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Reducing carbon dioxide emissions remains a critical global challenge, especially 

during the shift towards a circular economy. Efficient diagnostic tools are essential for 

analyzing the composition of heterogeneous feedstocks in recycling processes. This 

study introduces an optical measurement method to monitor slurry sprays, aiming to 

reduce emissions and enhance real-time process control.  

 

 
Figure 1: Microscope images of suspension used in the experiment. 

 

The proposed method utilizes light scattering from individual suspension droplets as 

they pass through an elliptical Gaussian beam [1]. By analyzing the light scattering 

signals, it is possible to determine the variation of the particle concentration and the 

particle size distribution. Experimental setup employed a gas-assisted coaxial nozzle 

with constant operating conditions [2]. Suspensions with different weight 

concentrations (5%, 10%, 20%) and particle sizes (4.0 µm, 9.4 µm, 18.7 µm) were 

examined to establish correlations between droplet properties and composition. 

A Time-Shift Time-of-Flight (TSTOF) [3] system was used to generate and analyze 

light scattering signals from suspension droplets. The relative number of the semi-

transparent and non-transparent suspension droplets (Nrel) and the largest possible 

size distribution of semi-transparent droplets (SMD) were measured.  

The study revealed strong correlations between SMD and Nrel and suspension 

concentration and particle size. Higher suspension concentrations and smaller particle 



sizes increased light absorption, reducing droplet semi-transparency. Results 

demonstrated that SMD and Nrel effectively characterize suspension composition. 

Semi-transparent droplet rates decreased as suspension concentration increased, 

showcasing the method’s capacity to distinguish particle concentration and size within 

the tested range. 

 
Figure 2: Correlation of relative droplet rate and droplet size by SMD (left) with suspension 

concentration and (right) with size by SMD of suspended particle 
 

Building on these findings, a simplified version of the TSTOF setup is proposed, where 

the instrument involves a single light source and two detectors, simplifying signal 

processing to peak detection within a low-frequency band. This compact and cost-

effective system can monitor slurry sprays, paint sprays, and other heterogeneous 

droplet systems. 

In addition, machine learning algorithms could further optimize the system as shown 

in [4] by analyzing light scattering signal shapes from a single light scattering signal, a 

model can classify droplets as semi-transparent or non-transparent. This allows the 

realization of an instrument which has only one light source and one detector. This 

simplified configuration holds significant potential for real-time industrial monitoring of 

slurry sprays. 
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