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g-C3N4-CdoSnO, E S # R B0 FIl F R E S Bt s

g, wEm, ~ &, g, TAK! ZLe?
(1. TR (5T %0, 28 D#0 243032)
2. WITRY MERS%E RSB, WA IGJT 276005)

B B RAKBBPGEGIR T CoSn0,, F-{ M A IRAEH & — RIIAF R EHHIH g-CsN4-CdaSn0s B & #E .
Wi X FHLATH (XRD). HHfiEEE (SEM). X 4ot TR (XPS) % 7%t g-C3Ny-CdoSnOy B & M RHEEAT T8
fiE, WFFL T AR LHI g-C3Ny-CdySnOs F A MBS BERE. PR REMW: 2 g-CN A ERN 2.5% (FiE 50
I, g-CaNu-CdoSnO4 A M BN T 2 B SRR R BUE Fersi, 72 170 CRIEE LAFIREE T, X 100 pL/L #5718 <44

R FIE 117, 546 CdySnO4 [ R BUE 1.4 LIRS T 83.6 £, MK MIFR A 0.1 uL/L.

KA g-C3Ny; CdSn0y; FAEE; SEMERE
FE%E 42K S: TB332; TB3S1 XHRFRIRAD: A

XEHS: 1002-185X(2023)10-3673-07

TERN—FE R A EP(VOCs), SFHREE 2
W 24« ot il DL B R A7 et o AN ) B 1 S
TR RS A NARTE AN R R B 1 e 5, IR B 1) S TR
SAERSRMIRES . 8. BEE, mIRE N R RS g
BESUER, mEESSIET P Wik, FEK
) S5 TR SR S A B R A i

H A T2 AH G SCHRBIE 70 7 A D S5 A B SR
AL RS . Xu PR T 3R E % T BiFeO; 44
KM R, ZARIE S TAERE 240 CHY, Xf 100 pL/L
S P S 0 R AR N 31.0, BRI PR AT 3% 2 pL/L,
M ML )4 6 . Yang SR K IGE AR T ErFeOs 44
KL, AR S TARIREE 270 CHEX 100 uL/L
ST SR R A 20.0, BRARAS IR 2 uL/L.
Erwin ZU0R F 8 75 5l B IR AR i 4% 7 R S A B 1Y
ZnMn, O AR RL, 126 BHE fE TAE IR E 250 CHY
X100 uL/L 5B A R B 100.0, (A
B 10 pL/Lo FaR R4 REx S P B A A U #8E CAR iR
5% e AR A 000 R 452 7 ) v

CdySnOy TE RN —Fl n B G AARMRL, 4 BRI
FL A % 4T RE 7 DA R AR S 1 o 2 R R A 4 REL LA KX SnO,
A CdO S, AR H BT 5T Cd,Sn0O, EA
SRS IR IE D, E R DR K Gkl & T
CdySnOy ML, ZSBAMRLE 300 CHEX = 8. &
W DL e R 0 RABE N 16,90 14.1 F1 12,1, X = 2%
AR B AR IR Y 5 uL/L. —4EbRHE45 24 B 08 4

s HEA: 2023-02-14

MR S B RS . O SCERIRIE , B 20 E &1 g-C3Ny
AT DL & B A A I PR B, Cao 60OV F /K
14T g-C3N,-SnOy, EAMEL, %A BHE ffE TAE
TN 300 CHFXF 500 pL/L () 2044 i R ]
% 360.0, 1% RAEEH L4l SnO, MR T RIKFE I 2
FEAS AR R R 1.5 1% . Wang S SR W A4 #
PR EIEHIE T g-CN,-WOs 9KM KL, &M RHE i
BETAEIRE A 340 CHEXF 100 uL/L f 75 B A AR R
BTk 35.0, A4l WO, R BUSHIEL S H T 3 5.

AT TR K IR VA % T CdySnOy G0 KA
B, A8 R R A& T — RPN F &
g-C3Ny-CdySnOy, 3 Al HE AT A B se Mk . R
g-C3Ny-CdoSnO, 54 AR il & 32 4 S50 5040
1 % I
1.1 MRlEl&

JERPEL: CAINO;), 4H,O( 5% BAL 3 A A BR A
Al, AR); SnClySHO( BT+ TilFIA R A, AR);
= RA(E AL R =R E PR A ], AR); NaOH ([
B ARFIA IR AT, AR); /K ZE(EZE L
ZLRFERAT, AR); KB TFKEEK=EAH).

PRI 4.0 ¢ = FFMEE THG, #%8 2 C/min
() T I T8 N S 3R h AT BB, 7E 550 CHE AR IR
4h, Bkese AN ESEET BRI AN R, %
TR RN g-C3Ny.

