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Summary:

Gas-sensing performance is commonly assessed through metrics such as sensitivity and response time,
often compared across studies without considering experimental variability. Here, we demonstrate that
experimental variables significantly influence these metrics. By systematically isolating these parame-
ters, we show that apparent performance differences may arise from measurement artifacts rather than
intrinsic material properties. These findings highlight a critical limitation in cross-study comparisons and
emphasize the need for standardized reporting and experimental transparency in gas-sensing research.
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Background, Motivation and Objective

Gas-sensing research relies strongly on perfor-
mance indicators such as sensitivity, response
time, and recovery time to evaluate and compare
sensing materials [1]. However, these compari-
sons typically assume equivalent experimental
conditions across different studies. In practice,
variations in chamber design, gas delivery sys-
tems, and sensor conditioning protocols intro-
duce uncontrolled variables that may signifi-
cantly bias reported results [2]. Although the in-
fluence of these parameters is acknowledged
within the community, they are often not explic-
itly accounted for in comparative analyses, lead-
ing to quantitative comparisons that may over-
look the qualitative differences among experi-
mental setups. In this sense, this study aims to
quantify how chamber volume, flow rate, and
pre-conditioning influence the measured sensing
performance, highlighting the risk of comparing
data from non-equivalent systems.

Description of the New Method or System

A modular gas-sensing chamber with adjustable
volume was developed to allow a controlled var-
iation of the parameters under investigation to
minimize the influence of other variables. The
stackable ring architecture of the chamber al-
lowed changing the chamber volume (550 and
860 cm?3) while maintaining identical sensor po-
sitioning and electronic interfaces. Different flow
rates (100—-1000 sccm) were also used, and their

EUROSENSORS 2026

influence in response and time parameters were
investigated. Sensor temperature and gas-flow
were varied pre-measurement to assess their
impact on subsequent transient responses. A
first-order mass transport model was employed
to describe gas concentration dynamics and cor-
relate them with experimentally observed sens-
ing responses.

Results

The experiments were conducted on two differ-
ent sensors, based on ZnO (S1) and STN (S2),
operating at their optimal operating temperature.
The sensors’ response profile showed a signifi-
cant change when the chamber volume in-
creased from 550 cm? (V1) to 860 cm3 (V2) (see
Fig. 1). For a 20 ppm CO exposure at 500 sccm,
the response magnitude varied up to ~50% in
the larger volume. The volume increase was
more critical to the time parameters. The re-
sponse and recovery times increased by about
75% and 85%, respectively. These variations
were attributed to the increased dilution time of
the target gas, which delayed the attainment of
the steady-state concentration.
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Fig. 1. Relative change of response, response time,
and recovery time to 20 ppm of CO when increasing
the volume of the chamber from 550 cm?® to 860 cm?®.

By varying the flow rate from 100 to 1000 sccm,
we observed that the kinetics of the sensing pro-
cess are dominated by the gas delivery system
rather than the adsorption/desorption rates as-
sociated with the sensing material. At 100 sccm,
the response takes a long time to achieve the
steady-state (22 min and 19.8 min for S1 and S2,
respectively), while at 1000 sccm, the same sen-
sors present response times of 1 min (S1) and
3.6 min (S2, see Fig. 2). Interestingly, the re-
sponse magnitude was not significantly influ-
enced by the flow-rate, indicating that the
steady-state response is intrinsic to the sensing
material.
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Fig. 2. Variation of response times to 20 ppm of car-
bon monoxide for different applied flow rates and com-
parison with the theoretical 3z curve (95% chamber
filling of V1; green dashed line).

Finally, another influencing factor in perfor-
mance indicators is the sensing history of the
sensors. After being exposed to a flow-rate
higher than that used during the sensing experi-
ments (1000 and 500 sccm, respectively), S2 ex-
hibited an increased response to CO, whereas
no changes were observed for S1. These results
indicate that applying a high flow-rate promotes
the regeneration of active surface sites and
baseline recovery. The fact that S2 remained un-
changed may instead be attributed to its higher
operating temperature, which already induces a
continuous desorption of surface adsorbates
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and surface regeneration. Thermal pre-condi-
tioning at 500°C was found to induce increased
transient responses that lasted for several meas-
uring cycles (see Fig. 3). Initial exposures follow-
ing high-temperature cleaning showed response
magnitudes up to 30% higher than the stabilized
baseline. These effects may be less apparent in
single-cycle measurements and can therefore
be easily overlooked, as the full transition to
steady-state operation is not always captured.
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Fig. 3. Stability of the sensors over consecutive
sensing measurements after being heated at 500°C
for 10 min.

Conclusions

Experiments using two chemoresistive sensors
exposed to carbon monoxide (20 ppm) reveal
that chamber volume alone can alter response
magnitude by up to 50%, and response/recovery
times by ~75% and ~85%, respectively. Flow
rate strongly influenced time metrics, with re-
sponse times varying from ~1 min to ~20 min, in
agreement with theoretical predictions. Addition-
ally, both flow-induced and thermal pre-condi-
tioning significantly altered sensor responses.
These results demonstrate that commonly re-
ported sensing metrics are highly sensitive to ex-
perimental conditions, which should be dis-
closed in detail in sensing studies.
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