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(a)                                                (b) INTRODUCTION 

Catalyst layers (CLs) of polymer electrolyte fuel cells 
(PEFCs) are commonly prepared through a drying process 
of a colloidal ink containing platinum-loaded carbon 
particles, a polymer electrolyte and a solvent. While this 
process determines the structure of CLs and, as a result, 
their performance, most studies to date were only based 
on trial-and-error and very few theoretical studies have 
been done.  In this study, we have developed simulation 
of this process to reveal controlling factors.  

(c)                                                (d)  
SIMULATION METHOD 
To simulate the colloidal suspension flow during drying, a 
simplified solvent evaporation is modeled firstly [1]. In 
this model, chosen influential factors are, the gas-liquid 
interface dynamics, which induce pressure gradients in 
colloidal solution, and the polymer concentration on the 
particle surface, which causes viscosity change [2]. This 
solvent evaporation model is combined with a fluid 
particle dynamics method [3] and a two-phase (vapor-
liquid) lattice Boltzmann method [1]. In this simulation, 
we include short-range inter-particle interaction affecting 
the initial distribution of particles, and three long-range 
inter-particle hydrodynamic interactions: viscosity of the 
polymer-containing solvent, surface tension between the 
gas and liquid phases, and the evaporation rate of the 
solvent. 

(e)                                                (f) 
Figure 1: Simulated drying process (a)-(f). Gradually 
solvent evaporates, and then polymer binds particles.  
In the interface, surface tension agglomerates  
particles, and viscosity resists particle movement. 

 
RESULTS AND DISCUSSION 
Figure 1 shows a simulated drying process forming a 
porous layer with polymer-coated carbon particles. Figure 
2 shows resultant dried structures: a higher viscosity of 
the polymer-containing solvent gives a structure with 
more dispersed particles (Fig. 2(a)(b)), a higher surface 
tension leads to a structure with more agglomerated 
particles (Fig. 2(c)(d)), and a faster evaporation rate 
results in a more dispersed structure (Fig. 2(e)(f)). These 
simulations show that the three long-range inter-particle 
hydrodynamic forces interact with one another, and that 
the balance of the forces determines the pore structure. 
Initial particle distribution, i.e. uniform or pre-
agglomerated, also strongly affects the final structure, i.e.  
pre-agglomeration leads to more agglomerated particle 
structure. Finally, the effects of the viscosity, surface 
tension, and evaporation rate on the dried structures are 
analyzed in terms of fingering phase-diagram [4]. 

(a) Low solvent viscosity         (b) High solvent viscosity 

(c) Low surface tension            (d) High surface tension 
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Figure 2: Dried catalyst layer structures: effects of 
solvent viscosity (a)(b), surface tension (c)(d), and 
evaporation rate (e)(f).
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