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Acetaldehyde Sensing Properties of Ti;C,T,—WO3; Composites Synthesized by
Hydrothermal Method

BAO Sijie', BU Xin', BAI Yuying', WANG Chunshui', Chu Xiangfeng', LIANG Shiming®
(1. School of Chemistry and Chemical Engineering, Anhui University of Technology, Maanshan 243002, Anhui, China;
2. School of Materials Science and Engineering, Linyi University, Linyi 276005, Shandong, China)

Abstract: The acetaldehyde vapor produced in industrial production and life needs to be monitored in real time and efficiently, WO,
nanoplates and a series of Ti;C,T,~WO; composite materials were synthesized by a hydrothermal method. The structure and
morphology of the as-prepared materials were investigated by X-ray diffraction, scanning electron microscopy, and X-ray
photoelectron spectroscopy. The gas sensing properties of materials were analyzed. The results show that the addition of Ti;C,T, can
enhance the gas sensing performance of WO; nanoplates. The optimized gas sensing operation temperature is 80 ‘C for 7%(mass
fraction) Ti;C,T,—~WO; composite material. The sensitivity of 7% Ti;C,T,—WO; composite material to 100 uL/L acetaldehyde vapor
at 80 ‘C is 32.9 within a low detection limit of 0.1 puL/L.

Keywords: composite material; titanium carbide; acetaldehyde; gas sensing properties
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Table 1 Summary of previous works

Samples Gas (concentration) Sensitivity Operating temperature/C Ref.
WO; ‘WOj; nanonords Ethanol(300 uL/L) 16.9 340 [4]
PdO-WO; Acetone(1.5 uL/L) 3.7 350 [5]
MXene Ti;C, T, film Ethanol(100 pL/L) 2.7 RT [7]
TisC,T, wearable gas sensor Ammonia(100 pL/L) 1.2 RT [8]
Ti3C,T-W 5049 Acetone(20 pL/L) 11.6 300 [9]
Ti;C,T,-0-Fe O3 Acetone(5 pL/L) 16.6 RT [10]
Ti;C,T-Sn0O, Ammonia(50 pL/L) 41.0 RT [11]
1 S PR BeGE LEIEW pH EN 7 J5, BN

1.1 H@mbE
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BT 40 CHpminss N, FEBHERE R g0
Ti;AlC, ¥y AR, $iFE3I 5] G B 36 he 2 B+ 7K

HAETEMN, £ 60 CTE 12h, WHESREEA
TisCoT, M K o

HERFREL 0.3 g Na,WO,4-2H,0, JIA 30 mL %
B KHREEE 30 min. IRABMAEAEEIMA S mL
12 mol/L FURERTR, HiiHE /5 R4 2 100 mL
PSR M N AT A R B, 140 “CRMY 12 he
V25 TR fE B PR 25 B KR LR B B s
THE, SRR E WO, ik, A WO, 44
KA. FIFHE S & WO 9k 5 Ti;CoT, 2446
SEMRM, B4k —E IR Ti;CoT, ¥ K
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Fig. 1 XRD patterns of TizC,T,, WO; nanoplates and Ti;C,T,—
WO; composites

R2 WO KR K Ti;C,T,-WO; EEHHIF WO; KRS
Table 2 Lattice parameters of WQOj; nanoplate and Ti;C,T,—WO; composites

Sample No. ag /A by /A co/A al(®) BIC) y/(°)

WO; 7.3000 7.5300 7.680 0 90.645 5 91.0149 90.011 7
TW-1 7.303 1 7.538 8 7.689 1 90.040 1 90.967 0 89.9859
TW-2 7.302 4 7.5337 7.687 2 90.0552 90.973 5 89.987 1
TW-3 7.298 6 7.544 6 7.683 8 89.889 6 91.003 3 89.891 9
TW-4 7.3027 7.5396 7.688 0 90.119 6 90.913 8 89.591 0

ay, by and ¢ are the side length of crystal cells; a, £ and y are the include angles of crystal cells.
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(a) SEM image of WO; nanoplates

