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Highlights 

• The fate of carbon particles during entrained-flow slagging gasification is analyzed. 

• Wall adhesion and rebound mechanisms dictate near-wall particle segregation. 

• The establishment of a dense-dispersed phase is beneficial to carbon conversion.  

 

1. Introduction 

Gasification offers a variety of routes for the thermochemical conversion of solid fuels to produce chemicals, 

fuels and electricity [1]. Most of the entrained-flow gasifiers (EFGs) operate in slagging conditions: the 

combustible fraction of the particles is converted into the gas phase while the mineral matter is converted 

into molten ash. The performance of slagging EFG is critically affected by the slag formation and flow as 

well as by the fate of char/ash particles as they interact with the wall slag layer [1,2]. Mass, momentum and 

energy exchange between the wall and the lean particle-laden phase must consider particle deposition and the 

development of near-wall multiphase flow structures. Critical parameters are particle and wall temperatures, 

solid/molten status of the particles and of the wall layer, degree of carbon conversion in char particles, 

dynamical patterns of particle-wall interaction [1,2]. This study addresses the fate of carbon particles during 

entrained-flow gasification of coal in the slagging regime. The dynamical patterns of fuel particles in the 

near-wall region of the gasifier are analyzed on the basis of previous theoretical and experimental 

investigations [2,3]. Particle segregation is analyzed considering migration toward the wall, interaction upon 

the impact with the wall ash layer, coverage of the slag layer by refractory carbon particles, accumulation of 

carbon particles in the near-wall region of the gasifier and particle heterogeneous reactions.   

2. Methods 

The 1.5D model of the entrained-flow gasifier is based on the conceptual framework outlined in Figure 1a). 

The entrained-flow gasifier is operated under slagging, co-current and autothermal conditions. Mass balances 

are written for both the solid and gaseous phases. Figure 1a) highlights distinctively different stages of the 

interaction between the particle-laden mainstream and the wall, ultimately leading to extensive particle 

segregation. In stage 1 (dry wall) the particle-laden flow (lean-dispersed phase) interacts with the wall as it 

is not yet covered (or sparsely covered) by the slag layer. At this stage, char and molten ash transferred 

toward the gasifier walls undergo either adhesion or inelastic rebound. Permanent adhesion of molten ash 

and char particles onto the reactor walls gives rise to the formation of a “slag phase”. Instead, ash and char 

particles rebounding with small values of the restitution coefficient give rise to a “dense-dispersed phase”, 

which progressively builds up as a “curtain” of molten ash and char particles in the near-wall region of the 

gasifier. Stage 1 extends to the point when the thickness of the slag layer (δ
slag

) exceeds a critical value 

(δ
slag,*

). Beyond this point, the interaction pattern modifies into stage 2 (wet wall/pre-coverage): now 

particles reaching the wall impinge onto a fully established slag layer, and rebound is unlikely for both ash 

and char particles. Molten ash impinging the slag layer are fully incorporated and contribute to its build-up. 

Carbon-rich char particles impinging the slag layer are all trapped but not incorporated (due to interfacial 

forces, see ref. 2), so that they gradually form a carbon-rich refractory coverage of the slag layer. As particle 

rebound is prevented, no particle input to the dense-dispersed phase is considered during stage 2. When full 



 

coverage of the slag layer with refractory carbon-rich particles is approached, transition to stage 3 (wet 

wall/post-coverage) occurs. In this stage, particles approaching the char-covered slag layer will either 

rebound (accumulating in the dense-dispersed phase) or adhere onto the slag phase. In stage 3, the dense-

dispersed phase grows again, as a consequence of the input from low-kinetic energy rebounds of impinging 

particles. Growth of the dense-dispersed phase may lead to the point when the wall is fully sheltered by a 

curtain of particles, hence a transition to stage 4 (fully developed dense-dispersed phase) occurs. The 

transition criterion is based on the comparison of the actual thickness of the dense-dispersed phase (δ
dense

) 

with a critical thickness (δ
dense,*

) beyond which particle travelling across the dense dispersed phase is unlikely. 

In stage 4, all particles reaching the wall lose their momentum in the dense-dispersed phase and are trapped 

therein, whereas particle input to the slag phase is very limited.  

The model of the gasifier incorporates detailed description of particle-wall interaction and formation of the 

segregated phases, and accounts for gasification reactions progressing in all phases. Partitioning of char/ash 

among the three phases (lean-dispersed, dense-dispersed and slag) is relevant to the gasifier performance. 
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Figure 1.  Sketch of the entrained-flow gasifier, with indication of the four possible scenarios (a). Mass flow rates profiles in the 

three phases and thickness profile for the dense-dispersed phase and the slag phase (b). Carbon conversion profile (c). 

3. Results and discussion 

The axial profiles of the mass flow rates of carbon in the three phases are reported in Figure 1b). A fast 

decrease of FC
lean

 is observed, related to the combined effects of gasification and carbon transfer to the slag 

and dense-dispersed phases. FC
dense

 reaches a maximum at about z = 0.07 m, to decrease henceforth, due to 

competing effects of carbon migration from the lean- to the dense-dispersed phase and of carbon gasification 

in the dense-dispersed phase. FC
slag 

increases until z = 0.02 m, to decrease henceforth, confirming that stages 

1, 2 and 3 are active only in the proximity of the fuel feeding point. Early establishment of a dense-dispersed 

phase is predicted, as a consequence of the particle-to wall transfer and micromechanical interaction patterns 

described in the previous section. The thickness δ of the dense and slag phases is also reported in Figure 1b). 

δ
dense

 mirrors FC
lean

, as expected. δ
slag

 gradually approaches a constant value of around 3 mm (in agreement 

with the literature [1]), confirming the establishment of a stable slag layer covered by particles and the 

formation of an extended dense-dispersed phase. Figure 1c) reports that the overall carbon conversion degree 

approaches 90%, a figure that is largely dependent on the partitioning of char among the three phases. 
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