE fvk. RS EJE Ag (8] SBATH I, JEE A IHE T
PR RN R B> B sy 5] . [ERERIZ, 54 SnO, Al 5wit% g-CsNa/SnO, AHLE,  3wt% Ag-5wit%
g-C3Na/SnO, FF: ity (1 AT 565 06 52 I HH RV AR 4K, . B 3T SR UG 350 1) v 0 B 7 ) R AR R A 7%, R B R AR 5 4
/e SIGEES, 3wt% Ag-5wt% g-CaNa/SnO, IIATHTIEI] 52 ik, #2495 Scherrer A THEL, HAF34 Sk
JSFHE 5wit% g-CaNa/SnO2 7 FTid /N, 1X 5 SEM AL 3 () S0k A8 41 (1 45 5 — 0.

N TN 5Wt% g-CsNa/SnOz E &M RHIML A 25 R e, FRATT ILHEAT T 8 B AR 4 41 40 e i
(FTIR) /3 #T, &5 SRanl 2(0)Fim. RAMEHEIE 200 YA B I RFIE RIS . B %, 7E 629.13 cm—?
A FR 52 ) — A58 1T T8 AR ESX T 8 T SO, &A% 1 Sn-O-Sn B (A 4 PR B 3 o 12068 ) S5 3 560 P88 R 5 1
HESET SO fE NE G AR RN & RS 45 it . LIk, 7E 1384.40 cm~1 fil 1642.95 cm—t Ab HFIL T A
AR IR, EATT 0 BT g-CaNa 25 F IR G5 M 1) C-N AR ZE RSN AT C=N i 4idRa[22] . X PN
FFAEN g-CaNy TINS5 2 SnO B R 4245 T/ (EHE . 5, 7E 3422.11 cm—t A7 7E — /> 56 T 5
(IR MSCHS 12U PRI A7 AE 2 B A SRR 2R T P RE B 1 /D /K a0, 30 5 VR T AR R TR B 7K 23 7w
O-H 4R 5N 51 g-CaNa WA 7E 24 & 1 N-H F2H[23]. XTEETE, 3wt% Ag-5wit% g-CaNa/SnOa #F: i 1]
FTIR G AR T —2e k. 1%, g-CaNa MFRHEWEE BRI, VTR AT T X P AR bk ] B
JET Ag KBRS g-CaNg Z A A T T ARG /ER . Ag MSI NI T g-CaNg RIFI LT 2010, &
FE B IR R A B 2, MRS U T B k4. b4, 3wit% Ag-5wit% g-CsNa/SnO2
B Sn-O-Sn RRAEIR U485 5wit% g-CsNa/SnO, R itk X —BLR 5 XRD W 4% 21 ) A i 4 J 1 55
gt BAW &, IS T Ag IS Sn02 & Imre A T IREh, 1S 1 3 ARG I AR AN
e PAEZERR Ag 5 g-CoNyg Z [AIAFFER BRIV S 1H AR B/, H Ag B9 SI N IR E0E T SnO2 1) 4
FEARBNIRAS o X Ff SRS & BN A T 5750 45 SR AL ) s s 2 B8 55688, 456 Ag 15 I ik iR, A
LR A AR S B0 RRE

(a) (b) ——5Wt% g-C;N,/Sn0,

——3 Wt% Ag-5 wt% g-C;N/Sn0,
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Figure 2. (a) XRD patterns of SnOz-based materials; (b) FTIR spectra of SnO2-based composites
2. (a) SnO2 E=# A XRD Ei; (b) SnO EEEMHH FTIR Jig

