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KEPRE, IR TRl 1712 I& . B EAH X
FHEATHHL (X-ray diffraction, XRD). 14 H +
U (scanning electron microscopy, SEM) . #&
FHHF WABE (transmission electron microscopy,
TEM) 1 L 2 w1 AR I 00 B i 48 789 28 K AR 2R 4T
TOIESRAE S 0, SRR AR R w5 1A%
JEERFEATVEREDT ST, A4 TRLBE R | i K 52
P RIS E .

2.1 #HRE5HE

S SR A JE AL B 45 43 BT 2 In(NO3)5-4.5
H,0, Fe(NO;)5-9H,0 Fl Span-40, W F [ 24 4E 4]
R A R R, Al R A — P alifh. Hl e
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Table 1.  Composition of sample raw materials.
HERHE AT e In/FeBE/R It
In(NO;)3-4.5H,0 Fe(NO3);3-9H,0 Span-40

EERIT (ST1) 0.5729 0 0.6030 —
2 (S2) 0.5729 0.1212 0.6030 5:1
FEf3 (S3) 0.5729 0.0866 0.6030 7:1
K4 (S4) 0.5729 0.0673 0.6030 9:1
FEfS5 (S5) 0.5729 0.0505 0.6030 12:1
FEARG (S6) 0.5729 0.0404 0.6030 15:1
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Fig. 1. Diagram used to measure the sensitivity of sensor: (a) Structure of sensor; (b) sensor test system.
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Fig. 2. XRD patterns of Fe-doped In,Oj.
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SEM E&FIK 4 ) TEM KR W AEWLELH]. F 1
&l 5(a) A 5(c) AT LA H, FEAS SR 1S
LT, BEAL 4 1) N, B 81.58 cm?/g, £ T4
i 1Y Ny MR (39.61 cm3/g), X ULHRE S, 4 B
AR LR E AL

M 5(b) FEl 5(d) BIFLARS A AT IE TG
Fe 4% In,O5 Ff i 1 Fl Fe 84209 InyO4 F i 4
LR AT ERAE TP AE 210 nm, RN FLEEH,
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Fig. 4. (a) TEM image of S4; (b) EDS spectroscopy and SAED pattern taken from S4.
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LI, 1850 Fe 4% Iny05 Jy ZALE5H, ALY
2InOOH — InyO3 + H2O. (1c) HAZHN 210 nm. T, Span-40 FIMAZA
FHAK I il £ InyO5 B, JEA AL In(NO;)5-4.5 FLEE T A Kot Span-40 & —FaEE TR
H,O 11 In3+23 K i i In(OH)5((1a) 2X), 7EMBER PEF, AEAR G b i it A6 7K P sl LY 700 . e,
R, In(OH), Sl KAz B InOOH((1b) 2X), i 5B T T 1 PEFME L, Span-40 AN AETE ML Z,
Je A R L) TnyOy fA ((1c) 3X). HLERIE it PRIt LA AR v 114 3 T T R AR M, RAE S FL
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248101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No.

24 (2020) 248101

40

—%— Adsorption
—@— Desorption

32

Pore differential distribution/

Adsorbed amount/cm3-g=! (STP)

Ot L L L L
0 0.2 0.4 0.6 0.8 1.0
Relative pressure P/ P,
E-: 90 ~
& (©) g
:/ —*— Adsorption .;
‘bl) —@— Desorption 2
< 60+ £
8 3
= =z
g Be
3 ) z
£ 30 . =
< -9 &
3 g _.w'!"-’w %:
£ 7 2
IS 15
i 0 L L L L o
< 0 0.2 0.4 0.6 0.8 1.0

Relative pressure P/ P,

A 5

cm3.g—l.nm—1

cm3.g—l.nm—1

0.008 0.08
(b) —%— Differential distribution =
—@— Integral distribution i)
— b
0.006 - 0.06 2 ~
=
EH
2RSS
0.004 0.04 ° -
£ o
80 .7
< E
0.002 - 0.02 & °
2
o
o
0k 1 0
10 10t 60
Pore width/nm
0.010 0.15

—k— Differential distribution

0.008 F —@- Integral distribution

0.006

0.004
0.05

cm3-g~! (STP)

0.002

Pore integral distribution/

10!
Pore width/nm

102

(a) BERL 1B Ny WZR /IR 25 (b) BEA 1 RFLAR G345 (c) FE ML 4 7Y Ny WM /LT 285 (d) #0 4 B LR 1

Fig. 5. N, adsorption/desorption curves of (a) S1 and (c) S4; the pore size distribution of (b) S1 and (d) S4.
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Fig. 6. Schematic illustrating the formation mechanism of the doped In,O3 structures.
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Fig. 7. (a) Gas response of the 6 sensors exposed to NO, at
concentrations ranging from 5 ppm to 100 ppm at 260 °C;
(b) surface area of S1-S6.
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NO, sensing properties of porous Fe-doped indium oxide”
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Abstract

It is of great significance to study the characteristics and working mechanism of NO, sensor material for
monitoring air pollution and protecting human health. As a metal oxide semiconductor material with simple
preparation, low cost and good long-term stability, In,O5 has been widely studied in the detection of NO,. In
order to explore the influence of Fe content on the gas sensing properties of porous In,O; material, porous Fe-
doped In,Oj3 nanoparticles are synthesized by the hydrothermal method, and the NO, sensor is fabricated by
using the above nanoparticles. The X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission
electron microscopy and specific surface area measurement are used to characterize the micro morphology of the
prepared nanoparticles in this paper, while the sensor performance is studied, including temperature, response
recovery, selectivity and stability. In most samples, Fe atoms are completely doped into the In,Oj lattice as
indicated by the XRD results. The SEM results show that the Fe-doped In,O; nanoparticles prepared with
Span-40 as activators are square in size of 50-200 nm, and a large number of small pores are distributed in it,
which are also observed in the N, adsorption/desorption experiment, this is one of the main reasons for the
large specific surface area and high sensitivity of the nano materials. Studying the performance of the sensor, we
find that when the molar ratio of In:Fe is 9:1, the sensor made of porous Fe-doped In,O5; nanoparticles has an
excellent selectivity and short response recovery time for NO, gas. The sensitivity of the sensor to 50-ppm-
concentration (1 ppm = 1 mg/L) NO, can reach 960.5 at 260 °C, and the response time and recovery time are
5 s and 6 s respectively. Based on the theory of space charge and the knowledge of built-in barrier and energy

band change before and after doping, the mechanism of the sensor is analyzed.

Keywords: Fe-doped In,O3, porous, NO,, sensor
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