HEWB: EXRARBEESE (61971003); 1LEE HARRIZEHES (ZR2020MF025)

fEZ RN g,

5, 1966 A4, HFE, BT RZHZEH TSR, 28 D%l 243032, E-mail: xfchu@ahut.edu.cn
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FREL 1.234 g B Cd(NOs),-4H,0 #1 0.720 g KJ
SnCly-5H,0 TR, I 20 mL 287K, $ii$k 2
h 1 H 78 20 VAR - 48 2 mol/L ] NaOH 5 70K L ik &
R pH AE AT 9.5, K T IF AR FE N 50 mL
ENWURCHEN R, BETAEWRNE, FHE
170 C FARIR 16 ho 255 F /K ALK £ B 15 21 1
FERN AR MBS 3 IR, ZJE TN 80 CHIMLAR I T4 12
h, BFEETS 2] A GO R o K TS B R R AE S g4 D
5 C/min FFHEERFE 550 CHRE 2 h, B3 A
Cd,SnO, ¥ K .

JEFREL 5 43 0.1 g () CdySnOy, B TR, SRF
FREX 1.0, 1.5, 2.5, 3.5, 4.0 mg f g-CsN, 735l A
FIREM A, DL 20 mL K L BN, AR 2 h,
FRIRAGRNRET 80 CHRIMMAMT 12 h, 53
g-C3N,-Cd,SnOy AWM EL, 45l F5id N CNC-1(1%
g-C3N4-Cd,Sn0,) . CNC-1.5(1.5% g-C3N4-Cd,Sn0y)
CNC-2.5(2.5% g-C3N4-Cd,Sn0O,) < CNC-3.5(3.5% g-
C3N4-Cd,Sn04). CNC-4 (4% g-C3N4-Cd,Sn0y) .

1.2 SR

BUE B iR g-C3N4-Cd,Sn0, B &R K T 1
PR AT TR R B, NN 1~2 AN T IMIE B, T BE
UF B FORPIA BLE 51 IRARAE ALO; B HIAMEE |-, A5
4 Ni-Cr N2 4610 ALO; B N, il 5% # Ui
JUAEU, AR Szl AR ep, S I 2 TR KN,
SCELG oG AR R B A . R EOT N R E
(sensitivity)!" 1 5E SUN: S=RJ/R, 1, R, RAEOC
PEAEE R SR R B, Ry A TER I A Mk b i A8
P BH o 2 56 3ok AR S 25 14N 60%

2 RS

2.1 MRIRE

Bl 1 240 Cd,SnO, fl— R 55 & # k) XRD B
. mE TR, H % 148 Cd,SnO, 98K A RLTE 20 f
N 27.48°. 32.48°, 33.82°, 39.25°, 51.73°Hl1 56.72°
WL THEMATHE, 5 CdSnOy &K1 (220).
(311)+ (222) (400)+ (511)LA Je (440) ¢ T A XF 4,
33.82° H I ) AT 4 U X R T (222) db T, H B T
Cd,SnO, G KA R SL 5 A . B, mTh il % 1
g-C3Ny-Cd,SnOy 5 A MBI AT 55 06 o 31 35 A H IR
N g-C3Ny IRRAE I, 7T B J5 K 2 g-C3Ny A7 F
20 9 27.4°%F BT (002) A7 5 T R RFAEUE 5 Cd,SnOy
IS, TALT 20 N 12.9°%F BT g-C3Ny4 HI(100)
47 S T P9 4R A0 08 AN B 1) DR TR 2 g-C N, T i & 2D
IS e obh, AP i T DAL 82 3] g-C3N,-Cd,SnOy H A
WA RE (477 5 06 5 5 2 v T 40 Cd,SnOy 49 KA KL,

KW g-C N, E G T Cd,SnO, 45 5 5, P
THEHEMERISIEE, AR THRFH&S, e
Wi Cd,SnO, 1 AEO,

T WG A MR B RO Y SRR AR, X
CNC-2.5 & &M KA K4l Cd,SnO, ¥ KHEAT T SEM
FAE. K 2a 1 2b W Cd,SnO, MR EH A
ST 5 VA G AR HE AR T T 2¢ f 2d £
CNC-2.5 f] SEM JE%i, M Bl a] DL %2 31 7. 77 4 i
FL(CdaSnOL) AT JZ RS 7 (g-C3Ny), T 3 Fh I 3
S CNC-2.5 EAMEHIEZ LK, F5 54
B 5 F IR B b, SR TEA R AR e
2e & CNC-2.5 & & M B EDS 7t % [ 49 # 2 EDS
SR, BE A R CNC-2.5 E 4B €. N. O,
Cd 1 Sn JER AR, HITEIE CNC-2.5 EAMELH
WA oA 5. o Co Ny O. Cd Al Sn JT & i
B8 BN 4.803%, 6.200%, 59.532%, 19.461%
A1 10.004% .