I 3 T B (SEM) KT g-CaNawSnO, LA K 5wit% g-C3Na/SnO, A RO I SE4T T R A4E,
SR 3 Prr. Kl 3(a)ar 1 g-CaNa ) SEM BRI H 8088 HORSZRR 1 EOIRHERR & 0y, 3XAh —
YR Z AT T RHBOR IR AR ] 3(b) 1] 3(c) s SnO JU 3= 22 el 1 ST 9K BRI SR T ke, 1%
LK IR B 424078 500 nm, RIHJEH, fAED RSB HRMYPRER. SR80, 7E51 N 5wit%l g-CsNs J&
BEMEESUR A T BEZ, Wl 3(d). Kl 3(e)Fim. I g-CaNa JG SnOp KER STk /N, T RLHR
AL FLEER o IXFIRAL OO S0 TR AL AR M AR e EE L. — 5, /N HOBORE R < R 8E K F L
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RIMBUN SR T RIS T 2 0E A s 5 — T, RIEMZ LG MAUREE T B AR SR EM
BHA P I B S M4, oS SR R R B St FE SR TR, W A 28 2 5 4R T A S B8 1) S 0 R
g, REESWERE. K 3(HI TEM BHEIEWHLE R T SnO, 4K UKL 5 g-CaNa 92K H 2 8] 1) S % 12
fik 58 ARES . = HEE S T BB (HRTEM) 2 A8 FH T2 — 2D 4R 5T 5wit% g-CsNa/SnO, B &A1 EH
A A5 M 5 PR, 5] 3(0) 4 SRS M s T TR 43 30 0.18 nm AT 0.32 nm (IR AR 3 R AL B
1153 530%F B F SO, fI(101) ShTHI 5 g-CaNa F1(002) fh T, - 5 Sy Bt 0 2 LI 1) T 7 24 it 5 [X 3438 5 2 4R 40 5
TR T 5 M (S R 45 i, X — 45 R EEIESE T g-CaNy 55 SN0, Z A M T B3 i R i 454, e
fal LB & o 1 3(h)~(1)27R T 5wit% g-CsNa/SnO, &k EDS e & /04 %, 7 T 6% Sn.
O. C. N WfFE A3 fite S &k F.

Figure 3. SEM images of (a) g-CaNa; (b-c) SnO2; (d~e) 5 wt% g-C3N4/SnO2; (f~g) TEM images of 5 wt% g-C3sN4/SnO2; (h)
EDS mapping images of the 5 wt% g-C3N4/SnOz; (i~I) elemental distribution of Sn, O, C and N

[& 3. (a) g-CsNas; (b~c) SnO2; (d~e) 5 wt% g-C3N4/SnO2 B SEM El1&; (f~g) 5 wt% g-CsNa/SnO2 9 TEM El1&; (h) 5wt%
g-CsN4/SnO2 B9 EDS EFHEEE; (i~1) Sn. O. CFIN HITTESHE

Figure 4. 3wt% Ag-5wt% g-CsN4/SnO2 (a~b) SEM images; (c~d) TEM images; (e~i) elemental distribution of Sn, O, C, N
and Ag
4. 3wt% Ag-5wt% g-CaNa/SnO2 B (a~b) SEM [El1%; (c~d) TEM Elf&; (e~i)Sn. O. C. NF AgHITESN T

Kl 4(a). &l A(D)JE7R T 3wt% Ag-5wit% g-CsNa/SnOz #4BHEA R HUR MG 1) SEM MR, ATLAE H
BURL RGBT R A4, ol R 5t . X PR T ZAD Tl R b f A A B, B A S LA D)
JIH BT SnO, HIEEA: [, Ag 482KKE (10 nm~15 nm) £ T FE e S BERg B VR, i) 17
FURLIC) FE A5, ANTIERAR 1 4/ B4y B MO 284 . Jiid TEM 3 — P L% 3wt% Ag-5wt% g-CsNa/SnO;
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MO EE R, Pl 4(d) s i 52 D0 T 1) AR A% 25 80, W DB R 175 31 g-CaNy F1 SnO2 [ &A% 2 80, BA K IR
FEA 0.24 nm [ k& A SUHE T 208 Ag MI(L11) T . —Fh & 2R SUR %8, 3R1H g-CsNaw SnO2 5 Ag
PIKRLF Z AT R T RAEFH R B 5. R Re & AUl X 20635 (EDS) X 3wt% Ag-5wt% g-CsN4/SnO; #F
W TR, B 4@)~()ER T C. N. O. Sn. Ag LM TR, rE R Ly
EINATIRES o IX PP AN Ag 5245 S HUBURI NIk . = 05 57 F T 6 R DR 28 DA #5214 (R 38 51 93 A
SRS SRR B R T P A R R AR T R 1 2 R A

