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Abstract

To develop a low-power, high-sensitivity device for acetone detection, zinc oxide nanowires (ZnO
NWs) were synthesized via a hydrothermal method and integrated with a micro-electro-mechanical
system (MEMS) substrate to fabricate a ZnO NWs/MEMS acetone gas sensor. The phase structure
and microscopic morphology of the material were characterized by X-ray diffractometer and scan-
ning electron microscope, and the acetone detection performance of the sensor was tested by a gas-
sensing analysis system. The results showed that the ZnO NWs possessed a pure hexagonal wurtzite
structure with a one-dimensional linear morphology. The optimal operating voltage of the sensor
was 1.8 V, under which the response time and recovery time for 20 ppm acetone were 20 s and 102
s, respectively. The response values of the sensor exhibited a good linear relationship with acetone
concentrations in the range of 20~100 ppm (R? > 98.48%), and the theoretical limit of detection was
as low as 0.27 ppb. Additionally, the sensor demonstrated excellent selectivity for acetone, with its
response values to structurally similar volatile organic compounds (VOCs) such as ethanol and for-
maldehyde, as well as common gases including Hz, CO and NHs, being significantly lower than that
to acetone. It has practical application value in acetone detection fields such as environmental mon-
itoring, industrial safety control, and non-invasive diagnosis of diabetes.
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Figure 1. MEMS chip: Relationship between heating voltage (V) and operating temperature
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Figure 2. XRD pattern of ZnO NWs
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Figure 4. Response performance of zinc oxide nanowires to 20 ppm acetone gas in the range of 1.2~1.8 V and repeatability at

1.8V
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Figure 5. Dynamic response and linear fitting of the sensor to different concentrations of acetone
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RMSnoise
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Table 1. Baseline response data y; in the absence of the target gas

= 1. ARSI EENB LN EIE v

Vi
1 1 1 1 1 1 1 1 1 1.00868
1 1 1.01192  1.00216  1.00433  1.00433 1.00216 1.00433 1 1
1.00108 1.00216  1.00108 1.00433 1.00216  1.00433 1.00433 1 1 1.00247
1.00433 1 1.00649 1 1 1 1 1 1 1.01482
1 1 1 1 1 1 1 1 1.01482 1

DOI: 10.12677/app.2026.164028

IAREE7/EL


https://doi.org/10.12677/app.2026.164028

FIRIL, 2016

i B AR R R PRI S BOTHE S B RE B E S S, £ 1.8 V RETIERIE T, ZnO NWs £/
8555 20 ppm TR R ASAA i 7/ B A A P 6(a) TN

C;Hg

—a—27n0 NWs

(@5 (b) cH,cocH,

'S
L

Tes=20 s T ec=102 s CcO

©

N

-
=) -—l L
-0 —0—@-¢
o
T
<
b4
(o]
N

Response(R,/R,)
w
)
©-6—0-

100 200 300 400
Time(s)

Figure 6. Response/recovery characteristics and selectivity of the sensor to acetone
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Figure 7. Humidity of zinc oxide nanowires to acetone gas
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