BRI K /NBETE — E FRJE bR s 34k 4R A AL
YIS B RE" . B 3a A1 3b 424l CdySnO,.
g-C3N, Il CNC-2.5 A M BHITE S E IR U 1% DA B %
MR AR S . B 3b FIAI, 46 CdySnO4. g-C3Ny
M CNC-2.5 EEMEHRAFBN 318 3.022, 2.78
Ml 2.86 eV, CNC-2.5 & & MRl 77 58 B 4 T 4l
Cd,SnO,4 Fll g-C3N, MR} 2545 56 B 2 TA], I HLB& Ak /s
T4 Cd,SnO, HIZET T, P Cd,SnO, MK 5iE &
1) g-CsNy 5 & 22 S EUM BHEE 1 58 B2 1980, BB b i
L A A O B 5 T R I Re b, iR T
CNC-2.5 £ &M EHA A Fkk REP

4 5E N THFFE CNC-2.5 E &M BT RN UL
R B AR XPS #E . & 4a & CNC-2.5 H&
MRS B, WAz E MR EE R H Cd. Sn. C.
N 1O LR M. Kl 4b P PLLE 485.80 Fll 494.41 eV

Intensity/a.u.

10 Zb 3‘0 40 5‘0 6‘0 7‘0 80
260/
El1 Cd2SnO4 Fl— £ 71 g-C3N4-Cd2Sn0O4 B A #EHE XRD &1

Fig.1 XRD patterns of Cd,SnOj4 and a series of g-C3N4-Cd,SnO4

composites
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Element  w/% at%
C 4.803 1.290
N 6.200 1.942
o 59.532  21.298
Cd 19.461 48.916

Sn 10.004 26.554

K2 CdSnO4 A1 CNC-2.5 Z & FEHK SEM JES K &+ FL EDS 43 # 4
Fig.2 SEM morphologies of Cd,SnOj4 (a, b) and CNC-2.5 (c, d) composites; EDS elements mappings and analysis results of CNC-2.5

composite (e)

Absorbance

——Cd,8n0,

g-CN,
—— CNC-2.5
200 300 400 500 600 700 800 15 30 45
Wavelength/nm hvieV

ok M e

B3 CdSnOg4. g-CsNy T CNC-2.5 & &R} 148 AR 6 1% FN 2% 2 55
Fig.3 UV-Vis absorption spectra (a) and band gap (b) of Cd,SnOy4, g-C3N4and CNC-2.5 composites
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1) 2 ANMFEAEVERS T Sn 3ds, A1 Sn 3ds, A Sn gt
FIEEAEMEF D+ M BAEE. Bl 4c 2 Cd 3d KA
Wk, 404.25 F1 411.70 eV 73 5% B Cd 3ds, 1 Cd 3ds),
RRFIE I, YR Cd TCRAE R G M B DL+2 I S A 1E .
Kl 4d /&2 CNC-2.5 MBI N 1s B, Eihs
A LT AL T 404.45 F1 405.68 eV AR AEIE,

HA BT 404.45 eV AL FIRFAEIE 8 T sp” 2440 T B
C=N-C, TMi&54afe 405.68 eV Ab KRR U )5 &8 T
g-CsNy AR NP B 4e & CNC-2.5 B &4k
C 1s BB, @&/ AT 284.49, 285.59
288.72 eV ALHIRHEME, S IXfR C-C. C-N BLK

N-C=NI & 4f £ CNC-2.5 E&#EH 0 1s i,
B 47T 529.84, 530.70 Al 531.81 eV FIHREAEIE 5 7
X T CNC-2.5 AR IR T f A% Sl 2R IR P A
FIEZE 2 Tl
2.2 SHtRE