40
(a) —a—Sn0, (b) ——Sn0,
i —9—5 Wt% g-C;N,/Sn0), 0.0012 - ——5 Wt% g-C;N/Sn0,
g —_~
& £
& 30 = 0.0010 |
¥ )
= =
E2 g 0.0008 -
< b
@
T2 E
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s <
Z 15 -
3 o
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Figure 5. (a) N2 adsorption—desorption isotherm curves; (b) pore size distribution of SnO2 and 5wt% g-C3sN4/SnO2 composite;
(c) pore size distribution of 5wt% g-C3N4/SnO2 and 3wt% Ag-5wt% g-CsN4/SnO2 composites; (d) pore volume contribution
of three types of pores in the 3wt% Ag-5wt% g-CsN4/SnO2 composite

5. (a) FIRHMT - FRIREEEHRLL; (b) SnO2 F1 5wit% g-CsNa/SnO: E &M RIFNFLIZE D% ; (C) 5Wi% g-CsNa/SnO2 Fi
3wi% Ag-5wt% g-CsNa/SnO; EEMRIEIFLIZ 25 (d) 3wi% Ag-5wit% g-CsNa/SnO. B & #1HH0 = FhFL1Z TTRK

I W - BB, FRATR AR SO, B2 B SR ZS #3047 1 404 . Wl 5(a)Fras, B
BE S IR G IV BRI 2R K H3 B S FR[24]. 3R SE 1 AR DL FL N 32 I AR AR R T ) HERR I
B R AL, HER AN SE R, 40 SnO, I LR THIFAY Jy 3.1009 m?/g, Ml 5wt% g-CsNa/SnO, E 544
BHIEE R AR R F 1N 2 10.3938 m2/g, 72 SnOx MR =M. X —RF R EEHFT g-CaNa N E 5,
HoR SN0, GIN T B NFFHURI 2 FLIHEZRZE # . 14 5(b)AIFLAE AT I — b R 7 AR R S5 R 35
4l SnO. (15 AT JLALARAL T 8 nm, FEXT LA BIH W B RARFLAAFR 9 0.0004 cm¥/g: 1l &AM EH B AT JLAL
BWERAE AR 7 nm, (HEFLAFIE X 0.0015 cm¥g, £1°4 SN0, [ 3.75 fi%. XAV KB g-CaNa 5] A4H1L
TR ALEER, o E B RN T LA . 28 EFTIR, g-CaNg IRIHE & R E AL T S0, 1
MEEH, SLERER 7R LRI B MU DL ZEHER Y R SR A FLE5 . sl 5(c)
Fi7 3wt% Ag-5wit% g-CsNa/SnO; [ LR HIARIAE] 17.8176 m?/g, &% 5T 5wit% g-C3N4/SnO; ] 10.3938
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m2/g. X —ERMANHEHRAE SEM WSRO A0 I R = FEVI &, 390 7 AR A 80R B TR
AR AT KT, 3wt% Ag-5wit% g-CsNa/SnO B ] JLALAZIE AT 2 3 nm ity, FLIAFREER K=
0.003cm®/g. FLAFARI AN —PIUESE T Ag 2R 1B FIMFLBRE ML & . Wil 5(d) R, REFLEDT
BRIIHT, 3 wit% Ag-5 wt% g-CsNa/SnO: I EL R A, TlALTTERZY 5 10.5%, SrfLTTmk2y 5 82.8%, KL
TOERZI 5 6.7%, FKEINFLZHREAM EERIE. 4 BNk, Ag M5 NEERT T EA MR L&
PO T FLEEH, XM LR TR S 2 AL FEFE R, R Bt T 58 2 vE v, A
FITH AR SO RLPERE -

