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Abstract 
The evaporation and decomposition of particles containing urea-water-solution (UWS) are investigated. An ad-
vanced model based on a well known film-model for single particles is introduced. Especially the oversaturation 
of evaporating UWS is accounted for, leading to precipitation and crystallisation of urea. 

Introduction 
For the Selective Catalytic Reduction (SCR) in today’s DeNOx-systems UWS is sprayed into hot exhaust 

gas. During the evaporation process, the water is removed from the particle and the remaining urea is then de-
composed to the reducing agent ammonia [1]. An accurate model of the evaporation and decomposition of UWS 
is crucial for the prediction of the overall reduction process. In this work a particle evaporation model is pro-
posed and validated by experiments with stagnant particles. 

Theoretical Model and Experimental Investigation 
During evaporation of UWS enrichment of the urea and finally saturation occur inside the particle. For the 

subsequent evaporation process, the precipitation of the solute is accounted for by a mass balance. Thus, an 
oversaturation inside the liquid phase is avoided by an increasing mass fraction Ysol of the inert solid phase inside 
the particle. The dissolution enthalpy is considered in the energy conservation leading to an increase of the parti-
cle temperature. 

Crystallisation at the particle surface is modelled via formation of a solid crust which results in a porous 
layer permeable by water. According to Reinhold [2] the main resistance for the heat transfer consists in the 
gaseous boundary layer around the particle. The strongest resistance to mass transfer is located at the solid crust. 
Thus, a homogenous temperature inside the particle can be assumed. As consequence, the crust is mainly influ-
encing the evaporating mass flow rate 
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Where d is the particle diameter, ρgas,ref the reference gas density, Ds,ref the binary diffusion coefficient, BM 
the Spalding transfer number and Sh the Sherwood number. Within the transfer number BM the decreasing water 
vapour pressure at the surface is considered according to Raoult’s law for binary mixtures [1]. In Eq.  (1) the 
well known film-model [3] is modified by introducing the mass flow reduction coefficient 
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which depends on the mass fraction Ysol of the solid crust and the exponential parameter n. 
The parameter n depends on the crystallisation kinetics and the permeability of the crust. Even for well stud-

ied substances these properties are difficult to access [2]. To overcome this drawback and to quantify the un-
known parameter the evaporation process of single particles is investigated experimentally. 

Previous investigations were conducted by suspending a particle containing UWS at the end of a quartz fiber 
[4]. In this work an acoustic levitator [5] is used to hold a single particle at a fixed position. Thus, an investiga-
tion under ambient conditions with long particle lifetimes without a disturbing suspension is possible. The sur-
rounding humidity is conditioned by blowing nitrogen around the particle with a flow rate small enough to avoid 
particle displacement. Different solute concentrations are investigated. The time evolution of particle size is cap-
tured and recorded with high spatial resolution at a frame rate of 1 Hz using a CCD-camera. 
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Results and Discussion 
In Fig.1 a single particle containing UWS with an initial urea mass fraction of 32.5% and an initial diameter 

of 442 µm is shown. During the first 35 s (a to b) the particle size decreases and a glare point at the centre is 
visible. One second later, 36 s after start (c) the glare point disappears due to formation of the crust and a slight 
deformation of the particle is observed. The size and shape of the particle remain constant afterwards for at least 
another 10 min. 

A comparison between calculated and measured results for a particle containing distilled water and UWS are 
shown in Fig.2. The time evolution of the dimensionless surface d*2=(d/d0)

2 is plotted. The initial diameter d0 is 
469 µm for water. The time t* is normalised by the extrapolated lifetime of the water particle tevap,w of 197 s.  

As expected, the time evolution of water agrees well with the d2-law. Since the ambient temperature is mod-
erate the particle heat-up is negligible. The surface decreases linearly for both the measured as well as for the 
calculated data.  

The measured time evolution of the particle containing UWS differs significantly from the d2-law. Initially 
the surface decreases linearly similar to pure water. After crystallisation occurs, as depicted in Fig.1 (c), the 
measured surface oscillates around a constant mean value due to rotation of the particle in the levitator. Meas-
urement and calculation are stopped at a time t* of 1.5. The calculated time evolution is plotted for a varying 
parameter n (in cf. Eq. (2)) of 1, 10 and 100. The calculated final particle size d2 increases with the parameter n 
because the evaporation rate is inhibited by the crust at an earlier stage and more water is enclosed inside the 
particle. In the case of the highest parameter n=100 the measured and calculated values agree well. 

The present study demonstrates that for the evaporation of UWS under low temperatures, the influence of a 
solid crust has to be considered. The advanced model as proposed is capable to predict the evaporation of water 
out of the solution, the precipitation of the solute and formation of a solid crust. 
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 Figure 2. Comparison between calculated and experimental results 
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Figure 1. Acoustically levitated particle initially containing UWS 
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