5a e ANFIHH] g-C3N4-Cd,SnO, E & 41 R A1
Cd,SnOy Mkl £ 1) BT 1 72 A [R] AR 3 BE T %
100 pL/L S5 PO T2 0 A 1 R 50 it 28 o AN I Hp W 82 R L,
CNC-2.5 £ 170 “CIF X} 100 pL/L 5 75 B% () R 855 ik 3|
B 117 A 2 4F F 4 Cd,SnO,4. CNC-1 Fl CNC-4
7E 25~260 °C IV I AT 100 pL/L 5 P B S A4 ) R A

a
Cd3d Sn3d
Nl Sn 3dy,
5 Cd3dy, |af”
< &
oy ; 4 =
-
= > 4
& =
s Y @
m|t8 I &
1 1 1 1 1 1 1 1 1
0 300 600 900 1200 485 490 495
cd3d ¢ d
Nls 405.68
=
=
z
=
1 1 1 1 1 1 1
400 405 410 415 420 402 405 408
Cls € f
3
K
z2
g
£
1 1 1 1 1 1 1
280 285 290 295 528 531 534
Binding Energy/eV Binding Energy/eV

K4 CNC-2.5 Z&MEH XPS B % 0K i
Fig.4 XPS spectra of CNC-2.5 composite: (a) full spectrum; (b) Sn 3d, (c¢) Cd 3d, (d) N 1s, (e) C Is, and (f) O s
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FE B84 I A . CNC-1.5 Al CNC-3.5 % 100 pL/L
SN AR R 110 CHRIFaEE N, £
170 CHIAR|H &, 518 6.5 fl 5.6, CNC-2.5 7E
110~260 CH A B &1 REE, Higd TIEREN
170 C, Xt CNC-2.5 A4l Cd,SnO, KB, 7E
170 ‘CHf CNC-2.5 ) R (117) 42 Cd,SnOy 1 R B
(L.HM) 83.6 f5. ZELATiA, WM EEEEN g-CN,
RENS 2 35 M2 T CdoSnO4 M4 REI) R B .

Kl 5b & CNC-2.5 & & MR E A 100 pL/L #)
8 MRS A A R B RE Bl T AR IR B AR 1 6 Rt 2k .
HH A %1 CNC-2.5 B &M RHE TAEIREZ N 170 CHY,
HABOC SR N 100 pL/L 57 P EE . R <
W, B ORE. LU O SAR I R 5y
A4 117.0, 1.0, 1.0, 7.6, 23.5, 1.0, 1.6 F1 1.0, X EL Al %0
CNC-2.5 &AM BT 57 O B4 1R R R 3 vy T He
AR . Hodr, S wwun/S wey 4.98, BB CNC-2.5 4
ARk £ PR SCBBTT AR R T e TR AR 1R SR AR 8 v I
F A I AR IR B .

120 b —> Pure Cd,Sn0, a
I —&— CNC-1
100 |} —=—cNc-1s
—4&— CNC-2.5
> 80 —¥— CNC-3.5
—<+— CNC+4

1 1 1 1
0 50 100 150 200 250

120 F —¥— Trimethylamine b
—— Acetaldehyde
—a— Isopropanol
100 - —<¢— Formaldehyde
—®— Acetone
|~ —a— Methanol
—»— Ethanol
- —®— Aceticacid

Sensitivity
(=) o
S S

N
=
T

20

0 50 100 150 200 250
Operation Temperature/C

Bl5 — &% g-CsNy-CdoSnO4 E A BT Cd2SnO, A K} - 1)
SEOTHEXT 100 pL/L 5T B Y R B8R BE AR IR AR
£, CNC-2.5 ST fERT 8 ik &y 100 uL/L 1S
PRI R BO%E B AR R P R OC 2R ith 4%

Fig.5 Variation curves of sensitivity of gas sensors prepared
by a series of g-C3N4-Cd,SnO4 composite and Cd,SnO4
in 100 pL/L isopropanol with the operating temperature
(a); variation curves of sensitivity of the gas sensor
prepared by CNC-2.5 material to eight 100 pL/L gases

with the operating temperature (b)

Kl 6a & CNC-2.5 B &M RHE S TAEIR S 170 C
0 7 N 7 e 1 PSR N T AR /3 = S
CNC-2.5 &M EBHE 170 CHEXTHE A 100, 80, 50,
20, 10, 1 PAK 0.1 pL/L 5 R EESAR I R GUE 55 8
117.0,91.0, 50.2, 23.0, 7.7, 4.0 F1 1.5, X+ FIRE N 100
nL/L ) e TR T AR e J82 B 8] Ay 58 s, e IS R 7T DA
iXF 0.1 uL/L. CNC-2.5 B&# e F 5 W EESRT
Wi 7 - 52 1 2 I AR I R T AL BB v UG

