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Fig. 1 Particle size distribution of the dust
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Fig. 4 Influence of relative humidity on pressure drop during particle loading
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Fig. 7 Schematic diagram of particle agglomeration reconstruction on the fiber surface after humidity increase
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Fig. 9 Changes of filtration efficiencies during particles loading at different relative humidity
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Effect of ambient relative humidity on particle filtration performance
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Abstract  This article investigated the variation pattern and intrinsic mechanism of particle filtration
performance with different ambient relative humidity (RH). Hygroscopic sodium chloride (NaCl) particles and
non-hygroscopic alumina (Al,O,) particles were used as experimental objects. Two types of particulate matter
scales, nano and micron, were introduced in the experiments and fibrous materials were selected as filtration
media. The results indicated that the pressure drop increased linearly in filtering hygroscopic particles at low
humidity (RH20% and 50%), and a sharp elevation in pressure drop occurred at high humidity (=RH80%).
Non-hygroscopic particles were less affected by variations of humidity, but the growth in pressure drop was
more significant at saturation humidity (RH100%). The initial filtration efficiency of the filter media was
insensitive to variations in ambient relative humidity and was hardly affected by differences in the hygroscopic
properties of the particles. During particle loading, the filtration efficiency continued to increase slowly due to
the influence of particle deposition on the surface of the filter media fiber, but when the humidity exceeded the
paticle delixing point, the filtration efficiency of hygroscopic particles decresed to a certain extent, similar to the
liquid filtration mechanism. In addition, variations in ambient humidity had a more significant effect on the
filtration performance of nanoparticles than microparticles. The results of this research could provide guidance
for the application and improvement of particulate matter filtration technology in air pollution control.

Keywords relative humidity; dust pollution; particulate matter; filtration efficiency; hygroscopicity
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