(b) SEM image of Ti;C,T,

(c) SEM image of Ti;C, T,

(d) SEM image of TW-2 composite

B2 WO 40KF . TiCT, & TW-2 E45 K SEM IR A
Fig. 2 SEM images of WO; nanoplates, Ti;C,T, and TW-2 composite

(a) TEM image of TW-2 composite

(b) TEM image of TW-2 composite

WO, ;
(200) ¥

0.365 nm{

WO; 'y
(002)
0.384 nm

(c) HRTEM image of TW-2 composite

B3 TW-2 Z& Mk TEM 8 /7 #1 HRTEM
Fig.3 TEM images and HRTEM image of TW-2 composite
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F+6 AR EEN, B 4c AEAMEF O TEK

G RE, WA EE AL T 530.1 eV(ARtE )
1 531.0 eVALZIR O 2 Mg 5 WO 99K
(A 46), TW-2 EAMEEREAER A, A
TR R r iR, & 4d K E S M R Ti B XPS
G, 2GRS TR E: T 455.1 eV [UE
XFRF C—O—Ti #H Ti 2psp 6 1T 458.8 eV
(RIS B T Ti—O B Ti 2ps, FEZR: A1 T 459.8 eV
U B Ti—C R Ti 2pip AESE. Ti—C BEMIAT
TESE TisCoT MR I il 46 10H J1EdE 2 — .
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Fig. 4 XPS spectra of TW-2 composite and O 1s of WO; nanoplate

i IR TEIE T WOs 49K Al TW-2
SEMEHI LRI R B 5 A =HRR
MR A J5E B 5 i 2 A LA A1 2. WOs 9K 7 A
TW-2 EEM BRI E T IVAL, H3 a3,
BL 2 AR EAEAEN AL 2 plpe < 0.8
I, WP BEREE plpo FRIE IR T 22 A& 10 ; =4 plpo> 0.8

B, WP RBEE p/po FIXGINTTRIZI3E 0. I 2 Fibt
BHUALR A ERE, WO 91K F1 TW-2 61
BHAFLARHR £ ARAE 5 nm AN . 3 51 T WO,
K A Ti;CoT-WOs E &AM R LRI, Ed
XPEERT AR I, TW-2 E& MR R AR &),
N 3.3 m/g.



25055 10 3

B e KINER % TiCT,-WO; B4R H b LB SR 145 A e © 2689 -

N
T

wn

~

i x10%/(cm*m™-g™)
O =N WA U

0 10 20 30 40 50 60 70
Pore diameter/nm

[\

Quantity asdorbed/(cm*-g™)
(8]
dJ

—a— Adsorption
—e— Desorption

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (p/p,)

(a) Nitrogen adsorption-desorption isotherms and pore size distribution of

‘WO; nanoplates

5

~
T

W
T

*x10%(cm*m"-g™)

0 10 20 30 40
Pore diameter/nm

Quantity asdorbed/(cm*-g™)
— o
ar
dD

—a— Adsorption
—e— Desorption

[
T

1 1 1 1
0.4 0.6 0.8 1.0
Relative pressure (p/p,)

1 1
0.0 0.2

(b) Nitrogen adsorption-desorption isotherms and pore size distribution of

TW-2 composite

K5 WOs 49K A TW-2 5 A AR 200 Bt R B 4583 2 A LA 20 A1 T 26

Fig. 5 Nitrogen adsorption-desorption isotherms and pore size distribution of WO3 nanoplates and TW-2 composite

£3 WO; 4K 50 Ti;C,T,-WO; EAMHIAY LR EFR
Table 3 Specific surface aera of WO; nanoplates and
Ti;C,T,—WOQO; composites
Sample WO TW-1 TW-2 TW-3 TwW-+4
BET surface area/(m*-g™") 4.6 49 33 5.7 52