Kl 6b y CNC-2.5 G A BHE 170 ‘CHY % 100 uL/L
S5 DA A R A B U P T AR Al 2 o A O A
35%3% 60% 18], CNC-2.5 E &R R B L
FH&a#y, It BAEAIRHE BN 60%I 1A 2 i K fE 117.0,
X R AR S 7K 4> PR E T CNC-2.5 B &4
B B AR SUR A S8, T80 CNC-2.5 &1
BT PERE R AE O, B CNC-2.5 E& MR T
TSR REBEEPY SR T 60%HT,
CNC-2.5 E G MBI T S P B4 1) R B 2 00 Hh R
WGBS, PRI KRR W g i, KREMIK
Gy d#E T CNC-2.5 E-a MR ML, 2L, AT

120 | 100 puL/L a

100 F 80 uL/L

Sensitivity
o
S
T

1 1 1
1000 1500 2000
Time/s

120 + b

100

(=) o)
(= (=}
T T

Sensitivity

a~
=
T

/

(=}
T

1 1 1
40 50 60 70 80 90
Relative Humidity/%

Kl 6 CNC-2.5 526 MRER A R B2 S PO B A %8082 B I 1) £
At Z; CNC-2.5 E 4Rk 5 P B S A R 0% eI
AR Ak 2

Fig.6 Variation curves of sensitivity of CNC-2.5 composite gas
sensor to the isopropanol with different concentrations
with time (a); variation curves of sensitivity of CNC-2.5
composite gas sensor to 100 pL/L isopropanol with

humidity (b)
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Fig.7 Schematic diagram of sensing mechanism

BHEG T CNC-2.5 EA&MELE Hbr S Z B B, &
S FET CNC-2.5 EE MBS T 5 IS0 R B
(ERNC I
2.3 g-C3N,-Cd,SnO, E &M BBy S 814/ I8

H AT T2 SR S AR R A8 AL, AT R
T 5 B 42 ) B8R SR RS 270, I 7 T, 24 CNC-2.5
HAEMELRBESSPE, 59 RS 73
CNC-2.5 A MBI IR FAR N4, 120 B 4 A
CNC-2.5 Z&MEH S ORI, AR T ARZE
R T, 2292 0y O LK OF (R (). & (3)
Al (4)). 5 CNC-2.5 EEMEELE H Az Sk
B, WA O* & 5REE S T RAERN, R
H,0. CO, UK HF (3 (5)), S oiid F2 v A pl i) He
ToWEAME S, 53 CNC-2.5 S &Mk
(1 L BH A AR AR AL, i — D52 CNC-2.5 B &M EHIA
@II\ zﬁ~|é:[28-29]0

0,(gas)—0O,(ads) QP

0,(ads) +e =0, ’(ads) (7<100°C) (2)

0, (ads)+e =207 (ads) (100 C<T<150C) (3)

O (ads)+e = 0% (ads)(150 C<T<170C) (4)

C;H0+90% (ads)—~3CO,+4H,0+18¢ (5)
3 & it

W PR A BT & T — R AR &
(1) g-C3N4-Cd,SnO, A M KL, 2.5% g-CaN, Uit & 7350
HA CdySnOy B A W4 RS 7 T I <A 1) /<A1 o
fE, 4T 170 °C ) CAFRER AR EE 8 100 puL/L 1)
SRR REBE N 117, 54 Cd,SnO, M EH R
B 1.4 MIECIR 7 AT 83.6 1%, I HL B AR W BR 7T ik
0.1 pL/L. #l&H g-C3Ny-CdySnOy 2 & #1E B A Si i
e 2R WU S5 PR TR SR 9 7D
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Preparation and Gas-Sensing Properties of g-C3N4-Cd,SnO, Composites

Chu Xiangfeng', Liu Xingxing', Bu Xin', Bao Sijie', Wang Chunshui', Liang Shiming®
(1. School of Chemistry and Chemical Engineering, Anhui University of Technology, Maanshan 243032, China)
(2. School of Materials Science and Engineering, Linyi University, Linyi 276005, China)

Abstract: Cd,SnO4 was prepared by hydrothermal calcination, and a series of g-C3;N4-Cd,SnO4 composites with different mass ratios were
prepared by sonication mixing method. The materials were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),
X-ray photoelectron spectroscopy (XPS) and other methods. The gas sensing properties of g-C3N4-Cd,SnO4 composites were studied. The
results show that when the addition amount of g-C3;Ny4 was 2.5wt%, the sensitivity of g-C3;N4-Cd,SnO4 composites to the isopropanol gas
was the highest, and the response to 100 pL/L isopropanol gas was up to 117 at the optimal working temperature of 170 °C, which was 83.6
times higher than that of pure Cd,SnO4 with a sensitivity of 1.4, and the low detection limit was 0.1 pL/L.

Key words: g-C3;Ny4; CdaSnQOy; isopropanol; gas sensing
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