3.2. SEMERE

RGP g-CaNa 54X A5 (SnO2) AR AR IR A5 1 RE 2 A, ASHH 00T LA 1 46 SnO2 K AN IR
EL A5 g-CsNa/SnO, B AR KRG 100 ppm Z BB RE . MRSE AP 6(a)Fras, 4l SnO, & 188 i e
TAEIRE Sy 375°C, BLI I RE )y 21.2. 51\ 3wit% g-CaNa T BRI 5 R 45 005 41 T 1 M R 1 (S e B
WETE, A 375°C T BIm AR HE S A 31.2. Mt RE s AR 5wi% g-CsNa/SnOx E-&4 KL, BT TRk
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T 23 A 10 P X5 RIEMTHI R B, g-CaNa MIRAL IS J AR ISR T AR 28 00 R BUSE, 18 3L
B0 T SRS BN ) SRR o LI R (0 R AT U R T S R 4 ST A B iR ) R A B R, R EE TR
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Figure 6. (a) The response of SnO2-based sensors to 100 ppm of ethanol at the working temperature 150°C~400°C; (b) The
response-recovery curves of 5wt% g-CsN4/SnO2 sensors to ethanol at 200°C; (c) The response—recovery curves of SnO2 sen-
sors to ethanol at 200°C; (d) Response of Ag-5wt% g-CaN4/SnO2 sensors with different doping ratios to 100 ppm ethanol; (e)
Response of SnO2-based sensors to 100 ppm ethanol at operating temperatures ranging from 100°C to 400°C; (f) Response-
recovery curve of the 3wt% Ag-5wt% g-CsN4/SnOz sensor to 100 ppm ethanol at 150°C
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TCE A RRHE 200°C R X AS A 20l (1 ppm~200 ppm) i 52435 , i 57 ih 28 54004 ¢ R 40 15 7(b)
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Figure 7. (a) repeatability of the 5wt% g-CsN4/SnO2z sensor to 100 ppm ethanol within 5 cycles at 200°C; (b) response-recovery
of the sensors toward different ethanol concentrations at 200°C; (c) the logarithmic relationship between In(Response) and
In(concentration); (d) Response of the sensors to 100 ppm different gases at 200°C
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W NAE RO, R Ag BT ANAEACIR A NI REAERE S5 oo Rk E TR AR IR 2 1 U RE
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VR R, W MR SR 2T E 120 2 RB Ag I 2.35 5. IX— 45 RE M, Ag FIBITE kL LRI
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DOI: 10.12677/jsta.2026.143058 594 IR AR S R


https://doi.org/10.12677/jsta.2026.143058

FRIGERH, AL

FETRATE KA, i =Ju B A M BHE R T LI 2 R I B AT S D05 i Uk g

BRI BRI T PR I B AR . 7E 150 C e TARRAE 1, Wl T 3 wt% Ag-5 wt%
g-CsNa/SnO, EEF RS 100 ppm L8 IE T RE AR HEE . 20K R R A AR, S5 3R &l 8(b)Fiaw
5 b—% 5wt% g-CaNa/SnO, EEHEHHEL, 15 Ag 5 A M RE &SI i S 45 A AN IR B 32
Th, Ao RS THC N B2, WRAEES] 35, 2 T ZouARb B A ES R L . R = e bR
LWE I N (45.6) 75 Ay die e, AH H O R S P A i S Y S A 0 o XA FEVERAE AOAR AR, R
& =L R AWM RHE R CWEW BRI, SR 7 AR A A I SRk g 1, @l THEZ
A S B AT (37

(a)

75 Wi% g-CyN/SnO, (b)
S T3 wt% Ag-S wt% g-C,N/SnO, Ethanol [Jsno,

5 15 Wt% g-C;N/Sn0,
s 13 Wt% Ag-5 wt% g-C;N,/Sn0O,
\
| \
)‘ Formaldehyde ) \ N-Butanol
0g

R "SPﬂnse(RH /R,)

b Acetone
-~
2,

2,

=5

ESREIN

%
“,
&2

Methanol

Figure 8. Responses of the 5wt% g-C3N4/SnO2 and 3wt% Ag-5wt% g-C3N4/SnO2 sensors; (a) to different concentrations of
ethanol; (b) to various gases at 100 ppm
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Figure 9. (a) Resistance of SnO2 and 5wt% g-CsN4/SnO2 in Air and Ethanol Gas at 200°C; (b) The schematic band diagram
of 5 wt% g-CsN4/SnO2 heterojunction before and after detecting ethanol vapor
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Figure 10. Band structure diagram of 3 wt% Ag-5 wt% g-C3N4/SnO:
[& 10. 3wit% Ag-5wt% g-CsN4/SnO; Bt 25 #[E|
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Figure 11. Schematic diagram of the gas-sensing reaction process in air and under ethanol atmosphere
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