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Abstract

In recent years, gas sensors made of metal oxide semiconductors have been widely used in various
gas environments due to their small size, low power consumption, high cost-effectiveness, simple
manufacturing process and easy operation, etc. Among them, molybdenum trioxide (M003), as a
common oxide semiconductor material, has broad application prospects in the field of gas sensing,
especially in the monitoring of environmentally hazardous gases, industrial production safety, and
medical diagnostics. However, the drawbacks of pure MoOs gas sensors, such as high operating tem-
perature, poor selectivity and susceptibility to humidity, hinder their further application. These ob-
stacles are also the challenges that metal-oxide-semiconductor materials have long faced. There-
fore, in order to solve these challenges and to synthesize materials with excellent gas sensing prop-
erties, the following research was carried out in this project: MXene (TizC2Tx)/Ni-MoOs composites
were prepared by introducing 2D material MXene into Ni-doped MoO3 nanobelt using a simple hy-
drothermal method. In addition, the effects of MXene with different mass ratios (0%, 2.5%, 5%, 10%)
on the sensing properties of the composites were also studied. It is worth noting that MXene
(TizC2Tx)/Ni-MoOs composite exhibits excellent performance at 100 ppm n-butanol concentration,
with low operating temperature (180°C), high response (10.21), and excellent selectivity. In addi-
tion, the sensors demonstrate excellent moisture resistance, repeatability and long-term stability,
with performance lasting up to 40 days. Finally, the gas-sensitive mechanism of Ni-doped MoOs3
nanobelt and MXene (TizCz2Tx)/Ni-MoOs composites was discussed and analyzed, and the effects of
Ni-doped MoOs and MXene on the gas-sensitive properties were described.
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HAERSRY . Tilbzs, EREHRML. AR LN Z2E2A ARSI EZEL]. £
WA SRR RO, A2 B SR RS A BN e A I RE, RIS R As . e I CARS
PE LA 5 T 52BN AL 2 B AR BT )2 32 BT [2] [3] o X P AL B A% (1 LA SR B 5 S AR A R SRk
BRI A HAS S 4]. &R B SR (MOS) MR 1k 2 v B A% R 28 vh i I AR ARl 22—,
MoOs fEA—Fp 8L R n BUpSfk, B 3.2 ev MFE2ETY, HEGMERZREWFAEE NN, FH
TS ORI RN H b 1 3 AT B AT BRI R JB I 1o 2R G5 A B A KA R 38 LA K I B 3R T AR A B
ZNETEAL R, A BT 3mSR TR AR B, 5 GIAR B AK BURAR LG, BTSN
MR R AL 2 S AR, (R SRRy SO ARB]. HBERX — R, BN
TR BN A — P e R S RE R 7R . X TR IR S, Ni 8 A T TH B M R 2
AR NI RS A TMA S5 kMM R BUE, MXene (TisCoT)METE S HEIA - FAiREE T 5
H bR SR B S AR, AR SR S AL BN FH R K m o [6]-[8] .

A, EEKPIERII AR T MXene (TisCoTy)/Ni-MoOz (MNMYE &4k, JE1EAS 1 H A 8k
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Figure 1. Schematic diagram of Ni-doped MoOz nanobelt
& 1. Ni % MoOs KT REE

2.2. MXene (TisC,Tx)/Ni-MoO: fE BB HIHIZ TE

(1) #JZ MXene 94K Fr (1] &

B ORI 3.2 g LiIF fIE EHUUF I 40 mL 9 M EEBIN A B e N8, 7E 40°C 204 FHiEHE 15 min,
EHREE AR RN . BfE, ¥ 2 g TisAlC D REZ UIMA R RN, Hhid:48h, RMEHE, K=
A 3500 r/min FETEITTE, FEH—EWRENMIIIR S 2B KGR Z XK, BEE LZER pH N 6. ¥
A HIDTIE AR S B 0, MR LEEWAS ARG, I R R Ayt B, TR )2 MXene
DA A T SRAFAE T B3i R o B T SR AT 75 B B A, 120 R v 75 22 70 A\ PR S AT OR3P LA
Bri 1 MXene S84, [F] I 75 20 2203 75088 75 15 2% YRR DAE T 2 I VAR UK AR UL o 8 75 56 U o P2 BB o
B0 JE I B EAARD Y HLZE MXene 73BT -

(2) MXene (TisC2Tx)/Ni-MoOs & &4 K} 4%

FREL— & 21 Ni 4% MoOs PR KL, BB HE3 K 5 30 mL EEF/KIRENH: 1 h, FLE
I S 5 1B = MXene 70 BOK, fEZIR FARSEHE L he BidEEUn, KRG F) 50 mL 17K
PR NZEH, 1E 120°C NRIHAE K 8 ho M RMEEUE, fRREAHEERG, SOUEmitH LS
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Figure 2. XRD images of MXene, Ni-doped MoOs nanobelt and
MNM with different doping ratios
B 2. MXene. Ni % MoOs KT MAEISZELHIHT MNM #9
XRD El&
3.2. SEM 3%