22 SHEUMtRE

Bl 6 8 WO 91Kk 5 —FR% Ti;C,T,—WOs
HEMEIR Bt EBR . B 6a v WOs 9K v
5— 2% Ti;C,T,—~WO; & & M BHEA [F] TAE i B
X100 pL/L ZEES AR R ML . MWE 6a
ATUAE H, TW-2 EE5MEHE 80 CH TAFRE T
X100 pL/L 2SR I R B AR L B s, 32,9,
HARTAEREE TW-2 S &8 KX 100 uL/L ZEES A
() R T AN 12,60 XL Ti;C,T-WO; &
EHA A TARIRE A 80 CoWOs 4K Fr 5 TW-1,
TW-3. TW-4 7E 80 CXf 100 pL/L Z S AR R 8
FE RN 1.4 1.1 1.2, 1.1, X 4Rl TisCoT,
IS INRERS B35 3R B WO, 90Kk A5t T 2 S AR 1
SRS Rkl TAERE N 80 C, RGN
&N 1% (RS540 SRR VPN B R
[ —ANEZARR . B 6b N TW-2 HAEMEHEAF T
VEIRFERXF 8 Ff 100 pL/L FI AR R B L
TW-2 B & MEHE 80 CHEXS 100 uL/L ZEE. LR+
Nl =W, OB, Bl 25 FTREM R BE
Al 1.0. 1.1, 1.3 6.3+ 329, 1.8, 123, 1.1,
ATLLEH, TW-2 ZE MR 100 pl/L L) R
FEAB B T At 7 PS4, SRR R
ARk, B 6c AL, TW-2 E&MEHE
80 ‘CH*t 100, 50, 20, 5. 1 pL/L #10.1 pL/L Z
S AR R /38 329, 17.34 5.5. 3.0, 1.5

A 130 HORESHIRENY 0.1 uL/L B, TW-2 &
AMEE 80 CHMKIAREXS Hor=AEm N, HRBE R
1.3, Uil TW-2 EEMEHR AR 0.1 uL/L.

FEOOT 05 B2 308 5 2 S M) ARk ) SBT3l it A
SR FE RN RAR T X TW-2 AR R
(B 7)o MAHSTREIRT 55%, Bl AN R R
B, TW-2 E-& MK 100 pL/L 28 S AR ) R 8L
FEEBE 2 B9, X & T2 ks FRit 7R
O L AT R AR KT 55%0, %44
RIS 100 pl/L ZEE SR P 2R R50RE A1 o 2 A X e
(RBG I BAR, X2 f T /K i ik o B 7R
AMRERT, KoTHeEEE 2 b8 TR T
TR B A DA S A I e AR AT
2.3 SEWHLEH

H ATxET-4 8 S A1 S AR I SR AR B L AT
DFH 2 T W PR I R LR iR, 2y T 5
A R PR 280 T %) B S L4 3R 0 9 FL LI A8 A AE
S, AR T TW-2 EatREmE ERAE T
PRI B A% AR SO E R AR, S SCEAT A 2R B AN
PR S R SR B T IR Oy o R TW-2 B 444
REFR T FE IR B k), 5 FLRE ) BRI A P BEL IR K
RPIEHEME 2 FFI%. 2 TW-2 EEMETECBS
A, TERE Oy 5 SREIr 1 R AE IO AE i
TEAMERAIK . RBIRETSCE 2 [ L B AR S,
M TW-2 EE MBS HRe R PR, R
BUEEER 2 K. BAR R SEFRT :

0:(gas)—0;(ads) (1
0,(ads)+e —0, (ads)(7<150 C) (2)
2CH3CHO+50, —4CO,+4H,0+5¢” 3)
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(c) Response and recovery curves of TW-2 composite to different concentration acetaldehyde vapor at 80 ‘C
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Fig. 6 Results of gas sensitivities study
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Fig. 7 Influence of relative humidity on detection of 100 pL/L
acetaldehyde vapor at 80 ‘C for TW-2 composite material
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