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Summary:

Gas sensors play a crucial role in detecting harmful environmental gases. This work therefore gives an
insight into the sensing performance of a commercial Activated Carbon (AC) for NO2 detection at room
temperature. NO2 sensing was assessed over a dynamic concentration range from 1 to 20 ppm and 20
to 1 ppm. The impact of increasing and decreasing NO2 concentration, and saturation on sensor re-
sponse was examined. NO2 sensing proceeded by adsorption, facilitated by the porosity and high sur-
face area of AC, and a response limit close to 65% was observed at sensor saturation.
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Background, Motivation an Objective

Air pollutants cause significant adverse effects
on the natural environment and human health,
and are presently considered to be one of the
main drivers of climate change [1]. Among these
pollutants, NOz2 plays an important role in the de-
terioration of air quality [2]. Current health regu-
lations set by the US Environmental Protection
Agency (EPA) define an annual standard level of
53 parts per billion (ppb) NO2, with a one-hour
daily maximum concentration of 100 ppb [3]. Itis
therefore necessary to develop new, more effi-
cient, real-time sensors to monitor NO2 accu-
rately.

The potential of ACs as sensitive layers for gas
sensors has been explored due to their well-de-
veloped internal porous structure, high specific
surface area, rich surface chemistry, ability to tai-
lor their structure to specific applications, chemi-
cal stability and ease of preparation [4]. These
features greatly enhance the adsorption and re-
tention of gas molecules in the carbon matrix,
thus improving sensor response. Our previous
meticulous review of the literature revealed that
only one article had explored the use of AC for
the detection of NO2 gas [5].This limited re-
search represents a significant gap in under-
standing the overall operation and sensing per-
formance of AC in the detection of NO2, which is
considered a major environmental pollutant.

Therefore, the objective of this work is to exam-
ine the NO2z gas sensing capability of unmodified
AC used as a sensitive layer at 25 °C, with

particular emphasis on the influence of various
parameters on sensor response and to optimize
the operation of NO2 gas sensors based on AC.

Experimental details

Commercial AC (Norit® A Supra) and Nafion®
used as the binder were supplied by Norit, Neth-
erlands and Sigma Aldrich, respectively. Inter-
digitated electrodes (IDEs) were purchased from
Nano SPR, USA.

AC was dispersed in an isopropanol/water solu-
tion (20/80, v/v) containing 0.2 wt.% Nafion®
binder. The mixture was sonicated for 1 hour to
obtain a uniform dispersion. Four 2-uL drops of
the resulting ink were drop-cast onto pre-cleaned
gold-plated IDEs, followed by drying under an in-
frared lamp, and then placed in a vacuum oven
at 80 °C for 12 hours for complete drying.

The obtained sensing layers were tested at vari-
ous NO2 concentrations (1-20 ppm) at 25 °C.
Relative responses were calculated as a function
of resistance in NO2 gas (Rz4s) and dry synthetic
air (Rar) in two distinct ways: (i) fixing the initial
or baseline resistance (Rz,) of the sensors; (i)

using each new cycle’s resistance (R, ;) as the
initial resistance to calculate the responses.
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Results

Fig. 1(a, b) shows real-time dynamic response
curves of sensors exposed to 1-20 ppm and 20-
1 ppm NO:2 gas concentrations. The responses
Ri (%) increased with increasing and decreasing
NO:2 concentration, whereas R (%) decreased
with decreasing concentration. Since this spe-
cific AC is characterized by a high degree of mi-
croporosity and a large surface area with a mul-
titude of adsorption sites, a greater number of
NO2 molecules at high concentration interact
with the available sites, resulting in a higher de-
gree of adsorption. This increased adsorption is
directly correlated with a higher sensor re-
sponse, indicating that a greater number of mol-
ecules are detected. The increase in Ri (%) at
decreasing concentration can be attributed to an
enhanced response resulting from the formula R
= (Rair (initial) = Rgas)/Rgas.
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Fig. 1. Real-time dynamic responses of the AC-based
sensor:; (a) Ri and (b) Rei exposed to 1-20 ppm (blue)
and 20 -1 ppm (pink) of NO2 gas at 25 °C

As shown in Figs. 2(a, b) a limit in the response
of our AC-based sensors was reached after 5.5
hours of exposure to 20 ppm NO:2 gas, with a
constant response (R;and R;) of 64.7%. The ob-
served response limit is linked to the fact that a
greater number of NO2 gas molecules are
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Fig.2 Response (a) Ri (%) and (b) Rci (%) curves for
saturation under 20 ppm NO2 and dynamic response
from 20 to 1 ppm. Responses (c) Ri (%) and (d) Rci
(%) curves showing the dynamic responses of the
sensors for a new unsaturated sample (in green) and
after saturation (blue, zoomed in from (a, b) when ex-
posed to 20 ppm to 1 ppm of NO2 gas after 5.5 hours
at 25 °C.

physically adsorbed in the micropores via the
pore-filling mechanism.

When the adsorption/desorption cycles were re-
peated for decreasing NO2 gas concentrations
after saturation, a change in resistance could be
observed, as illustrated in Figs. 2(a, b). The mag-
nitude of the post-saturation response was
weaker compared with a fresh new sample
shown in green in Figs. 2(c, d). This can be at-
tributed to high-energy binding sites on the AC
that were tightly occupied by NO2 molecules dur-
ing saturation, resulting in an unrecoverable re-
sponse. The saturation response (64.7%) re-
mained higher than that of the fresh AC-based
sensor at 20 ppm NO2 gas, indicating that the
charge transfer of previously strongly adsorbed
NO2 molecules significantly improves the overall
response.

Conclusion

This work reports the capability of ACs to detect
NO:2 gas at 25 °C and contributes to a deeper
understanding of the performance of AC-based
NO:2 gas sensors that are currently less studied.
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