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1. Introduction 

Contamination of breathable air by particulate matter 
has becoming one of the challenging problems in urban 
agglomeration. Apart from nanoparticle generation by 
diesel engines, there is a number of non-exhaust sources, 
many of which related to triboemision due to abrasion 
and wearing of pavements, brake pads, tires and other 
materials and elements. This work describes a new tech-
nique, which has been developed for quantitative char-
acterization of nanoparticle aerosols though experi-
mental simulation on various scales from basic labora-
tory-scale tests to in situ real-life test. A new method for 
analysis of the nanoparticle emission rate has been de-
veloped on the basis of the model of balance of nanopar-
ticle flows. The model has been tested using natural air-
borne nanoparticles and artificial aerosols. 

2. Experimental approach and modelling 

2.1. Lab-scale experimental setup 

A pin-on-disk tribometer with an airtight aerosol cham-
ber was used to study generation of nanoparticle aero-
sols (Fig. 1). The shaft of the rotating table sealed at its 
pass through the hole in the baseplate to avoid air and 
particle exchange between the chamber and the exterior. 
The chamber has small openings to allow the 
surrounding air from the controlled environment to enter 
the chamber and to compensate the pressure drop due to 
air sampling by the particle counter. Because of 
labyrinth geometry, these openings impede the particles 
from leaving the chamber, but the ambient airborne 
particles can enter with the inlet flow. The chamber is 
also equipped with a port for connection of a particle 
counter. 

It was found that the measured emission rate can be 
significantly affected by the moving parts of the 
experimental setup, e.g. the rotating tool, since the rate 
of particle deposition increases with increasing velocity 
of turbulent flow. Two new empirical parameters were 
suggested to account for enhanced particle deposition 
onto the surfaces of an aerosol chamber: A1,i and ΔA2,i. 
Then, the equation of balance of nanoparticle flows is 
the following: 
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where V is the volume of the chamber, Ci is the concen-
tration of nanoparticle corresponding to size bin i in the 
air, Q0 is the air flow to the particle counter, H is the 
Heaviside’s function, Kte,i is the rate of triboemission. 

 
Figure 1: Schematic view of the nanoparticle flows in a 

lab-scale tribometre 
2.2. Real-life experimental simulation 

Figure 2 shows an experimental setup for real-life sim-
ulation and accurate quantification of nanoparticle aero-
sols resulting from abrasion of pavements by a tire, de-
veloped and patented by the authors (P201631550).  

 

Figure 2: Real-life experimental simulation of genera-
tion of nanoparticle aerosols (TEMIS-1000) 

 

In this test, the pavement is subjected to sliding and/or 
rolling by a 8” tire under well-defined load and sliding 
velocity. The nanoparticles are analysed in a closed aer-
osol chamber by a nanoparticle sampler. The setup al-
lows characterizing samples of materials at laboratory as 
well as the pavements in situ. 
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