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Abstract: This article presents the results of a study of the ability of the vibrating membranes, such as
quartz crystal microbalances, to measure particulate matter. This study builds on the feasibility study
previously presented using a low-cost commercial product suitable for research and development
purposes. This work shows the results of the treatment of the vibrating surfaces of the membranes,
which significantly amplifies their sensitivity. The study provides an analysis of the impedance
spectra of the membranes during their exposure to known concentrations of particulate matter. The
results of the study show electronic features highly correlated with the concentration of particulate
matter in the air.
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1. Introduction

Particulate matter (PM) is a major environmental pollutant that poses significant
health risks, particularly in urban areas with high traffic volumes and industrial activities.
PM sensors are essential for monitoring air quality and supplying prompt alerts to protect
public health. However, traditional PM sensors can be expensive and bulky and require
skilled operators for accurate measurements. As a result, there is a growing need for low-
cost and compact PM sensors that can accurately detect and measure PM concentrations in
real time. Recent studies have shown the potential of several types of low-cost sensors to
measure particulate matter [1]. A study conducted by Lu et al. [2] showed the effectiveness
of a low-cost, portable, and sensitive vibrating membrane sensor for PM2.5 monitoring.
Similarly, a study conducted by Lee et al. [3] proposed a novel design for a portable
system, adopting an optical particle counter and quartz crystal microbalance (QCM) for
PM10 detection, which showed excellent sensitivity and selectivity. QCM acoustic wave
devices are largely studied for their intrinsic excellent mass sensitivity [4], and our previous
work [5] demonstrated the possibility of using a stand-alone QCM for PM evaluation.

2. Materials and Methods

The experimental setup for the characterization of devices in a controlled environment
was previously described in [5]. In brief, the injector was a TOPAS SAG-410 Dresden, GER-
MANY, the reference instrument used for PM detection was a TSI DustTrak 8533 Shoreview,
Minnesota 55,126 USA, and the reference material used as PM was ISO 12103-1 Arizona test
dust [6]. Herein, the active surface of the QCM was spread with a few nanograms of silicon
oil until a thin, homogeneous layer covered the device. Data acquisition and management
software allowed for recording up to 5 impedance spectra per second.

3. Discussion

The idea was to use quartz crystal resonators’ unique sensitivity and speed to weigh
the total mass deposited on the surface. The surface coating with silicone oil investigated
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herein maximized the efficiency of dust capture in the air. In fact, the sensitivity of the
QCM to dust appeared to have increased by a factor of more than 10 compared to untreated
membranes. To move from the gravimetric measurement of particulate matter accumulated
on a membrane to the estimation of the concentration of airborne dust (total PM), it was
necessary to temporally differentiate the gravimetric measurement. According to the refer-
ence instrument for PM measurement, the concentrations of distinct size fractions of PM
and the total PM of injected dust during the tests were strongly correlated, as highlighted
in Figure 1a. Each size fraction showed a different correlation coefficient. Thus, as shown
in [5], typical parameters, such as resonance frequency shift and dissipation coefficient,
used for gravimetric measurement, could be well correlated to PM fractions. However,
temperature and humidity could heavily interfere, and sufficient precision and speed of
measurement were necessary to reach an accurate estimation of the PM fraction. This
work aimed to analyze the impedance spectra variations around the resonance frequency
to evaluate if there were useful characteristics that could make QCM capable of estimat-
ing the different PM fractions with sufficient accuracy. As an example, Figure 1b shows
how the phase spectrum around the resonance frequency becomes distorted as the dust
accumulates.
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Figure 1. (a) PM categories are linked to the intensity of total PM during injection in a controlled 
environment; (b) spectral phase percentage distortion around the resonant frequency during 
dust injection as the powder accumulates on the membrane surface. 
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Figure 1. (a) PM categories are linked to the intensity of total PM during injection in a controlled
environment; (b) spectral phase percentage distortion around the resonant frequency during dust
injection as the powder accumulates on the membrane surface.
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