3(a), ¥ 3(b)Eor T HLZ MXene 9K F R B KHUE, MEH AT LLE 2152 MXene &S5,
B YEROIRGE R, KA TE AT IA ROk, MXene T ELECHLRE, 2SS . a1 3(c),
3(d)Fi7R, Ni 4% MoOs 49K MR AR A R B R, BEARGIKAT KHE 100 490K 58, JF H 2 It
B, XA R N A BEERET R RIFMIsem . [ 3(e), K 3(HERT HJZE MXene 90K F 5 Ni 54+
MoOs 9K B % L7 45 & T3, TEK I fE v, 2 MXene BT BI DI, i s /N R
XEHPTMEEKE S, TEREENE A8,

teAh, s 4 pros, % MNM-5 Bk 47 7 mapping B, A 3RATRT BARHL MNM-5 £ i
1, Mo T, O JL&EM Ti JCEERERA R A7 157, XA SE T A SO FH (0 7K 402 7] DR 47 H 4
MXene £ B2 A %] MoOs 44K L.
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Figure 3. ((a) (b)) Monolayer MXene nanosheets; ((c) (d)) Ni-
doped MoOs nanoribbons; ((e) (f)) MNM-5 composites

3.((a) () JE MXene 495K F; ((c) (d)) Ni #£:2% MoOs £/
K ((e) () MNM-5 E&1%
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Figure 4. (a) The Mapping images of the MNM-5 sample; ((b) (d)) Mapping results of element O, element Ti
and element Mo respectively
4. (a) MNM-5 #ffY Mapping Elf%; ((b) (d))735I1ATTE Ov TR Tiv TTE Mo B Mapping 455

3.3.FTIR &#fr
W 5 fizn, 75 MXene (TisCoT) 6 H, 618 em ™ Ab A 5 222 Ti-O B Aadkzh, 1 HAhE
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Figure 5. Fourier transform infrared spectra of MXene and MNM-5 com-
posite materials
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Figure 6. The response plots of MNM-2.5, MNM-5, MNM-7.5 and
MNM-10 to 100 ppm n-butanol at 160°C to 200°C

[ 6. 7£ 160°C &£ 200°CH}, MNM-2.5, MNM-5, MNM-7.5 I
MNM-10 3 100 ppm IE T EZAYNR B2 5]
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Figure 7. Transient response/recovery curves of Ni-doped MoOsz and MNM-5 to 100 ppm n-butanol
7. Ni $82Z% MoOsz #1 MNM-5 %3 100 ppm 1E T B ARG 75 M Rz /1 &5 B

HIE 7 TR &AL, MNM-5 R SRR RS 7 2 SR 5 P i) Py, A% RS N U R B3
IET AR TR, R R, KU MNM-5 £ 5 FEHS BURI Ni 825 MoOs 0K —FE A n
PRI AL B E . MNM-5 5 BDRIE IR 28 (10 52/ P I 18] 238 6's T 62's, 5 5UG I Ni 2% MoOs
KA 65 A1 285 AHEL, MNM-5 ARIRESARIR CRAF 1 O6F IR T W UM A DRI B, X F] R A2 H 3 F )
J& MXene Z9K J7 5 Ni 528 MoOg 9K T ) 57 R 45 #9151 38000 7 AOIERE & o (ERS T AR T3 B
RS, AR PR I RCR AT 5 v o

4.3. SEEFHERR

BRI A S AL B R B B 7 o — SRRV A A% TR ) AR S 2% U 8
k8 Fizs, MNM-5 FEgL L EEAHELT Ni-Mo FERVTT S, X IX-GRVURRI N A 7T, IF A
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Figure 8. Bar graphs of the response values of MNM-5 samples and Ni-doped
MoOs samples to different gases
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Figure 9. Short-term repeatability test graph of MNM-5 sample for
100 ppm n-butanol
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Figure 10. Test plot of MNM-5 sample with 100 ppm n-butanol at

humidity of 30%~90%
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Figure 11. The response curve of MNM-5 samples to 100 ppm n-

butanol within 22 days
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5. MXene (TisC2Tx)/Ni-MoOs 8 & HE BN IB 547
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Figure 12. The band structure diagrams of Ni and MoOs
B 12. Ni 1 MoOs HOgEH 54 E

B4k, BT Ni(5.1eV)J Kkt MoOs (6.9 eV) AR, 32 HL - Mila T M Ni KL 5-3itla MoOs, H
FEAI FORRE RS, WE 12 PioR. IXAE Ni fl MoOs Z ML | HHFEEH &, TERL TBiMEER )2,
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